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Preface

Caring for the rheumatoid patient has been an integral part of a hand sur-
geon’s practice. In the course of the last two decades, improvement in medi-
cal management by having innovative medications such as the biologic
disease-modifying drugs has markedly decreased the rate of surgery for rheu-
matoid patients. These biologic medications are highly effective in decreas-
ing synovitis and deformities that were commonly seen prior to the
introduction of these medications. However, the success in applying biolog-
ics for rheumatoid arthritis does not diminish the role of surgeons in perform-
ing reconstructive procedures because some patients may be refractory to
these medications, whereas others may have a delay in developing the typical
deformities that invariably may still develop over time.

Rheumatoid arthritis is a worldwide disease. Many countries cannot afford
the use of these highly expensive biologic medications, and surgical expertise
is still needed to restore hand function. Training in the rheumatoid hand is
much needed in Eastern Europe, Asia, and South America where the care of
the rheumatoid hand is still in its infancy. This much anticipated textbook on
the care of rheumatoid arthritis is the first of its kind, by including contribu-
tions from world experts on the care of the rheumatoid hand. All the authors
and I strive to present concepts in reconstructing the rheumatoid hand, wrist,
and the elbow. Additionally, we feel the care of rheumatoid arthritis patients
is a collaborative effort between rheumatologists and surgeons in combating
the devastating effect of this disease on our patients’ quality of life. We are
indebted to our rheumatology colleagues in sharing their expertise with us in
this seminal textbook.

This textbook is an invaluable teaching tool for the new generation of sur-
geons and rheumatologists who may not have sufficient experience in evalu-
ating and treating rheumatoid patients with these deformities that are
becoming much less common in the developed world. Similarly, for those
countries that still do not have the resources for intensive and costly medical
treatment, understanding the pathophysiology, anatomy, and outcomes of
surgical treatment is critical in the evaluation and care for the rheumatoid
population. Furthermore, this textbook can be helpful to rheumatologists who
should also understand surgical possibilities so that they can refer patients for
surgical consultation in the early phase of the disease rather than when the
deformities are so severe that options are limited.
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Preface

All of the esteemed authors in this volume have made the care of rheuma-
toid arthritis a key component of their practices. I asked the authors to present
unbiased opinions that are evidence based to share with the world the current
concepts in the management of rheumatoid patients. I would very much like
to acknowledge my development editor, Connie Walsh, at Springer for her
dedicated stewardship of this textbook. Furthermore, I am indebted to my
research assistant, Alexandra Mathews, whose guidance and care of this
manuscript is unparalleled. I am grateful to my rheumatology patients who
entrusted their care to me, and I am equally appreciative of my long-term
rheumatology friend, Dr. David Fox, Chief of Rheumatology, University of
Michigan, and his faculty who embraced me in conducting evidence-based
outcomes research for the past two decades. Our friendship and collaboration
is a testament of the combined effort between specialties to provide our
patients with comprehensive care. This volume strives to demystify the care
of the rheumatoid patient for rheumatologists and surgeons until such time
when a cure is found for this disease.

Ann Arbor, MI, USA Kevin C. Chung
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Background Concepts



Advances in the Medical Treatment
of RA: What Surgeons Need

to Know

Daniel Herren

Introduction

Nothing has changed the face of rheumatoid
arthritis (RA) as much as the medications that
help to control the inflammatory aspects of the
disease and reduce joint and soft tissue destruc-
tion in most patients. The biologics have also
changed the pattern of disease encountered by
surgeons, as reflected in the type and number of
interventions now performed. Because biologics
not only act locally but also have a significant
impact on the patient’s immune system, they
affect both the surgical treatment itself and
patient management before, during, and after sur-
gery. Special precautions are needed to avoid
endangering the patient. An understanding of the
basic pathophysiological mechanism in RARA
improves the quality of surgical indications and
the management of this complex patient group.
This chapter will focus on the pathogenesis of the
disease, possible treatment regimens, and their
effects on surgical treatment. In addition, it will
address the current trends in surgical treatment
imposed by the new medications.

D. Herren, MD, MHA (EX)

Hand Surgery, Schulthess Klinik,
Lengghalde 2, Zurich 8008, Switzerland
e-mail: Daniel.Herren@kws.ch

© Springer International Publishing Switzerland 2016

Pathophysiology of RA

RA is best characterized as an immune-mediated
inflammatory disease [1]. It is the most common
inflammatory arthritis and affects about 1 % of
the population. The disease seems to be initiated
by a complex combination of genetic predispo-
sition and unknown extrinsic factors [2-4].
Although a genetic effect is likely, its exact
influence is still unclear. Even in monozygotic
twins, the range of concordance is only 15-35 %.
Regarding extrinsic factors, smoking seems to be
a significant risk factor for triggering the disease.
Bacterial infection has often been cited as a pos-
sible cause of RA but it has never been proven to
be the single driving factor.

The main tissue involved in RA is the synovial
membrane in joints and around tendons. In RA,
the synovial membrane is hypertrophied in all its
layers, is heavily infiltrated by inflammatory
cells, and shows angiogenesis. The hypertro-
phied synovium, also called pannus, erodes carti-
lage and bone to leave significant defects. The
driving cytokines in this process are interleukin-1
(IL-1) and tumor necrosis factor alpha (TNFa)
[5-7]. Bone destruction is mainly driven by
macrophage-induced osteoclast activation. A major
development in the identification and prognostic
factors of RA was the detection of antibodies to
cyclic citrullinated peptides (anti-CCP), which
are part of the autoimmune reaction. The pres-
ence of anti-CCP is more than 98 % specific for

K.C. Chung (ed.), Clinical Management of the Rheumatoid Hand, Wrist, and Elbow,
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the diagnosis of RA and generally represents a
more aggressive phenotype of the disease.
Although not all patients with RA develop anti-
CCP, at the other extreme, these antibodies can
be present up to 15 years before the first clinical
symptoms. Rheumatoid factors are less specific
for RA and are also found in other chronic inf-
lammatory diseases, such as hepatitis C and
tuberculosis.

The most important inflammatory mediators
in RA are cytokines, including IL-1, IL-6, and
TNEF. These cytokines are released in the synovial
membrane and are responsible for many systemic
manifestations of the disease, as well as cause
local destructive processes in bone and cartilage
[6,71.

There are many different pathways leading to
this disease and no single disease agent that
explains the pathogenesis. Interleukins, T and B
cells, and macrophages interact in a complex
manner to initiate and sustain the inflammatory
process. This probably explains the different suc-
cess rates of the various pharmaceutical agents.
Even years before the clinical onset of disease,
there may be raised levels of autoantibodies and
cytokines in the blood.

Knowledge of the complex interactions
between the different cell mediators has increased
significantly over the last decade, which faci-
litates the development of new therapeutic
approaches including biologics. The multiple
immunological and inflammatory pathways that
seem to be active in RA might explain the effi-
cacy of different medications.

Medical Treatment of RA

The goal in treating RA is to gain control over the
inflammatory processes in the synovial mem-
brane and prevent joint destruction. The common
principles that guide management strategies and
the choice of medications have been derived
from an increased understanding of the disease
and from evidence provided by clinical trials and
other studies. These strategies include approaches
directed at achieving remission or low disease
activity by more rapid and sustained control of

the inflammation and by initiating disease-
modifying antirheumatic drug (DMARD) ther-
apy early in the course of disease. The fact that
the inflammatory pathways may already be active
some years before the disease is clinically active
underlines the importance of early and aggres-
sive control with agents that efficiently inhibit
the devastating inflammatory process [8]. The
anti-inflammatory potency of the different drugs
can be defined in a therapeutic pyramid. The first
stage of pharmacotherapy includes nonsteroidal
anti-inflammatory drugs (NSAIDs) which mainly
act as prostaglandin synthesis blockers. The next
level consists of glucocorticosteroids, and then
come the disease-modifying antirheumatic drugs.
As well as having anti-inflammatory effects, cor-
ticosteroids act by an immunosuppressive mech-
anism in RA. The anti-inflammatory effects are
seen on all cells involved in the inflammatory
process and suppression of cell-mediated immu-
nity is similarly nonspecific for the disease.
Methotrexate (MTX) is the best-known and most
popular DMARD. It acts as an antimetabolite in
the form of a folic acid analogue. Its main effect
in RA depends on the inhibition of T cells. Liver
function should be monitored regularly because
of its hepatotoxicity. MTX is often used in com-
bination with corticosteroids and together with
certain biologics in newer treatment regimens.
There are also recent trends to use MTX in
patients with severe forms of inflammatory
osteoarthritis.

Sulfasalazine is another popular DMARD. It
is also used in inflammatory bowel disease,
including ulcerative colitis and Crohn disease.
The precise reasons why sulfasalazine is effec-
tive in various forms of arthritis are not clearly
understood.

Chloroquine is the third classic drug in the
triad of DMARDs; it seems to be most effective
in combination with MTX and possibly as triple
therapy with sulfasalazine and MTX. It was origi-
nally developed as an antimalarial medication but
proved to inhibit lymphocyte proliferation in RA.

Biologics, at the next level in the RA medica-
tion pyramid, were developed in the late 1990s.
Their name stems from the way in which they are
synthesized, as genetically engineered proteins
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derived from human genes [9]. Infliximab
(Remicade®) [10] was the first monoclonal anti-
body against TNFa in clinical use. Other com-
monly used drugs acting in this way include
etanercept (Enbrel®) and adalimumab (Humira®).
TNFa inhibitors are the first-line treatment after
DMARD failure. All the other biologics are not
usually considered unless the therapeutic effects
of anti-TNFa are not sufficient. Several targets
besides TNFo are used to combat the complex
inflammatory process in RA. Medication includes
IL-6 blocking agents. Tocilizumab (Actemra®) is
one of the most popular exponents of this class.
It is often combined with MTX but can also be
used as monotherapy in cases of intolerance or
contraindications to MTX. Another mechanism
of action is found in B-cell inhibitors such as
rituximab (MabThera®). First developed as can-
cer therapy, it showed good effects in RA patients
and also proved safe in long-term treatment.
Other modes of action are found with T-cell
inhibitors such as abatacept (Orencia®) and the
IL-1 inhibitor anakinra (Kineret®). This last-
mentioned biologic is approved only in combina-
tion with MTX. Figure 1.1 shows the different
modes of action.

The newest developments are the biosimilars.
These drugs are based on the different action
modes of existing biologics. Because the older
generation of these drugs no longer has patent
protection, the biosimilars are copying the mode
of action, but the biogenetical engineering is dif-
ferent and cheaper. With this group of pharma-
ceuticals, a parallel market is opened, similar to
generic drugs.

Even without complete remission, most
patients experience a substantial reduction in
their physical disabilities, with significant pain
relief 2—3 months after starting medication. The
average cost of biologics is up to USD2000 per
month, compared with about USD70 per month
for MTX alone. In order to justify the high costs,
prediction of the individual response to treatment
has become a major clinical challenge in RA.

There is some evidence of biomarkers that
predict the response to biopharmaceuticals [11].
Identifying and monitoring these biomarkers
could enhance the efficacy of medical treatment

significantly. On the other hand, the existence of
these antibodies might also explain why some
people are nonresponders. Knowing these pati-
ents’ bioprofiles would help to choose the poten-
tially most effective drug on an individual basis.
There is also some evidence that the effects of
biologics diminish with time. One of the reasons
for this may be antibody production against the
artificially administered antibodies.

Ideally, the goal of all of these drugs is remis-
sion of the disease, which is defined as the
absence of disease activity but with the possibil-
ity of return [9, 12, 13]. The remission rate of all
these biological substances is around 50 %, com-
pared with a remission rate of around 30 % for
MTX alone. Even in remission, however, it is
recommended that biologics are continued at a
reduced dosage instead of switching to MTX or
placebo [14, 15].

There is an ongoing debate about the efficacy
of the different biologics and their comparison
with classic DMARDs. A recent study from
China showed that traditional DMARDs were the
most cost-effective in terms of improving quality
of life, as measured with QALYSs. There were big
differences in the costs of biologics, ranging
from USD26,000 to USD77,000 per QALY [16].

The adverse effects observed in RA patients
treated with biologics are another concern [17,
18]. Besides the general adverse reactions, sur-
geons are especially interested in the discussion
about possible increases in surgical site infec-
tions when immunosuppressants are adminis-
tered in RA. Classic adverse reactions to MTX
and even more to biologics include infections
with opportunistic pathogens such as atypical
fungi and mycobacteria. An increased risk of
malignancies including melanoma is also sus-
pected. Because the incidence of these adverse
reactions is still low, most studies lack sufficient
statistical power to provide evidence of a strong
correlation. The increasing number of patients
being treated with this type of medication will
result in greater knowledge concerning the out-
comes of long-term treatment. This fact under-
lines the importance of collecting data from
patient cohorts in large-scale studies and ideally
in the form of a registry [19].
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Although several studies and long-standing per-
sonal experience show that MTX, even in combi-
nation with corticosteroids, does not increase the
risk of surgical site infections, there are major
concerns about the use of biologics in a periop-
erative setting [20]. In their review, Polachek
et al. 2012, concluded that it seems safe to use
anti-TNFa and IL-6 receptor blockers during sur-
gical interventions in RA [21]. They admitted,
however, that most studies have small sample
sizes, retrospective designs, and differ in the
groups compared. In 2011, the Japanese orthope-
dic association committee on arthritis [22] pub-
lished data on a large cohort of RA patients
undergoing joint arthroplasty. They found a two-
fold risk of surgical site infection for patients on
biologics, although the absolute number of infec-
tions (2.1 %) was still relatively small. In a study
published by Scherrer et al. [23] analyzing 48,000
cases of degenerative arthritis orthopedic inter-
ventions versus 2500 operations in patients suf-
fering an inflammatory rheumatic disease in one
center, they showed an operation-related infec-
tion risk that was 2x higher in the inflammatory
patients. The highest infection rates were in
elbow (4.3 %) and foot surgery (3.4 %), whereas

in the hand surgical procedures the infection rate
was 0.5 %. The risk was especially high if the last
dose of anti-TNFa was given less than one
administration interval before surgery. In addi-
tion, patients with multiple conventional disease-
modifying antirheumatic drugs had also increased
rates of infections. In conclusion, the authors
recommended mandatory careful planning of the
discontinuation of the immunosuppressive ther-
apy, especially in TNFa inhibitors with long
administration interval. It was advised to wait at
least one administration interval after the last
dose before undertaking the planned orthopedic
surgery. Table 1.1 shows examples of the admin-
istration times of different biologics. Figure 1.2
visualizes the time frame of drug interruption
around an orthopedic procedure.

Based on these studies and personal experi-
ence, there is an informal expert consensus that
interruption of the biological therapy is advisable
for major surgical interventions such as joint
replacement surgery, especially of larger joints
[21, 22, 24-27]. There is some debate as to
whether corticosteroids and/or MTX should be
given in the perioperative phase in order to
reduce the chances of disease flare-up. Inter-
ruption of biologics prior to surgery should be
managed according to the administration time of
the medication. Usually one cycle is omitted
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Table 1.1 Administration interval of different biologicals according to the manufacturer

Agent Drug Action point Dosage Administration interval
Etanercept Enbrel® TNFo 25 mg 3.5 days
Etanercept Enbrel® TNFa 50 mg 7.0 days
Adalimumab Humira® TNFa 40 mg 14.0 days
Infliximab Remicade® TNF« n.KG 56.0 days
Golimumab Simponi® TNFa 50 mg 30.0 days
Certolizumab pegol Cimzia® TNFa 200 mg 14.0 days
Certolizumab pegol Cimzia® TNFa 400 mg 28.0 days
Tocilizumab Actemra® IL-6 n.KG 28.0 days
Abatacept Orencia® T cell n.KG 28.0 days

Administration
Interval of the drug

Biologic brake = time over the
administration interval at least 14 to 28

days

A

( A

Last administration

before operation Missing dose

Operation

Fig. 1.2 Schematic time frame for the application of biologics around orthopedic surgical procedures

prior to surgery. According to the work of
Scherrer et al. [23], another biologic break of
14-28 days is recommended to be sure the immu-
nosuppressive action is worn out. The medication
is restarted after the delay of another cycle or
once wound healing is assured. However there
are no precise data on this management.

Changes in Surgical Intervention
Patterns Due to Improved Medical
Treatment

Clinical observations indicate that the course of
disease in patients with RA has become milder
during the past decade. Less severe symptoms, as
well as the diminishing need for orthopedic inter-
ventions, are most likely the result of the more
potent drugs described previously in this chapter.
There is an ongoing debate whether the type and
frequency of surgical intervention have changed

significantly in RA patients in recent years.
Because the hand is still the main treatment target
in these patients, as the hand is affected in almost
90 % of patients 10 years after the onset of dis-
ease, it can be used as an index intervention.
Several studies [28, 29] have indicated a decline
in the number of orthopedic interventions in RA
patients over the last two decades, whereas the
number of procedures in osteoarthritic patients
has increased dramatically. Soft tissue proce-
dures in RA patients in larger joints have become
rare in western societies with wide access to the
new treatment regimens. The number of hand
and foot interventions has declined as well in
the western world [29, 30]. However, there are
reports of possible changes in that trend,
especially in Japan. In contrast to the observa-
tions in Europe, Momohara et al. [31] found a
decline in large joint replacements whereas the
number of wrist and foot arthroplasties gradually
increased. There are various possible explanations
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for this phenomenon. One possible explanation is
that the new medications improve the patients’
quality of life, which in turn increases their level
of participation in social activities and work.
These highly motivated patients place greater
demands on both the functionality and the
appearance of their hands and feet, so tend to
seek surgical assistance more often. The appear-
ance of the hands, as well as the feet, has a high
value in societies like the Japanese, and deformi-
ties can lead to social isolation. The aesthetic
aspects of these interventions should therefore
not be underestimated, as shown by Chung et al.
[32]. Another explanation could be the fact that
fewer than 50 % of patients go into complete
remission. Residual synovitis of one or more
joints or tendons in the hands and/or the feet can
often be observed in the remaining individuals.
This leads to a further clinical observation in
patients being treated with biologics: ongoing
destruction of the joints, especially the wrist, has
been noted in a number of patients. Despite good
pain relief, the process seems to continue and can
cause remarkable destruction. This process could,
in fact, be called “silent destruction.” Regular
clinical and radiographic monitoring is therefore
advisable, even in patients showing a good pain
response [33].

Not only has the number of surgical interven-
tions changed since the introduction of the new
medications but also the type of procedure.
Previously common procedures such as wrist
fusion and metacarpophalangeal arthroplasties
have become rare nowadays, whereas other sur-
gical interventions, including wrist arthroplasties
and PIP replacements, are now seen more often
in RA patients. Motomiya et al. 2013 reported
differences in the clinical and radiographic appe-
arance of patients treated successfully with bio-
logics [34]. The radiographs started to look more
like those of people with osteoarthritis than those
of patients with chronic inflammatory disease.
On the one hand, this has changed the indications
for certain interventions because good medica-
tion has the potential to improve surgical results
in the long term. In particular, interventions such
as partial wrist fusion rely on stable inflamma-
tory conditions in order to maximize the results
and guarantee the best possible long-term effects.

Interventions such as wrist arthroplasty have
therefore regained their popularity, not only
with the development of new implants but also
because less aggressive bone destruction allows
better fixation of such devices.

It seems that soft tissue reactions to the new
medications are unevenly distributed among the
different anatomical areas. It is not uncommon
for only certain anatomical regions to show
residual synovitis, whereas other regions are in
long-term remission. Why this pattern is seen
more often in patients on biologics is still not
clear. One possible explanation might again be
the fact that different cell mediators are involved
in the inflammatory processes and they may not
be distributed evenly [35]. Together with possi-
ble intrinsic or extrinsic mechanical factors, there
may be differences in the synovial inflammatory
processes. This is all speculation and further
studies still need to be performed, especially in
the group of nonresponders, in order to explain
this observation.

It is questionable how these trends will
develop in the future. It may be that increasing
numbers of patients who develop antibodies
against one or more of these medications will
once again necessitate more surgical interven-
tions. And a possible increase in adverse reac-
tions to the biologics, including neoplasia, may
also mean that more patients will need to stop
previously successful medical treatment. On the
other hand, an increased understanding of the
pathophysiological mechanisms and ongoing
innovative research supported by large financial
resources may broaden the spectrum of medical
treatment options.

Summary

The objective of this chapter was to provide a
brief overview of the new pharmacological
treatment options for RA patients and indicate the
different sites of action. Differences in disease
pattern since the introduction of these new
medications were discussed, as well as the num-
bers of responders and nonresponders, costs, and
long-term effects. The possible adverse reactions
to the modern medication of RA were highlighted,
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together with the consequences for surgical
treatment. In addition, the goal was to increase
awareness of the possible adverse reactions to
biologics in surgical treatment.

The main points can be summarized as

follows:

Owing to modern treatment regimens, the
number of surgical procedures has declined
in most countries; however, there is a trend
toward recurrence of the disease after 4-5
years of anti-TNFa treatment, possibly because
of antibody formation to the medications.

The pattern of RA patients being treated surgi-
cally has changed: these patients now either
have isolated residual synovial inflammatory
processes or are nonresponders with a more
severe pattern of disease showing gross
destruction.

Methotrexate and corticosteroid medication
can or even should be continued during surgi-
cal procedures.

Whether anti-TNFa medication should be dis-
continued during surgical intervention is still
open to debate, as no clear evidence of a
higher risk of infection can be found in the
literature. If infection should occur, however,
its course might be more severe.

If anti-TNFo medication is discontinued, the
administration interval of the particular
biologic must be taken into consideration, as
there are substantial differences between
products.

There is a subset of patients with a disease pat-
tern resembling degenerative arthritis with a
mild inflammatory reaction; these patients can
be treated according to the surgical principles
for degenerative arthritis.
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Etiology of Rheumatoid Arthritis:
A Historical and Evidence-Based

Perspective
David A. Fox
Introduction Epidemiology and Historical
Aspects of RA
Rheumatoid arthritis (RA) is a chronic,

inflammatory, and destructive polyarthritis with
numerous autoimmune features and the potential
for extra-articular and systemic complications.
Its etiology is still unknown but much progress
has occurred in defining important mechanistic
components of RA, leading to significant adv-
ances in its treatment. RA is a multifactorial and
multistage disease, beginning with preclinical
autoimmunity that arises in a genetically predis-
posed individual who encounters one or more
environmental triggers, progressing to the clini-
cal appearance of inflammation in joints and
sometimes in other organs, and leading (if effec-
tive treatment is unavailable) to destruction of
the articular cartilage and adjacent bone. This
chapter will consider historical, epidemiologic,
genetic, environmental, autoimmune, and inflam-
matory aspects of the development and progres-
sion of RA.
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In a Caucasian population sample in the United
States, the incidence and prevalence of RA have
fluctuated over the past five decades [1]. As of
2005, the incidence per year per 100,000 of pop-
ulation was 27.7 in men and 53.1 in women, with
an overall prevalence of 0.72 %. The incidence of
RA rises in frequency from early adulthood into
the seventh decade, before declining in the eighth
decade and beyond [1]. In this context, and in
view of the lifelong persistence of RA in most
affected individuals, the lifetime risk of develop-
ing RA is strikingly high: 3.64 % in women and
1.68 % in men [2].

Individuals with RA have an approximately
50 % increase in premature mortality (after
adjustment for comorbidities and risk factors
such as smoking), which equates to a reduction in
life expectancy of 3-10 years [3]. Multiple fac-
tors appear to contribute to this “mortality gap”
versus the general population, with accelerated
cardiovascular disease identified as the most sig-
nificant component [4].

The historical epidemiology of RA is intrigu-
ing and, if accurately understood, could provide
clues to etiology [5]. Recognizable descriptions
of RA in the medical literature are recent, begin-
ning about 200 years ago, but some earlier
European paintings show what appear to be
RA-like deformities. A few skeletal remains from
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both the New World and the Old World, dated to
points in time over the past four millennia, have
shown damage interpreted as potentially due to
RA (reviewed in [5]). RA may have been present
in ancient times but was likely rarer than at pres-
ent. If this assessment is correct, it may indicate
changes in the presence of environmental triggers
and/or genetic changes in the human population
over time that have increased propensity to RA.

Genetics of RA

The importance of inherited risk alleles in the
pathogenesis of RA is highlighted by increased
concordance for RA in monozygotic compared to
dizygotic twins and by the familial clustering of
RA. The most important region of the human
genome in RA susceptibility is the major histo-
compatibility complex (MHC), which encodes
for genes that are essential to immune responses,
notably the HLA-A, HLA-B, HLA-C, and HLA-D
proteins. These structures are expressed on the
surface of antigen-presenting cells and are requi-
red for recognition of peptide antigens by T lym-
phocytes, leading to initiation of immune
responses. The RA-associated MHC allele was
initially identified as HLA-DR4 [6] and later
localized to a five-amino-acid sequence from
residues 70-74 of the beta chain of subtypes of
HLA-DR4 and selected other DR alleles, termed
the “shared epitope,” which is located within the
MHC peptide-binding cleft [7]. More recently
polymorphisms that govern additional amino
acid variations in HLA-DR that are located out-
side the shared epitope have also been strongly
associated with susceptibility to RA [8, 9]. The
mechanism for MHC predisposition to RA
remains to be established—while presentation
of a pathogenic autoantigen by RA-associated
alleles is an attractive theory, other possibilities
exist, for example, unique pro-inflammatory
properties of the shared epitope itself [10].
Genome-wide association studies have identi-
fied more than 100 other loci that affect susceptibil-
ity to RA, each of which has a modest effect [8, 11].
The specific genes associated with these loci mostly
function in cells that mediate immune responses,
such as lymphocytes and antigen-presenting cells,

Table 2.1 Examples of RA-associated genes

Gene Function
HLA-DR (shared Antigen presentation,
epitope) lymphocyte activation

PTPN 22 (protein-
tyrosine phosphatase
non-receptor type 22)
PADI4 (peptidyl
arginine deiminase 4)
CCR6 (chemokine
receptor 6)

STAT4 (signal transducer
and activator of
transcription 4)

Regulation of T cell
receptor signaling

Posttranslational conversion
of arginine to citrulline
Attraction of Th17 cells to
sites of inflammation

Signaling downstream of
cytokine receptors

reinforcing the concept that RA is an autoimmune
disease (Table 2.1). The known loci associated with
RA, both MHC and non-MHC, are more strongly
linked to seropositive RA, i.e., RA in which either
rheumatoid factor (RF) or antibodies to citrulline-
containing proteins (ACPA) are present. The most
influential RA-associated non-MHC gene is
PTPN22, which encodes a tyrosine phosphatase
that is expressed in lymphocytes, regulates signal-
ing through the T cell receptor for antigen, and
influences lymphocyte development [12].

Epigenetic mechanisms control gene expres-
sion in a potentially heritable manner and include
DNA methylation, histone modifications such as
acetylation, and microRNA control of posttran-
scriptional stages of gene expression. Under-
standing of the role of epigenetics in RA is still in
its infancy, but such mechanisms are likely to be
of great importance, especially in the connection
of environmental triggers to changes in gene
expression [8, 13]. Epigenetic changes often occur
distinctly in specific cell types, such as lympho-
cytes or synovial fibroblasts [13, 14], increasing
the complexity of analysis in a disease such as
RA that involves multiple cell populations.

Environmental Triggers of RA

Smoking is the best-established environmental
risk factor for RA and is receiving attention
as a potential trigger for the development of
RA-associated autoimmunity. Although the asso-
ciation of smoking with RA was suspected 25
years ago [15], this link has become much better
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established within the past decade [16, 17], with
smoking shown to increase the risk for seroposi-
tive RA by more than twofold. Smoking syner-
gizes with the presence and gene dosage of the
MHC shared epitope allele to greatly increase
the risk of developing RA [18]. Preliminary evi-
dence suggests that cigarette smoking can induce
expression in the lungs of the enzymes responsi-
ble for citrullination of various proteins, thus cre-
ating antigen targets of autoantibodies that are
tightly associated with RA [18, 19]. Smoking is
also associated with resistance to successful
treatment of RA and more rapid disease progres-
sion [20]. Thus, smoking cessation should be
viewed as part of both prevention and treatment
of RA.

Infection has long been viewed as a potential
trigger of RA, even though direct infection of
RA joints has not been demonstrated (reviewed
in [21]). A variety of bacterial and viral patho-
gens have been implicated, but not definitively
[21]. Recently attention has refocused on the
clinical association of RA and periodontal dis-
ease [22, 23]. Porphyromonas gingivalis (Pg) is
a gram-negative bacterium that is strongly linked
to periodontal disease. Uniquely among bacte-
ria, it possesses the enzymatic machinery to
generate citrullinated proteins, and such RA
autoantigens are indeed detected in the gingival
tissue of subjects with periodontitis [22, 23].
Smoking and periodontal disease are also posi-
tively associated [23].

Investigation of the microbiome is a new area
of inquiry in RA and other autoimmune diseases,
and is a complex task in view of the multiple
microbiomes present on the skin and in the respi-
ratory and gastrointestinal tracts and the multiple
influences that can skew the composition of each
microbiome. One report identified a higher level
of Prevotella copri in feces of patients with new
onset RA. This RA group was seropositive for RF
and/or ACPA, and expansion of Prevotella was
more pronounced in the subset that lacked the
MHC shared epitope compared with those who
were shared epitope positive [24]. This finding
will require confirmation and further exploration
of implications for the pathogenesis of RA.

Stages of RA

RA-associated autoimmunity precedes clinical
onset of RA, and joint inflammation precedes
damage to the cartilage and bone. The sequence
of systemic and articular events in RA can
be conceptualized as discrete stages of RA.
Holmdahl et al. have delineated these stages as
autoimmune priming, tissue attack, and chronic
inflammation [25]. The hallmark of autoimmune
priming is the appearance of RA-associated auto-
antibodies, especially RF and/or ACPA.

Rheumatoid factors (RFs) are antibodies that
recognize a domain of the IgG Fc portion as their
target antigen. Recognized since the 1950s as
present in about 70 % of patients with RA, RF is
however highly nonspecific and is found in many
other immune-mediated and infectious condi-
tions as well as in some apparently healthy older
individuals. The presence and titer of RF corre-
late positively with disease severity and extra-
articular manifestations, and RF has plausible
roles in the pathogenesis of RA synovitis
(reviewed in [21]).

ACPA recognize proteins that have undergone
posttranslational conversion of arginine to citrul-
line at one or more arginine residues [26], a reac-
tion that is catalyzed by peptidyl arginine
deiminase (PAD). ACPA are much more specific
for RA than in RF and are thus useful diagnosti-
cally [27]. The presence and titer of ACPA also
predict disease severity, including the degree of
joint destruction [28]. Both RF and ACPA can
appear years before the clinical onset of RA [25,
29-31]. At this stage, elevated serum biomarkers
of inflammation can also be detected, including
pro-inflammatory cytokines [30, 31].

The high specificity of ACPA for RA has
prompted consideration of a potential role for
these autoantibodies in RA etiology and patho-
genesis. As mentioned previously, citrullinated
antigens can be formed in the lung and oral cavity
as a result of cigarette smoking or by P. gingiva-
lis, respectively, environmental triggers that
are epidemiologically associated with risk of
RA. Thus, local extra-articular inflammatory pro-
cesses could create immunogens for development
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Table 2.2 Key elements in the pathogenesis of RA
synovitis and tissue damage

Autoantibodies RF, ACPA

T cells Th17 (?Th1)

Cytokines TNF, IL-6, IL-1, IL-17

Synovial fibroblasts Cartilage damage, interactions
with lymphocytes

Osteoclasts Bone destruction

Endothelial cells Angiogenesis

of RA-associated autoantibodies, capable of
recognizing citrullinated proteins in the joint at a
later stage of disease [32].

The second stage of RA is the appearance of
clinical arthritis due to a level of joint inflamma-
tion that is sufficient to generate clinical symp-
toms and signs. The specific trigger or triggers
that localize the systemic autoimmune process to
the joint are unknown and could be heteroge-
neous, including local trauma, transient infection
of the joint itself, systemic infection that alters
permeability of the synovial microcirculation,
noninfectious tissue damage that generates
ligands of innate immune receptors, and increase
in the magnitude and affinity of autoreactive B
and T lymphocyte responses that react against
articular antigens. A curious feature of RA is the
tendency toward symmetry of joint involvement.
This mapping of the disease, which differs from
other forms of inflammatory and degenerative
arthritis, can be interpreted to implicate patho-
genic events in the local mesenchymal cells
[synovial fibroblasts (FLS), also known as type B
synoviocytes] in the control of disease onset in
specific joints in RA.

Synovitis is the hallmark of clinical RA
(Table 2.2), and a detailed molecular understand-
ing of this process has led to remarkable advances
in the treatment of RA with both biologic and
non-biologic pharmaceutical agents. The three
most abundant cell populations in RA syno-
vium are type A synoviocytes (of monocyte-
macrophage lineage), FLS, and T cells. Other
important participants include dendritic cells
(potent antigen-presenting cells), B lymphocytes,
plasma cells, endothelial cells, mast cells, neutro-
phils (primarily in synovial fluid rather than syno-
vial tissue), and osteoclasts. Normal synovium is

Fig. 2.1 Photomicrograph (20x) of chronic rheumatoid
synovitis. Note the synovial fibroblast hyperplasia (lower
right), extensive arterial and venous vascularity, and
inflammatory cell infiltrate

not known to be a location for initiation or
propagation of immune responses, but in RA the
synovium assumes characteristics of a tertiary
lymphoid organ. The massive infiltration of leu-
kocytes in RA synovium is accompanied by (and
likely causes) marked hypertrophy of the syno-
vial lining layer (Fig. 2.1). Numerous cytokines
and other inflammatory mediators are produced
in RA synovium as an outcome of the complex
interactions between the various cellular constitu-
ents [33]. These interactions are both cognate
(resulting from direct cell-cell contact mediated
by various receptor-ligand pairings) and paracrine
(due to local release of soluble pro-inflammatory
mediators). Angiogenesis is a critical process in
supporting synovial expansion and inflammation
in RA, by providing avenues for the ingress of
inflammatory cells and the nutrients to sustain
them.

The third stage of RA is chronic inflammation
that is destructive of cartilage, bone, and other
structures including tendons and ligaments, lead-
ing to deformities that may require surgical inter-
vention. Cartilage is directly invaded by
chronically inflamed synovial tissue termed pan-
nus, with a key role for FLS. Although FLS can
secrete a variety of proteases and other mediators
that may contribute to tissue damage in RA, a
critical role has emerged for the membrane-
anchored matrix metalloproteinase on the FLS
surface known as MMP-14 or MT1-MMP in the
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invasion and destruction of collagenous structures
[34]. Bone is eroded in RA through the activation
of osteoclasts in the adjacent bone and through
differentiation of monocyte precursors into osteo-
clasts in the inflamed synovial tissue, processes
that are cytokine driven [35].

The distinctions between these three stages
become blurred when one examines underlying
mechanisms. Thus, ACPA can bind directly to
citrullinated structures on the surface of osteo-
clasts, leading to osteoclast activation that would
promote bone erosion. Sensitive imaging tech-
niques confirm that joint damage can occur very
early in clinically diagnosed RA and that osteo-
penia is present at the time of diagnosis in ACPA-
positive patients [35]. The concept that joint
destruction begins as soon as (or even before)
recognizable synovitis is present reinforces the
necessity for early diagnosis and aggressive
treatment to minimize cartilage loss, bone ero-
sion, soft tissue disruption, deformity, and conse-
quent functional disability.

Cytokines and T Cells in RA

An essential role for pro-inflammatory cytokines
is well established in RA, and RA has become the
prototypic autoimmune disease in which cyto-
kine blockade by biologic agents has revolution-
ized disease management. Of the nine biologics
approved in the United States for use in RA,
seven neutralize key cytokines in RA synovium—
tumor necrosis factor (TNF), interleukin-1
(IL-1), or interleukin-6 (IL-6). (Of the other two
biologics approved for RA, one impairs T cell
activation and one depletes B lymphocytes.)
Moreover, other agents that are effective in RA,
such as a Janus kinase inhibitor, act primarily
by blocking signaling downstream of cytokine
receptor activation [36]. Cytokines appear to be
important at all stages of RA, although it is pos-
sible that shifts in cytokine networks occur as RA
evolves.

The search for additional cytokine targets in
RA has focused in part on the cytokines secreted
by differentiated effector cell subsets of CD4+ T
lymphocytes. T cells have long been viewed as

central to the pathogenesis of RA (reviewed in
[21]). T cells in the joint respond to various local
tissue antigens and interact with FLS in ways that
can promote activation of both cell types [33].
Activated subsets of CD4+ cells can be defined
by their cytokine products: Thl cells secrete
interferon-gamma, Th2 cells secrete interleukin
4, and Th17 cells secrete various isoforms of
interleukin 17. Though Th2 cells are critical for
allergic diseases, many autoimmune conditions,
including RA, appeared to be driven by Th17
cells, Thl cells, or by cells that overlap the Th1/
Th17 subsets [37]. Manipulation of the function
of these cells and neutralization of their secreted
cytokines are current areas of clinical investiga-
tion that may shed further light on disease
pathogenesis.

Future Directions

Although the cause, cure, and prevention of RA
are not yet known, significant and accelerating
progress has been achieved toward each of these
goals. Plausible models for the development of
RA that integrate genetic predisposition, environ-
mental triggers, autoimmunity, synovial inflam-
mation, and tissue damage have been proposed
[29-32, 38]. At the same time, the notion of
molecular heterogeneity of RA is gaining trac-
tion, based on distinct patterns of synovial gene
expression that can predict clinical response or
lack of response to various biologics and ulti-
mately guide individualized treatment approaches
[39]. Perhaps most exciting, the improving abil-
ity to define risk for RA before onset of disease is
laying the groundwork for clinical trials of RA
prevention [40, 41].
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Preoperative and Postoperative
Medical Management
for Rheumatoid Hand Surgery

Vladimir M. Ognenovski

Background

In rheumatoid arthritis (RA), 58 % of patients
will undergo orthopedic surgery over the course
of their illness [1, 2]. Hand surgery is an integral
part in the management of rheumatoid arthritis
patients. Among RA patients, 70 % will develop
hand dysfunction [3]. About 17 % of all orthope-
dic surgeries done in RA will be in the hand and
wrist [1]. The goals of hand surgery are preserva-
tion of function, reduction of pain, and mainte-
nance of quality of life. In elective procedures,
the surgical outcome is significantly influenced
by factors such as disease activity and disease
severity, comorbidities, immunosuppression, and
perioperative care, reflecting the complexity
of surgery in patients with rheumatoid arthritis.
A close collaborative approach among the sur-
geons, primary care physicians, rheumatologists,
anesthesiologists, and rehabilitation specialists
during the perioperative period is essential for an
optimal outcome.

Once a surgical indication is established, it is
critically important to address factors impacting
the surgical outcome such as RA activity and
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severity, comorbidities (cardiovascular, diabetes),
and medications used to treat RA (NSAIDs,
steroids, and immunosuppressive therapy). The
duration of surgery, site of surgery, and revision
versus primary arthroplasty all have been associ-
ated with infection risks [4, 5]. Postoperative
care, wound care, and rehabilitation have equally
important impacts on the surgical outcome.

Risks Associated with RA Activity

The timing of surgery has a significant impact on
the surgical outcome. Active disease generally
means more intensive immunosuppressive ther-
apy which increases the risks for infections,
including in the prosthetic joint. This is an inher-
ent risk with all agents that impair the immune
system function regardless of their mode of
action. However, steroids have been associated
with highest overall infection rates [6].

Impaired wound healing has been a concern
with corticosteroid and immunosuppressive ther-
apy, as well as NSAIDs. In animal models, long-
term use of corticosteroids [7-9] or methotrexate
[10, 11] has been linked to impaired wound heal-
ing. In some RA studies, long-term corticosteroid
use has been linked to impaired wound healing
[12, 13], whereas other studies have not supported
this observation [14, 15]. In clinical studies,
methotrexate use has not been linked to impai-
red wound healing in RA patients [12, 14-17].
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Anti-TNF blockade does not appear to impair
wound healing in animal studies [18-20].
Tocilizumab, an I1-6 inhibitor, has been linked to
delayed wound healing in one study. NSAIDs
have been implicated in impairing wound healing
in animal studies [21, 22].

Taken together, in elective orthopedic proce-
dures (even though the evidence is based on
small studies, variable doses of methotrexate and
steroids), preoperative efforts should be directed
in stabilizing the disease activity and keeping the
disease under control on the lowest effective
doses. Corticosteroids impair wound healing and
increase risks of infections. Therefore, the main-
tenance corticosteroid dose should be reduced to
less than 10 mg/day, preferably 5 mg/day or its
equivalent. Methotrexate is less likely to impact
wound healing or increase risk of infection and
may not need to be interrupted in the perio-
perative period, depending on the dose of metho-
trexate, concurrent additional risk factors for
infection, and the degree of frailty of the patient.
Interruption of methotrexate for less than 3 weeks
does not typically lead to a flare of RA. Anti-TNF
agents do not appear to impair wound healing,
but they increase the risk of infection as do other
biologics, and they should be withheld preopera-
tively. NSAIDs impair wound healing and should
be stopped preoperatively.

Cervical Spine

For patients undergoing general anesthesia,
attention should be paid to the cervical spine sta-
bility. C1-C2 vertebral subluxation and instabil-
ity is a known complication of synovitis of the
atlantoaxial articulation at the odontoid process.
It has been reported in as many as 61 % of RA
patients undergoing joint replacement surgery
[23-27]. Chronic synovitis may lead to an ero-
sion of the odontoid process with resultant
fragmentation and risks of spinal cord injury
during intubation. Patients with features of more
aggressive disease (progressive/erosive disease,
polyarticular, nodular RA), older age, and
chronic disability are at increased risk for atlan-
toaxial synovitis and C1-C2 instability [25].

Likewise, RA patients with neck pain and
unexplained occipital headache should be
imaged to assess for C1-C2 instability, although
symptoms are not very reliable indicators of cer-
vical instability [23]. Although no consensus on
optimal imaging exists, at a minimum, dynamic
X-rays of the cervical spine in flexion and exten-
sion should be done. Other modalities such as
dynamic MRI or CT of cervical spine may iden-
tify additional abnormalities not visualized with
plain X-rays. In a situation when C1-C2 insta-
bility is suspected, flexible laryngoscopy intuba-
tion or regional block may be the preferred
choices for anesthesia. Fusion of C1-C2 verte-
brae stabilizes the segments. Close collaboration
among the surgeon, anesthesiologist, radiologist,
and the rheumatologist is essential.

Risks Associated with Extra-
articular RA Manifestation

Respiratory Tract Involvement
with RA

RA can affect the upper airways with laryngeal
inflammation and lower airways and parenchyma
in the form of interstitial lung disease (ILD).
When present, both can pose potential periopera-
tive risks.

Larynx

Laryngeal involvement in RA is estimated to be
present in 13-88 % of patients [28], depending
on the series reported, in the form of vocal cord
edema, rheumatoid nodule, and cricoarytenoid
joint (CAJ) arthritis. The vocal cord function is
impaired as a result of edema and impaired
mobility, rheumatoid nodules, and CAJ synovitis
with loss of mobility and ankylosis. When there
is bilateral CAJ involvement, the vocal cords
may remain fixed in adduction, leading to a life-
threatening acute airway obstruction [29].
Symptoms can vary from dysphonia to life-
threatening stridor. Acute postoperative obstruc-
tion following intubation has been reported [30].
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If the airway is severely affected, endotracheal
intubation may be difficult, and tracheostomy
may be lifesaving.

ILD in RA

ILD is part of the rheumatoid lung spectrum,
which also encompasses pleuropericardial disease,
rheumatoid nodules, and pulmonary artery hyper-
tension. Its prevalence is estimated at around 10 %
[31, 32]; however, autopsy studies report 35 %
prevalence [33]. Clinical manifestations include
exertional dyspnea and cough, and when present,
they should trigger additional evaluation with a
chest X-ray, pulmonary function tests (spirometry
with diffusion capacity), and high-resolution chest
CT (HRCT). Pulmonary infection is a major con-
tributor to morbidity and mortality in RA patients
with ILD. When general anesthesia is considered,
the respiratory system should be carefully assessed,
and patients at risk may require additional evalua-
tion of their pulmonary reserve.

Assessment and Management
of Comorbidities

Cardiovascular diseases in RA patients are
increased in prevalence, presumably due to the
inflammatory state, chronic corticosteroid use, as
well as traditional risk factors. The risk for death
from cardiovascular disease is also higher in RA
patients compared to the general population [34—
36]. The risks for myocardial infarction are simi-
lar to patients with diabetes mellitus or otherwise
healthy persons who are 10 years older. Therefore,
preoperative risk assessment based on American
Heart Association (AHA) guidelines is prudent.
Those with low-risk ability to perform four
metabolic equivalents (METs) may proceed with
surgery. Those patients with moderate risks for
CAD and unable to complete four METs should
be referred to a cardiologist for additional cardio-
vascular risk assessment [37-39].

Comorbidities such as diabetes, hypertension,
and congestive heart failure should be optimally
controlled as there may be exacerbation by higher

corticosteroid doses. The function of other organs
such as the kidneys, liver, and bone marrow
should be evaluated as they may be affected by
the disease, medications, or both.

Adrenal Insufficiency

Patients with RA commonly take corticosteroids
long term. Adrenal suppression can occur as
early as 12 weeks on low dose of prednisone, the
equivalent of 5 mg/day [40]. Symptoms of adre-
nal insufficiency, hypotension and electrolyte
imbalance, can occur with abrupt withdrawal or
in stressful situations. High perioperative doses
of steroids are often given to avoid consequences
of adrenal insufficiency during surgical stress
[41]. This practice of giving patients supraphysi-
ologic doses of corticosteroids preoperatively
has been questioned by several studies [42—45].
Other studies have supported the safety of giving
patients their maintenance corticosteroid dose in
the perioperative period in orthopedic surgery
[46]. Corticotropin stress test can be used to
assess the adrenal reserve preoperatively; how-
ever, it may not predict which patient will need
the stress dose [43]. Taken all together, it may not
be necessary to use supraphysiologic stress doses
of corticosteroids in RA patients undergoing
hand surgery, thus minimizing risks of postopera-
tive infections. Table 3.1 provides an example
guideline for perioperative stress dosing of
corticosteroids.

Osteoporosis

Prevalence of osteoporosis in women with RA is
as high as twofold [47] and worsens with disease
progression, usually due to systemic inflamma-
tion, long-term use of steroids, and immobility
[48]. Many patients are treated either for osteo-
porosis or preventively, especially when predni-
sone is prescribed. Treatment often consists of
vitamin D and calcium supplementation, along
with antiresorptive therapy, most commonly
bisphosphonates. Bisphosphonates do not appear
to be detrimental to arthroplasty outcome [49]
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Table 3.1 Guidelines for adrenal supplementation therapy

Medical or surgical stress

Minor
Rheumatoid nodule excision
Carpal tunnel release
Finger joint fusion procedures
Trigger finger releases
Distal ulna excision

Moderate
Total wrist fusion or arthroplasty
Mertacarpophalangeal joint
implant arthroplast
Tendon surgery
Distal radioulnar joint
reconstructionArthroplast

Data modified from Coursin [41]

and may be beneficial in improving the arthro-
plasty durability [50] and in preventing
osteoclast-induced osteolysis [51].

Immunosuppression

Most RA patients are exposed to immunosup-
pressive therapy. Immunosuppressive therapy
includes chronic corticosteroid use, synthetic dis-
ease-modifying antirheumatic drugs (DMARD:s),
and biologic DMARD agents. Used as monotherapy
or in combination therapy, immunosuppression
remains a cornerstone in the management of RA.

Steroids

Corticosteroids are used by 65 % of RA patients
[52]. Doses vary based on disease activity, but com-
monly the maintenance dose of prednisone
is less than 10 mg/day or its equivalent.
Rheumatologists commonly target doses of
prednisone at 5 mg/day or less or its equivalent.
Intra-articular corticosteroids (methylprednisolone)
are frequently used at doses of 40-80 mg/cc for
larger joints at intervals no less than 3 months.
Some of the biologics, such as rituximab infusions,
are given with intravenous methylprednisolone (up
to 100 mg) to reduce the risk of infusion reaction.

25 mg of hydrocortisone po or IV or 5 mg of methylprednisolone
IV on day of procedure

50-75 mg of hydrocortisone IV or 10-15 mg of methylprednisolone
IV on day of procedure
Taper quickly (by 50 %) over next 1-2 days to maintenance dose

Risk of infection with chronic steroid use is high,
and 100 % of patients treated for 3 years will
develop an infection [6, 53]. In order to reduce the
risk and severity of an infection, it is preferable to
use prednisone or its equivalent in the lowest
dose possible, commonly 5 mg/day or less.
Postoperatively, in addition to infections, delayed
wound healing and adrenal suppression remain a
concern, as discussed above. Other more serious
side effects associated with chronic corticosteroid
use include atherosclerosis, diabetes, mood instabil-
ity, osteoporosis, avascular necrosis of bone, hyper-
tension, cataracts, and glaucoma, to name a few.

DMARDs

DMARD:s along with steroids are the backbone
of pharmacotherapy in RA. Utilization of these
medications is high and 75-84 % of RA patients
undergoing arthroplasty will be on DMARDs
[54]. Synthetic DMARDs include methotrexate,
sulfasalazine, hydroxychloroquine, leflunomide,
tetracyclines, tofacitinib (a Janus kinase inhibi-
tor), and less frequently azathioprine and
cyclosporine. Biologic DMARDs are a novel
category of drugs comprised of inhibitors of
cytokines or their receptors, antagonists of
lymphocyte activation, and agents that ablate
subsets of leukocytes. Synthetic DMARDs are
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commonly used in combination with corticoste-
roids, but also in combination with other syn-
thetic DMARD:s as well as biologic DMARDs.

Hand surgeons and rheumatologists are
frequently faced with the decision whether to
withhold DMARDs or continue therapy without
interruption in the perioperative period.

Methotrexate is the most commonly used
synthetic DMARD, (followed by sulfasalazine,
hydroxychloroquine, leflunomide, and less fre-
quently azathioprine and cyclosporine.) It is
also the best studied DMARD in the periopera-
tive period.

Concerns about increased perioperative risks
of infection have led to a common practice to
stop methotrexate 2—4 weeks prior to surgery and
resume treatment once wound has healed and
there is no evidence of infection. There is very
little support in the literature (orthopedic/
non-orthopedic surgery) for this approach, and
the limited evidence based on retrospective stud-
ies suggests very low/no risk of an infection
when the drug is maintained [15, 55-58].

The majority of studies demonstrate safety of
methotrexate in the perioperative period; however,
much of this data come from retrospective cohort
studies [15, 16, 59-61]. One prospective study
showed slight increase in infections in patients tak-
ing methotrexate in the perioperative period [57].

Although most studies were retrospective and
the weekly dose of methotrexate was <15 mg, clini-
cians should feel comfortable with continuation of
methotrexate at its maintenance dose in the periop-
erative period. However, since many patients take
doses of methotrexate >15 mg, brief interruption for
1-2 weeks before surgery should be considered.

Leflunomide has a recognized risk of infec-
tions [62]. Its impact on perioperative risks of
infections was reported in two studies with oppos-
ing conclusions [63, 64]. Therefore, the current
approach is to hold the medication for at least 2
weeks prior to surgery (in view of its long half-life
in vivo) and resume with it once the wound is
healed and there is no evidence of infection.

The impact of other DMARDSs such as
sulfasalazine, hydroxychloroquine, and azathio-
prine on wound healing and risks of periopera-

tive infection is less well studied. Limited data
suggest no increased perioperative infections
[59, 65, 66], and these agents are probably safe to
continue during the perioperative period, with the
standard immunosuppressive therapy precau-
tions for bone marrow and liver toxicity and
monitoring of renal function.

Biologic DMARDs

The use of biologic DMARD:s as therapy for RA
evolved over the last 15 years. The group of bio-
logical agents used in RA comprises the TNF
blockers (etanercept, infliximab, adalimumab,
golimumab, and certolizumab), B cell-depleting
therapy (rituximab), costimulatory molecule
inhibition (abatacept), interleukin-1 receptor
antagonist (anakinra), and the interleukin-6
receptor antagonist (tocilizumab). They are most
effective when used in combination with metho-
trexate, but some are effective as monotherapy.

Anti-TNF Blockers

The risk of infections is well recognized with
anti-TNF therapy [67]. Multiple studies have
looked into the impact of anti-TNF therapy on
the risk of infection following orthopedic sur-
gery. Although some studies show no increased
risk of wound infections in association with anti-
TNF use in the perioperative period [68-73],
other studies point to increased risks of prosthetic
joint infections in association with anti-TNF
therapy [74-76]. A systematic review and meta-
analysis of 11 studies of adult RA patients under-
going elective orthopedic surgery compared
3681 RA patients with anti-TNF exposure to
4310 RA patients without anti-TNF exposure.
The analysis revealed significant increase in
risk of surgical site infection in association with
anti-TNF exposure [77]. American College of
Rheumatology guidelines recommend holding
biologic therapy for at least 1 week before and
after surgery with further adjustment to that time
frame depending on the pharmacokinetics of the
individual agent [78].
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The presence of an implant significantly
increases the susceptibility to infection, due to
the ability of the microorganisms to evade host
defenses by rapidly forming a biofilm at the
bone-prosthesis interface, which increases bacte-
rial resistance [5]. Bacterial biofilms form rapidly
but are initially unstable and more susceptible to
host defenses early after infection than later once
the biofilm has matured. However, the early
innate immune response is initiated by chemo-
kines including I1-6 and TNFa, both targets of
biologic therapy, which may contribute to the
increased susceptibility to infection seen in the
presence of a joint prosthesis in RA patients [79].

Anti-B Cell Therapy

Rituximab is an anti-CD20 chimeric antibody
commonly given as a series of two infusions
every 6 months. Patients are often premedicated
with methylprednisolone to prevent infusion
reaction. Based on a French registry, it has a
favorable safety profile for infections [80].
Comorbidities such as cardiac, pulmonary, and
extra-articular disease and hypogammaglobu-
linemia have been associated with higher risks
for infections. In a cohort of 133 patients who
underwent 140 surgeries, postoperative compli-
cations were observed in 7.4 % of orthopedic sur-
geries. The timing of surgery does not seem to be
a factor, but correcting hypogammaglobulinemia
and controlling comorbidities may be a prudent
preoperative approach to minimize perioperative
complications [81].

Anti-costimulatory Therapy

Abatacept downregulates T-cell activation.
Numerous studies suggest low risk of infection
when compared to synthetic DMARDs [82]. It is
dosed either weekly subcutaneously, or monthly
intravenously. A single report of a small series of
RA patients suggested no increased risk of
perioperative complications. Given its long
half-life of 14 days, surgery should be planned
2-3 weeks after the last dose.

Anti-interleukin Therapy

Tocilizumab is an anti-IL-6 receptor antagonist
given as a monthly infusion or a weekly subcuta-
neous injection to RA patients. One study of ortho-
pedic surgeries reported delayed wound healing in
12.4 and a 1.9 % rate of surgical site infection [76].
A smaller study showed no postoperative infec-
tions [83]. Surgery should be planned 2 weeks
after the last dose, given its long half-life.

Anakinra is an anti-IL-1 receptor antagonist
dosed as a daily subcutaneous injection. Although
no studies of its use in orthopedic surgeries have
been reported, the data from British Society for
Rheumatology Biologics Register indicated that
it raises the overall risk of infections in patients
with RA [84]. Given its short half-life, it should
be held for 1-2 days before surgery.

Anti-JAK Therapy

Tofacitinib is a Janus kinase 3 inhibitor, a repre-
sentative of a novel class of antirheumatic drugs
targeting signaling molecules that control the
activity of nuclear factors mediating lymphocyte
regulation. Although no data exist about periop-
erative infections yet, there is an overall increased
risk of infections associated with its use [85, 86].
Given its short half-life of 3 h, discontinuation of
the drug 2 days prior to surgery is prudent.

The decision to resume with an immunosup-
pressive agent should be made individually,
based on the wound healing process and possible
postoperative complications. Generally, the drug
is held until wounds heal and there is no infec-
tion. Typically this may take a week or two.

NSAIDs

NSAIDs exert their effect by inhibiting
cyclooxygenase-1 and cyclooxygenase-2 (COX-1
and COX-2) activity as well as via non-cyclooxy-
genase-dependent mechanisms [87]. The cyclo-
oxygenase pathway inhibition results in reduction
of prostaglandin production, impairing many pros-
taglandin-dependent functions, including wound
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healing and thromboxane A-dependent platelet
aggregation [88].

Nonselective COX-1- and COX-2-inhibiting
NSAIDs increase the risk of perioperative bleed-
ing by reducing thromboxane A2 production.
Selective COX-2-inhibiting NSAIDs do not
affect platelet function. Aspirin, which irrevers-
ibly blocks COX-1 and COX-2, should be held
for a week before surgery, whereas NSAIDs,
which inhibit reversibly both COX-1 and COX-
2, should be held for five half-lives prior to
surgery. The relationship between time of discon-
tinuation of NSAIDs with intra- and postopera-
tive bleeding time is not well defined. For most
NSAIDs, platelet function normalizes after 3
days of discontinuation, suggesting that NSAIDs
should be discontinued 3 days before surgery,
with the exception of ibuprofen, which can be
stopped 24 h before surgery [89].

COX-2 inhibitors, although not affecting
platelet function, impair wound healing and renal
function and should be held preoperatively.

Summary

RA is a progressive disease of joint inflammation
with systemic and extra-articular features. The
evolving understanding of its pathogenesis has
led to revolutionary development of targeted
therapy that is changing its course and its asso-
ciated morbidity and mortality. Nonetheless, a
substantial number of patients will experience
progression of their disease leading to disability.
Reconstructive hand surgery remains an impor-
tant complimentary therapeutic option in restor-
ing function and improving quality of life for
patients with RA. Preoperative management of
the disease and its comorbidities is critical in
optimizing the surgical outcome. Postoperative
wound and joint infections remain a serious con-
cern and can be minimized by reducing the inten-
sity of immunosuppression. A multidisciplinary
approach involving the surgeons, rheumatolo-
gists, primary care physicians, anesthesiologists,
radiologists and rehabilitation specialist is essen-
tial for a successful outcome.
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Setting Priorities: The Timing
and Indications for Rheumatoid
Surgical Procedures

Matthew Brown and Kevin C. Chung

A World of Controversy

Rheumatoid arthritis (RA) is a prevalent, destruc-
tive, and debilitating disease [1]. It is associated
with loss of work/wages, lower quality of life,
and increased mortality [2-5]. A sharp dichotomy
exists in the opinions of surgeons and rheuma-
tologists regarding the effectiveness of surgery in
treating rheumatoid hand deformities. Surgical
management of rtheumatoid arthritis has endured
a large degree of skepticism because of variation
in practice patterns, inadequate scientific evi-
dence in the literature, and variability in the
reported clinical success of certain procedures.
Alderman et al. surveyed members of the
American Society for Surgery of the Hand and
members of the American College of Rheu-
matology and found great differences in the
opinions of the effectiveness of certain hand
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procedures [6]. Universally, the effectiveness of
surgical procedures to improve function and
provide pain relief was rated higher by the hand
surgeons than the rheumatologists. Furthermore,
only 12.6 % of rheumatologists believed small
joint synovectomy and tenosynovectomy had
any role in disease prevention or delay. Many
rheumatoid procedures such as tenosynovectomy
or synovectomy have an optimal window prior to
tendon rupture or joint destruction, but these pro-
cedures are still seen as salvage options by many
referring rheumatologists.

The marked success of anti-inflammatory
and disease-modifying anti-rheumatologic drugs
(DMARD:s) has altered the modern hand surgeon’s
exposure to procedures to correct damage from
RA. This is reflected in the variation of surgical
practice patterns both within the USA and around
the world. A review of surgical practice patterns in
the USA using the Healthcare Cost and Utilization
Project (HCUP) database reported variation in RA
surgical procedures across the country. Further-
more, this variation did not correlate with disease
prevalence, the number of surgeons, or patient
demographic data [7]. Men were found to be 2.4
times more likely to undergo prophylactic proce-
dures and women were significantly more likely to
undergo advanced disease reconstructive proce-
dures. The practice of rheumatoid hand surgery in
various regions of the world has also been
reviewed. In addition to patient-specific factors,
societal culture, patient-physician dynamic, the
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health care system, and economic factors were
found to impact the practice of rheumatoid
surgery [8].

The complexity of factors contributing to the
surgical treatment of rheumatoid patients has cre-
ated discord among physicians, but there is hope
that long-term outcome research may provide
better evidence to guide standardized practices.
Closer relationships between surgeons and rheu-
matologists will help to provide a multidisci-
plinary treatment plan aimed at increasing the
quality of life for patients suffering from this dis-
ease. Regardless of timing and specific interven-
tions provided, hand surgeons should be involved
as early as possible in the evaluation of rheuma-
toid patients, so that surgery remains an option in
the treatment plan.

Indications

Rheumatoid arthritis is a complex disease and
when planning surgery, the surgeon should take
into account the patient’s symptoms and con-
cerns, clinical appearance, function, and X-ray
studies. The decision to proceed to surgery in a
rheumatoid patient is guided by four main indica-
tions: (1) pain relief, (2) restoration of function,
(3) disease prevention, and (4) improvement of
aesthetic deformity.

Indications for Rheumatoid Surgery

* Pain relief

* Functional improvement

* Prevention of disease progression
e Aesthetic deformity

Pain is considered the primary indication
for surgery. Other indications for rheumatoid
surgery should be weighed against pain relief.
However, it is important to remember that pain
does not correlate with the degree of defor-
mity. Despite significant deformity, many
patients may report minimal pain and are able

to function well enough to complete their daily
activities. In most cases, pain in joints can be
reliably treated with arthrodesis or arthro-
plasty [9-11].

Over 70 % of rheumatoid patients report hand
and wrist dysfunction [4]. Restoration of function
remains the second indication for surgery,
but positive outcomes have been less reliably
achieved compared to pain relief. These surgeries
offer an increase in motion and dexterity, but
weakness remains a significant disability for
most patients [12]. Some caution should be used
when considering reconstructive surgery in
patients with mild deformities who report a gen-
eral loss of function and have minimal pain.
Many patients may not have the strength or
endurance to pursue their former vocations or
sports activities even with corrective surgery.
Additionally, there always exists the possibility
of weakening the hand even further for the sake
of improving range of motion or stability. Such
patients need careful counseling to fully under-
stand their disease and modify their activities.

The third indication for surgery in a rheu-
matoid patient is prevention of disease progres-
sion. With the advent of DMARDs, rapid joint
destruction has become less common. Still, some
patients may have pain in the setting of significant
synovitis, which has been unresponsive to medi-
cal care. Maximal medical management should be
in place for at least 6 months prior to proceeding
with surgery. Other examples of preventive proce-
dures include resection of the distal ulna and dor-
sal tenosynovectomy for extensor tendon ruptures.
This may help prevent or delay additional exten-
sor tendon ruptures [13]. However, the ability of
these procedures to prevent problems or slow pro-
gression has not been conclusively shown [14].

The final indication for surgery in a rheuma-
toid patient is to improve aesthetic appearance.
Although this has less weight in the decision, it
cannot be dismissed as a patient concern. The
aesthetic improvements in the hand have been
shown to be associated with patient satisfaction
after RA surgical intervention [15]. In many
cases, aesthetic improvements are a natural out-
come with correction of subluxed joints and rees-
tablishment of proper anatomic alignment.



4 Setting Priorities: The Timing and Indications for Rheumatoid Surgical Procedures 33

In summary, rheumatoid surgical procedures
can help to alleviate pain, provide functional
improvement, prevent disease progression, and
improve the appearance of the rheumatoid hand.
The decision to proceed with surgery is much
more complex than simply fulfilling one of the
above criteria; it also involves patients’ goals,
anesthetic planning, perioperative medical man-
agement, and a rehabilitation plan to be in place.

Timing

Rheumatoid arthritis typically occurs between
the third and sixth decades of life. Women have a
higher incidence at a younger age in comparison
to men, but prevalence is equal by the sixth
decade of life. In most cases, the pattern of onset
affects the feet, hand, and wrist joints. The meta-
carpophalangeal (MCP) joints, proximal inter-
phalangeal (PIP) joints, and carpus are affected
earlier and more frequently than other joints such
as the hip, shoulder, and elbow [16]. These
smaller joints are thought to be involved partially
due to their high ratio of synovium to joint sur-
face area [17]. Additionally, joint involvement
and erosive changes may be evident in the feet,
but up to 70 % of patients have erosive changes
in the MCP and wrist within a few years of dis-
ease onset [18].

Medical management is important in the initial
treatment of RA. Abating synovial inflammation,
hypertrophy, and subsequent pannus formation
will help to slow disease progression. Medical
treatment should be in place for 6 months in most
patients prior to surgical consideration. Despite
multimodality medical treatment, certain subsets
of patients are less responsive to medical therapy
and experience progressive wrist pain and syno-
vial inflammation. It is in these cases that
synovectomy and tenosynovectomy play an
important role in early management of the dis-
ease. Synovectomy, however, should be cautioned
in patients with rapidly progressive joint destruc-
tion. Clinical evaluation should be repeated every
few months in progressive or unresponsive
patients to determine the correct time to intervene
with more reconstructive efforts. For example,

acute carpal tunnel syndrome requires surgical
intervention to prevent permanent median nerve
dysfunction. Proliferative dorsal tenosynovitis
with a diagnosed tendon rupture is also a surgical
priority. Though not emergent, correcting associ-
ated deformities may prevent further tendon rup-
ture. Most tendon ruptures occur at the wrist and
can be treated with primary tendon grafting into
healthy edges of the tendon. Staged tendon repair
in rheumatoid patients has less promising func-
tional outcomes. Tendon transfer can also be con-
sidered when tendon repair is not feasible. The
pattern of onset and development of clinical find-
ings will determine when the first surgical inter-
ventions are made, and judgment regarding the
type and timing of surgical procedures requires
experience.

Despite medical therapy, many patients expe-
rience progression and develop joint injury and
destruction. After the ligamentous structures and
supportive capsule have attenuated, the lack of
adequate soft tissue support makes maintenance
of joint realignment and functional restoration
more difficult. In many instances better results
are achieved when reconstruction is performed
before significant subluxation or dislocation
develops and the occurrence of fixed contractures
(Fig. 4.1). Patients can present to the hand sur-
geon at a variety of stages in their disease pro-
gression with a multitude of involved joints.
If proximal disease and pain at the elbow or
shoulder exist, evaluation and correction is per-
formed prior to reconstruction of the joints of the
hand.

Perioperative Considerations

Before proceeding to surgery, the entire patient
must be evaluated. Rheumatoid patients are
unlike any other hand surgery patients. The sys-
temic manifestations of the disease can affect
preoperative medical care, anesthetic plans, and
postoperative management. A thorough work-up
is critical for proper care and to avoid unfavor-
able outcomes.

Rheumatoid arthritis affects the axial skeleton
as well as the peripheral joints. As many as 85 %
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Fig. 4.1 Sixty-year-old male who previously had com-
plex tendon reconstruction with the FDS tendon transfer.
The indication for operating was his limited extension of
the fingers despite therapy. He was taken to the operating
room for tenolysis of the prior tendon transfer. The opera-
tion was done under local anesthesia with sedation and the

Table 4.1 Preoperative assessment

release was performed until the patient was able to
actively extend in the operating room. (Left middle)
Preoperative photographs of the patient’s function. (Right)
Intraoperative photo of extensor tendon transfer with sur-
rounding scar tissue

System Comorbidity Screening/interventions
Cervical spine Alanto-axial instability/subluxation Flexion and extension cervical spine
X-rays
Airway TMIJ-decreased oral opening, vocal cord Anesthesia assessment, fiberoptic
dysfunction intubation
Respiratory Decreased lung capacity, pulmonary Chest X-ray pulmonary function
fibrosis, pleural effusion testing
Cardiac Coronary artery disease, impaired conduction EKG, possible echocardiogram or
valvular disease catheterization
Hematologic Neutropenia, thrombocytopenia Complete blood count, coagulation
screen
Gastrointestinal Decreased liver metabolism, peptic ulcer Metabolic profile, ulcer prophylaxis

of RA patients may report neck pain, and one trial
reported that as high as 12 % of patients have
alanto-axial subluxation within 5 years of disease
onset [19, 20]. Adequate assessment of cervical
spine stability can be achieved with preoperative
flexion and extension C-spine X-rays. Temporo-
mandibular joint involvement can significantly
affect mouth opening, making oral intubation
techniques difficult. Additionally, nearly 80 % of
RA patients may have laryngeal involvement and
vocal cord dysfunction with swelling and peri-
arytenoid inflammation [21]. In the case of cervi-

cal spine instability, fiberoptic intubation with a
C-collar is recommended [22].

In addition to physical limitations, RA can
affect multiple body systems, many of which can
be silent. The respiratory, cardiac, renal, and gas-
trointestinal systems are all affected by the dis-
ease process or current treatments (Table 4.1).
Studies have demonstrated a reduction in vital
capacity and total lung volume in patients with
RA, even in the absence of pulmonary fibrosis
[23, 24]. Patients with long-standing disease or
long-term use of some DMARDs are more



4 Setting Priorities: The Timing and Indications for Rheumatoid Surgical Procedures 35

likely to suffer from pulmonary fibrosis and
pulmonary hypertension and are at increased
risk for dyspnea and pleural effusion [24].
Cardiovascular disease remains one of the
primary causes for mortality in rheumatoid
patients. They have increased incidence of
angina, myocardial infarction, heart failure, and
stroke [25]. Multiple hematologic and metabolic
abnormalities can also exist. Although rare,
patients can suffer from Felty’s syndrome
(splenomegaly and neutropenia), which increases
susceptibility to infection. Medications such as
penicillamine and methotrexate can cause throm-
bocytopenia. Nonsteroidal anti-inflammatory
drugs (NSAIDS) and aspirin affect platelet func-
tion, increasing bleeding risk. Methotrexate can
also compromise liver function, which may affect
the choice of anesthetic in surgery.

Perioperative management of rheumatologic
medications must be discussed with all patients.
Patients who take prednisone chronically should
continue it through the perioperative period. In
most instances, they also require a stress dose of
steroids at the time of surgery because of a sup-
pressed adrenal response. Various steroids can be
used but dosage is usually equivalent to 100 mg
IV of hydrocortisone [26]. Patients on methotrex-
ate or other conventional DMARD:s such as leflu-
nomide, azathioprine, hydroxychloroquine, and
gold should continue these during the periopera-
tive period as well. A retrospective review of
wound complications in RA surgery showed that
there was no increase in wound problems for
patients on steroids, methotrexate or both [27].
Patients taking biologic DMARDs, such as some
of the antitumor necrosis factor (TNF) agents, are
generally recommended to stop for 2-3 weeks
before and after an operation because of the con-
cern for perioperative infection, although the evi-
dence is not clear [28, 29]. Other studies suggest
that patients taking anti-TNF agents do not have
an increased risk of wound complications or
infection in orthopedic operations [30, 31]. This
is best discussed with the patient’s rheumatolo-
gist for final recommendations so that a unified
plan may be established (Table 4.2).

Thorough evaluation with X-rays, electrocar-
diogram (EKG), basic lab work, and sometimes

Table 4.2 Perioperative medication recommendation

Continue at normal dosage,
provide stress dose at time

Corticosteroids of surgery for chronic use

Methotrexate Continue at normal
preoperative dosage

Other DMARDs Continue, discuss with

(gold, penicillamine, rheumatologist

plaquenil)

Biologic DMARDs Hold for 2 weeks before and

after surgery, discuss with
rheumatologist

more cardiac testing is indicated. It is recom-
mended that all patients have a preoperative anes-
thesia consultation. Although surgery is aimed at
improved quality of life, in many cases surgical
procedures are elective, and the risks of anesthe-
sia, complications, and perioperative mortality
should be discussed with every patient so that a
well-informed decision can be made before
proceeding.

Sequence of Surgery

The main surgical procedures indicated for
rheumatoid arthritis include synovectomy, teno-
synovectomy, tendon surgery, arthroplasty, and
arthrodesis. When a patient is evaluated early in
the disease process, initial procedures such as
dorsal tenosynovectomy, synovectomy, and median
nerve decompression are usually considered
before reconstructive surgery (Fig. 4.2). Recur-
rence of synovitis is expected in all patients, but
the rate of recurrence is variable among patients.
A multitude of reconstructive procedures exist,
but the order of reconstruction can be critical.
Rheumatoid arthritis is a polyarticular disease
and deformities of the proximal joints will affect
the position of more distal joints. Each joint must
be evaluated both individually and in context
with an exam of the entire extremity. Significant
involvement of one joint affects proximal, distal,
and adjacent joints. For instance, if elbow flexion/
movement is severely limited, correcting the
flexed subluxed wrist to a position of slight
extension may make it more difficult for a patient
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Fig.4.2 Fifty-five-year-old female with rheumatoid who
developed swelling over the palm along the flexor tendon
sheath of the left index finger and presented with signs of
carpal tunnel syndrome. The indications for surgery were
treatment of the patient’s painful mass development and

to get their hand to their mouth and eat. In this
case, elbow range of motion should be increased
first, or the wrist may be better fused in a slightly
flexed position.

The carpus is affected early in the disease
process, which usually begins with synovitis of
the ulnar wrist, resulting in attenuation and rup-
ture of the extensor carpi ulnaris and ligamentous
attachments of the distal radioulnar joint (DRUYJ).
Loss of these structures leads to dorsal disloca-
tion of the ulnar head and caput ulna syndrome.
Synovitis of the volar and intercarpal ligaments
causes volar and ulnar subluxation of the carpus
with supination (Fig. 4.3). The intact radial wrist
extensors then contribute to the radial deviation
of the metacarpals at the carpometacarpal joint
and compensatory ulnar drift at the metacarpal
phalangeal joint. These mechanisms leading to
deformity explain why correcting more proximal
disease impacts the success of more distal
function.

A stable wrist is necessary for a successfully
reconstructed rheumatoid hand. In general, it is
more physiologically and mechanically benefi-
cial to address the wrist prior to the more distal
MCP and PIP joints. For example, surgically
addressing the MCP joints in a patient with sig-
nificant subluxation and deviation of the wrist
will have impact on functional outcome improve-

presence of carpal tunnel symptoms. She had the flexor
tenosynovectomy and excision of a large amount of rice
bodies. After flexor tendon synovectomy, the carpal
tunnel was released and synovial tissue within the
carpal tunnel was excised

ment at the MCP. Furthermore, some patients
may find that wrist arthrodesis or arthroplasty
can provide enough stability or motion so that
distal surgery is not needed.

In a similar fashion, correcting MCP joint
deformities before treating proximal interphalan-
geal (PIP) joint deformities is recommended
[32]. One possible exception to this approach is a
severe boutonni¢re deformity because a severe
flexion deformity at the PIP joint compromises
the result of the MP joint surgery [33]. The PIP
joint can be corrected prior to or simultaneously
with  MCP reconstruction. Mild boutonniere
deformities usually do not need to be surgically
addressed because the flexed position of the fin-
gers actually helps with grasp. Conversely, most
swan-neck deformities need to be addressed to
restore grasp; however, flexion at the MCP joint
is unconsciously enhanced because of the need to
make a fist. Therefore, theoretically an extension
deformity of the PIP joint improves MCP joint
arc of motion. Consequently, extension deformi-
ties at the PIP joint can usually be corrected at a
later time without compromising MCP range of
motion.

The decision to proceed with distal reconstruc-
tive surgery prior to addressing more proximal
disease is mainly a result of patient preference.
Patients without wrist pain often do not want to
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Fig. 4.3 Sixty-eight-year-old female with long-standing
rheumatoid arthritis who presented with a left hand ulnar
impaction syndrome due to long-term rheumatoid arthri-
tis. The indication for surgery was the presence of signifi-
cant instability of the distal radioulnar joint (DRUJ) with
chronic pain and loss of function. (Leff) The left carpus

have prophylactic correction of their wrist,
which would decrease their motion. It is impera-
tive that the patient is informed that the outcomes
will not be as good when the metacarpals are
deviating radially. In this circumstance, ulnar
recurrence will occur faster after silicone MP
arthroplasty.

Combining Procedures

The complexity of bringing a rheumatoid patient to
surgery requires that efforts be made to complete
as much necessary and indicated surgery in a sin-
gle setting. Many procedures can be combined.
Commonly, carpal tunnel syndrome can be
aggravated by any surgical procedure in the hand.
Carpal tunnel release should be considered before
or in conjunction with other surgical procedures

was noted to be volarly and ulnarly subluxed with promi-
nence of the distal ulnar head dorsally. (Center) She had
limited flexion and extension of the wrist. (Right) She
underwent a Darrach procedure with stabilization of the
distal ulna with the dorsal wrist capsule

on the volar aspect of the wrist. Providing median
nerve decompression in many cases involves
flexor tendon tenosynovectomy. Procedures that
expose the flexor or extensor apparatus are easily
combined with tenosynovectomy. Any large
osteophytes or bony prominences can be
smoothed and covered with soft tissue as well,
and this surgical prophylaxis may help to delay
future tendon rupture. With dorsal approaches,
posterior interosseous neurectomy can also be
easily added and may help with pain relief.
Tenosynovectomy can also be combined with
larger surgeries such as arthroplasty or arthrode-
sis. In some cases, occult or undiagnosed tendon
injuries may be encountered during procedures.
Patients should be counseled and if correction of
the underlying cause of the tendon rupture is
being addressed then it is reasonable to proceed
with simultaneous reconstruction. The surgeon
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should be mindful when adding procedures to
keep tourniquet time to less than 2 h if possible.
Tissue swelling with longer cases may make
wound closure difficult.

Outlining a Plan

Patients will seek surgery for a variety of reasons.
One study examining patient preference found
that younger age and female gender were signifi-
cantly associated with an increased likelihood
for choosing MCP joint arthroplasty surgery.
Additionally patients with increased pain and
decreased function as assessed by the Michigan
Hand Questionnaire (MHQ) were more likely to
choose arthroplasty [34]. Surgeons must be care-
ful not to introduce their own biases into trying to
understand a patient’s surgical priorities. In a
study analyzing men’s and women’s surgical pri-
orities in rheumatoid surgery, it was found that
physicians’ biases conflicted with patient prefer-
ences [35]. Physicians believed that women val-
ued aesthetics more, but patient surveys revealed
that women and men were equally willing to
have hand surgery, and they placed similar value
on hand appearance, functional improvement,
and pain relief. An in-depth preoperative discus-
sion between the surgeon and patient can help
align the preoperative goals.

With a full understanding of the indications
for rheumatoid procedures, an individualized
plan can be created. A treatment plan for a patient
involves a stepwise approach to address the criti-
cal surgical issues first (Fig. 4.4). Patients with
RA that is more progressed may proceed directly
to reconstructive procedures, often combining
with other procedures such as tenosynovectomy.
With more aggressive operations, the surgeon
should consider how the patient would provide
self-care while going through rehabilitation of
the operated limb. Many RA patients need assis-
tance with ambulation using crutches or canes or

may have greater difficulties necessitating use of
a wheelchair. Their mobility will be further com-
promised during the recovery period after hand
surgery. The same is true of shoulder and elbow
reconstruction if indicated. These should be per-
formed prior to hand reconstruction because it will
aid the rehabilitation of the hand by eliminating
more proximal problems. Patients need to be
informed of limb limitations during rehabilitation
after surgery so that preparations can be made to
help optimize outcomes.

Additionally, almost all patients have rheu-
matoid disease that affects both hands. Many
patients however may have preferential use of
one hand and a patient should help decide which
hand to operate on first. The workload of the non-
operative hand will increase and this can exacer-
bate that hand’s synovitis and pain. It may be
practical to operate on the less involved hand
first. This approach can prevent progressive
deformity, provide improvement in a hand, and
allow the patient to assess the potential for fur-
ther reconstruction.

If surgery is chosen, the goal should be for
patient and surgeon expectations of results to
match. They must know that some deformity,
especially at the metacarpophalangeal (MP) joints,
is likely to recur after surgery. Good patient rap-
port is essential because the reconstructive process
usually spans many months and often years with
multiple procedures. Surgical plans and functional
goals may be altered as a patient’s disease pro-
gresses. Complications and risks should be dis-
cussed with each surgical procedure. For instance,
although wrist arthroplasty may have higher com-
plication rates, a patient may accept that risk for
the chance of improved range of motion.

In summary, carefully listening to the patient’s
concerns and goals in combination with assess-
ment of the patient’s symptoms and exam find-
ings provide the primary guidance for where the
initial reconstructive process should start. From
this point a sequence of surgical interventions
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Fig. 4.4 Fifty-six-year-old female who presented with
bilateral severe rheumatoid arthritis. She had pain as well
as significant loss of function with bilateral caput ulna syn-
drome. (a) Her initial operation consisted of (1) left wrist
fusion with a Steinmann pin; (2) extensor synovectomy of
the second, third, fourth, and fifth extensor compartments
and radical synovectomies; and (3) left distal ulna exci-
sion. (Top left) Preoperative radiographs. (Top middle)
Left wrist preoperative. (Top right) Intraoperative photo
demonstrating significant synovitis surrounding the exten-
sor tendons. (Bottom left) Postoperative X-ray with cor-
rection of the wrist deformity. (Bottom right) Postoperative
photos after treatment of the left wrist. The right wrist had

not been treated yet. (b) Four years later, patient now with
progressive right wrist pain because of subluxation and
DRUIJ instability from her ongoing RA. The right hand
was treated with wrist fusion and aided by Kirschner
wires, distal ulna excision, and extensor tenosynovectomy.
(Top) Intraoperative photo and X-ray illustrating wire
placement to facilitate wrist fusion. (Botfom) Postoperative
photo. (c) After treatment of the wrist and recovery, the
patient still had progressive MP pain and limited function
because of subluxation and deviation of the right thumb.
Patient went on to have fusion of the MP of the thumb
and MP joint arthroplasty of the other fingers. (Top)
Preoperative photos. (Botftom) Postoperative photographs
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necessary to achieve final objectives can be
established. Every patient presents his or her own
unique challenges, but with careful planning, sur-
gery can positively impact each patient’s quality
of life.
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Upper Extremity Compression
Neuropathies in Rheumatoid

Patients

Joshua M. Adkinson

Introduction

Rheumatoid arthritis (RA) is a chronic systemic
inflammatory disease characterized by symmet-
ric polyarthritis [1]. Extra-articular involvement
occurs in approximately 10-40 % of patients
with RA [2, 3]. The extra-articular manifestations
most commonly affect the cardiovascular sys-
tem, lungs, skin, and blood, and these have con-
siderable prognostic implications [4, 5]. Although
reported incidences vary, clinically significant
neuropathy affects approximately 20 % of RA
patients [5, 6]. The most commonly encountered
neuropathies in patients with RA include com-
pression, mononeuritis multiplex, distal sensory,
and distal motor [5-10]. Compression neuropa-
thies are the most common and comprise between
50 and 90 % of all neuropathy in RA patients [2].
Most studies have failed to show a relationship
between compression neuropathies and gender,
duration of RA, presence of other extra-articular
symptoms, and serologic findings [11].
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Whereas upper extremity entrapment neurop-
athy and RA may occur coincidentally [12], joint
swelling and deformity resulting from synovitis
and pannus formation frequently cause compres-
sion of adjacent structures [13]. Furthermore,
evidence has shown the intrinsic effects on nerve
anatomy and physiology in patients with RA. In
a study by Conn et al. [14], sural nerve biopsies
revealed epineurial and endoneurial arterial dam-
age; this predisposes to axonal degeneration and
neuronal demyelination [13]. Others have shown
electrophysiologic and histologic evidence of
nerve damage in asymptomatic RA patients [6, 7,
15]. As a result, even mild nerve compression in
RA patients may lead to clinically significant
neuropathy.

Diagnosis

Diagnosis of compression neuropathies in RA
patients can be difficult and is often delayed.
Patients frequently have coexisting joint pain,
limited motion, and disuse atrophy of intrinsic
muscles [13]. These examination findings com-
plicate the assessment of neurologic impairment.
Furthermore, symptoms of peripheral neuropathy
in RA patients can also be caused by vasculitis
and RA-related drug toxicity [12]. Nevertheless,
traditional examination findings combined with
electromyography and nerve conduction studies
(NCS) are typically sufficient for diagnosis.
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As in patients without RA, compression
neuropathies manifest as paresthesias, dysesthe-
sias, and a burning sensation (these findings may
be masked by arthritic pain) [16]. Provocative
tests, such as the nerve percussion test (i.e., Tinel
sign) [17] and the scratch collapse test [18], elicit
useful diagnostic information that may localize
the site of compression. A Phalen test [19] may
not be possible as a result of limited wrist mobil-
ity in patients with RA. Similarly, carpal com-
pression (i.e., Durkan test) [20] over the carpal
tunnel may elicit pain from arthritis rather than
the diagnostic paresthesias. In addition to the
standard assessment for peripheral neuropathy,
patients with RA require a full examination of the
elbow, shoulder, and neck to assess for evidence
of proximal nerve compression [21] or multiple
sites of compression (i.e., the double-crush
mechanism).

Nonsurgical Treatment
of Compression Neuropathies

Conservative treatment generally involves medi-
cal optimization of the underlying inflammatory
process. Whereas patients without RA suffering
from mild compression neuropathy may be treated
with activity modification, anti-inflammatory
medications, elbow padding (for cubital tunnel
syndrome), splinting, and corticosteroid injec-
tions [22-24], these modalities are rarely effec-
tive in patients with RA. As such, surgery is
generally the treatment of choice, particularly in
patients presenting with sensory or motor deficits
[25,26].

Carpal Tunnel Syndrome

Carpal tunnel syndrome is the most commonly
diagnosed upper extremity compression neurop-
athy and has been estimated to affect between 6
and 69 % of patients with RA [7, 27, 28]. In fact,
patients with RA are significantly more likely to
develop carpal tunnel syndrome than age- and
gender-matched controls [29]. Carpal tunnel syn-

drome in patients with RA is typically attributed
to tenosynovial proliferation causing compression
of the median nerve [30]. Alternatively, substan-
tial wrist destruction with volar subluxation of
the carpus can occur in severe RA and this may
lead to median nerve compression [31]. Patients
with carpal tunnel syndrome present with classic
symptoms of pain, numbness, and paresthesias in
the median nerve distribution, all of which are
worse in the evening [32]. Weakness, loss of dex-
terity, and muscle atrophy may be noted in severe
cases. The volar wrist may assume a dumb bell-
shaped appearance in the setting of significant
flexor synovitis due to restriction from the trans-
verse carpal ligament [33]. Locking and trigger-
ing of the flexor tendons may be noted at the level
of the carpal tunnel [34]. Magnetic resonance
imaging (MRI) is a valuable adjunct in assessing
the anatomic characteristics of the carpal tunnel
as well as the degree of synovial proliferation
[35]. Pierre-Jerome et al. [36] noted that 96 and
70 % of patients with RA undergoing a wrist MRI
demonstrated synovial hypertrophy and a hyper-
intense signal in the median nerve.

Anatomy

The median nerve is derived from branches of the
medial and lateral cords of the brachial plexus.
The motor contribution is from the medial cord,
whereas sensory nerve fibers are derived from
the lateral cord [17]. The median nerve continues
distally between the medial intermuscular septum
and the brachialis before crossing the antecubital
fossa under the lacertus fibrosus [37]. After
coursing between the deep and superficial heads
of the pronator teres, the median nerve enters the
forearm deep to the fibrous arch of the flexor
digitorum superficialis (FDS) muscle. The nerve
then gives off the anterior interosseous nerve
branch approximately 5.0-8.0 cm distal to the
medial epicondyle [38, 39]. After providing
motor innervation to forearm musculature, the
median nerve enters the carpal tunnel at the
anterior wrist along with the flexor pollicis lon-
gus, FDS, and flexor digitorum profundus (FDP)
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tendons. The carpal tunnel is bordered superfi-
cially by the transverse carpal ligament, radially
by the scaphoid and trapezium, and ulnarly by
the hamate and pisiform [24]. Distally, the
median nerve gives off a recurrent motor branch
to the thenar intrinsic muscles and digital sensory
branches to the thumb, index, middle, and radial
ring fingers [17].

Surgical Treatment

In RA patients with evidence of median nerve
compression, we perform an extended open carpal
tunnel release with a concomitant flexor tenosyno-
vectomy (Fig. 5.1). Patients without evidence of
tenosynovitis may also be considered for endo-
scopic carpal tunnel release [40], although this is
not our practice. An open release allows an exami-
nation for attritional damage or rupture of the
flexor tendons, which can occur because of syno-
vial hypertrophy and invasion of tendon struc-
tures. Furthermore, the floor of the carpal tunnel
may be simultaneously examined for bony promi-
nences that are typically amenable to simple
debridement with a rongeur and volar capsular
flap coverage [21, 41]. In rare cases, concomitant
ulnar nerve compression at the wrist from a syno-

vial cyst [12] can be relieved by releasing Guyon’s
canal through the same incision.

Surgery for carpal tunnel syndrome in RA
patients generally results in symptom relief.
Shinoda et al. [30] reported symptom relief in all
20 hands operated on for carpal tunnel syndrome
with RA using either open or endoscopic tech-
niques. Muramatsu et al. [13] achieved good or
excellent results in 13 out of 15 RA patients
treated with open release and synovectomy.
Conversely, Louie et al. [42] reported that pati-
ents with a carpal tunnel syndrome-confounding
comorbidity, such as diabetes mellitus, polyneu-
ropathy, rheumatoid arthritis, or osteoarthritis,
had worse function and satisfaction after surgery
as compared to those without a confounding
morbidity at 10-year follow-up.

Cubital Tunnel Syndrome

Cubital tunnel syndrome is the second most
common compression neuropathy in the upper
extremity [43]. Patients with RA are at risk for
compression of the ulnar nerve at the elbow from
a synovial cyst within the elbow joint [44], insta-
bility or valgus deformity of the elbow [45],
inflammatory swelling of the medial collateral

Fig. 5.1 Carpal tunnel decompression with flexor teno-
synovectomy: (a) exposure after release of transverse car-
pal ligament and (b) median nerve isolated after
tenosynovectomy and evaluation of flexor tendons for

attritional damage. From Ono S, Sebastin SJ, Chung KC.
Synovectomy. In: Chung KC, ed. Operative Techniques:
Hand and Wrist Surgery, 2nd ed. 2012. Elsevier Saunders,
Philadelphia, PA
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ligament [13], or a geode (subarticular cystic lesion)
of the olecranon [46]. Patients may complain of a
dull ache in the medial elbow and forearm. Initial
findings may include loss of vibratory and light
touch sensation with subsequent progression to
altered two-point discrimination, intrinsic atro-
phy, and clawing. With severe disease, Wartenberg
and Froment signs may become evident [17,47-50].
A Tinel sign is commonly associated with cubital
tunnel syndrome and has a 98 % negative predic-
tive value [51, 52]. Clinical evaluation is para-
mount in the diagnosis of cubital tunnel syndrome
as electromyography (EMG) and NCS are not
adequately sensitive to detect changes associated
with nerve compression [17, 22, 47]. Depending
upon the medical history and clinical findings,
there may also be a role for plain radiographs of
the neck, chest, and elbow [22] to rule out pathol-
ogy including cervical disc disease (e.g., atlanto-
axial subluxation), lung carcinoma, thoracic
outlet obstruction, and elbow trauma or arthritis.

Anatomy

The ulnar nerve originates from the ventral rami
of the C8 and T1 nerve roots and is the terminal
branch of the medial cord of the brachial plexus.
The nerve courses anterior to the medial inter-
muscular septum and passes through the arcade
of Struthers 8 cm proximal to the medial epicon-

dyle. Continuing toward the elbow, the ulnar
nerve travels posterior to the septum, entering
the cubital tunnel between the medial epicondyle
and the olecranon. The roof of the cubital tunnel
is comprised of Osborne’s ligament as well as
flexor carpi ulnaris (FCU) fascia. The floor of
the cubital tunnel consists of the medial collat-
eral ligament and the elbow joint capsule. The
nerve then travels into the forearm between
the humeral and ulnar heads of the FCU and
continues in the interval between the FCU
and FDP muscle bellies toward the wrist and
hand [48, 53].

Surgical Treatment

Whereas a trial of nonoperative modalities is
attempted in patients without RA, the fact that
there are multiple case reports of attritional rup-
ture of the ulnar nerve in neglected RA-related
nerve compression [54-56] advocates for early
nerve release. The amount of comparative evi-
dence for the use of in situ cubital tunnel release
is growing and all existing studies show benefit
[43]; this is our procedure of choice. However, in
patients with a valgus deformity of the elbow or
in those having failed a previous in situ release,
we recommend subcutaneous anterior ulnar
nerve transposition (Fig. 5.2). One must also
remember that RA patients with advanced elbow

Fig. 5.2 Cubital tunnel release with ulnar nerve transposition: (a) decompression of ulnar nerve and (b) position of
nerve after transposition



5 Upper Extremity Compression Neuropathies in Rheumatoid Patients

47

Table 5.1 Differential diagnosis of loss of active finger extension in RA patients

Diagnosis
MCP joint dislocation

Physical examination

Flexed, ulnarly deviated posture of

Treatment
MCP joint arthroplasty

MCP joint, lack of passive extension,
visible/palpable extensor tendon

Extensor tendon subluxation

Attritional tendon rupture

Patient may keep MCP joint extended
after passively extended by examiner

Loss of MCP joint extension through

Extensor tendon centralization,
+MCP joint arthroplasty

Synovectomy, tendon repair/transfer

wrist tenodesis effect, soft tissue
swelling about the wrist, possible

caput ulnae syndrome
PIN compression at the elbow

MCP joint extension through wrist
tenodesis effect, radial deviation of
wrist due to ECU paralysis, soft tissue

Corticosteroid injection, PIN
decompression with synovectomy,
tendon transfers if chronic

swelling about the elbow

MCP metacarpophalangeal, PIN posterior interosseous nerve

arthritis may need a future total elbow arthro-
plasty. In these cases, transposition is recom-
mended to position the nerve away from the
anticipated future osteotomy sites [33]. Although
there are case reports of good results after sur-
gery [13, 44, 46], there are no outcome studies
evaluating large groups of RA patients after cubi-
tal tunnel decompression.

Posterior Interosseous Nerve Palsy

There are multiple potential causes for the loss of
active finger extension (Table 5.1). The differen-
tial diagnosis includes metacarpophalangeal
(MCP) joint dislocation (most commonly),
extensor tendon subluxation between the meta-
carpal heads, attritional tendon rupture, and pos-
terior interosseous nerve (PIN) compression at
the elbow [57]. Although the diagnosis can often
be made using examination alone, a systematic
evaluation is mandatory to prevent misdiagnosis
and/or a delay in treatment.

PIN palsy is a rare occurrence in RA patients
[58]. This uncommon finding typically results
from synovial hypertrophy of the elbow leading
to mechanical compression of the PIN as it
passes under the supinator and arcade of Frohse

[59, 60]. RA-related anterior subluxation of the
radial head has also been reported to cause com-
pression of the PIN [61]. In addition to the loss
of active finger extension, PIN compression will
lead to radial wrist deviation with active wrist
extension due to the loss of extensor carpi ulna-
ris function. Furthermore, there may be soft tis-
sue swelling about the elbow resulting from
synovitis of the radiohumeral and ulnohumeral
joints [57]. Because the extensor tendons remain
in continuity, MCP joint extension is possible
through wrist flexion (tenodesis). Whereas attri-
tional rupture typically affects the ring and small
finger extensors first, PIN palsy leads to more
profound weakness of the middle and ring fin-
gers with less involvement of the index and small
fingers [57].

Pathology about the elbow joint may be char-
acterized with MRI [12], and EMG/NCS typi-
cally confirms the diagnosis of PIN palsy. EMG
abnormalities will be found only in the muscles
innervated by the PIN [58, 62]. These studies
reveal scant or absent axonal regeneration and a
decreased amplitude and conduction velocity.
EMG/NCS are also useful to rule out a vasculitic
etiology for nerve palsy. In these cases, decreased
amplitudes are found, but conduction velocities
are typically normal [63].
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Anatomy

The radial nerve, from which the PIN originates,
is a terminal branch of the posterior cord of the
brachial plexus. Beginning posterior to the axil-
lary artery, the radial nerve continues distally
along the spiral groove of the humerus [17, 64].
The nerve then penetrates the lateral intermuscu-
lar septum as it courses from the posterior to the
anterior compartment of the arm. The radial
nerve splits into the terminal motor PIN and the
radial sensory nerve approximately 6.0-10.5 cm
proximal to the supinator [65, 66] prior to enter-
ing the forearm. The PIN subsequently enters the
radial tunnel, which extends from the humerora-
dial joint to the proximal edge of the superficial
head of the supinator [67]. The radial tunnel is
bordered by the brachioradialis (BR), extensor
carpi radialis longus (ECRL), extensor carpi radi-
alis brevis (ECRB), biceps tendon, and brachia-
lis. The floor of the radial tunnel is comprised of
the radiocapitellar joint [68]. The nerve then
passes underneath the proximal leading edge of
the supinator (i.e., arcade of Frohse) before con-
tinuing into the forearm, providing motor inner-
vation to the extensor muscles and abductor
pollicis longus [17]. It does not innervate the BR,
ECRL, or anconeus muscles. Most authors agree
that the arcade of Frohse is the most common
cause of PIN compression [64].

Surgical Treatment

The absence of evidence-based guidelines for
treatment underscores the rarity of PIN compres-
sion in RA patients. Surgery is not the only option
for treatment of PIN compression in RA patients.
In fact, intra-articular corticosteroid injections
may lead to symptom resolution in up to 50 % of
patients [59, 69, 70]. Some authors recommend
PIN decompression only in those failing medical
management or with confirmation of a compres-
sive lesion [60]. We, however, agree with the
recommendation for early decompression of
the PIN in RA patients [13, 26] as the results

of nonoperative treatment are highly variable
[26, 69] and surgery is nearly uniformly success-
ful [51, 52, 71-73].

Decompression may be performed through
an anterolateral or posterolateral approach. The
anterolateral approach is commonly used for
decompression [26], but the posterolateral appro-
ach is recommended if concomitant radial head
excision is to be performed [70]. The anterolat-
eral approach is advocated as it can easily be
extended proximally, but it can be difficult to
retract the BR radially enough to visualize the
radial tunnel and distal sites of compression may
be inadequately visualized. Although the pos-
terolateral approach is limited by the inability to
extend the surgical exposure more proximally,
we have not found that this compromises the
ability to achieve adequate nerve release; this is
our preferred technique (Fig. 5.3). A 5-10 cm
incision is designed extending from the lateral
epicondyle distally along the posterior border of
the BR. The interval between the BR and the
ECRL is bluntly defined. The ECRB fascia is
incised and the supinator is identified. As the
plane is developed, the PIN will be found within
the surrounding fat. With the nerve protected, the
recurrent radial vessels of Henry are exposed,
ligated, and divided. The arcade of Frohse and
the superficial head of the supinator are subse-
quently released. A simultaneous synovectomy is
performed.

Conclusions

With ongoing advances in drug development over
the past few decades, medical management of RA
has substantially improved [74]. Despite this
progress, patients with RA will continue to be
afflicted with peripheral compression neuropa-
thies. The unique nature of nerve compression in
patients with RA requires an experienced hand
surgeon with sufficient understanding of the vari-
ous potential etiologies. Using the aforementioned
diagnostic principles and surgical techniques, sat-
isfactory outcomes may be achieved.
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Fig.5.3 Posterolateral approach to the posterior interos-
seous nerve: (a) skin markings, (b) superficial dissection
through the brachioradialis/extensor carpi radialis longus

References

1. Waljee JF, Chung KC. Outcomes research in rheuma-
toid arthritis. Hand Clin. 2011;27(1):115-26.

2. Aneja R, Singh MB, Shankar S, et al. Prevalence of
peripheral neuropathy in patients with newly diag-
nosed rheumatoid arthritis. Indian J Rheumatol.
2007;2(2):47-50.

3. Cimmino MA, Salvarani C, Macchioni P, et al. Extra-
articular manifestations in 587 Italian patients with
rheumatoid arthritis. Rheumatol Int. 2000;19(6):213-7.

4. Turesson C, Jacobsson LT. Epidemiology of extra-
articular manifestations in rheumatoid arthritis. Scand
J Rheumatol. 2004;33(2):65-72.

5. Agarwal V, Singh R, Wiclaf, et al. A clinical, electro-
physiological, and pathological study of neuropathy
in rheumatoid arthritis. Clin Rheumatol. 2008;
27(7):841-4.

6. Lanzillo B, Pappone N, Crisci CDI, et al. Subclinical
peripheral nerve involvement in patients with rheu-
matoid arthritis.  Arthritis Rheum. 1998;41(7):
1196-202.

7. Sivri A, Guler-Uysal F. The electroneurophysiolo-
gical findings in rheumatoid arthritis patients.

interval, and (c) deep exposure of PIN and dorsal radial
sensory branch after release of extensor carpi radialis bre-
vis fascia

10.

11.

12.

13.

14.

Electromyogr Clin  Neurophysiol.  1999;39(7):
387-91.

. Bharadwaj A, Haroon N. Interstitial lung disease and

neuropathy as predominant extra-articular manifesta-
tion in patients with rheumatoid arthritis. Med Sci
Monit. 2005;11(10):CR498-502.

. Nadkar MY, Agarwal R, Samant RS, et al. Neuropathy

in rheumatoid arthritis. J Assoc Physicians India.
2001;49:217-20.

Lang AH, Kallioméki JL, Puusa A, et al. Sensory neu-
ropathy in rheumatoid arthritis: an electroneuro-
graphic study. Scand J Rheumatol. 1981;10(2):81-4.
Herbison GJ, Teng C, Martin JH, et al. Carpal tunnel
syndrome in rheumatoid arthritis. Am J Phys Med.
1973;52(2):68-74.

Vallat J-M, Rabin M, Magy L. Peripheral neuropa-
thies in rheumatic disease—a guide to diagnosis. Nat
Rev Rheumatol. 2012;8(10):599-609.

Muramatsu K, Tanaka H, Taguchi T. Peripheral neu-
ropathies of the forearm and hand in rheumatoid
arthritis: diagnosis and options for treatment.
Rheumatol Int. 2008;28(10):951-7.

Conn DL, McDuffie FC, Dyck PJ. Immunopathologic
study of sural nerves in rheumatoid arthritis. Arthritis
Rheum. 1972;15(2):135-43.



50

J.M. Adkinson

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Bekkelund SI, Torbergsen T, Husby G, et al. Myopathy
and neuropathy in rheumatoid arthritis. A quantitative
controlled electromyographic study. J Rheumatol.
1999;26(11):2348-51.

Sivri A, Giiler-Uysal F. The electroneurophysiologi-
cal evaluation of rheumatoid arthritis patients. Clin
Rheumatol. 1998;17(5):416-8.

Mackinnon SE, Novak CB. Compression neuropa-
thies. In: Wolfe SW, Hotchkiss RN, Pederson WC,
Kozin SH, editors. Green’s operative hand surgery. 6th
ed. Philadelphia, PA: Elsevier; 2011. p. 977-1014.
Cheng CJ, Mackinnon-Patterson B, Beck JL, et al.
The scratch collapse test for evaluation of carpal and
cubital tunnel syndrome. J Hand Surg Am. 2008;
33(9):1518-24.

Phalen GS. The carpal tunnel syndrome: seventeen
years’ experience in diagnosis and treatment of six
hundred and fifty four hands. J Bone Joint Surg Am.
1966;48(2):211-28.

Durkan JA. A new diagnostic test for carpal tunnel
syndrome. J Bone Joint Surg Am. 1991;73(4):535-8.
Papp SR, Athwal GS, Pichora DR. The rheumatoid
wrist. ] Am Acad Orthop Surg. 2006;14(2):65-77.
Szabo RM, Kwak C. Natural history and conservative
management of cubital tunnel syndrome. Hand Clin.
2007;23(3):311-8.

Celiker R, Arslan S, Inanici F. Corticosteroid injec-
tion vs. nonsteroidal antiinflammatory drug and
splinting in carpal tunnel syndrome. Am J Phys Med
Rehabil. 2002;81(3):182-6.

Bickel KD. Carpal tunnel syndrome. J Hand Surg
Am. 2010;35(1):147e-52.

Grabois M, Puentes J, Lidsky M. Tarsal tunnel syn-
drome in rheumatoid arthritis. Arch Phys Med
Rehabil. 1981;62(8):401-3.

White SH, Goodfellow JW, Mowat A. Posterior inter-
osseous nerve palsy in rheumatoid arthritis. J Bone
Joint Surg Br. 1988;70(3):468-71.

Geoghegan JM, Clark DI, Bainbridge LC, et al. Risk
factors in carpal tunnel syndrome. J Hand Surg Br.
2004;29(4):315-20.

Karadag O, Kalyoncu U, Akdogan A, et al.
Sonographic assessment of carpal tunnel syndrome in
rheumatoid arthritis: prevalence and correlation with
disease activity. Rheumatol Int. 2012;32(8):2313-9.
Stevens JC, Beard CM, O’Fallon WM, et al.
Conditions associated with carpal tunnel syndrome.
Mayo Clin Proc. 1992;67(6):541-8.

Shinoda J, Hashizume H, McCown C, et al. Carpal
tunnel syndrome grading system in rheumatoid arthri-
tis. J Orthop Sci. 2002;7(2):188-93.

Feldon P, Terrono AL. Carpal tunnel syndrome in
rheumatoid arthritis. Tech Orthop. 2006;21(1):
42-7.

Duckworth AD, Jenkins PJ, McEachan JE. Diagnosing
carpal tunnel syndrome. J Hand Surg Am. 2014;
39(7):1403-7.

Hayton M. Vascular and neurological considerations
in rheumatoid arthritis. Int Congr Ser. 2006;1295:
34-42.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51

52.

Clayton ML. Surgical treatment at the wrist in rheu-
matoid arthritis: a review of thirty-seven patients.
J Bone Joint Surg Am. 1965;47:741-50.

Britz GW, Haynor DR, Kuntz C, et al. Carpal tunnel
syndrome: correlation of magnetic resonance imag-
ing, clinical electrodiagnostic, and intraoperative
findings. Neurosurgery. 1995;37(6):1097-103.
Pierre-Jerome C, Bekkelund SI, Mellgren SI, et al. The
rheumatoid wrist: bilateral MR analysis of the distri-
bution of rheumatoid lesions in axial plain in a female
population. Clin Rheumatol. 1997;16(1):80-6.

Dang AC, Rodner CM. Unusual compression neu-
ropathies of the forearm, part II: median nerve. J Hand
Surg Am. 2009;34(10):1915-20.

Jabaley M, Wallace W, Heckler F. Internal topography
of major nerves of the forearm and hand: a current
view. J Hand Surg Am. 1980;5(1):1-18.

Sunderland S. The intraneural topography of the radial,
median and ulnar nerves. Brain. 1945;68:243-99.
Belcher HJ, Varma S, Schonauer F. Endoscopic carpal
tunnel release in selected rheumatoid patients. J] Hand
Surg Br. 2000;25(5):451-2.

Ertel AN, Millender LH, Nalebuff EA, et al. Flexor
tendon ruptures in patients with rheumatoid arthritis.
J Hand Surg Am. 1988;13(6):860-6.

Louie DL, Earp BE, Collins JE, et al. Outcomes of
open carpal tunnel release at a minimum of ten years.
J Bone Joint Surg Am. 2013;95(12):1067-73.
Adkinson JM, Chung KC. Minimal-incision in situ
ulnar nerve decompression at the elbow. Hand Clin.
2014;30(1):63-70.

Mainard D, Saury P, Delagoutte JP. Ulnar nerve
compression at the elbow caused by synovial cyst of
rheumatoid origin. Rev Rhum Mal Osteoartic. 1991;
58(9):611-4.

Cho C-H, Kim B-S, Bae K-C, et al. Attritional rupture
of ulnar nerve in a patient with rheumatoid arthritis.
J Rheum Dis. 2012;19(6):348-50.

Nakagawa N, Abe S, Saegusa Y, et al. Giant geode at
the olecranon in the rheumatoid elbow—two case
reports. Clin Rheumatol. 2004;23(4):358-61.

Waugh RP, Zlotolow DA. In situ decompression of the
ulnar nerve at the cubital tunnel. Hand Clin.
2007;23(3):319-27. vi.

McGowen A. The results of transposition of the ulnar
nerve for traumatic ulnar neuritis. J Bone Joint Surg
Br. 1950;32(3):293-301.

Posner MA. Compressive neuropathies of the ulnar
nerve at the elbow and wrist. Instr Course Lect.
2000;49:305-17.

Idler RS. General principles of patient evaluation and
nonoperative management of cubital syndrome. Hand
Clin. 1996;12(2):397-403.

. Minami M, Kato S, Kondo M, et al. Posterior interos-

seous nerve palsy secondary to rheumatoid cyst of the
elbow joint: case report. Mod Rheumatol. 2004;14:
191-5.

Ogawa H. Posterior interosseous nerve palsy related
to rheumatoid synovitis of the elbow. Mod Rheumatol.
2007;17:327-9.



Upper Extremity Compression Neuropathies in Rheumatoid Patients 51

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Polatsch DB, Melone Jr CP, Beldner S, et al. Ulnar
nerve anatomy. Hand Clin. 2007;23(3):283-9.

Kalaci A, Aslan B, Yanat AN. Spontaneous rupture of
ulnar nerve due to neglected cubital tunnel syndrome
associated with rheumatoid arthritis. J Clin
Rheumatol. 2007;13(4):217-8.

Moore JR, Weiland AJ. Bilateral attritional rupture of
the ulnar nerve at the elbow. J Hand Surg Am.
1980;5:358-60.

Ochi K, Ikari K, Momohara S. Attrition rupture of
ulnar nerve in an elbow of a patient with rheumatoid
arthritis. J Rheumatol. 2014;41(10):2085.

Feldon P, Terrono AL, Nalebuff EA, et al. Rheumatoid
arthritis and other connective tissue diseases. In:
Wolfe SW, Hotchkiss RN, Pederson WC, Kozin SH,
editors. Green’s operative hand surgery. 6th ed.
Philadelphia, PA: Elsevier; 2011. p. 1993-2065.
Kishner S, Biundo Jr JJ. Posterior interosseous neu-
ropathy in rheumatoid arthritis. J Clin Rheumatol.
1996;2(1):29-32.

Millender LH, Nalebuff EA, Holdsworth DE. Posterior
interosseous-nerve syndrome secondary to rheumatoid
synovitis. J Bone Joint Surg Am. 1973;55(4):753-7.
Malipeddi A, Reddy VR, Kallarackal G. Posterior
interosseous nerve palsy: an unusual complication of
rheumatoid arthritis: case report and review of the lit-
erature. Semin Arthritis Rheum. 2011;40(6):576-9.
Hirachi K, Kato A, Minami T, et al. Clinical features
and management of traumatic posterior interosseous
nerve palsy. ] Hand Surg Br. 1998;23(3):413-7.
Hanna BD, Robertson FW, Ansell BM, et al. Nerve
entrapment at the elbow in rheumatoid arthritis.
Rheumatol Rehabil. 1975;14(4):212-7.

Chan JK, Kennett R, Smith G. Posterior interosseous
nerve palsy in rheumatoid arthritis: case report and
literature review. J Plast Reconstr Aesthet Surg.
2009;62(12):e556-60.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Dang AC, Rodner CM. Unusual compression neu-
ropathies of the forearm, part I: radial nerve. J Hand
Surg Am. 2009;34(10):1906-14.

Abrams RA, Ziets RJ, Lieber RL, et al. Anatomy of
the radial nerve motor branches in the forearm. J Hand
Surg Am. 1997;22(2):232-7.

Thomas SJ, Yakin DE, Parry BR, et al. The anatomi-
cal relationship between the posterior interosseous
nerve and the supinator muscle. J Hand Surg Am.
2000;25(5):936-41.

Eaton CJ, Lister GD. Radial nerve compression. Hand
Clin. 1992;8(2):345-57.

Naam NH, Nemani S. Radial tunnel syndrome.
Orthop Clin North Am. 2012;43(4):529-36.
Ishikawa H, Hirohata K. Posterior interosseous nerve
syndrome associated with rheumatoid synovial cysts
of the elbow joint. Clin Orthop Relat Res. 1990;
254:134-9.

Westkaemper JG, Varitimidis SE, Sotereanos DG.
Posterior interosseous nerve palsy in a patient with
rheumatoid synovitis of the elbow: a case report and
review of the literature. J Hand Surg Am. 1999;
24(4):727-31.

Roth AI, Stulberg BN, Fleegler EJ, et al. Elbow
arthrography in the evaluation of posterior interosse-
ous nerve compression in theumatoid arthritis. J Hand
Surg Br. 1986;11(1):120-2.

Muratmatsu K, Kojima T, Yoshida K. Peripheral
neuropathies associated with rheumatoid synovial
cysts of the elbow joint: three case reports. J Clin
Rheumatol. 2006;12:287-90.

Hall HC, Mackinnon SE, Gilbert RW. An approach to
the posterior interosseous nerve. Plast Reconstr Surg.
1984;74(3):435-7.

Kahlenberg JM, Fox DA. Advances in the medical
treatment of rheumatoid arthritis. Hand Clin. 2011;
27(1):11-20.



Current Treatment Outcomes
Among Patients with Rheumatoid
Hand and Wrist Deformities

Jennifer F. Waljee

Introduction

Rheumatoid arthritis (RA) is the most common
inflammatory arthropathy, causing substantial
pain and disability for over one million individu-
als in the USA [1-5]. To date, there is no cure for
RA, and its etiology remains unknown. Advances
in medical treatment have alleviated many of the
severe disease manifestations among patients
with RA. The early, targeted treatment to achieve
low disease activity is considered the current
standard of care. However, for nearly 20 % of
patients, joint destruction, pain, and disability
persist, and the chronic inflammation associated
with RA is correlated with an increased risk of
systemic complications, including cardiovascu-
lar disease [6]. Identifying patients who may not
respond to medical regiments remains elusive,
and prophylactic and therapeutic surgical proce-
dures continue to play an important role in the
management of RA to alleviate chronic joint-
related pain and deformity. Prophylactic surgical
procedures include synovectomy and off-loading
procedures (e.g., radiolunate fusion, distal ulna
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resection), whereas therapeutic surgical procedures
include joint replacement, joint arthrodesis,
tendon transfer, and tendon rebalancing proce-
dures [7]. This review will explore the current
state of outcomes among patients with RA and
future directions that focus on streamlining surgi-
cal decision-making and the cost efficiency of
care in order to better direct patients to the treat-
ments that best align with their goals and
priorities.

Medical Management of RA

In the early stages of RA, physical therapy can
significantly reduce pain and increase ability to
perform activities of daily living. In this early
stage, nonoperative management is indicated [8].
Traditional medical therapy includes nonsteroi-
dal anti-inflammatory drugs (NSAIDs), steroids,
and analgesics. Although these agents cannot
stop disease progression, they can minimize
inflammation and pain [9]. In the 1980s, disease-
modifying antirheumatic drugs (DMARD:s),
such as methotrexate, leflunomide, and sulfasala-
zine, were introduced. For example, methotrexate
can slow disease progression and is safe for long-
term use [10—12]. Today, the majority of patients
are initiated on DMARDs within 3 months of
diagnosis and are now standard of care for newly
diagnosed patients [13—15]. In 1998, biologic
DMARDs were approved by the FDA for use
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among patients with RA and can effectively slow
disease progression and sustain remission over
time. Although numerous biologic DMARDs
exist, all inhibit a common pathway directed
toward proinflammatory cytokines including
TNF (TNFa), interleukin-1 (IL-1), interleukin-6
(IL-6), or T or B cells. For example, etanercept
is a soluble TNFa receptor that competes with
native receptors in order to block the proinflam-
matory effect of TNFa. Multiple studies have
demonstrated that when combined with metho-
trexate, biologics rapidly improve symptoms and
halt joint erosion [16-23]. The use of biologics
among patients within the first 2 years of diagno-
sis of RA has increased markedly over time, ris-
ing from 3 % in 1999 to 26 % in 2006 [24, 25].
Current guidelines now advocate the use of
DMARDs with a “treat to target” approach. The
principles of this tailored strategy include reach-
ing disease remission as the best target, parti-
cularly for patients with early disease, and
low-disease activity as an alternative target for
patients with longer-standing disease [26]. Low
disease activity is defined by several measures.
For example, the disease activity score (DAS) is
a quantitative index that includes the number of
swollen joints, tender joints, acute-phase
response, and patient self-report of general health
[27]. Using the DAS-28, a score of <3.2 is
considered LDA or <24 for the DAS-44.
Alternatively, the Simplified or Clinical Disease
Activity Indices (SDAI, CDAI) can be used to
estimate disease activity. In general, LDA is
defined as the state at which progression of joint
damage is minimal and physical function, quality
of life, and work capacity are preserved. Disease
activity is assessed at regular intervals, and ther-
apy is modified at least every 3 months until the
treatment target (remission or low disease activ-
ity) is reached, ideally within 6 months [28].
Once the desired outcome has been achieved,
reducing the dose or expanding the interval
between doses is a feasible approach that enables
maintenance of the outcome in most patients.
Despite their popularity and promise, several
unanswered questions remain regarding biolog-
ics. First, biologics are powerful immunosup-
pressants, and their long-term risks are unknown.

Furthermore, biologics are administered by either
intravenous infusion or subcutaneous injection.
The extent to which eligible patients are capable
of administering this independently or have the
resources to receive therapy at a facility is
unknown but varies by patient sociodemographic
attributes. Physician attributes may also influ-
ence receipt of biologic therapy, and in the USA,
a relative shortage of rheumatologists exists [29].
Many RA patients are managed by primary care
providers who may be unfamiliar with complex
RA treatment regimens, and clinical decision-
making may vary by physician specialty [30, 31].
Finally, patient response to DMARD therapy is
not uniform and is dependent on important fac-
tors, including the chronicity of disease and prior
medication exposure [6].

Surgical Management of RA

In contrast to medical therapy, surgery cannot
alter disease progression but can provide predict-
able and effective relief from joint pain and
deformity [32]. Knee replacement remains the
most common initial procedure among RA
patients. However, upper extremity procedures
are performed earlier, in general, compared with
lower extremity procedures, suggesting the
impact that joint pain, deformity, and disability
have on the activities of daily living among
patients with RA [33]. Surgical outcomes are
generally poorer among patients with RA com-
pared with osteoarthritis, but many patients expe-
rience sustained pain relief and can return
to many of their usual activities of daily living
[34-36]. For example, among patients with upper
extremity disability, total wrist fusion (TWF) and
silicone metacarpophalangeal arthroplasty (SMPA)
remain two of the most predictably effective sur-
gical interventions [37]. An ongoing, prospective
multicenter study of RA patients has consistently
demonstrated that SMPA enhances self-reported
hand function, restores anatomic finger position,
and improves arc and range of motion, even for
severe deformities [38—41] (Figs. 6.1 and 6.2).
These improvements are sustained in 5-year fol-
low-up, and even patients with severe ulnar drift



6 Current Treatment Outcomes Among Patients with Rheumatoid Hand and Wrist Deformities

55

30

25
21

20 18

15

10 ?

28

28

SMPA change in scores
u Control change in scores

Fig.6.1 MHQ scores improve significantly 3 years following SMPA

100
90
80
70

60

50
40
30
20

MHQ Summary Score

0 6 12

—Non-SMPA
—SMPA

.
~

24 36

Follow-up Time in Months

Fig. 6.2 MHQ scores maintained at 3 year FU. From
Chung KC, et al. Long-term follow-up for rheumatoid
arthritis patients in a multicenter outcomes study of

or extension lag achieve benefit comparable to
patients with less advanced deformity [40, 41].
Similarly, for patients with debilitating radio-
carpal arthritis, TWF remains a cornerstone of
treatment. Technological advances in implant
reconstruction have spurred interest in the possi-
bility of implant wrist arthroplasty to preserve
motion. A large systematic review of 20 studies
and over 800 procedures revealed that functional
outcomes and range of motion following wrist
fusion were similar compared with arthroplasty

silicone metacarpophalangeal joint arthroplasty. Arthritis
Care Res (Hoboken). 2012; 64(9):1292-300. Reprinted
with permission from John Wiley and Sons

[42]. Although wrist arthroplasty offers the
possibility of greater wrist range of motion, wrist
arthroplasty is technically challenging and
expensive with a greater risk of implant compli-
cations. Clinical studies have not demonstrated a
substantial overall benefit with arthroplasty over
wrist fusion for patients with RA [42-45].
Despite the benefits of surgery, procedures for
RA have declined following the introduction of
DMARD:s [46]. For example, in Japan, an analysis
of data drawn from the Institute of Rheumatology,
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Rheumatoid Arthritis (IORRA) study, between
2000 and 2007, reveals that synovectomy proce-
dures have diminished fivefold following the
introduction of methotrexate in 1999 [47]. More-
over, patients undergoing surgery present with
milder disease compared with patients in previous
years [47-54]. Recent studies in Sweden and
Denmark also report a decline in large joint arthro-
plasty and synovectomy [47, 55-57]. In the USA,
regional studies have identified similar trends
[50, 58]. Taken together, these findings suggest
that medical therapy is supplanting surgical inter-
vention, despite the costs associated with newer
biologic agents and the predictability of surgical
outcomes.

Current Treatment Patterns
among Patients with Rheumatoid
Arthritis

Although numerous studies have examined the
effectiveness of medical and surgical therapy
for RA, a comprehensive approach to integrate
medical regimens and surgical reconstruction has
not been described [59]. For example, rheuma-
tologists are skeptical of the efficacy of prophy-
lactic and therapeutic surgery for RA (Table 6.1).
Many prefer to treat patients pharmacologically
for as long as possible and perceive surgery as an
end-stage, salvage option [59, 60]. Furthermore,
rheumatologists feel that hand surgeons may be
overly aggressive in their approach to patients
and too optimistic regarding the benefits of
surgery [60—62]. In contrast, surgeons feel that
patients are referred too late for surgery to pre-
vent further joint destruction. Many perceive that

medical therapy is extended into advanced stages
of disease, and the possibility of reconstructing
functionally and aesthetically acceptable hands
becomes impossible.

Interestingly, surgeons and rheumatologists
agree that evidence regarding the relative effec-
tiveness of medical and surgical therapy is lack-
ing. Over half of the surgeons feel that there is
high-quality research to support the usefulness
of rheumatoid hand surgical procedures; yet, far
fewer rheumatologists feel that there is high-
quality data to affirm the value of surgical recon-
struction [59]. Both rheumatologists and surgeons
feel that the other’s knowledge of surgical options
and outcomes is suboptimal and overestimate
their ability to communicate with one another.
As such, the indications for hand and upper
extremity reconstructive procedures for RA-related
deformities remain controversial among rheuma-
tologists and surgeons, and rates of surgery vary
widely across the USA [2, 59].

These differences have measurable effects on
the delivery of care to RA patients. For example,
less than 20 % of hand surgeons and rheumato-
logists treat RA patients in a multidisciplinary
setting, despite strong evidence that supports this
approach. On a population level, controversy
regarding the relative effectiveness of medical
and surgical therapy translates into differences
in care across the country [63]. For example, an
analysis of administrative data reveals a 9- to
12-fold difference in the rates of upper extremity
joint fusion, tenosynovectomy, and arthroplasty
by geographic location, irrespective of the num-
ber of hand surgeons, disease prevalence, or the
sociodemographic profile of the region [64].
In a recent analysis of Medicare beneficiaries

Table 6.1 Hand surgeons’ and rheumatologists’ attitudes toward the effectiveness of MCP joint arthroplasty for RA

Responded usually/always (%)

Hand surgeons

Improves function 82.5
Decreases pain 91.8
Improves aesthetics 95.0
Improves pain 33.1

Rheumatologists p-value OR

34.1 <0.001 10.1
59.2 <0.001 8.1
66.5 <0.001 11.8
23.6 <0.001 1.6

From: Alderman AK, Chung KC, Kim HM et al. 2003. Effectiveness of Rheumatoid Hand Surgery: Contrasting
Perceptions of Hand Surgeons and Rheumatologists. Journal of Hand Surgery: 28A: 3—11. Reprinted with permission

from Elsevier Limited
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diagnosed with RA, rates of surgery also varied
ninefold across hospital referral regions in the
USA; younger, female, white patients were more
likely to undergo surgery. Treatment is also
dependent on access to subspecialty physicians,
and rates of surgery are higher in regions with
greater numbers of orthopedic surgeons.
Similarly, rates of surgery are lower in areas of
higher rheumatologist density [33, 65]. It is pos-
sible that in regions with fewer practicing rheu-
matologists, patients have less access to
DMARDs and aggressive medical regiments,
which in turn leading these patients to progress
more quickly toward advanced deformities,
resulting in higher rates of surgery. Alternatively,
these findings may reflect differences in referral
patterns for surgery among rheumatologists who
are uncertain regarding the effectiveness of joint
reconstruction [60-62].

The utilization of DMARDs for RA also dem-
onstrates substantial variation at the geographic
and patient level [30, 66]. For example, older
patients, patients of lower educational and socio-
economic levels, and African-American patients
are less likely to receive DM ARDs [67]. Financial
barriers also contribute to the differences in
access to DMARDs, and federal programs to
subsidize medication costs, such as Medicare
Part D, do not ameliorate this burden [24, 48,
68-73]. To date the relative cost-effectiveness
analysis of medical and surgical therapy remains
unknown. Although surgical intervention is often
thought of as a salvage option for patients who
have failed medical therapy, patients experience
predictable relief with durable outcomes from
joint reconstruction. For example, RA patients
with lower extremity joint destruction gain
considerable improvement of pain and function
following knee and hip arthroplasty, despite the
increased risk of short- and long-term complica-
tions, compared with patients undergoing joint
replacement for osteoarthritis [74, 75]. Similarly,
a recent cost-effectiveness analysis of patients
undergoing SMPA demonstrates that favorable
outcomes are maintained for several years, and
associated costs are far less compared with
DMARD regimens, even in the setting of compli-
cations and revision procedures [76].

Summary

In light of accelerating healthcare expenditures
and an increasing incidence of RA, current research
efforts and funding must be directed toward
identifying those practices that most efficiently and
effectively benefit patients. Executing research
among patients with RA remains challenging. RA
is rare enough that accruing sufficient patient sam-
ples in a prospective manner can be expensive and
challenging, and the manifestations and clinical
presentation of RA are variable. Robust evidence
to support surgical intervention is sparse and often
limited by small study sample sizes, retrospective
study design, and heterogeneous outcome mea-
surements. Nonetheless, clinical outcomes rese-
arch will continue to play a pivotal role going
forward to identify the relative effectiveness of
current treatment options and strategies to create a
tailored approach to each patient.
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Application of Patient-Rated
Questionnaires in Rheumatoid
Hand Outcomes Research

Erika D. Sears

With pressures to slow the rising costs of health
care, there has been a persistent and intense
emphasis on measuring outcomes of medical
treatments. The science of outcomes measure-
ment has evolved over the past 30 years and is
currently instrumental to support the practice of
evidence-based medicine, improve health-care
delivery, and evaluate the impact of newer tech-
nologies. Outcomes research has been especially
critical in understanding the effectiveness of
hand surgery for patients with rheumatoid arthri-
tis (RA). Prior to the development of standard-
ized outcomes instruments, reported results of
rheumatoid hand surgery were mixed. Thus,
many rheumatologists were in doubt of the ben-
efits of surgery to improve their patients’ hand
function, leading to variable collaborative care
between rheumatologists and hand surgeons [1,
2]. However, with improved outcomes measure-
ment in RA research, rheumatologists and hand
surgeons are increasingly convinced of the ben-
efits of hand surgery to improve patient outcomes
and quality of care. All clinicians should have
an intimate understanding of the intricacies of
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outcomes measurement due to the eventual
impact on future research, clinical decision-
making, and health policy.

The Case for Patient-Rated
Outcome Measurement

Objective outcomes, such as grip strength, range
of motion, extensor lag measurements, and radio-
graphic assessments were the primary outcomes
of rheumatoid hand surgery research of the dis-
tant past [3]. As the outcomes movement in med-
icine has evolved, there has been a shift from
utilization of objective clinical measures toward
inclusion of outcomes from the patient’s pers-
pective. With increasing utilization of patient-
reported outcomes, a discrepancy between
objective measures (impairment) and patient-
rated measures (disability) has become apparent
[4-9]. Initially, objective measures were thought
to be a reliable surrogate of overall patient func-
tion. However, it is now widely accepted that
objective impairment measures result in varying
level of disability based on a variety of patient
factors [10—15]. The ultimate goal of hand sur-
gery in patients with RA is to improve hand func-
tion and quality of life rather than to improve
specified degrees of motion or amount of grip
strength. Thus, patient-reported outcomes are
now the primary method to measure success of
RA surgery or any other medical intervention in
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which quality of life is the main focus. The
addition of patient-rated measures has allowed
patients’ voices to be included in the assessment
of outcomes in research and clinical practice.
These types of outcomes are often referred to as
subjective, patient-reported, or patient-rated out-
come (PRO) measures.

PRO questionnaires are used to measure
general health, specific symptoms, or domains of
health status from the patient’s perspective.
Although health status and health-related quality
of life (HRQOL) are terms often used inter-
changeably, they are separate entities. Health sta-
tus is a specific domain of health, such as a scale
that rates pain, satisfaction, or work ability.
HRQOL is the impact that health status has on
overall physical, emotional, and social well-
being. PRO questionnaires are used to measure
health status, HRQOL, or both. These instru-
ments are classified as generic, region-specific,
or disease-specific, based on the intended
outcome for which the questionnaire was
designed to measure.

Generic questionnaires are used for patients
with any diagnosis and are designed to measure
general domains of health, such as HRQOL, that
are relevant to all patients. These broad domains
of health are typically measured by using multi-
ple relevant subscales. In general, researchers
have greater familiarity with generic instruments
because they are more widely applied across
medical disciplines. Furthermore, scores can be
compared across patients having different diag-
noses and treatments. However, generic ques-
tionnaires will not capture all relevant domains
of health that patients care about in the treatment
for specific clinical problems, such as RA.
Region-specific and disease-specific question-
naires have been developed to address these
limitations. Region-specific instruments are
administered to assess domains of health relevant
to a specific anatomic region, such as the hand,
wrist, or entire upper extremity. Disease-specific
questionnaires measure patient-rated symptoms
or aspects of health status relevant to a particular
disease process, such as RA. These specific
instruments are better able to capture health
domains that are influenced by a given disease

processes. In addition, region- or disease-specific
measures are typically more responsive to change
after treatment. However, these measurements
are unable to be compared to patients with unre-
lated diagnoses to evaluate relative societal
impact and there is less familiarity across the
research community with utilization of more spe-
cialized questionnaires.

Quality Assessment of Patient-
Rated Questionnaires

Creation of patient-rated questionnaires for
clinical and health services research requires a rig-
orous development process. Upon realizing the
variable quality in reporting PROs in the literature,
a panel of experts in the measurement science field
[the Consensus-Based Standards for the Selection
of Health Status Measurement Instruments
(COSMIN) study group] devised consensus lan-
guage and recommendations (Table 7.1) to allow
researchers and clinicians to systematically eva-
luate the quality of questionnaires and studies uti-
lizing patient-reported outcomes [16-18]. At a
minimum, scientifically sound PRO instruments
undergo a lengthy process of reliability, validity,
and responsiveness testing for the desired target
patient population.

Reliability

Reliability is assurance that questionnaires are
measuring intended health domains in a repro-
ducible manner. Types of reliability include
reliability of repeated measures (test—retest), esti-
mation of measurement error, and internal con-
sistency. Intraclass correlation coefficients (ICC)
are calculated to measure test-retest reliability.
Instruments have acceptable reliability with an
ICC greater than 0.9. Measurement error is repre-
sented by standard error of measurement (SEM)
calculation, which can be translated to calcula-
tion of the smallest detectable change (SDC).
The SDC is the change above measurement
error that can be interpreted as real (SDC=
1.96 x \/ 2x SEM). Internal consistency testing is
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represented by calculation of Cronbach o and
determines whether items within a given scale
are appropriately related to one another. Cronbach
o greater than 0.7 indicates that items grouped to
measure a given phenomenon have acceptable
internal consistency. However, a Cronbach a>0.95
is undesired and indicates that items within the
scale are excessively redundant in measuring the
given phenomenon [18].

Validity

Validity testing assures that health domains of
interest are measured accurately. It is important
to note that validity is not an all-or-nothing con-
cept specific to a given questionnaire. However,
instruments are validated to measure a desired
outcome for a specific patient population. The
instrument can often be applied to many different
types of patient groups, but the application of a
questionnaire for each patient population must be
demonstrated through a series of studies over
time.

There are several types of validity testing that
are utilized to verify that an instrument measures
what is intended, including content validity, cri-
terion validity, and construct validity. Criterion
validity refers to comparison of the instrument
relative to a gold standard. However, gold
standard measures rarely exist in the context of
measurement of patient-reported outcomes. For
example, there is no single test that is widely
accepted as the best method to measure disease
severity in patients with rheumatoid arthritis.
If such a gold standard existed, then there
would likely not be a reason to develop a new
instrument.

Content validity and construct validity are
more commonly utilized to demonstrate mea-
surement accuracy. Content validity refers to a
qualitative assessment of whether the question-
naire adequately covers all health domains that
are relevant to the measured phenomenon. This
requires input of all individuals with an interest
in the phenomenon, including patients, clini-
cians, and experts. Instruments must undergo
pilot testing, and methods for item selection and

reduction should be reported. Construct validity
is a quantitative assessment to verify that an
instrument behaves in the way that is intended.
This is often done through hypothesis testing in
which the patient-rated instrument is compared
to objective or subjective measures, with
verification that the instrument behaves as
expected. The instruments of comparison are not
necessarily gold standard measurement tools.
However, evaluation of the questionnaire of
interest relative to other assessment tools helps to
build experience in the manner in which the
questionnaire behaves for various circumstances
for patient populations of interest.

Cross-culture adaption of the questionnaire is
another component of validity checking. Instru-
ments are commonly translated to languages
other than the language in which they were origi-
nally developed. Once these instruments are
translated to another language, researchers must
make sure the questionnaire is conceptually
equivalent in the translated language through a
process of forward translation, backward transla-
tion, and cognitive interviews.

Lastly, floor and ceiling effects are noted when
assessing validity in specific patient populations.
Floor and ceiling effects occur when instruments
are unable to be responsive to patients who cluster
at the lower or upper ends of the measurement
scale. For example, for a questionnaire assessing
overall functional ability, an athlete may always
report a score indicating high functioning ability
despite having an injury. Inability to detect this
change in an athlete would constitute a ceiling
effect. Scores should be scattered across the spec-
trum of the measurement scale with less than 15 %
of respondents noted with the maximum or mini-
mum score for a given subset of patients [18].

Responsiveness

Responsiveness is the sensitivity in which a
questionnaire is able to detect change over time
or after an intervention. Demonstration of respon-
siveness is considered a form of longitudinal
validity testing. Effect size (ES) and standardized
response mean (SRM) are the most commonly
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used parameters of responsiveness that compares
changes in scores over time to variability in
scores. ES is calculated from the change in a
given patient-rated score divided by the standard
deviation of the score at baseline. SRM is calcu-
lated from the change in score divided by the
standard deviation of the change score.

Although ES and SRM are historically
accepted methods to measure responsiveness, the
COSMIN panel has recommended alternative
methods. Rather than attributing degree of
responsiveness to the absolute value of ES or
SRM, the COSMIN panel recommends assess-
ment of responsiveness in a similar manner in
which validity testing is performed, given that
responsiveness is a form of longitudinal validity
[17, 18]. Thus, changes in scores should be com-
pared to changes in reference clinical measures
relative to predefined hypotheses. One method of
testing the ability of a questionnaire to detect
change relative to a comparison criterion is
through calculation of area under the curve
(AUC) for a receiver operating characteristic
(ROC) curve. For example, in order to construct
an ROC curve to assess a questionnaire’s respon-
siveness in detecting patient satisfaction, the
change in questionnaire score is compared to a
binary reference standard for satisfaction. The
change in score is evaluated relative to the refer-
ence standard to determine how well a given
threshold of change predicts satisfaction. The
ROC curve is a plot of the true positive rate and
false positive rate across the spectrum of thresh-
olds that are tested to predict satisfaction. AUC
greater than 0.7 demonstrates adequate respon-
siveness of a measure to detect change relative to
the comparison criteria [18]. It should be noted
that the COSMIN panel takes the position
that previously published studies with traditional
measures of responsiveness still constitute some
degree of responsiveness evidence. However, to
make the evidence of responsiveness stronger,
the panel recommends establishing and testing
hypotheses of treatment effects (similar to valid-
ity testing), whether analyzed retrospectively or
prospectively [19].

Most importantly, clinically important change
should be distinguished from measurement error.

The minimal clinically important difference
(MCID) is defined as the minimal change in a
given domain score that is detectible by the
patient, also termed clinically significant change.
The MCID varies among differing patient popu-
lations for which an instrument is applied. In
order to assure that clinically significant change
is outside of the measurement error of an instru-
ment, the SDC (see reliability) must be smaller
than the MCID [17, 18]. If this is not the case,
then the MCID cannot be distinguished from
measurement error.

Commonly Used Patient-Rated
Questionnaires for the Rheumatoid
Hand Patient

Several generic and extremity-specific question-
naires have undergone extensive testing and have
been utilized to measure rheumatoid arthritis out-
comes. Brief details of commonly employed
instruments in theumatoid hand research are out-
lined in Table 7.2. However, researchers are
encouraged to thoroughly evaluate studies of the
development process of any instrument being
considered for use in research in order to fully
assess rigor of testing, comprehensiveness of
health domains, the patient population on which
the instrument was validated, and other adminis-
tration details that will impact utilization of the
questionnaire in a given research setting. RA is
one of the few disease processes treated by hand
surgeons that has great impact on both hand
function and overall health status. Therefore, out-
comes measured by both generic and extremity-
specific patient-rated questionnaires may have
relevance to clinicians and researchers interested
in RA treatment outcomes.

Medical Outcomes Study 36-Item
Short-Form Health Survey (SF-36)

The SF-36 is one of the most well-known generic
PRO questionnaires. The 36-item survey is utilized
to measure overall well-being and global func-
tioning represented by eight health domains [20].
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Each domain is scored from 0 to 100, with 100
representing no disability. A shortened version
exists, the SF-12, which may be utilized in situa-
tions when researchers are concerned with
responder burden.

Arthritis Impact Measurement
Scale 2 (AIMS-2)

The AIMS-2 is a 45-item questionnaire that was
developed and validated to measure disease
activity in patients with rheumatoid arthritis [21].
The AIMS-2 questionnaire evaluates the impact
of RA on the patient as a whole within nine
health status domains, including mobility, physi-
cal activity, dexterity, household activities,
activities of daily living, anxiety, depression,
social activity, and pain. AIMS-2 scores range
from 1 to 10, with lower scores indicating better
health status.

Visual Analog Scales

The visual analog scales (VAS) is often used to
quantify pain for both research and clinical pur-
poses. To administer the VAS, a 10 cm straight
line with a verbal or written description at each
extreme of pain (no pain at the lower end and
worst pain ever at the upper end) is shown to the
respondent. Patients mark the position between
the two endpoints that corresponds to their level
of pain. The scale takes very little time to admin-
ister and is easily utilized in the clinical and
research setting. VAS has been shown to have
acceptable test—retest reliability and responsive-
ness to change over time [22]. A recent system-
atic review found VAS to be the most commonly
utilized method of pain evaluation in musculo-
skeletal clinical trials [23]. Similarly, VAS instru-
ments have also been developed and validated to
measure hand disability and overall disability
due to rheumatoid arthritis [24].

Michigan Hand Outcomes
Questionnaire

The Michigan Hand Outcomes Questionnaire
(MHQ) is a 57-item questionnaire developed to
evaluate six domains of hand function, including
overall hand function, activities of daily living,
work performance, pain, hand appearance, and
patient satisfaction with hand function [25]. These
domains are assessed for each hand individually
for comparison, which is unique among other PRO
questionnaires for upper extremity conditions. The
MHQ also evaluates the impact of appearance on
overall hand function, which is often neglected
with other commonly used questionnaires. Scores
for each domain range from 0O to 100. Higher scores
indicate better health status, with the exception of
the pain scale in which a higher score indicates
greater pain. After reversing the pain score, an
overall MHQ score is calculated from the mean of
the domain scores. A 12-item brief MHQ version
was developed for clinical practice, whereas the
full version is recommended for research [26].

Disability of the Arm, Shoulder,
and Hand/Upper Extremity Function
Scale (DASH)

The DASH is a 30-item questionnaire that has
been validated for a variety of upper extremity
conditions, including RA [27]. The survey items
address physical function, symptoms, and social
role function. There is an optional module with
four additional questions for musicians or athletes.
Respondents are asked to rate difficulty of com-
pleting each task on a 6-point ordinal scale. Thus,
the disability score is related to the function of
both upper extremities as a single unit. The final
score ranges from O to 100, with a higher score
indicating greater disability [28]. A shorter ver-
sion, the QuickDASH, was developed utilizing 11
of the most sensitive items and is highly correlated
with the full DASH version [29].
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Patient-Reported Outcomes
Measurement Information System

Patient-Reported Outcomes Measurement Infor-
mation System (PROMIS), developed by the
National Institutes of Health, is a thoroughly vet-
ted bank of questionnaire items divided into
many different key domains of interest, including
physical function, pain, or fatigue, among others.
Reliable and valid item banks are developed
using item response theory, which make it possi-
ble to estimate a given trait based on any subset
of items in the survey bank that are appropriate
for the respondent’s trait level. A trait can be esti-
mated through a uniform set of questions in the
item bank for all participants in a given study.
Alternatively, pools of questions can be adminis-
tered as computerized adaptive tests (CAT) for
greater efficiency. When a pool of questions is
administered via CAT, subsequent items given to
the respondent are adjusted based on responses to
earlier questions in the survey. For example, if a
respondent reports that he has difficulty complet-
ing a simple task, the respondent will then not
be asked to rate difficulty in completing a more
complex task. CAT reduces survey burden by
eliminating irrelevant questions and minimizes
floor and ceiling effects by adjusting items
according to the respondent’s previous responses.
The physical function item bank can be adminis-
tered to evaluate overall functioning of the
patient. A specific upper extremity function sub-
scale also exists to allow more specific evalua-
tion of PROs relevant to treatment of upper
extremity disorders [30-32].

Considerations in Questionnaire
Selection and Administration

A single perfect questionnaire for the measure-
ment of hand outcomes simply does not exist.
Researchers must verify that the questionnaire
has demonstrated validity, reliability, and respon-
siveness for the study population of interest. The
investigator’s comfort level with the strengths,
administration, and interpretation of a given PRO
questionnaire will also have some influence on

selection. However, selection of the appropriate
instrument is ultimately determined by the
research question at hand and the desired health
domains to be measured. The interests of the
study population are paramount, and the rese-
archer must consider whether domains of health
that respondents care most about are assessed. In
addition, likelihood of floor or ceiling effects
should be weighed relative to patient characteris-
tics and capabilities of the study questionnaire.

Rheumatoid arthritis is unique in that thera-
pies have potential to influence overall patient
well-being and hand function. Often, more than
one questionnaire is utilized for a given study due
to the varying domains of health that are mea-
sured for each available instrument. For example,
if a researcher is interested in studying whether
hand surgery improves both hand disability and
overall quality of life, respondents should be
given questionnaires that reliably measure both
hand disability and overall quality of life. In this
case, an extremity-specific questionnaire, such as
the DASH or MHQ, would be responsive to mea-
sure hand disability. In addition, a generic instru-
ment, such as the SF-36 would be needed to
estimate changes in overall quality of life.
Furthermore, if an investigator desires to study
the impact of rheumatoid hand surgery compared
to the contralateral hand as a control, the MHQ
would be the best selection given its ability to
assess each hand independently. Thus, the spe-
cific study question should be the primary influ-
ence on questionnaire selection.

Researchers should resist the urge to adminis-
ter a battery of multiple questionnaires simply
with the goal of capturing as much information as
possible. Administering too many study ques-
tionnaires to a given patient will increase the
likelihood of respondent burden, poor data qual-
ity, and missing responses. There is no set thresh-
old of an ideal number of questions a researcher
can ask before causing respondent burden.
Rather, instrument selection should be based
on careful consideration of domains of health
required to evaluate a given study hypothesis.
Only those questionnaires that directly address
domains of health needed for the study should be
administered to participants.
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The feasible sample size of the proposed study
relative to the measurement error of a question-
naire being considered also impacts instrument
selection. For example, if two potential question-
naires are determined to measure similar domains
of health but one has a much larger SDC, then
selection of the questionnaire with the smaller
SDC will require a smaller sample size in power
calculations. The impact of SDC and MCID on
the sample size required for group comparisons
should be considered prior to questionnaire selec-
tion to reduce the chance of type II error and
allow greater efficiency in planning costly
research trials.

The method of questionnaire delivery must
also be considered. Many PRO questionnaires
can be administered via pen and paper, computer,
tablet, or verbal communication. Selection of
the mode of administration may depend on the
respondent’s comfort with technology, associated
costs, and ease of data entry and analysis.
Ultimately, the investigator must assure that the
questionnaire is validated for the preferred mode
of administration. In addition, time points of
measurement must be performed with sufficient
follow-up time in order to capture adequate out-
comes. Lastly, investigators must assure that the
study protocol does not interfere with validity
of the utilized instrument. Questionnaire items
should not be altered, and the instrument must be
administered to respondents with similar charac-
teristics as the study sample in which validity
testing was performed.

Future Directions

With time, patient-rated measures have become
the primary outcome in many clinical trials and
outcomes studies. The field of measurement sci-
ence has grown tremendously, and the quality of
PRO questionnaires has continued to improve
along the way. Development of sound assessment
tools requires time and patience in demonstrating
the reliability, validity, and responsiveness in
patient populations of interest. Use of these tested
questionnaires further increases experience with
application of these measurement tools.

PRO instruments are particularly important in
rheumatoid hand research given the impact of
surgical intervention on quality of life and the
discord between patient-rated and objective clini-
cal measures. Although PROs are ubiquitous in
research, they are rarely utilized in routine clini-
cal practice. With continued rising costs of health
care, there will be increasing pressure for provi-
ders to justify the value of their treatments.
Measurement of patient-reported outcomes in
everyday practice will be instrumental in build-
ing evidence of outcomes associated with medi-
cal treatments relative to the costs of those
treatments. Increased utilization of item response
theory and computerized adaptive testing formats
will allow patient-reported outcomes to be mea-
sured with improved granularity and greater
efficiency. Establishing accurate and efficient
measurement of important clinical domains will
be critical in persuading clinicians to regularly
use these instruments for quality improvement
and individual patient evaluation.

References

1. Alderman AK, Chung KC, Kim HM, Fox DA, Ubel
PA. Effectiveness of rheumatoid hand surgery: con-
trasting perceptions of hand surgeons and rheumatol-
ogists. ] Hand Surg. 2003;28(1):3—11. discussion 2-3.
PubMed.

2. Alderman AK, Ubel PA, Kim HM, Fox DA, Chung
KC. Surgical management of the rheumatoid hand:
consensus and controversy among rheumatologists
and hand surgeons. J Rheumatol. 2003;30(7):1464—
72. PubMed.

3. Chung KC, Kowalski CP, Myra Kim H, Kazmers IS.
Patient outcomes following Swanson silastic metacar-
pophalangeal joint arthroplasty in the rheumatoid
hand: a systematic overview. J Rheumatol. 2000;
27(6):1395-402. PubMed.

4. Chung KC, Kotsis SV. Outcomes of hand surgery in
the patient with rheumatoid arthritis. Curr Opin
Rheumatol. 2010;22(3):336-41. PubMed Pubmed
Central PMCID: 2898123.

5. Chung KC, Burns PB, Wilgis EF, Burke FD, Regan
M, Kim HM, et al. A multicenter clinical trial in rheu-
matoid arthritis comparing silicone metacarpophalan-
geal joint arthroplasty with medical treatment. J Hand
Surg. 2009;34(5):815-23. PubMed Pubmed Central
PMCID: 4381953.

6. Chung KC, Burns PB, Kim HM, Burke FD, Wilgis
EF, Fox DA. Long-term follow-up for rheumatoid



70

E.D. Sears

9

10.

11.

12.

13.

14.

15.

16.

17.

18.

arthritis patients in a multicenter outcomes study of
silicone metacarpophalangeal joint arthroplasty.
Arthritis Care Res. 2012;64(9):1292-300. PubMed
Pubmed Central PMCID: 3422446.

. Heald AE, Fudman EJ, Anklesaria P, Mease PJ, Team
GS. Single-joint outcome measures: preliminary
validation of patient-reported outcomes and physi-
cal examination. J Rheumatol. 2010;37(5):1042-8.
PubMed.

. Malcus Johnsson P, Sandqvist G, Sturesson AL, Gulfe
A, Kopylov P, Tagil M, et al. Individualized outcome
measures of daily activities are sensitive tools for
evaluating hand surgery in rheumatic diseases.
Rheumatology. 2012;51(12):2246-51. PubMed.

. Waljee JF, Chung KC. Objective functional outcomes

and patient satisfaction after silicone metacarpopha-

langeal arthroplasty for rheumatoid arthritis. J Hand

Surg. 2012;37(1):47-54. PubMed.

Badalamente M, Coffelt L, Elfar J, Gaston G,

Hammert W, Huang J, et al. Measurement scales in

clinical research of the upper extremity, part 1: gen-

eral principles, measures of general health, pain, and
patient satisfaction. J Hand Surg. 2013;38(2):401-6.
quiz 6. PubMed.

Badalamente M, Coffelt L, Elfar J, Gaston G,

Hammert W, Huang J, et al. Measurement scales in

clinical research of the upper extremity, part 2: out-

come measures in studies of the hand/wrist and shoul-
der/elbow. ] Hand Surg. 2013;38(2):407—-12. PubMed.

Giladi AM, Chung KC. Measuring outcomes in hand

surgery. Clin Plast Surg. 2013;40(2):313-22. PubMed.

MacDermid JC. Patient-reported outcomes: state-

of-the-art hand surgery and future applications. Hand

Clin. 2014;30(3):293-304. v. PubMed.

Sears ED, Chung KC. A guide to interpreting a

study of patient-reported outcomes. Plast Reconstr

Surg. 2012;129(5):1200-7. PubMed Pubmed Central

PMCID: 3340576.

Waljee JF, Chung KC. Outcomes research in rheu-

matoid arthritis. Hand Clin. 2011;27(1):115-26.

PubMed.

Mokkink LB, Terwee CB, Patrick DL, Alonso J,

Stratford PW, Knol DL, et al. The COSMIN study

reached international consensus on taxonomy, termi-

nology, and definitions of measurement properties for
health-related patient-reported outcomes. J Clin

Epidemiol. 2010;63(7):737—45. PubMed.

Mokkink LB, Terwee CB, Patrick DL, Alonso J,

Stratford PW, Knol DL, et al. The COSMIN checklist

for assessing the methodological quality of studies on

measurement properties of health status measurement
instruments: an international Delphi study. Qual Life

Res. 2010;19(4):539-49. PubMed Pubmed Central

PMCID: 2852520.

Terwee CB, Bot SD, de Boer MR, van der Windt DA,

Knol DL, Dekker J, et al. Quality criteria were

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

proposed for measurement properties of health status
questionnaires. J Clin Epidemiol. 2007;60(1):34—42.
PubMed.

Angst F. The new COSMIN guidelines confront tradi-
tional concepts of responsiveness. BMC Med Res
Methodol. 2011;11:152. author reply PubMed
Pubmed Central PMCID: 3231875.

Ware Jr JE, Sherbourne CD. The MOS 36-item short-
form health survey (SF-36): 1. Conceptual framework
and item selection. Med Care. 1992;30(6):473-83.
PubMed.

Meenan RF, Mason JH, Anderson JJ, Guccione AA,
Kazis LE. AIMS2. The content and properties of a
revised and expanded arthritis impact measurement
scales health status questionnaire. Arthritis Rheum.
1992;35(1):1-10. PubMed.

Clark P, Lavielle P, Martinez H. Learning from pain
scales: patient perspective. J Rheumatol. 2003;30(7):
1584-8. PubMed.

Litcher-Kelly L, Martino SA, Broderick JE, Stone
AA. A systematic review of measures used to assess
chronic musculoskeletal pain in clinical and random-
ized controlled clinical trials. J Pain. 2007;8(12):906—
13. PubMed Pubmed Central PMCID: 2691574.
Massy-Westropp N, Ahern M, Krishnan J. A visual
analogue scale for assessment of the impact of rheu-
matoid arthritis in the hand: validity and repeatability.
J Hand Ther. 2005;18(1):30-3. PubMed.

Chung KC, Pillsbury MS, Walters MR, Hayward
RA. Reliability and validity testing of the Michigan
hand outcomes questionnaire. J Hand Surg. 1998;
23(4):575-87. PubMed.

Waljee JF, Kim HM, Burns PB, Chung KC.
Development of a brief, 12-item version of the
Michigan hand questionnaire. Plast Reconstr Surg.
2011;128(1):208-20. PubMed Pubmed Central
PMCID: 3124660.

Chiari-Grisar C, Koller U, Stamm TA, Wanivenhaus
A, Trieb K. Performance of the disabilities of the arm,
shoulder and hand outcome questionnaire and the
Moberg picking up test in patients with finger joint
arthroplasty. Arch Phys Med Rehabil. 2006;87(2):203—
6. PubMed.

Beaton DE, Katz JN, Fossel AH, Wright JG, Tarasuk
V, Bombardier C. Measuring the whole or the parts?
Validity, reliability, and responsiveness of the disabili-
ties of the arm, shoulder and hand outcome measure
in different regions of the upper extremity. J Hand
Ther. 2001;14(2):128—46. PubMed.

Beaton DE, Wright JG, Katz JN, Upper Extremity
Collaborative ~ Group.  Development of the
QuickDASH: comparison of three item-reduction
approaches. J Bone Joint Surg Am. 2005;87(5):1038—
46. PubMed.

Khanna D, Krishnan E, Dewitt EM, Khanna PP,
Spiegel B, Hays RD. The future of measuring



7 Application of Patient-Rated Questionnaires in Rheumatoid Hand Outcomes Research 71
patient-reported outcomes in rheumatology: patient- patient-reported outcomes measurement information
reported outcomes measurement information system system. J Hand Surg. 2014;39(6):1160-5. PubMed.
(PROMIS). Arthritis Care Res. 2011;63 Suppl 11:  32. Tyser AR, Beckmann J, Franklin JD, Cheng C, Hon
S486-90. PubMed. SD, Wang A, et al. Evaluation of the PROMIS physical

31. Doring AC, Nota SP, Hageman MG, Ring DC. function computer adaptive test in the upper extremity.

Measurement of upper extremity disability using the J Hand Surg. 2014;39(10):2047-51.e4. PubMed.



Partll
Rheumatoid Wrist



Biomechanics of the Rheumatoid
Wrist Deformity

Gregory lan Bain, Thomas Clifton, John J. Costi,
and Jeganath Krishnan

Introduction

Rheumatoid arthritis (RA) is a common systemic
inflammatory disease that is associated with
progressive disability, significant morbidity, early
death, and significant socioeconomic costs [1].
Although it can affect any synovial joint, the wrist
is the most frequently involved. Chronic synovitis
and pannus expansion result in degradation of
articular cartilage and bone, ligamentous laxity,
and significant deformity. This in part follows a
predictable pattern of change and therefore
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targeted early operative intervention can be
achieved, ranging from arthroscopic synovectomy
to complete wrist arthrodesis.

Multiple Ring Concept of the Wrist
Stability

The wrist has three synovial spaces: the
radiocarpal, midcarpal, and distal radioulnar
joint (DRUJ). However, there are four articulating
joints because the ulnar-carpal articulation
should not be ignored. Another way to
conceptualize the joints of the wrist is to consider
it as a series of conjoined rings, which operate in
concert with each other. This forms the basis of
the “multiple ring concept of the wrist.”” The
structure, stability, and borders of the rings are
defined by the intrinsic ligamentous attachments.
The sites where the rings are linked form major
stability points of the carpus. The wrist joint is
unique in that it provides movement in all three
planes and must provide a stable platform for the
function of the hand in all positions in space. The
rings provide stability, while allowing transmis-
sion and dissipation of force throughout the range
of motion. This is particularly important at the
extremes of motion, where the stability is
threatened. Disruption of these ligaments creates
instability within the ring, which can then impart
a global instability to the wrist.
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Fig.8.1 Multiple ring concept of the wrist: (a) rows of rings; (b) inter-row rings, radiocarpal and midcarpal; (¢) arcuate
carpal rings, greater and lesser. Published with permission of © Dr. Gregory Bain 2015. All Rights Reserved

Rows of Rings

There are three rows of rings of the wrist: the
DRUYJ, proximal carpal row, and distal carpal row
(Fig. 8.1a).

1. The DRUI ring is stabilized by the radioulnar
ligaments, with failure causing DRUJ
instability.

2. The proximal carpal row is stabilized by the
dorsal intercarpal ligament and the volar sca-
photriquetral ligaments. Failure examples
include scapholunate and lunotriquetral
instability.

3. The distal carpal row is stabilized by the volar
and dorsal interosseous ligaments, failure of
which causes axial instability.

Inter-row Rings

These are the rings that link and provide stability
between the individual rows (Fig. 8.1b, c).

1. The radiotriquetral ring, which has been
referred to as the Kuhlman’s sling [2], includes
the dorsal radiocarpal ligament and the volar
radiotriquetral ligament, preventing ulnar
translocation.

2. The scaphoid-trapezium-trapezoid (STT) ring
is a simple hinge joint, consisting of the sca-
photrapezoid and scaphocapitate ligaments.
Failure of the STT ring causes midcarpal
instability.

3. The lesser arcuate ring consists of the ulnar-
lunate and radiolunate ligaments, which stabi-
lizes the lunate to the forearm to prevent volar
subluxation of the carpus.

4. The greater arcuate ring consists of the
radioscaphocapitate and the ulnar capitate
ligaments, which stabilizes the distal carpal
row to the forearm, to prevent distraction of
the wrist (Fig. 8.1c¢).

Variability in Carpal Morphology

Finally it should be noted that there can be sig-
nificant variation in the morphology of carpal
bones, which can affect the movement at the
joints. At the midcarpal joint, the lunate type [3]
has been shown to alter the pattern and range of
motion at the radiocarpal joint (Fig. 8.2) [4].
Variations have also been identified in the mor-
phology of the capitate [5], triquetrohamate joint
[6], and scaphoid [7], which also have an effect
on the carpal motion.
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Fig.8.2 Effect of lunate
morphology on plane of
motion during wrist
flexion/extension. Note
that the type of lunate
morphology significantly
affects the plane of motion
of the wrist (dotted lines)
and those joints with a
restricted motion (solid
bar). Reproduced from
The Effect of Lunate
Morphology on the
3-Dimensional Kinematics
of the Carpus JHS (Am)
20154, Copyright G I Bain

Pathophysiology: Rheumatoid
Arthritis at the Wrist

Rheumatoid arthritis (RA) is a common
autoimmune disease characterized by synovial
inflammation and hyperplasia, autoantibody pro-
duction, cartilage and bone destruction, as well
as many other systemic features. Although the
exact cause is unknown, the pathogenesis has
been well described.

Adrian Flatt reported that there are three
stages in the rheumatoid process [8]:

1. Synovitis, which typically occurs at the sites
of capsular attachments

2. Destruction of the periarticular cartilage,
which is often at the bare areas and capsular
attachments

3. Deformity, which is due to the osseous and
ligamentous destruction

Synovitis

Synovitis occurs when leukocytes infiltrate the
synovial compartment, causing a profound reorga-
nization of synovial architecture and an expansion
of synovial inflammatory tissue or pannus. The
change in the architecture of the synovium, caused
by complex change in immune-modulated signal-

Type | Lunate

Type Il Lunate

ing pathways and cytokines, eventuates in chronic
inflammation of the joint. This causes a loss of the
lubricating effects of the synovium and, together
with the activation of fibroblasts, permits the
growth of hyperplastic synovium or pannus [9].
The hyperplastic synovium is the major contribu-
tor to cartilage and joint damage in RA.

Joint Destruction

Cartilage

The joint destruction that occurs is a result of both
chronic inflammation and mechanical forces. The
normal wrist joint is a synovial joint with a nega-
tive pressure environment and well-hydrated
articular cartilage. In RA, there is destruction of
the articular cartilage at the pannus-cartilage junc-
tion. The cartilage is degraded by invasion of
synovial cells and immune cells causing chon-
drolysis and collagen breakdown, frequently at
the edge of the joint capsule.

Bone

Bony erosion also occurs rapidly in RA, affecting
80 % of patients 1 year after diagnosis [10]. The
chronic inflammatory state results in hyperemia
and increased bone resorption with increase in
the activity of osteoclasts, without a compensa-
tory increase in osteoblasts. Osteopenia and
osteoporosis are later sequelae as the arthritis
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creates a painful joint, with disuse osteopenia,
creating further bone loss. Areas of high contact
pressure will develop bony eburnation and
osteophytes, similar to degenerative osteoarthri-
tis. These may result in sharp bone edges that
may lead to joint capsule breach and tendon rup-
ture. Examples include the Mannerfelt lesion and
extensor tendon ruptures over the ulnar head.

Ligaments

The concept of “pseudo-laxity” is of major
importance (Fig. 8.3). Pseudo-laxity occurs with
a loss of the height of the articular cartilage,
which creates a relative lengthening of ligament.
This results in a greater and pathological range of
movement and contributes to the joint instability
and abnormal joint mechanics.

The expansive synovium also creates laxity of
the intrinsic and extrinsic ligaments in the wrist,
by both mechanical force and chronic inflamma-
tion. The growing pannus in the wrist joint puts
mechanical strain on the ligaments, stretching
them beyond the point of elastic compliance
(elastic modulus). The chronic inflammatory
pannus also degrades the ligaments directly by
similar cellular mechanisms described above.
Laxity of the ligaments in the wrist results in an
altered and pathological range of movement
about the joint, creating increased articular con-

‘ Load

=) (=

Normal MNormal

a b c

Fig.8.3 Pseudo-laxity. In the normal joint (a) the articu-
lar cartilage height is seen as “joint space” on the X-rays.
With loading (b) the joint will tilt until the collateral liga-
ment is tight. In RA there is loss of articular cartilage (c),
which is seen as “joint space narrowing” on plain radio-
graphs. The collateral ligaments are the normal length but
are relatively lax. With loading (d) the joint will tilt until

tact pressures and contributing further to degra-
dation of cartilage and bone (Fig. 8.4).

Load and Articular Contact Pressure

In the rheumatoid wrist, there are also abnormal
joint contact pressures and a loss of efficiency of
synovial fluid. In a finite element analysis, Bajuri
and colleagues simulated advanced RA wrist
changes such as cartilage and bone destruction,
dislocation, and carpal collapse and assessed the
change in load born by the carpus [11]. The
authors demonstrated a three times increase in
contact pressures at all articulations and a loss of
the uniform distribution of stress, owing largely
to a loss of articular cartilage. They further stipu-
lated that bony erosion contributed to the
increased contact pressure, via articulation with
sharper edges. This can be explained by the prin-
ciple that a constant force (F) with a decreased
surface area of contact (A) results in increased
pressure (P):

P=F/A4

Bajuri and colleagues also showed a shift in
the load bearing of the wrist from the radius to
the ulna as the carpus collapses and slides down
the distal radius (Fig. 8.5). The alteration in load
modeled by the authors is based on the common
carpal deformities found in the RA wrist.

’ Load

Pseudo-laxity
go
o
| i |
Point Loading
RA
d RA

the collateral ligament is tight. The loss of articular carti-
lage allows the joint to tilt further, which appears to be
joint laxity (pseudo-laxity). Note the other effects includ-
ing abnormal loading and a tendency to joint subluxation.
Published with kind permission of © Dr. Gregory Bain
2015. All Rights Reserved



Fig. 8.4 Erosive arthropathy of the wrist. (a, b) Dorsal
aspect of the wrist, demonstrating that the distal ulnar is
dislocated dorsally and the carpus is dislocated in a volar,
ulnar, supination, and proximal direction. Note the exten-

Radial Stress }
Concentration: 63

Fig. 8.5 Von Mises stress distribution for the palmar
aspect of the (a) healthy model and (b) RA model (Used
with permission from MN Bajuri et al. ] Engineering in
Medicine, 2012 [11]). (¢) Characteristic “Z” deformity of

Concentration: 58%

sive erosion of the sigmoid notch. Published with kind
permission of © Dr. Gregory Bain 2015. All Rights
Reserved

Radial Stress

the hand. Ulnar translocation and radial deviation of the
wrist are commonly associated with ulnar drift of the fin-
gers (Published with kind permission of © Dr. Gregory
Bain 2015. All Rights Reserved)
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Deformity

In the rheumatoid wrist, ligamentous laxity and
destruction of articular cartilage and bone eventu-
ate in joint instability and significant deformity.
The most important factor in the deforming pro-
cess is the laxity of ligaments. Of all the ligaments
in the wrist, the loss of palmar and dorsal radiotri-
quetral ligaments and palmar radiolunate liga-
ments has been described as the most crucial [5].

Adjacent joints may compromise each other,
producing a characteristic “Z” deformity
(Fig. 8.5b). Ulnar translocation and radial devia-
tion of the wrist are commonly associated with
ulnar drift of the fingers. When performing mul-
tiple MCP joint arthroplasties in RA, we use the
ECRL to ECU transfer as a prophylactic recon-
structive procedure to correct the other side of the
“Z” deformity, thereby reducing the incidence of
recurrent ulnar drift deformity.

Radiocarpal Deformity

Due to the degradation of articular cartilage and
ligamentous laxity, the carpus as a whole tends to
translocate in the direction of the articular slope
of the radius. The distal radius has a mean radial
inclination of 24° and volar tilt of 11° [12].
Carpus tends to “slide” down the slope of the dis-
tal radius, which is potentiated by the force of the
flexors and extensors of the wrist and fingers.
Resultantly, the most common deformity is that
the carpus translocates in an ulnar, volar, supina-

tion, and proximal direction [12, 13]. This carpal
translocation may also result in tendon imbalance
and leads to secondary deformity such as ulnar
deviation of the fingers.

In the coronal plane, there is loss of the radio-
carpal alignment with the carpus translocating in
an ulnar direction. This deformity has been
described to be due to destruction of the articular
disk and the internal ligamentous structures of
the radiocarpal joint [14]. The scapholunate liga-
ment is prone to weakening from the synovitis,
leading to flexion of the scaphoid and an increase
in the scapholunate angle, promoting collapse of
the radial column [15]. Unhinged from the scaph-
oid, the lunate translocates in a volar direction
and dorsiflexes. Videos 8.1 and 8.2 show a patient
with advanced rheumatoid changes of the wrist
with volar, ulnar, and proximal translocation of
the carpus. Video 8.1 demonstrates the laxity of
ligaments at the wrist created by rheumatoid
changes. Video 8.2 shows the pronounced effect
of rheumatoid changes on the range of movement
in the flexion/extension axis at the wrist.

These findings have been recently modeled
using three-dimensional CT scan reconstruc-
tions. Arimitsu and colleagues studied carpal
kinematics using three-dimensional CT scans of
patients with advanced RA of the wrist [12].
They confirmed that the centroids (center of vol-
ume) of each carpal bone shifted in an ulnar,
volar, and proximal direction along the slope of
the surface of the distal radius (Fig. 8.6).

Fig. 8.6 Diagrams showing centroid translocation from
(a) a dorsal view, (b) ulnar view, (c) distal view, and (d)
radiopalmar view. All the centroids translocated in an

ulnar, proximal, and volar direction (Used with permis-
sion from Aramitsu et al., J Bone Joint Surg Br. 2007 [12])
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Distal Radioulnar Joint

The DRUI is often the first compartment of the
wrist involved in the rheumatoid process. The
static restraints are the triangular fibrocartilagi-
nous complex (TFCC) and interosseous mem-
brane, and the dynamic restraints are the extensor
carpi ulnaris (ECU) tendon and the pronator qua-
dratus muscle. Destruction of the distal radius
and the adjacent ligaments, and collapse and
translation of the carpus, predispose to the ulnar-
carpal abutment. The destruction of the TFCC by
the synovitic process destabilizes the DRUJ artic-
ulation and causes the ulnar head to move dor-
sally [13]. The extrinsic stabilizers are inadequate
to resist the natural collapse pattern, and what
follows is the sequence of events leading to caput
ulnae syndrome (Backdahl 1963) [16].

Video 8.3 gives some insight into the etiology
of tendon ruptures. The sigmoid notch of the dis-
tal radius has a sharp hardened area of bone due
to abnormal loading and erosion from the synovi-
tis in the DRUJ.

As the forearm rotates, the sharp hard bone of
the sigmoid notch sculptures the ulnar head, like
a chisel sculptures wood on a lathe. Interestingly,
it can be appreciated that as they push into each
other, they subsequently sharpen each other.
Once the ulnar head develops a sharp ridge
around its head, it can then have an effect on
other adjacent structures. In this case, as the fore-
arm rotates, the sharp edge of the ulna head cuts
through the dorsal capsule and then subsequently
through the extensor tendons. It is our experience
that tendon ruptures only occur with abrasion
from sharpened bone (or metallic implants).
Tendon ischemia and synovial invasion may
weaken the tendon and predispose it to injury.
But it is the sharp bone that divides the tendon.

Treatment of Rheumatoid Arthritis
Wrist Deformity

Synovectomy
In the early stages of synovitis, prior to the

development of significant destruction or defor-
mity, a synovectomy can be a useful treatment

option. Though the standard has been open syn-
ovectomy, which allows for inspection of all
compartments and the extensor tendons,
arthroscopic synovectomy is also being per-
formed with success [17, 18]. The arthroscopic
approach has the advantage of reduced joint
capsule and ligament damage, allowing for ear-
lier mobilization and reduced hospital stay [19].
It has been shown that if the procedure is per-
formed before joint destruction occurs, the natu-
ral history can be improved, although disease
progression can still occur [20-22]. Recent
studies have demonstrated that there can also be
benefits for patients who have later stages of the
disease (e.g., Larsen stage III) [23].

Radiocarpal Joint

An intact midcarpal joint and localized pathol-
ogy within the radiocarpal joint are common
findings in the early stages of the RA wrist [24].
As we have seen, the carpus tends to translocate
in proximal, volar, and ulnar directions, causing
radial deviation of the radiocarpal joint. In these
cases, partial wrist fusion may be beneficial to
relieve pain and prevent instability and defor-
mity, while maintaining a functional range of
motion [25].

Radiolunate Fusion

Radiolunate (RL) fusion is a well-established
technique that was developed from the obser-
vation that spontaneous radiolunate ankylosis
will stabilize the joint, minimize further joint
deterioration, and improve pain. Chamay and
colleagues demonstrated that surgical fusion of
the radiolunate joint served as a block to fur-
ther carpal translocation [13]. Several authors
have reported successful outcomes [26, 27],
whereas others have reported a high incidence
of radiolunate nonunion [13, 15]. A surgical
prerequisite is that the adjacent joints
(radioscaphoid and midcarpal) are free of dis-
ease. Unfortunately the radioscaphoid joint is
often involved [25].
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Radioscapholunate Fusion

If the radioscaphoid joint is involved in the
inflammatory process, then a radioscapholunate
(RSL) fusion is indicated. Like the RL fixation,
an absolute prerequisite for RSL fusion is a func-
tional midcarpal joint to maintain painless move-
ment. The long-term outcomes of RSL fusion
have demonstrated a high complication rate and a
range of motion of 33—40 % of the normal wrist
[28-31]. There is an increasing trend to perform
a distal scaphoidectomy to increase range of
movement at the midcarpal joint [31, 32].

Authors’ Technique: RSL Fusion

In cadaveric studies, we have also demonstrated
that excision of the triquetrum improves the
range of ulnar deviation and extension [32]. We
have also performed this technique in a clinical
series with good results [33]. The excision of the
triquetrum provides good bone graft for the
fusion mass and minimizes the risk of ulnar-
carpal impaction (Fig. 8.7).

The authors’ technique is to debride the artic-
ulation between the distal radius and the recipro-
cal articular surfaces of the scaphoid and the
lunate. Two 1.1 mmK-wires are advanced

Fig. 8.7 (a) The authors’ preferred technique for RSL
fusion. The distal scaphoid excision increases radial devi-
ation and flexion. Excision of the triquetrum increases
ulnar deviation and extension, provides excellent bone
graft, and prevents ulnar-carpal impaction. The scaphoid
and lunate are anatomically reduced under direction
vision and held with the 2x 1.1 mm K-wires. The proxi-

between the scaphoid and the lunate with the dis-
tal articulation in view, ensuring that it is per-
fectly reduced. K-wires are then passed from the
proximal pole of the scaphoid and the lunate into
the distal radius. This will often provide ade-
quate stability but if there is concern, then pin
plates or locking plates can be used. Cancellous
bone graft harvested from the excised triquetrum
and distal pole of the scaphoid is then packed
around the fusion sites. Alternatively, memory
staples may be placed between the distal radius
and proximal pole of the scaphoid and between
the distal radius and lunate to achieve a stable
fixation with compression. Following the stabili-
zation, the position is confirmed to be satisfac-
tory with the aid of fluoroscopy.

Distal Radioulnar Joint

For patients with rheumatoid arthritis involving the
DRUJ, there are several surgical options. The stan-
dard was traditionally the Darrach procedure, which
is resection of the distal 1-2 cm of the ulna [34].
However, this is most often complicated by instabil-
ity of the proximal stump as the TFCC is destabi-
lized. Alternatives to the Darrach procedure include

Open Fusion
*\olar ridge
*Maintain height

Closing Fusion
*Bone apposition
«Stability

*Higher union rate
*Loose height

mal row is then stabilized to the radius with cannulated
screws or K-wires. (b) The authors utilize a closing fusion
technique, as it provided greater stability, increases the
contract area, and is therefore more likely to lead to a suc-
cessful fusion (Published with kind permission of © Dr.
Gregory Bain 2015. All Rights Reserved)
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Fig. 8.8 Matched hemi-resection of the distal ulna. Note
how the capsular-retinacular flap acts as an interposition
and brings the captured ECU tendon over the top of the

the hemi-resection techniques described by Bowers
in 1985 and Watson in 1986 [35, 36]. These proce-
dures seek to preserve the TFCC by resecting the
ulnar articular cylinder while maintaining the shaft,
styloid, and TFCC. If DRUIJ instability is consid-
ered a problem, some surgeons prefer a Sauvé-
Kapandji procedure, as it will stabilize the
DRUIJ. Unfortunately the instability will continue
but is just transferred more proximally [37].

Authors’ Technique: Matched
Hemi-resection
For patients with rheumatoid arthritis involving
the DRUJ, with an unstable and deformed distal
ulna, the authors’ preferred technique is the
matched hemi-resection developed by the late Dr.
Jim Roth [38]. The extensor retinaculum is
divided over the fifth extensor compartment. The
dorsal radioulnar joint capsule and the adherent
infra-tendinous portion of the extensor retinacu-
lum are divided 1 mm from their attachment to
the sigmoid notch. No attempt is made to sepa-
rate the dorsal capsule from the retinaculum, and
the ECU is not removed from the retinacular flap.
An oblique osteotomy of the distal ulna is per-
formed and the distal ulna shaped to match the
contour of the distal radius throughout forearm
rotation. Care is taken to ensure that there is ade-
quate resection and no impingement between the
ulnar and radius and the ulnar styloid and
carpus.

The joint is also examined with intraoperative
fluoroscopy throughout supination and prona-

distal ulna to provide stability. From Bain, Roth et al.
J Hand Surg 1995 [38], reproduced with permission

tion. The ulnar-based retinacular flap is
undermined from the adjacent ulna and tendons,
allowing it to be mobilized and used as an inter-
position graft (Fig. 8.8). The technique helps to
stabilize the distal ulna, as the ECU tendon is sta-
bilized over the top of the distal ulnar stump. The
ulnar-based retinacular flap is sutured to the
1 mm stump. The supra-tendinous portion of the
retinaculum is repaired distally to prevent bow-
stringing of the extensor digiti minimi tendon.

Case Discussion: Arthroplasty
of the Wrist

The case presented in Fig. 8.4 and Videos 8.1,
8.2, 8.3, 8.4, 8.5, 8.6, 8.7, and 8.8 is a complex
total wrist arthroplasty case, as the long-term dis-
location makes it difficult to reduce the new artic-
ulation. As a consequence, we set out to perform
an arthroplasty, but if an adequate reduction
could not be obtained, we would revert to an
arthrodesis. To decompress the joint, we excised
more of the carpus than usual and shortened the
radius and ulna. We could then insert the trial
prosthesis but it was tight, and the wrist had a
fixed flexion deformity of approximately 20°.
After shortening of the radius by an extra few
millimeters, excising of the volar wrist capsule,
and fractional lengthening of the FRC and FCU,
we were able to reduce the joint and obtain exten-
sion with the trial prosthesis in situ. We consider
at that point an arthroplasty was a viable option,



84

G.l.Bain et al.

Fig.8.9 Postoperative
radiographs of total wrist
arthroplasty. The radius and
ulnar have been shortened and
the anterior capsule excised
with fractional lengthening of
FCR and FCU, and the
prosthesis is well seated in the
radius. The wrist is maintained
in extension until the soft
tissues have stabilized. The
distal ulna was managed with
a matched hemi-resection

and a definitive prosthesis was inserted. The wrist
could be extended to 20° but would naturally
assume a posture in 20° of flexion. As the wrist
had been in the flexion posture for some years, we
were concerned that with the usual early active
motion rehabilitation, she may never extend the
wrist and be left with a permanent fixed flexion
deformity. We therefore applied a volar slab and
held the wrist in the extension arc for 4 weeks,
followed by a resting extension splint at night for
3 months. She has subsequently maintained func-
tional motion of the wrist (Fig. 8.9).

Case Discussion: Arthroplasty
of the DRUJ

Arthroplasty of the DRUJ is beyond the scope of
this manuscript; however, an interesting case
worthy of discussion is a 35-year-old lady with
RA who had painful dorsal instability of the
DRUJ and attrition ruptures of the extensor

tendons (Fig. 8.10a, b). The patient was still
active, so an ulnar head replacement was pre-
ferred to a matched hemi-resection. However the
dorsal sigmoid notch was eroded, so it would not
contain the ulnar head. A dorsal sigmoid notch
osteoplasty redirected the sigmoid notch, so that
it would contain the ulnar head arthroplasty
(Fig. 8.10c). The patient has maintained a func-
tional range of motion.

Conclusion

The pathological process of rheumatoid arthritis
in the wrist joint results in significant pain and
loss of function. The chronic inflammation causes
articular cartilage loss, pseudo-laxity, true liga-
mentous laxity, joint destruction, and deformity.
Targeted surgical intervention can stabilize the
joint, halt the progression of disease, and allevi-
ate the symptoms, while maintaining an adequate
range of motion.
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Fig. 8.10 Rheumatoid arthritis with advanced DRUJ
destruction, managed with sigmoid notch osteoplasty. (a)
At time of surgery, the dorsal aspect of the sigmoid notch
was clearly eroded and would not contain the native head
or a trial ulnar component. A dorsal sigmoid notch osteo-
plasty was performed with the aim of stabilizing the com-
ponent. (b) The ulnar head arthroplasty is well contained
due to the sigmoid notch osteoplasty. Note that on the lat-
eral view the ulnar head is now reduced. (¢) Sigmoid
notch osteoplasty. (i) Preoperative CT scan with abnormal
shaped sigmoid notch. (ii) The aim was to perform a 200
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Concepts and Indications
of Rheumatoid Wrist Surgery

Marco Rizzo

Introduction

Rheumatoid arthritis (RA) is the most commonly
encountered inflammatory arthropathy that affects
the wrist. The precise mechanism of disease
remains debated, but RA is generally understood
to be an autoimmune process that targets the
synovium, tenosynovium, and cartilage. The
HLA-II locus appears to be a factor associated
with genetic activation of the disease [1]. This
leads to stimulation of a neutrophil infiltration
that causes free radical and lysosomal enzyme
release resulting in local tissue destruction.
Within 2 years from diagnosis, greater than
50 % of patients will have wrist pain, and greater
than 90 % will have disease within 10 years [2].
Uncontrolled and/or aggressive RA can often
result in pain, limited motion, severe joint
destruction, and deformity. When compared to
osteoarthritis, severe RA can result in markedly
greater joint destruction, bone loss, and defor-
mity. Sequelae of disease can also result in soft-
tissue problems such as tendon irritation and
rupture. Severe involvement can also result in
adjacent soft-tissue disease as in conditions like
Vaughan—Jackson syndrome or Mannerfelt
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lesions which are due to attritional rupture of
extensor and flexor tendons at the wrist [3, 4].
The degree of wrist involvement and collapse
remains important because it can predict out-
comes of more distal surgery [5].

It is important to appreciate that in addition to
musculoskeletal involvement, systemic manifes-
tations of rheumatoid arthritis can occur. Organ
systems including the skin, lungs, eyes, vascula-
ture, and heart may also be affected. Felty syn-
drome is defined as RA associated with
splenomegaly and a low white blood cell count.
Still syndrome results in fevers, rash, and arthritis
and may affect children or adults.

Clinical Presentation
and Evaluation

Pain and functional limitation are typically the
primary reasons patients present to their physi-
cian for evaluation. Occasionally they are con-
cerned about deformity and general appearance
of the wrist and hand. Obtaining a complete med-
ical history including that of their rheumatoid dis-
ease is essential. A history of previous surgery
and all medications should be included in the
evaluation. If the patient has had prior surgeries
for their disease, past surgical experiences can be
helpful in giving prognosis and avoiding previous
pitfalls. A complete examination from the neck to
the hand is essential, and one must understand
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that cervical spine disease is common in RA and
needs to be evaluated in individuals as part of
their preoperative assessment. The workup
should include X-rays of the cervical spine and
electromyography (EMG) in patients with radic-
ular or neurologic symptoms. Systemic evalua-
tion of the musculoskeletal system will round out
an appropriate workup of these often complex
patients. Establishing a relationship with the
patient’s rheumatologist is important to better
understand the patient, their disease, and the oper-
ative planning when necessary. Rheumatologists
can also advise on perioperative management of
the patient’s anti-inflammatory medications.

A comprehensive evaluation of the patient
should include functional, anatomical, radiologi-
cal, psychological, medical, financial, and surgi-
cal assessments. The functional assessment is
aimed at quantifying and prioritizing their prob-
lem list in the context of their lifestyle and their
environment. An anatomical assessment, which
has already been alluded to, must appreciate the
complex interaction of joints and their variable
degree of disease involvement. As a result, iso-
lated surgery is rarely appropriate in the context
of treating rheumatoid arthritis of the wrist. In
addition to confirming the degree of arthritis and
assessing deformity, a radiological assessment is
critical not only in helping identify the quality
and quantity of residual bone stock but in estab-
lishing what can as well as cannot be done from a
surgical reconstruction. A psychological assess-
ment helps identify the hopes, desires, fears, and
anxieties of the patient and is critical in establish-
ing a mutual understanding and expectation of
the outcomes of surgery. Rheumatoid patients are
often complicated and require multiple visits to
establish a relationship and trust. It is important
to engage the patient to define their priorities and
goals of potential surgery. The medical status of
the patient and their disease is critical in deter-
mining the risks and optimal timing of surgery.
Their degree of disease control has a significant
bearing on success of surgery. Associated sys-
temic disease such as pneumonitis, pericarditis,
and vasculitis has a particular bearing on optimal
patient selection and timing of surgery. The
financial assessment is applicable to both the
patient and to the medical community in general.

The direct cost of care as well as the cost of time
away from work can have a significant impact on
a patient’s ability to undergo treatment(s). In
addition, general health-care costs may need to
be justified in the future as the health-care com-
munity evolves to evidence-based medicine.

Synovitis and swelling reflecting the inflam-
matory process are common and can be appreci-
ated on physical exam. It is important to keep in
mind that the disease is diffuse and pain and
synovitis of the elbow can affect the proximal
and distal radioulnar joints and the forearm axis
of rotation. In addition, synovitis of the elbow
may result in posterior interosseous nerve dys-
function which can mimic tendon ruptures of the
hand. Synovitis of the wrist impacts the appear-
ance of the hand, is painful, and limits function.
Dorsal synovitis is generally easier to appreciate
than volar synovitis due to the more superficial
position of the dorsal synovium. The pre-styloid
recess of the ulna is a hypervascular area and is
commonly affected in RA, leading to cartilage
destruction and attenuation of the stabilizing lig-
aments. As the disease progresses at the distal
radioulnar joint, dorsal displacement of the ulna,
or more accurately palmar decent of the radius as
the ulna is a fixed structure, occurs resulting in
the caput ulna syndrome causing pain, limiting
pronosupination, and potentially rupturing the
extensor tendons [6]. Although less obvious,
volar wrist synovitis and inflammation may be
quite severe. Unfortunately, the initial presenting
sign may be attritional flexor tendon rupture
caused by synovitis, bony destruction, and osteo-
phytosis of the carpus—this is most common at
the scaphotrapeziotrapezoid joint and affects
mainly the flexor pollicis longus tendon (Fig. 9.1)
[3]. In addition, volar synovitis can contribute to
significant compression neuropathies such as car-
pal tunnel syndrome. In long-standing or severe
disease, the supporting soft tissues of the wrist
become progressively incompetent, and the wrist
will deform in a predictable pattern. The carpus
translates ulnarly and supinates resulting in radial
deviation of the wrist. This wrist deformity
significantly contributes to a downstream com-
pensatory ulnar deviation tendency of the digits
leading to the classic zigzag deformity of the
wrist—hand complex (Fig. 9.2) [7].
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Fig.9.1 (a) A patient with attritional rupture of the flexor pollicis longus secondary to synovitis and arthritis. (b) AP
radiograph demonstrating severe scaphotrapeziotrapezoid (STT) arthritis

Fig.9.2 The typical
appearance of the
rheumatoid wrist. The
carpus translates ulnarly,
supinates, and radially
deviates. This can lead
to MCP joint ulnar
deviation distally

Physical examination of the wrist assesses the
degree of pain to palpation and motion and
amount of swelling. Most patients have more pain
with palpation at areas of increased swelling. One
should determine the range of motion in flexion
extension, radioulnar deviation, and pronosupina-
tion, as well as grip and pinch strength. Pain with
resisted flexion and extension is helpful. It will
not only reflect joint disease but may also suggest
tenosynovitis and potential “tendons at risk.”
Comparing passive motion versus active motion
is necessary and may reflect the source of pathol-
ogy. For example, failure to actively extend a digit
may be secondary to tendon rupture, such as that
seen in a caput ulna or Vaughan—Jackson syn-

drome (Fig. 9.3) [8]. However, other circum-
stances may be the culprit including volar
subluxation of the metacarpophalangeal (MP)
joint, extensor tendon subluxation due to sagittal
band insufficiency, or posterior interosseous neu-
ropathy at the elbow. These etiologies for limited
MP extension can be differentiated through a
good and thorough physical examination. Patients
with MP joint subluxation will lack passive exten-
sion of the joint. Extensor tendon subluxation
secondary to ulnar drift of the digits and radial
sagittal band insufficiency have passive extension
but not active extension of the MP joint. Posterior
interosseous neuropathy is often associated with
swelling at the elbow and will likely also have
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Fig.9.3 (a and b) PA and lateral of right wrist/hand of a
patient who presented with loss of extension of the ring
and small finger and pain at the ulnar side of the wrist. (c)
Intraoperative photograph demonstrates attritional rupture

limited thumb interphalangeal joint extension.
Patients with tendon rupture will often have pain
and deformity at the distal radioulnar joint and lack
a tenodesis extension effect with wrist flexion.

Compression neuropathy of the wrist, such as
carpal tunnel syndrome, can result from direct
inflammatory influence on the nerve as well as
tenosynovitis, synovitis, and joint destruction of
the carpus (Fig. 9.4). Carpal tunnel release usu-
ally combined with flexor tenosynovectomy in
patients with rheumatoid arthritis has been shown
to yield good results and generally carries a
favorable prognosis [9]. Patients with bilateral
involvement and multiple upper extremity joint
involvement pose special challenges and prioriti-
zation of the patient’s complaints and dysfunc-
tion are important. The skin in patients with RA
is typically thin and carries a higher risk of
delayed wound healing or dehiscence, which pre-
disposes to infection. Rheumatoid nodules may
be present and can often be painful and associ-
ated with joint deformity.

of the extensor tendons secondary to synovitis and irrita-
tion from the osteophytes/irregularity of the distal radioul-
nar joint (d)

Radiographs of the wrist are important in the
evaluation of patients with rheumatoid arthritis
and discerning the degree of bony destruction
and arthritis. They are essential for operative
planning and help delineate what can and cannot
be done from a surgical standpoint. Early disease
with joint space narrowing is typically seen ini-
tially at the distal radioulnar and the radioscaph-
oid joints [10, 11]. Mid-carpal disease is typically
a later finding [12, 13]. Radiographs help define
the more commonly utilized classification sys-
tems [14, 15]. Although not specific to the wrist,
the Larsen classification is commonly used [15].
It is based on stages 0-5, with stage O being a
normal joint. Stage 1 demonstrates periarticular
swelling, osteoporosis, and slight narrowing of
the joint. Stage 2 includes erosions and mild joint
space narrowing. Stage 3 involves moderate
destructive changes and joint space narrowing.
Stage 4 reveals end-stage destruction with preser-
vation of the articular surface, and stage 5 shows
a mutilated or ankylosed joint with destruction of
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Fig.9.4 (a) Intraoperative photograph of a patient with severe carpal tunnel syndrome associated with synovitis and
tenosynovitis. (b) Note the hourglass compression of the nerve proximal to the vessel loop

Fig.9.5 (a) PA radiograph of a Wrightington three wrist. Note the severe subluxation and ulnar drift of the carpus. (b)
This patient was treated with a Sauve—Kapandji procedure

the articular surfaces. The Wrightington classifi-
cation is more specific for the wrist, and the sys-
tem outlines treatment recommendations based
on the stage of disease [14]. The stages range
from 1 to 4. Stage 1 radiographs reveal osteopo-
rosis, with cysts and erosions, and the recom-
mended treatment is synovectomy. In stage 2
disease, the radiographs demonstrate carpal
instability; the recommended treatment is soft-
tissue stabilization or partial arthrodesis of the

wrist. By stage 3, the wrist has frank destruction
and subluxation, and these patients will likely
best be surgically treated with an arthroplasty or
arthrodesis (Fig. 9.5). Stage 4 disease radio-
graphs show severe radial destruction, and
arthrodesis is likely the only feasible surgical
option. Simmen and Huber proposed an alternate
classification system, based more on the natural
course of the disease rather than their radio-
graphic appearance [16]. There are three types,
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Fig.9.6 Type 1 Simmen classification wrist. This patient
has spontaneous ankyloses of the carpus

and type 1 is defined as the ankylosing type and
is characterized by spontaneous fusion of the
wrist (Fig. 9.6). Type 2 is defined as the osteoar-
thritic type and has characteristics of osteoarthri-
tis and osteoporosis. These patients tend to have
some inherent wrist stability, which may afford
more surgical reconstructive options. Type 3
patients have the disintegrative type and have sig-
nificant bone loss and instability, and they are
subdivided into 3a (more ligamentous instability)
and 3b (more bony resorption).

Computed tomography can be helpful in pro-
viding a more precise measure of the degree of
arthritis and joint involvement. Magnetic reso-
nance imaging (MRI) studies provide an excel-
lent delineation of the soft tissues about the wrist
including the degree of synovitis and tenosynovi-
tis, thickness and integrity of the cartilage, and
bone marrow changes. Studies have demon-
strated that MRI can reveal improvement in teno-
synovitis in response to treatment [17]. Scoring
systems based on MRI have defined to grade the

cartilage changes in patients with early RA [18].
In addition, bone edema on MRI has been shown,
in patients with early disease, to predict who goes
on to develop radiographic damage and may help
identify patients who could benefit from a more
aggressive treatment [19].

Nonoperative Treatment

Pharmacologic treatments aimed at minimizing
the inflammatory process are an established
mainstay in the management of rheumatoid
arthritis. Corticosteroids and methotrexate have
been used for years. Some surgeons prefer stop-
ping non-corticosteroid anti-inflammatory medi-
cations, such as methotrexate, for a period prior
to and following surgery to help avoid delayed
healing and infection [20]. However, other stud-
ies have shown that continuing methotrexate
does not increase the risk of perioperative infec-
tion [21]. Newer generation pharmaceuticals
including antitumor necrosis factor agents have
gained acceptance and are effective in reducing
the synovitis and disease progression of RA. This
has fortuitously resulted in fewer patients requir-
ing surgical intervention and also suggests that
improved outcomes after surgery can be seen in
these patients. Unfortunately, these newer gener-
ation medications have been shown to increase
generalized infection rates especially in the lower
respiratory tract and soft tissues, particularly in
patients who are also on corticosteroids [22].
Previous studies suggest no increased risk of
infection with the use of infliximab in patients
undergoing surgery for Crohn’s disease [23]. The
impact of these medications on perioperative
morbidity, if any, has yet to be fully realized. The
medications have a widely variable clearance
time from the bloodstream including 8 days for
etanercept, 15 days for adalimumab, and 57 days
for infliximab. Due to the lack of hard science,
many surgeons will consult with the patient and
their rheumatologist regarding perioperative ces-
sation/resumption of these medications.

Static and dynamic splinting is an established
treatment for RA and can provide pain relief,
functional improvement, and hopeful correction
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of deformity. However, a Cochrane database
review showed that although patients appear to
prefer wearing splints to not wearing them, there
is no proven benefit with respect to pain or range
of motion [24]. In contrast, Veehof et al. showed
that wearing wrist splints for as little as four
weeks can significantly help with pain [25].
Despite the pain relief, function- and patient-
related outcome measures were not significantly
different when compared to controls. Adams
et al. prospectively evaluated static splinting in
the treatment of early RA and noted that it does
not significantly improve function and pain or
retard deformity progression when compared to
placebo [26].

Intra-articular injections of steroid have been
utilized for many years in the treatment of RA
and can improve swelling, pain, and patient-
perceived outcomes [27]. Konai et al. demon-
strated that intra-articular steroid injection was
superior to systemic corticosteroid in the treat-
ment of monoarticular RA of the knee [28]. In
contrast, Weitoft and Ronnblom prospectively
evaluated the use of splinting as an adjunct fol-
lowing steroid injection of the wrist and found no
difference in outcomes between groups [29].
They concluded that other joints affected by RA
may not respond in a similar fashion to knees.
Other more recent investigations examined the
use of intra-articular injection of anti-TNF agents
and have determined that it is generally safe [30].
Bliddal et al. performed a randomized compari-
son of the use of intra-articular wrist injections of
25 mg of etanercept versus 40 mg of methylpred-
nisolone [31]. There was no significant differ-
ence in outcomes. The authors concluded that,
because of the increased cost of etanercept, it
should be reserved primarily for patients who
have adverse effects to steroid injections.

Indications/Contraindications
for Surgery

When considering surgery of the rheumatoid
wrist, a thoughtful assessment of many factors is
necessary. These patients require a comprehen-
sive evaluation. Persons affected by RA may be

malnourished as a result of their disease as well
as the medications used for treatment. Thus,
nutritional assessment and optimization is impor-
tant. It is also important to appreciate that the
poor pharmacologic control of the disease can
undermine the outcome following surgery.
Anesthetic risk is higher in patients with cervical
spine disease. Because many patients are on
immunosuppressive medications, surgery carries
higher risk of wound- and tissue-healing prob-
lems and infection.

The timing and indication for surgery remains
somewhat controversial [32]. Persistent symp-
toms, synovitis, or swelling despite a 3—6 month
course of conservative treatment can be viewed
by most physicians as an indication for surgery
[33, 34]. Exceptions include cases in which sur-
gery would be prophylactic against irreversible
soft-tissue injury or damage such as seen in ten-
don ruptures. Deformity or progression of defor-
mity of the wrist, such as a zigzag deformity, has
been advocated by some surgeons as requiring
prophylactic intervention [35, 36]. Frank tendon
rupture itself is generally an indication for
surgery.

Contraindications for surgery include signifi-
cant comorbidities and poor general health. Poor
or insufficient proximal arm function that is not
correctable is a relative contraindication to wrist
surgery. Relative contraindications for wrist
arthroplasty (including total wrist replacement)
include history of previous infection, insufficient
bone stock and long-standing fixed wrist
deformity.

Surgical Considerations

In assessing patients with RA who have multiple
joints affected, it is generally preferred, when-
ever possible, to surgically treat from proximal to
distal and address the lower extremities first, as
many patients will require crutches and weight
bear on their upper extremities following lower
extremity surgery.

A thoughtful approach from the surgeon will
help optimize the treatment plan for each patient.
It is important to identify the problem list, including



94

M. Rizzo

clarifying the patient’s goals prior to agreeing to
surgery. This will help establish a mutual under-
standing and temper expectations. Operate for
specific goals and agree to those goals preopera-
tively. Plan the least surgery for the most benefit
and keep it as simple as possible. Communicate
with the occupational therapists to minimize
delays or confusion about the protocol and have a
program that is synergistic.

When applicable, surgical priorities can also
be established. The nerves are priority one and
should take precedent. Flexor tendon injuries/
rupture would follow, and these typically may be
treated at the same time as wrist reconstruction or
synovectomy. The following priority would be
the thumb. A winning procedure in rheumatoid
surgery is the thumb metacarpophalangeal joint
arthrodesis. It can provide a stable pain-free post
and markedly improves function. The MCP joints
are the next priority; followed by the extensor
tendons. The final priorities are the proximal
interphalangeal (PIP) and distal interphalangeal
(DIP) joints, respectively.

Surgical treatments for the rheumatoid wrist
generally include synovectomy, tenosynovec-
tomy, tendon repair/reconstruction, treatment of
the arthritic distal radioulnar joint, partial and
complete arthrodesis of the radiocarpal joint, and
wrist arthroplasty. Multiple procedures are com-
monly done in the same setting.

Summary

Rheumatoid arthritis of the wrist is common and
can lead to significant deformity and dysfunction
of not just the wrist, but also the hand. Patients
often present with swelling, pain, and limited
function. As the disease progresses, a typical pat-
tern of wrist deformity will ensue, resulting in
supination of the carpus, volar translation, and
radial deviation. This position of the wrist can
contribute to the typical ulnar drift of the digits
seen commonly in patients with RA. Physical
exam findings demonstrate pain with palpation,
limited range of motion, and crepitus. Nonoperative
treatments, especially pharmacologic therapies,
hold promise in managing the disease progression.

Surgery should be considered when nonoperative
treatments fail. Surgical considerations in patients
with RA require a thoughtful approach with a
comprehensive understanding of the patient’s
overall disease and its severity. Surgical interven-
tion should be based on a mutual understanding of
the patient’s goals. Decisions for surgery are often
best made in conjunction with the patient’s rheu-
matologist in addition to the patient themselves.
We try to do the simplest surgeries for the most
gain; therapy programs need to be available and
synergistic. With this thoughtful and patient-cen-
tered approach, pain relief, patient satisfaction,
and improvement of function can be realized.
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Management of the Distal
Radioulnar Joint in Rheumatoid

Arthritis

Brian D. Adams

History

The distal radioulnar joint (DRUJ) is frequently
involved in rheumatoid arthritis (RA), but the
amount of derangement is quite variable [1].
Occasionally, the DRUIJ is the first joint affected by
RA, with pain, swelling, and possibly joint sublux-
ation occurring before other joints in the wrist and
hand are affected. Conversely, a patient can present
later with extensor tendon ruptures of the small and
ring fingers, referred to as the Vaughan—Jackson
lesion, with minimal history of pain and swelling of
the DRUJ [2]. In most patients with radiocarpal
arthritis symptoms, the DRUJ will also typically
show arthritis by both physical and radiographic
examinations; however, the only complaint may be
a bump on the back of the wrist that represents dor-
sal prominence of the distal ulna.

Pathophysiology and Physical
Examination Findings

The ulnar head is covered mostly by articular sur-
face. The DRUIJ capsule, and its synovial lining,
is large and redundant to permit large amount of
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motion. The large articular surface is inflamed
causing swelling, tenderness, and ultimately joint
destruction. A synovial reflection is present near
the fovea of the ulnar head, which is the bony
depression at the base of the ulnar styloid and the
primary ulnar insertion site of the triangular
fibrocartilage complex (TFCC) and the ulnocar-
pal ligaments (UCL). Chronic inflammation of
this synovium results in damage to these impor-
tant stabilizing ligaments [1, 2].

Physical examination demonstrates promi-
nence of the distal ulna that is caused by joint
swelling from synovitis occurring early in the
disease but later results from a combination of
synovitis and dorsal subluxation of the distal
ulna, which is referred to as the caput ulnae syn-
drome. Distal ulna prominence is often accentu-
ated by concurrent disease and deformity at the
ulnocarpal joint in which the carpus supinates
and volarly subluxates, resulting in substan-
tially increased distance between the ulnar head
and carpus.

Despite advanced DRUJ arthritis and defor-
mity, forearm rotation is typically maintained
because of excessive laxity in the joint caused by
the disease. DRUJ crepitus is common but is
often not associated with pain, even in severe dis-
ease. Crepitus is commonly associated with
osteophytes that can contribute to mechanical
damage of the overlying extensor tendons, result-
ing in tendon ruptures, especially of the small
and ring fingers.
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Extensor carpi ulnaris (ECU) tenosynovitis is
another frequent concurrent process that exacer-
bates the DRUJ deformity [2, 3]. The tenosynovi-
tis causes weakening of the ECU subsheath and
the overlying extensor retinaculum that results in
volar subluxation of the tendon from its normal
position in the osseous groove of the dorsal ulna
head. The tendon subluxation substantially
changes its action from wrist extension and ulnar
deviation to wrist ulnar deviation alone. The
ECU also loses its normal depressive action on
the ulnar head. If the ECU tendon subluxates
more volarly, the tendon may actually produce
wrist flexion and exacerbate ulnar translocation
and supination deformity of the radiocarpal joint.

Treatment Options

After ensuring the disease is being optimally
treated by appropriate medications, early man-
agement of DRUJ synovitis includes corticoste-
roid injection into the joint and splinting of the
wrist. An ulnar gutter splint or distal forearm
band can be made to partially stabilize the DRUJ
and partially restrict forearm rotation without
substantially impeding finger or thumb motion.
However, these devices may not be tolerated
because they can restrict wrist motion, and, there-
fore, splints are typically worn intermittently for
arthritic flares. Because of the risk of tendon rup-
tures associated with chronic DRUJ synovitis,
examinations should be repeated regularly until
the synovitis is confirmed to be substantially
improved by medications and splinting.

If synovitis persists despite nonoperative
treatment, especially if associated with dorsal
ulnar head subluxation and crepitus, surgical
treatment is considered before extensor tendon
ruptures occur. The surgical options are similar to
those used for arthritis of the DRUJ from other
causes. However, when contemplating recon-
struction, one needs to consider other concerns
such as treating ECU tenosynovitis and sublux-
ation, severe dorsal subluxation of the ulna, fin-
ger extensor tenosynovitis or ruptures, and ulnar
translocation of the carpus. Furthermore, options
may be influenced or limited by current overall

disease control, concurrent treatment require-
ment for the radiocarpal joint, previous surgical
procedures that altered the local tissues typically
used for a reconstruction, as well as the patient’s
rehabilitation capacity.

The three primary traditional treatment
options are the Darrach resection, Sauvé—
Kapandji procedure, and hemiresection of the
distal ulna. Each of these procedures is often
combined with a stabilization of the distal ulna
using a local tenodesis or capsular flap and a soft
tissue interposition between the distal ulna and
radius to reduce ulna impingement against the
radius. In some patients in whom the overall
rheumatoid disease is quiescent and well con-
trolled, the DRUJ is not subluxated, the bone
quality is adequate, and an implant arthroplasty
can be considered. Although there are many spe-
cific anatomic factors associated with the indica-
tions for each of these procedures, there are some
that are considered more important, which will
be emphasized during the description of each
procedure.

Darrach Procedure

Rheumatoid disease remains one of the main
indications for the Darrach procedure because it
is simple, alleviates pain, provides cosmetic
improvement, and removes the cause for extensor
tendon injury [4-6]. However, it has been
reported to increase the risk of initiating or wors-
ening ulnar translocation of the carpus, which is
a common malady of the rheumatoid wrist. After
a Darrach procedure, a younger patient may com-
plain of reduced power grip, which is likely
caused by the reduced support of the carpus.
Almost all patients claim to have some crepitus
during forearm rotation caused by rubbing
between the ulnar stump and radius, but unlike
nonrheumatoid patients, this is typically not
symptomatic, especially in the lower-demand
elderly patient.

A wide variation of technical modifications
has been described, including level of ulnar
resection, retention of ulnar styloid, mechanism
of ulnar stump stabilization, and use of soft tissue
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Fig. 10.1 Darrach procedure performed in combination with a total wrist arthroplasty. Note the remodeling of the

distal ulna that has occurred

interposition [6]. The severity of the bone
destruction, joint subluxation, and soft tissue
attenuation often limits the potential modifica-
tions that can be used. In most rheumatoid cases,
the ulnar resection is performed at the level just
proximal to the sigmoid notch without retaining
the ulnar styloid, the ulnar stump is slightly con-
toured to remove sharp edges, and a flap of volar
capsule is transferred to the stump and secured by
sutures placed through small holes in the stump
[7]. In younger more active patients, alternative
stump stabilization using either an ECU or flexor
carpi ulnaris (FCU) tenodesis along with soft tis-
sue interposition using capsule or pronator qua-
dratus is often performed [8—11].

In patients with active radiocarpal synovitis
and evidence of ulnar translocation of the carpus,
a Darrach may increase the translocation by
removing the buttressing effect of the distal ulna.
A combined procedure maybe required if such
cases, which includes a radiolunate or radioscaph-
olunate fusion to stabilize the carpus. Because
the Darrach procedure is typically an uncompli-
cated procedure, it can be combined with more

complex procedures such as total wrist replace-
ment that also stabilizes the radiocarpal joint
(Fig. 10.1). ECU subluxation can be treated at the
same time by relocating the tendon over the dor-
sal aspect of the ulnar stump and stabilizing the
tendon in this position by reefing the extensor
tendon retinaculum or creating a sling using a
strip of the retinaculum [3]. Relocating the ECU
tendon will help stabilize the ulnar stump, reduce
its deforming force on the wrist, and possibly
improve wrist extension. Some surgeons prefer to
stabilize the ECU by performing an extensor
carpi radialis longus (ECRL) to ECU tendon
transfer, which may also provide some dynamic
counter to the deforming forces across the wrist.

A dorsal surgical approach over the ulnar head
is typically used to preserve any remaining TFCC
components; however, some variation is depen-
dent on concurrent procedures. If the ECU ten-
don does not require repositioning, then an
approach through the fifth extensor compartment
or between the fifth and sixth compartments is
most efficient and allows closure by directly
repairing the capsule and retinaculum together. If
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the ECU tendon requires repositioning, then a
radially based extensor retinaculum flap can be
raised first in order to be used as a sling for the
ECU tendon, followed by an approach through
the floor of the sixth compartment. This approach
also allows access to the fifth extensor compart-
ment for tenosynovectomy; the fifth compart-
ment tendons are typically left superficial to the
retinaculum at time of repair. If there is severe
ulnar translocation of the carpus and a radiolu-
nate fusion is also planned, then the capsulotomy
can be extended distally to include the ulnocarpal
joint and lunate fossa for joint preparation.

Hemiresection of the Distal Ulna

Because instability is associated with the Darrach
procedure, hemiresection (HR) of the distal ulna,
which removes the articular surface and a few
millimeters of the underlying cancellous bone
but when possible retains the ulnar attachments
of the TFCC, has the potential advantages of pre-
serving some stabilizers of the distal ulna, and
the exposed cancellous bone encourages healing
to the surrounding soft tissue sleeve (Fig. 10.2)
[12, 13]. Although its primary indications are
post-traumatic or degenerative arthritis because
the procedure is designed to have a functioning
TFCC, the procedure can be useful in select rheu-
matoid patients, usually younger, whose primary

problem at the DRUJ is articular surface degen-
eration with minimal joint subluxation. Because
some convergence of the radius and ulna will
occur after partial resection of the ulnar head,
ulnar-positive variance is a relative contraindica-
tion because it increases the likelihood of
impingement between the ulnar styloid and tri-
quetrum; however, a concurrent ulna shortening
through the cancellous portion of the ulnar head
can be performed to reduce this risk. However,
ulnar shortening increases the complexity of the
procedure and thus reduces its relative benefit
over other options. Irreparable damage to the
TFCC and ulnar carpal translocation are relative
contraindications because the resection may
exacerbate the translation and because the proce-
dure has minimal benefit over a Darrach proce-
dure. However, the HR procedure can be
combined with ECU tendon repositioning and
stabilization procedures. Unlike the Darrach pro-
cedure, HR nearly always includes a soft tissue
interposition using local capsule, pronator qua-
dratus, or allograft tissue.

The surgical approach is similar to that
described above for the Darrach procedure.
Because this procedure will typically be used for
a stable DRUJ, performing the exposure through
the fifth extensor compartment allows the best
preservation of the stabilizing soft tissues and
optimum closure using combined repair of the
capsule and extensor retinaculum. The tissue

Fig.10.2 A hemiresection arthroplasty was performed in conjunction with a total wrist arthrodesis and an arthrodesis

of the thumb MCP joint
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used for interposition is often determined at the
time of surgery, which depends on its quality and
mobility for transferring into the space. In case
the local tissue is not adequate for interposition,
having allograft or other commercial biologic
substitute available at surgery is desirable.

Sauvé-Kapandji Procedure

The Sauvé-Kapandji (SK) procedure consists of
a radioulnar joint fusion and creation of a pseu-
doarthrosis proximal to the fusion by resecting
the ulnar neck (Fig. 10.3) [14—17]. The procedure
may include a stabilization technique for the
ulnar stump and a soft interposition between the
stump and distal radius [18]. Although the indi-
cations are similar to those for the Darrach and

HR procedures, it has a potential advantage
because it retains support for the ulnar carpus and
thus reduces the risk of ulnar carpal transloca-
tion, which is common in rheumatoid arthritis.
However, it has the same disadvantage of the
Darrach procedure regarding instability of the
ulnar stump.

Either a dorsal or ulnar surgical approach can
be used, which may depend on the necessity for
concurrent procedures. Preparation of the fusion
site is easier through a dorsal exposure similar to
that described above for a Darrach or HR,
whereas fixation is usually easier when using an
ulnar approach. The periosteum is excised around
the ulnar neck and approximately 1 cm of the
neck is resected with an oscillating saw. If there
is ulnar-positive variance, a correspondingly
greater segment of ulna is removed so that when

Fig. 10.3 Sauvé—Kapandji procedure performed using two screws for fixation. (a and b) Preoperative X-rays and

(c and d) postoperative X-rays
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the head is recessed to neutral variance, the
resulting gap will be 1 cm. The opposing articu-
lar surfaces of the ulnar head and sigmoid notch
are denuded to cancellous bone. The ulnar head
is held against the sigmoid notch in neutral rota-
tion and at the proper longitudinal position. Two
parallel guide wires are inserted into the head just
beneath the ECU sheath and into the radius; their
positions are confirmed with fluoroscopy. The
choice of fixation depends on the size and quality
of the bone. If the ulnar head is sufficient, the use
of two cannulated screws for fixation is optimal
but cannot always be achieved. Do not allow the
head to tilt while tightening the screws to avoid
stylocarpal impingement. If the pronator quadra-
tus muscle is to be used for interposition, it can
be detached from its ulnar insertion and advanced
into the osteotomy site and sutured in place to the
ECU sheath. To gain additional stability of the
proximal ulnar stump in a younger patient, I use
the FCU tenodesis technique described by Lamey
and Fernandez, in which a distally based strip of
FCU tendon is raised and passed into the exposed
medullary canal of the ulnar stump and out
through a hole drilled in the stump; it is then
sutured back onto itself under tension.

A modified technique was described by Fujita
that is particularly useful for patients with

advance rheumatoid disease of the DRUJ in
whom the ulnar head is severely eroded and
therefore could not be used successfully for a
standard SK procedure [19]. In this modification,
the ulnar osteotomy is made approximately 2 cm
proximal to the head, the head—neck piece is
rotated 90° from its normal orientation, and then
the neck is inserted into a large hole drilled in the
sigmoid notch. A screw is inserted through the
head and down the medullary canal of the neck
and into the distal radius to gain fixation of the
construct. Although the technique creates an
articular surface with the nonarticular part of the
ulna, it does construct a strong support for the
ulnar carpus.

Implant Arthroplasty

Although distal ulnar implant arthroplasty is gain-
ing popularity for a variety of arthritic conditions
involving the DRUJ because it reproduces near-
normal kinematics of the joint, there are greater
challenges when using this technique for rheuma-
toid arthritis (Fig. 10.4) [20, 21]. The two primary
concerns are joint stability and bone quality. With
the exception of using a constrained implant,
implant arthroplasty relies on soft tissue con-

Fig. 10.4 A partial ulnar head replacement was implanted in combination with a radiolunate arthrodesis in an active

female with minimal active rheumatoid disease
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straints, which are typically attenuated or eventu-
ally affected in rheumatoid arthritis, and thus the
risk of developing joint instability is substantial.
Because bone quality is affected by the rheuma-
toid disease and its medical treatment, progres-
sive and excessive erosion of the sigmoid notch
following total or partial ulnar head replacement
is a concern. A total joint replacement, either con-
strained or unconstrained, may initially obviate
some of these concerns; however, the relative
functional benefits of these more complex and
costly procedures compared to traditional proce-
dures in this patient population are small, particu-
larly because the potential complications of
implant loosening and infection are higher.
Therefore, implant arthroplasty should likely be
reserved for younger, active rtheumatoid patients
with a painful DRUJ due to articular degeneration
but who have a relatively stable and well-aligned
joint and adequate bone quality (Fig. 10.4).

Outcomes

The results of the three traditional procedures are
generally good for relief of pain, elimination of
offending mechanical reasons for tendon rup-
tures, and aesthetic improvement by reducing or
eliminating the prominence of the ulnar head.
Fortunately, radioulnar impingement with associ-
ated crepitus is rarely painful or substantially
noticeable and typically improves as the distal
ulna remodels. The distal radius also frequently
remodels at the site of the pseudo-articulation
between the radius and ulnar stump following a
Darrach or SK procedure. The distal ulna also
remodels following an HR procedure but the
radius is often not affected.

The overall improvement in pain and function
may be affected by concurrent procedures
depending on the severity of the conditions
necessitating these procedures. For example, a
younger patient with severe ulnar translocation of
the carpus that is treated by a Darrach or HR pro-
cedure and concurrent radiolunate fusion will
likely require a longer recovery and rehabilitation
and be more affected by the change in wrist
motion than the distal ulna procedure. Similarly,

a distal ulna procedure will often have less impact
on recovery and ultimate hand function than con-
current finger joint reconstructions or tendon
transfers.

With the exception of possible progressive
ulnar translocation of the carpus following a
Darrach or HR procedure, there is little risk of
functional deterioration of these traditional proce-
dures despite pseudo-joint formation with possible
narrowing of the distal ulna and remodeling of the
radius. Although there is no clear evidence that
one of the three traditional procedures provides a
better long-term functional outcome, selecting a
given procedure based on local anatomical defor-
mity, systemic disease activity, and patient goals
may provide some benefits toward better wrist
function, lower risk, and more rapid recovery.
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Procedures in the Rheumatoid
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Wrist, Including Tendon Transfer

Procedures

Philippe Bellemére

Flexor Tenosynovectomy

Tenosynovectomy of the flexor tendons is per-
formed when symptoms persist in spite of 3-6
months of conservative treatment. These symp-
toms may be the starting point of the disease.
They cause pain and stiffness of the fingers, often
in the morning. The clinical examination reveals
crepitus when the flexor tendons are palpated
between the proximal and distal palmar creases.
Due to tenosynovitis, adhesion of the flexor pro-
fundus and superficialis tendons limits finger
flexion. Tenosynovitis in the wrist may cause car-
pal tunnel syndrome and forms a mass in the car-
pal tunnel.

The aim of surgery is symptom relief and pre-
venting tendon rupture.

Technique

The incision must allow the surgeon to perform
a tenosynovectomy extending from proximal to
distal. In order to treat tenosynovitis in the
palm and the wrist, the classic volar approach
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to the carpal tunnel is generally sufficient. If
there is a synovial pannus proximal to the car-
pal tunnel, the incision is extended proximally
with a Z incision between the two flexion
creases of the wrist (Fig. 11.1). The median
nerve and the branches are located and released
(Fig. 11.2). Tenosynovectomy must be per-
formed tendon by tendon by removing any
tenosynovitis surrounding each tendon. A num-
ber 15 scalpel blade is initially used.
Manipulation of the tendon with forceps should
be as atraumatic as possible. A fine rongeur is
useful to carefully extract any intratendinous
synovium (Fig. 11.3). If the tendon is torn or
partly ruptured, it must be repaired with a 4/0
PDS suture. The carpal tunnel must be thor-
oughly explored, and any protruding bone in
contact with the tendons must be removed from
the floor of the carpal tunnel. Capsular perfora-
tions must be sutured or covered with a capsu-

lar flap.
Early postoperative mobilization is required
to avoid adhesion around the tendons.

Physiotherapy must aim to dissociate the
actions of the superficial and the profundus
flexors. Tenosynovectomy is a procedure that
devascularizes the tendons, and there is a poten-
tial risk of secondary rupture, particularly when
the tendon has been damaged by synovial infil-
tration. The surgeon must convey to the thera-
pist to initiate more gentle therapy when the
tendons are frayed.
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Fig.11.1 Carpal tunnel
approach extended
proximally and distally

Fig.11.2 Synovial
pannus with rice-like
foreign bodies. The
median nerve is
protected

Fig.11.3 Intratendinous
synovitis should be
removed
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Results

The results of flexor tenosynovectomies are gen-
erally good and relapses or repeat tenosynovecto-
mies are rare [ 1-5]. Pain relief is quite predictable;
however, as Duché emphasizes [3], the mobility
always improves after 4 months and then deterio-
rates over time to return to its preoperative level
at a follow-up of 8 years. Nevertheless, a teno-
synovectomy in the early stages of the disease
would appear to protect the patient from the risk
of subsequent tendon rupture.

Flexor Tendon Ruptures

Although these are less common than extensor
tendon ruptures, flexor tendon ruptures are no less
serious, due to their effect on function. Two thirds
of all flexor tendon ruptures occur in the carpal
tunnel [6, 7]. Ruptures in zone IV of the flexor
pollicis longus (FPL) tendon and the index flexor
tendons are the most common. The main cause is
attrition of the tendon on the volarly subluxed dis-
tal scaphoid (Mannerfelt syndrome for rupture of
FPL tendon), the lunate in the DISI position, the
anterior radius (due to carpus malposition), or a
prominent metal device used for partial or total
wrist fusion or arthroplasty [8] (Fig. 11.4). The
palmar edge of the trapezium, hamate, and ulnar
head may also be the cause of the rupture, but pro-
liferative synovitis is frequently seen in the rup-
tured tendon. It affects the flexor tendons by
infiltration, causes nodule formation, changes
their ultrastructure, and eventually leads to tendon
necrosis and spontaneous rupture (Fig. 11.5).
The indication for surgery depends mainly on
the patient’s demands, the number of tendons rup-
tured, and the status of the distal joints. If the dis-
tal joints are stiff, destroyed, and painful, fusion
should be considered rather than tendon repair.

Technique

The option for surgery depends on the time of
presentation. It is best to intervene if the rupture
is detected within 4-6 weeks before myostatic
contracture of the flexor muscle hinders recovery

Fig.11.4 Volarly subluxed carpus and palmar bony spurs
may cause flexor tendon rupture

of muscle function. Even in its early presenta-
tion, direct suture is rarely possible due to attri-
tion and loss of substance at each end of the
tendon, and tendon reconstruction is necessary.
The tendon ends are retrieved and debrided to
healthy tissue.

For the thumb, a direct tendon graft using the
palmaris longus (PL) is the best option for FPL
tendon rupture. When PL is not present, a strip
of flexor carpi radialis (FCR) can be used as a
graft. It is better not to sacrifice an intact FDS
tendon to restore FPL function so as to avoid
instability of the digital chain and keep later
reconstruction options open [9]. If there are
associated ruptured FDS tendons, one of the
FDS tendon can be used as graft to repair the
FPL. When the palmaris longus is not present or
the rupture is very old, an FDS tendon from the
ring or the middle finger is used as a tendon
transfer. However, when MP joint has good
motion, repair of FPL tendon is not always
necessary and IP fusion may be an option.

One proximal tendon can be used to power
ruptured flexor tendons of two fingers. When
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Fig.11.5 Flexor tendon
ruptures in the carpal
tunnel with marked
tendon infiltration and
necrosis

Fig.11.6 Ruptures of
FPL and index FDS and
FDP tendons repaired
with intercalated grafts
(PL for FPL, index FDS
for index FDP)

both the FDS and FDP tendons are ruptured, a
segment of superficialis tendon can be used as an
intercalated graft to reconstruct the profundus
tendon (Fig. 11.6).

Tension of the graft is set so that the MCP
joint and IP joints are in flexion when the wrist is
in extension and in complete extension when the
wrist is in flexion. A slight overtension of 15° of
flexion for the IP joints is recommended to
strengthen the muscle especially if the rupture is
old. The graft is secured proximally and distally
to tendon stumps using a Pulvertaft weave. For 6
weeks after the operation, the tendon reconstruc-
tion is protected with a dorsal wrist splint. Early
mobilization is guided by passive and active
flexor tendon repair rehabilitation protocol.

In cases of multiple flexor tendon rupture, the
aim is first to restore a functional thumb with a
PL graft and index pinch at FDS transfer. One
can then restore the overall flexion of the ulnar
fingers with an FDS to FDP transfer.

Results

Good results can be achieved if a single finger
tendon rupture is treated early, but usually results
are mediocre and overall finger flexion is poor [6,
10]. Synovial invasion and multiple flexor tendon
rupture have a bad prognosis. Prevention with
early tenosynovectomy is the best treatment to
avoid flexor tendon rupture.
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Fig.11.7 PA
radiological view of the
wrist showing the
Freiberg’s scallop sign
of the ulnar border of
the radius

Extensor Tenosynovectomy

Extensor synovitis is more visible than flexor
synovitis and may be treated earlier. The indica-
tion for tenosynovectomy should be considered
when pain and swelling are not relieved in spite of
3—6 months of conservative treatment. The aim of
treatment is to relieve symptoms and prevent ten-
don rupture. Apart from the duration of symptoms,
Ryu identified two radiological prognostic factors
for the risk of tendon rupture [11]: the scallop sign
as described by Freiberg and dorsal dislocation of
the distal ulna (Fig. 11.7). When one of these
radiological signs is present, early prophylactic
tenosynovectomy should be considered.

Three-dimensional computed tomography
(3DCT) imaging is interesting to quantify the
risk of extensor tendon rupture for cases of caput
ulnae syndrome. Cutoff values for extensor ten-
don rupture have been determined by Ishikawa
for when the dorsal subluxation ratio is 32 % and
the carpal supination angle is 14° [12]. Over
these values, early prophylactic tenosynovec-
tomy should be considered.

Technique

A dorsal longitudinal incision is made along the
axis of the radius and the third metacarpal. This

incision is best because it respects venous drain-
age and the dorsal sensory branches of the radial
and ulnar nerve. There is a risk of hematoma or
skin necrosis in rheumatoid patients when
oblique or zigzag incisions are used (Fig. 11.8).
The extensor retinaculum must be preserved
despite the aggressive nature of the disease
because it can serve three roles: stabilization of
the ulnar head, prevention of bowstringing of the
extensor tendon, and reinforcement of the dorsal
capsule. The extensor retinaculum is incised ver-
tically over the ECU tendon. A radial-based rect-
angular flap is carefully raised from the sixth
compartment to the second (Fig. 11.9). The first
compartment rarely requires tenosynovectomy
and is not opened. Exposing the tendons can be
difficult with a big synovial pannus. There is a
risk of damaging the dorsal retinaculum and cut-
ting the EDM at the distal part of the flap. The
knife should cut the septum between the com-
partments from proximal to distal with a subperi-
osteal detachment over Lister tubercle.
Tenosynovectomy is performed on each tendon,
and partial rupture must be reinforced with a PDS
suture as described for flexor tendon tenosyno-
vectomy. Lister tubercle is removed to avoid fur-
ther erosion of the extensor tendons.

If there is pain or carpal synovitis, the poste-
rior interosseous nerve is usually removed about
4-5 cm proximally with its branch to the distal
radioulnar joint (DRUJ).
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Fig. 11.8 Skin complications with dorsal wrist approach in RA. (a) Hematoma with a zigzag incision. (b) Skin

necrosis

Fig.11.9 Extensor tendon
synovitis. The dorsal
retinaculum is reflected
radially from the ulnar side
of ECU tendon

After the operation, a palmar wrist splint is
worn for 3 weeks. Early finger mobilization with
full passive and active flexion and extension is
encouraged.

Results

Results of extensor tenosynovectomy are usually
good; recurrence of synovitis and reoperation are
rare. The rate of postoperative extensor tendon
rupture is low, about 1 % according to many
authors [12, 13]. The main causes of rupture are

attrition over the distal ulna, synovial invasion,
and weakening of the tendon.

Wrist Synovectomy

Within 2 years of RA being diagnosed, more than
half of patients will have wrist pain, and over
90 % will have wrist disease within 10 years [14].

When obvious carpal synovitis is present,
with relative absence or mild joint destruction,
synovectomy of the radiocarpal and midcarpal
joint is indicated.
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Technique

This procedure is frequently combined with exten-
sor tenosynovectomy and is performed through an
approach with a distally U-shaped flap as
described by Tubiana [15] (Fig. 11.10). The ulnar
border of the flap is incised in line with the lunotri-
quetral joint and the radial border in the line with
the radial styloid. Synovectomy is performed with
the wrist pulled by the assistant. It may be possi-
ble to remove the synovitis from the palmar side
and the ulnar and radial recess with a fine rongeur.
Preservation of the intrinsic and extrinsic liga-
ments during the synovectomy is paramount,
especially during midcarpal synovectomy. Strong
attachment of the dorsal flap must be meticulous
at the end of the procedure. Bone anchors in the
radius may help capsule attachment.

The DRUJ may have synovitis requiring DRUJ
synovectomy. Dorsal instability of the ulnar head
is frequently associated with a distension of the
dorsal capsule by the synovial pannus. The DRUJ
is exposed from the sixth compartment. The ECU
tendon is subluxed ulnarly and palmarly. The cap-
sule is incised vertically over the DRUJ line. Care
must be taken not to divide the triangular fibrocar-
tilage complex (TFCC) or ulnocarpal ligaments.
Synovectomy is then performed with the help of a
fine rongeur. In the early stages, when the joint is
not destroyed, the ulnar head is preserved and must
be stabilized with a strong attachment of the DRUJ
dorsal capsule to the ulnar margin of the radius.
Bone anchors may help at this critical stage.

After wrist synovectomy, a palmar splint with
the wrist in neutral position is worn day and night
for 3 weeks, and then gentle mobilization is
started. A splint is worn for daily activities and at
night until 6 weeks postoperatively.

Results

Surgical wrist synovitis in RA has been shown to
provide pain relief and improve wrist function
despite postoperative joint stiffness for certain
patients. It may slow down the rheumatoid
destruction process; however, there is no study
that conclusively demonstrates that surgical syno-

Fig.11.10 Tubiana’s capsular flap (Adapted from Merle
9D

vectomy changes the natural course of rheumatoid
arthritis by delaying joint destruction [16—19].

Nowadays, arthroscopic techniques allow bet-
ter visualization and accessibility in the multiar-
ticulated complex wrist joint and have the
advantages of reduced postoperative morbidity
and, more importantly, less postoperative joint
stiffness compared with conventional open syno-
vectomy [17, 18]. In the small series in the litera-
ture, long-term results have not shown that the
radiological course of the disease was stopped.
Adolfsson, in his series of 11 RA wrists treated
with arthroscopic synovectomy, found nine cases
in which radiographic progression does not cor-
relate with the patients’ symptoms [20].

Lee [21] reported the long-term clinical results
after arthroscopic synovectomy for RA wrists
refractory to medication. The rates of clinical
remission, without recurrence of synovitis, were
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75 % and 65 % at 5 and 10 years of follow-up,
respectively. In his series, as in certain open syn-
ovectomy series [18, 22, 23], the rate of synovitis
control for wrists at a lower radiological stage
was not superior to that of wrists at a more
advanced radiologic stage.

Rupture of Extensor Tendons

Rupture of the extensor tendon should be sus-
pected when there is no pain but a slight exten-
sion lag, especially with the little finger and
thumb (Fig. 11.11). Rupture occurs most com-
monly on the ulnar side due to synovitis of the
DRUJ and wrist deformity as in the “caput ulnae
syndrome” first described by Backdahl in 1963.
Rupture of the extensor pollicis longus (EPL)
tendon is also a frequent event in RA patients due
to attrition of the tendon over the Lister tubercle.
Isolated tendon ruptures of the extensor digiti
minimi (EDM) or EPL can be misdiagnosed

Fig.11.11 Extensor tendon ruptures over the wrist of the
ring and little finger

because the functional loss is slight and often
overlooked by more severe RA involvements.
Loss of finger extension can also be the conse-
quence of other differential diagnoses in rheuma-
toid patients: extensor tendon subluxation over
the MCP joint, palmar MCP joint dislocation, or
posterior interosseous nerve palsy.

Once extensor tendon rupture has been diag-
nosed, prompt surgery is indicated. The number
of ruptured tendons is correlated with preopera-
tive surgical delay [24].

Tendon reconstruction should not be per-
formed without first addressing function of the
MCP joints. Stiff, painful, destroyed, or subluxed
joints should be treated specifically in order to
maximize the tendon reconstruction.

Technique

Reconstruction of digital extension may use three
procedures:

* Side-to-side or end-to-side suture

* Tendon graft from palmaris longus (PL), strip
of ECRB or ECRL, plantaris tendon, or exten-
sor of the fourth toe

* Tendon transfer from extensor indicis proprius
(EIP) or flexor digiti superficialis (FDS) of the
middle or ring finger

Surgical options depend on the number of ten-
don ruptures and numerous strategies have been
described [8, 9].

For the fingers, when there is a single tendon
rupture, side- or end-to-side suture with one ten-
don for two fingers is a frequent option.

Rupture of the EPL can be treated by an EIP
transfer or a tendon graft with the PL. when the
EIP cannot be used. Tendon grafting runs the risk
of adhesions in RA, and survival of the graft may
be compromised when wound dehiscence or skin
necrosis occurs. Furthermore grafting requires
good contractility of the proximal muscle that can-
not be achieved beyond 3 months following the
rupture [25, 26]. Muscle retraction with a passive
excursion of less than 2 cm is not recommended
for grafting. For all these reasons, tendon transfers
are usually favored over tendon grafts.
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For rupture of both extensors in the little finger,
there are two options: transfer of the EIP to the
stump of the little finger extensor digitorum com-
munis (EDC) or grafting the EDC using the EDM,
especially if there is a doubt about the functional-
ity of the EIP. Alternative, end to side repair of the
little finger extensor tendon to the intact ring fin-
ger extensor tendon is a good, simple option.

Tendon ruptures involving the ring and little
fingers can be treated as described above for the
little finger and with a side-to-side suture of the
EDC IV to the EDC III (Fig. 11.12).

Tendon rupture involving the middle and the
ring finger can be treated with a side-to-side
suture of each tendon to its adjacent EDC.

When there are three or more digital extension
losses to treat, multiple intercalated grafts may
have a risk of massive adhesions. A tendon transfer

using a flexor superficialis of the ring finger is
often preferred. For example, rupture involving the
middle, the ring, and the little finger can be treated
with a side-to-side suture of the EDC III to EDC II
and transferring FDS Il to EDC IV and V. Another
option is an EIP to EDC IV and V transfer.

Tendon rupture involving the whole finger can
be treated by transferring two flexor superficialis
tendons [27]: FDS III to EDC II and IIT and FDS IV
to EDC IV and V. The FDS tendons are harvested
with an incision at the base of the finger. This will
minimize the risk of a swan neck deformity of the
finger in case of a floppy PIP joint. The tendons are
extracted from the middle of the forearm and sub-
cutaneously tunneled around the radial side of the
forearm or through the interosseous membrane
(with potential scarring), to reach the distal stumps
of the tendon over the hand (Fig. 11.13).

Fig. 11.12 Extensor tendon reconstruction of the ring
and little finger. EIP transfer to EC of the little finger.
Side-to-side suture of EC IV to EC 111

Fig. 11.13 Extensor tendon reconstruction of the whole

finger with double FDS tendon transfer through the inter-
osseous membrane
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Fig.11.14 Clinical case: rupture of EDC III, IV, and V tendons over the wrist. (a) EIP transfer to the EDCV and FDS
transfer to EDC IV and EDC III. (b) Postoperative splint allowing early finger active mobilization. (¢) and (d) result

Postoperative protocol after extensor tendon
reconstruction requires a palmar splint for 4 weeks
with 30° of wrist extension and 40° of MP joint
flexion. The DIP and PIP joints are free for early
passive and active mobilization (Fig. 11.14). Full
digital flexion is encouraged. A dynamic splint
may be used to protect the double-sided weave
sutures (Pulvertaft) of the intercalated graft.

Results

As with flexor tendon repair, the results of exten-
sor tendon repair are usually good when one or
two tendons are repaired but may be disappoint-
ing when three or more tendons are ruptured,
even if solid repair and early mobilization are
performed. Patient satisfaction is correlated with
the MP joint extension lag but not with pulp-to-
palm distance [28].

Once again, prevention with early synovec-
tomy is the best treatment to avoid tendon
rupture.

Wrist Balancing Procedures

The aim of these procedures is to prevent, cor-
rect, or limit the deformities of the rheumatoid
wrist, which is dorsal subluxation of the ulnar
head, carpal supination, radial inclination, and
ulnar displacement of the wrist. These deformi-
ties must be reducible for the balancing proce-
dure to be effective.

Technique

Wrist balancing procedures (WBP) are frequently
or systematically performed concurrently with
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Fig.11.15 Reattachment under tension of the Tubiana’s
capsular flap on the dorsal radial edge of the radius
(Adapted from Merle [9])

tenosynovectomy of extensor tendons, radiocar-
pal and midcarpal synovectomy or any DRUJ
procedure. For example, after radio- and midcar-
pal synovectomy, the U-shaped flap of the dorsal
capsule can be reattached under tension with the
wrist placed in mild extension, while the assistant
reduces the ulnar translation and carpal supina-
tion [9, 15] (Fig. 11.15).

However, most WBPs are focused on the dor-
sal and ulnar edge of the wrist, especially around
the ECU, to place it in a dorsal and radial position
over the ulnar head.

Realignment of the ECU according to
Spinner—Kaplan uses a plasty of the dorsal reti-
naculum divided into three parts (Fig. 11.16).
The proximal part is left dorsally to the extensor
tendon to avoid a bowstringing effect. The inter-
calary flap wraps and places the ECU tendon

over the ulnar head. It is strongly attached to the
ulnar edge of the radius. The distal flap is left pal-
marly to the tendons to protect them from the
bone spurs and reinforce the dorsal capsule.
Some authors divide the retinaculum into two
parts with the distal one left palmarly to the
extensor tendons and wrapping the ECU [29].

Radial deviation and ulnar displacement of the
wrist can be treated by transferring the ECRL as
proposed initially by Clayton and Ferlic [30].
The ECRL transfer is attached either on the ulnar
border of the ECRB in a mild deformity [29] or
into the insertion of the ECU with a strong attach-
ment (side-to-side or with a Pulvertaft weave or
with a bone anchor onto the base of the fifth
metacarpal). In cases of severe deviation, the
ECU is lassoed by the ECRL which is attached to
the ulnar border of the ECRB as described by
Merle [9] (Fig. 11.17).

Another possibility to reduce radial deviation
and supination of the carpus and prevent its ulnar
deviation is Tubiana’s procedure [15]. This uses
the distal palmar oblique portion of the extensor
retinaculum which is attached to the palmar
aspect of the pisiform. For this procedure this
structure is passed palmarly to the ECU and
firmly attached with tension to the posteroulnar
border of the distal radius (Fig. 11.16).

Results

It is difficult to evaluate the efficacy of WBP
procedures because they are associated with
many other procedures, especially those involv-
ing the DRUJ. Furthermore, the results depend
on medical treatment and the patient’s activity
and needs.

According to the series of 32 wrists operated
on by Ito [31], when combined with wrist syno-
vectomy, an ECRL to ECU transfer can provide
effective stabilization on the X-rays at over 5
years (mean, 8.8 y). Despite a progression in the
radiologic stages of radiocarpal joints, radial
angulation of the wrist decreased significantly,
but ulnar slippage of the carpus did not change.

In a series of 78 wrists treated by dorsal syno-
vectomy, Sauvé—Kapandji procedure, and wrist
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Fig.11.16 Realignment of the ECU (Spinner—Kaplan procedure). (a) The dorsal retinaculum is divided in three parts.
(b) ECU tendon is wrapped and dorsally stabilized over the ulnar head (Adapted from Merle [9])

Fig.11.17 ECRL distally
detached is transferred to
the ECU

balancing procedure, Alnot found good results on Radiographically, 72 % of wrists remained
pain relief, a 28° loss of range of motion and 1 stable according to Larsen’s classification, but
postoperative re-rupture of the extensor tendon, carpal height decreased in all cases and ulnar
at a mean follow-up of 7.2 years [32]. slippage increased in 11 %.
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Conclusion

None of these soft tissue procedures (STP), even
when they are combined with each other, seem to
have any radical effect on the natural course of
the disease. Indeed, this varies from one patient
to another and depends mainly on the medical
treatment prescribed. In fact, the number of STPs
used by surgeons for the RA wrist have decreased
over these last 10 years due to improvements in
medical treatment [33]. Early surgical treatment
should therefore be considered when symptoms
are not relieved before 3—6 months [34, 35] of
medical treatment or when imaging prognosis
factors are present. STPs may help the patient to
relieve pain and symptoms, protect the tendons,
correct wrist deformity, and slow down the dis-
ease’s progression.
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Introduction

Much has been written on the history of the use
of total wrist arthroplasty (TWA) to treat rheuma-
toid patients [1]. TWA for rheumatoid patients is
still a controversial issue [2-5]. For this reason,
the reader should keep in mind that total wrist
fusion (TWF) remains the standard in which all
wrist arthroplasty procedures are judged. TWA is
a challenger of TWE. It is a more ambitious pro-
cedure because patients always prefer motion
[6], but failures can occur despite recent improve-
ments. Because TWA is a relatively new proce-
dure, only time and experience will provide more
consistent outcomes when TWA is chosen for a
particular patient.

The purpose of this chapter was to provide
current concepts about the indications, contrain-
dications, and current results of TWA for end-
stage rheumatoid arthritis.
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Indications and Contraindications

The indication for TWA in RA is a painful pan-
carpal arthritic wrist. This means a stage IV or V
according to Larsen’s classification [7] or a stage
IT according to Simmen and Herren’s classifica-
tion [8]. We prefer to use Simmen’s classification
because it highlights the “arthrosis” type 2 stage
(Fig. 12.1) compared with the “ankylosing” type
1 stage (Fig. 12.2) and the “destructive” type 3
stage (Fig. 12.3).

Volar carpal subluxation in type 2 RA wrists
should not be considered as a contraindication.
However, the surgeon should not expect good
results with TWA for Simmen type 1 or 3 RA wrists.

The use of walking aids or nonfunctional/
irreparable wrist motors are contraindications to
TWA as well as severe stiffness of both wrists
especially if non-reducible flexion deformity is
present. Active infection is the classic contraindi-
cation to any implant surgery. Active RA with
difficulties in medical treatment adjustments is a
contraindication to any major wrist surgery.

Specifications and Current Results
of Recent TWA Designs

The use of the Maestro total wrist system
(Biomet, Warsaw, IN) was recently reported by
Nydick [9] in 5 RA wrists within a series of 23
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Fig.12.1 Simmen stage II end-stage rheumatoid wrist is
a good indication for TWA in a compliant patient under-
standing the risk—benefit issue of TWA compared with
TWF

Fig. 12.2 Simmen stage I ankylosing rheumatoid wrist
may not be currently considered as a good candidate for
TWA

TWA. The Maestro TWA comprises of press-fit
radial and carpal components. The carpal compo-
nent fixation is augmented with non-locking
screws into the second metacarpal and hamate,
with care being taken not to cross the fourth and
fifth carpometacarpal joints. Distal ulna resection
was associated in 3 of these 5 Maestro cases.
Nydick et al. reported the results of their five RA
wrists at a mean follow-up of 28 months. The
average VAS pain improved by seven points, and
postoperative wrist motion gain was 4° meaning
that wrist motion was essentially maintained. The
average postoperative DASH score was 54 points,

Fig. 12.3 Simmen stage III osteolytic unstable rheuma-
toid wrist should still be treated with total wrist fusion

and the average postoperative Mayo wrist score
was 49 % (poor according to Cooney’s stratifica-
tion). The postoperative forearm rotation arc was
not reported. A total of two complications (40 %)
were reported within the five RA wrists. One
patient had persistent wrist flexion contracture
with loss of extension (0° of extension, 60° of
flexion) despite flexor carpi radialis tenotomy
and flexor carpi ulnaris lengthening. One patient
had a volar wrist dislocation that occurred from a
fall shortly after surgery and was successfully
treated with closed reduction and extension
splinting for 2 weeks. Nydick’s study was not
specifically aimed at rheumatoid patients. Thus,
the numbers are very small, and it is too early to
get valid conclusions about the use of this new
implant to treat the end-stage rheumatoid wrist.
The use of the first-generation UTW TWA
(KMI) was reported by Ward [10] using the tech-
nique described by Menon [11]. The radial com-
ponent and the central stem of the carpal
component were fixed with cement. The carpal
component was further secured with two screws
into the carpus. The distal part of the ulna was
resected in all cases. Ward et al. reported the
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results of a prospective series of 19 “UTW1”
TWA in 15 patients with rheumatoid arthritis dis-
ease at a mean follow-up of 7.3 years. The DASH
score improvement was 22 points, ranging from
62 pts preoperatively to 40 pts postoperatively.
The mean improvement in wrist flexion—exten-
sion arc was 14°. The postoperative forearm rota-
tion arc and VAS pain were not specifically
reported. A total of nine wrists (47 %) underwent
revision surgery because of carpal component
loosening. A total of two additional wrists had
radiographic evidence of carpal component sub-
sidence at the time of latest follow-up. The
implant survival rate at follow-up was 60 %.
These results with the UTW1 implant were far
from satisfactory regarding the revision rate. In
our opinion, this series should be considered as
historical since this implant is no longer available
and has been replaced by the UTW2 implant.

The use of the UTW2 TWA (Integra
LifeSciences, Plainsboro, NJ) was reported by
Ferreres in 2011 [12] in 21 wrists of which 14
had rheumatoid arthritis. The mean follow-up
was 5.5 years. The distal part of the ulna was
resected in all cases. Pain during activities of
daily living was absent or slight in 81 % of the
patients. The postoperative PRWE averaged
24 %. Looking specifically at the results of the
rheumatoid patients in this series, the average
postoperative wrist flexion—extension arc was
69°. Mean postoperative PRWE for pain was 14.
Mean postoperative PRWE for pain was 16. A
total of five patients were very satisfied, eight
patients were satisfied, and one was not satisfied.
Ferreres reported two minor postoperative com-
plications and one ulnar subsidence with peri-
prosthetic osteolysis. These results were by far
superior to those reported by Ward. These results
confirm how important TWA design and instru-
mentation are with respect to clinical outcomes
and implant survival.

We reported in 2011 [13] the use of the
Remotion (SBI) TWA in a single-center study of
13 RA wrists at a mean follow-up of 32 months.
VAS pain improvement was 6/10 points. The
average postoperative wrist flexion—extension arc
was 53°, which is a 12° decrease from preopera-
tive measurements but still a functional range of

active motion. Grip strength improved from 7 kg
preoperatively to 11 kg postoperatively. A total of
11 patients subjectively felt much improved and
two felt improved. There were no reoperations or
dislocations at this short-term evaluation, but we
observed two loosenings, one carpal and one
radial, none of which symptomatic enough to
warrant revision. The fact that true loosening
with implant subsidence could be well tolerated
was a new finding that in our opinion was directly
related to the implant design regarding its pri-
mary stability.

A European multicentre study using the
Remotion (SBI) TWA at a much larger scale (75
patients at mean follow-up of 4 years) provided
similar results [14]. VAS pain improvement was
4.8/10 points. The average postoperative wrist
flexion—extension arc was 58°. Postoperative grip
strength improvement reached 40 %. The mean
quick DASH improvement was 20 pts. There
were 5 % complications requiring implant revi-
sion and 2 % minor complications not requiring
revision. We observed a 12 % rate of peripros-
thetic radiological loosening. The survival rate at
a mean of 4-year follow-up was 96 %. These
results were confirmed in a subsequent analysis
with longer follow-up [15]. Currently the
Remotion (SBI) TWA has the largest reported
outcomes compared with other implants. These
results make it easier when discussing with a
patient about the outcome he or she can expect if
operated on with TWA for complete wrist
destruction from rheumatoid disease. This does
not mean that this implant is better than any other
last-generation TWA since no paper reported any
comparative study between different implants.
Here are some tips and tricks about the Remotion
surgical technique.

Preoperative templating with scaled X-rays is
very important to make sure that rheumatoid car-
pal collapse does not preclude the TWA inser-
tion. The implant should not be oversized. A
Darrach procedure is most often combined with
TWA. The combined use of ulnar head implant
and TWA has seldom been reported and cannot
be recommended at this time. The capsulotomy
should allow satisfactory view of the destroyed
carpus, provide access to the ulnar head, and
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allow for closure at the end of the procedure so
that the implant is covered and not in direct con-
tact with the extensor tendons. We currently rec-
ommend a “Z” capsulotomy of the wrist
combined with an extension toward the ulnar
neck. In order to properly orient radial and carpal
stems, the wrist should be flexed 90° once bony
resections are done. Because proper rotation of
the components is critical, we recommend the
surgeon to be seated at the end of the upper
extremity. Fluoroscopy should be available in the
OR so that proper stem positioning can be
checked. The stem of the carpal component
should be aligned with the third metacarpal. The
carpal implant should be seated into a fused distal
carpus. If the fusion is not completed by the dis-
ease at the time of the operation, it should be per-
formed simultaneously around the carpal
component using the cancellous part of the
resected bone. It is our opinion that the second
and third CMC joints should ideally not be
crossed by any part of the carpal component of
the implant (stem or screws) in order to keep
some carpometacarpal micromotion. This micro-
motion may act as a shock absorber to compen-
sate for the modified biomechanics of the
prosthetic wrist. This remark is not valid if the
second and third CMC joints are already fused by
the disease, but in any event the stem should not
go too far into the third metacarpal. The dorsal
retinaculum should be anatomically closed at the
completion of the procedure.

Conclusions

There has been a major breakthrough about the
use of TWA to treat rheumatoid wrists since 2000
[13—16]. Several new designs have been proposed,
all featuring smaller implants. When compared
with the older-generation metal on polyethylene
TWA, the results and survival rates with the cur-
rent designs are much better. Experience and fol-
low-ups are gradually increasing. Arthroplasty
surgery using new-generation TWA designs has
become a reliable procedure (Fig. 12.4) for most
rheumatoid patients with stage IT Simmen “osteo-
arthritic-like” wrists even if there is a volar sublux-

Fig. 12.4 Example of Remotion TWA in the nondomi-
nant rheumatoid wrist of a 44-year-old female 3 years
after surgery. The patient was much improved compared
to her preoperative status and very satisfied. Her postop-
erative PRWE was 7pts; Quick DASH was 14 pts. Active
flexion—extension arc was 45°

ation of the carpus with respect to the radius. The
procedure is even more justified if the rheumatoid
involvement is bilateral and if a TWF is chosen on
the other side [5, 17]. When dealing with rheuma-
toid Simmen stage II panarthritis of the wrist, the
patient’s and surgeon’s decision-making should
consider several factors. First of all, TWF for end-
stage rheumatoid arthritis for whatever Simmen’s
stage is a time-honored standard procedure with
reliable long-term results. However, complete loss
of wrist motion has obvious negative consequences
on wrist function [18]. This is particularly true if
there is multiple joint involvement of the ipsilat-
eral upper extremity [6]. In this situation or when
dealing with a patient who wishes to keep some
active motion or if there is bilateral wrist involve-
ment, it is now possible to consider TWA. Given
the still limited experience with the above-
described new-generation implants, the patient
must be aware that complications and revision
cannot be excluded. Among complications of
these new TWA designs, periprosthetic osteolysis
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[19, 20] is a concern and is currently under inves-
tigation. The patient should be informed of this
potential complication before surgery is under-
taken. In other words, because revision of failed
TWA usually consists of TWF, TWA can now be
considered as a motion-preserving option before
eventual TWF in a compliant and motivated
patient who is well aware of the potential compli-
cations. In our opinion, given the fact that we are
now more confident with the use of Remotion
TWA, arthroplasty is our first choice in a compli-
ant patient presenting with a Simmen 2 rheuma-
toid wrist whether the involvement is bilateral or
not. We consider TWA as an option “before” TWF
and TWF as a revision option should the TWA fail.
In this situation, conversion of the TWA to TWF
can be done in one or two stages. If two stages are
required, there is a need for a temporary cement
spacer for 3 months before TWF. In any event, in
rheumatoid patients, the TWF does not require a
massive bone graft since implant’s volume was
limited. Fixation of TWF with a dorsal pre-con-
toured plate is seldom possible in our experience
because of the wrist distortion and skin fragility,
and we prefer to use temporary K-wires.
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Hajime Ishikawa

Introduction

The wrist is a “keystone” of hand function [1].
Pain-free stability of the wrist is a prerequisite for
the rheumatoid wrist to maintain power and per-
form various manual tasks. To prevent wrist dete-
rioration, tight medical control of disease activity
is essential. Severe extensor tenosynovitis, dorsal
subluxation of the ulnar head, carpal supination,
and dislocated ECU tendon were associated with
finger extensor tendon ruptures. Synovectomy of
the extensor tendons and the wrist joint com-
bined with a Darrach procedure was recom-
mended for the treatment of painful rheumatoid
wrist. Clinical results were satisfactory, but over
time, ulnar shift and palmar subluxation of the
carpus with progressive deterioration could
occur. For the moderately deteriorated wrist, lim-
ited wrist radiolunate (RL), radioscapholunate
(RSL), and radiolunotriquetral (RLT) fusion pro-
vides pain relief, stability, and some motion
through the midcarpal joint. In the wrist, in which
both the radiocarpal and the midcarpal joints
were damaged, midcarpal arthroplasty using a
tendon ball combined with limited wrist fusion at
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the radiocarpal was one of the options for wrist
reconstruction. For the highly deteriorated wrist
with dislocation, total wrist fusion using an intra-
medullary wrist fusion rod (WFR) fixation is the
most reliable procedure to provide long-lasting
pain relief and stability with gain in grip power.

Natural Course of Rheumatoid Wrist
Disease

Rheumatoid arthritis (RA) is a systemic disease
with chronic inflammation of synovial joints.
Persistent joint inflammation frequently leads to
destructive lesions of the cartilage and bone.
The wrist is frequently involved in RA, even in
the early stage of the disease. The cumulative
incidence for the onset of wrist symptoms is
higher than that of elbow and shoulder symp-
toms. Hamaéldinen reported a cumulative inci-
dence of wrist involvement in RA was over
70 % at 3 years and 95 % at 11 years after onset
of the disease [2].

Disease Activity and Wrist
Deterioration

A retrospective study was performed on 122
wrists in 66 patients, who started treatment using
disease-modifying antirheumatic drugs
(DMARDs) within the first year of the disease
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Fig.13.1 Larsen grade of the wrist (degree of deteriora-
tion) [4, 5]. Grade 0, normal; Grade I, bone atrophy, ero-
sion (<1 mm), joint space narrowing; Grade II, one or
several erosions (=1 mm); Grade III, marked erosions;

Grade 1V, loss of joint space; partial remaining of joint
contour; Grade V, mutilating change, complete destruc-

tion of joint contour

0.5 1.5 2.2 26 29 3.0 3.0 Mean Larsen
100 grade
g 5[] i ®larsen V
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Fig.13.2 Distribution of Larsen grade. At 10 years, Larsen grade III or more settled in 69 % of the whole

onset and followed for more than 10 years
without surgical intervention [3]. Analysis of dis-
tribution of Larsen grade, i.e., degree of joint
deterioration [4, 5] showed that Larsen grade III
or more settled in 69 % of the series at 10 years
(Figs. 13.1 and 13.2). The mean disease activity
score (DAS) 28-C reactive protein (CRP) [3] was
high during the first 2 years, followed by a

decrease and a flattening of the curve of disease
activity in the wrists with Larsen grades IV and V
at year 10. Generally, carpal collapse [6] pro-
gressed more in early stage and decreased lin-
early over 10 years. Individually, continuous high
disease activity and progression in radiographic
damage were observed in the carpal collapsed
group (Larsen grades IV and V at year 10) from
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Fig.13.3 Schulthess classification (type of deterioration) [7]. (a) Type I, ankyloses. (b) Type II, osteoarthritis. (¢) Type
111, disintegration

early stage of the disease. The cutoff values of
the mean DAS 28-CRP(3) during year 0-2,
which indicated progression to Larsen grade III
or more at year 10, and Schulthess type I (anky-
losis) or III (disintegration) [7, 8] at year 10 were
3.34 (sensitivity 70.9 % and specificity 72.1 %)
and 3.63 (sensitivity 74.3 % and specificity
77.0 %), respectively (Fig. 13.3). In patients with
RA, deterioration of the wrist joint was influ-
enced by disease activity. Identifying this activity
and the course of wrist progression may be useful
in predicting wrist deterioration.

Deformity at the Wrist Joint
Affected by RA

Wrist deformity is composed of six factors:
carpal collapse, dorsal subluxation of the ulnar
head, carpal supination, ulnar carpal shift, pal-
mar carpal subluxation, and radial carpal devia-
tion [9, 10] (Fig. 13.4). Taleisnik stated they
were contributed by loss of stability of the pal-
mar compartment of the wrist joint [9]
(Fig. 13.5). The radiological signs of rheuma-
toid synovitis that suggests involvement of the
palmar compartments of the wrist include
grooving of the scaphoid, pseudocysts of the
distal radius, and scapholunate dissociation.

These changes weaken the radiocarpal ligamen-
tous support. This leads to loss of stability of the
scaphoid, which goes into a volar-flexed posi-
tion, contributing to shortening the radial carpal
height and favoring rotation of the carpus into
supination, radial deviation of the metacarpals,
and ulnar drift of the fingers. Other important
changes are erosions of the dorsal-ulnar corner
of the radius and of the triquetrum, indicating
involvement of the ulnocarpal complex and a
potential for palmar subluxation of the ulnar
carpus. Dorsal subluxation of the ulnar head is
caused by disruption of ulnocarpal (UC) liga-
ment and triangular fibrocartilage (TFC).
Palmar subluxation of extensor carpi ulnaris
(ECU) tendon and carpal supination also con-
tribute this subluxation. Eventually the whole
carpal bones slip along the slope of articular
surface of the distal radius ulnopalmarly owing
to loss of ligamentous support.

Wrist Deformity and Extensor
Tendon Rupture

Extensor tendon rupture on the dorsum of the
wrist is commonly seen in the RA patient. It
causes immediate dysfunction of the hand and
surgical reconstruction is usually required [11].
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Fig. 13.4 Wrist deformity and extensor tendon rupture (right hand). (a, ¢) Normal wrist and (b, d) wrist affected by
RA
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Fig. 13.5 Mechanism of wrist deformity. RSC pal ligament, UL ulnolunate ligament, UT ulnotriquetral
radioscaphocapitate ligament, RLT radiolunotriquetral ligament, TFC triangular fibrocartilage
ligament, RSL radioscapholunate ligament, UC ulnocar-
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Fig. 13.6 Measurement of carpal supination and dorsal
subluxation of ulnar head [12]. Three-dimensional com-
puted tomography (3DCT) images of the wrist. (a) The
image of the wrist viewing a cross section of the third
metacarpal 10° from the distal dorsal side to the proxi-
mal palmar side. DS=the distance between the most
protruded point of ulnar head and the tangential line of
the plateau of fourth dorsal compartment, passing the

Three-dimensional ~ computed  tomography
(3DCT) images of 108 wrists in 102 patients
with RA and 38 wrists in 38 healthy volunteers
were analyzed retrospectively [12]. All of the
rheumatoid wrists had persistent pain for more
than 6 months despite ongoing medical treat-
ment. Extensor tendon rupture was noted in 49
wrists in 47 patients, and no rupture was noted in
59 wrists in 56 patients. The dorsal subluxation
ratio (DSR) of the ulnar head and the carpal
supination angle (CSA) were measured utilizing
a new technique (Fig. 13.6). The average DSR
and CSA in the rupture group (n=49), the non-
rupture group (n=59), and the normal wrist
group (n=38) were 37 %, 19 %, and 26 % and
15°, 11°, and 6°, respectively. The cutoff values
for extensor tendon rupture in the wrists of
patients with RA were 32 % (sensitivity, 70 %;
specificity, 75 %) in the DSR and 14° (71 %,
68 %) in the CSA. By utilizing 3DCT imaging of
the rheumatoid wrist, these parameters of wrist
deformity can help improve our ability to predict
extensor tendon rupture.

In another research, palmar dislocation of
ECU tendon was evaluated from 3DCT images
with a soft tissue window [13]. 3DCT images of
102 wrists from 96 patients with RA were

level of the contact point (white dot) of both bones.
O =the angle formed between the connecting line of the
center of the second and the fifth metacarpal cross sec-
tions and the tangential line of the dorsal surface of the
distal radius; this angle is carpal supination angle (CSA).
(b) The image from the ulnar side. UW =the width of the
ulnar head; dorsal subluxation ratio (DSR) was calcu-
lated by DS/UW x 100 (%)

analyzed. Extensor tendon rupture was found in
43 of 102 wrists (42 %). Dislocation of the ECU
tendon was found in 35 of 102 wrists (34 %), and
it was a strong risk factor for extensor tendon
rupture with odds ratio of 22.2 (95 % confidence
interval 7.6-65.1, p<0.001) (Fig. 13.7).
Therefore, along with severe extensor tenosyno-
vitis [14] and scallop sign (not significant in this
study) in the radiograph [15], early recognition of
wrist deformity and palmar dislocation of ECU
tendon may “potentially” decrease the rate of
unsuspected extensor tendon ruptures in RA
(Table 13.1).

Synovectomy and Darrach
Procedure

For the painful wrists with persistent synovitis
and limited forearm rotation due to disorder at
the distal radioulnar joint (DRUJ), synovectomy
and Darrach procedure (ulnar head resection)
[16] had been recognized as a classic but reliable
method to provide favorable results. In our previ-
ous study, 43 rheumatoid wrists in 43 patients
with bilateral wrist involvement were treated with
synovectomy of the extensor tendons and the
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Fig.13.7 Scallop sign and dislocation of ECU tendon. (a) Scallop sign. (b) Normal wrist (3DCT). (¢) Dislocated ECU
tendon in the wrist affected by RA (3DCT). ECU extensor carpi ulnaris

Table 13.1 Risk of extensor tendon rupture

95 %
Odds confidence
ratio  interval p-value
Extensor tenosynovitis
Mild 1.7 0.3-8.9 0.504
Moderate 45 09-225 0.065
Severe 194  32-117.1 0.001
Scallop sign 1.7 0.8-3.9 0.177
Wrist deformity
Dorsal 3.9 1.6-65.1 <0.001
subluxation of
ulnar head®
Carpal supination® 4.0 1.7-9.4 <0.001
Dislocation of 222  7.6-65.1 <0.001

ECU tendon

ECU extensor carpi ulnaris
aDorsal subluxation ratio (DSR) >32 %
®Carpal supination angle (CSA) >14°

wrist joint combined with a Darrach procedure in
the period from 1966 to 1986 [17]. Clinical and
radiologic assessment of the wrists were carried
out after an average follow-up period of 11 years,
with comparison of the treated and the opposite

untreated wrists. The authors confirmed what
others have concluded regarding the operation:
pain was generally decreased, forearm rotation
increased, and wrist extension and palmar flexion
changed little. Radiologically, carpal collapse
and palmar carpal subluxation progressed nearly
parallel to the opposite wrists, but ulnar carpal
shift was much greater in the surgically treated
wrists (Fig. 13.8). Therefore, it was suggested
that some measure to prevent ulnar carpal shift,
such as radiolunate (RL) fusion [19, 20] or
Clayton’s tendon transfer [transfer of extensor
carpi radialis longus (ECRL) tendon to ECU ten-
don] [21], should be included in this operation. If
ulnar carpal shift progressed, it might affect
imbalance of the fingers and loss of grip power.

Concept of Limited Wrist Fusion

Stack and Vaughan-Jackson [22] reported on the
wrist of a rheumatoid patient in whom ulnar drift
of the fingers was prevented by spontaneous RL
fusion in 1971. In addition, Chamay and
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Fig.13.8 Ulnar carpal shift after Darrach procedure [17].
Speed of ulnar carpal shift was accelerated in the surgi-
cally treated wrists compared to that in the untreated
wrists 2 years after the surgery. Measurement of the ulnar
carpal shift ratio (¢/MC). e, The perpendicular distance
from the center of rotation proposed by Youm et al. [18],
which is located on the proximal one-fourth of the capi-

Della-Santa [19] observed that spontaneous RL
fusion occurred for 13 % of rheumatoid wrists,
which remained mobile and stable, and they called
this physiological phenomenon “the natural mode
of cure.” In 1983, they reported on the results of
four surgical RL fusions, and this procedure has
since been used as a method of preventing ulnar
shift and palmar subluxation of the carpus
(Fig. 13.9) [19, 20]. In the wrist with advanced dis-
ease, relying only on RL fusion is insufficient for
obtaining stability, and thus we included the
scaphoid or triquetrum at the site of fusion as part
of our treatment area [23, 24]. Several authors
have reported favorable results for sole RL fusion
with short- to medium-term follow-up [25-27].

Surgical Technique Limited Wrist
Fusion [17, 25]

A straight oblique skin incision was made along
the dorsum of the wrist, where the extensor reti-
naculum was split longitudinally at the ulnar
border of the sixth extensor compartment and
raised as a radially based flap. Synovectomy of
the extensor tendons was then carried out, and

2 5 10
years

tate in the midline to the extension of the midaxial line of
the radius. For cases of a collapsed capitate for which the
center of rotation cannot be identified, the middle point of
the third metacarpal base is used as a reference point. MC,
the length of the third metacarpal. The shaded area indi-
cates the normal range (mean+SD), NS not significant,
SD standard deviation

the terminal branch of the posterior interosseous
nerve was resected. The distal end of the ulna
was resected 1.5-2 cm in length and proliferated
synovium in the wrist joint was removed. The
lunate fossa of the radius and proximal articular
surface of the lunate were exposed with the wrist
in flexion by inserting an elevator into the notch
at the origin of the radioscapholunate (RSL) lig-
ament. Using a bur, degenerated cartilage and
sclerotic bone were removed from the lunate
fossa and proximal articular surface of the
lunate. Bone chips harvested from the resected
ulnar head were packed into the lunate fossa and
the lunate was moved into its neutral position as
much as possible. Two parallel Kirschner wires
1.2 mm in diameter were then inserted from the
triquetrum obliquely through the lunate to the
radius, and using a staple gun (powered metaph-
yseal stapler, Linvatec Corp., FL, USA), two
staples (widthxlength of 13x15 mm) were
inserted between the lunate and the radius, and
the Kirschner wires were removed. If the lunate
had severely collapsed, the cartilage between the
lunate and the triquetrum was removed, and the
Kirschner wires were left in position. The prona-
tor quadratus (PQ) muscle was then raised as a
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Fig. 13.9 Radiolunate (RL) fusion and Darrach proce-
dure. (a) Preoperative radiograph. (b) Postoperative radio-
graph. (c¢) Preoperative 3DCT. (d) Postoperative 3DCT.

flap and sutured to the dorsal periosteum and
fascia around the ulnar stump. If dorsal sublux-
ation of the distal ulna remained, a distal-based
strip of one-half of ECU tendon [28] or flexor
carpi ulnaris (FCU) tendon [29] was used as a
stabilizer by passing it through a drill hole made
in the ulnar stump (Fig. 13.10). A short arm cast
was applied for 4 weeks and an elastic wrist sup-
port (dj Orthopaedics, CA, USA) was then
applied for 4 weeks after this.

Dorsal subluxation of the distal ulna and carpal supination
were corrected

Long-Term Result of Limited Wrist
Fusion

A retrospective review was performed on 25
wrists of 25 rheumatoid patients who underwent
limited (RL, RSL, RLT) wrist fusion [23]. All
patients underwent synovectomy of the extensor
tendons and the wrist joint combined with
Darrach procedure. The indication for limited
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One-half slip of
FCU tendon

Unstable ulnar stump

One-half slip of

FCU tendon Ulnar nerve & artery

Interosseous membrane,
PQ

Fig. 13.10 Stabilization of ulnar stump using FCU ten-
don. (a, b, ¢) Surgical technique. (d) Dorsally subluxated
ulnar head (3DCT). (e) Stabilized ulnar stump using one-

wrist fusion included radiographic changes in
the Larsen grades II-1V, midcarpal joint space
of greater than 1 mm, and ulnar shift or palmar
subluxation of the carpus (Fig. 13.11). The pres-
ence of scapholunate dissociation was another
optional indication. The mean follow-up period
was 12.5 (10-18) years, and radiographs taken
just before the operation, 0-2 years, 2-5 years,
5-10 years, and more than 10 years after the
operation, were evaluated. At the time of fol-
low-up, wrist pain was resolved for 88 % of the
wrists, whereas 12 % experienced occasional
mild pain. Swelling generally decreased and
grip power significantly increased, and flexion
decreased and forearm rotation significantly
increased. The complication rate was low.
Radiographically, carpal collapse initially
improved but returned to the preoperative level
by the time of the 5-year follow-up. Ulnar shift
and palmar subluxation initially improved and
were maintained by the time of the 10-year fol-
low-up (Figs. 13.12, 13.13, and 13.14). The
midcarpal joint space was preserved in 16 wrists

half slip of FCU tendon (3DCT). ECU extensor carpi
ulnaris, FCU flexor carpi ulnaris, PQ pronator quadratus

(64 %), and all except one wrist in a patient with
mutilating type of the disease remained stable.
We concluded that limited wrist fusion for treat-
ment of the rheumatoid wrist results in good sta-
bility with preservation of some motion despite
radiographic progression of the disease.
However, significant decrease in flexion was
noted postoperatively (Table 13.2). It was an
unfavorable outcome. In our retrospective
review of this series, in the wrists with postop-
erative loss of flexion [30], articular cartilage
was eroded or fibrously fused at the lunocapitate
(LC) joint at the time of operation, which con-
tributed to the loss of motion.

Midcarpal Arthroplasty (Capitate
Head Replacement) with Limited
Wrist Fusion

To avoid loss of motion after wrist fusion, mid-
carpal arthroplasty by replacing the damaged
capitate head with a tendon ball was combined



Fig.13.11 Surgical
reconstruction for the
rheumatoid wrist. Clayton
= Clayton’s tendon
transfer, transfer of
extensor carpi radialis
longus (ECRL) tendon to
extensor carpi ulnaris
(ECU) tendon; Ryu =
fibrous nonunion, TWA
total wrist arthroplasty, RL
radiolunate, RSL
radioscapholunate, RLT
radiolunotriquetral
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Fig. 13.12 Ulnar carpal shift after limited (RL, RSL, RLT) fusion [24]. Ulnar shift was corrected and no significant
progression was noted. ¢/MC = ulnar carpal shift ratio. The shaded area indicates the normal range (mean+SD)

Fig.13.13 Serial radiographs of the wrist with RL fusion (upper row) and the wrist without surgical treatment (lower
row) in the same patient with RA. RL radiolunate
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Fig. 13.14 Palmar carpal subluxation after limited (RL,
RSL, RLT) fusion [24]. There was not a significant change
in the palmar subluxation. Measurement of the palmar
carpal subluxation ratio (//MC). h = the perpendicular
distance from the rotation center of the carpus proposed
by Youm et al. [18], which is located on the middle point

Table 13.2 Clinical results of limited wrist fusion

2 5 10 (yrs.)

of the most proximal border of the capitate to the extended
line along the dorsal cortex of the radial diaphysis. MC =
the length of the third metacarpal. The shaded area indi-
cates the normal range (mean+SD), NS not significant,
SD standard deviation. #/MC = palmar carpal subluxation
ratio

Grip power (mmHg)  Extension/flexion (°) Radial/ulnar deviation (°) Supination/pronation (°)
Site of fusion ~ Pre-op Post-op  Pre-op Post-op  Pre-op Post-op  Pre-op Post-op
RL (n=16) 104 143" 30/27 25/14™ 7721 17713 72/66 847/79"
RLT (n=3) 119 206 21/24 30/8" —8/22 -5/13 87/73 77/83
RSL (n=6) 81 102 18/32 13/13" -1/21 —-4/18 80/60 86/66
Total (n=25) 100 141 26/28 22/13"  3/21 -1/14 76/65 83"/76"

RL radiolunate, RLT radiolunotriquetral, RSL radioscapholunate ("p <0.05, “p<0.01)

with limited wrist fusion. This procedure was
indicated to the wrists in Larsen grade III or IV
with deterioration and joint space narrowing both
at the radiocarpal and the midcarpal joints. In
1987, Taleisnik stated that stability should be
secured at the radiocarpal joint and mobility
should be secured at the midcarpal joint and the
capitate head replaced with a silicone implant
[31]. Palmaris longus (PL) tendon of 10 cm in
length was harvested and it was spread out and
wrapped around (Fig. 13.15) the resected capi-
tate head. The tendon ball was inserted in the
lunocapitate (LC) joint and its ears were sutured

to the capsule. This procedure was performed on
40 wrists, and radiological change was investi-
gated with an average follow-up of 4 years
(Fig. 13.16). Bony fusion at the RL joint occurred
in most of the wrists. Widening of the joint space
was observed in 80 % of the wrists at the LC
joint, 50 % at the triquetrohamate (TH) joint, and
40 % at the radioscaphoid (RS) joint, maintain-
ing motion without progression of arthritis.
However, ankylosis occurred in five wrists
(Table 13.3). Preoperative 30° of average exten-
sion and 27° of average flexion changed to 22°
and 19°, respectively, at the time of follow-up.
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Fig. 13.15 Surgical technique of capitate head replace- PL tendon. (¢) Tendon ball (ca. 4 mm diameter). (d)
ment with a tendon ball. (a) Palmaris longus (PL) tendon Insertion of a ball in the lunocapitate (LC) joint
(ca. 10 cm). (b) Bone nucleus (resected capitate head) and

Fig.13.16 Radiolunotriquetral (RLT) fusion and capitate head replacement (CHR) with a tendon ball. (a) Preoperative
radiograph. (b) Postoperative radiograph

Table 13.3 Radiological change after capitate head replacement (CHR) (n=40)
Radiolunate (RL) Lunocapitate (LC) Triquetrohamate (TH) Radioscaphoid (RS)

[Wrists (%)] joint joint joint joint
Widening 0 (0) 42 (80) 20 (50) 16 (40)
No change 0 (0) 7 (17.5) 18 (45) 18 (45)
Narrowing 1(2.5) 1(2.5) 2 (5) 6 (15)

Disappeared 39 (97.5) 0 (0) 0 (0) 0 (0)
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Indication of Total Wrist Fusion

Total wrist fusion is the last resort for the severely
deteriorated wrist joint. It is indicated for the
wrist in Larsen grade IV or V with ulnopalmar
subluxation or dislocation (Fig. 13.11). Total
fusion is the most reliable procedure to provide a
long-lasting pain relief and stability to achieve
gain in grip power [32]. In mutilans RA, interca-
lated iliac crest grafting is used to restore carpal
height [33] (Figs. 13.17 and 13.18). However, the
wrist loses its mobility by the fusion, and range
of finger motion might be reduced because of
loss of dynamic tenodesis effect and extensor
tendon adhesion after a wrist fusion procedure.
There are various surgical procedures for total
wrist fusion (Fig. 13.19). Several procedures for
total wrist fusion using bone grafts without hard-
ware [34] for internal fixation had been reported
since Abbott’s paper in 1942 [42]. He used grafts
of cancellous bone from the ilium. Procedures

using materials for internal fixation such as metal
pin and wire [35, 36, 38, 40, 41], screw [37, 43],
metal plate [39], staple, and bioabsorbable poly-
L-lactide rod [44] have been reported since
Robinson’s paper in 1952 [43]. He fixed the capi-
tate to the radius using a screw. Clendenin
reported major complications of total wrist fusion
including pseudoarthrosis (6 in 31 patients), deep
wound infection (1 in 31 patients), neuroma (1 in
31 patients), fracture of healed fusion (2 in 31
patients), and impingement of Steinmann pin on
metacarpophalangeal joint (1 in 31 patients) [45].
Wrist fusion today is often performed using a
dorsal plate, with the AO wrist arthrodesis plate
(Synthes GmbH, Switzerland) probably being
the most popular. Although plate fixation may
provide good stability, prominent plates occa-
sionally need to be removed [46]. Fracture
through screw holes following plate removal has
been reported [47], and nonunion at the third car-
pometacarpal joint has been described [48].

Fig. 13.17 Total wrist fusion with intercalated iliac bone graft. (a) Preoperative radiograph. (b) Postoperative

radiograph
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Fig.13.18 Total wrist fusion with intercalated iliac bone graft (the same patient in Fig. 13.17). (a) Preoperative wrist
with mutilans rheumatoid arthritis. (b) Postoperative radiograph

[ ]
[
it

=

Fig. 13.19 Method of total wrist fusion. (a) No internal ~ (e) Intraosseous wiring, Wood [38]. (f) Plate fixation,
fixation (bone grafting), Carroll [34]. (b) Kirschner wire =~ Wright and McMurtry [39]. (g) Intramedullary rod fixa-
fixation with an iliac bone grafting from the radial side, tion, Clayton [1], Mannerfelt and Malmsten [40],
Haddad and Riordan [35]. (¢) Bowed crossed Kirschner = Millender and Nalebuff [41]. (h) Double intermedullary
wires, Minami [36]. (d) Screw fixation, Tannenbaum [37].  fixation, Feldon [32]
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Comparison between Total Wrist
Fusion And Total Wrist Arthroplasty

In the systematic review of total wrist fusion and
total wrist arthroplasty, Cavaliere and Chung
reported that outcomes of total wrist fusion were
comparable and possibly better than those for
total wrist arthroplasty in rheumatoid patients
[49]. Total wrist fusion provides more reliable
painrelief than total wrist arthroplasty. Satisfaction
was high in both groups, but complications and
revision rates were higher for total wrist
arthroplasty. In utility survey, there was the mini-
mal increase in utility for arthroplasty over fusion
because of its preserved motion, but surgeons did
not view arthroplasty as superior to fusion [50].

Position for Total Wrist Fusion

The optimal position for total fusion is contro-
versial (Table 13.4). It appears that a position of
10-30° of extension and of 0—15° of ulnar flex-
ion is best in most cases [51]. If the bilateral
wrists are to be fused, each wrist needs to be
fused in a different position. Clayton recom-
mended fusion in a neutral position, which is
defined as 0° on the lateral with about 10° ulnar
deviation [52]. The arc of pronation and supina-

Table 13.4 Position for total wrist fusion

tion substituted for flexion and extension with-
out shoulder and elbow substitution. In a neutral
position, finger pinch of the thumb and index
finger is about 7.5 cm below the axis in prona-
tion. Supination will give an arc of elevation of
15 cm without awkward moving of the shoulder
and elbow. Field in 1996 suggested a period of
immobilization before wrist fusion by having the
patient wear a splint to determine the best indi-
vidual position and also to allow the patient to
become accustomed to an immobilized wrist to
simulate wrist fusion [53].

Inclusion of the Carpometacarpal
Joints in Total Wrist Fusion

Haddad and Riordan in 1967 [35] and
Rauhaniemi in 2005 [54] recommended that the
second and the third carpometacarpal (CM)
joints should be included in the fusion to pre-
vent development of painful motion and insta-
bility at these joints. However, Abbott in 1942
[42] and Nagy in 2002 [48] stated that the CM
joint should be spared to preserve some motion
at the CM joint. When the wrist was fused by
including the third CM joint with the AO wrist
arthrodesis plate, nonunion rate was high at the
CM joint after plate removal [48].

Bilateral

Dominant hand, neutral;
nondominant hand, 10° of flexion

Dominant hand, 20° of extension;
nondominant hand, neutral

Dominant hand, same as
ipsilateral arthrodesis;
nondominant hand, neutral

Ipsilateral

Dupont and Vainio 0-15° of extension, slight ulnar flexion

(1968)

Haddad and Riordan 10—15° of extension and ulnar flexion, aligning the shaft of the second

(1967) metacarpal with the distal end of the radius

Milford (1982) 10-20° of extension, aligning the shaft of the third metacarpal
with the distal end of the radius

Dick (1982) 15-20° of extension

Clayton (1984) Neutral (0° of extension/flexion), 10° of ulnar flexion

Nalebuff (1988) 5-10° of extension, 5° of ulnar flexion

Volz (1980) 15° of extension good to perform ADL, 20° of ulnar flexion is not
recommended

Pryce (1980) Grip power is stronger in 15° of extension and 15° of ulnar

flexion than in neutral
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Inter- or Intramedullary Pin Fixation
for Total Wrist Fusion

The method of intramedullary fixation was pre-
sented first by Clayton in 1965 [1] using a
Steinmann pin. This modified method was pre-
sented by Mannerfelt and Malmusten in 1971 [40,
55] and by Millender and Nalebuff in 1973 [41,
56]. In the method of Mannerfelt and Malmusten,
a flexible Rush rod was used to fuse in different
degrees of flexion or extension. In the method of
Millender and Nalebuff, a large Steinmann pin
and staples were used with small bone grafts from
the distal end of the ulna through a smaller skin
incision. Also, Nalebuff and Feldon [32] modified
intermedullary single-pin fixation to dual-pin
technique to provide rotational stability as well as
anteroposterior and lateral stability. We have per-
formed wrist fusions using the method of
Millender and Nalebuff and clinical results were
satisfactory. However, we realized several techni-

cal problems and tricks in the method of inter- or
intramedullary pin fixation: (1) migration of the
pin distally or proximally, (2) in case with inter-
medullary pin fixation, widening of the intermeta-
carpal space and the pin sticking out, (3) rotation
of the pin and the carpus, and (4) risk of fracture
of the third metacarpal, when the pin was inserted
directly from the metacarpal shaft proximally.
After considering these problems described
above, in 1999, we developed a wrist fusion rod
(WFR, Teijin Nakashima Medical Co., Ltd.
Okayama, Japan), a cannulated titanium rod,
4.5 mm in diameter, which could be buried into
the third metacarpal and the radius with proximal
fins and a transverse locking screw to prevent the
rod migration and rotation of the rod in the medul-
lary canal (Fig. 13.20). The length of the rod is
ranging from 140 to 200 mm (140, 160, 180, and
200 mm). Using a special bender, the desired
position of the wrist could be obtained at the
operation.

Fig.13.20 Total wrist fusion using a new intramedullary rod, WFR. (a, b) Preoperative radiograph. (¢, d) Postoperative
radiograph
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Surgical Technique of Total Wrist
Fusion Using Wrist Fusion Rod

After bone preparation, a Kirschner wire 3 mm in
diameter was inserted into the radius manually
and measured its length (M mm). From the carpal
side, a guide wire was inserted through the third
metacarpal shaft so as to emerge from the dorsal
cortex of the metacarpal neck. The length of the
carpal side (L mm) was measured. After reaming,
the rod (M + L —25 mm) was inserted in antegrade
fashion from the carpus to the third metacarpal
distally. After emerging the rod from the dorsum
of the metacarpal neck, the rod was inserted
through a guide pin in the retrograde fashion
from the carpus into the radius proximally. The
rod was countersunk until the distal end of the
rod reached the metacarpal isthmus. After remov-
ing the guide wire, the rod was bent to a desired
angle using a special bender. The gap between
the fragments was packed with morselized bone

grafts obtained from resected bones. After the
distal part of the rod was fixed by inserting a
transverse locking screw, supplemental fixation
with a staple or a Kirschner wire was added.
Postoperative immobilization using a short arm
cast or a wrist splint was continued for 8 weeks.

Results of Total Wrist Fusion
Using WFR

Total wrist fusion using WFR was performed in
39 wrists in 33 patients with RA. The mean age at
the operation was 60 (28-75) years old and the
mean follow-up period was 39 (5-76) months.
Intercalated iliac bone grafting was performed in
eight wrists. Bony fusion occurred in 87 % of the
wrists in a reduced position. Breakage of the rod
(the old version of the rod, 4 mm in diameter)
occurred in four wrists (11 %) due to overuse of
the hand or fall before completion of bony fusion,

Fig.13.21 Total wrist fusion and reconstruction of mul-
tiple finger extensor tendon ruptures. A 49-year-old
female patient with RA. (a) Preoperative state of the hand.
(b) Preoperative radiograph. (¢) Preoperative 3DCT. The

arrow shows tendon ruptures. (d) Postoperative 4 months.
(e) Postoperative radiograph. (f) Postoperative 3DCT. The
arrow shows transferred tendons
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Fig.13.22 Total wrist fusion and reconstruction of mul-
tiple finger extensor tendon ruptures (the same patient in
Fig. 13.21). (a) Rupture of EDC II-V, EIP, and EDM ten-
dons. (b) FDS IIT and FDS IV tendons. (¢, d) Subcutaneous

but the patients did not complain of pain. Three
rods were removed and one rod was still in the
bone. In the new version of the rod, its diameter
increased to 4.5 mm and reinforced. There were
no major complications. Preoperative pain and
swelling disappeared in all operated wrists. Grip
power increased to 77 % (30 wrists), and average
gain was 2.5 kg (pre-op, 7.7 kg; post-op, 10.2 kg).
Subluxated wrist was reduced to its anatomical
position and fused in slight extension (pre-op,
14°; post-op, 10°) and slight ulnar deviation (pre-
op, 8°; post-op, 7°). Patients’ satisfaction scale
from 5 (most satisfying) to 1 (unsatisfying) was
4.9 in 16 patients. In the radiological assessment,
ulnar carpal shift ratio, e/MC, was corrected sig-
nificantly (pre-op, 0.17; post-op, 0.07; p<0.01).
Palmar carpal subluxation ratio, #/MC, was also
corrected significantly (pre-op, 0.22; post-op,
0.14; p<0.01).

transfer of finger flexor tendons. EDC extensor digitorum
communis, EIP extensor indicis proprius, EDM extensor
digiti minimi, FDS flexor digitorum superficialis

A Case with Total Wrist Fusion
and Reconstruction of Multiple
Extensor Tendon Ruptures
(Figs.13.21 and 13.22)

A 49-year-old female patient with RA had exten-
sion loss in the index through the little fingers. She
could not grasp a large object (a cylinder of 85 mm
in diameter) and pick up a small object (a peg of
20 mm in diameter). The cause of this multiple
extensor tendon ruptures was considered to be (1)
weakness of the tendon due to extensor tenosyno-
vitis, (2) attrition by the bony edge of the deformed
wrist, and (3) overuse of the hand after remission
of the disease by using biological agent.
Synovectomy of the extensor tendons and the
wrist joint combined with a Darrach procedure,
ulnar stump stabilization using one-half of FCU
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tendon, total wrist arthrodesis using WFR, transfer
of flexor digitorum superficialis (FDS) III tendon
to the ruptured extensor digitorum communis
(EDC) IT and EDC III tendons, and transfer of
FDS IV tendon to the ruptured EDC 1V, V and
extensor digiti minimi (EDM) tendons passing the
FDS tendons subcutaneously on the radial side of
the wrist were performed. Four months after the
operation, she was satisfied with this operation,
because of (1) complete pain relief, (2) gain in grip
power (15.7-18.4 kg) and pinch power (0.6—
1.6 kg), (3) improved hand function including
grasping a large object and picking up a small
object, and (4) good appearance of the hand.
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Introduction

Rheumatoid arthritis is a common autoimmune
systemic inflammatory disease affecting approxi-
mately 1 % of the worldwide population [1].
Wrist joints are commonly involved. Within 2
years of diagnosis, more than half of patients will
have wrist pain, and more than 90 % will have
wrist disease by 10 years [2]. The pain, swelling,
instability, and deformity cause significant dis-
ability. Symptomatic relief of pain; improvement
of function; protection of the capsular, ligamen-
tous, and tendinous structures; and possible sys-
temic amelioration of the disease after open
synovectomy were well reported [3—8]. Rewarding
results of arthroscopic synovectomy were also
demonstrated in previous studies [9—15]. With the
additional advantages of minimal invasiveness
and relative benignity, arthroscopic procedures
are replacing open procedures. The advancement

Electronic supplementary material: The online version
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of surgical techniques and skills of operation now
extend the role of arthroscopy beyond synovec-
tomy to more complicated reconstructive surger-
ies in rheumatoid wrists. The role of arthroscopy,
analysis of our long-term results of 13 years
(6-17.5 years), surgical techniques, and other
applications of arthroscopy in patients with rheu-
matoid wrists are discussed here in detail.

Wrist Arthroscopic Synovectomy
Indications and Limitations

With the advancement of surgical techniques in
wrist arthroscopy, arthroscopic synovectomy can
be safely performed in almost all wrist arthritic
conditions. Rheumatoid wrist has inherent liga-
mentous laxity. This makes portal site develop-
ment and arthroscope insertion easier and gives a
better space for the arthroscope to work into
(Fig. 14.1). Moreover, this operation is performed
under portal site local anesthesia (PSLA) [16],
which obviates the potential risks of general
anesthesia for rheumatoid patients who may have
associated cervical instability or other medical
comorbidities. In general, continued wrist pain
and refractory synovitis of 3—6-month duration
are indications for arthroscopic synovectomy.
However, difficulties may be encountered
when there is local scarring due to previous
surgery, significant extra-articular pathologies
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Fig. 14.1 (a) X-rays are deceptive in rheumatoid wrists. There seems to have no joint space from this X-ray for the
arthroscope to go into. (b) After traction is applied. The joint spaces are shown up in this traction view

such as extensor tendon subluxation, and signifi-
cant joint deformity with altered anatomy.
Tendon injuries can be avoided by making a big-
ger incision and careful dissection before intro-
ducing the arthroscopic instruments. In associated
extensor tenosynovitis, arthroscopic synovec-
tomy can then be performed after open tenosyno-
vectomy, or the procedure is converted to open.
Local skin infection is an absolute contraindica-
tion for the procedure.

Role

Performing arthroscopy in a wrist with inflam-
matory arthritis does not only have a therapeutic
role of removing the inflamed synovium. It also
bears an invaluable diagnostic role.

Arthroscopy Helps in Early Diagnosis

Rheumatoid arthritis is considered an autoim-
mune disease [17, 18]. Autoimmunity and the
overall systemic and articular inflammatory load
drive the destructive progression of the disease. It
has been recognized that early intervention
improves clinical outcomes and reduces accrual
of joint damage and disability [19-21].
Undoubtedly, treating patients at a stage at which
evolution of joint destruction can still be pre-
vented would be ideal. In 2010, the American
College of Rheumatology and the European
League Against Rheumatism (ACR/EULAR)
refocused attention on the important need for ear-
lier diagnosis and treatment and therefore devel-
oped new classification criteria for rheumatoid
arthritis [22]. It is designed to be more sensitive
to define “definitive” rheumatoid arthritis in early
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Fig.14.2 MRI of a 50-year-old lady who presented with
unprovoked on and off bilateral whole wrist pain, mild
swelling, and increase in temperature for 3 months. X-ray
of her right wrist showed tiny calcification at the tip of
ulnar styloid and over the region of TFCC. Radiologist
commented that there was mild focal synovitis at the ulno-
carpal and radiocarpal interval, mild erosive changes of
the carpus, and ECU tenosynovitis suggestive of rheuma-

disease than the 1987 ACR classification criteria,
so that more patients in early disease can benefit
from starting disease-modifying antirheumatic
drugs (DMARDs) or biologics. In the ACR/
EULAR classification criteria, “joint involve-
ment” refers to “any swollen or tender joint on
examination.” This can be arbitrary to identify a
diseased joint by physical examination, and
therefore the criteria also include “may be con-
firmed by imaging evidence of synovitis.”
Structural changes of the joint, which can be
visualized by conventional radiography or
sophisticated imaging techniques, help identify
and distinguish rheumatoid arthritis from other
arthritic diseases [23]. However, in early disease,

tologist disease. Her rheumatoid factor and anti-
citrullinated antibodies were negative, inflammatory
markers were mildly elevated, and serum urate level was
high. She was then started with DMARDs by rheumatolo-
gist. Arthroscopy would be helpful to differentiate
whether this was a rheumatoid arthritis, crystal deposition
disease, degeneration, erosive changes, or benign sub-
chondral carpal bone cysts

these changes are rarely apparent and difficult to
be interpreted with limited interobserver reliabil-
ity [24-28] (Fig. 14.2).

In our experience, arthroscopy plays a promi-
nent diagnostic role in rheumatoid arthritis. Wrist
arthroscopy gives a direct visualization and full
access to almost all areas within the joint, which
may be more thorough and comprehensive than
an open approach. Any abnormal synovitis can
be detected in early cases. Severity, location, and
appearance of the synovitis are better evaluated.
The appearance of the inflamed synovium is
inspected under a magnified view. The images
showed villonodular in rheumatoid arthritis,
seronegative arthritis, and psoriatic arthritis
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Fig. 14.3 Appearance of synovium in the arthroscopic
view of the radiocarpal joint. (a) S scaphoid, R radius. The
synovitis appeared villonodular, which can happen in
rheumatoid arthritis, seronegative arthritis, and psoriatic
arthritis. The synovium would appear less engorged with

(Fig. 14.3a), and they also showed tophaceous in
gouty arthritis (Fig. 14.3b), fibrillated in osteoar-
thritis and post-traumatic arthritis (Fig. 14.3c),
and fibrinoid in infective arthritis (Fig. 14.3d).
These morphological features of the synovium
help to give additional clues for the early diagno-
sis of rheumatoid arthritis and differentiate it
from other arthritic disorders.

Arthroscopy Facilitates Synovial Biopsy
for Histopathological

and Microbiological Analysis

Wrist arthroscopy allows for synovial biopsy for
histopathological and microbiological analysis
[29]. Infective or neoplastic conditions can be
excluded [29]. It permits biopsy regions not
accessible to percutaneous biopsy needle, e.g., at
the cartilage-pannus junction, where joint ero-
sion commonly begins with characteristic micro-
scopic and immunohistological features of
rheumatoid arthritis [30-32]. Studies also indi-
cated that synovial histopathology had a high
diagnostic prediction and positive predictive val-
ues for the diagnosis of inflammatory arthritis
especially in patients with an atypical presenta-

vasculature if the disease is not active. (b) The whitish,
chalky tophaceous materials overlying the synovium and
cartilage. (¢) The synovium appears fibrillated in osteoar-
thritis and post-traumatic arthritis. (d) The synovium
appears fibrinoid in septic arthritis

tion [31-33]. Clinical outcome, prognosis of dis-
ease progression, and response to therapeutic
intervention can also be predicted [30-34].

Arthroscopy Helps to Give an Accurate
Assessment of Cartilage Condition,

by Providing More Clues

to the Diagnosis, Severity,

and Prognosis of the Condition
Arthroscopic assessment of cartilage condition
is very important to the diagnosis and prediction
of disability and disease progression. Cartilage
condition was found to have stronger association
with physical disability, damage progression,
and clinical outcomes than bony erosion in rheu-
matoid arthritis [35, 36]. In rheumatoid arthritis,
there are two major components of joint destruc-
tion. They are cartilage degradation and bony
destruction, which are elicited by two different
mechanisms. Bony destruction is mediated by
synovial osteoclasts and direct invasion of the
pannus into the adjacent bone [37, 38], whereas
cartilage damage is mostly due to the action of
metalloproteinases secreted into the synovial
fluid by synovial fibroblasts and macrophages or
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produced locally by activated chondrocytes,
activated and regulated by pro-inflammatory
cytokines [39, 40]. These two mechanisms do
not necessarily happen simultaneously. The
severity of cartilage degradation and bony
destruction is therefore not proportional to each
other, especially in early disease or in certain
patients with atypical presentation. Cartilage
degradation is reflected radiologically by joint
space narrowing and bony destruction by ero-
sions. Radiographic erosive change is regarded
more characteristic of rheumatoid arthritis,
whereas joint space narrowing is less and can be
interpreted as degenerative joint disease or other
arthritic conditions when the erosive change is
not apparent. Moreover, the degree of joint space
narrowing in the wrist joint may not be easily
determined and appreciated radiologically. In
order to identify cartilage degradation while all
the radiological features are not prominent,
arthroscopy plays an important role to visualize
the cartilage directly and differentiate degrada-
tion from degeneration or other inflammatory
arthritis. In gouty arthritis, tophaceous material
would invade and deposit on the cartilage
(Fig. 14.4a). In primary or secondary osteoar-
thritis, there is softening, fissuring, fragmenta-
tion, or even exposure of subchondral bone,
depending on the severity of the degeneration
(Fig. 14.4b, c). In rheumatological diseases, car-
tilage appears thin, soft, easily wiped off on pal-
pation (Fig. 14.4d), eroded (Fig. 14.4e, f), and
honeycomb (Fig. 14.4f) and sometimes may be
covered by a thin layer of inflamed synovium
(Fig. 14.4g). Arthroscopy is helpful to assess the
severity of cartilage destruction and gives the
prediction of disability and disease progression.

Besides the diagnostic role of arthroscopy in
rheumatoid wrist, it serves both the prophylactic
and therapeutic role. The prophylactic role is to
remove inflamed synovial tissue in an attempt to
prevent articular damage, whereas the therapeu-
tic role is to improve function and relieve pain in
situations in which joint destruction is already
present, such as arthroscopic wrist fusion or
reconstruction surgeries that will be discussed
later in this chapter.

Arthroscopy Allows for Synovectomy,
Which Showed Favorable Results and Is
Helpful in Controlling Joint Destruction
Over recent years, evidence has emerged linking
rheumatoid arthritis with antibodies such as anti-
citrullinated protein/peptide antibodies; pro-
inflammatory cytokines such as TNFa, IL-1,
IL-6, and IL-17; and platelet microparticles.
They are shown to contribute prominently to the
progression of the disease by attaching to, invad-
ing, and degrading cartilage [17]. They are found
to be synthesized locally from the ectopic lym-
phoid structures [41], naive and memory B-cell
and T-cell aggregates, monocytes, macrophages,
macrophage-like synoviocytes [42], platelets,
and fibroblast-like synoviocytes in the synovial
tissues [43]. The removal of the diseased
synovium is theoretically helpful in controlling
destruction to the synovial joints through the
autoimmune and inflammatory mechanisms.
Moreover, study showed that sensory denerva-
tion explained the positive effects of synovec-
tomy leading to pain reduction and improved
mobility [44]. And in fact, throughout the years,
favorable clinical results after open surgical syn-
ovectomy were reported in many joints [3-7]. It
is also particularly helpful in patients who are
resistant to the DMARDs and biologics [45, 46].
Arthroscopic synovectomy gains further advan-
tages by providing a minimally invasive approach
with low morbidity and an early return to daily
activities [47-49]. Successful results with pre-
dictable pain relief, better grip strength, improved
range of motion, and functional improvement
were also reported in the wrists [9—15].

Arthroscopic Synovectomy Not Only
Helps to Control Joint Destruction

But May Also Retard Spread

and Systemic Amplification

of the Disease

Rheumatoid arthritis often presents as mono-/oli-
goarticular disease before becoming polyarticu-
lar. Study showed that fibroblast-like synoviocytes
migrate via vasculature to the previously unaf-
fected joints and cause spread and amplification
of the disease [8]. Literatures have also suggested
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Fig. 14.4 Appearance of the cartilage in the arthroscopic
view of the radiocarpal joint. (a) The cartilage was invaded
by the tophaceous deposits in gouty arthritis. (b) There were
softening and fissuring in the early stage of primary or sec-
ondary osteoarthritis. (¢) There were fissuring, fragmenta-
tion, and exposure of subchondral bone in moderate to
severe stage of primary or secondary osteoarthritis. (d) A

40-year-old man with rheumatoid arthritis; the cartilage
appeared thin and soft and was easily wiped away by light
palpation. (e) Patchy erosive changes in a rheumatoid patient
whose disease is at a quiescent stage. (f) The cartilage had a
honeycomb and erosive appearance. (g) The appearance of
the cartilage at the active inflammatory phase. A layer of
inflamed synovium on the cartilage eroding the cartilage
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that synovectomy can decrease systemic level of
inflammatory mediators [50-54]. Synovectomy
should therefore be helpful in ameliorating the
overall disease condition and arrest or slow pro-
gression, though recurrence is still possible.

Arthroscopic Synovectomy May Help

to Prevent Ligament and Tendon

Damage

Synovectomy of the wrist joint has another role
that is not present in the lower limb weight-
bearing joints. Distension of the wrist joint by the
synovium and the collagenases, cytokines, and
metalloproteinases released from the synovium
leads to attenuation and ruptures of the wrist joint
ligaments, instability, and deformity [55]. The
extracapsular extrusion of the diseased synovium
also contributes to tendon rupture [56].
Synovectomy, even if recurrence may still hap-
pen, protects the joint from instability and defor-
mity and the tendon from rupture.

Surgical Techniques

Patient is put in supine position while the oper-
ated arm is supported on a hand table. An arm
tourniquet is applied loosely but does not need to
be inflated routinely. A tight application of a
tourniquet without exsanguination leads to
venous engorgement and can induce more trou-
blesome bleeding. Most of the procedures can be
done without the use of a tourniquet. Vertical
traction of 4-6 kg force is applied through plastic
finger trap devices to the middle three fingers for
joint distraction via a wrist traction tower
(Fig. 14.5). Metallic traction device is discour-
aged especially in patients with fragile skin. The
wrist joint is continuously irrigated and distended
by suspending a bag of 3 % of normal saline at
1-1.5 m above the operating table and instilling
with the aid of gravity to maintain a clear
arthroscopic view. Infusion pump is not neces-
sary and is potentially harmful in causing fluid
extravasation. In wrist arthroscopy, it is mainly
the distraction device that keeps the joint opened,
not the fluid irrigation as in shoulder arthroscopy.
Essential arthroscopic instruments include

Fig.14.5 All the routine arthroscopic portals are marked
on skin with the wrist under traction prior to the surgical
procedure

motorized full-radius shaver of 2 mm and 2.9 mm
diameter, arthroscopic bur of 2.9 mm, small
angled curette, 2.5 mm suction punch, and radio-
frequency thermal ablation system.

The operation can be performed under local
or regional anesthesia. PSLA without a tourni-
quet is the preferred mode of anesthesia and is
enough to complete the whole procedure [16].
Xylocaine 2 % with adrenaline 1:200,000 is
injected to the portal site skin and capsule to
reduce bleeding related to the incision and dis-
section. Intra-articular Xylocaine with adrena-
line injection is used when extensive synovitis is
encountered and can reduce bleeding associated
with shaving and punching. Local anesthetic
drug can also be injected through the arthroscopic
portal to the volar joint capsule whenever neces-
sary. Sterile tourniquet can be applied to the
proximal forearm and the surgery then proceeds
under forearm intravenous regional anesthesia
(FIRA) (Fig. 14.6) or intravenous local anesthe-
sia (IVLA), when patients encounter pain during
the procedure.
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Fig. 14.6 Usually the operation can be completed under
PSLA. A sterile tourniquet put at the forearm and FIRA
can be used if patients encounter pain during the
operation

Standard wrist arthroscopic techniques are
employed. We perform routine inspection of the
radiocarpal joint through 3/4 portal using 1.9 or
2.7 mm video arthroscope. The 4/5 portal is used
for instrumentation. For cases with florid synovi-
tis, additional access such as 1/2 and 6R portals
need to be employed to allow more thorough and
extensive synovectomy. Outflow portal is estab-
lished at 6U portal just volar to the extensor carpi
ulnaris tendon using 18G needle. The midcarpal
joint is approached through the midcarpal radial
(MCR) portal. Instruments are introduced
through the midcarpal ulnar (MCU) portal.
Accessory portals including scaphoid-trapezium-
trapezoid STT and triquetral-hamate TH portals
can be used for outflow and instrumentation.

Distal radioulnar joint (DRUJ) is also
examined if there are clinical symptoms and

Fig.14.7 The arthroscope is inserted to the DRUJ via the
distal DRUJ portal

Fig.14.8 A suction punch used to clear the synovitis and
get the specimen for histo-microbiological diagnosis

signs of DRUJ pathology. Usually the triangu-
lar fibrocartilage complex (TFCC) has been
perforated and the DRUJ can be accessed from
the radiocarpal joint. A 1.9 mm arthroscope is
used if separate portals for DRUJ are required
(Fig. 14.7).

Distribution of synovitis and cartilage dam-
age is documented during initial assessment of
the wrist joint. Synovectomy is then performed
using punch forceps, motorized shaver system
with suction, and radio-frequency probe
(Fig. 14.8). All the extrinsic ligaments are care-
fully preserved. Radio-frequency energy is
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applied in short bursting mode to avoid accumu-
lation of local heat which may damage liga-
ments and adjacent tendons, especially the
extensor tendons. Torn TFCC is debrided of
frayed tissue while the peripheral rim is pre-
served as far as possible. If bleeding is profuse,
the instilling saline bag can be elevated higher
to increase the hydrostatic pressure. Coagulation
mode of the radio-frequency apparatus can also
be used.

The portal sites are closed with sterile strips.
Skin suture is usually not necessary. Light soft
bandage is worn postoperatively, and active wrist
mobilization exercise is started as soon as pain is
tolerated.

Our Experience and Results

From 1997 to 2002, we did 39-wrist arthroscopic
synovectomy in 30 patients with rheumatoid
arthritis. They were diagnosed to have rheuma-
toid arthritis by rheumatologists. The average age
of the patients was 39 (range 17-80). Five
patients were male and 25 were female. Twenty-
one right wrists and 18 left wrists were operated,
and 18 dominant wrists were involved. Patients
with evidence of tenosynovitis, weakened exten-
sor tendon, or previous wrist open or arthroscopic
surgery were excluded from this study group.
Twenty patients were given DMARDs or biolog-
ics, whereas ten were not. They either had intol-
erable wrist pain and swelling despite the
medications or they could not tolerate the side
effects of the medications and refused them.
Seven patients were diagnosed to have monoar-
thritis at the time of operation, whereas two of
these progressed to have oligoarthritis during the
follow-up period. Nine had oligoarthritis with
arthritis of four or fewer joints. Fourteen had
polyarthritis. The wrists were the most affected
and symptomatic joints. The average duration of
symptoms was 40 months (range 12-108
months). In these 30 patients, 2 patients had the
wrist arthroscopic synovectomy on both wrists at
the same time and operation setting

All patients received clinical and radiological
assessment before and after the procedure. They

were also referred to the occupational therapist
for a formal wrist function assessment (Fig.
14.9). This was both an objective and subjective
assessment of the activities of daily living (ADL)
performance specifically designed for patients
with wrist problems. We used this assessment
protocol routinely in wrist pain patients since
1997 when we interviewed and studied on a
group of Chinese patients having different kinds
of wrist pain problems. Ten most problematic
ADL tasks were identified. We found this assess-
ment protocol was valid and reliable.

The assessment protocol consists of five ele-
ments (Fig. 14.9):

1. The ability to perform the ten ADL tasks. This
is rated in five scores as shown in Table 14.1,
with the higher score representing the better
performance. The full score of each task is 4.
The added scores for all the ten tasks is the
“wrist total performance score,” in which the
full score is 40.

The ten ADL tasks are listed in Table 14.2.

2. The pain perceived in performing the ten
tasks. The full score is 20.

(a)  Score 2: moderate to severe pain.
(b)  Score 1: mild to moderate pain.
(¢)  Score 0: no pain.
The added score for all the ten tasks is the
“total pain score,” in which the full score is 20.

3. The wrist active range of motion, in flexion,
extension, radial deviation, ulnar deviation,
forearm supination, and forearm pronation.

4. The visual analog scale (VAS) of pain in max-
imum exertion, from O to 10, in which ten is
the most severe pain.

5. The grip strength.

Patient’s overall satisfaction level after sur-
gery was also documented.

Standard wrist X-rays were taken and arthritic
changes were staged according to the five radio-
logical grades described by Larsen-Dale-Eek
(LDE) [57] (Table 14.3). The preoperative radio-
logical staging is shown in Table 14.4.

All arthroscopic synovectomy were performed
under regional or local anesthesia except three
early cases which were operated under general



Prince of Wales Hospital

Occupational Therapy Department
Assessment of ADL Performance for Wrist Injury

Date

Post-op (weeks)

ADL Tasks by Affected Side Performance | Pain Performance | Pain
Wash back (F,N,S,Rd,Ud,Pi)

Pull out drawer 7lbs (N,S,Gr)

Pour out water from full pot (N,F,Ud)

Turn door knob/ tum key (N,P,S)

Open gate (E.S)

Lift weight 5ibs (N,E,Ud,Gr)

Write name (E.Ud,Pi)

Wring towel dry (P.S,Gr,Ud,Rd,E,F)

Hold a wok (E.Ud,Gr,S)

Open jar lid (N,Ud,Rd,Gr)

Total Performance Score /40 /40
Total Pain Score /20 /20
Remarks

Overall Comment

Wrist range L R L R
Extension

Flexion

Radial Deviation

Ulnar Deviation

Pronation

Supination

VAS Pain on Exertion

Power Grip (kg)

Lateral Pinch (kg)

Performance

4: can do without difficulty and pain free
3: can do with minimum difficulty or pain, but with satisfactory outcome
2: can do with some modification of activities, with awkward and pain

1: pain affect the performance and the quality is poor, would stop doing it most of the time

0: cannot do at all

Pain

2: pain free in doing

1: lolerated pain in doing
0: intolerable pain in doing

Wrist/ forearm position

E Extension
F  Flexion

S Supination
P Pronation

Ud Ulnar deviation
Rd Radial deviation
Gr Gripping action
Pi  Pinching action
N  Neutral wrist

Fig. 14.9 The wrist function assessment data sheet to be completed by occupational therapist. It consists of five ele-
ments, which are performance evaluation, pain evaluation, wrist range of motion, visual analog pain score, and grip and

pinch strength
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Table 14.1 Scoring system in performing the ten ADL
tasks in wrist function assessment

Score 4  Can do the task without difficulty and is
pain-free

Score 3 Can do with a minimum of difficulty or pain
and with satisfactory outcome

Score 2 Can do with some modification of the
activity; it is awkward and painful

Score |  Pain affects the performance and the quality
if poor; would stop doing it most of the time

Score 0  Cannot do the task at all

Table 14.2 The ten ADL tasks in
assessment

wrist function

. Wash back

. Pull out a drawer of 7 Ibs

. Pour out water from a full pot
Turn door knob/turn key
Open a door gate

. Lift weight of 5 lbs

. Write a name

. Wring out a wet towel

. Hold a wok

10. Open a jar lid

© ® NN AW~

Table 14.3 Radiographic grading of rheumatoid arthritis
according to Larsen-Dale-Eek [57]

Stage Definition

0 No arthritic change (changes not
related to arthritis may be
present)

1 Slight changes: presence of one
or more of the following:
— Periarticular soft tissue swelling
— Osteoporosis
— Slight joint space narrowing

I Definite early changes: one or
several small erosions + joint
space narrowing

111 Medium destructive changes:
marked erosions + joint space
narrowing

v Severe destructive changes:

marked erosions + joint space

narrowing + bone deformation

A Mutilating changes: gross bone
deformation + original articular
surfaces disappeared

Dislocation and bony ankylosis are not considered in the
grading system

Table 14.4 Preoperative and postoperative radiological staging of the wrist joint arthritis and number of grade pro-

gressed at the final follow-up

Preoperative X-ray

arthritic changes Number of arthritic changes
(Larsen-Dale-Eek wrists (% of (Larsen-Dale-Eek
grading) cases) grading)

I 5(12.8) I

II 10 (25.6) I

11 21 (53.8) 11

v 3(7.7) 10Y

\% 0 (0) \%

anesthesia to allow familiarization  with

arthroscopic techniques. All subsequent cases
were successfully completed under PSLA or
regional anesthesia (IVLA/FIRA). The average
operation duration was 86 min (range 60—135 min).
Radiocarpal and midcarpal joints could be assessed
arthroscopically in all cases even in Larsen grade
IIT and IV arthritis. The DRUJ was explored in 26
wrists. Nine wrists required separate portals for
DRUJ because of the relatively well-preserved
TFCC. In the remaining 17 cases, working portals

Postoperative X-ray

Number of Number of grade  Number of
wrists (% of progressed at the  wrists (% of
cases) final follow-up cases)
3(7.7) 0 10 (25.6)
3(7.7) 1 19 (48.7)
8(20.5) 2 7(17.9)

16 (41.0) 3 2(5.1)

9 (23.1) 4 1 (2.6)

for DRUJ could be gained through 4/5 or 6R of
radiocarpal joint via perforated TFCC.

Distribution and key areas of significant syno-
vitis and cartilage damage were shown in
Table 14.5 and Fig. 14.10.

Arthroscopic ulnar head ablation was per-
formed in two cases. They had the clinical fea-
tures of ulnar impaction syndrome. One case
underwent  arthroscopic ~ wafer procedure,
whereas the other underwent arthroscopic ulnar
head hemiresection.
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Table 14.5 Preoperative radiological staging of the wrist
joint arthritis

Joint with synovitis and cartilage damage % of cases
Midcarpal joint 56.8
Radiocarpal joint 86.5
Distal radioulnar joint 18.9

Fig. 14.10 Key areas of arthritis involvement: (1) radio-
styloid region, (2) scapholunate region, (3) ulnostyloid
region, (4) triscaphe region, (5) four-corner region (capi-
tohamate and triquetrolunate), and (6) dorsal capitoham-
ate close to carpometacarpal joint

All patients were followed up regularly for
clinical, radiological, and occupational therapy
assessment. Any complications and disease
recurrence were noted. The average follow-up
duration was 13 years (6—17.5 years). Statistical
analysis was performed using Student’s #-test and
Pearson’s correlation test to compare the preop-
erative and postoperative data and the correla-
tions of each parameter.

All patients had significant resolution of syno-
vial swelling within 2—-3 weeks after the surgery
(Fig. 14.11). VAS, total pain score, wrist total
performance score, and grip strength were sig-
nificantly better after the operation (Table 14.6).

Only one patient experienced pain deterioration
after the operation. Wrist range of motion was
similar as shown in Table 14.7. There was no
neurovascular or wound complication. Patient’s
overall satisfaction score was 7.6 over 10 (range
4-10) with ten being the most satisfied. Seven
patients stopped the DMARDs at an average of
4.7 years (1-8 years) after the synovectomy
because of symptomatic improvement. Seven
requested the same operation on the contralateral
wrists after arthroscopic synovectomy on one
side. Comparing early stage (LDE grade I and II)
and late stage (LDE grade III and IV) diseases,
there was no statistical significant difference in
the degree of improvement in VAS, total pain
score, wrist total performance score, and grip
strength. Seven wrists had a second arthroscopic
synovectomy for recurrence of synovitis at an
average of 4.3 years after the first operation
(range 1-15 years) (Table 14.8). Two had open
synovectomy because of the need of concurrent
tenosynovectomy. Two had Sauve-Kapandji pro-
cedure, two had wrist fusion, and two had total
wrist replacement. A total of 15 wrists need reop-
eration for recurrence of symptoms in which all
seven wrists are having symptomatic and func-
tional improvement after a second wrist
arthroscopic synovectomy.

For the radiological progression (Table 14.6),
preoperatively, there were 38.5 % LDE grade I and
I, 61.5 % grade Il and IV, and O % grade V. At the
final follow-up, there were 15.4 % grade I and 1I,
61.5 % grade III and IV, and 23.1 % grade V. Ten
wrists (25.6 % of all cases) did not have radiologi-
cal progression at the average follow-up duration
of 13 years (6-17.5 years) (Fig. 14.12), in which
three wrists were of grade I and four wrists of
grade III. Most of the cases (19 wrists, 48.7 %)
progressed to one LDE grade, seven wrists
(17.9 %) progressed to two grades, two (5.1 %)
progressed to three grades, and one (2.6 %) pro-
gressed to one grade. The severity of the radio-
graphic progression, recurrence of symptoms, and
need of subsequent operations showed no correla-
tion with the radiographic grading at the time of
operation. In the 29 wrists having radiological pro-
gression, 21 wrists developed radiocarpal or mid-
carpal ankylosis (Figs. 14.13, 14.14, and 14.15) at
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2 weeks post-op

Fig.14.11 Significant resolution of wrist synovial swelling 2 weeks after arthroscopic synovectomy in a rheumatoid patient

Table 14.6 The VAS, total pain score, wrist total perfor- Table 14.7 The wrist range of motion before the opera-
mance score, and grip strength before the operation and at  tion and at the final follow-up
the final follow-up

Latest

Preoperative Latest follow-up Range of motion Preoperative follow-up

value value p-Value (degree +SD) value value p-Value
VAS 6.1+£2.2 1.5+£2.3 0.005 Extension 42.5+14.6  38.5+10.1 0.03
Total pain 12.9+3.5 3.9+6.6 0.005 Flexion 37.1+13.3  253+15.7 0.17
score+SD Radial deviation 10.2+6.4 7.1+7.0 0.18
Wrist total 20.9+8.6 31.3£123 0.01 Ulnar deviation ~ 24.3+9.5 232+13.0 0.13
performance Pronation 723+11.4 66.4+15.3 0.05
CEOE=ID Supination 7242221  77.7+12.5 008
Grip strength  12.7+8.0 23.7+4.0 0.03
(kg+SD)

Table 14.8 Reoperations were done for recurrence or progression of
the disease as shown here

Nature of further surgery Number of cases
Arthroscopic synovectomy

Open synovectomy + tenosynovectomy
Sauve-Kapandji procedure

Total wrist fusion

Limited wrist fusion

Total wrist replacement

N = = NN



pre-op, 2002

Fig. 14.12 (a and b) A 40-year-old man having bilateral wrist arthroscopic synovectomy done in 2002. There was
no radiological progression 12 years after the operation. There was no wrist pain or swelling since the operation

P

6 years post-op

Fig. 14.13 (a) Solid spontaneous radioscapholunate arthrodesis in a 42-year-old lady with rheumatoid
arthrodesis was found 8 years after the arthroscopic arthritis 6 years after the arthroscopic wrist
wrist synovectomy. (b) Solid spontaneous radiolunate  synovectomy



9 years post-op

Fig.14.14 (a) A 40-year-old lady with seropositive rheu-  pal joint arthrodesis in our patients after arthroscopic
matoid monoarthritis. Progressive capitolunohamate  wrist synovectomy
arthrodesis was observed. (b) Different kinds of midcar-
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9 years post-op

R | 2% 16 years post-op

Fig.14.15 (a and b) A 17-year-old boy who had juvenile
rheumatoid arthritis affecting bilateral knees, bilateral
ankles, feet, and wrists. He had bilateral arthroscopic
wrist synovectomy done in 1997. He stopped the
DMARD:s after the operation. Definite radiological pro-

gression was seen. There was spontaneous right wrist
midcarpal arthrodesis at around 6 years post-op and left
radiolunate arthrodesis at 11 years post-op. He did not
have any wrist pain now. His wrist total performance
score was full
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Table 14.9 Comparing the group (21 wrists) with mid-
carpal or radiocarpal joint ankylosis and the group (18
wrists) without; the group with ankylosis showed better
VAS, grip strength, and wrist total performance score

Wrists
Wrists with  without
ankylosis ankylosis
(21 wrists) (18 wrists) p-Value
VAS 0.8 2.8 0.02
Grip strength (kg) 19 10.1 0.004
Wrist total 39.3 27.4 0.03

performance score

an average of 5.6 years (6 months to 11 years)
after the synovectomy. When stratifying the
group with ankylosis and the other with no anky-
losis at the final follow-up, the group having
ankylosis had significant better VAS and grip
strength (Table 14.9). The wrist total perfor-
mance score also improved though it was not sta-
tistically significant (Table 14.9).

Analysis on Our Results

We Had Good Outcomes

After Arthroscopic Wrist Synovectomy
This is the long-term clinical results of wrist
arthroscopic synovectomy for rheumatoid arthri-
tis with an average follow-up period of 13 years
(6-17.5 years) after the publications by Adolfsson
et al. (1993) (6 months of follow-up) [9],
Adolfsson et al. (1997) (3.8 years of follow-up)
[11], Park et al. (2003) (2.4 years of follow-up)
[13], Kim et al. (2006) (5.8 years of follow-up)
[14], and Lee et al. (2014) (7.9 years of follow-
up) [15]. We reported similar good results as
them. VAS, wrist total performance score, and
grip strength were significantly improved except
one patient who did not have pain improvement.
High patient satisfaction was gained. Seven
patients requested the same operation for the
other wrists, and seven stopped the DMARDs
after the relief of their symptoms. There was no
radiologic progression in ten wrists after the
operations, in which two of them had all along no
DMARDs, whereas three of them stopped the
medications after the operation.

Clinical and Radiological Outcomes

Were Not Associated

with the Radiological Grading
Preoperatively and We Had Good
Outcomes in Both Early and Late

Arthritis

It is well known that the best results of synovec-
tomy are seen in the early stages of rheumatoid
arthritis [11, 58, 59]. In the knee joint, many
reports of long-term successful results from syn-
ovectomy were limited to chronically painful
and swollen joints with early radiographic
changes [60-62]. For the open wrist synovec-
tomy, however, Chalmers reported that pain
scores or need for subsequent arthroplasty did
not correlate with the preoperative radiographic
findings and joint changes [63]. Thirupathi also
found that there was no significant relationship
between radiological progression, in terms of
carpal translocation or collapse, and the preop-
erative stage of disease [54]. The wrist is not a
weight-bearing joint as opposed to the joints of
the lower limb; therefore, it can cope well with
applied loads during activities. The benefits of
synovectomy therefore could be extended to
patients with wrists of advanced grading.
Nevertheless, for arthroscopic wrist synovec-
tomy, Adolfsson et al. recruited 18 wrists in 16
patients, with radiographic changes more severe
than LDE grade III excluded, and reported the
arthroscopic results in 1993 [9]. In 1997, he con-
cluded that the progression of arthritis was sig-
nificantly less common in patients with no or
very early changes at the time of surgery in his
24 wrists in 19 patients [11]. Until 2001, Park
et al. studied the results of arthroscopic synovec-
tomy in 19 wrists in 18 patients [13]. Though
there was only one patient in LDE grade III dis-
ease and one in grade IV disease in his study, he
suggested that the stage of radiological change
before surgery did not correlate significantly
with the clinical results. In 2006, Kim et al. stud-
ied the results of arthroscopic wrist synovectomy
in advanced rheumatoid arthritis [14]. He noticed
that patients with advanced radiographic changes
and joint space narrowing had satisfactory surgi-
cal and clinical results after synovectomy.
Though the 18 patients (19 wrists) he recruited
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were only limited to LDE grade III or less, he
found that radiographic stage was not related to
clinical outcomes. In the latest publication in
2014 by Lee et al., he analyzed his results with
arthroscopic wrist synovectomy done in an aver-
age of 7.9 years of follow-up that an earlier
radiologic stage did not indicate better clinical
outcomes or less recurrence [15]. Although
advanced arthritis with deformity LDE grade IV
or V was excluded in the final 56 wrists in 49
patients, he advocated arthroscopic surgery even
in wrists with advanced radiographic changes.

In our study, we had more than half of the
patients with LDE grade III disease (21 wrists,
53.8 %) and three wrists with grade IV disease
(7.5 %). Satisfactory results were demonstrated
in both the early and late arthritis (LDE grade I
and II versus grade III and IV). Clinical or radio-
logical disease progression also did not show any
correlation with the radiographic grading at the
time of operation. Although the outcomes in
advanced disease are not consistent in the litera-
tures so far, our favorable results encouraged us
operating on them. Given the less predictable dis-
ease course in patients with advanced diseases
following arthroscopic synovectomy, restricting
the procedure only to early disease would unfairly
deny patients with advanced disease the pain and
function improvement they could obtain, which
we have shown to be not inferior to that obtained
by patients with early disease. This is more so
given the excellent risk-benefit ratio of the mini-
mal invasive procedure compared with the exist-
ing options for advanced disease as there was no
complication noted and most of the patients were
satisfied with this operation.

Arthroscopic Wrist Synovectomy Could

Be Done Under Local or Regional
Anesthesia That Made Operation Safer

for Rheumatoid Patients

Under the PSLA or combined FIRA/IVLA,
patients could tolerate the procedure for an aver-
age operation time of 86 min. One case was even
performed totally under PSLA without a tourni-
quet for 135 min. These techniques made
arthroscopic synovectomy feasible under regional

anesthesia and especially beneficial for rheuma-
toid patients with cervical spine instability and
general anesthesia can be avoided.

Technically, Arthroscopic Wrist
Synovectomy Was Easy for Even

Advanced Arthritis

The procedure was technically possible even in
advanced disease with extremely narrowed joint
spaces shown in the radiographs. Capsular laxity
conferred by the disease process enabled suffi-
cient joint distension upon digital traction and
saline irrigation. Feasibility for arthroscopy
could also be predicted preoperatively by assess-
ing the joint space under manual traction with an
image intensifier (Fig. 14.1).

Technically, Arthroscopic Work in DRUJ
Was Easy and Feasible and Gave Good
Success

The portals for DRUJ were easier to be devel-
oped in rheumatoid patients. The process of
synovitis distended the DRUJ and gave a spa-
cious environment for the arthroscopic instru-
ments to work. However, separate portals for
DRUIJ were not always required as the TFCC was
usually perforated in late stage arthritis. Working
portals for DRUJ could be gained through portals
for the radiocarpal joint via perforated TFCC.
Early results in our series were encouraging with
good relief of DRUJ symptoms. Moreover,
arthroscopic ulnar head ablation could be per-
formed at the same time if patients experienced
features of ulnar impaction syndrome. The two
patients showed good forearm rotation without
symptomatic DRUJ instability or ulnar impinge-
ment at the final follow-up.

Midcarpal Joints Were Not Spared

and Were Commonly Involved in Our
Series

In contrast to the usual findings of relatively
spared and protected from destructive changes in
midcarpal joint in rheumatoid arthritis [11, 64,
65], 56.8 % of our cases showed midcarpal joint
involvement. This contradicted the hypothesis
that midcarpal joint disease was spread from
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radiocarpal joint via triquetrolunate joint [66].
We showed that the key areas of midcarpal joint
involvement were the triscaphe region, four-
corner region (capitohamate and triquetrolunate
junction), and finally dorsal aspect of the capito-
hamate junction near the carpometacarpal joint.
The last area had not been mentioned in the lit-
erature and it did contribute partly to dorsal wrist
swelling detected clinically.

There Was Radiological Progression

and Clinical Recurrence in Our Series:
Radiological Progression Was Not
Correlated with the Clinical Outcomes

and MidCarpal or Radiocarpal Joint
Ankylosis Was Present in the Majority

of Cases with Radiological Progression
and Showed Better Clinical Outcomes
Basic sciences demonstrated the local and sys-
temic destructive nature of the diseased synovium
in rheumatoid arthritis as mentioned previously.
Synovectomy theoretically helps to arrest or slow
progression and sometimes allows erosive lesions
to heal. Improvement in radiological appearance,
with disappearance of the erosive lesions and res-
toration of joint space, had been reported after
synovectomy since 1965 by Wilkinson et al. [7].
He believed that following synovectomy for
rheumatoid arthritis, new synovial tissue was
formed, capable of dialysis of synovial fluid.
Nutrition of cartilage was restored and the
removal of necrotic tissue favored revasculariza-
tion, which explained the postoperative better
radiological appearance in his cases. However, in
our series, 29 wrists (74.4 %) had radiological
progression and 13 wrists (33.3 %) had clinical
recurrence of synovitis, which corresponded to
previous studies showing that disease progres-
sion and recurrence were always possible after
synovectomy [9-15]. Nevertheless, it is interest-
ing to notice that in the 29 wrists having radio-
logical progression, only seven (24.1 %) of them
had recurrence of symptoms of pain and swell-
ing. Statistical analysis showed that radiological
progression to a higher grade was not associated
with poor clinical outcomes. This echoed the
finding by Kim et al. that nine patients had pro-

gression of their arthritis to a higher radiographic
grade even though clinical symptoms improved
[14]. More interestingly, in these 29 wrists, 21
(72.4 %) of them developed midcarpal or radio-
carpal ankylosis at an average of 5.6 years
(6 months to 11 years) after the synovectomy
(Figs. 14.13, 14.14, and 14.15). Our follow-up
duration was long enough to let us observe this
phenomenon. That means 54 % of all the 39
wrists were found to have spontaneous arthrode-
sis of the midcarpal or radiocarpal joints in our
series. This differs greatly from the data pre-
sented by Lee KH in the 68th Annual Meeting of
the ASSH in 2013 that there were a total of
24.8 % of the 213 wrists in 164 patients having
spontaneous midcarpal (18.3 %) or radiocarpal
(6.5 %) arthrodesis [67]. Statistical analysis
revealed that the group with ankylosis had sig-
nificant better VAS and grip strength and
improved wrist total performance
Removing the diseased synovium helped to
retard the erosion of the articular surface and sur-
rounding joint ligaments. This conferred stability
of the wrist joint lets the bare bone surfaces get in
touch with each other and might therefore result
in ankylosis. Mechanical pain from bone-to-bone
articulation and stretching of the ligaments could
then be eliminated after ankylosis, which might
explain the better performance in this group of
patients. Although ankylosis created a stiff joint,
a significant deterioration of range of motion was
not found. Probably, wrist pain had already lim-
ited their preoperative wrist range of motion.
This ankylosis phenomenon may demonstrate
one indirect mechanism arthroscopic wrist syno-
vectomy offers to relieve symptoms and improve
function.

Score.

There Were Many Monoarthritis Cases

in Our Series and Rheumatoid
Monoarthritis May be Especially
Benefited from Arthroscopic Wrist
Synovectomy

Monoarthritis due to rheumatoid arthritis is quite
rare [68]. It may represent an early stage of the
systemic disease and progress to oligoarthritis or
polyarthritis with time. In our series, there were
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relatively a large proportion of patients
(Fig. 14.14a), seven patients (23.3 %) having
monoarthritis, in which only one patient was put
on an antirheumatic drug, two stopped it after the
operation, and four had never received any dis-
ease-modifying agent. Only two of them pro-
gressed to oligoarthritis during the 16 years of
follow-up. We were unable to determine the rea-
son for the relatively higher percentage of mono-
arthritis in our series. It could be that they were
identified and operated early, and the spread to
other joints was retarded by the systemic effect of
synovectomy as mentioned previously [8].
Nevertheless, rheumatoid patients having mono-
arthritis may especially benefit from wrist
arthroscopic synovectomy, which may help to
retard the amplification of the disease locally at
that joint, provide early relief of symptoms and
improvement in function, give more diagnostic
clue to guide treatment early, and exempt them
from disease-modifying antirheumatic drugs if
local disease is well controlled.

Arthroscopic Wrist Synovectomy

Shared the Same Advantages

of a Minimal Invasive Surgery

The findings in our series indicated that
arthroscopic synovectomy for rheumatoid arthri-
tis is effective in providing long-term pain relief,
functional improvement, and grip strength even
in advanced condition. It is well known that open
procedures are relatively major trauma with con-
sequent discomfort for the patient, longer reha-
bilitation, longer hospital stay, and risk of
postoperative joint stiffness [53, 69-71]. Our
patients having arthroscopic procedures had
smaller incision, wrist joint capsulo-ligamentous
structures preserved, minimal postoperative pain,
no postoperative stiffness, no need for hospital
stay or formal rehabilitation, and high patient
satisfaction.

Other Applications

Besides synovectomy, with the advancement of
arthroscopic techniques, the surgical application
is extended to the reconstructive procedures in

rheumatoid wrist. the

examples.

The following are

Arthroscopic Wafer Procedure

Patients with rheumatoid arthritis usually have
ulnar wrist pain. It can be caused by ulnocarpal
synovitis, DRUIJ arthritis, and ulnocarpal impac-
tion syndrome. Ulnocarpal impaction happens
not only in those with preexisting ulnar plus vari-
ance but also in rheumatoid wrists having ulnar
translation or bony deformity resulted in decreas-
ing distance between ulnar head and the ulnar-
sided carpal bones. TFCC is usually perforated
and arthroscopic wafer procedure can be per-
formed by passing a motorized bur through the
radiocarpal joint (4/5 portal or 6R portal) via the
perforated TFCC while viewing through the 3/4
portal. Perforated TFCC is first debrided, smooth-
ened, and enlarged. The ulnar head is beveled
with care to preserve the part articulating with the
sigmoid notch. DRUJ synovitis is debrided.
Pronation-supination movements are made to
ensure even resection of the anterior and poste-
rior parts of the ulnar head while respecting the
DRULI.

Arthroscopic Hemiresection
of Ulnar Head

DRUIJ is most commonly affected of the three
articulations of the wrist, with 78 % of patients
having evidence of rheumatoid arthritis in DRUJ
at the late radiographic follow-up [72].
Progressive synovitis disrupts and attenuates the
ulnocarpal and radioulnar ligaments, and TFCC
results in DRUJ instability and subsequently
caput ulna syndrome and extensor tendon rup-
tures. Bony erosions at the DRUJ result in ulnar
impingement syndrome and radiographic appear-
ance of scallop sign of sigmoid notch erosion.
Early DRUJ synovectomy and soft tissue balanc-
ing procedures help to avoid the above sequelae.
For established DRUIJ erosive changes, osseous
procedures are targeted to treat the pain and stiff-
ness at forearm rotation, by clearing the bony
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contact between the radius and ulna. This can be
done by complete (Darrach procedure) or partial
resection of the distal ulna (hemiresection inter-
position arthroplasty, matched distal ulna hemire-
section), fusing the joint (Sauve-Kapandji
procedure), or replacing the distal ulna. In 1912,
Darrach first performed a resection of the distal
ulna for an unreduced dislocation of the distal
ulna [73]. Several soft tissue procedures, using
free tendon grafts, extensor carpi ulnaris (ECU),
flexor carpi ulnaris, joint capsule, or pronator
quadratus, have also been described to stabilize
the ulnar stump. However, ulnar stump instabil-
ity, impingement, pain, and snapping were still
reported [74, 75]. Removal of the distal ulna also
predisposes the carpus to ulnar-sided translation
[76], acceleration of carpal supination deformity
[77], ECU rupture [78], and grip weakness [79,
80]. Kingman determined that the only factor that
correlated with better results was preserving
more distal ulna bone [81]. Ulnar styloid tends to
be retained to preserve the adjacent ligaments
and TFCC insertion. In 1936, Sauve and Kapandji
described arthrodesis of the DRUJ and distal
ulnar pseudoarthrosis, which preserved the whole
ulnar head [82]. It provides a buttress to prevent
carpal translation and maintain normal load shar-
ing between the ulna and carpus while enabling
forearm rotation. However, problems of non-
union or delayed union of the arthrodesis, fibrous
or osseous union at the pseudoarthrosis, painful
instability of the proximal ulna stump, and pain-
ful wrist motion and stiffness were not uncom-
monly reported [83]. In 1985, Bowers described
the modification of ulnar head resection, hemire-
section interposition arthroplasty, in which only a
portion of the distal ulna was removed, leaving
intact the radioulnar and ulnar carpal ligaments
as well as the TFCC in an effort to preserve the
stability of the remaining ulna [75]. He also
described interposing tendon, muscle, or dorsal
capsule in the resected area. In 1992, Watson and
Gabuzda described a further modification of dis-
tal ulnar resection, matched distal ulnar hemire-
section [84]. Although the ulnar styloid and most
of the head of the ulna are removed, ulnar length
is preserved to the level of the radial articular sur-
face, and the distal ulnar shaft is tapered to avoid

impingement on the radius or ulnar carpus while
exposing maximal cancellous bone so that the
ulnocarpal ligaments can reattach to the ulnar
remnant. Favorable long-term results were
reported in various series when more ulnar head
bone was preserved [75, 81, 84-89].

Arthroscopic hemiresection of the ulnar head
serves the purpose of clearing the painful bony
contact between the radius and ulna while
meticulously preserving more ulnar head bone
and surrounding stabilizing soft tissues and
therefore minimizing the above complications.
Because it can be performed under local anes-
thesia, any catching or uneven surface can be
smoothened to make sure that there is no radio-
ulnar impingement at both active and passive
wrist and forearm movement. With the soft tis-
sue structures preserved in the arthroscopic
approach, interposition procedure is obviated
(Fig. 14.16) (Video 14.1).

Arthroscopic TFCC Reconstruction

The synovitis process destroys and invades TFCC
and radioulnar ligaments, resulting in destabili-
zation of the DRUJ. Instability of DRUJ produces
painful forearm rotation, ruptures extensor ten-
dons, and exacerbates bony erosions at the
DRUI. Early synovectomy and DRUIJ stabiliza-
tion procedures help to avoid the above sequelae.

Arthroscopic TFCC reconstruction is advo-
cated for the chronic DRUIJ instability with the
absence of DRUI erosion [90]. TFCC is the most
important stabilizer of DRUJ but the other sec-
ondary stabilizers also contribute significantly.
Arthroscopic technique gives minimal surgical
dissection while preserving the anatomical integ-
rity and vascular supply of the delicate structures
around the DRUIJ. This is especially important to
the rheumatoid patients when the postoperative
pain is less and rehabilitation is faster.

The operation is performed under general
anesthesia or brachial plexus block. Standard
arthroscopic setup, small joint arthroscopic
graspers of 2-3 mm, cannulated drills, and a fluo-
roscopic image intensifier are required. There are
seven surgical steps:
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post-op
10.5 years

Fig. 14.16 (a) A 62-year-old lady with rheumatoid
arthritis and significant right DRUJ pain and swelling and
forearm stiffness. Arthroscopic hemiresection of ulnar
head was done. The DRUJ symptoms were resolved for
long and forearm range of motion was satisfactory. She
had DMARDs stopped 1 year after the operation as they
impaired liver function (Video 14.1). (b and ¢) A 54-year-
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old lady with rheumatoid arthritis and bilateral wrist
swelling and painful wrist and forearm motion, which
were not well controlled with medications. Bilateral
arthroscopic synovectomy and hemiresection ulnar head
excision were done. She had the right side operated first
and requested the same operation for the left wrist (Video
14.2)
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1. Arthroscopic synovectomy+TFCC central
hole preparation (Fig. 14.17a)

2. Harvesting palmaris longus (PL) graft

3. Radial (sigmoid notch) tunnel preparation
with passage of the PL graft through the radial
tunnel (Fig. 14.17b)

4. Ulnar tunnel preparation (Fig. 14.17¢)

5. Volar graft limb returning to the joint and exteri-
orizing through ulna head and tunnel (Fig. 14.17d)

6. Dorsal graft limb returning to the joint and
exteriorizing through the ulnar head and tun-
nel (Fig. 14.17¢)

7. Tensioning of the PL graft and tying around
ulnar neck (Fig. 14.17f, g)

For surgical details, please refer to Tse et al. [90].

Arthroscopic Limited Wrist Fusion/
Total Wrist Fusion

Limited and total wrist fusions are two well-
known treatment options for uncontrollable,
painful, unstable, and deformed rheumatoid
wrists. Progressive wrist joint destruction results
in shortening and joint instability which cause
pain, a significant loss of strength, and disability.
Both wrist stability and mobility are indispens-
able for good hand function. However, in this
scenario, priority has to be given to a painless and
stable wrist to restore the function. Partial wrist
fusion is indicated to the wrists in which only
part of the articulating system is particularly
affected and is not controlled with synovectomy,

Fig. 14.17 (a) TFCC reconstruction in a rheumatoid
wrist with DRUIJ instability. The wrist joint was inspected
under PSLA. (b) PL tendon graft was passed through the
radial tunnel. (¢) Ulnar tunnel was prepared. (d) Volar
limb of the PL tendon graft returned to the ulnocarpal
joint. (e) Both dorsal and volar limbs of the tendon graft

had passed through the ulnar tunnel. (f) Tensioning and
tightening of the 2 limbs and confirmed with arthroscope.
(g) She also had joint replacement and reconstruction at
the same operation setting. (h) Pos-operative X-ray show-
ing the bone tunnels of the radius and ulna where the ten-
don graft passed
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while the rheumatoid disease progression should
also be optimally controlled by DMARDs and
should not be at an active proliferative phase
before the operation. Study showed that wrist
arthrodesis in patients with low disease activity of
rheumatoid arthritis yielded better results than pre-
viously reported for the union rate, postoperative
flexion and extension arc, and radiological LDE
grade [91]. The use of DMARDs and biologicals
also helps to limit the use and reduce the dosage of
steroid which has an adverse effect on bone quality
and bone union [92, 93]. The wrist is composed of
multiple bony linkages from the forearm to the
metacarpus via the carpal bones. This anatomical
peculiarity offers an opportunity to allow fusion of
the painful diseased segments of the wrist while
preserving motion in the other unaffected seg-
ments. The partial wrist fusion also helps to halt
any predictable mechanical collapse of the carpal
column and maintain carpal height in the presence
of ligament or bony destructions (Fig. 14.18). In
fact, the concept of partial wrist fusion in the rheu-
matoid wrist was first described by Chamay [94],
a radiolunate fusion. It is an effective procedure to
obtain reduction of the lunate, correct carpal
malalignment, relieve pain, and retain some flex-
ion and extension. In case of excessive damage to

the radiocarpal joint, then radiolunate fusion is
expanded to radioscapholunate fusion. When the
bony resorption is so extensive that the lunate is
gone, total wrist fusion is advocated.

Arthroscopic version of wrist fusion is a
particular good option for rheumatoid patients
who would have less postoperative pain, faster
recovery, higher union rate, and low complica-
tions [95]. Union of arthrodesis should not be a
problem in rheumatoid patients. High union
rate of wrist arthrodesis by means of rods or
pins was reported [96, 97]. In rheumatoid
arthritis, poor bone quality and cortical thin-
ning due to endosteal resorption are not condu-
cive to the insertion of plates and screws. They
also have thin and fragile skin that prominent
plates may need to be removed [97]. A poten-
tial for fracture through screw holes following
plate removal has also been noted [98].
Complications at the carpometacarpal joint
and extensor tendon synovitis due to promi-
nent implant material have been described
[99]. Arthroscopic techniques using embedded
percutaneous K-wire or screw fixation elimi-
nate the above problems while giving the least
surgical trauma and dissection and promoting
vascularity and bony union.

Fig.14.18 (a) A rheumatoid patient having wrist synovi-
tis particularly affecting the lunotriquetral joint with
lunotriquetral instability and pain. Arthroscopic lunotri-
quetral fusion was done. (b) Another rheumatoid patient

having wrist synovitis mainly affecting the midcarpal
joint and chronic DRUJ instability. Arthroscopic four-
corner fusion was done in addition to the TFCC
reconstruction
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The operation is performed under general
anesthesia or plexus anesthesia, if no autologous
bone grafting from the iliac crest is necessary.
Fluoroscopy should be available. The list of
essential instruments includes standard arthros-
copy set, a motorized full-radius shaver and bur
system of diameters ranging from 2.0 mm to
3.5 mm, small angled and ring curettes, 2.5 mm
suction punch, radio-frequency thermal ablation
system, and small cannulated screw system or
K-wires. Foley catheter is sometimes necessary
to block spillage of bone graft away from the
fusion site. A tourniquet is applied but not inflated
routinely and most of the procedures can be done
without the use of a tourniquet. The surgical steps
in arthroscopic wrist fusion include the following
(Figs. 14.19 and 14.20):

1. Arthroscopic surveillance.

e Assessment of both the radiocarpal and
midcarpal joints to evaluate the status of
the interosseous ligaments, synovitis, and
articular cartilage of the joints intended to
be fused.

2. Arthroscopic synovectomy.

3. Residual cartilage denudation and contouring
of the opposing bone surfaces at the fusion
site.

* The extent and depth of cartilage denuda-
tion should be precisely controlled using
2.9 mm arthroscopic bur. There should be
maximal preservation of the subchondral
bone so as to maintain the carpal height.
Burring is completed when the subchon-
dral cancellous bone with healthy punctate
bleeding is reached. This phenomenon is
easily observed if the tourniquet is not
inflated. Usually the bleeding is not pro-
fuse and can be well controlled with the
hydrostatic pressure maintained through
the irrigation system.

4. Correct carpal deformity.

e Carpal malalignment is closely reduced
and held with percutaneous K-wire. The
tract should be carefully dissected bluntly
to avoid iatrogenic injury or tethering of
the extensor tendons during the introduc-
tion of K-wire through the skin, especially

in rheumatoid patients with weak extensor
tendons.
5. Provisional fixation at the fusion site.

e The wrist is released from the traction
tower and K-wires are inserted across the
fusion site. The K-wires can be used as
definitive fixation device or used as a guide
pin for subsequent conversion to percuta-
neous cannulated screw fixation. The
K-wires are then withdrawn from the
fusion site but still left in the carpus or dis-
tal radius.

6. Augmentation of the fusion site with bone
graft or bone substitute.

e Autologous bone graft or artificial bone
substitute is frequently required to fill up
the voids between the opposing bone sur-
faces. If the vascularity and the bone qual-
ity of the fusing bone are adequate,
autologous cancellous bone graft is not
essential and there is an increasing role of
using bone substitute to reduce the poten-
tial donor site morbidity with similar out-
comes. In order to prevent spillage of the
graft inside the joint to undesirable com-
partments, a French 6 Foley catheter can be
inserted and the inflated balloon helps to
block the flow of the bone graft. The wrist
is put up to the traction tower again. Bone
graft can then be passed through an
arthroscopic cannula introduced through a
working portal. The bone graft is impacted
with the trocar until satisfactory amount of
graft is achieved.

7. Definitive fixation.

e The wrist is taken off from the traction
tower. Definitive fixation is done by driv-
ing the provisional K-wires forwards
across the fusion site. If cannulated screws
are used, the K-wires serve as the guide
pins. Percutaneous K-wires should then be
cut short and buried underneath the skin.
They are removed under local anesthesia
when the bone healing is complete.

The incision wounds are opposed with Steri-
Strips or simple sutures. Comfortable compres-
sion dressing and short arm slab are applied.



Fig. 14.19 A 53-year-old rheumatoid patient with left
wrist pain and stiffness for 5 years. X-ray and MRI showed
that the radiolunate joint was particularly affected.
Arthroscopic radiolunate joint fusion with percutaneous
cannulated screws and bone substitute was done (Videos
14.3 and 14.4). (a) Preoperative X-rays. (b) Preoperative
MRI. (c) After arthroscopic synovectomy and burring of

the fusion site, preliminary K-wires were inserted across
the fusion site. (d) Artificial bone graft was inserted along
an arthroscopic trocar cannula to the fusion site. (e)
Appearance of the bone graft at the fusion site. (f)
Percutaneous cannulated screw was inserted. (g) Immediate
postoperative X-rays. (h) X-rays at 9 months post-op. (i)
Inconspicuous scar and minimal wrist swelling
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Fig.14.20 A 58-year-
old lady with
rheumatoid wrist having
painful wrist motion and
forearm rotation. There
was mild volar
subluxation and ulnar
translation of the lunate.
Arthroscopic wafer
procedure in addition to
arthroscopic
radioscapholunate fusion
with the use of K-wires
and artificial bone
substitutes was done
(Videos 14.5 and 14.6).
(a) Preoperative X-ray.
(b) Early postoperative
X-rays. (c) Postoperative
X-rays at 4 months
showed good union at
arthrodesis site

It is changed to a removable wrist splint at 1-2
weeks. In fusion across the radiocarpal joint and
for K-wire fixation cases, active mobilization of
the wrist is initiated after the fusion is united. For
compression screw fixation cases, gentle active
wrist mobilization out of splint can be started at 2
weeks. In fusion within the midcarpal joint,
active mobilization can be initiated early out of
splint 1-2 weeks after the operation.

For detailed surgical techniques and rehabili-
tation, please refer to Ho [95].

Complications

Arthroscopic procedures are overall safe and reli-
able. However, we still have to take special pre-
caution in the use of arthroscopic bur and
radio-frequency probe. Throughout the years, we
encountered one case of superficial second-
degree skin burn due to the use of a high-speed

bur without a good protective sheath during
arthroscopic wrist fusion. There were two cases
of delayed extensor tendon ruptures after the use
of radio frequency (Fig. 14.21). Radio-frequency
probe should be avoided in the dorsal wrist, espe-
cially in rheumatoid patients with thin or incom-
petent dorsal wrist capsule where the extensor
tendons are directly overlying. A lower tempera-
ture and shorter duration of use are also
recommended.

Conclusion

Arthroscopic approach in diagnosing and treating
the rheumatoid wrist may be a breakthrough in
providing a higher standard of care to rheumatoid
patients. The inherent ligamentous laxity in the
rheumatoid wrist gives an easier visualization
and working environment for the arthroscope.
Arthroscopy improves the operative exposure,



Fig. 14.21 (a) Failure of right index finger extension after
arthroscopic wrist synovectomy. (b) Open exploration
showed complete rupture of the extensor tendon. (¢) Flimsy
rupture ends of the extensor tendon. (d) Unhealthy part of

the tendon was excised and sent for histopathology. (e)
Direct repair of the extensor tendon to the index finger. (f)
Histological features of thermal injury to the tendon. (g)
Full finger range of motion was demonstrated after healing
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gives a global assessment of wrist pathology for
comprehensive surgical planning, gives minimal
ligament disturbance and minimal scar and post-
operative pain, has low anesthetic risk, accurately
tackles mechanical symptoms, and hastens recov-
ery and rehabilitation.

Rheumatoid arthritis is a systemic disease. A
multidisciplinary approach with rheumatologists,
hand surgeons, physiotherapists, and occupa-
tional therapists is of paramount importance to
give high-quality care to the patients. Evidences
also revealed that surgical intervention when the
disease under pharmacological control gives the
best outcomes [91-93, 100, 101]. However, less
than 20 % of hand surgeons and rheumatologists
treat rheumatoid patients in a multidisciplinary
setting [102]. Rheumatologists may be skeptical
of the role, efficacy, and benefits of prophylactic
and therapeutic surgeries for rheumatoid arthri-
tis. Hopefully, our promising results and experi-
ences of the use of arthroscopy in the treatment
of rheumatoid wrist can gain trust and confidence
of more people; the success of the minimal inva-
siveness of the procedures can eliminate the wor-
ries of the patients and rheumatologists and gain
popularity by hand surgeons. With the rapid pro-
gression of the disease in rheumatoid wrists [2],
early diagnosis, early intervention, and good
communications and consensus among the
health-care providers are the keys to help and
treat more patients.
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Daniel Herren

Introduction

The aim of this chapter is to highlight current
thinking on the surgical treatment of rheumatoid
wrists. The cases illustrate the concepts of differ-
ent indications and surgical performance. The
cases presented are not intended to give only one
possible treatment option but rather to stimulate
thought and discussion.

Case 1 (Fig.15.1)

Case 1: A 72-year-old man with rheumatoid
arthritis (RA) for more than 20 years. At the pres-
ent time, his condition is stable on infliximab
(Remicade®) and methotrexate (MTX), with no
major side effects. He has a painful nondominant
left wrist: the pain on a VAS scores six on loading
and two at rest. The fingers are functioning rea-
sonably well, without any significant synovitis.
Motion on flexion/extension of the wrist is
25°/0°/30°, with pain in the end positions. Pro-/
supination accounts for 60°/0°/65°, with painful
grinding of the distal radioulnar joint (DRUJ).
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The dominant hand is currently free from pain
(maximum VAS of two on loading) with a func-
tional range of motion.

The following points need to be addressed:

1. Which anatomical parts are responsible for
the pain?

2. Is surgery indicated and, if so, which parts of
the wrist require intervention?

3. What are the treatment options for the distal
radioulnar joint?

4. What are the possibilities for treating the
wrist?

5. How should we handle the current medication
during surgical treatment?

Discussion

1. Which anatomical parts are responsible for
the pain?

The X-ray shows an AP view of a wrist
with considerable destruction of the radiocar-
pal and midcarpal joints, as well as of the
DRUI. Cystic bone lesions indicate residual
inflammatory activity in all parts of the wrist,
including the capitate. The DRUJ shows pro-
trusion into the radius, with sclerotic changes
within the bone. There is no significant ulnar
drift and good coverage of the lunate on the
radius. The carpal height is well preserved
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Fig. 15.1 AP radiograph of the wrist showing severe
destruction in all wrist compartments including the distal
radioulnar joint. There is little ulnar drift and it seems that

the

lunate starts to fuse with the radius

and the overall bone quality seems reasonable,
despite the cystic lesions. In the Schulthess
classification of RA wrists, this represents a
type II wrist, with a stable bone situation simi-
lar to that seen in wrist joints undergoing
osteoarthritic degeneration. In summary, there
is destruction of all the compartments in the
wrist, with the midcarpal joint probably the
best preserved.

. Is surgery indicated and, if so, which parts of

the wrist require intervention?

The medication seems to be working rea-
sonably well, with the wrist on the other side
being almost pain-free and little or no evidence
of soft tissue synovitis. There is no need to
change the medication, because the patient is
not suffering from significant side effects. With
such clear destruction of all compartments of
the wrist, including the DRUJ, surgery is prob-
ably the best option for this patient. As all the

components are painful, a “full service” should
be considered; that is to say, we should treat the
wrist as well as the DRUJ. Surgery on the
DRUIJ also has the potential to prevent prob-
lems with the extensor tendons in the future.

. What are the treatment options for the distal

radioulnar joint?

The classic intervention in the DRUJ of
patients with RA is resection of the ulnar head
(Darrach procedure). Its main disadvantages
include instability of the residual ulna with a
loss of grip strength, possible destabilization
of the radiocarpal joint, and an unsatisfactory
aesthetic appearance of the wrist. Possible
alternatives include a Sauvé-Kapandji proce-
dure and a DRUJ prosthetic replacement. The
choice of procedure depends on three factors:
(1) the procedure planned for other parts of
the wrist, (2) the patient’s requirements, and
(3) the expected future development.

Classic ulnar head resection was first
described by Darrach for post-traumatic
destruction of the DRUIJ. Instability of the
DRUIJ in RA, combined with wrist deformity,
leads to the “caput ulnae syndrome.” This
syndrome includes dorsal subluxation of the
ulna head (or more accurately, volar decent of
the radius because the ulna is the fixed unit of
the forearm and does not subluxate) which,
together with bone spurs and local synovitis,
can lead to extensor tendon attrition. The dis-
advantages of ulna head resection include
some destabilization of the radiocarpal joint,
possible instability of the ulna shaft, and a loss
of grip strength due to the lack of support
from the DRUJ. The Sauvé-Kapandji proce-
dure may be considered as an alternative.
It includes fusion of the ulna head with the
radius and resection of a segment of the distal
ulna. As a result, the DRUJ center of rotation
is moved proximally. Compared with ulna
head resection, it provides more residual sta-
bility for the radiocarpal joint, leaving support
at the ulnar edge of the joint. In addition,
maintaining the ulnar profile gives the wrist a
more natural appearance. Possible residual
ulna instability remains a problem in the same
way as with ulnar head resection. It has never
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been proven that the Sauvé-Kapandji
procedure provides better grip strength than
ulnar head resection alone.

The ulna head prosthesis was developed
primarily for post-traumatic destruction of the
DRUIJ. It is rarely used in RA patients and
then only if disease activity is well controlled
and the basic architecture of the joint is pre-
served. There can be no substantial sublux-
ation or loss of stability if distal radioulnar
joint replacement is to be considered.

4. What are the possibilities for treating the
wrist?

Figure 15.2 summarizes the possible surgi-
cal indications. In general, a Schulthess type II
wrist is the ideal indication for either wrist
arthroplasty or partial wrist fusion. The latter
requires at least a partially intact midcarpal joint
in order to perform radioscapholunate (RSL)
fusion. In this patient, the capitate head has no
cartilage and shows significant cystic lesions.
As an alternative to RSL fusion alone, a combi-
nation of capitate resurfacing with an implant
(e.g., pyrocarbon) and RSL fusion is theoreti-
cally an option. However, because the midcar-
pal joint shows significant changes the implant
would come up against destroyed bone surface,
making it a less than ideal solution. Wrist
arthroplasty is, however, a valid option for a
wrist in this condition. The tendons are pre-

served, the bone quality seems adequate, and,
most importantly, the wrist is well centered.
Wrist replacement can be expected to provide a
range of motion similar to what the patient has
at the moment, i.e., about 60° total ROM.

The alternative to wrist arthroplasty is wrist
fusion. Because it is the patient’s nondominant
hand, reasonable strength and a stable wrist
would be acceptable. The optimal position for
wrist fusion in this situation is about 30° of
extension. This gives an ideal flexor tendon
moment arm, with maximal grip force. Fusion
is typically carried out with a wrist fusion
plate, either extended up to the third metacar-
pal or with an implant that does not cross the
CMC III joint and simply fuses the radiocarpal
and midcarpal joints. The longer plate is more
effective in neutralizing the forces of the long
lever arm in the wrist but has the potential to
cause problems at the CMC III joint, which is
not usually fused in a panarthrodesis. This
joint may subsequently become a source of
persistent pain, and its residual motion may
lead to distal plate loosening.

To summarize, the most meaningful option
for this wrist would be either total wrist fusion
or arthroplasty, combined with a procedure to
include the distal radioulnar joint (preferably
ulnar head resection or the Sauvé-Kapandji
procedure).

Fig.15.2 (a) AP radiograph of the wrist showing a scaph-
olunate dissociation with flexion of the scaphoid. There
are no significant signs of inflammation in this wrist. (b
and ¢) T2-weighted MRI of the wrist including gadolinium
enhancement. There is synovial tissue especially in the

radio-scaphoid joint compartment as well as in the distal
radioulnar joint. The cartilage is thinned but preserved
around the ulnar head and in the radiocarpal joint. The
midcarpal joint shows significant cartilage thinning. There
are few signs of inflammation within the bones



180

D. Herren

After intensive discussion with the patient,
we decided to perform wrist fusion with a
plate and ulnar head resection.

5. How should we handle the current medication
during surgical treatment?

Because both possible solutions, arthro-
plasty and fusion, are major procedures with
operating times of about 2 h and include imp-
lants with significant surface areas, it would
be advisable to stop the biologic medications
prior to surgery. The medication should be
stopped in line with its half-life and 1-2 cycles
omitted until wound healing is guaranteed
(typically about 2-3 weeks postoperatively).
There is some evidence in the literature that
the infection rate in such interventions might
be higher on biologics. Methotrexate can be
continued with an appropriate dose adjust-
ment or combined with glucocorticosteroids
in the perioperative phase, in order to prevent
a flare-up of disease. Good communication
with the treating rheumatologist is not only
advisable but absolutely essential.

Case 2 (Fig.15.2)

Case 2: A 32-year-old man with a slightly swol-
len wrist. RA factor is positive with scapholunate
dissociation in standard X-ray views, diminished
carpal height, and well-preserved midcarpal joint.
The distal radioulnar joint seems unchanged in
the plain X-ray but erosions and significant syno-
vitis can be seen on MRI. A lesser degree of
synovitis is present in the radial compartment
of the radiocarpal joint.

The patient has painful forearm rotation, espe-
cially under loading (VAS: max. 4-5), but no
pain at rest. Flexion/extension is possible in a
range of 50°/0°/60°. There is no synovial swell-
ing around the tendons. The patient is currently
on medication with a TNF-alpha blocker and
methotrexate.

The following points need to be addressed:

1. Is surgery indicated and, if so, which parts of
the wrist require intervention?

2. What are the treatment options for the distal
radioulnar joint?

3. What are the possibilities for treating the
wrist?

4. How should we handle the current medication
during surgical treatment?

5. How urgently is intervention needed?

Discussion

1. Is surgery indicated and, if so, which parts of
the wrist require intervention?

The patient’s symptoms are arising mainly
from the synovial process in the distal radioul-
nar joint. The DRUIJ cartilage seems intact
and it is the inflammatory process that needs
to be controlled. Because the rest of the wrist
and, in particular, the soft tissue structures are
responding well to the current medication,
DRUIJ surgery is a viable option. The X-ray
shows scapholunate dissociation due to the
inflammatory process; although it does not
seem active at the moment, structural damage
is present and the carpus is starting to destabi-
lize. It has been shown that early intervention
with scapholunate fusion to stabilize the wrist
can prevent further deterioration. It seems
likely in this patient that the deformity of the
wrist will continue. Scapholunate dissociation
is often the first sign of ongoing carpal col-
lapse. Surgical intervention at the wrist might
therefore be beneficial, given the probable
progression of the disease. On the other hand,
we have a patient with little to no pain in the
radiocarpal joint. From his point of view, there
is no obvious immediate gain from surgery of
any type at that level. On the contrary, radio-
carpal surgery carries the risk of reduced
mobility in flexion/extension.

Another aspect to consider is the conserva-
tive medical treatment. Although the patient is
on a modern treatment regimen, there would
appear to be some residual disease activity.
It is necessary to talk to the rheumatologist
in order to optimize the pharmaceutical
treatment.

Taken overall, surgery is indicated if (a) the
burden of the pain is sufficiently heavy and (b)
the clinical progression and the course of the
disability are obvious. If the patient is unsure
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about having surgery, a repeat MRI in 3-4 3. What are the possibilities for treating the

months’ time might be an option for monitor-

ing disease activity and judging the effects of

a change in medication.

. What are the treatment options for the distal

radioulnar joint?

When considering a surgical procedure,
the following points need to be clarified:
 Is the structural defect such that a salvage

procedure is needed for the DRUJ?

* If only a soft tissue intervention (synovec-
tomy) is indicated, should it be performed
by open or arthroscopic surgery?

From what we can see on the plain X-ray
and especially in the MRI, the cartilage is well
preserved in all parts of the distal radioulnar
joint. A salvage procedure for the DRUJ
should be avoided at any cost in this young
active patient. The only meaningful interven-
tion is therefore synovectomy of the
DRUIJ. The tendons are not clinically affected,
nor does the MRI show any signs of their
involvement, so the choice of an open versus
an arthroscopic procedure can be discussed.

The open procedure has been the standard
for a long time, but new possibilities have
opened up with the evolution of arthroscopic
techniques. Both techniques have advantages,
disadvantages, and limitations. The open pro-
cedure provides the possibility of inspecting
and, if necessary, treating the extensor ten-
dons. MRI sometimes underestimates the
synovial changes in the tendons. Direct dem-
onstration of the radioulnar joint and complete
synovectomy requires a generous open surgi-
cal approach, with the danger of scarring
around the DRUJ and subsequently limited
range of motion for pro- and supination. The
arthroscopic procedure, on the other hand, has
the advantage of being less invasive and caus-
ing less internal scarring. Arthroscopic assess-
ment of the DRUJ is technically demanding,
however, and requires skill and experience.
The decision on the correct procedure depends
on the surgeon’s experience and technical
skills. So far, there is no evidence in the litera-
ture as to which of these procedures gives the
better results, especially in the long term.

wrist?

The symptoms and clinical examination do
not demand surgical intervention. The extent
of both the radiocarpal and midcarpal syno-
vial changes is minor. The indication for
surgical intervention, including synovectomy,
must be evaluated critically. Open removal of
the inflamed synovial tissue often leads to
stiffness in this joint. Whether or not it helps
to stabilize the wrist in the long term is debat-
able. Arthroscopic synovectomy seems to
have less morbidity and the potential to pre-
serve mobility. During arthroscopy of the
wrist for treatment of the distal radioulnar
joint, the radiocarpal joint can also be
inspected and treated if necessary.

The radiographic picture, however, shows
scapholunate dissociation, which indicates
instability of this joint. Conversely, there is no
sign of instability in another plain X-ray of the
wrist and, in particular, no ulnar drift. As the
patient has little in the way of complaints,
the only reason to perform surgery would be
to stabilize the wrist for the future, in order to
prevent further carpal collapse. The theore-
tical possibilities for achieving this goal are
scapholunate ligament reconstruction and
some sort of midcarpal fusion. The latter is
accompanied by a significant loss in the range
of motion. In addition, it has to be remem-
bered that the midcarpal joint stays intact for a
long time in most forms of inflammatory wrist
disease and is often the last part of the wrist to
remain mobile. So the price to pay for inter-
vention seems rather high.

With respect to SL ligament reconstruc-
tion in rheumatoid arthritis, there is no indi-
cation for such a procedure. Firstly, the
patterns of carpal instability in rheumatoid
wrists seem
to be more complex, involving combined lax-
ity of the intrinsic and extrinsic carpal liga-
ments. Secondly, some cartilage involvement
in the radiocarpal joint is often observed in
rheumatoid arthritis, even in the early stages.
Scapholunate ligament reconstruction may
increase the pressure in the radiocarpal joint,
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which may in turn produce more symptoms,
and limit the range of motion due to
scarring.

Overall, the indication for radiocarpal joint
surgery must be evaluated critically. When
carrying out arthroscopic treatment of the dis-
tal radioulnar joint, it makes sense to inspect
the radiocarpal and midcarpal joints and per-
form synovectomy in these compartments as
well, if appropriate.

. How should we handle the current medication
during surgical treatment?

If an open or arthroscopic synovectomy is
performed, the current medication can be
continued. There is some evidence in the lit-
erature that the risk of infection in minor
procedures is not significantly elevated on
treatment with biologics. Routine antibiotic
cover is indicated for these procedures.

5. How urgently is intervention needed?

The timing of an intervention always
depends on different factors. In this wrist,
there is obviously some residual inflammatory
disease activity. In situations like this, it is
important to communicate with the rheuma-
tologist: are there any plans to look for phar-
maceutical alternatives or is the disease
generally well controlled, even though resid-
ual inflammation in the wrist is in need of spe-
cial attention?

The inflammatory process in the wrist,
especially in the mechanically heavily loaded
distal radioulnar joint, has great potential for
further destruction of both the cartilage and
the surrounding soft tissues. We therefore
advised that surgery should be performed
within the next few months, with the aim of
diminishing the mass of inflammatory tissue
[1-14].
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Introduction

In rheumatoid arthritis, all mesenchymal tissues
are involved and not only the joints. The disease
most often starts as a synovitis, which is the initi-
ating factor for the subsequent deformities and
the main factor to be treated. The synovial prolif-
eration primarily causes a capsular distension.
Secondarily bone erosions and destruction of
tendon and ligament will follow. The severity of
the disease, as well as the distribution of the
bone, tendon, and ligament pathology, may dif-
fer, and a large variety of deformities may be
encountered. The goal of the treatment, besides
pain relief, is the restoration of finger and hand
function, in combination with an improved
appearance. The modern drugs introduced in
recent years may have changed at least partially
the evolution of the disease with less frequent
typical finger deformities but may not have a
lasting effect on the development of synovitis in
small joints in all patients. It must be stated that
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with the new drugs, there is no place for just
surgical treatment. Instead a combination of
medical and surgical treatment has become the
standard, together with well-conducted rehabili-
tation and physiotherapy including splints in a
true rheumatoid team effort. It should be borne in
mind that full restoration of a normal anatomy
and normal function is not a realistic goal.

Finger Anatomy

Functionally, the finger can be described as two
joints, the proximal interphalangeal (PIP) joint
and the distal interphalangeal (DIP) joint, with an
extensor complex tendon dorsally and two flexor
tendons volarly. The finger is attached to the
hand at the level of the metacarpophalangeal
(MCP) joint. The tendons have origins proxi-
mally in the hand, and/or the finger deformity is
seldom isolated but part of a deformity of the
whole hand and wrist. Deviations in one direc-
tion are compensated by other deformities proxi-
mally or distally to the affected joint.

The PIP Joint

The PIP joint is a bicondylar joint that moves
from zero degrees in full extension to appro-
ximately 100° in full flexion. The two concave
facets of the middle phalanx are connected by a
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marked bony ridge, which fits the depression
between the two condyles of the base phalanx, by
providing a perfect congruency of the joint.
These, together with the collateral ligaments, cre-
ate the prerequisites for a solid lateral and volar/
dorsal stability. On the volar side, the volar plate
forms a strong and competent structure in pre-
venting the joint to hyperextend. In contrast, the
lax dorsal capsule can easily be stretched by the
condyles in flexion [1].

The extensor mechanism intimately follows
the dorsum of the bony structures and is divided
into three parts at the dorsum of the proximal
phalanx—the central band and the two lateral
bands (Fig. 16.1). The central band contains a
fibrocartilage thickening, the dorsal plate, at its
insertion at the base of the middle phalanx by con-
tributing to the stability of both the joint and the
extensor mechanism. The dorsal plate has a similar
function as the patella in the knee and is histologi-
cally similar to the volar plate with a fibrocartilagi-
nous structure. The two lateral bands run laterally
and conjoin at the level of the middle phalanx to
insert onto the distal phalanx proximally/dorsally.
The three bands, two lateral and one central, are
interconnected by a thin connective tissue, which
gives freedom in motion in relation to each other.
The lateral bands can move from a dorsal position
and an extending function to a lateral position that
allows flexion of both the PIP and the DIP joints
simultaneously but only if the lateral bands remain
dorsal to the PIP joint in the flexion/extension axis
(Fig. 16.2). The relatively loose and thin transverse
retinacular ligaments of Landsmeer control this
physiologic displacement of the lateral bands. If
the central band extends the PIP joint only, the lat-
eral band participates to the extension of both the
PIP and DIP joints.

The flexor tendons run in a tendon sheath
volar to the three phalanges, forming a loose
structure, which easily distends with the expand-
ing synovitis. At the joint levels, the tendon
sheath is equipped with pulleys, strong fibrous
reinforcements that usually do not distend.

Both the extensor mechanism as well as the
flexor tendons are arranged to be able to flex and
extend the PIP joint separately, allowing a simul-
taneous extension or flexion of the DIP. The two

Fig. 16.1 A dorsal view of the finger extensor mecha-
nism shows the relation between the central band (CB)
acting on the PIP joint and the lateral bands (LB) acting
on both PIP and DIP joints

Fig. 16.2 A lateral view of the finger shows the dorsal
position of the extensor mechanism including central
band (CB) and lateral band (LB) in relation to the PIP axis
of flexion/extension

flexor tendons insert at both sides of the DIP
joint. The superficial tendon (FDS) inserts at the
middle phalanx and the profundus tendon (FDP)
at the volar side of the distal phalanx. In a similar
fashion, the central band inserts at the base of the
middle phalanx and the conjoined lateral bands at
the distal phalanx (Fig. 16.3).
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Fig. 16.3 The balance between the extensor and flexor
mechanisms. The FDP tendon and the lateral bands (LB)
act on both joints with the FDS tendon and the central
band (CB) acting on the PIP joint only

Effect of the Disease on Finger
Anatomy and Finger Function

The cause of the finger deformities in rheumatoid
arthritis is the synovial inflammation in both the
joints and in the flexor tendon sheaths [2]. The
volume of the synovium increases and the joint
capsules and the tendon sheath bulge with a
gradual distension of the weak structures. In
time, the synovitis in the joints will cause bone
erosions, primarily around the ligament inser-
tions, and destroy the stabilizing ligaments. The
synovitis of the tendon sheath causes tendon
degeneration in a similar way. Owing to the
mechanical load when using the fingers and the
distribution of the bone, ligament, and tendon
derangements, a variety of deformities may
evolve.

Unlike the flexors, the extensor tendons are
not covered by a synovial lining and are therefore
not subject to the destructive effects of the syno-
vitis. The extensor tendon lesions are therefore
only secondary to the joint synovitis. At the PIP
level, the distension of the joint capsule will sec-
ondarily distend the loose connective tissue
between the lateral and central band. This initi-
ates an elongation of the central band, and the
lateral bands are dislocated volarly, causing a
lack of PIP extension. Indirectly, the volar dis-
placement of the lateral bands will have conse-
quences more distally and the DIP joint may
hyperextend. Though rarely occurring, laterally
directed deformation of the PIP joint is, however,
not related to the PIP synovitis but secondary to
an MCP involvement [3, 4].

Although the flexor tendon synovitis occurs
along the two tendons, disease manifestations are
mainly found where the synovial tendon sheath is
present. Proximally, the tendons passing through
the carpal tunnel may be involved, and distally,
the tendons in the tendon sheath are affected
from the MCP level to the DIP. The synovitis ini-
tially develops close to the vascularizing struc-
tures of the tendons and mobility is primarily
affected in flexion. The PIP is affected early with
a restriction of the active flexion. In time, the
intrinsic muscles are progressively reduced in
their relative length, leading to an intrinsic tight-
ness that compensates this lack of flexion.

Ruptures of the flexor tendons within the
flexor sheath today are rare, due to the success of
modern medication. FDP rupture is readily
noticed by the patient himself or herself, in con-
trast to the FDS rupture, which usually is diag-
nosed as an imbalance between the extensor and
flexor tendons at the PIP level. A change in the
length of the tendons, by distention, rupture, or
simply an inability to glide, will provoke an
imbalance leading to the boutonniére or swan-
neck deformity. Although the synovitis initiates
the deformity by causing the imbalance between
structures, a successful treatment of the synovitis
does not always guarantee the regress of the
deformity. Once the imbalance is established, it
may progress by itself even without any signs of
active synovitis.

Modern medication has been successful and
boutonniére and swan-neck deformities today do
not normally fully develop. However, the defor-
mity of the fingers in rheumatoid arthritis still
follow the patterns of these two typical deformi-
ties, and the knowledge of the biological and
mechanical pathologic pathways makes the treat-
ment more logical and easier.

The Boutonniére Deformity

Boutonniere is the French word for the button-
hole deformity (Fig. 16.4). A rupture of the cen-
tral band, with a lateral or even volar dislocation
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Fig.16.4 A mild boutonniere of the middle finger and a
more advanced deformity in the ring finger

Fig. 16.5 A boutonni¢re deformity provoked by the
synovitis (S) and the distention and rupture of the central
band (CB). As a consequence, the lateral bands (LB) dis-
place volarly and become PIP joint flexors and at the same
time participate in the hyperextension of the DIP joint

of the lateral bands, mimics the buttonhole of a
shirt. The PIP joint protrudes dorsally through the
extensor mechanism, which then poses the equiv-
alent to the button itself. The boutonniere defor-
mity is the result of a joint synovitis and not a
tendon synovitis (Fig. 16.5). The boutonniere
deformity is a joint and not a tendon lesion.
However, once the deformity is established, it
will cause a disturbance of the entire extensor
mechanism, which has to be treated. Treating
only the joint synovitis is not enough. To deter-
mine the proper treatment, the boutonniere defor-
mity is divided into two stages, depending on
whether the PIP extension defect and the DIP
flexion defect are possible to passively correct.
The extent of the active PIP extension deficit, per
se, appears less important. In early correctable
deformities, the DIP joint can be flexed by
extending the PIP joint, and a dorsal mobilization
of the lateral bands is still possible. In late cases,
the deformity is fixed [3, 4]. In end cases, the

Fig. 16.6 Four fingers with swan-neck deformities and
MCP extension deficits

subchondral bone and the joint cartilage have
been destroyed by the synovitis and the mechani-
cal load and soft tissue procedures cannot fully
address the deformity. Prosthetic replacement
combined with rebalancing may be the choice, or
even arthrodesis.

The Swan-Neck Deformity

Also the swan-neck deformity has its French
eponym, “la déformation en col de cygne”
(Fig. 16.6). The swan-neck deformity is in one
way the opposite of the boutonniere deformity in
presenting with a hyperextension of the PIP joint
and a flexion of the DIP joint. If the pathogenesis
of the boutonniére deformity is quite clear, the
swan-neck deformity has a multifactorial origin.
If the boutonniere deformity is caused by an
extensor insufficiency, the swan-neck deformity
is caused by an imbalance in PIP by a disturbed
flexor mechanism [5, 6]. The reduced PIP flexion
can be secondary to a volar dislocation of the
basal phalanx in the MCP joint, due to MCP joint
synovitis, or an excessive tension of the intrinsic
muscles. The synovitis of the flexor tendons
again is the primary cause of the deformity, with
a reduction of the active finger joint flexion
(Fig. 16.7). The intact intrinsic muscles flex the
MCP and extend the PIP joints. In PIP joint syno-
vitis, a distension or even rupture of the volar
structures of the PIP joint increases the extension.
In the swan-neck deformity, the concomitant
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Fig. 16.7 Swan-neck deformity initiated by volar flexor
tenosynovitis (S), distension of the PIP volar plate, and
compensatory flexion of the MCP joint. A secondary
intrinsic tightness may accentuate the deformity even
after the regress of the synovitis

presence of an imbalance between the flexor and
extensor mechanism, together with a weakness of
the volar capsule of the PIP joint, is the primary
cause. It is important to note that swan-neck
deformities in RA almost always are associated
with a lack of MCP extension and that the extent
of the swan-neck deformity relates to the extent
of the limitation of the PIP passive flexion, espe-
cially in relation with the MCP position.

Intrinsic Tightness

Intrinsic tightness is caused by a contracture of
the intrinsic muscles inserting into the extensor
tendon. In MCP flexion, the length of the intrinsic
muscles is sufficient to allow extension of the PIP
joint. In MCP extension, in contrast, the intrinsic
muscles are too short to allow extension of the
PIP joint. Intrinsic tightness has to be recognized
as an important factor aggravating a nascent or
mild finger deformity in RA (Fig. 16.8). Normally,
the shortening is equal in both the radial and ulnar
intrinsic muscles, but in ulnar or radial deviation
of the MCP joints, one of the intrinsic muscles
will be tighter than the other with some possible
consequence such as a lateral deviation of the PIP
joint. The intrinsic tightness is evaluated by exam-
ining the ability of the patient to flex the PIP
actively or passively when the MCP joint is
extended. When the structures are tight, shortened
intrinsic muscles reduce the flexion of the PIP [7].

Joint Deformities

A long-standing active synovitis in joints will not
only distend and elongate the surrounding tissues
but will also destroy ligament insertions and

Fig.16.8 A three-dimensional reconstruction of the right
hand of a 31-year-old woman before surgery (plaster of
Paris model from 1972). The fingers present with different
grades of swan-neck deformities and advanced flexion
contractures in MCP and intrinsic tightness. The treat-
ment should start with MCP surgery in order to evaluate
the need of future treatment for the fingers

cartilage leading to instability, lateral deviation,
and joint collapse. All kinds of malpositions can
follow the joint destructions, depending on the
evolving malposition, the deformation of adja-
cent joints, as well as the patient activity. A joint
instability or destruction, especially in the PIP
joint, limits the therapeutic and reconstruction
possibilities, which motivates an early treatment
before established deformity (Fig. 16.9).

Rheumatoid Nodule

Subcutaneous nodules are relatively frequent
in RA and consist histologically of a fibrinoid
necrosis surrounded by fibrous tissue. The nod-
ules are often located over bony prominences
like the MCP or PIP joints but may also appear on
the palmar side of the hand, especially in the fin-
ger pulp. The nodules are cosmetically embar-
rassing for the patient but may also disturb the
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Fig.16.9 Different finger deformities can be seen on this
radiograph of a patient with juvenile rheumatoid arthritis:
an advanced boutonni¢re deformity of the index finger
and PIP joint destruction with ulnar deviation of the long
and ring fingers. Note also the different deformations of
the MCP joints

grip function when located in the pulp and be
painful when located laterally by interfering with
other fingers (Fig. 16.10).

Treatment Options

Before contemplating surgical intervention, the
reduction or rather the eradication of the synovi-
tis is mandatory to eliminate the cause of the fin-
ger deformity. The modern medical approach
with potent drugs has reduced the indications for
a surgical joint or tendon synovectomy, which
was so common not too long ago. Early medical
treatment is logical. The use of splints and phys-
iotherapy is relatively safe, but prophylactic sur-
gery always comes with a risk of deteriorating
the function in a patient with more or less absent
subjective deficits. Still, the surgical treatment
preferably should be considered before the defor-
mities become fixed [8—10]. When surgical pro-
cedures are initiated, the results always depend

Fig.16.10 Rheumatoid nodules

on competent physiotherapy, preferably in
specialized rheumatoid centers, including the use
of postoperative splints to allow the tissues to
adapt to as near physiologic motion arcs as pos-
sible. The patient has to be meticulously informed
of the importance of the rehabilitation and be
aware of the length of time of the postsurgical
treatment. The deformities have rarely reached
the same stage and often different deformities are
found in the same hand. Three adjacent fingers
may present differently, with a boutonniére in
one, a swan neck in the other, and a lateral defor-
mity in the third finger. Therefore, the treatment
of the finger deformities should be individualized
for each finger, but with the whole hand, carpus,
or upper extremity in mind [11]. A surgical plan
is to be proposed to the patient, preferably as a
single session but sometimes as staged proce-
dures. Often stabilization of the carpus is neces-
sary before treating the finger deformity itself,
with reduction of the radial deviation, reduction
of an ulnarly deviated MCP joint, recentraliza-
tion of the tendons at the MCP level, and
reduction of an often volarly dislocated proximal
phalanx. Before deciding or even suggesting
treatment of the rheumatoid finger, the hand
function and the deformity patterns should be
evaluated with an analysis of the needs of
the individual fingers. The precise and complete
examination of the finger deformities and the
analysis of the radiographs help in the choice of
possible treatment but are never in themselves an
indication for treatment. The patient instead has
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to try to define the difficulties for which he or she
seeks surgical remedy and what function or tasks
are to be improved or recovered [12].

The sequence of surgery is still a matter of
debate but it may appear logical to start proxi-
mally. It is important to consider what is possible
to achieve in one operative session, not only for
technical and time reasons but maybe more
for the postoperative rehabilitation. For these rea-
sons, often surgery on the volar/flexor side of the
hand precedes surgery on the dorsal/extensor
side of the hand [13, 14]. It is rarely possible to
recover full range of motion in the MCP, PIP, and
DIP joints, and these three joints should be con-
sidered as a unique functional entity with the
capacity of one joint to compensate for the lack
of motion or deformity in another. The disabili-
ties and patient complaints are most often associ-
ated with lack of MCP extension and/or a lack of
flexion in PIP and/or DIP malposition (hyperex-
tension or hyperflexion). In advanced cases, in
which the finger deformity is not isolated, the
following sequence can be proposed:

1. Volar synovectomy of fingers with complete
tenosynovectomy, including nerve decom-
pression. Intraoperatively, the freedom of the
joints to move can be evaluated by pulling
both the FDS and FDP at the different ana-
tomical levels.

2. Dorsal tenosynovectomy, combined if neces-
sary with recentralization of the extensor ten-
dons at the MCP level by soft tissue plasty, or
implants together with a carpal recentraliza-
tion and stabilization by radio-lunate fusion.

3. Reduction of the volar luxation of the proxi-
mal phalanx in the MCP joint and treatment of
the intrinsic tightness.

4. Treatment of the finger deformity itself.

The goal in the treatment of the boutonniere
deformity is to reduce the PIP extension defect
but also the hyperextension of the DIP joint.
Before surgery, the elasticity of the soft tissue
and the possibility to reduce the deformity is
evaluated. Preoperative physiotherapy includes
splints to reduce the passive deformity. If the
deformity can be reduced, the reinsertion of the
central band and a relocation of the lateral band,

dorsal to the PIP center of rotation, have to be
performed. Although technically demanding, a
trans-osseous central band reinsertion with care-
ful adaptation of the length will normally reposi-
tion the lateral bands. If not, a careful dissection
and mobilization of the lateral bands and a suture
of the structures in a dorsal position can be done.
Suture anchors or other devices that may inter-
fere with implants in future surgery are best
avoided. A plethora of techniques for lateral band
transfer and sutures has been proposed to secure
the relocation but are almost all sources of sec-
ondary stiffness.

A fixed DIP joint extension deformity is often
identified by the patient as the main disturbing
factor of the boutonniere deformity and has to be
addressed in all cases. A simple division of the
extensor tendon proximal to the DIP joint nor-
mally gives good results without secondary flex-
ion deformity. None of the different described
tenotomy techniques have shown to be superior.
In late cases of boutonnic¢re deformity, with a
fixed PIP in flexion, a PIP fusion can be proposed.
The shortening associated with the procedure
may in some cases make the tenotomy at DIP
level unnecessary.

The swan-neck deformity is often identified by
the patient as a severe impairment of hand and fin-
ger function. Here, the goal of treatment is the
recovery of a smooth PIP flexion. If a moderate
lack of extension after treatment is acceptable to
the patient, the surgical treatment offers a rela-
tively good end result. If the tenosynovectomy on
the volar side cannot solve the recurrent PIP joint
hyperextension, some type of tendon transfer has
to be suggested. One lateral band is mobilized and
detached proximally, keeping only its distal attach-
ment. The tendon slip is rerouted volarly to the
Cleland transverse ligament before sutured to the
A2 pulley. The rerouted lateral band is maintained
in adequate tension in order to gently flex the
PIP. To avoid the recurrence, an extension block is
used as a postoperative splint, and the goal should
not be to recover full extension but rather a PIP
extension of maybe 10-20°. A free tendon graft or
other rerouting or suture procedures can be used
but have not shown to be superior. In case of a
decreased passive flexion of the PIP joint, the joint
may be surgically released, but the results are
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often disappointing in spite of a long and
demanding rehabilitation period. In these cases, in
our view, a joint fusion in a slight flexed position
is preferable. The DIP flexion deformity is often
reduced spontaneously by restoring the normal
PIP joint mobility, but the DIP joint sometimes
needs to be fused also in order to position the fin-
ger pulp in a functional position.

The use of an implant by itself is not sufficient
to treat a boutonnieére or swan-neck deformity.
In stiff fingers with large bone erosions, the
mobility of the PIP joint may be recovered but
the rebalancing of the extensor mechanism is dif-
ficult. A proper positioning of the implant in rela-
tion to the center of rotation must be respected
and a special technique approaching the joint has
to be used in order to shorten or elongate the soft
tissue. The results with an implant are far better
when treating a swan neck than a boutonnieére.

Technical Tips
Approach and Incision

RA is a chronic disease and patient treatment
may need several surgical procedures over time.
For this reason, it is important at the primary sur-
gery to use an approach and incision that can be
reused for subsequent surgeries in order to avoid
multiple scars with an increased risk of healing
problems or even skin necrosis.

Rheumatoid Nodule

Despite the relative high risk of recurrence, sur-
gical excision may be proposed for cosmetic and
functional reasons. Laser excision can be used
but does not reduce the level of recurrence.
Excision can be difficult due to the close adher-
ence to the skin and the neurovascular bundles.

Joint Fusion
Small and noninvasive fixation material has to be

used in RA patient because of the quality of the
skin and the soft tissues. The position of the fused

joint has to be purposeful with proper orientation
of the finger pulp, taking into account the adja-
cent joint deformities or decreased mobility. For
the same reason, a minimal shortening of the fin-
ger permits optimal thumb or hand grip. The
position of the pins securing the arthrodesis has
to be carefully chosen to avoid interfering with
hand function during rehabilitation [15].

Central Band Suture

The central band is mobilized distally after dis-
section and resutured or reinserted into its origi-
nal insertion. The flexion capacity has to be tested
during surgery, and a good PIP flexion is the pri-
ority by accepting some degrees of residual
extension lack. In our opinion, complicated ten-
don transfer or free tendon graft is to be avoided
due to a high risk of secondary stiffness [16, 17].

Lateral Band Relocation
in Boutonniére

If quite extensive surgery and dissection can
be done to mobilize the lateral band back in place
dorsally to the PIP axis of rotation, the suture
repair should not restrict motion.

Lateral Band Rerouting in Swan Neck

One lateral band is mobilized and detached pro-
ximally, keeping only its distal attachment. The
tendon slip is rerouted volarly to the Cleland trans-
verse ligament before sutured to the A2 pulley. The
rerouted lateral band is maintained in adequate ten-
sion to gently flex the PIP. To avoid the recurrence,
an extension block is used as a postoperative splint,
and the goal should not be full extension but rather
a PIP extension of maybe 10-20° (Fig. 16.11).

Tenotomy at DIP Level
A tenotomy may be the procedure of choice for a

DIP hyperextension deformity. A simple incision
of the extensor tendon proximal to PIP is
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Fig.16.11 An example of splint that allows early motion
of PIP after tendon transfer for swan-neck deformity or
implant surgery. Note the block with an extension defect

made percutaneously associated with a gentle
mobilization of the DIP in flexion. We avoid pin
fixation by giving priority to an early active
mobilization.

Implants

Implants are part of the treatment of finger defor-
mities in RA but should be used with care. The
proper positioning of the implant in relation to the
axis of rotation in the PIP joint in combination
with the imbalance of tendons makes the proce-
dure very demanding. In our hands, only a dorsal
approach provides the possibility to adjust the ten-
don length. The silicone PIP implants in our hands
have been associated with instability and lateral
deviation and are only used in rare cases in the
central fingers. Bicondylar implants and non-
constrained implants like the pyrocarbon implants
have been used with good results especially in
young patients. The size of the implants remains a
problem in these often very small fingers. In a few
cases, we have used only the proximal part of the
implant as a hemiarthroplasty. Implants in DIP are
not used today [18, 19] (Fig. 16.12).

of 10-20° (a). A night splint has to be used for a period of
almost 3 months after surgery (b)

Fig. 16.12 A proximal pyrocarbon hemiarthroplasty in
order to correct a boutonniere deformity. An approach
according to Chamay was used to correct the elongation
of the central band
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Conclusion

The consequences of slowly evolving finger
deformities in RA may cause a deteriorating hand
function, and even in the era of the modern drug-
based rheumatoid treatment, hand and finger
involvement has to be followed carefully from
the beginning of the disease. The patient prefer-
ably should be in contact with a hand surgeon
long before surgery is considered necessary. The
treatments of the established deformities are
often difficult and the results may be disappoint-
ing for the patient. Thus, all efforts are to be
considered to avoid the development into fixed
joint deformities. Ergonomic advice and the use
of splints may help but it should be kept in mind
that the main factor to be treated is the synovitis.
In some cases, prophylactic surgical synovec-
tomy has to be proposed if medical treatment is
insufficient. A set goal for the treatment has to be
defined in collaboration with the patient, combin-
ing the need and wishes of the patient but also the
activity of the disease and the associated defor-
mation and joint involvements in both hands.
The possibilities of surgery have to be presented
to the patient with full disclosures of the possible
problems and drawbacks. It is better for the
patient to have more use of a good joint fusion
than a bad arthroplasty. In all cases, the surgery
has to be as simple as possible, by avoiding com-
plicated tendon transfer and extensive surgery,
bearing in mind that the results have to be
predictable and persisting over time.
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Biomechanics of Rheumatoid
Finger Deformities
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Introduction

The human finger is an amazing mechanical
structure. The complex anatomy of the digit
imparts stability to an otherwise unstable mechan-
ical setup, allowing the finger to perform an
incredible variety of precise mechanical func-
tions. Rheumatoid arthritis is a chronic, progres-
sive, systemic, autoimmune, inflammatory
disorder that affects numerous organ systems and
frequently involves the musculoskeletal system in
the hand [1]. The synovial hypertrophy, collage-
nous destruction, and bony resorption that are
typical of rheumatoid arthritis lead to a disruption
of normal anatomy and hence a disruption of the
normal biomechanics of the digit. In order to fully
appreciate the biomechanical changes that are fre-
quently present in the rheumatoid finger, one
must understand the intricate workings of the
non-pathologic finger. In this chapter we review
normal finger anatomy and biomechanics and

N.T. Morrell, MD (<)

Department of Orthopaedics & Rehabilitation,
University of Vermont, Burlington, VT, USA
e-mail: nathan.morrell@uvmbhealth.org

A.-P. C. Weiss, MD (<)

Department of Orthopaedics, Brown University/
Rhode Island Hospital, Providence, RI, USA
e-mail: apcweiss@brown.edu

© Springer International Publishing Switzerland 2016

then discuss the biomechanical changes of com-
mon rheumatoid finger deformities.

Normal Anatomy and Mechanics
Joint Anatomy

In the normal human finger, there are two types
of joints: the metacarpophalangeal (MCP) joint
is an ellipsoidal joint, while the interphalangeal
joints are hinge joints. Ellipsoidal joints have
reciprocal, elliptical convex (metacarpal head)
and concave (proximal phalangeal base) surfaces
that allow both flexion-extension and abduction-
adduction movements (two degrees of freedom).
Hinge joints are conceptually simpler, allowing
only flexion-extension around a fixed axis of
rotation (one degree of freedom) [2, 3].

The metacarpal head is asymmetric in both the
sagittal and coronal planes. The volar aspect of
the metacarpal head is longer and broader than the
dorsal aspect; this allows the center of rotation to
move volarly with flexion and also creates a cam
effect that causes the proper collateral ligaments
to tighten in flexion. Additionally, the radial con-
dyle is larger than the ulnar condyle, causing the
metacarpal head to slope ulnarly and proximally
in the coronal plane; this is especially true in the
second and third metacarpals [2, 4]. This becomes
readily apparent when one considers the common
volar and ulnar deformity seen at the MCP joint in
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rheumatoid arthritis. The interphalangeal joints
have more congruent anatomy. At each joint,
there is a trochlea on the proximal aspect that is
perpendicular to the axis of rotation. This pro-
vides medial, lateral, and rotational stability. The
trochlea matches reciprocally with an intercondy-
lar groove on the opposite side of the joint.

Extensor Anatomy

The extensor apparatus is composed of extrinsic
tendon contributions, intrinsic tendon contribu-
tions, and intrinsic ligament contributions. The
extensor digitorum communis tendon (and pro-
prius) merges with an extensor hood at the level
of the MCP joint. Sagittal bands arising from the
volar plate and intermetacarpal ligaments cen-
tralize the extrinsic extensor tendon(s) at the
MCP joint. The anatomy gets even more compli-
cated at the level of the proximal interphalangeal
(PIP) joint. Here, tendinous contributions from
the intrinsic muscles merge with an extension of
the extrinsic tendon to form the central slip which
has a bony attachment at the base of the middle
phalanx. Additionally, contributions from both
the extrinsic and intrinsic muscles merge to form
the lateral bands on both the radial and ulnar
aspects of the digit. The lateral bands are main-
tained in relation to the central slip by the trans-
verse retinacular ligament, which has both dorsal
and lateral components and arises from the volar
plate. The lateral bands on either side of the digit
merge distally on the dorsal surface of the middle
phalanx with the triangular ligament and eventu-
ally insert at the base of the distal phalanx as the
terminal extensor tendon. Also merging with the
terminal extensor tendon is the oblique retinacu-
lar ligament which arises from the volar plate and
flexor tendon sheath at the level of the PIP joint.

Basic Mechanical Concepts

A few basic mechanical concepts are worth
reviewing. A moment is a vector quantity. A
moment arm (or lever arm) is the perpendicular
distance from a joint’s axis of rotation to the

force (e.g., tendon) that acts upon it. The moment
about the axis is the cross product of a force and
its moment arm about an axis: M (moment)=F
(force)x L (moment arm). Torque is also the
product of force and moment arm, though is a
scalar quantity (rather than a vector quantity like
a moment). Mechanical advantage relates to the
efficiency of a moment (lever) arm; the larger the
moment arm, the smaller the force needed to
achieve the same torque [2].

The normal anatomy of the flexor tendon
sheath with its numerous pulleys serves to pro-
vide a mechanical advantage to the extrinsic fin-
ger flexor tendons. By maintaining the tendons
close to the joints that they act upon, less excur-
sion (or force) is needed to create a given angular
change. This is expressed as: 6 (angle) = (tendon
excursion)+r (moment arm). On average, the
flexor digitorum profundus tendon passes 5 mm
from the axis of rotation of the DIP joint, 7.5 mm
from that of the PIP joint, and 10 mm from that of
the MCP joint; the flexor digitorum superficialis
tendon passes 7 mm from the axis of rotation of
the PIP joint and 13 mm from that of the MCP
joint [2].

Rheumatoid Pathoanatomy
and Mechanics

Sagittal Plane Deformities

From a mechanical standpoint, three bodies artic-
ulating in series, as the phalanges do in the fin-
gers, are inherently unstable [2]. The normal
extrinsic and intrinsic anatomy of the fingers sta-
bilizes the digits, creating a biomechanical equi-
librium that allows fine and intricate control. In
rheumatoid arthritis, the disease process leads to
a disruption of this inherent stability, causing a
variety of deformities. Characteristic deformities
are seen in the sagittal plane, videlicet, bouton-
niere and swan-neck deformities, of course varia-
tions and combination deformities can also occur
[5]. The prevalence of these deformities in
patients with established rheumatoid arthritis is
36 % and 14 %, respectively [6]. Much is due to
disruptions of the extensor mechanism, which,
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because of its complex anatomy, can cause sig-
nificant biomechanical changes. As Littler wrote
many years ago, “Unlike the flexor mechanism,
useful extensor function is readily jeopardized by
the alteration of even a few millimeters’ excur-
sion in the conjoined central and lateral tendon
length relationship” [7].

Boutonniere Deformity

A boutonniere deformity is flexion at the proxi-
mal interphalangeal (PIP) joint and hyperexten-
sion at the distal interphalangeal (DIP) joint; it is
invariably due to a loss of tendon balance at the
PIP joint. “Boutonniere” is literally the French
word for “buttonhole”; this makes sense when
considering the pathogenesis of the deformity. In
rheumatoid arthritis, synovial proliferation dis-
tends the PIP joint capsule and surrounding
extensor apparatus. The central slip is attenuated
and often ruptures; the dorsal aspect of the trans-
verse retinacular ligament between the central
slip and lateral bands is also stretched [5]. This
dorsal attenuation allows the PIP joint to “but-
tonhole” through the extensor apparatus.

The pathologic changes in anatomy at the PIP
joint have an adverse effect on the normal biome-
chanics of the digit. At the PIP joint itself, the
attenuation of the central slip leads to a decreased
extensor moment at that joint. Additionally, as
the buttonholing progresses, the lateral bands

migrate in a palmar direction, ultimately coursing
volar to the axis of rotation and becoming flexors
of the PIP joint, rather than extensors. As such,
there is a strong flexion moment at the PIP joint.
The volar position of the lateral bands increases
their effectiveness as extensors of the DIP joint;
thus, a flexion deformity at the PIP joint recipro-
cally causes an extension deformity at the DIP
joint [5] (Fig. 17.1).

The treatment of boutonniere deformities in
rheumatoid arthritis depends on the severity of
the disease and deformity, existing joint motion
(passive and active), and the condition or the
articular surface [8]. Nalebuff and Millender pro-
vided a three-staged classification [9]. In stage 1,
there is a mild (10-15°) active extensor lag at the
PIP joint that 1is passively correctable.
Additionally, there is little, if any, active DIP
flexion when the PIP joint is held in extension.
Most of the disability experienced by patients at
this early stage is related to the lack of DIP flex-
ion [5]. In stage 2, there is a moderate (typically
30-40°) flexion deformity at the PIP joint; this
stage is subdivided based on the passive correct-
ability of the PIP joint and the degree of the con-
tracture. At this stage, most of the disability is
due to the deformity at the PIP joint. In stage 3,
there is articular destruction on radiographs and
the typically severe PIP contracture is fixed. As
the PIP deformity progresses, there is frequently

Fig.17.1 Disruption of the central extensor tendon slips
occurs at the dorsal PIP joint secondary to erosive synovi-
tis. The extensor tendon, released from its insertional
tether, retracts proximally. The lateral bands slide off the
dorsal aspect of the PIP joint and migrate volar to the axis
of rotation, causing a PIP flexion moment arm. Since the

lateral bands connect to the extensor mechanism, they are
pulled proximally and result in DIP hyperextension. From
Gonzalez MH, Mohan V, Elhassan B, Amirouche
F. Biomechanics of the Digit. J Am Soc Surg Hand.
2005;5(1):48-59. Reprinted with permission from the
Journal of the American Society for Surgery of the Hand



198

N.T. Morrell and A.-P. C. Weiss

a compensatory hyperextension at the metacar-
pophalangeal (MCP) joint to allow continued use
of the digit.

Swan-Neck Deformity

A swan-neck deformity is hyperextension at the
PIP joint and flexion at the DIP joint. Whereas a
boutonniere deformity is classically due to bio-
mechanical changes originating at the PIP joint, a
swan-neck deformity may be due to the sequelae
of biomechanical alterations originating at any of
the three digital joints (the MCP, PIP, or DIP
joints) [5]. The most common is when hypertro-
phied rheumatoid synovium infiltrates the volar
plate, collateral ligaments, and flexor digitorum
superficialis insertion about the PIP joint allow-
ing the extensor mechanism to pull the PIP joint
into hyperextension. Synovitis-induced attenua-
tion of the lateral portion of the transverse reti-
naculum allows the lateral bands to migrate
dorsally, increasing their distance from the PIP
joint axis of rotation and thus increasing their
moment arm as extenders of this joint. Synovitis
at the DIP joint can lead to attenuation or disrup-
tion of the terminal extensor tendon. This leads to
a relative flexor over-pull at the DIP joint causing
the mallet deformity classically seen in swan-
neck deformity. Additionally, the loss of the ter-
minal extensor function actually enhances the
extensor forces at the PIP joint, causing or con-
tributing to a swan-neck deformity. The extensor

Swan Neck Deformity
R
="

Fig. 17.2 Synovitis at the DIP joint erodes the terminal
extensor tendon insertion causing rupture. The entire
extensor mechanism, now untethered, migrates proxi-
mally, causing an extra proximal pull on the central slip
resulting in PIP hyperextension. Since the terminal tendon

moment at the PIP joint can be accentuated by
alterations at the MCP joint as well, such as
intrinsic tightness, volar MCP subluxation, and
extensor digitorum communis tendon sublux-
ation [2, 10].

The MCP joint is actually the most commonly
affected joint in the rheumatoid hand [4]. In gen-
eral, there is a volar and ulnar subluxation of the
proximal phalanx, relative to the metacarpal
head, as the disease progresses. This is in part
due to the normal geometry of the MCP joint, as
well as the pathologic changes brought by rheu-
matoid arthritis. Synovial proliferation leads to
destruction of adjacent soft tissues. Attenuation
of the accessory collateral ligaments and volar
plate allows for volar displacement of the flexor
sheath; this increases the flexion moment (and
volar subluxation force) of the flexor tendons at
the MCP joint [2, 4]. Increasing subluxation of
the extensor tendons potentiates this volar
moment, as does interosseous muscle contracture
[4] (Fig. 17.2).

Just as with boutonniere deformities, the treat-
ment of swan-neck deformities in rheumatoid
arthritis depends on the severity of the disease
and deformity, existing joint motion (passive and
active), and the condition or the articular sur-
faces. Nalebuff and Millender described four
types of increasing severity: Type I is character-
ized by a flexible hyperextension deformity of
the PIP joint; Type II is characterized by intrinsic

ruptures, the DIP joint falls into flexion. From Gonzalez
MH, Mohan V, Elhassan B, Amirouche F. Biomechanics
of the Digit. ] Am Soc Surg Hand. 2005;5(1):48-59.
Reprinted with permission from the Journal of the
American Society for Surgery of the Hand
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muscle tightness that limits PIP joint flexion
when the MCP joint is maintained in extension;
Type Il is characterized by limited PIP joint flex-
ion, regardless of MCP joint position, due to the
inability of the lateral bands to translate volar to
the axis of rotation of the PIP joint; and Type IV
is characterized by articular surface destruction
of the PIP joint [10, 11].

Coronal Plane Deformity

While boutonniere and swan-neck deformities
are frequent sagittal plane deformities, a com-
mon coronal plane deformity occurs in the rheu-
matoid finger with ulnar drift at the
metacarpophalangeal joint. Previous studies
have found that ulnar drift is present in 2945 %
of patients with established rheumatoid arthritis
[12]. This coronal plane deformity is multifacto-
rial, though intimately related to the wrist. While
the interrelationships of wrist deformity and fin-
ger deformity in rheumatoid arthritis have been
well documented [4, 12], it is not the intent of
this chapter to discuss in detail the anatomical
and biomechanical changes observed at the wrist
in theumatoid arthritis. Briefly though, a zigzag
deformity exists: as radial deviation of the wrist
progresses, so typically does ulnar deviation of
the fingers.

From a biomechanical standpoint, there is a
relatively large ulnarly directed moment
(torque) at the finger MCP joints due to the
pathologic changes seen in rheumatoid arthri-
tis. Flexor tenosynovitis thins the flexor tendon
sheath, and synovitis within the MCP joint
attenuates the extensor hood, both allowing the
extrinsic tendons that course across the MCP
joint to subluxate in an ulnar direction. The
radial deviation at the wrist changes the line of
pull of the extrinsic flexor and extensor ten-
dons, increasing their ulnar moment arm at the
MCP joint and leading to ulnar subluxation.
Additionally, destructive changes at the meta-
carpal head and contracture of the ulnar-sided
intrinsics (shortened already by the ulnar drift
of the digit) further contribute to the progres-
sion of ulnar drift [12].

MCP Arthroplasty

As the MCP joint is the most commonly affected
hand joint in rheumatoid arthritis, MCP arthro-
plasties are commonly performed in rheumatoid
arthritis patients. Indications for implant arthro-
plasty include severe flexion contractures fixing
the digit in a poor functional position; an arc of
motion <40°; MCP joint pain with advanced
radiographic destruction (Larsen grades III-V);
and severe ulnar drift (>30°) [4]. MCP arthro-
plasties are designed to balance the flexor and
extensor forces and reestablish the center of rota-
tion as close to that of the native joint as possible.
Anatomically neutral (30° pre-bend) block-hinge
silicone-based implant arthroplasties approxi-
mate normal joint kinematics more closely than
straight (zero degree bend) implants [13].

Functional Disability

While clinical experience reveals that some
patients with deformed hands are able to adapt
and perform a wide range of hand functions, cer-
tainly many experience disability. It has been
estimated that 80-90 % of patients with rheuma-
toid arthritis have reduced hand function [14]. A
recent study found that maximum finger flexion
and extension forces were considerably lower in
rheumatoid patients than in healthy controls [14].
This is likely due to the loss of biomechanical
equilibrium related to rheumatoid finger
deformities.

Conclusion

The human finger is an amazing mechanical
structure. Complex anatomy creates a biome-
chanical equilibrium that allows precise and
intricate function. Rheumatoid arthritis, via a
myriad of mechanisms, disrupts the normal anat-
omy and hence the normal biomechanics of the
digit. Boutonniere, swan-neck, and MCP ulnar
drift are common deformities seen in the rheuma-
toid hand. In this chapter we have reviewed nor-
mal finger anatomy and biomechanics and
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discussed the biomechanical changes of these
common rheumatoid finger deformities.
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Treatment of MCP Joints
in the Rheumatoid Hand

Alberto Lluch

Functional Anatomy
and Pathomechanics
of the Deformities

The finger extensor tendons do not insert at the
base of the proximal phalanx, as they need to
glide proximally and distally to provide exten-
sion of the interphalangeal joints (IPJ). The
extensor tendons are stabilized at the dorsum of
the metacarpal heads by two aponeurotic expan-
sions, the sagittal bands (SB), which insert at
both sides of the volar plate of the metacarpopha-
langeal joints (MPJ). The SB are responsible for
maintaining the extensor tendon at the dorsum of
the joint during radial and ulnar inclination of the
fingers, as well as allowing the tendon to glide
proximally and distally during extension and
flexion of the finger joints. If the intrinsic mus-
cles are paralyzed, as seen after median and ulnar
nerve lesions, the extensor tendon will only
extend the MPJ, causing a claw deformity of the
fingers. In these circumstances, if the MPJ are
passively held in flexion, because the extensor
tendon does not insert into the proximal phalanx
(PP), it will be capable of extending the IP joints.
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The flexion forces at the MPJ, provided by the
extrinsic flexors and the intrinsic musculature,
are far greater than the extension force provided
by the extensor tendon. The collateral ligaments
(CL) originate on the dorsum of the metacarpals
and insert at the most anterior part of the base of
the proximal phalanx, for the purpose of prevent-
ing the PP from displacing anteriorly. Anterior
displacement of the PP is also prevented by the
ball and socket joint morphology, as well as the
constraint of the SB, which insert at both sides of
the volar plate and should be considered as a
proximal extension of the PP.

Synovitis of the MPJ will attenuate the col-
lateral ligaments (CL) and the SB, allowing the
PP to displace volarly from the pull of the extrin-
sic and intrinsic flexor muscles. The intensity and
characteristics of the joint synovitis, as seen in
cases of lupus, may rapidly destroy the CL and
both SB, causing a complete anterior dislocation
of the PP. When the dorsal stabilizers are not
completely disrupted, the PP will partially sublux
causing a scalloping deformity from wear of the
dorsal part at its base.

Another common deformity is an ulnar inclina-
tion of the fingers, known as ulnar drift. There is
no single cause for the ulnar drift deformity, but
rather a combination of several factors and the
relative importance of each of them are difficult to
determine. The following causes have been
described as contributing to ulnar drift of the fin-
gers in the rheumatoid hand: gravity, thumb
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pressure, morphology of the metacarpal heads,
length of the collateral ligaments, radial inclina-
tion of the wrist, traction from the flexor tendons,
intrinsic muscle spasticity or retraction, and dislo-
cation of the extensor tendons [1, 2]. There is no
space in this chapter to analyze each of the afore-
mentioned factors. Radial inclination of the wrist
has classically been described as the main cause of
ulnar inclination of the fingers at the MPJ level [3,
4]. However, when only the wrist is involved, it
always inclines toward the ulnar side. From our
clinical and radiological studies, we have con-
cluded that the radial inclination of the metacar-
pals is a volitional deformity done by the patient in
order to align the fingers with the long axis of the
forearm, for aesthetic and functional purposes [5].

Due to an imbalance of forces toward the
ulnar side, mainly caused by the pull of the exten-
sor tendons when flexing the carpometacarpal
joints of the little and ring fingers, the radial SB
will progressively elongate, allowing the exten-
sor tendon to displace toward the ulnar side of the
metacarpal head [6]. When this occurs, the pull
of the extensor tendons through their intertendi-
nous connections will bring the fingers into ulnar
inclination, starting with the small finger and

then progressively with the most radial fingers.
The volar plate of the MPJ is attached to the PP,
and all volar plates are attached to each other by
the intervolar plate ligament (IVPL) (Fig. 18.1).
This structure should not be called “deep inter-
metacarpal ligament,” as it does not insert into
the metacarpals. As the PP of the little finger dis-
places volarly and ulnarly, the rest of the fingers
will displace in the same direction from the pull
of the IVPL. Progressive ulnar displacement of
the extensor tendons will cause loss of active
extension and increased ulnar inclination of the
finger upon muscle contraction. When the radial
sagittal band is fully attenuated, the extensor ten-
dons will dislocate below the axis of rotation of
the MPJ, and they will become flexors of the
MPJ. In long-standing deformities, the intrinsic
muscles will be remodeled in a shortened posi-
tion, mainly the ulnar intrinsics, and the test for
intrinsic tightness will be positive. Intrinsic mus-
cle retraction should not be considered as muscle
pathology but rather muscle physiology: if the
muscle origin and insertion approximate, its sar-
comere will remodel in a shortened position.
The dislocated extensor tendons will also
cause flexion of the carpometacarpal (CMC)

Fig. 18.1 The volar plate of the metacarpophalangeal
joint attaches distally to the base of the proximal phalanx.
The sagittal bands, holding the extensor tendon at the dor-

sum of the joint, insert at both sides of the volar plate. All
volar plates are united to each other by the intervolar plate
ligament, also known as deep intermetacarpal ligament
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Fig. 18.2 (a) Increased “metacarpal descent” in a rheu-
matoid hand with ulnar dislocation of the extensor ten-
dons. (b) The “metacarpal descent” has corrected after
having relocated the extensor tendons at the dorsum of the
metacarpophalangeal joints. (¢) On the top drawing, we

joints of the ring and little fingers, along with
some finger rotation into supination. In normal
hands, flexion of about 33° of the CMC joints is
possible due to muscle contraction [7]. An
increased “metacarpal descent” and supination of
the fingers is frequently observed in rheumatoid
hands secondary to CMC joint laxity and can be
confused with a supination deformity of the car-
pus (Fig. 18.2).

Surgical Treatment

When the joint cartilage has not yet been destroyed,
joint synovectomy can be done as an isolated pro-
cedure in those cases of persistent MPJ synovitis
not responding to rest and pharmacological treat-
ment. Soft tissue rebalancing is very important,
such as dorsal relocation of the extensor tendons
and ulnar intrinsic muscle release if present. MP
joint arthroplasty is only indicated in cases of car-
tilage and bone destruction.

A transverse zigzag skin incision allows for
the best exposure. The proximal flaps of the zig-
zag, forming a 90° angle, should be placed over
the metacarpal heads, disregarding the position
of the fingers, which may be markedly displaced
volarly and ulnarly (Fig. 18.3). By doing so, the

can see how the ulnarly dislocated extensor tendon causes
flexion of the carpometacarpal joint and supination of the
little finger. After relocating the extensor tendon, flexion
of the carpometacarpal joint and supination of the little
finger are corrected

skin flaps will provide the best coverage of the
underling joint implants. Zigzag incisions will
facilitate a better exposure as opposed to linear
incisions, without the need for excessive skin
retraction, and provide a far better aesthetic result
(Fig. 18.4). By blunt longitudinal dissection, the
dorsal veins and nerves located within fat pads in
the interdigital spaces are freed from the sides of
the extensor hood covering the metacarpal heads.
With the veins retracted on both sides of the
metacarpal heads, the loose connective tissue
underneath the skin is bluntly dissected with
small curved scissors until the extensor system is
exposed from the distal third of the metacarpal up
to the middle of the PP. The skin of the dorsum of
the hand is very mobile, allowing for a close
inspection of the extensor tendons and its inter-
tendinous connections on the back of the hand,
the sagittal bands at both sides of the MP joint,
and the extensor hood around the proximal
phalanx.

We can gain access to the MPJ by a longitudi-
nal division of the extensor tendon or by dividing
either one of the SB. If the tendon remains located
dorsally over the metacarpal head, the best
approach is by longitudinal division of the ten-
don, as it will facilitate a better and more sym-
metrical exposure of the metacarpal heads, as
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Fig. 18.3 A zigzag skin incision should be made over
each of the metacarpal heads, disregarding a possible
deformity of the fingers. The incision is extended slightly
toward the ulnar side for adequate visualization of the
ulnar sagittal band and the tendon of the abductor digiti
minimi. From Lluch A. Swanson silicone metacarpo-
phalangeal arthroplasty in the rheumatoid hand. In:
Arthropaties des metacarpo-phalangiennes et inter-
phalangiennes de la main. Allieu Y, Roux JL, Meyer zu
Reckendorf G (eds). Montpellier-Paris: Sauramps
Medical, 2008: 201-210. Reprinted with permission from
Sauramps Medical

Fig. 18.4 A dorsal zigzag incision provides the best
exposure of the extensor apparatus

well as allowing for a stronger surgical repair.
However, in most patients the extensor tendons
are displaced toward the ulnar side of the meta-
carpal heads. In such cases, we longitudinally
divide the ulnar SB, as it is usually remodeled in
a shortened position, making the dorsal reloca-
tion of the tendon very difficult if this is not
released [5, 8] (Fig. 18.5). In the presence of a

long-standing and marked ulnar drift, the ulnar
intrinsic muscles will be remodeled in a shorter
position. In these circumstances, the entire inser-
tion of the intrinsic muscle into the extensor hood
should also be divided, as well as the tendon of
the abductor digiti quinti muscle (Fig. 18.6). The
tendon of the short flexor of the small finger
should not be cut if possible. If this is done, the
patient will lose flexion force, and this will result
in a postoperative stiffness in extension of the
MP]J. After the proximal phalanx of the small fin-
ger has been axially aligned with its correspond-
ing metacarpal head, its extensor tendons are
displaced toward the radial side, exposing the
MPJ. The soft tissue release should begin with
the little finger, followed by the ring, middle, and
index fingers [S5]. If the correction is started on
the index finger, an extensive soft tissue release
will be necessary to correct the finger displace-
ment, as all fingers are anchored to each other by
the intertendinous connections dorsally and by
the deep intermetacarpal ligament volarly.
Excessive release of the extensor hood and intrin-
sic musculature will result in a postoperative
extension lag and a loss of grip strength of the
fingers.

After the soft tissue release is performed and
the extensor tendons are displaced toward the
radial side of the metacarpal heads, the synovium
is first detached from the base of the proximal
phalanx and then from the neck of the metacarpal
until the metacarpal head is clearly seen. The
head can be transected with either a narrow surgi-
cal saw or a bone cutting forceps. The amount of
head to be removed depends on the amount of the
volar and proximal displacement of the proximal
phalanges, although the osteotomy is generally
done at the level of or just proximal to the origin
of the CL (Fig. 18.7). The origin of the collateral
ligaments is usually destroyed by the synovial
tissue, otherwise volar subluxation of the proxi-
mal phalanges would not be possible. Based on
the above figure, we usually divide whatever is
left of the collateral ligaments at its origin on the
metacarpal head. This allows for a more thor-
ough synovectomy and facilitates removal of the
metacarpal head (Fig. 18.8). Division of the CL
will not cause an anterior subluxation of the
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Fig.18.5 (a) Ulnar dislocation of the communis and pro-
prius extensor tendons of the little finger, secondary to the
elongation of the radial sagittal band. (b) The ulnar sagit-
tal band has been longitudinally divided and the extensor
tendons relocated at the dorsum of the metacarpal head.
The tendon of the abductor digiti minimi should also be
transected. (c¢) The extensor tendons are maintained at the
dorsum of the metacarpal head by transverse and longitu-
dinal plication of the radial sagittal band. The defect on

proximal phalanx, as this never occurs when they
are transected for the release of an MPJ contrac-
ture in extension. Kirschenbaum et al. did not
reconstruct the radial collateral ligament in 144
arthroplasties and did not observe any deleterious
effects on the functional results [9].

With the base of the proximal phalanx placed
opposite to the metacarpal, a reasonable space
should be created, so as to be able to insert the
implant with the joint in full extension. If there is
not enough space, soft tissue detachment from
the volar aspect of the metacarpal should be done,
avoiding division of the intrinsic musculature
into the proximal phalanx to prevent loss of post-
operative grip strength. We should then direct our
attention to the shape of the base of the proximal

the retracted and divided ulnar sagittal band can be clearly
seen. From Lluch A. Swanson silicone metacarpo-
phalangeal arthroplasty in the rheumatoid hand. In:
Arthropaties des metacarpo-phalangiennes et inter-
phalangiennes de la main. Allieu Y, Roux JL, Meyer zu
Reckendorf G (eds). Montpellier-Paris: Sauramps
Medical, 2008: 201-210. Reprinted with permission from
Sauramps Medical

phalanx, as its possible deformity is difficult to
ascertain in most preoperative radiographic
examinations. If the base is not deformed, we
should only remove the remains of joint cartilage
and the subchondral bone, to prevent splitting of
the base during reaming of the endomedullary
canal (Fig. 18.9). If the base of the proximal pha-
lanx has a dorsal scalloping, we should carefully
remove part of its volar edge, so as not to com-
pletely detach the insertion of the intrinsic mus-
cles, the volar plate, and the flexor tendon sheath.
In the presence of a greatly deformed proximal
phalanx, with scalloping of its dorsal aspect, we
should be careful not to direct the reamer perpen-
dicular to its articular surface, as we could perfo-
rate the volar cortex of the phalanx. It is always



Fig. 18.6 (a) Schematic drawing of the metacarpopha-
langeal joint of the little finger as seen from the ulnar side.
The extensor tendon is dislocated, and the proximal part
of the extensor hood is rotated into supination from the
pull of the tendon and the abductor digiti minimi muscle.

(b) Longitudinal division of the ulnar sagittal band and
proximal part of the extensor hood used to gain access to
the metacarpophalangeal joint and relocate the extensor to
the dorsum. (c) In cases of severe ulnar drift of the finger,
the entire extensor hood should be transected

Fig.18.7 (a) In severe deformities, the metacarpal heads

should be excised proximal to the insertion of the collat-
eral ligaments. (b) The proximal phalanx of the fingers is

dislocated and displaced proximally underneath the meta-
carpal heads. (¢) Radiograph showing a marked disloca-
tion of the metacarpophalangeal joints
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Fig. 18.8 Division of the collateral ligament will facili-
tate a more complete joint synovectomy. The thumb for-
ceps holds the synovial tissue invading and destroying the
metacarpal head

safer to direct the reamer toward the thicker
dorsal cortex or to check the direction of the
medullary cavity with a straight instrument, such
as a straight clamp. We should then proceed with
power tools or even better with the appropriate
manual reamers. The use of manual reamers has
the advantage of impacting the bone rather than
removing it, as well as providing direct informa-
tion about the size of the implant to be used. We
should use the largest implant that will fit inside
the bone. The medullary cavities of the metacar-
pals, particularly the ring finger, are usually nar-
rower than those of the PP, and therefore we
should begin first with reaming the metacarpals.
This will provide information about the maxi-
mum size reamer we should use for the proximal
phalanx. After the bone ends have been prepared,
the volar pouch of the joint is inspected, and bone
debris and any remaining synovium are removed
until the volar plate is clearly seen. If flexor ten-
don synovitis or tendon adhesions have been
diagnosed or suspected preoperatively, the volar
plate is longitudinally divided while applying
longitudinal traction to the finger. Through this
incision, the flexor tendons can be pulled out with
a hook or other curved instrument until indepen-
dent gliding of both tendons is obtained. If neces-
sary, a partial tendon synovectomy can also be
performed (Fig. 18.10).

The trial implants should then be introduced
and tested for proper fitting and placement

(Fig. 18.11). Flexible silicone implants are first
placed inside the medullary cavity of the meta-
carpal, keeping the proximal stem in place while
holding their transverse part with a smooth for-
ceps. The distal stem is then flexed with another
forceps until it is driven inside the proximal pha-
lanx while applying some traction and flexion to
the finger. Once the distal stem has been intro-
duced inside the medullary cavity of the proximal
phalanx, the finger is brought into extension and
maintained in this position until the end of the
procedure. When using rigid two-component
implants, the distal stem should be inserted first.
Implant stability can be checked by flexing and
extending the joint. The trial implants are
removed and the wound irrigated. Bone
preparation will differ slightly according to the
type of implant to be used. The manufacturer’s
instructions should be followed carefully.

The radial sagittal band should be plicated
with several fine caliber sutures, such as 5-0 USP,
size 1 metric, using reabsorbable and colorless
material. After the plication of the radial sagittal
band, the extensor tendon should be relocated
over the implant, checking that it does not dislo-
cate toward the ulnar side while flexing the finger
at the MPJ level. If there is still some tendon sub-
luxation, further distal plication of the extensor
hood on the radial side should be done. Extensor
tendon stability is best determined by flexing the
MPJ with the IP joints completely flexed. In
those cases in which extensor tendon excursion is
limited, simultaneous flexion of MP and IP joints
will be difficult. It is better that the extensor ten-
don be slightly displaced toward the radial side of
the MP joint (Fig. 18.12).

Implant Designs

Hinged Metallic Prosthesis

The earliest MP joint implants were hinged
metallic prostheses with the main advantage of
providing stability, allowing early mobilization
and an initial good range of motion [10, 11].
These implants have been discontinued because
of their high complication rate due to loosening
and fracture [12].
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Fig.18.9 (a) After release of the ulnar sagittal band and  serving the insertion of the intrinsic tendons and the volar
extensor hood and removal of the metacarpal head, the plate. (¢) Prior to reaming, the direction of the endomed-
base of the proximal phalanx should be easily displaced ullary canal should be identified with a blunt instrument,
over the plane of the metacarpal. (b) Only the cartilage such as a straight clamp. Care should be taken not to per-
and subchondral bone should be removed. This will pre-  forate the anterior cortex in cases of dorsal “scalloping” of
vent splitting of the bone during reaming, as well as pre-  the proximal phalanx

Fig. 18.10 The volar plate is divided longitudinally
while applying a longitudinal traction to the finger.
Through this incision, the flexor tendons can be visualized  Fig. 18.11 A flexible silicone trial implant is placed and
in order to perform a tenolysis and limited synovectomy tested for proper fitting
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Fig. 18.12 (a) After release of the ulnar sagittal bands
and plication of the radial sagittal bands, the extensor ten-
dons should remain at the dorsum of the metacarpal heads
after full metacarpophalangeal joint flexion. (b) The

Flexible Silicone Implants

Flexible silicone implants for the MPJ were
designed by Swanson in 1964 [13]. Implant break-
age was common at the base of the distal stem. In
1986, the implants were manufactured using a sili-
cone more resistant to rupture called Silastic HP
100®. In 1992, titanium grommets were intro-
duced. The use of grommets is recommended, as
they protect the Swanson silicone implants from
breakage and wear against the cortical bone. The
placement and stability of the grommets are easily
accomplished at the metacarpals but may pose
some difficulties at the level of the proximal pha-
langes, particularly in those cases with a dorsal
bone defect known as “scalloping.” In these cases,
they may not sit flush against the anterior part of
the proximal phalanx because the volar plate or the
collateral ligaments may be interposed.

In the late 1960s, several flexible silicone
implants were available, such as those of Calnan-
Nicolle [14, 15], Niebauer [16], and Kessler [17],
but their manufacturing has been discontinued.

Flexible silicone implants are relatively inex-
pensive and placement is an easy procedure to
perform. Subsequently, other silicone implants
have also been designed, such as the Sutter™
[18] and the NewFlex™ [19, 20]. Clinical results
are similar with the use of the different flexible
implants [21-23], although there is a lower
breakage rate for the Swanson implants [24].

extensor tendons should remain at the dorsum or slightly
radial to the metacarpophalangeal joint implants after full
metacarpophalangeal joint flexion

Semiconstrained Rigid Two-

Component Implants

Thethird generation of prosthesisis semiconstrained
with two components: metal for the metacarpal
component and HMWPE for the distal compo-
nent [12, 25, 26]. Other implants are made of
ceramic or graphite covered with a thin layer of
pyrocarbon [27].

Associated Procedures
Cross Intrinsic Transfer (CIT)

This procedure was first described by Straub
[28] and later popularized by Flatt and others
[29, 30], for the purpose of preventing a recur-
rence of the ulnar deviation of the fingers. The
ulnar intrinsic tendons of the ring, middle, and
index fingers are divided and later sutured to
the radial extensor hood of the adjacent ulnar
finger. In order to prevent a possible postopera-
tive limitation of PIP joint flexion or even a
swan-neck deformity, it has been proposed to
insert the transfer to the radial collateral liga-
ment at the proximal phalanx [31]. Ellison et al.
performed some biomechanical studies in
freshly amputated fingers comparing four inser-
tion sites of the transferred intrinsic tendon:
dorsum of middle of proximal phalanx, anterior
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Fig.18.13 (a) Posteroanterior radiograph of a hand with
a severe ulnar drift of the fingers. The metacarpals show a
compensatory radial inclination. (b) After correction of
the ulnar drift, the radial inclination of the wrist has cor-
rected spontaneously. From Lluch A. Swanson silicone
metacarpo-phalangeal arthroplasty in the rheumatoid

part of middle of proximal phalanx, extensor
hood at mid-shaft of proximal phalanx, and
insertion of the radial CL [29]. They observed
that attachment of the intrinsic muscle to the
distal end of the CL was less likely to cause an
intrinsic contracture or a swan-neck deformity,
as occurred in 12 of the 25 patients initially
reported.

We do not routinely perform a CIT transfer
as this would increase the time and difficulties
of the surgical procedure. Published studies on
the results of CIT seem to demonstrate a
decreased incidence of recurrent postoperative
ulnar drift of the fingers. However, from an
academic point of view, this technique does not
follow the principles of a successful tendon
transfer, which are an adequate postoperative
immobilization period and use of a muscle that
has good contractility and has not already been
shortened [8]. According to Wood et al., the
ulnar intrinsic muscle to be transferred should
stretch 4 mm or more with gentle traction [32].

hand. In: Arthropaties des metacarpo-phalangiennes et
inter-phalangiennes de la main. Allieu Y, Roux JL, Meyer
zu Reckendorf G (eds). Montpellier-Paris: Sauramps
Medical, 2008: 201-210. Reprinted with permission from
Sauramps Medical

Rebalancing of Forces at the Wrist

We do not simultaneously perform a rebalancing of
forces at the wrist, by means of tendon transfers or
transpositions, to correct a preoperative radial devi-
ation of the metacarpals, as we have observed that
the radial deviation of the wrist is always secondary
to the ulnar deviation of the fingers. After the finger
deformity is corrected, the wrist tends to correct
itself (Fig. 18.13). If the radial inclination cannot
be passively corrected and there is an ulnar translo-
cation of the carpus, we prefer to perform a radio-
lunate or radio-scapho-lunate arthrodesis after
correction of the carpal deformity [33] (Fig. 18.14).

Postoperative Care

The wrist is immobilized in a neutral position or
moderate extension correcting a possible preoper-
ative radial inclination. The MPJ are immobilized
in full extension with the correction of any
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Fig. 18.14 A radio-lunate arthrodesis is performed to
correct a radial inclination of the wrist and ulnar translo-
cation of the carpus

preoperative ulnar inclination. The interphalan-
geal joints are left free in most cases.

The precise details of the postoperative pro-
gram are not defined in most publications except
for that of Madden et al. [34]. The entire dressing
is removed 5-7 days after the procedure and a
dynamic splint is applied. The fingers are kept in
extension and aligned with the metacarpals with
an outrigger and rubber bands (Fig. 18.15). The
rubber bands should be removed a few times dur-
ing the day in order to make it easier for the
patient to flex the fingers at the level of the arthro-
plasties. Patients should be encouraged to actively
flex the MP joints as much as possible, with the
only precaution being that this should not be
accomplished at the expense of an active exten-
sion loss or ulnar inclination of the fingers. For
most grasping activities, it is more important for
the ring and little fingers to regain flexion rather
than extension. To accomplish this, it may be
necessary to remove the rubber bands from these

fingers earlier and for longer periods of time than
for the index or middle fingers [34, 35].

Patients with good proximal interphalangeal
joints will tend to flex the fingers at this level, and
there is the risk for the MPJ to become stiff in
extension (Fig. 18.16). This can be prevented by
external immobilization with dorsal aluminum
splints on each finger or better yet with an inter-
nal immobilization with Kirschner wires done at
the time of surgery (Fig. 18.17). Dynamic splints
are usually replaced by static splints 6 weeks
after the procedure, used mainly at nighttime.

Although dynamic splintage is the most
widely used postoperative regime, many varia-
tions are in common use. There is no study that
has evaluated the efficiency or suitability of any
one in particular [36]. Burr et al. reported that
that a static splintage regime provided similar
results as a dynamic outrigger [37]. Static splint-
age is recommended for patients suffering from
lupus arthritis because of their inherent joint
instability and decreased scar formation [38].

Patients with good proximal interphalangeal
(PIP) joints will tend to flex the fingers at this
level, and therefore there is the risk for the MP
joints to become stiff in extension. This can be
prevented by external immobilization with dorsal
aluminum splints on each finger or better yet with
an internal immobilization of the interphalangeal
joints with axial Kirschner wires.

Results

MP joint arthroplasty provides pain relief, cor-
rection of deformities, and increased flexion
force. The degree of joint mobility will vary, with
the final arch of motion usually being displaced
to one of increased extension. Up to 60° of
motion can be obtained following an adequate
rehabilitation program, but frequently the range
of active movement is less (Fig. 18.18). Madden
et al. reported the best postoperative results,
probably due to prolonged supervision and splint-
ing [34]. They reviewed 238 MPJ arthroplasties
using a Swanson-designed silicone implant.
Preoperative active mobility was from 42.5 to
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Fig.18.15 (a) Dynamic splint to keep the metacarpopha-
langeal joints in extension. (b) The proximal phalanges
are aligned with the longitudinal axis of the metacarpals
by means of outriggers. (¢) The rubber bands of the out-
riggers should be long enough to allow for active flexion
of the metacarpophalangeal joints. (¢) From Lluch

A. Swanson silicone metacarpo-phalangeal arthroplasty
in the rheumatoid hand. In: Arthropaties des metacarpo-
phalangiennes et inter-phalangiennes de la main. Allieu Y,
Roux JL, Meyer zu Reckendorf G (eds). Montpellier-
Paris: Sauramps Medical, 2008: 201-210. Reprinted with
permission from Sauramps Medical

Fig. 18.16 (a) Patients with good interphalangeal joints
show a tendency to decreased flexion of the metacarpo-
phalangeal joints during the postoperative period. (b) In

these cases, passive flexion of the arthroplasties is greater
than active flexion
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Fig. 18.17 (a) Flexion of the interphalangeal joints can
be prevented by immobilization with dorsal aluminum
splints. (b) Immobilization of the interphalangeal joints in
extension can also be achieved with axial Kirschner wires

placed at the time of surgery. This method of immobiliza-
tion is preferred in those patients who live alone and have
difficulties in placing the aluminum splints by themselves
due to severe deformities in the opposite hand as well

Fig.18.18 (a) Ulnar drift correction and average active extension lag during the early postoperative period. (b) Active
metacarpophalangeal flexion in the patient of the previous figure

85.7° of flexion (total 0f43.2°) and postoperatively
from 9.2 to 66.8° of flexion (total of 57.6°).
Swanson also reported 3—65° of flexion (total of
62°), although this was passive mobility [39].
Most authors report an average active mobility of
36° on average, going from 10 to 46° of flexion
[40—45]. In a meta-analysis of 1.661 implants
postoperative average active ROM was 36.7°
[33]. However, most of the gain is in the correc-
tion of ulnar drift. Hume et al. studied the func-
tional ROM for the MPJ, during 11 activities of

daily living, and reported to be from 33 to 73° of
flexion, with an average of 61° [46].

Few reports have been published comparing
the results with and without CIT, and most of
them report a decreased recurrence of ulnar drift
after CIT [47-55]. In some of the above studies,
the group of patients undergoing both techniques
were not homogeneous, and the length of follow-
up varied within the groups. Other authors claim
that CIT does not significantly affect the outcome
[56]. After reading all the above reports, one
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becomes aware of how difficult it is to draw con-
clusions in relation to effectiveness of CIT, as
ulnar deviation of the fingers is difficult to mea-
sure. Roentgenograms in the posteroanterior pro-
jection should be made with some elevation of
the palm above the X-ray film to ensure that the
fingers are in a relaxed position and not corrected
by the technician placing them resting over the
cassette. Ideally, ulnar drift should be clinically
measured individually for each finger [9, 42, 57].
The results will vary depending on the preopera-
tive status of the MP and PIP joints, the duration
of the postoperative treatment by dynamic splint-
ing, the length of the follow-up period, and, what
it is more important, the details of the surgical
technique, in particular the tension of the trans-
ferred muscle and its place of insertion.

Extension lag and mainly the ulnar drift dete-
riorate with time [51, 58-60]. We have the
impression, confirmed after reoperation, that the
deformities are due to a recurrence of sublux-
ations of the extensor tendons as consequence of
a physiological imbalance of forces toward the
ulnar side. Recurrence of ulnar drift is greater
than extension lag, because there is less scar tis-
sue on the radial side of the MPJ.

Silicone implant breakages have been reported
from 0 % to 26 %, with less than 5 % in most
reports [58, 61]. The reason why a fracture rate of
26 % was reported can be explained because
implants manufactured with the original silicone,

available before 1973, were used. Sutter™ sili-
cone implants showed a higher incidence of
breakage than Swanson implants [24]. However,
there are no clinical significant differences
between the results using NeuFlex™, Sutter™,
or Swanson implants [18, 21-24].

The incidence of foreign body reaction to sili-
cone microparticles, usually referred to as silico-
nitis or silicone synovitis, is negligible in flexible
implants, as compared to scaphoid or lunate
implants, which are subjected to wear from fric-
tion against the distal radius [60, 62-64].

In summary, patients treated with a silicone
metacarpophalangeal arthroplasty are pleased
with the results, mainly because the finger defor-
mity has been corrected, particularly the ulnar
drift [65]. The arc of joint mobility may not
increase much, but it is placed in more extension,
which makes it more functional and improves the
aesthetic appearance of the hand [35, 43]
(Figs. 18.19 and 18.20). Objective functional out-
comes and patient satisfaction using the Michigan
Hand Outcome Questionnaire demonstrated that
patients were satisfied with only modest gains in
grip and pinch strength [65-67]. Although
patients rated function as the most important
motivator for surgery, appearance was highly
ranked postoperatively [68]. It is possible that
patients are reluctant to admit that they are seek-
ing hand surgery mainly to improve the appear-
ance of their hands [69].

Fig. 18.19 (a) The aesthetic appearance of the hand is
affected by the ulnar inclination of the fingers. (b) Severe
extension lag causes hand disability, as the patient will not

be able to grasp large objects. Note also an almost 90°
rotation into supination of the little finger
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Fig.18.20 A rheumatoid hand with great functional loss
and an unpleasant aesthetic appearance, secondary to dis-
location of the extensor tendons toward the ulnar side of
the metacarpophalangeal joints. Only the index finger
showed some active extension
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in Rheumatoid Fingers

Alfredo Olazabal and Alexandra L. Mathews

Swan-neck and boutonniere deformities are both
found in patients with rheumatoid arthritis (RA)
[1]. A careful evaluation of each deformity is
essential to determine proper treatment [2].
Principles guiding operative correction focus on
relief of pain, improvement of function, and
elimination of the deformity [3]. A swan-neck
deformity is characterized by hyperextension of
the proximal interphalangeal (PIP) joint with
flexion of the distal interphalangeal (DIP) joint.
The boutonniere deformity is characterized by
the inverse posture. Both deformities, which are
not exclusively found in RA, are the result of the
loss of balance between the different forces that
act on the finger.

Swan-neck finger deformities are ultimately
the result of hypertrophied rheumatoid synovium.
Although the deformity is described as occurring
at the PIP joint, it may be caused by the destruc-
tive effect of the synovitis at any of the three digi-
tal joints (MCP, PIP, or DIP joint). The abnormal
posturing arises from an imbalance of what is

A. Olazdbal, MD (D<)

Department of Orthopaedics, Hospital Aleman
Buenos Aires, Pueyrredon 1640, M.T. de Alvear
2421, Buenos Aires 1122, Argentina

e-mail: alfredoeolazabal @ gmail.com

A.L. Mathews, BS

Section of Plastic Surgery, Department of Surgery,
The University of Michigan Health System,

Ann Arbor, MI, USA

© Springer International Publishing Switzerland 2016

normally a complex, delicately balanced, and
dually innervated extrinsic and intrinsic tendon
system. The extrinsic and intrinsic extensor con-
tributions normally combine to form the central
slip and lateral bands that, in concert, extend the
PIP joint. The normal restraint to PIP hyperex-
tension is partially static (volar plate and collat-
eral ligaments) and partially dynamic (flexor
superficialis). Through attenuation of the volar
plate and collateral ligaments caused by synovitis
or with rupture of the flexor digitorum superficia-
lis (FDS), the extensor force is unopposed, caus-
ing hyperextension. With time, the lateral bands
slide dorsally as the transverse retinacular liga-
ments stretch. As the hyperextension worsens,
reciprocal flexion occurs at the DIP joint causing
the swan-neck deformity. This is likely to occur
for several reasons including lengthening of the
extensor apparatus, tightening of the flexor pro-
fundus, or superimposed intrinsic contracture.
The swan-neck deformity can also result from
synovitis at the DIP joint, MCP joint, or wrist
joint. Synovitis of the DIP joint causes weaken-
ing and rupture of the terminal extensor tendon
insertion. As the tendon insertion migrates proxi-
mally, the lateral bands become lax. The defor-
mity at the DIP joint subsequently forces the PIP
joint into hyperextension, resulting in a swan-
neck deformity. A similar secondary effect occurs
from synovitis at the MCP joint. The synovitis
causes attenuation of the volar plate, resulting in
a volar subluxation of the proximal phalanx at the
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MCP joint. This shortens the intrinsic extensors
and the PIP joint becomes hyperextended.
Finally, synovitis at the wrist can cause carpal
collapse and proximal migration of the carpal-
hand unit. An imbalance is created, resulting in
an “extrinsic minus” phenomena and swan-neck
finger deformity [3].

According to Nalebuff [1], the swan-neck
deformity is classified into four types:

Type I: Flexible with complete range of motion

Type II: Flexible with restricted motion accord-
ing to MCP joint position

Type III: Stiff with normal PIP joint articular
surfaces

Type I'V: Stiff with destruction of PIP joint articu-
lar surfaces

Typel

In type I cases (Figs. 19.1 and 19.2), patients retain
complete mobility of the PIP joint. Conservative
treatment options to prevent hyperextension at the
PIP joint include the use of silver ring splints
(Fig. 19.3); however, surgical treatment in some
cases may be necessary. There are many surgical
options available for treating type I deformities,
which aim to limit PIP joint hyperextension.
Options include dermadesis of the PIP joint, teno-
desis of the FDS, and lateral band tenoplasty.
Dermadesis is only helpful in mild cases and con-
sists of a resection of palmar skin and immobiliza-
tion of the finger in 45° of flexion for 3 weeks.
Tenodesis of the FDS aims to create a slight flex-
ion contracture of the PIP joint. This technique
uses one slip of the tendon, which is divided proxi-
mally by keeping its distal insertion intact and is
sutured to itself to make a loop on the Al pulley.
This loop will act to prevent PIP joint extension.
Postoperatively, hyperextension is blocked for 68
weeks. When the swan-neck deformity begins at
the DIP joint, laxity of the volar plate of the PIP
joint allows hyperextension. If the deformity starts
in the DIP joint, reconstruct by means of a teno-
plasty or directly perform an arthrodesis, which
usually yields a better result [4].

Additional approaches to correct type I
deformities have been reported. For patients with
RA in which soft tissue fixation may be unreli-
able, bone fixation techniques using modern
suture anchors can be used to repair the volar
plate. Littler’s technique (retinacular ligament
reconstruction) consists of detaching the ulnar
lateral band of the extensor mechanism proxi-
mally, keeping its distal end attached. The lateral
band is then passed volar to Cleland fibers and
sutured to the fibrous sheath under tension to pre-
vent PIP hyperextension. Zancolli’s technique
also uses the lateral band, fixing it in the flexor
sheath [5]. Lateral band translocation involves

Fig.19.1 Small finger type I swan-neck deformity show-
ing PIP hyperextension and DIP flexion

Fig.19.2 Small finger type I swan-neck deformity X-ray
with evidence of hyperextension at the PIP joint and flex-
ion at the DIP joint
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Fig. 19.3 A silver ring splint is used to conservatively
treat mild to moderate hyperextension at the PIP joint

transfer of the dorsally subluxed radial lateral
band to the palmar aspect of the joint where it is
maintained by a sling created between the flexor
superficialis tendon and the palmar plate.

Zancolli's Surgical Procedure

A mid-lateral incision is made on the radial side of
the finger. The lateral band of the extensor mecha-
nism is mobilized from the midpoint of the proxi-
mal phalanx to the midpoint of the middle phalanx
by separating the lateral band from the central ten-
don mechanism dorsally and by dividing the trans-
verse retinaculum ligament of Landsmeer on the
palmar aspect of the lateral band (Fig. 19.4). The
accessory collateral ligament is divided at its inser-
tion into the palmar plate to display the free lateral
margin of that structure (Fig. 19.5). The insertion
of the palmar plate into the base of the middle pha-
lanx and its origin from the proximal phalanx
remain intact. A synovectomy of the PIP joint may
be done if indicated. The flexor tendon sheath is
open between the A2 and A4 pulleys. The radial
slip of the superficialis insertion is identified. The
mobilized lateral band is translocated palmarly,
below the PIP joint axis, and is retained in this
position by creating a sling between the free mar-
gin of the palmar plate and the radial slip of the
superficialis tendon. Two 4-O Tycron sutures are
placed at the distal edge of the PIP joint between
the palmar plate and the superficialis tendon to
create the sling. The tension of the translocated
tendon is checked so that the PIP joint does not
extend beyond 5° of flexion when the finger is

Fig. 19.4 Mobilization of the lateral bands using
Zancolli’s technique to treat a type II swan-neck
deformity

Fig.19.5 Division of the accessory collateral ligament at
its insertion into the palmar plate

supported at the finger pulp alone. The tension
may be adjusted by altering the position of the
proximal point of dissection of the lateral band
from the central tendon mechanism. Further proxi-
mal dissection loosens the tension. The lateral
band may be resutured to the central slip to tighten
the translocated band if necessary. A single suture
at the point of proximal and distal separation pre-
vents subsequent splitting of the translocated ten-
don from the central tendon. If an extension lag
remains at the DIP joint, temporary Kirschner (K-)
wire fixation maintains this joint in extension for 4
weeks. Alternatively, a DIP joint arthrodesis may
be considered. After hemostasis is obtained, the
skin alone is sutured [5].
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Sirotakova et al. use a new lateral extensor
band technique by combining Littler’s and
Zancolli’s techniques. The lateral band on the
ulnar side of the finger is dissected from the cen-
tral slip and divided proximally just distal to the
MCP joint level. The lateral band on the radial
side is also dissected from the central slip to
improve its lateral mobility during PIP flexion. A
pulley is created as in Zancolli’s technique and
finally the ulnar lateral band is fixed to the proxi-
mal phalanx by a bone tag with the PIP joint in
30° [6].

Typell

In type II swan-neck deformities (Fig. 19.6), the
intrinsic muscles are retracted and finger flexion
is restricted in certain positions. For instance,
when the MCP joint is placed in extension, the
PIP joint cannot be passively flexed. A type 11
deformity may begin as subluxation of the MCP
joint and secondarily cause the intrinsic muscles
to retract. Correction of the subluxation using
MCEP joint arthroplasty plus intrinsic tenotomy
may be required to fix the deformity. The intrin-
sic retraction is treated by resecting the triangu-
lar part of the extensor apparatus in the proximal
phalanx. Postoperative results for the treatment
of a type II deformity are shown in Figs. 19.7
and 19.8.

Fig. 19.6 Index finger type II swan-neck deformity. PIP
joint flexion is limited in certain positions of the MCP joint

Typelll

In type III deformities (Figs. 19.9 and 19.10), the
ability to grasp an object is severely impaired.
Passive motion of the PIP joint may be restricted
by the extensor mechanism, the collateral liga-
ments, or the skin. It is important to examine the
PIP joint articular cartilage before deciding the
correct surgical treatment. If an X-ray shows that
the joint is destroyed, arthrodesis is indicated. If
the PIP joint is not affected, PIP joint manipula-
tion can be performed. When performing this
technique, the joint is flexed gently under anes-
thesia and fixed with a K-wire in 90° for 3—4
weeks. If the skin is under tension, a skin relax-
ing incision can be made just distal to the PIP

Fig.19.7 Postoperative photograph of type II swan-neck
deformity showing good finger posture

Fig. 19.8 Postoperative results of type II swan-neck
deformity. Good flexion maintained after surgery
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Fig. 19.9 Type III swan-neck deformity showing a par-
tial lateral hand with significant PIP joint hyperextension
in all fingers. PIP joint flexion is limited irrespective of
MCP joint position

Fig. 19.10 Dorsal view of the same hand, showing type
III swan-neck deformity

joint. The distal part of the incision is left open
and does not require a skin graft. If the manipula-
tion is difficult, lateral band mobilization is
indicated.

Lateral Band Mobilization

A dorsal incision is made and the lateral bands
are separated from the central part of the extensor
apparatus (Fig. 19.11). The lateral bands are then
moved palmarly so the PIP joint can be easily
flexed (Figs. 19.12 and 19.13). The joint is
splinted in 90° of flexion for 4-6 weeks. It is

Fig. 19.11 Separation of lateral bands from the central
part of the extensor apparatus

Fig. 19.12 Lateral bands are moved palmarly and the
PIP joint is flexed easily

Fig.19.13 Correction of type III swan-neck deformity
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important to check the function of the flexor ten-
dons in every case. If flexion is impaired, it can
be corrected simultaneously, for example, per-
forming a tenosynovectomy in case of “trigger
finger” [7, 8]. Specialized physiotherapy is man-
datory to obtain the best possible results.

Type IV

A type IV deformity is characterized by a fixed
hyperextension deformity of the PIP joint result-
ing in a stiff joint and radiographic image that
shows joint destruction (Figs. 19.14, 19.15, and
19.16). When the PIP joint is destroyed, either
arthrodesis or arthroplasty can be performed. A
careful evaluation of the whole hand is necessary
to determine the best treatment option. In gen-
eral, we prefer an arthrodesis in the index and
middle finger and an arthroplasty in the ring and
little finger. It is possible but it is not advisable to
perform two arthroplasties in the same finger. If
an MCP arthroplasty is performed in the same
finger, we prefer to arthrodese the PIP joint. The
PIP joint is fixed at 25° in the index finger and
30° in the middle finger. Postoperative results of
PIP arthrodesis of the little finger are shown in
Figs. 19.17 and 19.18. Sirotakova et al. corrected
the swan-neck deformity using a new procedure
that combines the distally based extensor lateral
band technique described by Littler and the FDS-
palmar plate pulley introduced by Zancolli [6].

Fig. 19.14 Palmar view of a type IV swan-neck defor-
mity at the little finger. The PIP joint is stiff

Fig.19.15 Lateral view of the type IV swan-neck defor-
mity at the little finger. The finger shows significant PIP
joint hyperextension and DIP flexion

-

Fig.19.16 Type IV swan-neck deformity X-ray demon-
strating poor radiographic appearance at the PIP joint

Fig. 19.17 Result after arthrodesis to treat a type IV
swan-neck deformity in the little finger
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Fig.19.18 Lateral view of the little finger after arthrod-
esis to treat a type IV swan-neck deformity

Personal Series [9]

Twenty-eight patients, mean age 50 (31-82),
with 82 rheumatoid swan-neck digital deformi-
ties were selected: 26 belonged to type I, 30 to
type II, 14 to type III, and 12 to type IV.

Results

All the patients were evaluated pre- and postop-
eratively at least 1 year after surgery.

PIP range of motion was recorded (Fig. 19.19).

Postoperative PIP range of motion: type II
—15° to 67° and type III —12° to 65°. Type IV PIP
joints were arthrodesed at 60° in the little finger,
50° in the ring finger, 40° in the middle finger,
and 30° in the index finger.

Final Conclusion

Careful evaluation of each case is mandatory to
determine the best treatment option. In our series,
all swan-neck deformities were caused by RA,
and surgical correction was usually accompanied
by other surgical procedures in the wrist and MP
joints. The classic sequence from proximal to
distal was always the rule. In every case, we
obtained a functional improvement due to better

range of motion or better positioned arc of
motion. We had three recurrences in type II
deformity. Swan-neck deformity deserves our
attention because we can help patients improve
function either by a motion improvement or a
better positioned arc of motion.

Boutonniére Deformity

A boutonni¢re deformity may be flexible or fixed
and is characterized by flexion of the PIP joint
and hyperextension of the DIP joint [1]. The
pathology begins with synovitis of the PIP joint,
which causes elongation of the central slip and
triangular ligament. As this occurs, the central
slip is unable to maintain full extension of the
PIP joint and the lateral bands sublux below the
axis of rotation. The retinacular ligaments con-
tract and a stiff joint is the result [2]. The intrinsic-
intrinsic plus test can be used to determine
whether an oblique retinacular ligament retrac-
tion exists. A positive test is indicated when there
is limited, passive DIP joint motion with the PIP
joint placed in extension.

Nalebuff and Millender
Classification [10]

The rheumatoid boutonniere deformity begins
in the PIP joint, and any changes in the adjacent
joints are secondary. As the PIP flexion defor-
mity becomes more advanced, MCP joint
hyperextension may occur as a result. Hand
function is not limited significantly until the
deformity becomes severe. Nalebuff and
Millender classified three stages for bouton-
ni¢re deformities:

Stage I: Mild deformity; there is only a slight
extension lag at the PIP joint.

Stage II: Moderate deformity; the MCP joint is
hyperextended.

Stage III: Severe deformity; the joints cannot be
passively corrected.
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+13,62°

90,08°

-11,86°

65,29°

Fig.19.19 (a) PIP range of motion: type I +14° to 90. (b)
Preoperative: type II +19° to 57°. (c¢) Postoperative: type
II —15° to 67°. (d) Preoperative: type III +26° to 42°. (e)

Treatment

Fixed contractures may develop as the deformity
becomes more severe. Surgical treatment options
consist of synovectomy plus surgical reconstruc-
tion of the central slip to reposition the lateral
bands and a distal tenotomy of the extensor mech-
anism to relieve the extension contracture of the
DIP joint. Stage III deformities are most severe
and result in a fixed flexion contracture at the PIP
joint with joint space destruction evident on
patient radiographs [11]. The complete deformity

b
+18,8°
57,13°
d +26,14°
42,14°
f
+19,67°
22,33°

Postoperative: type III —12° to 65°. (f) Preoperative: type
IV +20° to 22°

consists of three components: flexion of the PIP
joint, hyperextension of the DIP joint, and hyper-
extension of the MCP joint. Surgical options to
correct stage III deformities include either
arthrodesis or arthroplasty. Arthrodesis is usually
indicated and is the most reliable treatment option.
The joint is fixed with a K-wire for 3—4 weeks at
varying angles depending on which finger is being
treated. For example, the PIP joint is fused at 25°
in the index finger, 30° in the middle finger, 35° in
the ring finger, and 40° in the little finger.
Arthroplasty is very seldom performed in cases
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involving the ring and little fingers because we
must simultaneously reconstruct the extensor
mechanism and results are unreliable.

Reconstruction of the Extensor
Mechanism [4]

Preoperative images are shown in Figs. 19.20 and
19.21. A dorsal curved incision is made over the
PIP joint. The central slip is divided distally,
leaving a cuff of tendon attached to the base or
the middle phalanx. The central band is separated
from the lateral bands, and after resecting a few
millimeters, it is reattached to the base of the
middle phalanx. The lateral bands are sutured to
each other dorsally (Fig. 19.22). Postoperative
results are shown in Figs. 19.23 and 19.24. If
necessary, the extensor mechanism is divided at
the middle phalanx to allow for flexion of the DIP
joint. The reattachment of the central slip to the
middle phalanx may also be achieved using a
suture anchor [12]. This technique is indicated if
the central slip is separated from its middle pha-
lanx insertion or is too attenuated to hold sutures
(Figs. 19.25,19.26 and 19.27).

Postoperative Care

Following reconstruction of the extensor mecha-
nism, the PIP joint is immobilized in full extension

Fig. 19.20 Ring finger boutonniere deformity showing
flexion at the PIP joint and hyperextension at the DIP joint

Fig. 19.21 Dorsal view of the ring finger boutonniere
deformity

Fig.19.22 Lateral bands sutured to each other dorsally

Fig.19.23 Boutonniere Littler’s technique post-op
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Fig.19.24 Boutonniere Littler’s technique post-op

Fig.19.25 Pre-op of index finger boutonniere deformity
before surgical treatment with a bone anchor

Fig.19.27 Boutonniere post-op with bone anchor

Fig. 19.26 Reattachment of central slip to the middle
phalanx

using a K-wire or volar splint for 14 days. Patients
may begin active flexion exercises of the DIP
joint within 3 days of surgery. Active flexion exer-
cises of the PIP joint are initiated after 14 days of
immobilization is completed; however, active
extension exercises should not be performed for
several weeks.

Final Conclusion
Boutonniere deformities can severely affect the

hand function of patients with RA. It is important
to treat the deformity early to prevent secondary
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effects to the MCP joint. Full passive correctabil-
ity of the PIP joint should be achieved before sur-
gery to allow for optimum results after
reconstruction of the extensor mechanism [11].
Careful consideration of all other RA deformities
is advised before deciding on the best treatment
option.
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Introduction

Ulnar drift occurs when there is a biomechanical
imbalance of forces at the metacarpophalangeal
(MCP) joint (Fig. 20.1). Ulnar drift deformity is
distinct from ulnar deviation, the normal rotation
of the proximal phalanx on the metacarpal that
facilitates hand grip [1]. Classically seen in rheu-
matoid arthritis, the pathophysiology of ulnar
drift is commonly attributed to MCP joint syno-
vitis causing dorsoradial ligament damage and
resultant extensor tendon ulnar subluxation [1—
6]. More accurately, ulnar drift is a result of mul-
tiple factors including innate MCP anatomy,
normal hand use, ulnar translation of the flexor
tendons, and proximal joint disease (e.g., radial
deviation of the wrist). Disruption of stabilizing
ligaments at the MCP joint also leads to palmar
subluxation of the proximal phalanx and perma-
nent flexion deformities [1-4].
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Ulnar drift can profoundly affect a patient’s
quality of life by impairing power grip and preci-
sion hand functions [1, 7]. Furthermore, pain and
esthetic discomfort are common complaints by
patients [8, 9]. When conservative management is
exhausted, surgical interventions may be consid-
ered. Silicone metacarpophalangeal arthroplasty
(SMPA) is the most proven intervention to correct
ulnar drift deformity, relieve pain, and improve
hand function [7, 10, 11]. Commonly, soft tissue
reconstructive procedures are performed concom-
itantly to reestablish normal anatomical alignment
at the MCP joint [6, 12, 13]. Long-term follow-up
of a multicenter prospective outcomes study of
SMPA in rheumatoid arthritis patients showed
improvement in hand function and appearance
when compared to nonsurgical controls [7, 14].

Metacarpophalangeal Joint
Anatomy

To appreciate the pathological consequence of
rheumatoid arthritis on the MCP joint, one needs
an understanding of the joint anatomy. The meta-
carpal/proximal phalanx, periarticular connec-
tive tissues, extrinsic/intrinsic hand muscles, and
extensor/flexor tendons function to stabilize and
move the joint (Fig. 20.2). Knowledge of the ana-
tomical relationships of these structures is criti-
cal to understanding the biomechanical properties
of the MCP joint and how it contributes to hand
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Fig. 20.2 (a) Metacarpophalangeal anatomy in normal
alignment. (b) Soft tissue changes in ulnar drift deformity
represented include radial sagittal band attenuation, ulnar
subluxation of extensor and flexor tendons, and contracted
intrinsic muscles [CL collateral ligament, ET extensor

tendon, FT flexor tendon, FTS flexor tendon sheath, IM
interosseous muscle, /ML intermetacarpal ligament (deep
transverse metacarpal ligament), L lumbrical, MH meta-
carpal head, PP proximal phalanx, SB sagittal band, VP
volar plate]
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Table 20.1 Anatomical causes of ulnar deviation in a normal metacarpophalangeal joint

Influences on natural ulnar deviation Details
Metacarpophalangeal anatomic characteristics
Asymmetrical metacarpal head

Asymmetrical collateral ligaments

Small sloping ulnar condyle
Radial collateral ligaments are more oblique, attenuated, and weaker

than ulnar collateral ligaments

Transverse intermetacarpal ligament
and volar plates

Thin radial extensor triangle

Transmits the ulnar pull of the abductor digiti minimi

Synovial swelling preferentially bulges into the thin, weak radial

extensor triangle, leading to radial collateral ligament laxity

Intrinsic hand force system—intrinsic muscles
Asymmetrical interossei muscles

Influence of hypothenar muscle
on little finger

Ulnar pull of the abductor digiti minimi
(Zancolli’s ulnar force)

Intrinsic hand force system—extrinsic muscles
Ulnar vector forces from flexor tendons

Greater bulk and strength of ulnar sided interossei muscles
Greater bulk and strength than the third radial volar interosseous muscle

Ulnar forces are translated across the metacarpal arch through the deep
transverse metacarpal ligament

Flexor tendons of the index and long finger exert an ulnar force at the

entrance of the flexor tunnel

Extrinsic hand force system
Pinch grip
Power grip

Pressure of thumb on radial side of digits exerts an ulnar force
Lifting heavy objects is typically performed such that ulnar directed

forces occur at the MCP joint

Gravitational pull

Accentuates proximal phalanx volar subluxation and ulnar deviating

forces at the MCP joint

MCP metacarpophalangeal

functions, such as precision grip. Armed with
knowledge of the normal function of the MCP
joint, it becomes intuitive why ulnar drift deformity
occurs as a consequence of joint destruction in
rheumatoid arthritis (Table 20.1).

The MCP joint is formed by the condylar artic-
ulation between the larger convex metacarpal head
and smaller concave base of the proximal phalanx
[3, 15]. The metacarpal head is asymmetrical, hav-
ing a larger radial condyle and a small, sloping
ulnar condyle. This ulnar inclination, and the influ-
ence of asymmetrical radial and ulnar collateral
ligaments, has important implication on normal
hand grips [3, 4]. With active flexion, the proximal
phalanx rotates and ulnar deviates. Therefore,
ulnar deviation refers to the medial-lateral rotation
of the proximal phalanx on the metacarpal, which
brings the digits into opposed flexion onto the the-
nar eminence (Fig. 20.3) [1, 3, 4]. This is distinct
from ulnar drift, which describes pathological
ulnar translation of the proximal phalanx with
respect to the metacarpal head (Fig. 20.4).

Enveloping the articulating bones of the MCP
joint is a dense fibrous capsule lined by a syno-
vial membrane, the target tissue of inflammatory
changes in rheumatoid arthritis. The capsule pro-
vides joint stability by restricting passive move-
ments and is reinforced by laterally orientated
collateral ligaments and a volar (palmar) plate
[15]. The collateral ligaments originate on the
distal dorsal metacarpal, travel distally and
volarly, and terminate on the base of the proxi-
mal phalanx [3, 4]. Landsmeer identified an
important distinction (most prominently in the
index and long fingers) between the radial and
ulnar collateral ligaments [16]. The radial collat-
eral ligament is thinner, wider, extends more dor-
sally, and takes a more oblique course than the
ulnar collateral ligament [3, 16]. As a conse-
quence, with proximal phalanx flexion rotation,
the radial ligaments are more lax and offer less
resistance to ulnar deviation of the digits. The
more robust and tight ulnar ligaments prevent
radial deviation.
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Fig. 20.3 Metacarpophalangeal joint flexion results in
medial-lateral rotation and ulnar deviation of the proximal
phalanx on the metacarpal (most pronounced in ulnar dig-
its). This brings the digits into opposed flexion onto the
thenar eminence

The fibrocartilaginous volar plate covers the
palmar aspect of the MCP joint capsule and resists
hyperextension. The volar plate consists of the
proximal membranous portion adherent to the
metacarpal and the distal, robust cartilaginous
portion that adheres to the proximal phalanx [2].
The metacarpoglenoid (accessory collateral) liga-
ment extends from the volar plate forming a sling
that suspends the flexor digitorum profundus and
flexor digitorum superficialis as they pass between
the metacarpal tubercles and enter the flexor ten-
don sheath (Fig. 20.5) [15]. In 1966, Smith et al.
proposed that the metacarpoglenoidal ligament
acts as a pulley and prevents bowstringing of
the flexor tendons during grasp or pinch grip.
Figure 20.6 demonstrates the oblique course of
the flexor tendons of the index and long finger as
they enter the flexor tunnel and how the metacar-
poglenoid ligament prevents flexor tendon bow-
stringing in both palmar and ulnar directions [2].

The deep transverse metacarpal ligament
(intermetacarpal ligament) connects the volar
plates of the second through fifth MCP

A

Fig.20.4 (a) Ulnar deviation, present in normal digits, is
the ulnar rotation of the phalanx in relation to the metacar-
pal. (b) Ulnar shift, a pathological finding, is ulnar transla-
tion of the phalanx in relation to the metacarpal. Ulnar
drift is the consequence of deviation and shift

joints [1, 15] (Fig. 20.7). This structure provides
intercapsular stability, prevents fanning of the
metacarpal heads, and distributes forces across
the volar plates [15]. For example, the ulnar pull
of the abductor digiti minimi on the small digit
is translated across the metacarpal arch through
the deep transverse metacarpal ligament.
Zancolli described this as the ulnar force of the
hand [17]. This force also influences a natural
palmar descent on the metacarpals of the ring
and small fingers, which facilitates tightening of
the power grip (Fig. 20.8).

Covering the dorsum of the MCP joint capsule
is the dorsal hood (extensor apparatus). This is an
aponeurotic expansion of the extensor digitorum
that covers the distal metacarpal and proximal
phalanx and is the site of distal attachments for
the intrinsic hand muscles [15, 18, 19]. Providing
stability to the dorsal hood are the sagittal bands,
tendinous attachments originating on the radial
and ulnar side of the volar plate. This transversely
orientated structure encircles the MCP joints and
functions to centralize the extensor tendon
over the metacarpal head (Fig. 20.2) [18, 19].
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Fig.20.5 The
metacarpoglenoid (accessory
collateral) ligament extends
from the volar plate forming a
sling that suspends the flexor
tendons as they enter the
flexor tendon sheath

ligament

Metacarpo-phalangeal

Metacarpo-glenoidal
ligament

Volar accessory (glenoidal) ligament

Fig.20.6 Flexor tendons exert palmar forces (left image)
and ulnar forces (right image) with pinch grip as they enter
the flexor tunnel. Notice the oblique course of the tendons

By adhering to the dorsal hood, the bands help
limit hyperextension of the MCP joint.

The intrinsic muscles of the hand contribu-
ting to MCP joint movement are the four lumbri-
cals and seven (three palmar and four dorsal)
interossei [15]. The lumbricals cause MCP joint
flexion, whereas the interossei muscles contrib-
ute to both flexion of the MCP joint and digit
abduction and adduction. The lumbricals
originate from the flexor digitorum profundus

of the index and long finger (blue line). The metacarpogle-
noid ligament helps prevent flexor tendon bowstringing in
both palmar and ulnar directions (black arrows)

tendons, pass palmar to the MCP joints, and
insert onto the radial aspect of the dorsal hood.
The interossei arise from the metacarpals and
insert onto the proximal phalanx and dorsal hood
[18]. The tendons of the palmar and dorsal inter-
osseous muscles on the ulnar side of the digit
form the common intrinsic tendon [13]. On the
radial side, the lumbrical tendon joins with the
interossei muscles to form the common intrinsic
tendon [13].
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Fibrous digital sheaths
pulleys A, and Ag

Collateral ligaments
(cord and accessory parts)

Deep transverse
metacarpal ligaments

2nd metacarpal

Palmar plates

Fibrous digital sheath
Flexor digitorum
profundus tendon

Flexor digitorum
superficialis tendon

Fig.20.7 The deep transverse metacarpal ligament (intermetacarpal ligament) connects the palmar (volar) plates and

distributes forces across the metacarpophalangeal joints

Fig.20.8 Depicted is the
natural palmar descent of the
metacarpals of the ring and
small finger, which facilitates
tightening of the power grip
(right, loose handgrip; left,
tightened handgrip)

Intrinsic hand muscles exert forces that
contribute to ulnar deviation [1, 3, 18]. Backhouse
conceptually grouped the intrinsics into ulnar
and radial muscle groups to simplify their influ-
ence on hand mechanics [3]. Mechanical studies
have shown that the ulnar insertions of intrinsic
muscles are broader, stronger, and more transverse

than their radial counterpart and therefore work
to a better mechanical advantage [1, 3, 18-20].
Because of the dominance of ulnar intrinsics,
the already less-robust radial collateral ligaments
are subjected to greater forces, and therefore,
ulnar deviation occurs in normal MCP joint
flexion.
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Metacarpophalangeal Mechanics

The diarthrodial MCP joint permits motion
through several axes; flexion, extension, abduc-
tion, adduction, distraction, and circumduction of
the proximal phalanx on the metacarpal head [4].
The MCP joint is critical for hand function, as the
arc of motion for hand grip is initiated through
flexion at this joint [12]. Unlike interphalangeal
joints, the MCP joint permits lateral mobility
when in extension, which facilitates complex fine
motor activity, such as typing on a keyboard.
This is made possible by the stabilizing contri-
butions of the intrinsic muscles, collateral
ligaments, and volar plate at the MCP joint [15].
Consequently, the mechanical integrity of the
MCP joint is dependent on these structures.

Precise control of MCP joint mobility is
attained through a balance between active
and counteractive forces. Active extension at the
MCP joint is stabilized by passive tension within
intrinsic muscles and the volar plate. Passive ten-
sion describes tension arising from the elastic
properties of muscles not actively being con-
tracted. Lateral stability of the MCP joint follows
a similar principle. Active abduction of MCP
joints is balanced by passive adduction of inter-
osseous muscles and tension within lateral col-
lateral ligaments. Therefore, in ulnar drift when
the radial collateral ligaments are compromised,
the interossei muscles remain the primary source
of lateral stability [15].

Ulnar and radial collateral ligaments contrib-
ute to lateral stability during MCP joint flexion.
The collateral ligaments run dorsal to the center
of motion of the joint and therefore are stretched
and tightened with proximal phalanx flexion
[3, 4]. Additionally, they are stretched over the
widened volar portion of the metacarpal head. As
previously described, asymmetry of the collateral
ligaments permits ulnar deviation during flexion.
With MCP joint flexion, supination of the proxi-
mal phalanx (dorsal rotation) relaxes the radial
collateral ligament, allowing it to take a less
oblique course across the joint [3]. Unwinding of
the radial ligament allows ulnar deviation.

The natural tendency of the MCP joint to
rotate and ulnar deviate with flexion has important

Fig. 20.9 Natural ulnar deviation facilitates opposition
between the thumb and digits in precision grip

implications on both precision (pinch) grip and
power grip (grasp) [21]. Precision grip describes
pad-to-pad opposition of the thumb to finger
(Fig. 20.9). With ulnar deviation, the tips of the
thumb and opposing finger have greater surface
area contact [3]. Likewise, the power grip takes
advantage of flexion, rotation, and ulnar devia-
tion at the MCP joint by placing the fingers in
opposed flexion onto the thumb eminence [21].
Tightening of the power grip accentuates the pal-
mar descent on the metacarpals of the ring and
small finger [17].

In 1966, Smith et al. provided insight on the
mechanical influence of the flexor tendons on
ulnar deviating forces acting at the MCP joint [2].
With pinch and grasp activities, the flexor ten-
dons transmit large forces on the sling arrange-
ment of the metacarpoglenoidal ligament and
flexor tendon sheaths. Smith et al. geometrically
demonstrated that the flexor tendon exerts a force
at the metacarpoglenoidal ligament that is six
times the pinch force exerted at the fingertip
(Fig. 20.6) [2]. Furthermore, in the long and
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index finger, the tendons exert an ulnar force
at the entrance of the flexor tendon sheath
(Fig. 20.6). Therefore, the radial portion of
the metacarpoglenoidal ligament is subjected to
large ulnar bowstringing forces. Under signifi-
cant strain, accessory collateral ligaments already
stretched by inflammatory changes in rheumatoid
arthritis may lead to flexor tendon palmar and
ulnar subluxation.

Forces at the Metacarpophalangeal
Joint

Flatt alluded two force systems exerting stress
and influencing movement at the MCP joint [1]:
the intrinsic forces, generated by action of the
extrinsic and intrinsic muscles, and the extrinsic
forces, created by usage. The ligamentous and
retinacular tissues that surround the joint absorb
these potentially deforming forces. Zancolli
thought of these ligamentous structures as a

Extensor tendons

closed circuit composed of functional units [17].
He referred to a “force nucleus” of each unit, to
describe where the forces acting on the MCP
joint are in balance [17]. Force nuclei exist on the
radial and ulnar aspect of each MCP joint at the
intersection of the volar plate, sagittal bands,
flexor sheath, and deep transverse metacarpal
ligament (Fig. 20.10).

Damage to any stabilizing structure will lead
to an imbalance at the force nucleus and perma-
nent deformity. Zancolli used this concept to
describe the pathomechanical changes of rheu-
matoid arthritis at the MCP joint. For example,
when the radial collateral ligament is disrupted
by local synovitis, there is one less structure
resisting ulnar forces. The remaining supportive
tissues must compensate. Under greater stress,
the radial sagittal band may weaken and stretch.
Laxity of the sagittal band allows the extensor
tendon to subluxate into the ulnar intermetacar-
pal sulcus (Fig. 20.10) [5]. In the subluxed posi-
tion, the tendons exert aberrant ulnar and flexion

@ Zancolli’s Force Nucleus

Fig. 20.10 Zancolli’s force nucleus. Star represents
damaged radial collateral ligament, which disrupts the
force nucleus, weakens the radial sagittal band, and results

Ulnar subluxation

in ulnar subluxation (A sagittal bands, B collateral liga-
ments, C volar plate and intermetacarpal ligament, D
flexor tendon sheath, E ulnar force of the hand)
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forces on the MCP joint. Therefore, disruption of
the radial collateral ligament has led to an imbal-
ance of the force nucleus, resulting in an ulnar
drift deformity. The deep transverse metacarpal
ligament connects all the force nuclei, and there-
fore, instability at one MCP joint leads to deform-
ing forces in the remaining joints [1, 17].

Zancolli also described the ulnar force of the
hand that originates from the fifth MCP (ulnar
pull of the abductor digiti minimi) and exerts
traction along the deep transverse metacarpal
ligament and volar plates [17]. This force is
accentuated by the natural palmar descent of the
ring and small finger metacarpals. In rheumatoid
ulnar drift, contracture of the hypothenar mus-
cles, palmar subluxation of long flexor tendons,
and ulnar subluxation of extensor tendons
(imparting MCP flexion) results in permanent
palmar descent [1, 17]. The ulnar force of the
hand thus influences all the MCP joints.

Rheumatoid Arthritis
at the Metacarpophalangeal Joint

Inflammatory change in rheumatoid arthritis is
characterized by an autoimmune-driven synovial
proliferation [22]. At the MCP joint, the inflamed
synovium becomes edematous; distention of the
joint capsule stretches the collateral ligaments
and membranous portion of the volar plate [4].
Unclear is whether rheumatoid inflammation has
a greater propensity to involve the radial side of
MCP joint, leading to the pathognomonic ulnar
drift deformity. Backhouse offered a sound hypo-
thesis that synovial swelling preferentially bulges
into the thin, weak radial extensor triangle, lead-
ing to radial collateral ligament and sagittal band
laxity, setting the stage for ulnar subluxation of
the extensor tendons [3].

Progressive inflammation leads to direct
invasion and degeneration of collateral liga-
ments. Pannus, a membrane of fibrovascular
tissue, develops at the site of synovial bony
attachments and advances over the articular sur-
face [4]. This highly vascularized tissue releases
inflammatory cytokines, lysosomal enzymes, and
free radicals that lead to degeneration of the

hyaline cartilage [23]. Proliferation of pannus
leads to erosion and softening of the metacarpal
and proximal phalanx [4]. The result of inflam-
matory changes is a poorly articulating joint with
stretched and attenuated supporting structures.
Accompanying soft tissue changes seen in ulnar
drift, including intrinsic muscle contracture and
tendon lag, are secondary deformities rather than a
direct consequence of rheumatoid inflammation.

Ulnar Drift Deformity

Ulnar drift deformity is a consequence of unbal-
anced forces at the MCP joint and proximal
joints. As demonstrated, normal extrinsic and
intrinsic force systems favor ulnar deviation, but
the pathological condition of ulnar drift defor-
mity only manifests with compromise to the
major structural defenses in the MCP joint [1].
Literature has failed to identify a singular cause
of ulnar drift deformity. Rather, it is a product
of multiple influences including joint anatomy,
rheumatoid tissue damage, and the pathomechan-
ics of unbalanced forces. External forces have
also been implicated in the development and pro-
gression of ulnar drift. Many activities exert an
ulnar vector on the MCP joint, for example,
wielding a hammer [12]. Table 20.2 summarizes
rheumatologic changes that influence the forma-
tion of ulnar drift deformity.

At the MCP joint, synovitis leads to laxity and
degradation of the radial collateral ligament,
accessory collateral ligament, and sagittal band.
Failure of these supportive ligaments permits
extensor tendon subluxation into the ulnar inter-
metacarpal sulcus and ulnar deviating stress [1,
5, 15]. Weakening of the volar plate and rupture
of the extensor tendon insertion on the proximal
phalanx base results in palmar subluxation of the
phalanx on the metacarpal head. On the palmar
side, synovitis may cause laxity of the metacar-
poglenoid ligament, allowing ulnar bowstringing
of the flexor tendons [2]. Lengthening of the
flexor and extensor tendons from carpal collapse
allows unopposed MCP flexion from the rela-
tively tighter intrinsic muscles. Prolonged flexion
leads to intrinsic contractures.
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Table 20.2 Biomechanical consequences of rheumatoid pathology at the metacarpophalangeal joint

Pathologic changes
Metacarpophalangeal pathology
Laxity and rupture of radial collateral ligaments

Laxity and rupture of extensor tendon insertion
on base of proximal phalanx

Laxity and rupture of volar plate

Laxity and rupture of sagittal band

Laxity of metacarpoglenoidal ligaments
Intrinsic hand force system—intrinsic pathology
Contracture deformities of intrinsic muscles

Structural and biomechanical alterations

Loss of resistance to ulnar deviation
Palmar subluxation of the proximal phalanx

Palmar subluxation of the proximal phalanx

Extensor tendon ulnar subluxation into intermetacarpal sulcus
Flexor tendon ulnar subluxation into intermetacarpal sulcus

MCP flexion deformity and palmar subluxation of the

proximal phalanx

Intrinsic hand force system—extrinsic pathology
Extensor tendon ulnar subluxation into
intermetacarpal sulcus

Flexor tendon ulnar subluxation into
intermetacarpal sulcus
Radial deviation at the wrist

Ulnar drift
Ulnar drift and palmar subluxation of the proximal phalanx

Oblique forces along a multi-jointed system result in ulnar

buckling (ulnar deviation) at the MCP joint

MCP metacarpophalangeal

Proximal joint malalignment contributes
significantly to the development and progression
of ulnar drift deformity [24]. In 1971, Shapiro
et al. described the zigzag deformity, or z-
collapse, of radial deviation at the wrist and ulnar
deviation at the proximal phalanx [24]. Radial
deviation at the wrist is a consequence of synovi-
tis causing stretching of the extensor carpi ulnaris
and disruption of the distal radioulnar joint,
radiocarpal joint, and the triangular fibrocartilage
complex. Unopposed extensor carpi radialis lon-
gus and brevis cause radial deviation of the meta-
carpals. This is compounded by carpal collapse
and migration of the carpals along the ulnar
aspect of the radius [6, 25]. Zigzag deformities
can occur with collapse of any multibeam jointed
system [1]. Joint buckling is a consequence of
forces acting outside the linear plane of the sys-
tem, and radial deviation of the wrist creates
oblique forces that result in ulnar buckling at the
metacarpals.

Surgical Management of Ulnar Drift
Deformity

Surgical intervention to address ulnar drift defor-
mity aims to improve patient-related outcomes
including hand function, pain, and esthetics [26].

Patient-related outcomes reflect the patient’s
perspective on treatment benefits and are more
important than objective measurements, such as
range of motion, pinch strength, and degrees of
residual ulnar drift [27]. Alleviating symptoms
caused by ulnar drift is more complex than sim-
ply restoring anatomical alignment. Rheumatoid
arthritis is a polyarticular disease, and often
patients have multiple hand ailments (e.g., swan
neck deformities) that inhibit their ability to carry
out activities of daily living. Hand surgeons must
individualize treatment plans based on coexisting
conditions, the patient’s expectations in context
of their needs and occupation, and realistic surgi-
cal outcomes.

Unfortunately, there is a lack of robust
evidence on the effectiveness of surgical inter-
ventions to address ulnar drift [23]. Furthermore,
there are differing opinions between hand surgeons
and rheumatologists regarding the appropriate-
ness and timing of surgery [28-30]. Advancements
in medical therapy have provided greater sys-
temic control of rheumatoid arthritis, but have
perpetuated the practice of rheumatologists refer-
ring patients to hand surgeons late in the disease
process, when operative intervention is more
challenging. Regardless, literature has demon-
strated that patients with severe ulnar drift defor-
mity benefit from surgical intervention [30].
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Despite the absence of a consensus on how to
surgically approach ulnar drift deformity, a few
principles exist. First, before operative interven-
tion is contemplated, conservative management
should be optimized, including systemic immu-
nosuppressants, physical and occupational ther-
apy, splinting, and local intra-articular
corticosteroid injections. Second, the treating
surgeon must clearly outline the indications and
expectations of the surgery, and that ulnar drift
has a high propensity to recur. Lastly, the biome-
chanical stability of the MCP joint is dependent
on the stability of proximal joints. In particular,
radial wrist deviation may need partial or com-
plete fusion to axially align the wrist before
addressing the MCP joint. Correction of ulnar
drift deformity will inevitably fail if deviating
forces persist at the wrist.

Procedures to address ulnar drift deformity
can be classified as prophylactic or reconstruc-
tive. Prophylactic procedures include synovec-
tomy, tendon rebalancing, and ulnar intrinsic
release [6, 13, 23]. Removing pathologic tissue
and restoring the biomechanical balance of
hand function offer the promise of pain relief
and improved functionality. The effectiveness of
these procedures is controversial, and with dra-
matic improvement in medical therapy, their use
has declined. In general, 6 months of medical
management is recommended before considering
soft tissue procedures [13]. If joint destruction
prohibits the indication of prophylactic proce-
dures, hand surgeons may consider MCP arthro-
plasties, including resection arthroplasties,
implant arthroplasty, and arthrodesis. SMPA
remains the most widely used and investigated
operation [6].

Soft Tissue Procedure: Synovectomy

MCP joint synovectomy removes the target tissue
of intra-articular inflammation in rheumatoid
arthritis. Indications for synovectomy include pain-
ful synovitis associated with restricted range of
motion without significant joint deformity or radio-
graphic changes [6, 13]. Ideally, this is performed
before significant stretching and attenuation of the

joint capsule, collateral ligaments, and volar plate
have occurred. Despite this prophylactic approach,
maintenance of capsule integrity and control of
inflammation may not be sustaining. Synovial
resection does little to ameliorate the disruption of
mechanical balance in a rheumatoid hand with
multiple diseased joints. Therefore, synovectomy
does not improve ulnar drift deformities but may
provide palliation of pain. Synovectomy alone is
rarely performed, as recurrence of symptoms may
be as high as 50 %, with symptoms returning in a
few years [6, 9].

Soft Tissue Procedure: Tendon
Rebalancing/Crossed Intrinsic
Transfer

To improve the effectiveness of synovectomies,
concomitant restoration of retinacular tissues can
be performed, including sagittal band reefing,
volar plate repair, ulnar intrinsic muscle release,
and extensor tendon realignment. Clinically, if
ulnar drift deformities are passively reducible,
these procedures have theoretical benefit. Pre-
vious studies have demonstrated long-term
anatomical alignment with a crossed intrinsic
transfer [31]. Soft tissue procedures may be per-
formed in conjunction with MCP joint arthro-
plasty, although evidence is conflicting regarding
improved ulnar drift maintenance [32, 33].

Crossed intrinsic transfer is indicated in
patients with ulnar subluxation of the extensor
tendon at the MCP joint without arthritis or
subluxation of the proximal phalanx [13]. This
involves transferring the ulnar lateral bands of
the second, third, or fourth finger to the extensor
tendon of the ulnar adjacent digit (Fig. 20.11)
[6, 23]. This has a twofold biomechanical benefit
at the MCP joint. Releasing a contracted ulnar
intrinsic tendon removes an ulnar deviating force
(on the donor digit), and suturing the lateral band
to the extensor tendon creates a radial deviating
force on the ulnar adjacent digit. After the trans-
fer, a double-breasted repair of the radial sagittal
band can reinforce the transferred intrinsic ten-
don and centralize the extensor tendon over the
MCP joint.
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Fig.20.11 Crossed intrinsic
transfer. From Chung

KC. Operative Techniques:
Hand and Wrist Surgery. 2nd
edition. Philadelphia, PA:
Saunders; 2012:300-303.
Reprinted with permission
from Elsevier

Ulnar common
intrinsic tendon
Extensor
tendon

Intrinsic transfers are not possible at the index
finger, given the absence of an ulnar lateral band
at the thumb. Addressing ulnar drift deformity at
the index MCP joint is limited to tightening the
radial sagittal band, reefing the radial collateral
ligaments, and releasing a tightened intrinsic
muscle. Intrinsic muscle contracture is clinically
apparent when there is restricted flexion at the
proximal interphalangeal joint while the MCP is
passively held in extension. The abductor digiti
minimi may be divided to remove the ulnar force
on the small finger [23].

Arthroplasties: Metacarpophalangeal
Joint Implant Arthroplasty

MCP joint arthroplasty is reserved for patients with
ulnar drift deformity accompanied by MCP joint
contracture or proximal phalangeal subluxation.
These deformities indicate ligamentous damage
and contractures not amenable to soft tissue recon-
structive procedures [6, 13]. Despite clinical or
radiographic evidence of major ulnar drift defor-
mity, patients can maintain an unexpected degree
of functionality [11]. In these patients, if pain is
well controlled, arthroplasty procedures should not
be pursued as they may decrease grip strength [6,
11, 23]. Several prosthetic designs have been used

— Interosseous
muscle

over the past 60 years, with silicone arthroplasty
currently being the preferred implant given its
safety profile, ease of placement and removal,
durability, and effectiveness [6, 12, 27].

Indications for SMPA are clouded by a conten-
tious debate between rheumatologists and hand
surgeons. A national survey has highlighted the
dichotomy of beliefs, which revealed that 34 % of
rheumatologist and 83 % of hand surgeons had a
positive view regarding outcomes of SMPA [28].
Rheumatologist favors delaying SMPA until
severe deformity is present. Hand surgeons prefer
to intervene early. Despite the trend of rheuma-
tologist to refer patients late in their disease pro-
cess, SMPA remains beneficial to patients with
severe ulnar drift deformities [34].

Literature has shown SMPA to be effective in
improving patient-related outcomes related to
ulnar drift deformity [7, 10, 27, 34—36]. Long-term
outcomes of SMPA have shown improvement in
hand function and appearance [14]. A multicenter
prospective study by Chung et al. comparing sili-
cone arthroplasty in rheumatoid arthritis patients
with medical treatment demonstrated improve-
ment in mean overall Michigan Hand Outcomes
Questionnaire scores in the surgical group but not
in the medical group [7, 14]. Ulnar deviation,
extensor lag, and arc of motion at the MCP joint
also improved. Nevertheless, there is controversy
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over its value, as studies have failed to show
improvement in grip strength, pinch strength,
or mean Arthritis Impact Measurement Scales
scores [7, 14, 37].

The silicone implant is considered an interpo-
sitional arthroplasty, or spacer, because the pros-
thesis is not wedded to the bone [38]. The success
of silicone implants is based on Swanson’s theory
of joint encapsulation, where the implant is
dependent on the formation of fibrotic tissue to
provide joint stability [38]. Silicone elastomer
implants are constructed of flexible material that
bends at the “stem” (connection between central
hinge and body) and at the central hinge [15].
The rubbery design allows pistoning of the
implant within the medullary canal which per-
mits added range of motion and distribution of
forces along the implant-bone interface [38].
Although silicone implants have reported high
fracture rates, ranging from O to 67 % [14], this
is not an absolute indication for revision
surgery, and patients often retain appropriate
functionality.

Silicone implants are favored over early gen-
eration MCP arthroplasty designs. Metal-hinged
prostheses, introduced by Brannon and Klein in
1953, have fallen out of favor given issues with
bone resorption, digit shortening, loss of range of
motion, and high failure rates [11, 15]. Modern
designs, including articulating, nonconstrained
pyrolytic carbon implants, utilize more sophisti-
cated materials [15]. They are designed to recre-
ate joint anatomy and have superior mechanical
properties with low wear rates. Unfortunately,
their use in rheumatoid arthritis is limited as they
rely on stable periarticular soft tissue restraints,
making them a more appropriate prosthesis for
osteoarthritic joints [12].

Silicone metacarpophalangeal joint arthro-
plasty is carried out through a transverse or longi-
tudinal skin excision over the joint. The extensor
hood is exposed and an incision parallel to the
extensor tendon is made through the ulnar sagit-
tal band. The dorsal joint capsule is identified and
a complete synovectomy is performed. The meta-
carpal head is excised. Adequate shortening of
the bone is critical to allow correction of proxi-
mal phalanx subluxation and realignment of the

Fig. 20.12 Insertion of a silicone metacarpophalangeal

arthroplasty implant. From Chung KC. Operative
Techniques: Hand and Wrist Surgery. 2nd edition.
Philadelphia, PA: Saunders; 2012:325-328. Reprinted
with permission from Elsevier

joint [13]. This also decreases tension on the
tendons and ligaments contributing to ulnar drift
[6]. Releasing soft tissues, including the volar
plate or ulnar intrinsic muscles, is sometimes
necessary to allow alignment of the joint,
although care is taken to maintain the radial
attachments which inhibit ulnar drift [11, 13].
The medullary canals of the metacarpal and
proximal phalanx are prepared with sequential
awls, and the implant is sized and placed
(Fig. 20.12). The radial collateral ligament is
imbricated through predrilled holes through the
radial side of the metacarpal. Tension in the liga-
ment can be adjusted to place the digit in slight
radial deviation. The extensor tendon is then cen-
tralized over the joint by reefing the radial sagit-
tal band (and releasing the ulnar sagittal band).
In the surgical cohort of the multicenter pro-
spective trial by Chung et al., patients reported
clinically significant improvements from the
Michigan Hand Outcomes Questionnaire in hand
function, activities of daily living, esthetics, and
satisfaction over time [7, 14]. There was also a
20° improvement in ulnar drift, 30° improvement



244

S.P. Johnson and K.C. Chung

in extensor slag, and 9° increase in arc of motion
over 3 years, which are comparable values to pre-
vious investigations of SMPA [14]. Although this
gain in range of motion may enable patients to
form a grip, strength is not improved. The study
was not randomized, and therefore patients who
opted for surgical intervention may have been
motivated by the prospective of relief from their
debilitating symptoms. The cumulative results
from publications support the use of silicone
implants in selected patients. Even though litera-
ture may suggest conflicting evidence regarding
the functional outcomes of silicone arthroplasty,
the esthetic benefit of the surgery has been well
documented [14, 26, 27].
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Introduction

Rheumatoid arthritis tends to cause complex
deformities in the thumb in contrast to osteoar-
thritis in which isolated destruction of the carpo-
metacarpal joint of the thumb is more common.
Nalebuff described three patterns of deformity
but the original classification has since been
extended to include six patterns, based on which
joints are affected and in which direction insta-
bility develops (Table 21.1, Figs. 21.1, 21.2,
21.3,21.4,21.5, and 21.6) [1].

In addition, rupture of the tendons may occur,
caused by tenosynovitis, attrition, or rarely
corticosteroid injections. In the early phase of the
disease, before the thumb is destabilized or when
the deformities are still passively correctable,
nonoperative treatment is indicated. Medical
treatment should attempt to reduce synovial
activity and hence decrease swelling of the joints
and stretching of the capsule and ligaments.
Besides the administration of antirheumatic
drugs, intra-articular injections of corticosteroids
are often effective. The use of a splint may
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be helpful to reduce pain, for example, in case
of correctable boutonniere deformity [2]. Any
treatment program must include joint protection
measures with instruction to the patients and with
the aid of devices when performing activities of
daily living.

Surgical treatment must be considered if syno-
vitis or pain cannot be controlled by nonoperative
treatment or if there is significant functional
impairment. Synovectomy may be performed
when joints are chronically swollen and radio-
graphic evaluation indicates well-maintained car-
tilage. In case of joint destruction, reconstructive
procedures are indicated. The Nalebuff classifica-
tion is helpful in understanding the surgical strat-
egy for thumb reconstruction.

In type I boutonniere deformity, the key is to
correct the flexion deformity of the metacarpo-
phalangeal joint (MCP joint). If the deformity is
passively correctable and the joint is well pre-
served, rerouting of the extensor pollicis longus
(EPL) tendon is an option but if the deformity is
fixed or the joint is destroyed, MCP fusion is rec-
ommendable. Arthroplasty is not used at the
MCP joint because stability rather than motion is
the goal to regain more confidence with grip and
pinch. If hyperextension of the interphalangeal
(IP) joint does not correct spontaneously when
correction of the MCP joint is performed, tran-
section of the EPL at the IP level may solve the
problem, at least temporarily (Dolphin proce-
dure). The preserved intrinsic muscles of the
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Table 21.1 The extended Nalebuff classification
CMC1 joint

Not involved

Subluxed, flexed,
and adducted

Type
I (Boutonniere I)
1T (Boutonniere II)

III (Swan neck) Subluxed, flexed,

and adducted
IV (Gamekeeper) Flexed and adducted
V (Swan neck) Usually not involved
VI (Mutilans) Bony loss at any level

MCP joint
Flexed
Flexed

Hyperextended (palmar plate
unstable)

Radially deviated (UCL unstable)
Hyperextended (palmar plate
unstable)

IP joint
Hyperextended
Hyperextended
Flexed

Not involved
Not involved

Fig. 21.1 Type I boutonniere deformity begins with
synovitis at the MCP joint, which weakens the joint cap-
sule and ligaments, stretches the extensor pollicis brevis
(EPB), and causes the extensor pollicis longus (EPL) to
sublux ulnarly. The IP joint becomes secondarily hyperex-
tended as extensor power is concentrated distally. When
pinch is attempted, the thumb collapses with hyperexten-
sion at the IP joint and abnormal flexion at the MP joint.
The MCP and IP deformities are passively correctable in
Type I and the CMCI1 joint is not involved. When the IP
joint is destroyed, radially deviation of the distal phalanx
may occur

thumb will then act to actively extend the distal
joint. In case of flexor pollicis longus (FPL)
tendon rupture, tendon repair is necessary. In
case of IP joint destruction, fusion of this joint is
performed.

Fig. 21.2 In type II boutonniere deformity, the CMC1
joint is involved as well

In type II boutonniere, addressing the CMC
joint is necessary in addition to the procedures
described for Type I. Trapeziectomy with or with-
out additional stabilizing procedures remains the
method of choice, although joint replacement with
silicone spacers or other implants have been used.

Type III—swan-neck deformity —usually
requires correction of the CMC as well as the
MCP joint in order to restore a proper balance in
the thumb. The standard procedure to stabilize the
MCP joint is fusion, but palmar capsulodesis or
seamoidesis can be alternative procedures.
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Fig. 21.5 Type V is a swan-neck deformity that has its
origin in the MCP joint, in principle without CMC1 joint
involvement

Fig. 21.3 Type III describes a swan-neck deformity
beginning at the CMC1 joint [19]. Synovitis causes dorsal
and radial subluxation, which adducts the distal end of the
metacarpal. To compensate for the narrowing of the first
web space, the thumb hyperextends at the MCP joint and
the volar plate weakens. The resulting flexor-extensor
imbalance causes the IP joint to go into flexion

~—

Fig. 21.4 In the relatively rare Type IV deformity, the Fig.21.6 Type VIresults from aggressive and mutilating
ulnar collateral ligament of the MCP joint is ruptured, due ~ bone resorption, resulting in telescoped shortened digits
to attrition and loss of the articulations
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The uncommon type IV obviously requires
ulnar stabilization of the MCP joint to restore
pinch function. Again, fusing of the MCP
achieves stability, but reconstruction of the ulnar
collateral ligament is possible if the joint carti-
lage is well preserved. Treating the CMC joint is
often necessary.

In the relatively rare type V—swan neck
without CMC joint involvement— stabilizing the
MCP joint is needed as described in Type III.

In case of arthritis mutilans (type VI), only
fusion of the joints can arrest progression and
restore stability.

Surgical Procedures

Fusion of the Thumb MCP Joint

MCP joint replacement has been used with suc-
cess for the fingers [3-5], but MCP joint fusion
for the thumb remains one of the winners in
surgery of the rheumatoid hand and is the most
reliable method to reconstruct stability and
treat deformity in this joint. Fusion will also
shorten the thumb a little, which will contribute
to relaxing the extensor tendons and rebalance
the thumb. The joint is approached through a lon-
gitudinal straight or curved dorsal incision. The
joint capsule is exposed by dividing the aponeu-
rosis between the EPL and the EPB. The capsule
is opened and the collateral ligaments excised.
Remaining cartilage is removed and the bone
surfaces are prepared in a cup-and-cone fashion,
which offers a larger contact surface than flat sur-
faces and offers a degree of freedom in position-
ing of the fusion. Usually, no or slight flexion
(maximum 10°), slight abduction, and slight pro-
nation of the proximal phalanx will provide an
adequate position but this can be adapted accord-
ing to the actual thumb deformity: more flexion
may relieve the CMC joint in pinch grip but will
reduce the ability to grasp large objects, espe-
cially if an adduction deformity in the CMC joint
cannot be corrected. Stable fixation is preferable
in order to allow early mobilization. This can be
achieved by adding a cerclage wire to crossed
K-wires, by a traditional tension band fixation, or

Fig. 21.7 Fusion of the MCP joint, fixated with a rota-
tional stabilizing dorsal plate, allowing immediate
mobilization

by using plates or screws. The author’s preferred
method is fixation with a rotation controlling dor-
sal plate (Fig. 21.7). It acts as a tension band, as
it applies tension to the dorsal cortex and com-
pression to the fusion surfaces when activating
the relatively stronger flexor forces. Unless the
bone is very fragile, splinting is not necessary
and early unloaded mobilization can be started.
Regardless of the method of fixation, it is impor-
tant that the IP joint is kept mobile to avoid adhe-
sion of the EPL tendon to the fusion site. Fusion
is reliable and can be expected to be solid after
6-8 weeks. Loaded usage of the thumb can be
started at this time [6].

Rerouting of the EPL Tendon

In this procedure, the EPL is rerouted through the
dorsal capsule or attached to the proximal pha-
lanx to provide additional extensor force at this
level. Simultaneously, the extensor force at the IP
level is weakened but active extension of the
IP joint will still be possible through the action of
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Fig.21.8 (a—c¢)
Rerouting of the EPL
tendon for the correction
of a supple boutonniere
deformity

the intrinsic muscles. A curved longitudinal
incision is made over the dorsal MP joint and
proximal phalanx. The EPL tendon is freed from
the EPB tendon; it is divided near to its distal
insertion and detached from the extensor hood
(Fig. 21.8). The joint capsule is opened through
two small transverse incisions and synovectomy
performed. The EPL tendon is then passed
through the incisions and sutured back to itself
with the MCP joint in extension. Alternatively,
the tendon may be fixated to the proximal pha-
lanx by means of an anchor. The EPB and EPL
tendons are sutured together. The joint is trans-
fixed with a K-wire and the thumb is protected by
a splint. After 4 weeks, the K-wire is removed
and unloaded mobilization is initiated. Between
exercise sessions the thumb is protected by a

splint during the first 2—4 weeks. Recurrence rate
of the deformity is rather high, as much as 64 %
at 6 years [3].

MCP Joint Sesamoidesis/
Capsulodesis

The radial sesamoid is exposed through a palmar
Bruner-type incision. The radial digital nerve and
artery are protected. Cartilage is removed from
the sesamoid and corresponding area of the meta-
carpal head. The sesamoid is attached to the
metacarpal head with a K-wire with the MCP
joint in slight flexion. A supplementary protective
K-wire may be passed through the MCP joint.
The thumb is protected by a splint during 6 weeks.
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An alternative procedure for hyperextension
instability is to simply divide and reattach the
palmar capsule on the metacarpal head [7].

Reconstruction of the Ulnar Collateral
Ligament of the MCP Joint

In the relatively rare Nalebuff type IV, recon-
struction of the ulnar collateral ligament can be
considered. The author’s preferred method is to
use a tendon graft through bony tunnels, mimick-
ing the normal triangular anatomy of the liga-
ment. Fixation with an interference screw allows
early mobilization [8]. Still, fusion will often be
the most reliable procedure in the rheumatoid
patient.

Fusion of the IP Joint

The IP joint is approached through a dorsal trans-
verse incision that is angulated proximally and
distally in each end (double Y-incision). The
extensor apparatus is transected and the joint
opened. The surfaces of the joint are fashioned in
a similar way as described for MCP joint fusion.
Fixation is secured by a screw inserted through a
small incision at the tip of the finger, just beneath
the edge of the nail (Fig. 21.9). The joint is posi-
tioned in neutral extension or slight flexion.
This usually provides enough stability to permit
immediate, careful mobilization of the thumb.
K-wire fixation may be used as an alternative,
and if supplemented with a cerclage wire, it will
also permit early mobilization. Bone grafting is
usually not necessary. Fusion of the IP joint may
be done even when the MCP joint is fused but
will result in a rigid thumb so for this reason, the
indication must be very strict.

Procedures on the CMC Joint

In previous decades, replacement of the trape-
zium with silicone spacers was popular. The
advantages of this procedure are claimed to be
the restoration of the length of the thumb ray and

Fig.21.9 Fusion of the IP joint, fixated with an Acutrak
fusion screw

a much shorter recovery time, compared to
resection/suspension/interposition  arthroplasty.
Despite a relatively high complication rate, many
papers report favorable clinical results and a high
patient satisfaction [9, 10]. Although there is a
general agreement on a rather high rate of sub-
luxation or even dislocation, the importance of
silicone synovitis is much more debatable [11],
and the silicone implants are rarely if ever used
today [12]. In more recent decades, an increasing
number of implants have been designed for
replacement of the CMC joint of the thumb. Total
joint replacement does not reliably give better
results than trapeziectomy and some have very
high rates of failure [13, 14].

Fusion of the CMC joint of the thumb may be
indicated in young patients with isolated degen-
erative osteoarthritis [15] but is usually not a
good option in patients with theumatoid arthritis,
in whom the bone stock is of lesser quality and in
whom soft-tissue procedures generally give good
results.

Various types of resection and suspension/
interposition arthroplasties have been described.
Although well established, none have reliably
been shown to give a better outcome than
trapeziectomy [13, 16-18]. Trapeziectomy is
performed through a radial-dorsal incision. The
author’s preferred incision extends from the
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radial styloid to the proximal part of the first
metacarpal. The branches of the superficial radial
nerve are identified and carefully protected. The
first compartment may be released after subcu-
taneous exposure. The dissection continues
between the tendon of the extensor pollicis brevis
and the abductor pollicis longus. The radial artery
is exposed and its branches off the dorsal joint
capsule are electrocoagulated and divided. The
capsule is incised in a U-shape, with the base at
the attachment on the metacarpal and the proxi-
mal incision at the scapho-trapezial joint. This
U-shaped flap is freed from the trapezium and
lifted up. The remaining capsule is dissected off
the trapezium and the bone itself removed in
pieces with a rongeur. While an assistant is hold-
ing the metacarpal abducted, the dorsal capsule
flap is interposed in the cavity between the meta-
carpal and the scaphoid, and the capsule is closed,
taking care of the radial artery. Finally the wound
is closed and dressings and a thumb spica cast are
applied that allows full motion of the IP joint.
The cast is removed after 3 weeks and unresisted
exercises initiated. At 6 weeks the patient is
encouraged to use the thumb for activities of
daily living. Slips of the tendons of the abductor
pollicis longus, flexor carpi radialis, and extensor
carpi radialis longus all can be used, if a tendi-
nous interposition or a ligament reconstruction
between the first and second metacarpals is
preferred.

Tendon Reconstruction

Flexor pollicis longus tendon ruptures are usually
secondary to attrition around the scaphoid bone
in the carpal tunnel and are referred to as a
Mannerfelt lesion. Its presence may aggravate a
boutonniere deformity and repair of a ruptured
FPL tendon is necessary to obtain a well-balanced
thumb. Likewise, a MCP joint fusion may be
required to achieve a functional FPL repair.
Direct suture is rarely possible, even when the
patient presents with an acute rupture. Transfer of
the flexor digitorum superficialis of the ring fin-
ger is the most used procedure. An interpositional
tendon graft can be an alternative. In any case, it

is important to debride any bony prominences
that could cause re-rupture of the repaired
tendon.

Rupture of the extensor pollicis longus most
often occurs by attrition at Lister tubercle. To
avoid this complication, the tendon is, whenever
possible, placed superficially to the extensor reti-
naculum after surgery in the rheumatoid wrist.
Usually, direct suture is not an option due to loss
of tendon substance. The most commonly used
repair involves transferring the extensor indicis
proprius tendon to the ruptured EPL. The proce-
dure and rehabilitation are rewarding. Alter-
natively, the extensor carpi radialis longus tendon
can be used. In case of a severely destroyed IP
joint, fusion of this joint can be an alternative to
tendon repair.
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Introduction

The techniques for performing rheumatoid hand
surgery are not particularly complex; however,
what to do and when to do them can be challeng-
ing. The treating surgeon must determine the
most predictable procedure that will yield the
best outcomes for patients, understand the
patient’s needs and expectations, and organize
the sequential approach of a number of surgical
options by considering the effects that each joint
in the wrist and hand have on each other.

The most predictable outcomes for patients
are to achieve pain relief and stability of critical
joints. Therefore, thumb MCP fusion and wrist
fusion procedures are outstanding options for RA
patients. Synovitis of the thumb MCP joint
causes a weak pinch because the thumb subluxes
when the patient attempts to pinch. After thumb
MCP fusion, the patient typically has more assur-
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ance when gripping as the thumb becomes much
more stable. Wrist fusion is a time-honored pro-
cedure for the RA hand. Volar subluxation and
deviation of the carpus alter the biomechanics of
the hand and contribute to deformities of the
hand joints owing to the link effect of multiple
joints in the hand. For example, collapse of the
radial wrist causes radial deviation of the meta-
carpals and fosters ulnar subluxation of the fin-
gers. Therefore, a stable and aligned wrist
through wrist fusion establishes the foundation
for the hand, which improves outcomes for future
reconstructive procedures. Although wrist arthro-
plasty is an enticing choice for wrist reconstruc-
tion, predictably failure will occur, either fracture
around the stem or dislocation. Therefore, patient
expectations must be tempered with the elegant
wrist arthroplasty procedure. I will perform wrist
arthroplasty for patients who have good bone
stock, similar to those with osteoarthritis, and can
accept the sequela of future implant failure and
the need for additional revision wrist surgery.
The distal radioulnar joint is often the first
place for discomfort in RA patients. Synovitis in
the DRUI disrupts the ligamentous support of the
DRUJ by weakening the TFCC, collateral liga-
ments, and the ECU subsheath. All of these pri-
mary and secondary stabilizers of the wrist are
stretched, which cause the misnomer of “dorsal
subluxation” of the ulna. In reality, the ulna
serves as the central axis of the forearm by articu-
lating with the humerus. The ulna is stable and
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does not sublux, but rather it is the radius that
descents to give the relative change in the DRUJ
relationship. Although ligament stabilization of
the DRUJ is certainly a worthwhile goal in early
deformity, most patients presenting with pain at
the DRUJ already had arthritic change in the sig-
moid notch, which causes intractable pain with
forearm pronation and supination. The choices of
treatment are rather straightforward. If the radio-
carpal joint is already auto-fused or the lunate sits
squarely within the lunate fossa, then distal ulna
excision will predictably improve pain and
restore rotation. On the other hand, if the carpal is
deviating off the radius as shown by the lunate
migrating off the lunate fossa on the radius, then
distal radioulna joint fusion with osteotomy of
the ulna proximal to the sigmoid notch provides a
platform for the carpus.

As the wrist sets the platform for the hand, the
MCP joints of the fingers establish the fulcrum for
the fingers. The MCP joints of the fingers require
motion and stability. Unfortunately, our current
implant designs and surgical procedures cannot
achieve these two goals. Silicone implants are
rather simplistic designs that provide stability in
the constraint joint design at the expense of
motion, whereas the non-constraint two-piece
implants theoretically give better motion but are
prone to instability that leads to rather early recur-
rent ulnar subluxation of the fingers. For the finger
MCP joints, our outcome studies using silicone
implants over the past decades have shown remark-
ably good outcomes in improving function and
aesthetic appearance, which patients value. I do
not perform two-piece implants for the MCP joints
because recurrent deformity is too common.

The fingers are often the anatomic region for
reconstruction. I do not perform simultaneous
finger MCP joint reconstruction and finger bou-
tonniere/swan neck deformity correction. Finger
MCP joint reconstruction requires fastidious
postoperative therapy, and the effect of the recon-
structed MCP joints on the distal joints are often
uncertain. For example, one of the etiologies of
finger swan neck deformities is MCP joint sub-
luxation. By correcting the finger MCP joint, it is
quite possible that the swan neck deformity may
be remedied.

For the RA fingers, the DIP deformity and
pain are treated with joint fusion with K-wires.
The distal joints in the fingers require stability,
similar to the MCP joint of the thumb. Therefore,
the main quandary is the PIP joint. My concept
for the RA PIP joint is whether the joints are flex-
ible or fixed. If the joint is fixed because of artic-
ular destruction, then the option is either fusion
or arthroplasty. Again, my choice for the PIP
arthroplasty is silicone implant. However, if the
joint is fixed because of ligament tightness, then
the ligaments can be released to achieve a flexi-
ble joint that can be reconstructed with soft tissue
alignment procedures.

There is a distinct difference in patients’ hand
function between boutonniere and swan neck
deformity. Patients with swan neck deformity can-
not flex the PIP joint to curl their fingers around an
object. Therefore, their need is mainly flexion that
can be achieved with joint ligament releases.
However, those with boutonniere deformities have
mainly an aesthetic problem because of the flexed
PIP joint. If the these joints are treated and render
the hand in an extended posture, particularly for
the ulnar fingers, the patient may complain of
functional problems because now they cannot grip
their golf club or grocery bag, even though the fin-
gers may look better. Therefore, I am much more
aggressive in treating swan neck deformity than
boutonniere. And I spend quite a bit of time gaug-
ing the patient’s expectations and needs, as well as
patient education, to be sure the patient’s goals
align with the expected outcomes.

The following are illustrative cases to rein-
force the concepts articulated above. The key to a
successful RA hand surgical treatment is to lis-
ten, to think, and to understand the expected out-
comes. It is not what one can do, but what one
should do and not do to achieve the best outcome
for the patient.

Case 1

A 6l-year-old female with a 25-year history of
rheumatoid arthritis who presented with intractable
pain over her right wrist. She wore a splint at all
times to stabilize her wrist. The wrist was quite
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Fig.22.1 Case #1 —Preoperative images of a 61-year-old female with a 25-year history of RA

painful during movement and had no stability. Discussion
Additional complaints included multiple rheuma-
toid nodules over the hand and the proximal fore- 1. Which anatomical parts are responsible for

arm. Furthermore, she complained of an inability to the pain?

fully extend the thumb that happened a few years Initial X-rays were presented (Fig. 22.2).
ago when suddenly she lost thumb extension. These X-rays revealed severe erosion and
Physical examination of the right wrist indicated loss of carpal bones in both wrists. There
subluxation of the hand and a prominent distal ulna. was no stability to the wrist and her pain was
She also demonstrated loss of thumb extension. caused by subluxation of the wrist and bone-

Preoperative images are presented in Fig. 22.1. to-bone contact between the distal radius
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and the carpal bones and metacarpal.
Furthermore, the X-rays showed classic
volar subluxation of the carpus, and erosion
of the carpal bones, in particular her domi-
nant right wrist.

. Is surgery indicated?

The patient’s wrist was unstable and her
fingers did not move well. She explained that
she would ultimately like to be able to hold
something in her right hand independently
and oppose her right thumb to her fingers to
obtain some degree of function. Our recom-
mended plan to the patient included a right
total wrist fusion using a locking 2.4 mm
plate. A distal ulna excision would also be
performed, and the distal ulna bone would be
used for bone grafting material in the wrist
fusion. Tenosynovectomy of the right dorsal
wrist and extensor tendons and tendon trans-

Fig.22.2 Case #1 —Initial X-rays showing severe erosion and loss of the carpal bones in both wrists

fers as needed were indicated to restore exten-
sion of the digits and the thumb. Possible
tendon transfers included FDS of the ring fin-
ger to EPL or using the expendable ECRL.

. Procedure performed

The ulna head was resected to prevent ulnar
impaction of the carpus. We used a low-profile
plate to fuse the wrist after decortication of the
articular surface and used the ulna head for a
bone graft interposing between the radius and
carpal bones. The wrist was stabilized using
this plate and extensive synovectomy was
performed to clean out the entire wrist joint.
The tendon transfer was then performed.
Figure 22.3 is illustrative, showing the series
of procedures. The wrist was short after fusion
and all of the tendons were lengthened. We
imbricated the tendons to shorten them so that
the patient could have sufficient finger exten-
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Fig.22.3 Case #1—Series of procedures including right
total wrist fusion using a 2.7 mm Synthes locking plate;
extensive synovectomy of the second, third, fourth, fifth,
and sixth compartments; shortening of the EDC tendon of

sion. The extensor retinaculum was then
repaired by passing half of it under the exten-
sor tendon to protect the extensor tendon from
the underlying bone, and the proximal retinac-
ulum was used to close over the extensor
mechanism to present a pulley for the extensor
tendons. The EPL tendon was reconstructed
with an ECRL turnover tendon flap.
4. Postoperative care and outcomes

Her wrist and fingers were splinted for 4
weeks to allow the tendon junctures to heal,
and after 4 weeks, finger range-of-motion exer-
cises were initiated. Several months follow-up
showed that she had excellent extension of the

the index, middle, ring, and little finger; right distal ulna
excision using the ulna bone for bone grafting to the right
wrist fusion site; and ECRL turnover tendon flap to EPL
tendon for rupture of the EPL tendon

fingers with stability of the wrist (Fig. 22.4).
Comparing both sides, her finger posture
improved greatly and she is functional.

Case 2

A 57-year-old female with a long history of rheu-
matoid arthritis and multiple hand operations to
improve hand dysfunction. The patient had previ-
ous implant arthroplasty procedures for the MCP
joints in her left hand and some joints in her right
hand as well. She was concerned that her left
hand was continuing to lose function, especially
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Fig.22.4 Case #1—Six-month follow-up
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Fig.22.5 Case #2—Preoperative images of a 57-year-old female with a long history of RA

with keyboarding which was important for her
job. Additional complaints were that she could
not put a glove on her hand or put her hand in her
pocket and had difficulty with buttons and fasten-
ing jewelry. She felt it was becoming more and
more of a problem. The patient previously
consulted with a surgeon from another facility
who recommended stabilizing the left wrist prior
to addressing the hand. However, the patient
explained that she would like to have her hand
addressed first. Evaluation of the left hand indi-

cated severe deformity of the fingers with ulnar
deviation and subluxation in the MCP joints of
the index, middle, ring, and small finger. She had
mild wrist instability with synovitis associated
with the ulnar head. The patient demonstrated
normal function with the left hand as far as flex-
ion and extension of the fingers. The right hand
appeared to have difficulties with motion of the
fingers, however, was much more functional than
the left and had excellent wrist range of motion.
Preoperative pictures are presented (Fig. 22.5).
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Fig.22.6 Case #2—Preoperative radiographic images showing severe deformity of the fingers

Discussion ring, and small fingers, as well as collateral
ligament reconstruction for the left hand. This

1. Which anatomical parts are responsible for is a difficult operation with a high risk for

the pain?

Radiographic examination of the patient’s
bilateral hands showed dislocation and devia-
tion of implants in the left middle, ring, and
small fingers (Fig. 22.6). Furthermore, X-rays
revealed implant removal from the left index
finger, a plate fusion of the MCP joint of the
left thumb and the left small finger of the PIP
joint, and multiple arthritic changes associ-
ated with the carpus and finger joints on both
hands. The patient’s severe deformity of the
fingers, specifically the ulnar deviation and
subluxation of the MCP joints, contributed to
her decreased hand function.

. Is surgery indicated?

MCP joint arthroplasty is the preferred
option for patients demonstrating chronic
subluxation of the MCP joints and ulnar devi-
ation of the fingers. Arthrodesis of the MCP
joint can be a viable option for treating defor-
mities of the thumb; however, it is rarely per-
formed in the fingers because range of motion
is reduced significantly, and patient activity
becomes limited [1]. Furthermore, soft tissue
reconstruction alone was not indicated in this
case owing to the severity of the patient’s
deformity. The patient was offered implant
removal and replacement with silicone
implants at the MCP joints of the middle,

failure due to the patient’s previous surgeries
and significant laxity of her -collateral
ligaments.

. Procedure performed

Figure 22.7a shows the original metallic
implants. We attempted to bur the bone at
the neck of the metallic implant; however, the
cement was embedded within the metacarpal
and the implant, making extraction impossible
without removing a portion of the metacarpal.
Because the fingers were short and dislocated,
removing the metacarpals was a reasonable
option as it would realign the fingers. The dif-
ficulty was that the medullary cavity could not
be fitted sufficiently with a sizable implant for
silicone arthroplasty; however, this was the
only option to realign the fingers. Therefore,
the metacarpals were sawed at the midportion
of the implant, and the rest of the bone was
then burred and the implant was extracted
using a vise-grip. All three implants were
extracted. The medullary cavity was then
approached through the index finger. Although
the implants did not fit precisely within the
medullary cavity of the respective meta-
carpals, we were able to place #1 silicone
implants into the index and middle fingers, a
#3 implant into the ring finger, and a #2
implant into the little finger (Fig. 22.7b).
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Fig. 22.7 Case #2—Procedures performed: excision of
the metacarpal containing the cemented metal implants
for the middle finger, ring finger, and little finger of the
left hand; silicone arthroplasty of the left index finger,

4. Postoperative care and outcomes

The patient’s fingers were markedly
improved in posture after the operation. She
did not follow dynamic splinting protocol
because of possible dislocation of the implant.
Therefore, the fingers were splinted in a static
splint for 4-5 weeks to allow for encapsula-
tion of the implant. The encapsulation process
maintained the posture of the implant. The
patient was evaluated weekly by a hand thera-
pist, and after 4 weeks of immobilization, she
began gentle range-of-motion exercises.
Several months after surgery, the patient was
able to use her hand more effectively, although
the finger posture was not particularly excel-
lent (Fig. 22.8a—f). For the first time, she was
able to make a fist because of the relocation
of the fingers onto the metacarpals. X-rays
revealed persistent subluxation of the small
finger MCP joint, which was not a functional
problem for her (Fig. 22.8g—i).

Case 3

A 59-year-old female with a known history of
rheumatoid arthritis, longstanding. She was
referred by her rheumatologist for right hand
pain and worsening deformities. The patient
complained of difficulty with grasping of the
hand and doing things with her hand. Her main
problem was not being able to fully extend the
middle finger, which was also painful. Physical

middle finger, ring finger, and little finger using #1
implants for the index and middle finger, #3 implant for
the ring finger, and #2 implant for the little finger using
silicone implants

examination of the patient’s right hand revealed
ulnar deviation of the index, middle, ring, and
small fingers at the MCP joint with subluxation
of the joints. Her right thumb also had instability
at the MCP joint. Flexion and extension of all the
digits remained intact. The patient did have a
prominent distal ulna and a tendency to rub over
the ulna, but it was painless and she had full supi-
nation and pronation of the wrist. Preoperative
images are demonstrated in Fig. 22.9.

Discussion

1. Which anatomical parts are responsible for
the pain?

Initial X-rays were presented (Fig. 22.10).
These X-rays demonstrated arthritic changes
of the wrist, consistent with rheumatoid arthri-
tis and subluxation of the MCP joint, specifi-
cally at the index and middle finger. The
subluxation at the MCP joint resulted in the
patient’s inability to fully extend the middle
finger, which caused her pain. Arthritis was
noted at the thumb as well. The patient’s
destruction and instability at the thumb greatly
limited her hand function, specifically her
ability to generate a tip-to-tip pinching motion
between her index and middle fingers and the
thumb.

2. Is surgery indicated?

Right MCP joint fusion is indicated to

allow the patient to achieve a stable, mobile
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Fig.22.8 Case #2—Four-month follow-up
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thumb, which will improve grip strength and
posture. Furthermore, the patient requested
realignment of the fingers, thus, right index,
middle, ring, and small finger implant
arthroplasty for the MCP joints were recom-
mended. Ulnar drift of the fingers is normally
caused by chronic synovitis, which disrupts
the ligamentous support of the MCP joint. In

Fig.22.9 Case #3 —Preoperative images of a 59-year-old female with a known history of RA, longstanding

early cases, ulnar deviation can be addressed
with a cross intrinsic transfer in which the
ulnar lateral bands are transferred to either the
proximal phalanges or the extensor tendons
[1]. For patients demonstrating articular sur-
face damage of the MCP joint or severe volar
subluxation, soft tissue reconstruction will not
be effective, and MCP joint arthroplasty is
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Fig.22.10 Case #3—Initial X-rays showing subluxation of the index and middle finger MCP joints in the right hand

indicated [2]. Several studies have shown
encouraging short-term functional and aes-
thetic outcomes associated with this proce-
dure; however, a high rate of implant breakage
has been reported at long-term follow-up [3—
6]. The patient was informed about the sur-
gery expectations and possible complications
and agreed to have the procedure.

The thumb was splinted for 6-8 weeks until
the MCP joint was fused. Once the joint was
fused, it was stable enough for strengthening
exercises and pinching activities. Three-
month follow-up pictures and X-rays are pre-
sented in Fig. 22.12. After several months the
patient reported improved comfort and func-
tion with her right hand.

3. Procedure performed

A 4 cm incision was made on the dorsum
of the MCP joint of the thumb. A rongeur was
used to remove the articular surface until can-
cellous bone was seen. The joint was then A 63-year-old female with a known history of
compressed, and cross K-wires were used to rheumatoid arthritis presented 6 years after her
fixate the MCP joint with slight pronation of right hand silicone arthroplasty. The procedure
the tip. A transverse incision was then made offered excellent results; however, she started to
over the head of the metacarpals. The radial have ulnar subluxation of the fingers which lim-
sagittal bands were incised, and a radical syn- ited her function. She wanted revision of these
ovectomy was performed. An oscillating saw  joints. Preoperative images and X-rays are shown

Case 4

was used to remove the head of the metacar- in Fig. 22.13.
pals. The medullary cavity was then broached.
The #3 implants were placed in the index,
middle, and ring fingers, and a #2 implant was Discussion

placed in the little finger (Fig. 22.11).
4. Postoperative care and outcomes
The patient was placed in a volar splint
with the fingers in a fully extended position.

1. Is surgery indicated?
Silicone arthroplasty has become the main-
stay of MCP joint treatment in rheumatoid
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Fig.22.11 Case #3 —Procedures performed: right silicone arthroplasty of the MCP joints of the index, middle, ring,
and little fingers and extensor tendons realignment; right thumb MCP joint fusion

patients; however, complications such as implant
fracture have been commonly reported [6].
In most cases, implant replacement is not
necessary because scar tissue forms around the
implants, creating sufficient enough support to
maintain hand function [1]. In this case, the
patient lost significant hand function owing to
the ulnar subluxation of her fingers and
requested that the joints be replaced.
2. Procedure performed

Intraoperative findings indicated that all of
the implants were fractured at the stem
(Fig. 22.14a). All stems were removed and
new implants were then placed; the extensor
tendons were all centralized (Fig. 22.14b).
The patient’s finger posture was much better
after the revision arthroplasty.

3. Postoperative care and outcomes

The patient was placed in a volar splint
after the operation and initiated dynamic
exercises during the recovery period. Two-
month follow-up images are demonstrated in
Fig. 22.15a—f. Postoperative X-rays show the
implant arthroplasty with good position of the
implant (Fig. 22.15g-1).

Case 5

A 41-year-old female recently diagnosed with
rheumatoid arthritis and was referred for an eval-
uation of bilateral hand extensor tenosynovitis.
The patient complained of bilateral pain with
edema on the dorsal aspect of her wrist and hand.
The pain had been going on for approximately
8 months but had not been causing the patient
significant disability. She was taking a number of
rheumatoid medications including Enbrel, meth-
otrexate, and Plaquenil which controlled her
rheumatoid arthritis fairly well. The patient
denied any weakness, tingling, or numbness in
her hands. Focused examination of the patient’s
left upper extremity revealed an approximately
4 cmx?2 cm cystic mass on the dorsal aspect of
her wrist and hand. This mass was soft and mobile
and non-tender to palpation. There was no ery-
thema or warmth about the mass, and it felt cystic
in nature. Focused examination of the patient’s
right upper extremity revealed similar findings to
her left hand, including an approximately 4 x3
cystic mass that was without erythema or warmth
(Fig. 22.16).
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Fig.22.12 Case #3—Three-month follow-up
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Fig.22.13 Case #4—Preoperative images and X-rays of a 63-year-old female with a known history of RA and previ-
ous silicone arthroplasty

Fig. 22.14 Case #4—Procedure performed: right revision silicone metacarpophalangeal joint arthroplasty for the
index, middle, ring, and little fingers
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Fig.22.15 Case #4—Two-month follow-up
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Fig. 22.16 Case #5—Preoperative images showing bilateral hand extensor tenosynovitis of a 41-year-old female
recently diagnosed with RA

Fig.22.17 Case #5—Initial X-rays showing edema in both hands but minimal arthritic changes

1. Which anatomical parts are responsible for 2. Is surgery indicated?

the pain?

Initial X-rays revealed minimal arthritic
changes in both hands (Fig. 22.17a). Lateral
views demonstrated notable edema on the dor-
sal aspect of the patient’s wrist and hand
(Fig. 22.17b). The mass over the patient’s
dorsal wrist was likely caused by extensor
tenosynovitis and was responsible for her pain.

This patient was an excellent candidate
for tenosynovectomy because this synovial
hypertrophy and inflammation could lead to
tendon inflammation and erosion over time.
The patient’s rheumatologists first attempted
to address the inflammation aggressively
with medication, but the synovitis persisted
for more than a few months. Synovectomy
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Fig.22.18 Case #5—Procedure performed: right fourth
and fifth compartment synovectomy

was indicated to prevent extensor tendon
rupture.
3. Procedure performed

Radial synovectomy of the fourth dorsal
compartment was performed in the left hand.
The hypertrophic synovium attached to the
extensor tendons was removed successfully,
and the extensor tendons had not been frayed
(Fig. 22.18). The specimen was sent for a cul-
ture and pathology report. The surgical pathol-
ogy report indicated that the specimen was
synovitis with extensive organizing fibrinous
exudate.

4. Postoperative care and outcomes

The patient was told to refrain from aggres-
sive finger range-of-motion exercises immedi-
ately after surgery in case of frayed tendons
from the synovectomy. The hand and wrist
were supported in a volar plaster splint for 2
weeks. Active extension and flexion exercises
were introduced after 48 h. The sutures were
removed after 2 weeks, and scar massage
exercises were initiated. The patient experi-
enced successful results with her left hand;
therefore, the same procedure was performed
on her right hand. Figure 22.19 shows patient
pictures 9 months after surgery.

Case 6

A 29-year-old woman with a history of rheuma-
toid arthritis and type I diabetes. The patient was
referred for evaluation of a right thumb extensor

tendon rupture and difficulty extending the small
finger. She had started Humira approximately 3
weeks prior to this consultation. On physical
examination, the patient’s fingers were in good
position with no significant wulnar drift
(Fig. 22.20). She was able to fully flex all of her
fingers into the palm. With extension, she had no
extension of the right thumb at the IP joint with
evidence of the EPL rupture. The left small finger
did extend to neutral; however, she was unable to
hyperextend the finger, and the extension seemed
to be mediated through the ring finger junctura. On
pronation and supination, there was crepitus over
her distal ulna bilaterally; her right hand was worse
than her left. The DRUJ was stable with stressing.

Discussion

1. Which anatomical parts are responsible for
the pain?

Initial X-rays demonstrate severe dege-
neration of the carpal bones, distal radius, and
ulna bilaterally (Fig. 22.21).Furthermore, the
patient experienced limited hand function and
pain caused by EPL and small finger extensor
tendon ruptures.

2. Is surgery indicated?

Tendon rupture is a frequent problem for
patients with RA and can occur for two rea-
sons. Tendons may become weakened by
synovial hypertrophy within the extensor
compartment, or tendons can come in con-
tact with bony prominences, such as the
eroded distal ulna or the distal pole of the
scaphoid, resulting in tendon rupture [1].
The patient presented with a right EPL rup-
ture and small finger extensor tendon rupture
that required surgical correction. EIP to EPL
tendon transfer is ideal in patients with an
EPL rupture. In cases where the little finger
extensor tendon is ruptured, the distal end of
the intact tendon can be transferred end-
to-side to the intact ring finger. The patient
also had severe erosion of her right distal
ulna. Distal ulna excision was suggested to
prevent continued rupture of the remaining
tendons.
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Fig.22.19 Case #5—Nine-month follow-up

3. Procedure performed

Intraoperative findings indicated that the
little finger extensor tendon was ruptured at
the mid-metacarpal. The rupture appeared to
be primarily caused by synovitis. The synovi-
tis was removed from the fourth compartment.
An end-to-side transfer of the EDC of the little
finger to the ring finger was made. The distal
ulna was removed proximal to the sigmoid
notch, and the dorsal capsule was closed over
the distal ulna tightly to prevent recurrent sub-

luxation of the distal ulna. The EIP tendon
was harvested at the head of the metacarpal
and transferred to the EPL tendon end-to-end.
The finger posture appeared to be quite excel-
lent. The extensor retinaculum was then
closed. Figure 22.22 is illustrative, showing
the steps of the procedure.

4. Postoperative care and outcomes

The patient was placed in a volar splint
with the fingers in a fully extended position.
She was splinted in extension for about 3
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Fig.22.20 Case # 6—Preoperative images of a 29-year-old woman with RA, presenting with evidence of EPL and
small finger extensor tendon ruptures

Fig.22.21 Case #6—Initial X-rays demonstrating severe arthritic changes at the wrist bilaterally
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Fig.22.22 Case #6—Procedures performed: right distal ulna excision, right EDC of the little finger to the ring finger
tendon transfer, right EIP to EPL tendon transfer, right fourth dorsal compartment extensive tenosynovectomy

weeks to allow the tendon juncture to heal.
After 3 weeks, range-of-motion exercises
were initiated. Several months after surgery,
the patient demonstrated excellent finger
range of motion (Fig. 22.23).

Case?7

A 48-year-old female with a known history of
seronegative rheumatoid arthritis and hereditary
exostosis who presented with an inability to flex
the right thumb. The patient noticed several months
ago a difficulty moving her right thumb, particu-
larly at the interphalangeal joint. She admitted that
she felt a pop and pain radiating into the volar
aspect of her right wrist; however, she did not
seek medical attention immediately. She was being
treated with Arava therapy and overall was doing
well. Focused examination of her bilateral hands
and wrists showed her wrist and digital extensors

to be intact with some ulnar drift but no sublux-
ation of the extensor tendons off of the metacarpal
heads. She had significant swan neck deformities
of her index through small finger on both hands,
most notably at the index finger; however, she
could make a fist relatively easily and did not
have any catching due to the swan neck deformity.
Her right thumb appeared to be hyperextended at
the DIP joint with good EPL function but no func-
tion of the FPL tendon (Fig. 22.24).

Discussion

1. Which anatomical parts are responsible for
the pain?

Initial X-rays were presented (Fig. 22.25a—

b). These X-rays revealed a very flexed distal

pole of the scaphoid which caused an attri-

tional rupture of the right FPL tendon. The

FPL tendon rupture resulted in hyperextension
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Fig.22.23 Case #6—Five-month follow-up
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Fig.22.24 Case #7—Preoperative images of a 48-year-old female with a known history of RA presenting with FPL
tendon rupture
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Fig.22.25 Case #7—Initial X-rays demonstrating a flexed distal pole of the scaphoid in the right hand, which caused
an FPL tendon rupture

at the IP joint and caused the patient to experi-
ence pain and significant limitations with hand
function.

. Is surgery indicated?

Surgical intervention is indicated to restore
function at the thumb. The FPL tendon can be
repaired through a bridging graft from the
palmaris longus, or tendon transfer moving
the FDS tendon from the right middle finger

defect through the carpal tunnel into the distal
FPL tendon at the A1 pulley level (Fig. 22.26b—
e). The etiology was quite apparent that the
flexed scaphoid caused this attritional rupture of
the FPL tendon. The distal pole of the scaphoid
which was flexed was partially removed using a
rongeur. A capsule closure was then made over
the distal pole of the scaphoid to prevent erod-
ing of the bone on the reconstructed tendon.

to the FPL if the excursion of the proximal 4. Postoperative care and outcomes
FPL is minimal from posttraumatic scarring and The patient was placed in a dorsal wrist
contracture. There is a risk of repeat rupture; splint after the operation. She was splinted
therefore the prominent distal pole of the fulltime for three and a half weeks. Several
scaphoid, responsible for the tendon rupture, months after surgery, the tendon graft
should be removed and a wrist capsular flap appeared to be in good position and thumb
should be used to shield the tendons from the position was excellent (Fig. 22.27a—f).
scaphoid.

. Procedure performed

Through a carpal tunnel incision, the distal Case 8

end of the ruptured tendon was found.
Proximally, the ruptured tendon was at the level
of the wrist (Fig. 22.26a). Therefore, a palmaris
longus tendon graft could be used to bridge the

A 76-year-old male with a known history of
rheumatoid arthritis, diagnosed over 35 years
ago, presented for evaluation and treatment of his
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Fig.22.26 Case #7—Procedures performed: right palmaris longus tendon grafting to the flexor pollicis longus tendon,
removal of the flexed distal pole of the scaphoid, wrist capsular closure over the excised scaphoid

right thumb hyperextension deformity at the Discussion
MCP joint and instability of the CMC joint. He
had many hand surgeries in the past, including a 1. Which anatomical parts are responsible for

right total wrist fusion with proximal row car- the pain?

pectomy and right wrist Darrach procedure. Initial X-rays were presented (Fig. 22.29).
Furthermore, he previously had right index, These X-rays showed significant arthritic
middle, ring, and small finger silicone implant changes of both hands, hardware in place of the
arthroplasties, left hand cross intrinsic transfer, left thumb, and left index, middle, ring, and
and left thumb MCP joint fusion. Preoperative small finger implant arthroplasties. He also had

pictures are shown in Fig. 22.28a—f. a right wrist proximal row carpectomy, wrist
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Fig.22.27 Case #7—Five-month follow-up
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Fig.22.28 Case #8 —Preoperative images of a 76-year-old male with a known history of RA presenting with a right
thumb hyperextension deformity at the MCP joint and CMC joint instability
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fusion plate, and distal ulna excision. Physical
examination of the patient’s bilateral hands
indicated multiple arthritic deformities of the
MCP joints, hyperextension deformity of the
thumb MCP joint, flexion deformity at the DIP
joint, and instability at the CMC joint.

. Is surgery indicated?

The patient’s severe right thumb CMC
arthritis with degeneration of the trapezium
and subluxation of the thumb CMC joint
demands surgical treatment. Surgery can
significantly improve the patient’s thumb
stability and function. We recommended a
right thumb MCP joint fusion at 30° of flex-
ion and tendon procedure to stabilize the
CMC joint.

. Procedure performed

The diseased trapezium was removed, and
the thumb CMC joint was stabilized using
a slip of the APL tendon (Fig. 22.30a-b).
Because the patient had a wrist fusion, the
patient’s wrist extensors were expendable.

Fig.22.29 Case #8—Initial X-rays demonstrating severe arthritic changes bilaterally

Therefore, an extensor carpi radialis brevis
tendon graft was harvested, sutured into a
cushion, and placed under the thumb CMC
joint for stabilization (Fig. 22.30c—d). To pre-
vent hyperextension of the thumb MCP joint,
which will destabilize the thumb CMC
joint, the thumb MCP joint was fused in neu-
tral position to give the patient a much better
posture of the thumb. The patient's thumb was
placed in an abducted position to stabilize the
thumb CMC joint (Fig. 22.30e).

4. Postoperative care and outcomes

The pins were in place for 6-8 weeks to
allow the fusion to heal at the MCP joint,
after which time, range of motion exercises
were started for the thumb CMC joint.
Several months after surgery, the patient was
able to use the thumb moderately well and
demonstrated a good return of key activities
of daily living with his right thumb.
Postoperative pictures and X-rays are shown
in Fig. 22.31.
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Fig.22.30 Case #8 —Procedures performed: right thumb  tendon graft for interpositional arthroplasty at the base of
carpometacarpal joint arthroplasty with abductor pollicis ~ the thumb, right thumb MCP joint fusion with bone
longus tendon stabilization, extensor carpi radialis brevis  grafting
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Fig.22.31 Case #8—Three-month follow-up
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Introduction

Among patients with rheumatoid arthritis (RA),
25 % have severe disability affecting the elbow
and half of those patients report having pain. The
majority of RA patients have some symptoms
involving the elbow, with only 28 % having
no symptoms affecting the elbow [1]. RA of
the elbow usually starts with the proliferation
of synovium. The disease progression leads to
destruction of the articular cartilage and distension
of the collateral ligament. In advanced stages, sig-
nificant destruction and loss of subchondral bone
occur, along with loss of normal articular contour.
This combination of the loss of bone and soft tis-
sue causes instability and pain [2]. Issues concern-
ing the bone or joint are primarily treated with
surgery, including synovectomy and arthroplasty
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using prostheses. On the other hand, damage to
soft tissue, including rheumatoid nodules, bursitis,
and skin ulcers, is not treated as easily [1, 2]. Soft
tissue defects at the elbow that expose bones, ten-
dons, nerves, and articular surfaces, including
prostheses, are all considered failures. These fail-
ures, especially in a wide zone injury, can develop
edema that cause functional deficit of the elbow
resulting from long-term immobilization. The aim
of treatment for soft tissue defects is to close the
wound, decrease the risk of infection or the edema
of tissues, and permit early mobilization and
rehabilitation of the elbow. Early reconstruction
facilitates maximum functional recovery, and a
familiarity with treatment of the soft tissue loss at
the elbow is valuable for surgeons.

Rheumatoid Nodule

Rheumatoid nodules are classically associated
with RA and indicate severe arthritis. Rheumatoid
nodules appear in 20-25 % of patients with RA
[3, 4]. The most common sites at the elbow are the
olecranon and the extensor side of the forearm
(Fig. 23.1). Other frequent sites include the dor-
sum of hand, the knee, the ears, the scapula, and
sites that experience repetitive trauma. Rheumatoid
nodules present subcutaneously and adhere to
deep tissues including the periosteum, tendon
sheaths, and bursa. The pathogenesis is not known,
but it is thought to occur in the immune complex
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Fig.23.1 (a,b)
Rheumatoid nodules
on the olecranon to
the extensor side of
the forearm

of small vessels and caused by vascular inflam-
matory change following tissue necrosis [5].
Necrosis of the subcutaneous nodules causes
proteinases and collagenase to be produced by the
cellular palisade. Trauma has also been proposed
as a mechanism for nodule formation.

Rheumatoid nodules are diagnosed clinically,
and care must be taken to ensure the correct diag-
nosis. Differential diagnoses associated with sub-
cutaneous nodules similar to those found in RA
are broad and include rheumatic fever, Jaccoud’s
arthritis, granuloma annulare, basal cell carci-
noma, necrobiosis lipoidica diabeticorum, and
infectious disease [5, 6]. Atypical rheumatoid
nodules, such as those in uncommon locations, of
abnormal color, or those that are accompanied by
skin ulcers, should undergo a biopsy. Approxi-
mately 5-7 % of patients with systemic lupus
erythematosus, another chronic autoimmune dis-
ease, develop rheumatoid nodules [7]. In rare
instances, rheumatoid nodules occur in the lung,
larynx, nasal septum, and heart [8].

The histological features of rheumatoid nod-
ules include a palisaded granulomatous pattern,
the deposition of many IgG with central necrosis,
and a few depositions of IgA and C3. Vasculitis

may be recognized in early stage lesions, and
fibrosis in late stage lesions. Similar to rheuma-
toid nodules, deep granuloma annulare presents
with a comparable pattern but generally contains
mucin in the center and few palisades. It contains
many giant cells and also shows perivascular
cuffing of lymphocytes around the new vessels of
peripheral lesion [9].

Most rheumatoid nodules are asymptomatic
and therefore treated conservatively. Disease-
modifying antirheumatic drugs (DMARD) typi-
cally inhibit formation of the nodules, with the
exception of methotrexate which promotes for-
mation of the nodules [10, 11]. Many surgeons
tend to avoid treating nodules with corticosteroid
injection because it increases the risk of infec-
tion [12]. Ching reported that patients experi-
enced substantial reduction in nodule size after
receiving a corticosteroid injection, but no sig-
nificant decrease in pain, compared with a pla-
cebo [13]. There is only one report, which noted
four successful cases, for surgical treatment of
rheumatoid nodules [14]. We recommend conser-
vative, nonoperative treatment, which should
include pain control using nonsteroidal anti-
inflammatory drugs (NSAID). However, for
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patients with rheumatoid nodules that have pain,
infection, ulceration, or limited range of motion,
operative treatment should be considered. Opera-
tive treatment may require coverage with skin
flap at the site of the excision because of the pos-
sibility of local granular proliferation. Surgery
should not be done solely for aesthetic purposes.

Rheumatoid nodulosis is a condition involv-
ing subcutaneous nodules that does not develop
as typical RA, although it is almost identical to
RA in histological features. It is distinguished by
having rheumatoid nodules, with no systemic
evidence of RA. Ginsberg named the condition
rheumatoid nodulosis in 1975 [15]. In 1988,
Couret referred to the four criteria for the diagno-
sis of rheumatoid nodulosis [16]:

1. Multiple subcutaneous rheumatoid nodules
identified using biopsy

2. Recurrent joint symptoms with minimal radio-
logical or clinical involvement

3. Benign clinical course

4. No or mild systemic manifestations of rheu-
matoid arthritis

Methotrexate therapy is known to induce the
nodulosis as a benign side effect. Colchicine,
D-penicillamine, and hydroxychloroquine are effec-
tive treatments [17, 18].

Synovial Cyst

RA is identified as the chronic inflammation of
synovial tissues. This synovial tissue inflamma-
tion stimulates synovial cyst formation around
the joints. The condition may develop owing to
several different pathologic mechanisms [19]:

1. Accumulation of fluid in communicating
bursae

2. Distention of bursae by fluid originating in the
joint

3. Herniation of the joint capsule in response to
increased intra-articular pressure

Synovial cysts at the elbow mostly occur pos-
teriorly, and a cyst of the antecubital space is rare.
These cysts are similar to the Baker’s cyst that

occurs in the popliteal space of the knee. Synovial
cysts can sometimes rupture, leading to pain and
edema from the elbow to forearm. The treatment
of synovial cysts is similar to treatment of elbow
arthritis, including rest, administration of
NSAIDs, and possible corticosteroid injections
[20]. Synovial cysts should be addressed before
they rupture or become large enough to cause
entrapment neuropathy. There are several reports
of ulnar nerve and posterior interosseous nerve
palsy caused by synovial cysts [21] (see Chap. 6).

Olecranon Bursitis

Olecranon bursitis may occur in RA patients, and
because it is typically caused by repetitive trauma,
there may not be a large benefit in routine removal
of the inflamed bursa. Bursitis can cause the area
around the olecranon to become swollen and
unsightly, which alone is not reason for removal.
However, if the bursa is infected or a skin ulcer
forms, removal is justified. Nonetheless, the
recurrence rate is high among RA patients.
Stewart et al. described the results of open resec-
tion of 21 cases of aseptic olecranon bursitis. The
success rates of those with RA and those without
RA were 40 % and 94 %, respectively [22]. If sur-
gery is justified, olecranon bursa excision is use-
ful to reduce repetitive trauma. The elbow is the
primary bearing joint for patients with RA, espe-
cially for severe or noncontrolled patients who
have functional loss of one or both of their lower
extremities. Quayle described 11 cases of olecra-
non process excision and found no recurrence of
bursitis and no loss of triceps function [23]. Based
on the above, conservative treatment is recom-
mended. If surgery is necessary, the olecranon
process should be excised along with the bursa.

Flap Management of the Wound
Principle

In RA patients, complicated wounds may develop
because of vulnerability of the vessels, exposure
of the prosthesis, or chronic infection, even
without severe trauma. Various factors should be
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considered when determining the reconstruction
method for wounds. First, the defect should be
clearly evaluated by focusing on the components
that need reconstruction. Before forming a com-
plex restructuring plan, it is important to take into
consideration the condition of the wound. The
wound should be systematically evaluated on
what has been lost and the steps necessary for
restoring function and aesthetic. Second, neuro-
vascular assessment should be performed before
the reconstruction, and if there is any uncertainty
about the blood supply, arteriography should be
done. Third, for contaminated wounds, debride-
ment of the contaminated bones and soft tissues
should precede reconstruction. Thorough debri-
dement of the wound is the most important step
to minimize infection and should be performed
promptly. After debridement, various options of
reconstruction can be considered. The ultimate
selection of flap coverage depends on elements
including size, wound complexity, the condition
of the donor site, the general condition of
the patient, and the final desired outcome of the
elbow joint. The reconstruction plan should
match not only the needs of the wound but also
the needs of the patient. Patients with RA have
compromised immune system, which may lead
to complications such as wound healing failure
and an increased risk of infection.

Timing of Surgery

Surgery should be done as early as possible. The
success of the early wound closure is dependent
on thorough debridement. Delayed wound clo-
sure is indicated only if debridement is deemed
inadequate. Wound infection is one factor that
delays the surgery; however, early soft tissue
coverage reduces edema and pain and controls
further infections. This concept applies to emer-
gency cases as well as RA patients. Early closure
is specifically required when the prosthesis or
other vital structures including bones, joints,
or tendons are exposed. Prompt surgery allows
rehabilitation to begin sooner and leads to an
improved success rate of flap coverage [24, 25].

Algorithm

The reconstruction algorithm for determining
elbow coverage is viewed in a “step ladder”
fashion, which means choosing a simple
procedure before a more complicated option.
However, with the development of microsurgery
techniques, this “step ladder” is becoming over-
looked, and surgical procedures are being cho-
sen first because they provide the best outcome
for the patient. The process of choosing a recon-
struction technique is now referred to as an “ele-
vator” and is one of the important concepts in
wound management (Fig. 23.2) [26]. It starts out
with the simple technique of direct closure, fol-
lowed by skin graft, local flap, and then distant
flap. With recently improved microsurgical tech-
niques, it has become possible to choose a suit-
able strategy depending on the situation of the
wound [27]. Moreover, with the advent of the
vacuum-assisted closure (VAC) system and the
development of the dermal matrices, the treat-
ment options are widespread [28]. The elbow is
surrounded by minimal soft tissue covered by
thin and mobile skin. For defects of soft tissue
around the elbow, a fasciocutaneous flap, fre-
quently from the radial forearm, or a lateral arm
flap is indicated. For local situations, brachiora-
dialis (BR) or flexor carpi ulnaris (FCU) muscle
flap can be used, with both muscles having mini-
mal loss of function. Latissimus dorsi (LD) is
available as a functional muscle transfer to
replace the biceps and triceps and preserves the
pedicle that reaches to the elbow. It can be used
for a wide range of defects that may spread to
the forearm and upper arm. In summary, options
for elbow wound treatment in RA patients are
limited. For large to massive-sized wounds,
choices for flap reconstruction include using the
anterolateral thigh (ALT) as a free flap and the
LD as a distant flap. For the small- to medium-
sized wound, options include local random flaps
(advancement flap, rotational flap, Z-plasty, and
rhomboid flaps) and regional axial flaps (BR,
FCU, anconeus, radial forearm, and reverse lat-
eral arm as a muscle or fasciocutaneous flap).
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Fig.23.2 Options for [ [ ]
elbow wound treatment
in RA patients
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Fig.23.3 (a) Antecubital skin defect measuring 6 x7 cm. (b) VAC system was performed. (¢) The wound is shown at
4 days after the injury. (d) Rhomboid fasciocutaneous flap. (e) Five months after skin closure

Cases of Reconstruction of the Elbow
in RA Patients

Postoperative complications after total elbow
arthroplasty (TEA) occur frequently and can be
attributed to the skin at the tip of the olecranon
being thin and mobile. Jeon and colleagues
reported that 5.5 % of TEA patients suffered
postoperative  wound complications such as
delayed healing, wound dehiscence, and necrosis

[24]. In their report, 33 % (32/97) of patients had
RA, and 24 % of RA patients had signs of sepsis.
The number of sepsis cases was significantly
higher in RA patients than in osteoarthritis (OA)
patients. In this paper, the authors noted that a
small superficial necrotic area of less than 3 cm
in diameter may heal with local wound care, but
surgical debridement is generally required for
necrosis greater than 3 cm or with full thickness
muscle loss (Fig. 23.3). An FCU flap can be used
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safely after TEA if the feeding artery is not
damaged [29]. Jeon and colleagues used a radial
forearm flap to cover small and noninfected
defects and preferred a pedicled muscle flap for
infected wound or to fill a dead space around the
elbow. They used an LD flap in four patients and
a radial forearm flap in three patients. ALT flap
was also used in several cases that involved infec-
tion with a soft tissue defect. In a different study,
Gill and Morrey reported two cases of muscle
flaps (BR and LD) to cover the elbow after
debridement for deep infection [25]. Dee per-
formed a radial forearm flap to cover the bare
metal of an exposed prosthesis [30].

Small- to Medium-Sized Wounds
Radial Forearm Flap

A skin flap is harvested from the volar aspect of
the forearm between the antecubital fossa and
the wrist crease. The maximum flap size is
10x30 cm, but for elbow coverage, a flap no
larger than 8 x 16 cmis generally used. Perforating
branches of the radial artery act as the blood sup-
ply. The venous drainage of the flap relies on
both the deep and superficial system and the
cephalic vein. The sensory component of the flap
is the medial and lateral antebrachial cutaneous
nerves. The Allen test must be done preopera-
tively. The central axis of the pedicle is designed
along the line from the midpoint of the antecubi-
tal fossa to the radial border of the wrist. Next,
the pivot point is determined, and the distance
from the point to the defect is transposed to the
donor site. The tendons of the BR and flexor
carpi radialis (FCR) must be identified because
the radial artery usually lies between the two ten-
dons. Before distal radial artery ligation, it is
imperative to confirm flow through the superfi-
cial palmar arch to the ulnar artery. The distal
radial artery and venous continuity are ligated
and divided, and the flap is raised distal to proxi-
mal, including the antebrachial fascia, radial ves-
sels, and fasciocutaneous perforators. Care must
be taken to preserve the paratenon over the BR
and FCR for recovery following the skin graft.

The flap is raised and transposed to cover the
elbow defect. The donor site is covered with a
non-meshed split-thickness skin graft from the
anterior thigh. The wrist and fingers are immobi-
lized with a splint for a week to prevent skin graft
loss [31, 32].

Reverse Lateral Arm Flap

The blood supply of the reverse lateral arm flap is
the posterior radial collateral artery and has col-
lateral flow through the radial recurrent artery in
the proximal forearm. The radial recurrent vessels
provide inflow to the reverse lateral arm flap, with
alesser contribution from a recurrent branch of the
posterior interosseous artery. It can cover up to
8% 15 cm, although primary skin closure can be
difficult if the width exceeds 6 cm. The blood sup-
ply is the 3-5 septocutaneous perforator arteries in
the lateral intermuscular septum of the upper arm,
which are derived from the radial collateral artery.
This artery is a branch of the profunda brachii
artery and runs between the triceps and brachialis
distally along the humerus. The reverse lateral arm
flap can be distally extended with blood supply
over the lateral epicondyle of the humerus because
of anastomoses with recurrent arteries of the peri-
articular plexus of the elbow joint (Fig. 23.4) [33,
34]. The maximum flap size is 8 cm in width and
20 cm in length. The pedicle length can be up to
11 cm long and 2-2.5 mm in diameter. The opera-
tion is done in a supine position, and a tourniquet
is not applied because the flap is harvested from
the upper arm. It starts on a virtual axis between
the deltoid apex and the lateral epicondyle of the
humerus. Starting posteriorly, the fascia is dis-
sected from the muscle and elevated toward the
intermuscular septum until the blood vessels
appear. The same procedure is then done from the
anterior side. The average length of the pedicle is
7.8 cm, which is shorter than the radial forearm
flap or the ALT. The donor site can usually be
closed primarily if the width of the flap is no more
than 8 cm. The posterior antebrachial cutaneous
nerve often cannot be preserved. Hypoesthesia in
the forearm remains in more than 50 % of the
patients (Fig. 23.5) [35, 36].
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Fig.23.4 The anatomy of lateral arm flap. PRCA poste-
rior radial collateral artery, ARCA anterior radial collateral
artery [33]. This article was published in Hand and Wrist
Surgery, 2nd ed., Teoh L-C, Lateral arm flap for upper
limb coverage, 444-450, Copyright Elsevier (2012)

Anconeus Flap

The anconeus muscle is approximately 2.5 cm in
width and 7 cm in length. It can cover an area of
5-7 cm? and is used for a defect of the lateral
radiocapitellar joint, the distal triceps tendon at
its insertion, or the olecranon. The anconeus
functions as a minor elbow extensor and helps
maintain the lateral stability of the elbow [37].
The blood supplies are the recurrent posterior
interosseous artery and the medial collateral
artery, which is a terminal branch of the profunda
brachii and has anastomoses within the muscle
belly. The innervation is the radial nerve branch.
The subsequent functional deficit is negligible.
A split-thickness skin graft is used to cover the
muscle. Commonly, the VAC system is used to
help the muscle and the skin graft to be adherent
to the wound. The elbow must remain immobi-
lized for approximately 2 weeks (Fig. 23.6).

Brachioradialis Flap

The brachioradialis flap is contraindicated in
patients who have weak elbow flexion. The BR
lies superficially on the radial side of the forearm.
It originates from the upper two-thirds of the lat-
eral epicondyle and inserts into the radial styloid.
The base of the muscle is 7-8 cm in width and
tapers distally, providing approximately 15 cm of
muscle. The blood supply arises from the radial
artery, the radial recurrent artery, or both. The
pedicle is approximately 3 cm in length, with a
diameter of 1 mm. The innervation is the radial
nerve. The skin incision is along a line from the
lateral epicondyle to the radial styloid. Just volar
and deep to the BR are the dorsal and lateral ante-
brachial cutaneous nerve, the superficial radial
nerve, and the radial artery. The BR is cut slightly
distal to the musculotendinous junction, and the
tendon cuff is used for the flap inset. The rotation
arc can be increased by safely ligating several
perforating branches from the radial artery. It is
not necessary to identify the recurrent radial
artery or to release the origin of the BR. The sub-
cutaneous tunnel is useful for reaching the defect
site; however, that might compress the flap.
Therefore, it is recommended to extend the skin
incision. The muscle flap is inset and covered
with a split-thickness skin graft if necessary
(Fig. 23.7) [32].

Flexor Carpi Ulnaris Flap

This flap is a good choice for an antecubital
lesion; however, it can also cover a defect of less
than 3 cm for an olecranon tip lesion. The muscle
belly of the FCU is 5 cm in width by 20 cm in
length and extends to the proximal two-thirds of
the forearm. The blood supply is the ulnar artery,
with a smaller contribution from the posterior
ulnar recurrent artery. The pedicle is approxi-
mately 2-3 cm in length and 1-2 mm in diameter.
The skin incision is at the proximal third of the
forearm on a line from the medial epicondyle to
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Fig.23.5 (a) Chronic bursitis. (b) Flap design. (¢) After
debridement for olecranon bursitis. (d) The proximal ped-
icle is ligated (radial collateral artery). (e) The pedicle was

the pisiform, taking care to preserve the medial
antebrachial cutaneous nerve. The FCU muscle is
identified and cut at the level of the musculo-
tendinous junction. After identifying a feeding
artery, the branches from the ulnar artery can
be found in the proximal third of the forearm.
The pivot point is approximately 6—8 cm from
the elbow flexion crease (Fig. 23.8). Mobilize the
FCU only enough to cover the defect, and then
use a split-thickness skin graft to cover the
exposed muscle belly. The FCU can also be split
into its two heads, retaining one for ulnar devia-
tion strength of the wrist [38]. The FCU flap is
also used as the musculocutaneous flap. The
donor skin lies on the muscle belly of the FCU in
proximal third of the forearm. The skin paddle
can be harvested with muscle for an area up to
6 by 10 cm.

dissected distally until it reached the lateral epicondyle.
(f) The flap was rotated 180° and able to cover the entire
elbow wound. (g) Four months postoperatively

Large to Massive-Sized Wounds

Latissimus Dorsi
Musculocutaneous Flap

The LD muscle originates from the lower six tho-
racic vertebrae, thoracolumbar fascia, and the
iliac crest. The insertion is the biceps groove
of the humerus. The dominant vascular pedicle
arises from the thoracodorsal artery with seg-
mental perfusion from multiple lumbar perfora-
tors. The muscle is innervated by the thoracodorsal
nerve, which originates from the posterior cord
of the brachial plexus. With dimensions averag-
ing 25-35 cm, this flap is a versatile, reliable, and
technically straightforward option for pedicle
coverage of the elbow and proximal forearm or
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Fig.23.6 (a) Exposure
(arrow: anconeus).

(b) The recurrent
branch of the posterior
interosseous artery.

(¢, d) The mobility of
anconeus (dotted line:
anconeus). Photos
courtesy of Dr. Jennifer
Waljee

Fig.23.7 The anatomy of BR and the arteries. After BR was cut, it is rotated to the olecranon
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Fig.23.8 The anatomy of FCU and the arteries. After FCU was cut, it is rotated to the olecranon

free flap coverage of massive forearm defects.
The flap may also be used as a functional muscle
transfer to restore elbow flexion or extension [24,
32]. The patient is placed in a lateral decubitus
position. The incision is drawn several centime-
ters posterior of the LD and parallel with the
anterior border of the LD. Then the dissection is
made anteriorly to divide between the serratus
anterior and the LD, and thoracodorsal neurovas-
cular bundle is identified and preserved. The dis-
section is carried distally, the distal origins are
cut, and then LD muscle is mobilized proximally
and freed from the teres major. The muscle is
passed through a subcutaneous tunnel into the
arm to the elbow wound site. The technique of
rotating the superficial surface to the deep sur-
face of the flap allows more wide and distal cov-
erage and avoids twisting the pedicle. The donor
site is closed primarily, and drains need to be
inserted for 1-2 weeks to reduce the formation of
a seroma. A common complication is distal flap
loss. Doppler scanning is useful for evaluating
perfusion [39].

Anterolateral Thigh Flap

Considering the vulnerability of the blood vessels,
a free flap that includes ALT is not recommended
for patients with RA. However, Jensen and Moran
reported a good clinical result of an ALT flap case
for an RA patient who had an exposed elbow
prosthesis [27]. Wang et al. reported on a review
of 32 free flaps in patients with collagen vascular
disorders and found that there was no increased
risk of thrombosis. They concluded that patients
with vascular disorders should not be precluded
from free flap reconstruction. However, their
reconstruction sites were the breast, head, and
neck, not the elbow [40]. The potential flaps for
reconstruction are cutaneous flap, musculocuta-
neous flap with tensor fascia lata and vastus late-
ralis muscle, and sensate flap with the lateral
femoral cutaneous nerve. The blood supply is the
descending branch of the lateral circumflex femo-
ral artery (LCFA). The innervation is the lateral
cutaneous femoral nerve. Perforators connect two
veins; however, the perforator is absent in 2 % of
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people. The perforator of ALT flap is usually
located within 3—4 cm of the midpoint of the line
between the anterior superior iliac spine and lat-
eral upper border of the patella. The Doppler
device is useful for searching the perforator. The
incision should be started from medial side.
Because the perforator is easily found, the risk of
perforator injury is low. If the perforator is absent,
the anteromedial thigh flap can be used. The dis-
section is made from the supra fascia to the deep
fascia and continues laterally. The perforator is
identified under the deep fascia and is easily found
at the medial portion of vastus lateralis muscle.
Then the vascular pedicle is released for the bifur-
cation of LCFA. Thinning should be done before
the vascular pedicle is cut. The coverage area
extends up to 35 cmx 15 cm. The donor site can
be closed primarily if the width of the flap is less
than 8 cm. When the flap width is larger than
8 cm, a split-thickness skin graft is needed. The
subsequent functional deficit is practically nonex-
istent [41, 42].

Postoperative Care

Various methods have been used to decrease
complications that may occur following flap
reconstruction:

1. Avoid applying excessive tensions to the vas-
cular pedicle.

2. Elevate the elbow if possible in order to reduce
edema and venous return.

3. Insert closed aspiration drains in both the
donor and recipient sites.

4. Administer antibiotics for an appropriate
period for chronic infection and exposure of
the prosthesis.

5. Use aspirin to inhibit thrombosis and platelet
aggregation in the anastomotic site.

6. Regularly monitor the flap for signs of isch-
emia and compromised venous return. If insuf-
ficiency of the artery or vein is confirmed early

postoperatively, the pedicle should be explored
as soon as possible.

7. Excessive edema may cause decreased blood

supply, so release sutures until the edema
decreases. If the insufficiency of the vein
continues, repair is needed. If that is impossi-
ble, consider using leaches.
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Introduction

Rheumatoid arthritis (RA) is characterized by
polyarticular involvement, which typically mani-
fests between the third and fifth decade of life.
Almost two out of three patients suffering from
RA have elbow problems. Data from our own
patient experience showed that 53 % of rheuma-
toid patients developed elbow symptoms within
the first 10 years after confirmation of the diag-
nosis [1]. Cases of isolated affected elbow are
rare in RA. Pain is the main symptom for the
affected elbow. Loss of extension as well as limi-
tation of supination may be seen as an early sign
of the disease, but a flexion deficit is rare. In con-
trast, juvenile RA is associated with an early loss
of motion and ankylosis is more common, which
makes treatment difficult. At the level of the
elbow joint, progression of the disease is usually
slow. In late-stage RA, bilateral elbow involve-
ment is common. Radiographic findings usually
correlate with clinical presentation for the
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rheumatoid elbow, in contrast to other joints such
as the wrist and shoulder in which despite severe
radiographic degenerative changes, patients may
have reasonable function. Radiologic staging of
the disease is based on the well-established
classification of Larsen, Dale, and Eek (LDE,
Fig. 24.1). Initially, osseous erosion is usually
observed at the capitellum followed by the lateral
epicondyle and olecranon [2]. A positive fat pad
sign may be present in the case of exuberant joint
effusion and distension of the fibrous capsule.
Concomitant radiographic changes include
bone demineralization and subchondral radiolu-
cency. The inflammatory disease alters bony and
ligamentous stabilizers leading to joint instabil-
ity. Consequently, valgus deformity may occur.
In the case of annular ligament destruction, volar
subluxation of the radial head is typical. Appro-
ximately one out of five patients with rheumatoid
elbow pathology may present with pressure neu-
ropathies around the elbow. The primary goals of
treatment are pain relief and restoration of joint
function.

In the last decade, the introductions of effec-
tive pharmaceutical agents, namely, tumor necro-
sis factor (TNF) inhibitors, have contributed to
reducing the signs and symptoms of the disease
as well as slowing or halting radiographic dam-
age. Pain remains the dominant complaint of RA
patients, which may require surgical options if
inflammation and swelling cannot be controlled
by modern pharmacotherapy.

301

K.C. Chung (ed.), Clinical Management of the Rheumatoid Hand, Wrist, and Elbow,

DOI 10.1007/978-3-319-26660-2_24


mailto:michael.glanzmann@kws.ch

302

M.C. Glanzmann and H.-K. Schwyzer

Fig.24.1 Radiologic staging according to the Larsen—Dale—Eck classification

Surgical Options and Decision
Making

Synovectomy

Removal of the inflamed synovial tissue from the
affected joint by joint synovectomy and tenosyn-
ovectomy was an effective and common proce-
dure for treating rheumatoid patients. Following
the introduction of novel disease modifying anti-
rheumatic drugs, the number of these procedures
has dropped dramatically in our clinic. However,
synovectomy is still a valuable option for patients
with resistant synovitis unresponsive to pharma-
ceutical treatment and without articular surface

destruction. By removing the inflamed synovium,
antigen load within the joint is substantially
reduced. In a study following 54 patients (70
rheumatoid elbow joints) after synovectomy,
marked pain relief was documented in 40 %
of the patients after a mean follow-up time of
7.5 years. Moderate improvement was still pres-
ent in 38.5 % of all individuals [3]. Early syno-
vectomy consistently offers a more favorable
outcome compared to late-stage intervention [4].
Based on our experience, synovectomy at a late
stage of RA is only justified to remove mechani-
cal obstacles such as loose bodies. Arthroscopy
offers the advantages of a minimally invasive
technique as well as complete removal of the
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inflamed tissue. In general, it is considered as a
valuable tool to postpone prosthetic procedures
as long as the articular surface shows no major
erosion. In a Scandinavian study, the reoperation
rate following synovectomy of the rheumatoid
elbow was 23 % within an average follow-up
period of 5.2 years [5]. Synovectomy may be
combined with radial head resection in cases of
severe impairment of pronation and supination.
In a cohort of age-matched patients, 45 cases of
synovectomy and radial head excision were com-
pared with the same number of cases who under-
went total elbow joint replacement [6]. Both
interventions appeared to be equally effective in
restoration of range of motion and function, but
the rate of complications was greater in the endo-
prosthetic group. Previous synovectomy does
not have an effect on future attempts of elbow
arthroplasty. In the case of apparent joint instabil-
ity, synovectomy or radial head resection is
contraindicated.

Resection Arthroplasty

In order to restore motion of ankylotic joints,
Ollier described a resection arthroplasty as early
as 1878. Due to his pioneer role in the surgical
field of the locomotor apparatus, he is also named
“the father of bone and joint surgery.” During his
time, Ollier felt that joint excision should be con-
sidered as a “last resort” procedure. Resection
arthroplasty concurrently involves two compet-
ing states of instability and mobility, and the cor-
rect amount of bone to be removed is critical.
Today, resection arthroplasty still plays a role in
elbow revision surgery when periprosthetic joint
infection is present or bone stock does not allow
for implantation of an elbow prosthesis. Our
experience shows that despite the imperfection of
resection arthroplasty, it is not uncommon to still
observe major clinical improvement in the over-
all status of the elbow. For the patient, a custom-
made, light orthosis provides sufficient stability
for daily activities and facilitates their ability to
tolerate an otherwise flail elbow.

Total EIbow Replacement

Progression of elbow joint erosion in RA is
usually slow. Owing to the natural course of the
disease, regular radiographic surveillance of the
patient is crucial. Severe bone loss may substan-
tially impair reconstructive interventions. In the
case of progressive articular surface destruction,
pain and loss of function may become insuffi-
ciently handled with nonoperative means, and
more aggressive options will need to be discussed
with the patient. Despite the successful introduc-
tion of pharmaceutical agents, RA is still the
most common diagnosis leading to the implanta-
tion of a total joint prosthesis. RA characteristi-
cally impairs the stability of the elbow. Therefore,
total elbow replacement must be performed with
an implant that provides some degree of stability
within its design. Three elbow arthroplasty
designs have these unique features:

1. Constrained implants have been abandoned
due to the associated unacceptable high rates
of loosening. This design allowed for motion
in only one plane and led to high shear stresses
at the bone—implant interface.

2. Semiconstrained implants provide an impor-
tant amount of stability. A so-called floppy
hinge allows between 8 and 10° of freedom in
varus, valgus, and axial rotation. This feature
significantly reduces the stress on the bone—
cement interface that permits absorption of
the forces through the surrounding soft tis-
sues. Semiconstrained implants such as the
Coonrad-Morrey (Fig. 24.2) or GSB III pros-
theses have been used for more than three
decades with only minor design modifica-
tions. The former prosthesis was adapted in
terms of the central locking pin as well as the
surface structure.

3. Non-constrained implants do not provide a
mechanical link between the humeral and
ulnar part. Approximately 25 % of rheumatoid
elbows present with at least moderate instabil-
ity, and as a result, these implants should not
be used for RA patients. Under conditions
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Fig. 24.2 The Coonrad—Morrey total elbow arthroplasty
represents a semiconstrained implant allowing for 8-10° of
freedom in varus, valgus, and axial rotation. The design has
proven successful clinical results over the last three decades
(with permission of Zimmer, Winterthur, Switzerland)

other than those associated with RA, this
design may offer better preservation of elbow
kinematics and bone stock.

Convertible implants have been designed in
recent years and allow implantation of a hemiar-
throplasty with the option of conversion to a
conventional total joint replacement as required.
In our clinic, these designs play no role in the
surgical treatment of rheumatoid patients.

Fixation of the elbow prosthesis is generally
achieved by cementing both humeral and ulnar
components. Specific features of the implant
such as a humeral flange provide additional rota-
tional stability. In the case of a previously
implanted shoulder arthroplasty, interference
between the humeral stems can occur and must
be taken into account when choosing the size of
an elbow prosthesis, particularly the length of its
humeral stem.

Indications for total elbow replacement in RA
include symptomatic joint destruction (>grade I11
according to the LDE classification) and instabil-
ity and/or loss of range of motion (<100°). In
addition, total elbow replacement may be a valid
option for acute rheumatoid elbow fractures with
advanced degenerative changes.

In the presence of an acute or chronic infection,
muscular paresis, critical skin conditions, or a
lack of patient compliance, total elbow replace-
ment is contraindicated. Planning of the interven-
tion requires utmost diligence. Disease-modifying
antirheumatic TNF-alpha blockers must be
stopped in advance according to their half-life
period, generally between 4 and 8 weeks prior to
the surgery. Only after the wound has healed may
TNF-alpha blockers be readministered. A multi-
disciplinary approach involving the surgeon,
rheumatologist, and physical therapist is parti-
cularly important in managing rheumatoid
patients prior to and after a surgical intervention.
Frequently used agents such as methotrexate, sul-
fasalazine, and leflunomide may be continued
perioperatively. Furthermore, detailed patient
information is essential prior to the intervention.
Patients must be aware that in the postoperative
period, the physical capacity of the elbow will
remain limited and weight placed on the operated
arm must not exceed 5 kg.

Surgical Approaches

Whenever possible, a posterior approach pre-
serving the extensor apparatus is performed. This
allows for faster and less restricted rehabilitation
and avoids extensor mechanism deficiency. Sev-
eral surgical alternatives have been described to
gain sufficient access while preserving the tri-
ceps. The entire triceps can be elevated and
reflected either from the medial to the lateral side
or vice versa from the lateral to the medial side as
published by Bryan and Morrey [7]. After a
straight posterior skin incision avoiding the tip of
the olecranon, two skin flaps are raised and the
ulnar nerve is identified. Transposition of the
nerve is dependent on the surgeon’s preference.
Proximally the medial part of the triceps is devel-
oped, while at the distal end preparation follows
the interval between the flexor carpi ulnaris and
anconeus. Even for rheumatoid elbows, release
of the medial and lateral collateral ligaments may
be required to gain sufficient access to the joint.
Furthermore, release of contracted flexor pro-
nator and common extensor muscles allows for
rebalancing of the soft tissues and should avoid
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later prosthesis malpositioning. Elevation of the
triceps from the proximal ulna may incorporate a
sliver of bone to enhance later healing. In this
case, reattachment of the extensor apparatus is
best performed through bone tunnels. If more
exposure is needed, a triceps-reflecting anconeus
pedicle (TRAP) approach offers a more extensile
option to expose the elbow joint [8]; O’Driscoll
described this approach for distal humerus
fractures and nonunions with the advantage of
avoiding an olecranon osteotomy. To develop the
anconeus pedicle, the interval between the anco-
neus muscle and extensor carpi ulnaris is incised.
The anconeus is dissected subperiosteally off the
ulna and reflected with the entire triceps. On the
medial side, the TRAP approach is similar to
the Bryan—Morrey approach. Based on our
practice, this approach is mainly used for revi-
sion cases.

Long-Term Outcome

Recent registry studies revealed similar survival
rates associated with total elbow replacements.
The overall survival rate for primary TEA in a
Danish study of 324 prostheses was 90 % at 5
years and 81 % at 10 years [9]. Furthermore, the
relative risk for revision was increased when a
non-linked design was implanted [9]. These
results are slightly inferior when compared to
those associated with total shoulder arthroplasty.
Current data show a revision-free survivorship of
96.1 % and 92.9 % at 5 and 10 years, respec-
tively, for total shoulder replacement in rheuma-
toid patients. Within our institution, the survival
rates of rheumatoid patients following implanta-
tion of a GSB III elbow prosthesis are 85 % at 10
years and 69 % at 20 years [10]. The risk of revi-
sion in rheumatoid patients is generally lower
compared to post-traumatic conditions. Plaschke
et al. (2013) found a 1.8-times increased relative
risk for revision in post-traumatic elbow arthro-
plasties. In terms of recovery of function, both
rheumatoid and post-traumatic elbow joints ben-
efit from total elbow replacement. Pain-free and
normal quality of life is restored in both groups,
but functional deficits are reported to be larger in
the rheumatoid group [11].

Complications

Gschwend and co-workers reported a high com-
plication rate of 43 % after TEA. According to
Cook et al., total elbow replacement in rheuma-
toid patients is not generally associated with an
increased risk of perioperative complications
compared to nonrheumatoid patients [12].

Intraoperative fractures rarely occur during
TEA. Nevertheless, inflammatory erosion may
weaken the osseous stability. Resection of the
humeral trochlea and rasping of the canal must be
performed meticulously to prevent a fracture of
the condyles. Even for preparation of the ulna,
similar technical diligence is also required.
Excessive resection of the olecranon will com-
promise reattachment of the extensor apparatus.
Perforation of the humeral or ulnar cortices
must be avoided during reaming of the canals.
Extrusion of bone cement may cause thermal
injuries at a later stage of the procedure.

Wound healing following TEA is a sensitive
issue and is even more critical for rheumatoid
elbows because soft tissue protection around this
joint is minimal. Postoperative bracing in exten-
sion may reduce tension on the skin flaps. Active
range of motion exercises may be started early,
but forced extension must be avoided for 6-8
weeks after surgery to allow healing of the exten-
sor apparatus.

Infections occur more frequently following
elbow arthroplasty compared to replacement sur-
gery of other joints. Rheumatoid patients are par-
ticularly at risk when undergoing concomitant
immunosuppressive treatment. The deep infec-
tion rate is approximately 3-17 % with both
Staphylococcus aureus and epidermidis being the
pathogens. Management of periprosthetic infec-
tion is dependent on the time after the last surgi-
cal intervention, the duration of symptoms,
microbial results, and the degree of the damaged
infected tissue. Repetitive debridement with
implant retention is often the first line of defense.
If septic loosening is present, exchange of the
prosthesis becomes necessary. The authors’ sur-
gical preference involves a two-stage exchange
with a prosthesis-free interval and antibiotic
treatment spanning several months before reim-
plantation of the prosthesis [13]. According to
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published data from the Mayo Clinic, 5 % of all
patients undergoing primary TEA will sustain a
periprosthetic fracture in the future. The reasons
for this “difficult-to-treat” complication are man-
ifold, in which the main risk factors of poor bone
quality and osteoporosis particularly affect the
rheumatoid patient. Aseptic loosening, noncom-
pliance of the weight restriction for the elbow
(5 kg), or previous surgeries are further risk
factors for periprosthetic elbow fractures. Non-
operative treatment of a periprosthetic elbow
fracture is associated with a high risk of fibrous
nonunion. If the stability of the implant is com-
promised, its exchange in combination with the
use of a long-stem design is often mandatory.
Especially for rheumatoid patients, the surgeon
must consider the possibility of interference with
a shoulder implant when planning a revision.
Severe loss of bone stock often calls for bone
grafting using allograft struts. In the case of intact
implant stability, a humeral shaft fracture may be
treated with immobilization.

Rheumatoid patients undergoing TEA are spe-
cifically vulnerable to triceps insufficiency owing
to poor bone and tendon quality in the area of the
olecranon. From the basic concept of “staying out
of trouble is easier than getting out of trouble,”
surgical techniques involving elbow exposures
have evolved. Approaches used for rheumatoid
patients must prevent triceps splitting and should
try to reflect the entire extensor apparatus either
to the medial or lateral side. Despite preservation
and meticulous reattachment of the triceps, some
degree of weakness of the extensor mechanism is
a common outcome following TEA.

Exposure of the ulnar nerve is a standard part
of every elbow joint replacement surgery.
Depending on the surgeon’s preference, the ulnar
nerve can be transposed anteriorly. Ulnar neu-
ropathies are not uncommon in the early postop-
erative phase, but spontaneous resolution of the
symptoms can be expected as long as traction and
thermal injuries are avoided during the pro-
cedure. For revision cases that require strut
allografts, a more extensile approach is needed
that can compromise the radial nerve. For
enhanced protection in such cases, we recom-
mend the dissection of the radial nerve during its
course below the lateral head of the triceps.

Revision of Total Elbow
Arthroplasty

Several studies have demonstrated a decreasing
trend in the number of orthopedic surgical proce-
dures undertaken for the treatment of lower and
upper limbs affected by RA. Although the preva-
lence of RA and the demographic characteristics
have remained significantly unchanged through-
out the last two decades, modern therapeutic drug
regimens are largely responsible for this trend.
At the authors’ institution, these trends are also
clearly visible: in 1985, 12 primary TEAs were
implanted and two revisions of a TEA were per-
formed. In 2012, this number decreased to seven
primary implantations, whereas the number of
revisions increased to 16. Another interesting
finding is a diverging trend between shoulder
and elbow replacements. In 1985, the relation
between total elbow arthroplasty (TEA) and total
shoulder arthroplasty was 12:14, whereas these
numbers shifted to 7:216 for primary arthroplasty
surgery and 16:26 for revision arthroplasty inter-
ventions by 2012. At the level of the elbow, RA is
still the main indication for placing an elbow
prosthesis, yet rheumatoid shoulder patients are a
rare group in patient cohorts receiving a TSA.

Revision of a failed elbow arthroplasty dem-
onstrates common crucial points. Frequently,
bone stock has to be augmented following aseptic
loosening or in case of a two-stage revision after
a periprosthetic infection. Strut allografts may
be used in combination with cerclage wires or
plates. Invagination of a strut allograft is another
technique available to support the intramedullary
canal of the ulna.

Clinical Case 1

Eight years after implantation of a TEA, a
60-year-old female patient experienced a superfi-
cial skin lesion at the operated elbow. Oral antibi-
otics were prescribed by the general practitioner.
Symptoms were progressive and due to persistent
signs of local infection, the patient was referred
to the orthopedic center. Radiographic assess-
ment indicated intact implant stability but labora-
tory tests and outcome of the arthrocentesis
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Fig.24.3 (a, b) Anteroposterior and lateral radiograph of
the left elbow after the first stage of the revision showing
remnants of cement in the humeral intramedullary canal

after explantation of an infected TEA. The condyles
remained intact but moderate bone loss was noted due to
the infection and perioperative trauma

Fig. 24.4 (a, b) Radiographs after the second stage of
revision demonstrate the cemented semiconstrained TEA
(Coonrad—Morrey) in situ. In order to completely remove

showed clear signs of a bacterial infection. After
interdisciplinary discussion of the case, a two-
stage revision was performed. The explanted
prosthesis was sonicated and a total of eight bone
and soft tissue samples were obtained for cultiva-
tion. All microbiological tests were positive
for Staphylococcus aureus (Fig. 24.3). After a
2-week intravenous antibiotic treatment regime,
an oral course of the antimicrobial therapy was
undertaken for a further 6 weeks. Reimplantation

the cement remnants, fenestration of the distal humerus
was performed with two cerclage wires

was performed following an antibiotic free
interval of 3 weeks. During the revision surgery,
a prophylactic antibiotic regimen was carried out
until all samples obtained during reimplantation
were reported negative. Despite the infection and
prior removal of a cemented implant, bone stock
was still favorable and allowed for implantation
of the same type of implant (i.e., Coonrad—
Morrey; Zimmer, Winterthur, Switzerland;
Fig. 24.4).
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Fig.24.5 (a, b) Eleven years post-TEA, the radiographs
show decoupling of the two components and perforation
of the ulnar stem through the posterior cortex. Furthermore,
there is discontinuity of the extensor apparatus due to an

Clinical Case 2

A 72-year-old female rheumatoid patient pre-
sented with ongoing elbow pain and major
functional deficits of her dominant left arm.
A cemented semiconstrained TEA (GSB III,
Zimmer, Winterthur, Switzerland) had been
implanted 11 years ago. Radiographic work-up
demonstrated a combination of several complica-
tions: aseptic loosening of the humeral and ulnar
component, distal perforation of the ulnar stem,
decoupling of the components, and an olecranon
fracture (Fig. 24.5). Signs of infection were
absent. A one-stage revision was performed using
a long-stem prosthesis with a different design
offering fixed coupling (Coonrad—Morrey). In
addition, a strut allograft was invaginated into the
proximal ulna to support bony stability. Using a
plate, the extensor apparatus including the frac-
tured tip of the olecranon was reattached to
the ulna. Interference with the proximal and dis-
tal implants of the adjacent shoulder and wrist
joint could be avoided (Figs. 24.6, 24.7, 24.8,
and 24.9).

olecranon fracture. Marked signs of loosening can be
identified at the bone-cement interface on both the
humeral and ulnar side

Fig. 24.6 Intraoperative situs of a hanging left elbow
with the patient in a lateral decubitus position: an exten-
sile approach was used for improved visualization. The
pincers mark the radial nerve, which has been dissected
under the lateral head of the triceps. In order to avoid
weakening of the extensor mechanism, the triceps was
elevated and reflected in toto

Conclusion

The number of TEAs in rheumatoid patients is
decreasing owing to the efficacy of modern drug
therapies. Nevertheless, TEA is a powerful tool to
treat advanced joint degeneration and instability.
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Fig.24.7 Upon completion of the revision, the extensor

apparatus is put back in its original position and secured  Fig. 24.8 Intraoperative photograph of the final assem-
with transosseous sutures. The ulnar nerve was not trans-  bled prosthesis and the strut allograft, which was intro-
posed based on the authors’ discretion duced into the ulnar shaft

Fig.24.9 (a, b) Radiographs after the one-stage revision =~ The olecranon fracture was reduced with a locking
show the new cemented semiconstrained implant in place. ~ compression plate. Interference with the neighboring
Augmentation of the proximal ulna was achieved with a  arthroplasties of the shoulder and wrist joints was avoided

strut allograft invaginated into the intramedullary canal.
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The potential risks are high and must be
minimized by every means: careful preoperative
planning together with the treating rheumato-
logist is imperative and improved surgical
techniques should help to avoid extensor mec-
hanism insufficiencies. Once a TEA has been
implanted, lifelong meticulous skin care and
compliance in terms of weight restrictions are
mandatory to optimally protect the prosthesis
from infection and aseptic loosening. In the case
of a periprosthetic infection, implant stability and
the duration of symptoms are the guiding signs
for further treatment. If symptoms are acute and
implant stability is intact, irrigation and debride-
ment with retention of the implant are the first
line of defense. In the case of septic loosening, a
two-stage revision is recommended. For recurrent
infections, a resection arthroplasty might offer
less risk with comparable pain reduction in con-
trast to additional reimplantations, which the
authors only consider with great caution.
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The algorithm of treatment of the rheumatoid
elbow is derived from the understanding of the
developmental aspects of the disease [1, 2].
Similarly to what has been clearly outlined for
the wrist [3], three evolving patterns may be
described for the rheumatoid elbow: the lytic, the
degenerative type, and the ankylotic. Accordingly,
the therapeutic choices vary in line with the stage
of the disease [4, 5] and its evolution trend [6].
There is, however, a substantial difference in
dealing with the surgical options for the wrist or
the elbow, because joint fusion is an absolute
contraindication for the elbow as this represents
an unsuitable functional limitation for the patient.

In planning the surgical treatment of a rheu-
matoid elbow, one should also take into account
the condition of the ipsilateral DRUJ, given the
strict biomechanical link between the proximal
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radioulnar joint (PRUJ) and distal radioulnar
joint (DRUJ) in forearm pronosupination [7].
Further issues to be considered are the potential
coexisting involvement of the radiocarpal joint
and hand, the rotator cuff, and shoulder joint, as
well as the multi-articular pattern of the disease.
The patient’s functional needs and expectations
should also be discussed, and they should concur
to the tailoring of the surgical program and
rehabilitation.

A classification of the different modalities of
the rheumatoid elbow involvement should be
able to support the therapeutic indication. The
bone stock quality and the tendency to bone
resorption, cyst formation, and progressive insta-
bility versus ankylosis [8—10] should be clearly
appraised. In this regard, the Larson’s staging,
even if handy to be used, should only be consid-
ered as a radiographic definition of the current
state of the affected joint and may not have suf-
ficient clinical relevance.

Our algorithm of treatment is based on classi-
fying five different conditions:

1. Synovitis, antalgic ROM reduction; normal
appearing joint.

2. Synovitis, minor ROM reduction; loss of joint
space, maintenance/minimal alteration of the
subchondral architecture:

a. Uniform
b. Prevailing involvement of the
compartment

radial
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3. Joint stable, ROM reduction, marked joint
space narrowing, cyst formation

4. Instability; gross deformity (“wet type”)

5. Ankylosis

Treatment options can be referred to each
stage or pattern as follows:

1. Synovitis, antalgic ROM reduction; normal
appearing joint:
i. Synovectomy (either arthroscopic or open)
2. Synovitis, minor ROM reduction; loss of joint
space, maintenance/minimal alteration of the
subchondral architecture:
a. Uniform:
i. Synovectomy
b. Prevailing involvement of the
compartment:

i. Synovectomy +radial head resection
(stable joint)

ii. Synovectomy +lateral elbow implant
(unstable joint, capitulum humeri
involved)

iii. Synovectomy +anconeus muscle arthro-
plasty (JIA)

3. Joint stable, ROM reduction, marked joint
space narrowing, cyst formation
i. Late synovectomy
ii. Resurfacing TEA (stable joint—well pre-
served capsuloligamentous structures)
iii. Semi-constrained TEA (tendency to
instability)
4. Instability gross deformity (“wet type”)
i. Semi-constrained TEA
5. Ankylosis
1. Semi-constrained TEA
ii. Interposition arthroplasty (JIA)

radial

Case Examples
Case 1 (Elbow Late Synovectomy)

A 48-year-old patient affected by rheumatoid
arthritis since the age of 25. The onset of the dis-
ease was synovitis of the left wrist. She has mul-
tiple joint involvement including the contralateral
wrist, the right elbow, the left knee, bilateral

ankle, forefoot, and cervical spine. In her 30s she
underwent an open synovectomy of both wrists,
Darrach procedure on the left wrist, and a hemi-
resection of the ulnar head on the right. In 2004
she underwent right ankle synovectomy and left
subtalar fusion. She is under medication with a
weekly administration of etanercept—50 mg,
since 9 years.

Two years ago she was referred to us because
of increasing pain and functional impairment of
her right elbow. Her joint was stable with an anta-
lgic ROM limitation. X-ray showed joint space
narrowing and cyst formation (Fig. 25.1). After
discussing with her the available treatment
options, and taking into consideration her age,
activity and preferences, an open “late” synovec-
tomy of the right elbow was performed (Fig. 25.2)
[11, 12]. A posterior triceps sparing approach was
used in order not to interfere with a possible
future revision to a total elbow arthroplasty. To
date she has good pain control and she has
regained a complete elbow ROM (Figs. 25.3 and
25.4). She was recently scheduled for a left wrist
arthrodesis.

Case 2 (Bilateral Total Elbow Implant)

Long-standing systemic RA. The patient had
been first diagnosed at the age of 52. At the age of
66, he was referred to us with a bilateral painful
elbow. Radiographs showed marked bilateral
joint space narrowing and articular erosions
(Figs. 25.5 and 25.6). Medical treatment had
been hydroxychloroquine for the first 10 years; it
had later been changed to methotrexate and
steroids.

In 1998 he underwent a semi-constrained total
left elbow arthroplasty (Coonrad—Morrey
implant); 2 years after, he had a contralateral
right elbow TEA.

The right ulnar component had to be revised
after 3 years for aseptic loosening due to the ante-
rior impingement of the humeral component
flange with the coronoid (Figs. 25.7 and 25.8).
He is now pain-free with a good functional long-
term result (Fig. 25.9. Left TEA FU, 16 years;
right elbow FU, 14 years).
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Fig. 25.1 (a, b) Elbow late synovectomy: preoperative X-rays. Note joint space narrowing and cyst formation, no

major bone deformity

Fig. 25.2 Elbow late synovectomy: posterior triceps
sparing approach

Case 3 (Homolateral TEA and TWA)

Juvenile idiopathic arthritis. The patient was
referred to us at the age of 37. She had a multi-
articular involvement, with the upper limb joints

prevailing. In 2003 she had a total left wrist
fusion together with EIP to EPL tendon transfer
as EPL tendon rupture had occurred some months
before. Eight months later she underwent a total
right elbow arthroplasty (Figs. 25.10 and 25.11 —
Coonrad—-Morrey implant). In 2005 the evolution
of her right wrist arthropathy led us to consider a
new surgical treatment. Given the pre-existing
homolateral elbow implant, the contralateral
wrist arthrodesis, and the age and work require-
ments of the patient, we discussed with her the
pros and cons of a total wrist arthroplasty versus
a bilateral wrist fusion. A total wrist implant was
then chosen (Fig. 25.12).

In 2010 a CMC arthroplasty of the basal joint
of her left thumb was also performed; a pyrocar-
bon spacer was implanted and a MP thumb fusion
was associated (Fig. 25.13).

Two years ago the humeral component of the
right elbow implant had to be revised for aseptic
loosening due to the polyethylene wear debris
(Fig. 25.14).



Fig.25.3 (a, b) Elbow late synovectomy: X-rays at 2-year follow-up

S

Fig.25.5 (a, b) Bilateral TEA: right elbow preoperative X-rays
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Fig.25.6 (a, b) Bilateral TEA: left elbow preoperative X-rays

Fig.25.7 (a,b)
Bilateral TEA: right
elbow X-rays at 14-year

follow-up
Case 4 (Total Semi-constrained painful joint instability that prevented him from
Discovery Implant) doing his job. Despite biologic medication

(methotrexate and adalimumab), his articular
Psoriatic oligoarthritis. Pain and swelling at the conditions continued to get worse. Daily activi-
right elbow started at the age of 35. Since then, ties and bed rest were also impaired. At the age of
the right elbow condition remained the patient’s 54 he had an Achilles tendon rupture, treated
major complaint because of the synovitis and Wwith a percutaneous suture and complicated by
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Fig.25.8 (a, b) Bilateral TEA: left elbow X-rays at 16-year follow-up

thrombosis of the superficial femoral vein. At the
age of 55 X-rays show gross deformity, malalign-
ment and major erosion of the elbow joint
(Fig. 25.15). A semi-constrained TEA (Discovery
Elbow System) was implanted [13]. At 2-year
follow-up he has a stable, painless joint and
a subtotal functional ROM (flexion—extension:
10°-130°) (Fig. 25.16). He was able to resume his
previous activity as a clay and bronze sculptor. He
wears an elbow brace for his heavier activities.

Case 5 (Brachioradialis Muscle Flap
to Repair Dorsal Skin Dehiscence
after TEA)

Polyarticular RA. Onset of the disease at the age
of 20. The patient had undergone multiple total
joint arthroplasties (bilateral elbow, bilateral
knee and left hip).

She responded poorly to biologic therapy,
and she needed high doses of corticosteroids and
NSAIDs (nonsteroidal anti-inflammatory drugs).
In 2004 she was operated on the right elbow
(stage 4) with a semi-constrained Coonrad—
Morrey total elbow implant. Six months later
she fell on her contralateral elbow and caused a
fracture at the distal third of the humerus. Taking
account of the severe pre-existing arthritic con-
dition of the joint and the distal site of the frac-
ture, we chose to treat both lesions with a total
joint replacement. Two months after surgery, she
developed a dystrophic skin lesion over the
olecranon that eventually evolved into a pres-
sure ulcer exposing the bone (Fig. 25.17). A bra-
chioradialis muscle rotation flap was then
performed (Fig. 25.18) [14] to reconstruct the
posterior soft tissue coverage and padding of
the elbow with a good long-term follow-up
(Fig. 25.19).
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Fig.25.9 (a, b): Bilateral TEA: right elbow flexion—extension at 14-year follow-up. (¢, d) Bilateral TEA: left elbow
flexion—extension at 16-year follow-up. (e, f) Bilateral TEA: bilateral pronation—supination
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Fig.25.10 (a, b) Homolateral TEA and TWA. Right elbow preoperative X-rays

Fig.25.11 (a,b)
Homolateral TEA and
TWA. Right Coonrad—
Morrey TEA. X-rays at
9-year follow-up
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Fig.25.12 (a, b) Homolateral TEA and TWA. Right wrist implant at 9-year follow-up

Fig.25.13 (a, b) Homolateral TEA and TWA. Left wrist fusion associated to pyrocarbon CMC spacer and MP thumb
fusion



Fig.25.14 Homolateral
TEA and TWA. Humeral
component revision for
aseptic loosening

Fig.25.15 (a, b) TEA in psoriatic oligoarthritis. Right elbow preoperative X-rays
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Fig.25.16 (a, b) TEA in psoriatic oligoarthritis. Total semi-constrained discovery implant at 2-year follow-up

Fig.25.17 Polyarticular
RA. Dorsal skin
dehiscence following
left TEA
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Fig.25.18 Dorsal skin dehiscence: pedicled brachioradialis muscle flap. (a) The BR muscle is isolated, (b) the proxi-
mal vascular pedicle is identified, and (c, d) rotation of the flap and coverage of the olecranon exposure

Fig.25.19 BR flap. Clinical
control at 7-year follow-up
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results, 114
technique, 112-114
tendon reconstruction, 112
extensor tenosynovectomy
cutoff values, 109
results, 110
technique, 109-110
flexor tendon ruptures
causes, 107
indication, 107
partial/total wrist fusion, 107

results, 108
technique, 108-110
flexor tenosynovectomy
results, 107
technique, 105-106
wrist balancing procedures, 114-116
wrist synovectomy
mild joint destruction, 110
results, 111-112
technique, 111
Rheumatoid factors (RFs)
ACPA, 15, 16
autoimmune priming, 15
biologic and non-biologic pharmaceutical
agents, 16
chronic inflammation, 16
clinical symptoms and signs, 16
sensitive imaging techniques, 17
synovitis, 15
Rheumatoid wrists, 171
case management
DRUJ, 178-182
surgical treatment, 180-182
X-rays, 146

S
Sauvé-Kapandji (SK) procedure, 101, 178
Silicone metacarpophalangeal arthroplasty (SMPA), 231,
242-244
Surgical interventions
clinical observations, 7
infection rates, 6
joint replacement surgery, 6
perioperative setting, 6
silent destruction, 8
soft tissue reactions, 8
wrist fusion and metacarpophalangeal
arthroplasties, 8
Surgical management, 54, 56
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MCP joint
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