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Foreword

The diagnosis and management of rarer medical conditions is fascinating for any 
physician. Like all clinicians, since the time of my training, I get excited when mak-
ing a diagnosis of a rare rheumatic disease. These cases are the basis of many grand 
rounds, postgraduate rheumatology meetings, and case reports in medical journals. 
Their diagnosis requires a high index of suspicion and they are generally challeng-
ing to manage. Not only they can masquerade as more common rheumatic condi-
tions, but there are also no guidelines on management to follow. As the literature on 
these conditions grow, more and more clinicians are likely to diagnose and manage 
them better.

This book, Rarer Arthropathies, provides expert reviews on 19 conditions. There 
is scant literature on most of these. Conditions such as malignancies, sarcoidosis, 
tuberculosis, and leprosy can have bothersome musculoskeletal manifestations and 
timely recognition of these would help clinicians treat these patients better. 
Ochronosis, basic calcium phosphate-associated arthritis, multicentric reticulohis-
tiocytosis, and RS3PE are though rare conditions but may pose diagnostic and ther-
apeutic challenge. Rarer is an appropriate title for this book since some of the 
conditions such as palindromic rheumatism and diabetic cheiroarthropathy are not 
that uncommon. Others such as those associated with treatment by Immune 
Checkpoint Inhibitors are becoming more common as more patients are treated with 
these new treatments. Moreover, knowledge of musculoskeletal manifestations of 
hemochromatosis and fluorosis is important for correct attribution of the manifesta-
tions to these causes. On the other hand, recognition of hypertrophic osteoarthropa-
thy is the key to a search for its cause. The volume is further enriched by up-to-date 
text on SAPHO syndrome and arthritis linked to Chikungunya virus and Brucellosis.

The editors have done a commendable job in bringing together these interesting 
topics in one volume and engaging authors with tremendous clinical experience and 
academic repute in the respective fields. Their expertise and knowledge, provides a 
bird’s eye view at the beginning and then take the reader through the details on each 
topic. The text follows a structure, which remains largely uniform through all the 



x

chapters, making it easy to read and also locate the desired detail. Overall, this book 
provides an invaluable resource for busy practicing clinicians supporting them in 
the diagnosis and management of these rarer arthropathies.

Professor Ernest Choy
Head of Rheumatology and Translational Research 

Institute of Infection and Immunity
Director of Arthritis Research UK CREATE Centre  

and Welsh Arthritis Research Network (WARN)
Cardiff University School of Medicine

Cardiff, UK

Foreword
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Preface

Rheumatic diseases are fascinating as well as challenging to diagnose and manage. 
They can trick even the most experienced of clinicians at times. In general, these 
diseases often do not exhibit all the characteristics at presentation and evolve over 
time. Arthritis can be the presenting manifestation of a varied spectrum of autoim-
mune rheumatic diseases; it can also be seen in the settings of infections, malignan-
cies, and metabolic diseases. Thus, the diagnosis of these rarer arthropathies is a 
challenge, especially at stages where they do not show features other than that of 
musculoskeletal system. For a clinician, the diagnosis of a rare disease or the rare 
presentation of an otherwise common disease brings satisfaction, and the patients 
get a timely diagnosis and the appropriate treatment. However, in the absence of an 
awareness of these conditions, one is more likely to miss the diagnosis as these rare 
arthropathies often mimic the relatively more common entities such as rheumatoid 
arthritis, spondyloarthritides, or other connective tissue disorders. Missing a malig-
nancy or an infection (considering you may be planning to use immune modulators 
if you think it is an autoimmune disease) could spell disaster.

The literature available on many of these rare conditions is still extremely lim-
ited. In this context, our endeavors of compiling the existing knowledge in this book 
should hopefully prove useful for clinicians. This volume Rarer Arthropathies has 
19 well thought out chapters covering a range of topics from rare arthropathies 
associated with systemic autoimmune diseases, metabolic diseases, and infections 
to malignancies. The authors, from five different continents, are authorities in their 
respective fields and have discussed the topics threadbare in an easy-to-understand 
format. The authors have been researching in these and associated areas and their 
depth of knowledge and understanding of the topic can be appreciated in this book.

The first five chapters discuss rare arthropathies associated with or variants of 
systemic autoimmune diseases. Chapter 1 is a review of palindromic rheumatism, a 
condition often considered related to rheumatoid arthritis. Chapter 2 details the pat-
terns of musculoskeletal involvement in sarcoidosis, the role of imaging and the 
differentiation of the condition from tuberculosis. Chapter 3 reviews remitting sero-
negative symmetrical synovitis with pitting edema (RS3PE), a close mimic of many 
of the common rheumatic diseases and at times the presenting manifestation of an 
underlying malignancy. Chapter 4 discusses multicentric reticulohistiocytosis, an 
extremely rare condition with only around 300 cases reported in the literature. 



xii

Chapter 5 reviews SAPHO syndrome, sometimes considered a variant of psoriatic 
arthritis.

Chapter 6 on basic calcium phosphate arthropathies discusses the recognition 
and management of the Milwaukee shoulder syndrome and calcific periarthritis. 
Chapter 7 on neuropathic osteoarthropathy discusses this often unrecognized and 
sub-optimally managed condition and has many excellent clinical images.

The next four chapters cover metabolic diseases presenting as arthropathies. 
Chapter 8 details musculoskeletal manifestations of diabetes with special focus on 
cheiroarthropathy. Chapter 9 discusses the features and recognition of arthropathy 
in hemochromatosis, its genetics and the outcomes with currently available therapy. 
Chapter 10 on skeletal fluorosis, a condition endemic to the Asian and African coun-
tries, discusses the various skeletal manifestations and the preventive strategies. 
Chapter 11 discusses the pigment deposition disease ochronosis and its differentia-
tion from close mimics such as like ankylosing spondylitis and osteoarthritis.

The next four chapters are on arthritis associated with infections, of which tuber-
culosis with its myriad osteo-articular manifestations (Chap. 12) and leprosy which 
is a close mimic of autoimmune inflammatory arthritis (Chap. 13) are more com-
mon in tropical and developing countries. Chikungunya (Chap. 14) though also 
endemic in the tropics has spread globally since the late 2000s, while Brucella 
arthritis (Chap. 15) is also seen in the Mediterranean region and Middle East. But 
all of these diseases have increasing global relevance in today’s world due to 
increasing migration and travel.

Chapter 16 details hypertrophic pulmonary osteoarthropathy, a condition that 
should not be missed as it is usually secondary to an underlying disease which at 
times can be sinister. Chapter 17 discusses the patterns of carcinomatous arthritis, 
with useful clinical pointers to underlying malignancy. Chapter 18 covers the iden-
tification and tailored management of arthritis associated with immune checkpoint 
inhibitors. Last but not least, Chap. 19 covers still rarer arthropathies of amyloidosis 
and sickle cell disease and conditions namely Jaccoud’s arthropathy and arthritis 
robustus, which have a serious dearth of available literature on them.

The book brings together these heterogenous conditions on the accounts of their 
rarity and their association with arthropathy. The chapters have illustrative tables 
and flowcharts to emphasize the important take-home messages for the readers. 
They contain several original clinical, histopathological, and radiographic images.

We hope the book would interest not only the rheumatologists and the physicians 
managing rheumatic diseases, but all clinicians as patients with these multisystem 
diseases more often present to other specialists and the primary care physician.

Calicut, Kerala, India Vinod Ravindran  
Chennai, Tamil Nadu, India  Sham Santhanam  
Udaipur, Rajasthan, India  Mohit Goyal   

Preface
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1Palindromic Rheumatism

Davide Corradini, Kulveer Mankia, and Andrea Di Matteo

1.1  Introduction

Palindromic rheumatism (PR) is an inflammatory condition that is characterized by 
recurring episodes of pain and swelling in and around the joints (i.e., “flares”), 
which usually affect either one joint at a time or a few joints together [1].

The word “Palindromic” is derived from the ancient Greek term “Palin dromein,” 
which means “running back again” or “to go backwards”. In its current use, a “pal-
indrome” indicates a word or a phrase that is arranged symmetrically around an 
axis, and consequently it can be spelt the same backward and forward [2]. The term 
“Palindromic Rheumatism” was used for the first time by Hench and Rosenberg, 
who described this condition in 1944 [3]. The term “rheumatism” was preferred by 
the authors to “arthritis” to reflect the typical involvement of peri-articular soft tis-
sues, rather than purely the joints, during the flares [1].

Flares of PR may last from a few hours to several days, but usually less than a 
week, and do not cause structural joint damage or permanent disability [4]. The 
intermittent behavior of PR (i.e., the patients are characteristically asymptomatic 
between the flares) is the key difference that distinguishes this condition from other 
arthritides, such as rheumatoid arthritis (RA), where joint inflammation becomes 
persistent if not properly treated [1].

D. Corradini 
Rheumatology Unit, University of Cagliari and AOU University Clinic of Cagliari, 
Monserrato, Italy 

K. Mankia 
Leeds Institute of Rheumatic and Musculoskeletal Medicine, University of Leeds, Leeds, UK
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Although encountered regularly by most rheumatologists, PR is often regarded 
as a relatively rare disease. The true incidence is not known. In a retrospective study 
on around 5000 patients with musculoskeletal symptoms, PR was diagnosed in 
2.6% of patients [5]. Similar to RA, women are generally more affected than men 
(although some studies suggest equal sex distribution) and the average age of dis-
ease onset is around 40–45 years [6, 7].

1.2  Pathogenesis

The etiopathogenesis of PR is not completely understood and remains a matter of 
active debate between experts in the field. PR has been traditionally seen in close 
connection with RA, with which it shares autoimmune, genetic, and clinical factors 
[1]. Several studies have demonstrated that around 50% of PR patients will evolve 
into RA at some point during the disease. The clinical, genetic, and immunological 
similarities, and the evolution to RA in a considerable proportion of PR patients, 
suggest that PR may represent a prodromal phase of RA with relapsing-remitting 
symptoms (a “pre-rheumatoid state”), or an “at-risk” stage of the RA “continuum,” 
rather than a distinct disease entity [6].

Patients with PR have an increased prevalence of HLA-DR shared epitope (SE) 
alleles compared with controls, which is the strongest genetic risk factor for RA. In 
patients with PR, homozygosity for SE alleles has been demonstrated to increase 
the risk of progression to persistent arthritis, and in particular RA [8]. Moreover, 
RA-related autoantibodies, such as anti-citrullinated protein antibodies (ACPA) and 
rheumatoid factor (RF), are frequently encountered in patients with PR (from 39 to 
68% according to different studies), and often at high titers [5, 9]. Other than ACPA, 
a recent study also reported on the increased prevalence of anti-carbamylated auto-
antibodies (a class of antibodies recently described in RA patients) in patients with 
PR [10].

While the shared genetic/autoimmune background and some clinical features 
(i.e., the pattern of joint involvement) advocate a close link between PR and RA, the 
ultrasound (US) findings detectable in these two conditions are considerably differ-
ent. The typical US appearance of a RA joint consists of intra-articular synovial 
hypertrophy, which often exhibits increased vascularization, and bone erosions and/
or cartilage damage as signs of structural damage. Conversely, the US findings of 
patients with PR show a high prevalence of extracapsular/extra-articular inflamma-
tion (Fig. 1.1), such as tenosynovitis, peri-tendonitis of the extensor tendons of fin-
gers, and peri-articular inflammation, but often no synovitis and rarely bone 
erosions [11].

Another potential mechanism in the etiopathogenesis of PR is auto- 
inflammation. The relapsing-remitting behavior and clinical presentation of PR 
flares (i.e., sudden- onset, skin erythema, and intense pain/tenderness) are similar 
to that seen in patients with microcrystalline arthritis [e.g., gout or calcium pyro-
phosphate deposition disease (CPPD)] or auto-inflammatory conditions, such as 
Familial Mediterranean Fever or Whipple’s disease [12]. Moreover, the potential 

D. Corradini et al.
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Fig. 1.1 Ultrasound findings of a PR flare. Longitudinal view of the fourth proximal interphalan-
geal joint in a patient with palindromic rheumatism. The image shows subcutaneous, peri- tendinous 
edema (arrow) while no synovitis is detected (asterisk). (Courtesy of A.  Di Matteo, private 
collection)

efficacy of colchicine (commonly used in the management of the above condi-
tions) in the prevention of flares in PR represents an additional factor supporting 
the auto-inflammatory hypothesis for PR [13]. Finally, in a recent Spanish study 
on 65 PR patients, MEFV mutations in at least one allele were found in more than 
10% of patients, and more commonly in those who were ACPA-negative [10]. 
Mutations of MEFV have also been documented in patients with intermittent 
hydrarthrosis, a rare condition characterized by transient episodes of joint swell-
ing and effusion mainly involving the knees. Patients with intermittent hydrar-
throsis usually do not progress to persistent arthritis and show negative RA-related 
antibodies [14]. These findings raise the hypotheses that auto-inflammatory genes 
play a key role in the etiopathogenesis and clinical manifestations of PR and 
should be investigated, especially in those patients who have negative RA-related 
antibodies [15].

1.3  Clinical Features

The nature of PR flares is unpredictable. Acute attacks of PR are always of sudden- 
onset, without any prodrome. Symptoms rapidly escalate, usually reaching their 
peak within a day. The duration of the flares may range from a few hours to up to a 
week maximum, generally lasting for 2 or 3  days [1]. The topography of joint 
involvement in PR is analogous to that observed in patients with RA. The most 
commonly affected joints are wrists, metacarpophalangeal (MCP) joints, and proxi-
mal interphalangeal joints (PIP), while the knees and ankles are less frequently 
involved [5]. The spine and the sternoclavicular joints are generally spared in both 
conditions. The knee and ankle are involved in around 30–40% of patients. Less 
common is the involvement of elbows and hip joints (<20% of cases) [9]. Affected 
joints present the typical signs of inflammation: tenderness (which may be extremely 
severe), swelling, and warmth. Erythema of the overlying skin can be observed. 

1  Palindromic Rheumatism
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Systemic symptoms, such as fever, are usually absent. At the end of the attack, 
symptoms remit completely leaving the patient asymptomatic and without residual 
disability [3].

The natural history of PR follows three main outcomes: clinical remission of the 
disease (in around 15% of patients); recurrence of flares (without evolution into 
persistent arthritis) in 40–50% of patients; and evolution into another rheumatic 
disease, most commonly RA (in around 50% of patients) [4]. Interestingly, progres-
sion to RA mostly occurs within the first 2 years of disease onset, and very uncom-
monly after 10 years [5, 8]. In recent years, several potential risk factors for evolution 
into RA have been identified in patients with PR.  The most studied and well- 
characterized are ACPA-positivity, homozygosity for SE, female sex, and hand 
involvement [5]. However, the presence of these predisposing factors is not suffi-
cient to determine progression to RA in PR patients. Indeed, there is a fixed propor-
tion of ACPA-positive PR patients who do not develop RA [9] thus suggesting that 
other genetic or environmental factors (or a combination of such factors) play a 
determinant role in the development of chronic arthritis. An important factor to take 
into account in the interpretation of these data is that most PR patients were on 
disease-modifying anti-rheumatic drugs, which may potentially have influenced 
their rate of progression to RA.

1.4  Diagnosis

1.4.1  Differential Diagnosis

In the last 75 years, several classification criteria have been proposed for PR, none 
of which has been validated or universally adopted [9, 16–18]. As shown in 
Table 1.1, these criteria share some common features: history of recurring, sudden- 
onset episodes of arthritis, involvement of at least two different joints during differ-
ent attacks, and direct observation of the attack by the physician.

Therefore, the diagnosis of PR remains clinical, and it is mainly based on the 
typical relapsing-remitting presentation of the disease, and on the exclusion of other 
possible diseases that can cause intermittent arthritis/periarthritis (Table 1.2).

During flares, laboratory tests may show an increase of acute phase reactants, such 
as C-reactive protein and fibrinogen. Erythrocyte sedimentation rate may be normal or 
moderately raised. Hemoglobin is usually normal [15]. Positive RA-related antibod-
ies, such as ACPA or RF are frequently identified and can be useful to establish a 
diagnosis of PR in the context of typical clinical features. However, the detection of 
ACPA may be a double-edged sword, potentially leading the physician to a wrong 
diagnosis of RA with a consequent risk of over-treatment; a thorough clinical assess-
ment, including imaging where possible, is therefore essential. For example, the iden-
tification of extracapsular inflammation without synovitis with a compatible history 
and examination would suggest the patient has PR rather than early RA. The duration 
and persistence of symptoms, as well as the imaging pattern [11], are the most impor-
tant features to consider in the differential diagnosis between PR and 

D. Corradini et al.
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Table 1.1 Main classification criteria proposed for palindromic rheumatism

Authors (Year) Criteria
Pasero and 
Barbieri [16] 
(1986)

1.  History of sudden-onset, recurrent attacks of mono-arthritis
2.  Direct observation of an attack by a physician
3.  >5 attacks in the last 2 years
4.  >2 joints involved (in different attacks)
5.  Negativity for X-ray alterations, elevation of acute phase reactants 

and for rheumatoid factor
6.  Exclusion of other recurrent mono-arthritis (e.g., gout, 

chondrocalcinosis)
Hannonen [9] 
(1987)

1.  Recurrent attacks of sudden-onset mono/polyarthritis and para- 
articular soft tissue inflammation lasting from a few hours to 1 week

2.  Direct observation of an attack by a physician
3.  >3 joints involved (in different attacks)
4.  Exclusion of other arthritis

Guerne and 
Weissman [17] 
(1992)

1.  6-month-history of sudden-onset, recurrent episodes of mono/
polyarthritis or soft tissue inflammation

2.  Direct observation of an attack by a physician
3.  >3 joints involved (in different attacks)
4.  No X-ray erosions
5.  Exclusion of other arthritis

Gonzalez-Lopez 
[18] (2000)

Diagnosis of palindromic rheumatism by a rheumatologist and history of 
brief sudden-onset recurrent episodes of mono/polyarthritis and at least 
two of the following:
    –  Direct observation of an attack by a physician
    –  >5 attacks in 2 years
    –  >3 joints involved (in different attacks)
    –  No X-ray alterations
    –  Exclusion of other mono-arthritis

RA. Microcrystalline arthropathies, such as gout or CPPD, should also be considered. 
The clinical presentation of gout, CPPD, and PR is similar (i.e., sudden-onset, painful 
acute attacks with articular and peri-articular involvement). Different to PR, the first 
metatarsophalangeal joint is typically involved in gout (“podagra”). Gout should be 
considered as one of the differential diagnoses in patients with episodic mono or oli-
goarthritis. It can be confirmed by demonstration of uric acid crystals in the synovial 
fluid or by typical imaging findings on ultrasonography in the background of elevated 
uric acid levels. CPPD flares have a predilection for large joints (knee, shoulder, hip) 
and can last longer than a week.

Predisposing conditions for recurrent episodes of arthritis or tenosynovitis, such 
as inflammatory bowel diseases, skin psoriasis or recent infections (i.e., gastrointes-
tinal, genitourinary, or respiratory) should also be investigated.

1.4.2  Imaging

Regarding imaging, conventional radiography (CR), magnetic resonance imaging 
(MRI), and US are helpful in the diagnosis of PR. CR is useful to document the 
absence of bone erosions. Indeed, all the proposed classification criteria [9, 16–18] 
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Table 1.2 Differential diagnosis of palindromic rheumatism

Microcrystalline arthropathies
    –  Gout
    –  Calcium pyrophosphate deposition disease
    –  Hydroxyapatite arthritis
Systemic autoinflammatory disorders
    –  Familial Mediterranean fever
    –  TRAPS syndrome (Tumour necrosis factor-associated periodic syndrome)
    –  CAPS syndrome (Cryopyrin-associated periodic syndrome)
    –  Mevalonate kinase deficiency
Infectious/reactive arthritis
    –  Septic arthritis
    –  Reactive arthritis
    –  Lyme disease
    –  Whipple’s disease
Others
    –  Rheumatoid arthritis
    –  Psoriatic arthritis
    –  Behcet’s disease
    –  Sarcoidosis
    –  Arthritis associated with inflammatory bowel disease or celiac disease
    –  RS3PE (Remitting seronegative symmetric synovitis and pitting edema)
    –  Intermittent hydrarthrosis
    –  Familial hyperlipoproteinemia
    –  Hereditary angioedema
    –  Relapsing polychondritis

for PR include the absence of radiographic damage. If bone erosions are detected, a 
different diagnosis should be considered, in particular, RA [16]. CR is also useful to 
detect the presence of calcium pyrophosphate crystal deposits, which should raise 
the suspicion of CPPD.

On MRI, typical findings consist of extracapsular involvement, such as subcuta-
neous edema, tenosynovitis (effusion and/or postcontrast enhancement within the 
tendon sheath), peri-tendinous edema (peri-tendinous effusion and/or postcontrast 
enhancement outside the tendon sheath), and peri-articular inflammation (extracap-
sular effusion and/or postcontrast enhancement of the extracapsular tissue) [1]. 
Synovitis has also been documented but almost always occurs alongside extracap-
sular inflammation [11]. This is different from RA, where isolated intra-articular 
inflammation is often seen.

The US is particularly useful for the detection of extracapsular inflammation dur-
ing flares, such as tenosynovitis, peri-articular soft tissue inflammation, and peri- 
tendinous edema. Generally, no subclinical inflammation is observed during the 
asymptomatic phases of the disease [11]. The presence of isolated extracapsular 
inflammation is an important finding which can help in the differential diagnosis 
between PR and RA [11, 19]. In the latter, synovitis (with or without joint damage) 
is the predominant US abnormality [19]. However, peri-articular inflammation on 
the US has also been observed in other rheumatic conditions, such as psoriatic 
arthritis [20] and systemic lupus erythematosus [21], and therefore cannot be 
regarded as a specific feature of PR.

D. Corradini et al.



7

US is also useful for the identifications of crystal deposits, which may indicate 
the presence of gout or CPPD, the main conditions to consider in the differential 
diagnosis of PR. Other than the “double contour sign,” which is arguably the most 
representative US finding in patients with gout, articular and tendinous monoso-
dium urate microcrystal deposits of various morphology (i.e., “hard tophi,” “soft 
tophi,” “uratic clouds”) can be detected in patients with gout [22]. On the other 
hand, the detection of hyperechoic spots/deposits within the hyaline fibrocartilage 
(i.e., the femoral condyle hyaline cartilage), or in the fibrocartilaginous structures of 
the knee (i.e., menisci), wrist (i.e., triangular fibrocartilage), and hip (i.e., acetabu-
lum) suggest the diagnosis of CPPD [23].

1.5  Management

The management of patients with PR is notoriously difficult; because of the absence 
of clinical trial data and universally agreed guidelines for the treatment of PR, this is 
largely based on the clinician’s personal preferences and experience [24]. Over the 
last 75 years, several treatments for PR have been described in the literature (Table 1.3).

Table 1.3 Main pharmacological treatments for palindromic rheumatism

Therapeutic goal Treatment
Treatment of acute attacks Nonsteroidal anti-inflammatory drugs (NSAIDs)

    –  Acetylsalicylic acid
    –  Indomethacin
    –  Naproxen
Systemic corticosteroids
    –  Prednisone
Analgesics
    –  Paracetamol

Prevention of flares Conventional disease-modifying anti-rheumatic drugs 
(DMARDs)
    –  Antimalarials (best evidence)
    –  Azathioprine
    –  Leflunomide
    –  Methotrexate
    –  Sulphasalazine
    –  D-penicillamine (not used in current 

rheumatology practice)
    –  Gold (not used in current rheumatology practice)
Biological DMARDs
    –  Rituximab (promising role)
Colchicine
Systemic steroids
    –  Prednisolone

Prevention of rheumatoid arthritis 
development

Conventional DMARDs
    –  Antimalarials (promising role)
    –  Gold (not used in current rheumatology practice)
Biological DMARDs
    –  Rituximab (promising role)

1 Palindromic Rheumatism
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However, no randomized controlled trials have been carried out to evaluate 
the efficacy and safety of these treatments, with the majority of the studies 
addressing these aspects being case reports, case series, or small single-center 
retrospective studies being published more than 20 years ago. Treatments in PR 
are usually administered with the following purposes: to reduce the pain and 
inflammation during flares, to prevent or reduce the incidence of flares or their 
intensity, and to prevent progression to persistent arthritis. Nonsteroidal anti-
inflammatory drugs, or short-term courses of oral corticosteroids, are commonly 
considered first-line therapy to control symptoms during acute attacks. 
Interestingly, despite these treatments being widely used in daily clinical prac-
tice, data supporting their efficacy for the treatment of PR flares are scarce [1]. 
The “autoinflammation hypothesis” provides the rationale for the use of colchi-
cine. However, no study has ever evaluated the efficacy of colchicine during 
flares. Similarly, no studies investigating the potential role of interleukin-1 inhib-
itors have been carried out.

For the prevention of recurrent attacks, there is some evidence supporting the use 
of antimalarial drugs (i.e., hydroxychloroquine or chloroquine). In a non- randomized 
study of 90 patients with PR, hydroxychloroquine resulted in disease remission in 
half of the patients [8]. Similar results were observed in a more recent study, where 
clinical records of 92 patients were retrospectively analyzed; antimalarials use 
resulted in a reduction of the number and intensity of flares in 50% of patients [25]. 
While minimal evidence supports the use of methotrexate [17] or sulfasalazine [10], 
good results in preventing the recurrence of flares were observed in studies evaluat-
ing the efficacy of gold [9, 26, 27] and D-penicillamine [9]. However, these treat-
ments are not part of the current rheumatology therapeutic armamentarium because 
of their toxicity.

Only one study has evaluated the value of biologic agents, with rituximab effec-
tive in preventing flares in a cohort of 33 patients with refractory PR [28]. Regarding 
the prevention (or delay) of the development of persistent arthritis, limited data sup-
port the promising role of antimalarials [5, 6, 8, 29].

1.6  Conclusion

Palindromic rheumatism is a distinctive clinical condition with a close connection 
with RA. The current evidence suggests two potentially different mechanistic path-
ways in the pathogenesis of PR: autoimmunity (that may lead to RA) and acute 
attacks with features of an auto-inflammatory component.

The diagnosis of PR is clinical and based on the typical behavior of the disease; 
short-lasting (i.e., less than a week) recurring flares of articular and peri-articular 
pain and swelling (i.e., “flares”), without residual disability or joint structural dam-
age are characteristic. Imaging can support the diagnosis of PR by the detection of 
peri-articular, rather than just articular inflammation, and by showing the absence of 
joint structural damage (i.e., bone erosions).
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The optimum treatment strategy for PR, especially for the treatment of acute 
flares, remains largely undefined. The most robust available evidence supports the 
use of antimalarials (i.e., hydroxychloroquine) to reduce the recurrence of PR flares 
and help obtain disease remission.
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2Sarcoid Arthropathy

Edward Alveyn, Rositsa Dacheva, James Galloway, 
and Marwan Bukhari

2.1  Introduction

Although sarcoidosis was first described in the late nineteeth century, musculoskel-
etal involvement in sarcoid was not recognized for another 50  years. Davis and 
Crotty described in 1952 the case of a 24-year-old white female who presented with 
polyarthritis in the context of granulomatous skin disease and hilar adenopathy. 
They attributed the symptoms to two distinct diagnoses—sarcoidosis and rheuma-
toid arthritis—but looking back with our current understanding of the disease it is 
highly likely they were describing sarcoid arthropathy [1]. Since those early descrip-
tions of musculoskeletal sarcoid, there have been many papers reporting the myriad 
patterns of joint involvement ranging from monoarthritis and polyarthritis to axial 
spondyloarthritis. Muscle and skeletal lesions are also well reported.

Epidemiological studies suggest that between 10 and 15% of people with sarcoidosis 
develop musculoskeletal manifestations [2–4]. This may well be an underestimate since 
the diagnosis is sometimes challenging in people with articular complaints alone and 
sarcoid arthropathy is usually only diagnosed when other extra-articular organs are 
affected (most patients presenting with musculoskeletal involvement do not get a tissue 
diagnosis). Numerous phenotypes of articular and skeletal sarcoid exist, ranging from 
the acute presentation of ankle swelling in Löfgren’s syndrome to chronic synovitis, 
tenosynovitis, nonerosive arthropathy, and dactylitis, in addition to isolated bone disease.
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2.2  Clinical Features

2.2.1  Löfgren’s Syndrome

The most classic, easily recognized manifestation of sarcoid is Löfgren’s syndrome, 
characterized by the triad of hilar lymphadenopathy, ankle pain, and erythema 
nodosum typically in the lower limbs. The clinical presentation is often around 
spring, and the lymphadenopathy is usually asymptomatic [5, 6]. On careful exami-
nation of the joint, the swelling is usually periarticular rather than of true ankle 
synovitis. Ultrasound or radioisotope imaging demonstrates a pattern of disease 
affecting subcutaneous tissues and tendon structures rather than the intra-articular 
space [7]. The erythema nodosum is typically over the anterior shins and is more 
common in women presenting with Löfgren’s rather than men. Löfgren’s usually 
affects the lower limbs and it is less common to see small joint involvement in this 
syndrome [8].

Laboratory investigations in Löfgren’s demonstrate mild elevation of inflamma-
tory markers and in about 15% of people there is an elevated serum angiotensin- 
converting enzyme (ACE), but the presence of ACE is neither diagnostic nor a 
predictor of outcome [9, 10]. Genetically, there are associations with polymorphism 
in the HLA gene (e.g., HLA-DQB1*0201) [11]. The vast majority of patients with 
Löfgren’s recover without any intervention, with symptoms lasting between 3 and 
6 months. Treatment is entirely symptomatic; most patients manage with nonsteroi-
dal anti-inflammatory drugs (NSAIDs) alone or with a low dose of corticosteroids 
for a short period [12].

A closely related clinical syndrome to Löfgren’s is Heerfordt’s syndrome (uveo- 
parotid fever), characterized by parotid gland enlargement, uveal inflammation, and 
occasionally cranial nerve palsy [13, 14]. The prognosis of Heerfordt’s syndrome is 
less well-described in the literature, but in many cases follows a pattern of spontane-
ous resolution. Other patterns of sarcoid involving other tissues such as the lung 
parenchyma, myocardium, or other visceral organs are not recognized in Löfgren’s 
syndrome. These usually correspond to a higher risk of chronic disease.

2.2.2  Chronic Arthritis

Among patients with long term sarcoidosis, the most frequent manifestations are in 
the lung parenchyma and the skin; chronic joint inflammation is relatively uncom-
mon, affecting between 1 and 5% of patients. In contrast to the typical presentation 
of Löfgren’s, elevated levels of serum ACE or serum soluble interleukin-2 receptor 
(sIL2R) are more common in chronic arthritis (in over 50% of patients) reflecting a 
higher total background burden of granuloma. There are four main patterns of 
chronic arthritis recognized in sarcoidosis [15]:

 1. Nondeforming polyarthritis with granulomatous synovitis
 2. Chronic tenosynovitis
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 3. Nonerosive Jaccoud’s pattern deforming arthropathy
 4. Dactylitis

2.2.2.1  Granulomatous Synovitis
Chronic arthritis characterized by granulomatous inflammation within the synovium 
is rare but well-described [16]. Affected joints can include both the lower limb artic-
ular structures involved in Löfgren’s, but also the small joints of the hands or feet 
and rarely the sacroiliac joints. Inflammatory back pain in patients with sarcoidosis 
certainly justifies the use of magnetic resonance imaging for further evaluation. A 
study performed in Birmingham, UK in which patients with sarcoidosis were sys-
tematically evaluated for the presence of sacroiliac disease observed that over 6% of 
patients had radiographic evidence of spondyloarthropathy [17]. There are certainly 
some similarities between seronegative spondyloarthritis and sarcoidosis, including 
the association with inflammatory eye and lung disease and spinal inflammation. It 
is however important to highlight that although there are some clinical similarities, 
the diseases are distinct as there is no association of HLA-B27 with the spondyloar-
thritis seen in sarcoid.

2.2.2.2  Tenosynovitis
Tenosynovitis is well-described in the setting of sarcoid, commonly in the absence 
of arthritis [18]. Clinically, there is often visible swelling around either the anterior 
tendon structure of the ankle or the extensor tendon compartments of the wrist. The 
recognition of tenosynovitis has advanced with the advent of widely available ultra-
sound imaging, and several studies show that a high proportion of people with sar-
coid predominantly have tendon inflammation rather than joint inflammation. 
Clinically it can be hard to separate the two although, in general, there is less restric-
tion of joint movement with tenosynovitis compared with arthritis. The characteris-
tic ultrasound features of tenosynovitis are demonstrated in Fig. 2.1.

Fig. 2.1 Doppler ultrasound image of the wrist and distal forearm, showing intra-substance ten-
don heterogeneity, tendon sheath inflammation, and synovial hypertrophy with Doppler signal 
visible in both tendons and sheath, all suggestive of active soft tissue inflammation

2 Sarcoid Arthropathy
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Fig. 2.2 Sarcoid dactylitis 
of the fingers, causing 
painless digital swelling

2.2.2.3  Jaccoud’s Arthropathy
Jaccoud’s arthropathy describes a nonerosive joint deformity with characteristic 
metacarpophalangeal subluxation and ulnar deviation. The pattern was first 
described in the context of systemic lupus erythematosus, but is observed in many 
other diseases including sarcoid and may accompany multisystem involvement [19].

2.2.2.4  Dactylitis
Dactylitis is usually seen as a characteristic feature of seronegative spondyloar-
thropathies. It is however a very important pattern to recognize in sarcoid and is 
clinically distinct from the dactylitis observed in, for example, psoriatic arthritis or 
reactive arthritis. Patients with sarcoid typically describe a painless, progressive, 
asymmetrical process with an often-deep violaceous discoloration to the overlying 
skin, and without any nail changes characteristic of psoriatic arthritis (Fig.  2.2). 
There are almost universal underlying bone changes in patients with sarcoid dacty-
litis—initially, a lattice-like appearance of the bony architecture is seen—particu-
larly affecting the shafts of the phalanges (in contrast to psoriatic arthritis in which 
the osseous destruction commences at the articular margin). Over time these changes 
lead to bone resorption and often shortening of the digits, although again the appear-
ance is quite distinct to that of arthritis mutilans of psoriatic arthritis [20].

2.2.3  Sarcoid Bone Disease

Osseous involvement is a rare form of extrapulmonary sarcoidosis, affecting an esti-
mated 1–13% of people [21]. Bone sarcoidosis is often asymptomatic. The proposed 
mechanism of its pathogenesis is elevated levels of calcitriol driving increased osteo-
clastic activity leading to bone resorption. Sarcoid bone lesions are variable in their 
appearance on imaging and may be visible as lytic lesions (as shown in Fig. 2.3) 
characterized by cortical defects with preservation of the periosteum (e.g., in the pha-
langes of hands and feet), permeative “moth-eaten” appearances or destructive, scle-
rotic lesions [22]. Osseous involvement is often associated with chronic cutaneous 
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Fig. 2.3 Lytic lesions of 
the phalanges of the hands 
in a patient with 
sarcoidosis, showing lacy 
or lattice-like appearances, 
bone resorption and joint 
destruction, most 
prominently at the 
interphalangeal joints of 
the fifth digits

Table 2.1 The typical articular and osseous manifestations of sarcoidosis

Types of 
involvement Clinical features Imaging
Löfgren’s 
syndrome 
arthropathy

Acute ankle pain and swelling, 
usually without a clear effusion, in 
the presence of erythema nodosum 
and respiratory symptoms

Ultrasound: Periarticular 
inflammation of the subcutaneous 
tissues and tendons around the ankle
Chest radiography: Hilar 
lymphadenopathy

Granulomatous 
synovitis

Synovitis of the hands or feet with 
or without periarticular 
inflammation; sacroiliitis

Doppler ultrasound: Synovitis/
tenosynovitis
Conventional radiography: sacroiliac 
joint sclerosis and erosions
Magnetic resonance imaging: marrow 
edema

Tenosynovitis Anterior ankle or extensor 
compartment wrist pain and 
swelling without significant 
effusion or restriction of movement

Ultrasound: Tendon sheath swelling, 
increased vascularity, and edema.

Jaccoud’s 
arthropathy

“Correctable” deformity of the 
metacarpophalangeal joints with 
subluxation resembling rheumatoid 
arthritis

Hand radiography: 
Metacarpophalangeal joint 
subluxation and ulnar deviation; 
absence of erosions

Dactylitis Digital swelling and erythematous/
violaceous discoloration, often 
asymmetrical and painless

Conventional radiography: Soft tissue 
swelling; lattice-like bony destruction 
of the phalangeal shafts with 
resorption in advanced disease

Sarcoid bone 
disease

Frequently asymptomatic; may be 
incidentally discovered. 
Occasionally there are pathological 
fractures

Conventional radiography: Variable—
lytic, permeative, or sclerotic lesions, 
commonly of the phalanges, axial 
skeleton, or long bones

sarcoid including lupus pernio and chronic plaques and rarely affects people with no 
skin involvement. Axial involvement (particularly of the lumbar spine and pelvis) is 
common among patients with sarcoid bone disease, as are lesions of the long bones.

The key features of bone disease have been summarized in Table 2.1.
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2.3  Diagnosis

2.3.1  Clinical Approach

The first and most valuable aspect of diagnosis in sarcoid arthritis is recognizing 
organ involvement in other tissue areas. In addition to the classic lung and skin 
manifestations, clinicians should be vigilant for ocular involvement, typically 
described as “granulomatous uveitis,” an ophthalmological term referring to the 
characteristic appearance of the anterior chamber of the eye with globules of inflam-
matory cells adhering to the posterior margin of the cornea. This description does 
not imply that there has been any histological evidence of a granuloma—an error 
that is commonly made by other specialists when interpreting the clinical records of 
colleagues from the ophthalmology department. Care should also be taken to assess 
for evidence of neurological, cardiac, or hepatic sarcoid.

A crucial point to remember is that even in people with sarcoidosis affecting one 
organ, other diseases can develop elsewhere concomitantly, potentially confounding 
accurate diagnosis if the new findings are erroneously attributed to sarcoid. It is 
therefore imperative to recognize a clinical syndrome compatible with sarcoid and 
carefully consider alternative causes for any new features identified, including 
infection and other autoimmune granulomatous processes. A useful rule of thumb is 
that in most patients who develop multisystem sarcoid, involvement of the affected 
organs will occur within the first few years of symptom onset. Therefore, if a patient 
presents with respiratory symptoms and ocular inflammation but without joint 
inflammation, and 10 years later develops swelling in an ankle, it would be impor-
tant to consider alternative diagnoses for the cause of ankle swelling (e.g., gout). In 
contrast, the diagnostic value of a lymph node or skin biopsy would be much greater 
in a patient presenting with musculoskeletal symptoms contemporaneously to 
symptoms in the eye, skin, or lung.

The most notable mimic of sarcoid is Mycobacterium tuberculosis infection, 
another granulomatous disease with acute or chronic onset, prominent pulmonary 
features, and the potential for musculoskeletal involvement. Particularly in endemic 
regions, clinicians must be mindful of the similarities and distinguishing features of 
sarcoid as compared with tuberculosis, some of which are outlined in Table 2.2. The 
variable presentations of both diseases defy easy categorization, though tuberculo-
sis generally favors an asymmetrical or unilateral distribution more likely to involve 
the large joints, with histological differences in the appearances of the infection- 
driven granulomas and characteristic pulmonary features distinct from those of 
sarcoidosis.

2.3.2  Laboratory Investigations

Given the absence of a highly sensitive and specific biomarker for sarcoidosis, no 
single laboratory test is sufficient to provide a definite diagnosis. However, ele-
vations in the serum levels of sIL2R and ACE can provide evidence to support a 
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Table 2.2 Important similarities and differences in the presentations of sarcoidosis and 
tuberculosis

Clinical 
characteristics Sarcoid Tuberculosis

Granulomatous diseases, frequently with insidious onset and multiorgan 
involvement

Musculoskeletal 
involvement

Small joints of the hands and 
feet, ankles, axial skeleton

Spine, large joints (hips, knees, ankles). 
Osteomyelitis is possible in almost any 
bone

– Distribution Commonly bilateral Frequently unilateral/focal/monoarthritis
Radiological 
appearance

Variable: sclerotic, lytic, or 
permeative bony lesions. 
Characteristic lacy/lattice-like 
appearances especially in the 
hands

Phemister’s triad: juxta-articular 
osteopenia, marginal erosions, joint 
space narrowing + destruction
Spine: Anterior vertebral destruction, 
abscess formation

– Chest 
imaging

Mediastinal 
lymphadenopathy—bilateral, 
symmetrical
Cavity formation is uncommon
Pulmonary nodules
Fibrotic changes: reticular 
opacities traction 
bronchiectasis

Diverse radiographic patterns including 
miliary disease
Upper lobe predominance
Asymmetrical changes
Cavitating lesions

Tree-in-bud appearances and lymph node calcification seen in both 
diseases

Extra-articular 
manifestations

May be asymptomatic, or with 
few extra-articular symptoms. 
Other organ disease—chest, 
eye, skin, heart, liver, CNS

Pain and constitutional symptoms are 
more common (fever, night sweats, 
weight loss), though frequently absent. 
Occasionally discharging sinuses. Other 
organ symptoms, e.g., chest

Laboratory 
findings

↑ soluble IL-2 receptor
↑ angiotensin-converting 
enzyme
↑ Vitamin D
↑ calcium

↓ Vitamin D
  – Mantoux
  – Interferon-gamma release assay
  – TB culture

Histology Noncaseating granulomas 
consisting of epithelioid and 
multinucleated giant cells
Adjacent CD4 + Th cell 
predominant inflammatory 
reaction (B cells less 
prominent)
Schaumann and asteroid 
bodies may be seen

Caseating granulomas with visible 
acid-fast bacilli and CD4+/CD8+ T cells
Prominent inflammatory reaction 
including B cells

diagnosis of active sarcoid. Derangement of liver enzymes, hypercalcemia and 
elevated serum immunoglobulins are commonly seen in patients with active dis-
ease, while markers of systemic inflammation may only be slightly elevated or 
even normal.
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2.3.3  Biopsy

Apart from typical cases of Löfgren’s syndrome, it is crucial when making a diag-
nosis of a sarcoid to obtain tissue evidence of noncaseating granulomatous disease 
[5, 23]. Ideally, the tissue would be from the organ being assessed for involvement; 
however, we know that skin tissue or lymph nodes in the lung are far more acces-
sible sites to biopsy compared to, for example, synovium. For this reason, diagnoses 
of musculoskeletal sarcoid are frequently made based upon multiple organ involve-
ment and a tissue diagnosis from a remote site.

When there is diagnostic uncertainty, sampling from joint tissue can be very 
valuable. Although joint effusions can occur in sarcoidosis, they are relatively 
uncommon and synovial fluid from sarcoid patients is usually nondiagnostic. When 
evaluated there is usually a relatively mild inflammatory infiltrate which is often a 
mixture of neutrophils and lymphocytes with a slight mononuclear predominance 
[24]. In contrast, a synovial biopsy can be very valuable as this may show the pres-
ence of noncaseating granulomas. An important caveat concerning synovial biop-
sies is that in the current era there has been a move towards less invasive synovial 
sampling using ultrasound combined with automated biopsy needles. There is some 
evidence to suggest that needle biopsies have a much lower pick-up for granuloma-
tous inflammation, meaning that a negative result from a biopsy sampled in this way 
should be interpreted with caution. It may be preferable to request semi-open or 
arthroscopic procedures for the acquisition of these samples.

2.3.4  Imaging

Imaging of sarcoid arthritis can be very informative. Plain radiographs of affected 
joints may show underlying skeletal abnormalities. Patterns range from the lattice- like 
appearance seen in the phalanges of the hand, as shown in Fig. 2.3, to large lytic 
lesions that can occur in long bones adjacent to joints. Most valuable is radioisotope 
imaging with FDG-PET, which has the ability not only to identify FDG avid lesions 
(granulomatous sarcoid deposits are highly avid) but also helps to understand the 
extent of disease in other organs and tissues—which can be diagnostically invaluable 
[25]. Figure 2.4 demonstrates not only articular and periarticular sarcoid in large and 
small joints but also extensive lymphadenopathy and muscular sarcoid lesions.

2.4  Management Strategies for Sarcoid Arthritis

2.4.1  Initial Treatment

There is a dearth of evidence from clinical trials to guide the management of mus-
culoskeletal sarcoid. However, strategies can be applied from knowledge of disease 
response in other organ systems and experience from other patterns of inflammatory 
arthritis. In general, mild symptoms are managed with NSAIDs. If these are insuf-
ficient, oral glucocorticoid (e.g., prednisolone 10–15 mg once daily then tapered to 
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Fig. 2.4 FDG PET-CT 
image showing widespread 
tracer uptake, including in 
the small joints of the 
hands, the left elbow, and 
both knees, where both 
synovial and periarticular 
involvement can be seen. 
Note also the widespread 
lymph node avidity and 
nodular foci in the muscles 
of the upper limbs

the lowest dose needed to control symptoms) is the next most commonly endorsed 
treatment. However, there is growing awareness of the risks of chronic exposure to 
glucocorticoids concerning infection, metabolic bone disturbance, cardiovascular 
events, and diabetes. A low threshold for offering a second-line agent is therefore 
likely to reduce the burden of steroid-induced side effects.

2.4.2  Disease-modifying Agents

For mild musculoskeletal symptoms, hydroxychloroquine is the first option, used at 
a dose of 5 mg/kg per day (based upon actual body weight) providing there is no 
preexisting retinal disease or renal impairment, based on evidence of the efficacy of 
antimalarial therapy in pulmonary sarcoidosis [26], and its preferable side effect 
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profile compared to chloroquine. For some patients, symptomatic management 
without hydroxychloroquine is all that is required, and this may allow the glucocor-
ticoid to be tapered down to a low dose or even stopped.

Some clinicians will also add low dose colchicine (e.g., 500 or 600 micrograms 
twice daily) in addition to the hydroxychloroquine. There is very little evidence to 
support this but as a relatively safe approach, it is a reasonable option to trial in 
patients with mild symptoms, particularly if there is a reluctance to increase 
immunosuppression.

In patients resistant to these strategies the next line of therapy is methotrexate, 
typically at a dose of 15–25 mg once weekly accompanied by folic acid supplemen-
tation. If there is an inadequate response to oral therapy or if there are side effects, 
using parenteral (subcutaneous) methotrexate at equivalent doses can be very help-
ful. Although there is relatively limited data on the use of methotrexate in articular 
disease, there is a robust evidence base for its effect in other organs affected by 
sarcoid (e.g., skin and nervous system) [27]. Alternative drugs to methotrexate that 
have been used in sarcoidosis and for which there are case reports or limited series 
include leflunomide and sulfasalazine [28].

2.4.3  Biologic Therapy

There is also reasonable literature for the use of certain TNF inhibitors in sarcoid-
osis [29, 30]. Though there are no head-to-head comparisons of different agents in 
the class, infliximab arguably has the strongest supporting evidence for the treat-
ment of sarcoid with joint involvement, not only in the form of case reports but also 
a randomized trial, which primarily looked at respiratory outcomes but did include 
articular disease as a secondary endpoint [29]. Typically, infliximab is used at a dose 
of 5 mg/kg intravenously alongside methotrexate in patients with disease resistant 
to methotrexate monotherapy. TNF alpha is also mechanistically important in gran-
uloma formation and therefore there is a strong rationale for using TNF inhibitors 
for the treatment of systemic sarcoid, with the possible exception of etanercept, 
which has failed to show significant benefit for systemic sarcoid [31, 32]. Notably, 
(like methotrexate) TNF blockade is effective for other manifestations of sarcoid 
such as in the skin and the brain [33, 34].

In patients who decline intravenous therapy or in whom infliximab is not toler-
ated, adalimumab is the logical next agent of choice given its similar mechanism of 
action. There is no evidence for other biologic agents such as rituximab in sarcoid 
arthropathy. While there is some optimism around the role of JAK inhibition in 
sarcoid, this is an area that remains to be studied.

In patients who are resistant to therapy, it is always important to revisit the diag-
nosis and consider alternative explanations for the joint involvement. Sometimes 
surgical intervention with synovectomy can be an option and this can also help 
confirm the diagnosis histologically.
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2.5  Conclusion

The articular manifestations of sarcoidosis are relatively uncommon but vital 
to consider in patients with sarcoidosis, as well as in any patient with unex-
plained persistent bone or joint disease. Prompt and appropriate treatment can 
effectively reduce symptom burden, prevent irreversible damage, and substan-
tially improve quality of life. Tissue diagnosis and imaging interpreted by cli-
nicians with experience in managing articular sarcoid are invaluable, and 
advances in minimally invasive biopsy and imaging techniques would likely 
help improve the speed and accuracy of diagnosis. The patterns and severity of 
presentations are heterogeneous, meaning therapy tailored to the individual 
patient is essential and alternative diagnoses should be considered throughout 
treatment. The paucity of robust clinical trial data for many of the drugs used 
to treat these manifestations of sarcoid means there is significant opportunity 
for advancement of care, either through rigorous comparison of the treatments 
currently in use or via well-conducted trials of more novel targeted immuno-
modulators such as JAK inhibitors.
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3Remitting Seronegative Symmetrical 
Synovitis with Pitting Edema (RS3PE)

Christopher J. Edwards and Salvatore Bellinvia

3.1  Introduction

The first description of remitting seronegative symmetrical synovitis with pitting 
edema (RS3PE) dates back to 1985 when McCarty et al. observed a series of older 
adults presenting with symmetrical polyarthritis and peculiar pitting edema over the 
hands, with the original intention of defining a distinct subset of patients with 
elderly onset rheumatoid arthritis (RA) [1]. In the 1990s, several groups reviewed 
the clinical and laboratory features as well as outcomes of patients fulfilling the 
characteristics of RS3PE syndrome first described by McCarthy, to better character-
ize the real nature of this syndrome as a separate disease entity [2]. Their works 
emphasized demographic, clinical, and imaging similarities between RS3PE and 
different rheumatic conditions, in particular its relation with polymyalgia rheumat-
ica (PMR), suggesting that these disorders could be part of the same clinical disease 
spectrum. A strong association between several solid tumors and hematological dis-
eases was also described. Subsequently, distinctive genetic and pathogenic charac-
teristics have been described and thus the concept that this condition is a distinct 
clinical entity has become prevalent. RS3PE is now regarded as a well-defined rarer 
arthropathy that is to be distinguished from other rheumatic diseases which may 
also present with swelling of distal extremities, biochemical evidence of raised 
inflammatory markers and negative rheumatoid factor, including seronegative RA, 
peripheral spondyloarthropathies and PMR.
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3.2  Epidemiology

RS3PE appears to be a rare disease for which accurate estimates of incidence and 
prevalence are lacking. Few studies have attempted to better understand the epide-
miological characteristics of the disease, suggesting this may represent ~0.1% of 
new diagnoses among outpatients aged over 50 years in rheumatology clinics [3]. 
RS3PE occurs almost exclusively in elderly individuals, with the highest preva-
lence in the 70–79 age group, and is more common in men than in women (male to 
female ratio 4:1). The familial aggregation has not been reported but genetic link-
age studies have demonstrated human leukocyte antigen (HLA) associations of 
RS3PE with HLA-B7 and HLA-A2 haplotypes, suggesting an important role for 
antigen selection and presentation. However, these associations have not been con-
firmed in various subsequent immunogenetic studies and need further validation in 
larger patient cohorts. Both RA and PMR are known to be associated with specific 
alleles of HLA-DR4. Noteworthy in this regard is the lack of association between 
HLA-DR (DR4) antigens and disease susceptibility in RS3PE, reinforcing again 
the notion that this disease should be regarded as a different condition from these 
much more common rheumatic diseases presenting with similar clinical fea-
tures [4].

3.3  Pathogenesis

The cause of RS3PE is unknown. A role for infectious agents such as Parvovirus 
B19, Streptobacillus moniliformis, Mycoplasma pneumoniae, and Helicobacter 
pylori or instillation of Bacillus Calmette-Guerin (BCG) has been postulated but a 
definite infectious trigger or environmental factor has not yet been identified. The 
specific pathogenic mechanisms are also poorly understood. However, more recent 
work has revealed vascular endothelial growth factor (VEGF) activity is a key factor 
in the pathogenesis of RS3PE [5]. As a matter of fact, VEGF is the central signal 
protein promoting both hypervascularity (synovitis) and increased vascular perme-
ability (subcutaneous edema) which are the clinical hallmarks of the disease. Levels 
of VEGF in the peripheral blood are notably higher in patients with RS3PE com-
pared to patients with other inflammatory rheumatic disorders including RA or 
healthy individuals. Moreover, VEGF levels decrease after glucocorticoid treat-
ment, further supporting the view that RS3PE can be classified as a VEGF-associated 
disorder. Consistent with the extensive inflammation, patients with RS3PE have 
been found to have a marked increase in IL-6 levels in synovial fluid, suggesting 
this cytokine might play a major role in the inflammatory disease response. Matrix 
metalloproteinase-3 (MMP-3) is also elevated in most patients with active RS3PE 
but serum levels can vary according to whether or not the disorder is associated with 
malignancies. Of note, MMP-3 is significantly higher in paraneoplastic RS3PE 
patients than in RS3PE patients without neoplasia and serum levels tend to drasti-
cally decrease or normalize after surgical resection of the tumor.
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3.4  Pathophysiology

The term remitting seronegative symmetrical synovitis with pitting edema implies a 
bilateral symmetric acute inflammatory process involving predominantly joints and 
tendons of the distal extremities accompanied by marked dorsal swelling of the 
hands or feet with pitting edema, followed by periods of less severe symptoms that 
do not completely cease without treatment. In fact, distal articular and periarticular 
structures are both affected in RS3PE patients as has been demonstrated by muscu-
loskeletal ultrasound and MRI findings in several studies [6]. However, articular 
synovitis seems to be generally mild to moderate in nature, synovial hypertrophy is 
rare, and bone erosions are virtually absent in RS3PE while extensive carpal (or 
tarsal) and digital flexor and extensor tendons tenosynovitis appear to be more fre-
quent and severe, accounting for most of the swelling and edema occurring over the 
hands or feet in patients with RS3PE. Vascularity is also typically very pronounced 
in joints and tendons of RS3PE patients as confirmed by imaging studies, in keeping 
with the enhanced VEGF activity which is widely recognized as a key factor in the 
disease pathogenesis [7].

3.5  Clinical Features

The clinical presentation of RS3PE is characterized by sudden onset of joint pains 
in the distal upper extremities with puffy edematous hands in a patient over the age 
of 60. It is typically the abrupt onset of painful swelling of the dorsum of both 
hands, usually pitting and causing significant limitation of movement and function 
[8], that prompts the patient with RS3PE to seek medical attention.

Symptoms in RS3PE involve aching with significant swelling which is generally 
bilateral although a unilateral presentation of RS3PE has been also recognized in a 
minority of cases [9]. Involvement of the distal extremities occurs most commonly 
at the dorsal wrists and metacarpophalangeal joints and less frequently at the ankles 
and feet. Peripheral joints are by far the most affected but the involvement of large 
joints such as elbows, shoulders, and knees can be occasionally seen. Heat and red-
ness can be prominent features of RS3PE and involved joints and soft tissues are 
often distinctively warmer on palpation.

Morning stiffness is usually present and lasts for about an hour but this finding is 
less consistent than other inflammatory arthropathies, reflecting the severity of 
synovial inflammation in the individual patient. In addition, pain can easily wake 
patients up during the night as is typical of other inflammatory rheumatic condi-
tions. Joint pain and swelling can result in remarkable difficulties with activities of 
daily living (ADL). Patients can struggle with simple tasks requiring the use of their 
hands such as dressing, personal hygiene, or opening jars due to reduced grip 
strength and loss of movement but they can also experience walking difficulties if 
distal lower extremities are affected. Rare patients, particularly in the oldest age 
groups, can also present with constitutional signs and symptoms including fever, 
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weight loss, generalized aching, and fatigue. Reports of weight loss and anorexia 
should always prompt a search for occult malignancy.

Clinical examination of hands would show soft tissue swelling around the MCP 
joints which can often be found early in the course of RS3PE but the contribution of 
both tendon and joint involvement to this finding make this assessment rather non-
specific. The clinical hallmark of RS3PE is acute swelling of the whole hand with 
pitting edema over the dorsum producing the characteristic “boxing glove” sign. 
Tenosynovitis of the extensor tendons is more likely to cause this clinical finding 
although involvement of the flexor tendons is also commonly seen. Reduced grip 
strength can be observed in the early phase of clinical presentation and is a rather 
sensitive indicator of synovial inflammation. As a result of a restricted range of 
movement with loss of active flexion, patients are often unable to make a fist. 
Thickening of the extensor tendons can rarely be detected by palpation of the dorsal 
aspect of the involved joints.

On the wrists, visible swelling at the dorsum with marked pitting edema is char-
acteristic of the disease and should always be noted on physical examination. Both 
extensor and flexor tenosynovitides are common findings and major contributors to 
the development of edema as a result of effusion within tenosynovial sheaths. Loss 
of extension can be detected early in the clinical course of the disease. Flexion con-
tractures can be seen quite frequently and in some cases can persist for a variable 
amount of time after the resolution of painful swelling following treatment. Tendon 
thickening can be observed with a low frequency and similarly tendon rupture at the 
wrist is very rare.

Lower extremities, particularly rearfoot and ankle, are less often involved in 
RS3PE and clinical findings show a similar pattern to that occurring in the hands 
and wrists. Involvement of peroneal tendons, posterior tibial tendon, and tendons of 
the anterior compartment of the ankle leads to diffuse swelling over the dorsum of 
the foot with painful inversion and eversion and limited range of movement. 
Metatarsophalangeal joints are not commonly affected and the Achilles tendon is 
usually spared.

3.6  Investigations

3.6.1  Laboratory Findings

There are no laboratory tests diagnostic of RS3PE. Acute-phase reactants, including 
the erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP), are nearly 
always increased in patients with RS3PE and they could be markedly elevated [10]. 
Direct comparisons of the diagnostic value of CRP and ESR in RS3PE have not 
been conclusive but CRP is usually considered a more reliable index of inflamma-
tion as ESR levels tend to physiologically rise with age more significantly than does 
the CRP. Consistent with a systemic inflammatory acute response, normocytic ane-
mia (anemia of chronic inflammation) and thrombocytosis can be observed in some 
cases together with alpha-1 and -2 fraction elevation on serum protein 
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electrophoresis. Serologic tests, such as rheumatoid factor (RF), cyclic citrullinated 
peptide (CCP) antibodies, and antinuclear antibodies (ANA), are typically negative 
and are often useful to exclude other rheumatic conditions. However, results for 
these serologic studies need to be interpreted in the clinical setting as the prevalence 
of positive assays also tends to increase with age. MMP-3 and VEGF levels were 
found to be elevated in research studies of RS3PE and might represent promising 
diagnostic biomarkers but their use in clinical practice has not yet been validated.

3.6.2  Imaging

In patients with RS3PE, soft tissue swelling as a result of tenosynovial inflamma-
tion and articular synovitis are best observed on ultrasonography or magnetic reso-
nance imaging (MRI). Characteristic features of tenosynovitis of flexor and extensor 
tendons and synovial inflammation can be seen by the use of these modalities but 
imaging is not a mandatory requirement for the diagnosis of RS3PE. Musculoskeletal 
ultrasound (MSUS) allows a cost-effective assessment of synovitis, tenosynovitis, 
and subcutaneous tissue edema of the hands and feet although it is highly operator- 
dependent [11]. Power Doppler (PD) signal is also very useful to detect increased 
vascularity in joints and tendons under examination. Tenosynovitis is defined as the 
presence of anechoic material within the tendon sheaths often associated with PD 
signal in axial and transverse planes. MRI of the hands and feet can be more sensi-
tive than MSUS in detecting synovial and tenosynovial inflammation but is more 
costly and not usually required for the diagnosis of RS3PE in clinical practice. 
Radiographs of the wrists, hands, and feet are typically requested as part of the ini-
tial assessment. Conventional radiographs can show soft tissue swelling but joint 
space narrowing and erosive damage are virtually absent in RS3PE.

3.6.3  Diagnosis

RS3PE is essentially a clinical diagnosis. The diagnosis should be suspected in a 
patient over the age of 50 years presenting with an acute inflammatory and often sym-
metric onset of tenosynovitis and arthritis in the distal extremities with puffy edema-
tous hands and/or feet and in whom the findings are not explained by any other 
condition. Following the first description of RS3PE, classification criteria including 
the age of onset, pitting edema of hands and seronegativity for rheumatoid factor have 
been proposed by Olivé et al. in 1997 [12]. Further criteria for classification have been 
proposed in 2016 by Karmacharya et al. in a systematic review and meta-analysis 
revisiting RS3PE [13] (Table 3.1).

Despite the clear criteria, correct recognition of RS3PE presents a challenge for 
several reasons: a considerable degree of expertise is required as the diagnosis relies 
on clinical features; the differential diagnosis is broad and includes both inflamma-
tory and noninflammatory causes of pitting edema of upper and lower extremities; 
evaluation and follow-up of these patients may lead to associated neoplastic and 
rheumatic diseases.
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Table 3.1 Features of RS3PE

McCarthy et al. description [1] (1985)
Pitting edema of the dorsum of both hands (and/or feet)
Sudden onset of polyarthritis
Seronegative for RF
No development of radiologically evident erosions
No association with HLA-DRB1 alleles
Excellent response to glucocorticoids and good prognosis
Olivé et al. classification criteria [12] (1997)
1. Bilateral pitting edema of both hands
2. Sudden onset of polyarthritis
3. Age of onset ≥50 years
4. Seronegative for RF
Karmacharya et al. revisited classification criteria [13] (2016)
1. Abrupt onset
2. Marked pitting edema of hands (and/or feet)
3. Age of onset ≥60 years
4. Good response to short course of medium dose steroids (10–20 mg)
5. Seronegativity for RF and ACPA
6. Absence of radiographic joint erosions

Patients may be diagnosed with RS3PE when they meet all of the criteria proposed by Olive et al. 
and/or Karmacharya et al.
RF rheumatoid factor, ACPA anti-citrullinated protein antibody

3.7  Associated Conditions

3.7.1  RS3PE and Malignancies

The incidence of neoplastic disease is significantly higher in RS3PE patients than in the 
general elderly population. Both hematological malignancies and solid tumors have 
been reported in association with RS3PE in multiple studies. Hematological diseases 
have included non-Hodgkins lymphoma, myelodysplastic syndrome, and leukemia. 
Solid tumors associated with RS3PE have encompassed adenocarcinoma of the pros-
tate, malignancies of the gastrointestinal tract, lung, breast, ovary, and bladder [14].

Most often RS3PE precedes the discovery of malignancy by a time ranging from 
several months to a few years. However, signs and symptoms of RS3PE can present 
concurrently with or occasionally after the associated neoplasia. The term “para-
neoplastic RS3PE” has also been used to describe clinical features of RS3PE occur-
ring at the same time or shortly after a diagnosis of malignancy. Paraneoplastic 
RS3PE is characterized by a less significant response to steroids with a marked 
improvement after successful medical therapy or surgical treatment of the associ-
ated hematological malignancy or solid tumor [15].

Assessment for the presence of underlying malignancy is therefore a key consid-
eration in the evaluation of a patient with diagnosed or suspected RS3PE [16]. 
Appropriate screening by age and gender should be completed as soon as the 
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diagnosis is considered and patients should be counseled about signs and symptoms 
and assessed for physical findings attributable to malignancy at presentation and 
each follow-up visit.

3.7.2  RS3PE and Other Rheumatic Diseases

A definite diagnosis of RS3PE can occasionally overlap with other rheumatic 
diseases including systemic lupus erythematosus, gout, Sjogren’s syndrome, 
polyarteritis nodosa, ankylosing spondylitis, or systemic conditions such as dia-
betes mellitus, sarcoidosis, and amyloidosis. Moreover, patients initially diag-
nosed with RS3PE can also eventually develop clinical features of different 
rheumatic conditions including RA, PMR, and peripheral spondyloarthritis. 
However, establishing whether the latter occurrence defines a true association of 
RS3PE or is more related to the forme fruste of subsequent diagnoses can be very 
challenging in these cases.

3.8  Differential Diagnosis

Various rheumatic and non-rheumatic disorders can present with swelling of the 
distal extremities and should be differentiated from RS3PE as part of the diagnostic 
process [17, 18].

3.8.1  Non-rheumatic Disorders

Pitting edema is a common sign in daily clinical practice and a range of etiologies 
should be considered while examining patients with generalized or localized soft- 
tissue edema. Bilateral edema can result from cardiovascular (cardiac failure), 
hepatic (liver failure), or renal disease (renal failure, nephrotic syndrome) while 
unilateral edema can arise from venous thrombosis or lymphatic obstruction. Other 
disorders such as complex regional pain syndrome (CRPS) can also have a similar 
presentation. Painful swelling and biochemical evidence of inflammation are typi-
cally absent in noninflammatory systemic causes of pitting edema while bilateral 
involvement of dorsal hands and feet in RS3PE helps rule out conditions associated 
with localized unilateral edema.

3.8.2  Rheumatic Disorders

The most challenging considerations in the differential diagnosis of RS3PE are 
PMR, elderly onset rheumatoid arthritis, and non-psoriatic spondyloarthritides 
(Table 3.2).
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Table 3.2 Differentiating features between RS3PE, PMR, RA, and non-psoriatic SpA

Clinical 
characteristics and 
response to 
treatment RS3PE PMR RA

Non-psoriatic 
SpA

Gender Male 
predominance

Female 
predominance

F ≈ M Male 
predominance

Pitting edema Prominent Rare Infrequent Rare
Wrist and MCP 
joints synovitis

Common
Mild

Unusual Common
Mild to 
severe

Uncommon in 
axial-SpA
Often unilateral, 
asymmetric, and 
lower limbs are 
more affected

PIP joints 
synovitis

Unusual Rare Prominent Uncommon in 
axial-SpA
Often unilateral, 
asymmetric, and 
lower limbs are 
more affected

Pelvic and 
shoulder girdle 
pain and stiffness

Rare Prominent Unusual Not prominent
Often unilateral, 
asymmetric

Fever Infrequent Infrequent Rare Rare
Response to low 
dose steroids

Excellenta Good Moderate Poor

Clinical course Remission with 
glucocorticoid 
treatment

Frequent relapses 
and recurrences 
despite 
glucocorticoid 
treatment

Remission 
rare without 
DMARDs

Remission rare 
without NSAID or 
DMARDs

Laboratory and 
Imaging
Rheumatoid 
factor

Negative Uncommon Common Rare

ACPA Negative Uncommon Common Rare
Radiographic 
erosion

Absent Absent Yes Yes

Tenosynovitis of 
extensor and 
flexor tendons by 
US or MRI

Marked Rare Mild Uncommon

MCP metacarpophalangeal, PIP proximal interphalangeal, ACPA anti-citrullinated protein 
antibody
a Poorer response to steroids is observed in paraneoplastic RS3PE compared to idiopathic RS3PE

There is no significant difference with respect to the age of onset and raised 
inflammatory markers in PMR. RS3PE is much more common in men while PMR 
is more frequent in women. Distal symptoms and signs are infrequent in PMR and 
when present are less pronounced than RS3PE.  Proximal symptoms with some 

C. J. Edwards and S. Bellinvia



31

degree of stiffness and limited range of motion about the shoulders and the hips can 
be observed on careful musculoskeletal examination in RS3PE but this does not 
represent a predominant feature. Relapses and recurrences despite steroid treatment 
are frequent in PMR compared to RS3PE.

In older patients presenting with peripheral symmetric polyarthritis, the possibil-
ity of elderly onset RA should be considered. Measurement of rheumatoid factor 
and antibodies to the cyclic citrullinated peptides (anti-CCP) can help distinguish 
RS3PE from classic seropositive RA but this can be challenging where RA is sero-
negative [19]. The age of onset is typically higher in RS3PE than seronegative RA 
and levels of CRP and ESR are usually higher in RS3PE. A significant number of 
tender or swollen joints, especially small joints of the hands and feet, is more indic-
ative of seronegative rheumatoid arthritis while ankles appear to be more affected in 
RS3PE. The correct differentiation of these two forms is also important in terms of 
outcomes as the malignancy incidence rate is much higher in RS3PE compared to 
rheumatoid arthritis.

Distal pitting edema can be seen in late-onset spondyloarthritis. However, 
involvement of distal extremities is usually unilateral or asymmetric in SpA and 
lower limbs are more commonly affected. The pattern of joint involvement, the 
presence of extra-articular features of spondyloarthritis such as uveitis, the associa-
tion with HLA B27, and a good response to NSAIDs help differentiate SpA 
from RS3PE.

Other diseases such as psoriatic arthritis (PsA), crystal-induced arthritis, amyloid 
arthropathy, and connective tissue diseases can cause pitting edema over the hands 
and feet. Typical skin findings and radiographic changes in PsA, the presence of 
calcium pyrophosphate dihydrate (CPPD) or monosodium urate (MSU) crystals in 
synovial fluid in CPPD arthropathy and gout respectively, progressive swelling non-
responsive to treatment in amyloid arthropathy, ANA positivity, and clinical signs or 
symptoms of connective tissue diseases can be useful distinctions to guide clini-
cians towards the correct diagnosis.

3.9  Management

The main goal of treatment in RS3PE is a relief of symptoms and resolution of pit-
ting edema. Low-dose glucocorticoids (starting dose 10–20 mg/day of prednisone 
or equivalent) are recommended for all patients diagnosed with RS3PE and response 
to treatment is typically dramatic within days [20]. The initial dose needs to be tai-
lored to the individual patient taking into account their weight, the severity of symp-
toms, and comorbidities such as diabetes mellitus, severe hypertension, or heart 
failure. RS3PE associated with neoplasia is characterized by a poorer response to 
steroids compared to idiopathic RS3PE while lack of response to glucocorticoids 
should prompt reconsideration of the diagnosis. There is a limited role for 
glucocorticoid- sparing agents and current evidence does not support their use in 
RS3PE. The CRP and to a lesser extent the ESR can serve as useful indicators in 
monitoring treatment response to steroids and managing dose reduction. Notably, 
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early reduction of CRP to normal levels is a predictive factor associated with sup-
pression of disease activity [21]. The duration of treatment is variable. However, 
glucocorticoids can be tapered off and discontinued within a few months in most 
patients. Recurrences and relapses are very infrequent with adequate treatment.

3.10  Conclusion

Remitting seronegative symmetrical synovitis with pitting edema is a rare arthropa-
thy affecting almost exclusively older adults. Sudden onset of polyarthritis and dor-
sal edema of both hands are the clinical hallmarks of the disease. Response to 
low-dose glucocorticoids is usually brisk and accompanied by complete resolution 
of signs and symptoms. A diagnosis of RS3PE entails careful screening for underly-
ing malignancies and differential diagnosis with more common rheumatic diseases 
sharing similar clinical presentation.
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4Multicentric Reticulohistiocytosis

Stefano Rodolfi, Adam Greenspan, Michael Klein, 
and Carlo Selmi

4.1  Introduction

Multicentric reticulohistiocytosis (MRH) is a rare systemic non-Langerhans cell 
(LC) histiocytosis. Around 300 cases have currently been reported in the literature, 
making knowledge about this disease mostly anecdotal, based on isolated case 
reports or small case series.

Multicentric reticulohistiocytosis is defined as a class C non-LC histiocytosis 
[1]: a disorder of resident tissue macrophages (i.e., histiocytes) with predominant 
mucocutaneous involvement and frequent systemic involvement. The first clear 
description of a case of MRH dates back to 1937, although reports of diseases likely 
belonging to the MRH spectrum have been reported since 1897. It was only in 1954 
that the current name MRH was established by Goltz and Lymon, which took 
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preference over previously used terms such as lipoid dermo-arthritis, reticulohistio-
cytoma, lipid rheumatism, giant cell histiocytomatosis, and giant cell histiocy-
tosis [2].

4.2  Clinical Features

Multicentric reticulohistiocytosis more commonly affects Caucasian women with a 
female to male ratio ranging from 2:1 to 3:1 [3]. Disease onset is usually in the 
fourth decade of life, although it has been described in children [4] and the 
elderly [5].

The major clinical manifestations of MRH are destructive polyarthritis and papu-
lonodular mucocutaneous rash. Arthritis is usually polyarticular, symmetrical, and 
erosive. In the majority of patients, articular involvement precedes the onset of skin 
rash by about 3 years [6]. The most affected joints in order of decreasing frequency 
are hands, knees, shoulders, hips, ankles, elbows, and feet. In approximately 50% of 
cases, arthritis appears as spondylitis with axial involvement [7]. If untreated joint 
involvement progresses in a destructive fashion resulting in severe joint deformity 
with arthritis mutilans. Nonetheless, the articular involvement usually remits 
approximately over 10  years [8]. Younger age group has been associated with a 
more aggressive disease phenotype. The articular phenotype is highly similar to that 
of rheumatoid arthritis (RA), but unlike RA, MRH frequently involves distal inter-
phalangeal joints (DIP).

Cutaneous manifestations are invariably present in MRH.  They generally 
appear after 3 years of articular involvement, although skin lesions as an initial 
sign have occasionally been reported [6]. The characteristic skin lesion is a red-
dish-brown to a flesh-colored papulonodular lesion of variable dimensions (few 
mm to 1  cm or more) often with a cobblestone appearance. Cutaneous lesions 
most commonly appear on hands and fingers, in particular on the dorsal aspect of 
metacarpophalangeal (MCP) joints and proximal (PIP) or distal interphalangeal 
joints (Fig. 4.1).

Fig. 4.1 Multiple 
asymptomatic 
erythematous nodules on 
the dorsal aspect of 
interphalangeal and 
metacarpophalangeal joints 
of both hands in a 
36-year-old woman with 
MRH. (Reprinted with 
permission from [8])
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A characteristic finding is the “coral beads sign” represented by periungual pap-
ules distributed along the nail folds. Similar to psoriatic arthritis (PsA), inflamma-
tion of DIP involves the nail matrix and results in nail changes such as atrophy, 
longitudinal ridging, and hyperpigmentation. The face is the second most com-
monly involved region, with papulonodular lesions frequently developing on the 
forehead, ear, scalp, and nape of the neck [7]. In the worst cases, extensive involve-
ment of the face leads to a permanent disfigurement referred to as “leonine facies.” 
Although hands and face are the most commonly involved sites, nearly all areas can 
be involved. Cutaneous lesions tend to appear and disappear spontaneously and are 
usually asymptomatic, though sometimes they can be itchy. Koebner phenomenon 
and photosensitivity have been described [9, 10]. In addition to the typical papulo-
nodular skin lesion, xanthelasmas can be found in approximately 10% of cases of 
MRH [7]. Mucosal involvement is also frequent, seen in around one-third of cases, 
represented by multiple cobblestone-like lesions, usually located on the mucosal 
surface of the mouth [11].

Multicentric reticulohistiocytosis is considered a systemic disease. Indeed 
besides articular and cutaneous involvement, which are invariably present, MRH 
frequently presents with constitutional symptoms such as fever, fatigue, and weight 
loss [12]. Moreover, MRH can involve several other organs, such as the lung, heart, 
liver, kidney, urogenital tract, lymph nodes, muscles, eyes, gastrointestinal tract, 
larynx, and epiglottis [2, 8, 13–16]. Typically organ involvement occurs in the form 
of nodular infiltrates of histiocytes and/or local inflammation, sometimes evolving 
to tissue fibrosis. In particular, lung involvement has been reported with either pleu-
ral effusion, lung infiltrates, or pulmonary fibrosis [3, 13, 17] while heart involve-
ment can occur in the form of pericardial effusion, myocarditis, or heart failure [18, 
19]. Multicentric reticulohistiocytosis is usually a self-remitting disease however 
the sequelae of the active phases may be permanent and disabling, both physically 
and psychologically [20]. Arthritis is usually aggressive and frequently results in 
joint destruction while cutaneous involvement may be particularly disfiguring.

4.3  Diagnosis

4.3.1  Laboratory Investigations

There are no diagnostic laboratory markers for MRH. The inflammatory nature of 
the disease is sometimes reflected by laboratory tests: C-reactive protein (CRP) and 
erythrocyte sedimentation (ESR) are elevated in approximately half of the cases [7]; 
thrombocytosis and mild normocytic anemia have been reported as well. However, 
in majority, either nonspecific abnormalities or normal laboratory tests are seen. 
Nevertheless, routine testing with complete blood count, kidney and liver function 
tests, uric acid, lipid profile, and inflammatory markers should be obtained as they 
may point to an alternative differential diagnosis. Serum autoantibodies (RF, ACPA, 
ANA, anti-Ro, and anti-La) are normally negative and when positive may allude to 
an associated autoimmune condition.
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4.3.2  Imaging

Imaging helps characterize the articular involvement as well as in differential diag-
nosis. Radiographs typically show bone erosions with sclerotic margins, initially 
located in the para-articular region resembling the erosions of gouty arthritis 
(Figs. 4.2 and 4.3).

Articular involvement progresses towards joint destruction resulting in arthritis 
mutilans (Figs.  4.4 and 4.5) and main-en-lorgnette (i.e., the typical “opera glass 
deformity” of the hands). This results in widening of joint spaces, loss of articular 
cartilage, and subchondral bone resorption.

The absence of periarticular osteopenia is peculiar and may help differentiate 
MRH from other inflammatory arthritides (most importantly rheumatoid arthritis 
and psoriatic arthritis). Moreover, the lack of osteophytes and interphalangeal anky-
losis is pivotal in distinguishing MRH from erosive osteoarthritis (OA). In case of 
suspected systemic involvement, a total body contrast-enhanced CT scan may reveal 
nodular lesions involving target organs. Fluorodeoxyglucose (F18 FDG) positron 
emission tomography (PET) can be employed as well for disease staging and moni-
toring [24, 25]. MRH lesions, being inflammatory, are characterized by increased 
uptake of FDG thus enabling FDG-PET to identify the localization of the disease 

a b

Fig. 4.2 (a) A 46-year-old woman presented with distal interphalangeal joints pain and soft tissue 
swelling. Note erosions with sharp margins at the distal interphalangeal joints (arrows) resembling 
gout. (b) Radiograph of the fingers of the right hand of the 65-year-old woman shows small ero-
sions at the distal interphalangeal joints of the index and middle fingers (arrowheads) associated 
with soft tissue masses (arrows) resembling gouty tophi. (Reprinted with permission from [21])
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c

a b

Fig. 4.3 (a) Dorsovolar and (b) Norgaard views of the hands of a 51-year-old woman who pre-
sented with a history of joint pain and swelling, but negative RA factor and normal serum uric acid, 
show characteristic articular erosions of the proximal and distal interphalangeal joints, as well as 
the interphalangeal joints of both thumbs (arrows), very similar to erosions of gouty arthritis. (c) 
A coned-down magnified radiograph of the fingers of the right hand shows the erosions (arrows) 
more clearly

(including specific organ involvement), and to screen for the presence of an unde-
tected malignancy (frequently featuring increased FDG uptake).

4.3.3  Histopathology

Synovial fluid analysis is mainly helpful to exclude other causes of arthritis. From 
the different case series, the only consistent finding has been an increased percent-
age of multinucleated cells. Nevertheless, exclusion of septic or crystal arthritis is 
important and easy through arthrocentesis.

Diagnosis of MRH ultimately requires tissue histology. The skin and less fre-
quently the synovial tissue are usually regarded as the primary sites for histologic 

4 Multicentric Reticulohistiocytosis



40

Fig. 4.4 Dorsovolar 
radiograph of both hands 
of a 57-year-old woman 
with long-standing 
polyarthralgia, soft tissue 
swelling, and deformities 
of the fingers demonstrates 
severe destruction of 
multiple carpometacarpal, 
metacarpophalangeal, and 
interphalangeal joints 
similar to those seen in 
rheumatoid or psoriatic 
arthritis. (Reprinted with 
permission from [22])

Fig. 4.5 Dorsovolar 
radiograph of both hands 
of a 63-year-old man 
shows arthritis mutilans 
affecting mainly the distal 
interphalangeal joints. 
(Reprinted with permission 
from [23])

evaluation. Lesions at an early stage show dermal infiltrate of lymphocytes, eosino-
phils, plasma cells, and sometimes multinucleated histiocytes [26]. These histio-
cytes are not foamy, which is a characteristic that distinguishes MRH from other 
histiocytic diseases (e.g., granuloma annulare, sarcoidosis, xanthogranuloma, 
Erdheim Chester disease, Rosai-Dorfman disease) [8]. During later stages, lesions 
are characterized by the pathognomonic presence of mononuclear histiocytes with 
abundant eosinophilic ground glass-like cytoplasm and multinucleated giant cells. 
Large histiocytes, also called megalocytes, are another typical finding. At this stage 
foamy histiocytes, along with typical cells, may be detected [27] (Fig. 4.6).

S. Rodolfi et al.



41

Fig. 4.6 A biopsy 
specimen of synovium 
shows foamy histiocytes, 
multinucleated 
megalocytes, and typical 
histiocytes in the fibrous 
background (H & E, 
original magnification 
×250)

Fig. 4.7 Typical 
histiocytes, foamy 
histiocytes, and large 
histiocytes (so-called 
“megalocytes”) containing 
PAS-positive material 
(synovium, PAS stain, 
original magnification 
×400)

Further staining depicts strong positivity of histiocytes for periodic acid-Schiff 
(PAS) (Fig.  4.7) and strong expression of macrophage-specific markers such as 
CD11b, CD14, CD68, CD163, CD206, MAC387, lysozyme, and human alveolar 
macrophage-56 (HAM-56) [27, 28].

Moreover, MRH histiocytes are positive for vimentin staining and express non-
specific esterase and acid phosphatase [28]. The observed strong positivity for 
CD163 and CD206 together with weak expression of CD86 may reflect a polariza-
tion of infiltrating macrophages towards a T2 phenotype, as recently suggested [29]. 
Importantly, MRH histiocytes stain negative for the Langerhans cell markers CD1a 
and S100 [28]. Negativity for factor XIIIa is helpful to distinguish MRH from retic-
ulohistiocytoma, a condition also known as solitary cutaneous reticulohistiocytosis, 
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which is characterized by discrete self-limited skin lesions resembling those of 
MRH [27]. Synovial biopsy is seldom sought due to easier access to skin lesions 
and shows a similar histological picture with PAS-positive lipid-laden giant cells 
and histiocytes with eosinophilic ground-glass cytoplasm [30]. Similar findings 
have been reported in other affected organs, such as the myocardium [19].

At electron microscopy, histiocytes display ultrastructural features of activated 
mononuclear antigen-processing cells, with prominent nucleoli and numerous 
Golgi complexes, rough endoplasmic reticulum, lysosomes, mitochondria, and 
phagosomes [31].

4.4  Pathogenesis

The scarcity of patients’ cohorts and the absence of animal models renders the 
evidence about the pathogenesis of MRH poor. What we know is that inflammation 
plays a critical role in disease pathogenesis. Analyzed samples of synovial fluid 
have revealed high amounts of proinflammatory cytokines and inflammatory medi-
ators such as TNFα, IL-1β, IL-6, IL12, prostaglandin E2, and platelet-derived 
growth factor β [32, 33]. Especially TNFα is a central mediator in MRH, as dem-
onstrated by the reported efficacy of TNFα inhibitors (addressed in detail in the 
“Treatment” section). Supporting this hypothesis, monocyte chemoattractant pro-
tein-1 (MCP-1), a molecule downstream of the TNFα cascade was found elevated 
in the serum and skin lesion of a patient with MRH, and levels decreased consensu-
ally with clinical improvement with anti-TNFα therapy [34]. This inflammatory 
surge is thought to be generated by the multinucleated giant cells characteristic of 
MRH: supporting these hypotheses reports have shown cytokine expression by 
these cells [32], and as mentioned several reports detected macrophage-specific 
positive staining.

Evidence has pointed out a role for osteoclast activation in the pathogenesis of 
articular involvement of MRH. Some of the mononuclear cells of MRH infiltrate 
have been found to express receptor activator of nuclear factor kappa B ligand 
(RANKL) at immunohistochemical analysis [35]. Stimulation by RANKL posi-
tive stromal cells may directly induce differentiation of synovial macrophages 
into osteoclasts, as demonstrated for rheumatoid arthritis [36, 37]. Supporting this 
hypothesis, synovial fluid macrophages from an MRH patient were cultured in the 
presence of macrophage colony-stimulating factor (M-CSF) and RANKL, and 
they differentiated into osteoclast-like multinucleated giant cells [38]. Moreover, 
MRH histiocytes were reported to express the osteoclast tissue lytic markers 
tartrate- resistant acid phosphatase (TRAP) and cathepsin K [39], and thereby fur-
ther highlighting the central role of osteoclasts in bone resorption in MRH, as in 
rheumatoid arthritis [40]. Further evidence is provided by the reported clinical 
efficacy of bisphosphonates in multiple cases of MRH [35, 38, 41].
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A clonal origin of MRH cells has been proposed. Recent evidence has demon-
strated that Langherans cell histiocytosis and some non-LCH histiocytosis (i.e., 
Erdheim Chester disease, juvenile xanthogranuloma, Rosai-Dorfman disease) 
arise from the clonal expansion of a progenitor cell (dendritic cell for LCH, mac-
rophage for non-LCH) harboring mutations in genes involved in tyrosine kinase 
pathways or intracellular pathways, most commonly the RAS-MAPK pathway 
[42]. Treatment with BRAF inhibitors or MEK inhibitors has changed the natural 
course of Erdheim Chester disease [43]. A recent study performed whole-genome 
sequencing and RNA sequencing in two patients with MRH. One patient pre-
sented a novel fusion protein involving kinesin family member 5B and fibroblast 
growth factor receptor 1 tyrosine kinase (KIF5B-FGFR1), strongly suggesting a 
gain-of-function tyrosine kinase activity [44]. The other patient presented a 
driver in-frame deletion of Mitogen-Activated Protein Kinase Kinase 1 
(MAP2K1) [44], already reported as a gain-of-function driver mutation in mela-
noma [45]. The mutational analysis suggested a clonal origin of MRH histio-
cytes. Finally, the patient with MAP2K1 deletion was successfully treated with 
chemotherapy [44].

4.5  Association with Other Diseases

Multicentric reticulohistiocytosis is associated with malignancy in about 25% of 
cases. Association with both solid and hematological cancer has been described. A 
literature review does not reveal a consistent association with a specific cancer type, 
indeed almost every type of malignancy has been associated: lung, laryngeal, bron-
chial, endometrial, ovarian, gastric, liver, sarcoma, leukemia, lymphoma, etc. [46–
52]. It is not clear whether MRH should be regarded as a paraneoplastic syndrome 
in these cases, as treatment of the malignancy did result in disease improvement 
only on some occasions [53]. Given the extreme rarity of the disease, the association 
with cancer may be coincidental. Nevertheless, the diagnostic workup of MRH 
should always include age/gender-specific cancer screening.

The coexistence of MRH with other autoimmune conditions is described in 
approximately 15% of cases [12]. Several autoimmune diseases have been associ-
ated: rheumatoid arthritis [54], systemic lupus erythematosus (SLE) [55], Sjögren 
syndrome [56], systemic sclerosis [57], and dermatomyositis [58]. Additionally, 
diseases such as thyroid disease, dyslipidemia, and diabetes mellitus have been 
associated with MRH [8]; whether this represents a mere coincidence is still under 
debate. Finally, a significant percentage of patients have been detected with a posi-
tive tuberculin test [59]. The conditions associated with MRH have been summa-
rized in Table 4.1.
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Table 4.1 Conditions associated with multicentric reticulohistiocytosis

Associated condition Type
Malignancy Lung cancer

Laryngeal cancer
Bronchial cancer
Gastric cancer
Liver cancer
Endometrial cancer
Ovarian cancer
Leukemia
Lymphoma
Sarcoma

Autoimmune diseases Rheumatoid arthritis
Sjogren syndrome
Systemic lupus erythematosus
Systemic sclerosis
Dermatomyositis

Other diseases Thyroid disease
Dyslipidemia
Diabetes mellitus
Colitis

4.6  Differential Diagnoses

Sometimes MRH may be misdiagnosed as another autoimmune disease, due to 
resemblance of clinical presentation. Indeed the differential diagnosis may be chal-
lenging, especially when the clinical onset features only articular involvement, as it 
happens in the majority of cases. The pattern of articular involvement and radiological 
appearance helps differentiate MRH from other forms of arthritis. Preferential DIP 
involvement distinguishes it from RA, together with lack of joint narrowing and juxta-
articular osteoporosis. The absence of periarticular osteoporosis and periosteal new 
bone formation distinguishes MRH from PsA, which frequently features DIP arthritis. 
DIP involvement is typical of erosive osteoarthritis as well, however the absence of 
marginal osteophytes and joint ankylosis helps in ruling out OA. MRH arthritis can be 
easily distinguished from crystal arthropathies (i.e., gout and calcium pyrophosphate 
deposition disease) by demonstrating the absence of urate or calcium pyrophosphate 
crystals in the synovial fluid examination through polarized light microscopy. 
Cutaneous manifestations, even though being more specific than articular manifesta-
tions, may as well be challenging for the differential diagnosis of MRH, especially 
when appearing before articular involvement. The main differential diagnosis here is 
with dermatomyositis (DM): papulonodular lesions typical of MRH when coalescing 
in the trunk or upper back area may mimic the V-rash or shawl sign of DM, respec-
tively; moreover, hand lesions may be mistaken with Gottron’s papules. As men-
tioned, nail involvement is similar to that of psoriatic arthritis; however, in MRH it is 
part of a characteristic involvement of the periungual region (i.e., coral beads sign) 
[60] that makes the disease highly recognizable. Another important differential is with 
localized granuloma annulare: the disease indeed features cutaneous involvement 
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with erythematous plaques or papules in the dorsal aspect of hands and feet. However, 
these lesions are highly recognizable due to their annular appearance with circinate 
borders, and the disease ensues most commonly in young adults, who are rarely 
affected by MRH. Last, granuloma annulare does not have articular involvement [61]. 
The differential diagnosis should also  include sarcoidosis, xanthoma, fibroblastic 
rheumatism, lepromatous leprosy, and Farber’s disease [62].

4.7  Treatment

Multicentric reticulohistiocytosis is often a self-limited disease, nevertheless early 
treatment is warranted to prevent the permanent damage of destructive arthritis, 
dermatitis, or visceral organ involvement. Due to the extreme rarity of the disease, 
the evidence on treatment efficacy is only limited to case reports and small case 
series. Nonsteroidal anti-inflammatory drugs (NSAIDs) and steroids are typically 
used as first-line agents [7]. Generally, patients need to be started on a disease- 
modifying anti-rheumatic drug (DMARD) to achieve disease remission [7]. The 
following DMARDs have been employed in the treatment of MRH: methotrexate 
[63, 64], hydroxychloroquine [63], leflunomide [5], azathioprine [65], cyclosporine 
A [66] sulfasalazine, mycophenolate [7]. A partial or complete response has been 
obtained in some cases with alkylating agents such as cyclophosphamide [67, 68], 
chlorambucil [69], and vincristine sulfate [70]. After the identification of the proin-
flammatory signature of MRH, selective cytokine inhibition with biologic agents 
has been employed with promising results. Encouraging data have been reported 
especially on the efficacy of anti-TNFα, both regarding articular and cutaneous 
response. Both monoclonal antibodies (infliximab and adalimumab) and recombi-
nant soluble receptor (etanercept) showed clinical efficacy in specific case reports 
[71–75]. Moreover, in one case clinical improvement was accompanied by a 
decrease in the serum level of TNFα, further highlighting the critical role of TNFα 
in MRH pathogenesis [34]. The efficacy of cytokine blockade extends beyond that 
of anti-TNFα agents. One case of MRH refractory to steroids and methotrexate was 
successfully treated with IL-6 inhibition through tocilizumab [76]. Furthermore one 
patient with a strong histological expression of IL-1β and elevated serum IL-1β 
levels was treated with recombinant IL-1 receptor antagonist (anakinra), achieving 
both disease remission and normalization of IL-1β levels [77].

Owing to the evidence of osteoclastic activity in MRH, treatment with bisphos-
phonates has been implemented in some cases. Alendronate, pamidronate, and zole-
dronic acid have been utilized with beneficial effects both on articular and cutaneous 
involvement, both as a monotherapy [35] and in combination with steroids and 
DMARDs [7, 41, 78]. Moreover, the anti-RANKL monoclonal antibody denosumab 
was used in combination with tacrolimus in the case of MRH [79] and more recent 
trials suggest that anti-osteoporotic agents targeting cathepsin K may provide new 
therapeutic options [80].

Finally, the newly introduced concept of multicentric reticulohistiocytosis as a 
clonal disease [44] opens new frontiers for targeted therapy with tyrosine kinase 
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inhibitors. As for other histiocytosis treatments, inhibitors of the RAS-MAPK-ERK 
pathway [81] may provide striking clinical benefits. Knowledge is still limited as 
mutational analysis has recently been performed only on two patients.

Occasionally surgical intervention with arthrodesis or joint replacement may be 
required in patients with arthritis mutilans.

In summary, treatment of MRH is ought to evolve towards a personalized ther-
apy with biologic agents and tyrosine kinase inhibitors selected upon the immuno-
histochemical presentation, cytokine profile, and mutational analysis.

4.8  Conclusion

Multicentric reticulohistiocytosis is a systemic non-Langherans histiocytosis with 
predominant mucocutaneous involvement. It represents a clinical challenge due to 
the extreme rarity of the disease and its resemblance to other more common inflam-
matory disorders, especially at the early stages of the disease. Better disease knowl-
edge is required to decrease the rate of underdiagnosis and to start early treatment 
to prevent the destructive features of MRH. The recently discovered proinflamma-
tory cytokine signature and alteration in tyrosine kinase pathways open up new 
promising therapeutic options with biologics and antineoplastic drugs.
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5SAPHO Syndrome

Steven Truong and Peter Nash

5.1  Introduction

Synovitis, Acne, Pustulosis, Hyperostosis, Osteitis (SAPHO) syndrome involves 
“osteoarticular” changes of sterile osteitis, sclerotic bony hypertrophy, and synovi-
tis, usually accompanied by pustular skin disease [1].

Diagnosis is challenging due to a highly variable presentation and the absence of 
validated diagnostic criteria. Diagnosis is made by global impression, relying on the 
presence of multiple features with moderate or high specificity. Alternate diagnoses 
including spondyloarthritis, infection, and malignancy must be reasonably excluded 
by the overall clinical picture, imaging, or bone biopsy.

SAPHO is very rare—prevalence is estimated at less than 1/10,000 in Caucasians 
and 0.00144/100,000  in Japanese [2, 3]. The actual prevalence may be higher as 
cases may be diagnosed with the more common, related conditions of spondyloar-
thritis or pustular skin disease. SAPHO typically onsets at 28–50 years of age and 
is more common in females [4, 5].

Other adult syndromes of sterile osteitis with multisystem involvement have 
been described and some meet the definition of SAPHO syndrome. In children, the 
related syndromes of Chronic Non-bacterial Osteomyelitis (CNO) and Chronic 
Recurrent Multifocal Osteomyelitis (CRMO) resemble SAPHO but involve less 
pustulosis and axial disease, and more peripheral osteitis [3].

A multisystem presentation is common, for example, involving Anterior Chest 
Wall (ACW) synovitis, sacroiliitis, Palmoplantar Pustulosis (PPP), Crohn’s disease 
and axial spondyloarthritis. This suggests shared or overlapping pathophysiology of 
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these diseases, although a genome-wide study of SAPHO did not find common risk 
loci. An international survey led by the Group for Research and Assessment of 
Psoriasis and Psoriatic Arthritis (GRAPPA) reported 49% of SAPHO treating clini-
cians considered it to be a subtype of spondyloarthritis, 19% a subtype of psoriatic 
arthritis, 6% reactive arthritis, and 26% a separate entity [6]. Characteristic clinical 
features shared between SAPHO and psoriatic arthritis include sterile cutaneous 
microabscesses, sacroiliitis on MRI in 30–40%, and reduced association with HLA-
B27. Other specific features of spondyloarthritis are also seen in SAPHO, including 
enthesitis with bony bridge formation (including vertebral) and peri- entheseal oste-
itis. Explanations for the infection-like features include the novel concept of “reac-
tive infectious osteitis,” a reactive arthritis that can commence and persist without 
resolution of infection [7]. Resemblance to these conditions and case series guide 
our choice of treatment.

5.2  Pathophysiology

The pathophysiology of SAPHO is distinct from other arthritides as it has a unique 
pattern of immune dysfunction and suspected microbial interaction. Clinically it 
can resemble disseminated bacterial infection or infectious osteitis. Despite the fre-
quent presence of microbes in bone biopsy samples, there is inadequate evidence to 
confirm causation, suggesting a complex microbial interaction, such as dysbiosis or 
chronic infection.

Bone marrow biopsies demonstrate sterile osteomyelitis, involving early infiltra-
tion with polymorphonuclear neutrophils, followed by a mononuclear cell infiltrate 
and late-stage sclerosis with osteocytes and marrow fibrosis.

Immune dysregulation of multiple pathways is evident, including elevation of 
proinflammatory cytokines, low NK cell counts, and increased Th17 cells [8]. 
Proinflammatory signals of the innate response, including Interleukin (IL)-1, IL-8, 
IL-17, IL-18, and RANKL are elevated, producing symptoms such as those seen in 
spondyloarthritis, PAPA (Pyogenic Arthritis, Pyoderma Gangrenosum, and Acne) 
syndrome and metabolic bone disease [9]. The PAPA syndrome mouse model, 
PSTPIP2 knockout mice, developed IL-1ß elevation and a SAPHO-like syndrome 
of synovitis, hyperostosis, and osteitis, multifocal osteomyelitis with macrophage 
and neutrophil infiltrate of phone, joints, and skin [10].

Cutibacterium acnes (formerly Propionibacterium acnes) is a strong stimu-
lator of the NLR/NLRP-inflammasome which produces IL-1ß [11]. C. acnes is 
therefore a species of flora that can trigger innate autoimmunity. Staphylococcus 
aureus and Streptococcus pyogenes are believed to play a similar triggering role 
in psoriasis vulgaris. Supporting this link, C. acnes has been isolated in 42–67% 
of bone biopsy samples and can cause joint erosions in rat models [7, 12]. The 
reported sensitivity of C. acnes culture may be falsely low, reduced by a culture 
duration of less than 10  days. Other SAPHO associated pathogens include 
S. aureus, Haemophilus parainfluenzae, Actinomycetes, syphilis, Veillonella, 
and Eikenella.
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5.3  Clinical Features

Osteoarticular symptoms occur from osteitis, synovitis, and enthesitis. These pro-
cesses usually occur adjacent to one another but can occur independently and can 
induce local soft tissue swelling.

The cardinal feature of SAPHO is ACW pain, present in 63–90% with imaging 
signs in more than 90%. Other common sites include the spine (74–60%), sacroiliac 
joints (24–39%), peripheral joints (31–83%), mandible (11–13%), and pelvis (4%) 
[4, 13, 14].

Commonly involved ACW joints are the first sternocostal joints (54%), sterno-
clavicular joints (SCJ) (38%), sternal angle (37%), the 2–6th sternocostal joints 
(16%), and adjacent manubrium (85%) [4, 15]. Spinal and peripheral enthesitis is 
common, especially in the patellar or Achilles tendons. Most individuals experience 
back pain, involving the thoracic spine (65%), lumbar spine (50%), or cervical spine 
(50%) and 65% describe inflammatory back pain.

Lifetime skin involvement occurs in most individuals (71–85%) and can com-
mence before, with or after osteoarticular manifestations [5, 16]. A minority (<30%) 
experience skin lesions that commence more than 2 years after osteoarticular mani-
festations [17]. The recognized skin manifestations are all neutrophilic pustular der-
matoses—PPP, severe acne, and psoriasis vulgaris. Other neutrophilic pustular 
dermatoses such as hidradenitis suppurativa and pyoderma gangrenosum have been 
reported as part of SAPHO but are not included in commonly used diagnostic 
criteria.

Palmoplantar Pustulosis is a subtype of psoriasis involving recurrent sterile pus-
tules and vesicles which is histologically indistinguishable from pustular psoriasis. 
It is the most common skin manifestation in Caucasians (52–67%) and East Asians 
(71–92%) [4]. Severe acne is more common in Caucasians with SAPHO (14–40%) 
than in East Asians (10–16%) and is more common in males [18]. Psoriasis vulgaris 
is the least common skin manifestation (15–25%), while comorbid PPP and severe 
acne is uncommon (2–8%).

The natural history of SAPHO is variable, and when symptomatic it has a high 
impact on quality of life. Disease activity fluctuates with an overall good prognosis 
of self-limited disease, uncommonly progressing to deformity or permanent loss of 
function [17]. Single episodes lasting less than 6 months are uncommon (13%). 
Most cases experience at least one episode lasting more than 6 months (52%), while 
many suffer a relapsing and remitting disease course (35%) often, with only a few 
severe episodes in a lifetime [5]. Recurrent episodes move to new sites in most indi-
viduals observed over 12 years.

5.4  Diagnosis

Diagnosis of SAPHO is challenging due to its heterogeneous presentation and the 
lack of validated diagnostic criteria. Infective osteomyelitis can be excluded when 
typical clinical and imaging features of SAPHO are present or by bone biopsy.
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Table 5.1 Commonly used diagnostic criteria for SAPHO syndrome

Benhamou (1988) [19]
Kahn and Khan (1994) 
[20] Khan (2003) [21]

At least 1 of the following 4 
conditions:
1.  Osteoarticular 

manifestations of acne 
conglobate, acne 
fulminans, or 
hidradenitis suppurativa

2.  Osteoarticular 
manifestation of PPP

3.  Hyperostosis (of the 
ACW, limbs, or spine) 
with or without 
dermatosis

4.  CRMO involving the 
axial or peripheral 
skeleton with or 
without dermatosis

At least 1 of the 
following 3 conditions:
1.  Chronic recurrent 

multifocal sterile 
and axial 
osteomyelitis, with 
or without 
dermatosis

2.  Acute, subacute, or 
chronic arthritis 
associated with 
PPP, pustular 
psoriasis, or severe 
acne

3.  Any sterile osteitis 
associated with 
PPP, pustular 
psoriasis, or severe 
acne

At least 1 of the following 5 
conditions:
1.  Bone–joint involvement 

associated with PPP and 
psoriasis vulgaris

2.  Bone–joint involvement 
associated with severe acne

3.  Isolated sterile hyperostosis/
osteitis

4. CRMO (children)
5.  Bone–joint involvement 

associated with chronic bowel 
diseases. Exclusion: Infectious 
osteitis, tumoral conditions of 
bone, noninflammatory 
condensing lesions of bone

Three preliminary diagnostic criteria are commonly used (Table 5.1) [19–21]. 
All rely on the identification of sterile osteitis or characteristic imaging features 
and all include criteria that overlap with related diseases, e.g., pustular psoriasis 
with arthritis. Therefore, these diagnostic criteria should be used as a guide for 
experienced clinicians who can recognize or exclude common presentations of 
SAPHO and related conditions. Most clinicians surveyed reported that the Kahn 
and Khan criteria are reflective of SAPHO seen in clinical practice but want it 
updated [6].

A diagnosis can be made when imaging demonstrates the characteristic osteoar-
ticular lesions and distribution of arthritis or presence of skin manifestations. If 
imaging finds unifocal osteomyelitis or the overall picture is inconclusive for 
SAPHO, CNO, or CRMO, a bone biopsy should be performed to exclude malig-
nancy or infection [22]. Other mimics on imaging include mixed lytic and sclerotic 
lesions from lymphoma or multiple myeloma (Table  5.2). Spondyloarthritis and 
SAPHO can cause enthesitis, spondylodiscitis, and paravertebral ossification, 
although SAPHO does not produce the delicate marginal syndesmophytes seen in 
spondyloarthritis [23].

Similarly, the histological findings of sterile osteomyelitis with chronic 
inflammatory infiltrate are not diagnostic and can be caused by chronic infec-
tion, so microbial culture, rRNA amplification, and Mycobacterial polymerase 
chain reaction testing should be performed. In the GRAPPA survey, a bone 
biopsy was considered as “not required” in the appropriate clinical circum-
stances by 55% of clinicians, was “supported” as necessary by 10%, while 35% 
were uncertain [6].
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Table 5.2 Differential diagnosis of SAPHO syndrome

Feature Differential diagnosis
Synovitis Rheumatoid arthritis, Spondyloarthritis, Psoriatic arthritis
Acne PAPA (Pyogenic arthritis, Pyoderma Gangrenosum, and acne) syndrome, 

Behçet’s PASH syndrome (Pyoderma gangrenosum, acne, Suppurative 
hidradenitis)
Arthritis associated with hidradenitis suppurativa

Pustulosis Isolated PPP or pustular psoriasis
Sonozaki syndrome (pustulotic arthro-osteitis)
Infiltrative neutrophilic dermatoses, e.g., Sweet’s syndrome, Sneddon-Wilkinson 
disease
Pyoderma gangrenosum

Hyperostosis Diffuse idiopathic skeletal hyperostosis
Osteitis Chronic bacterial osteomyelitis, tuberculosis, secondary syphilis

Ewing sarcoma, osteosarcoma, metastatic tumors, lymphoma
Paget’s disease
Eosinophilic granuloma
Vasculitis affecting bone

5.5  Differential Diagnoses

Assessment for other causes of osteitis must be performed before a diagnosis of 
SAPHO is made (Table 5.2). This includes other sterile osteomyelitis syndromes 
which share clinical features with SAPHO and may exist on the same disease spec-
trum. CNO and its severe form CRMO affect children and young adults, most fre-
quently in the metaphyses of long bones of the lower limbs or the shoulder girdle. 
Features of spondyloarthritis are absent and only 20% have PPP, severe acne, or 
psoriasis vulgaris. Axial predominant disease in children with pustulosis is rare so 
can be diagnosed as SAPHO. Similar to SAPHO, immune dysregulation involves 
IL-1β, IL-18, and the NLRP3 inflammasome, causing osteolysis and in some cases 
hyperostosis and bone sclerosis.

Sternocostoclavicular hyperostosis (SCCH) produces ACW osteoarticular dis-
ease resembling SAPHO, usually without skin lesions, elevated erythrocyte sedi-
mentation rate (ESR), or C-reactive protein (CRP) or Bone Marrow Edema (BME). 
SCCH can have enthesitis, axial inflammation or peripheral arthritis, progressive 
erosions, hyperostosis, or fusion of the sternoclavicular joints. Isolated sterile man-
dibular osteomyelitis without skin manifestations has been described as mandibular 
sclerosing osteomyelitis or diffuse sclerotic osteomyelitis.

Acute or chronic osteomyelitis from a low virulence organism can produce non-
specific inflammatory changes on imaging or biopsy, which can cause erosions and 
joint space widening without elevated inflammatory markers. Septic arthritis affect-
ing the SCJ is uncommon to rare, accounting for 1% of all septic arthritis [24]. 
Pathogens known to infect the SCJ include S. aureus, Brucella, Escherichia coli, 
Pseudomonas, TB, and Syphilis. Joint aspiration and culture are moderately sensi-
tive for SCJ septic arthritis (50–77%) while MRI or bone scan have sensitivity 
approaching 100%.
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Several common arthritides can affect the ACW. Moderate to severe SCJ degen-
eration on imaging is common, reported in 50–100% of people over 60 years of age 
[25]. It is usually bilateral and may have characteristic degenerative features such as 
joint space loss, subchondral cysts, osteophytes, and sclerosis. SCJ or manubrioster-
nal arthritis has been reported in spondyloarthritis (39%), psoriatic arthritis (50%), 
and ankylosing spondylitis (4%). Asymptomatic SCJ chondrocalcinosis occurs in 
17% of adults.

5.6  Investigations

The characteristic imaging features of SAPHO are osteitis and hyperostosis. 
Hyperostosis involves cortical hypertrophy with diffuse osteosclerosis and can nar-
row the medullary canal. Osteitis involves acute inflammation of medullary bone 
which often causes medullary sclerosis and less commonly osteolysis.

5.6.1  Imaging

Early imaging changes include osteitis, osteosclerosis with cortical erosions, and 
soft tissue edema. Inflammation is initially seen in the costoclavicular ligaments, 
SCJ, and adjacent structures (manubrium, medial clavicles, costal cartilage, first 
ribs). Late changes include synovitis, marked hyperostosis (especially of the medial 
clavicle), osteosclerosis, costal cartilage sclerosis, and SCJ or first sternocostal 
ankylosis.

5.6.1.1  Conventional Radiography
Plain radiography may identify diffuse osteitis, cortical hypertrophy, or osteolysis 
after more than 3 months of disease. Sclerosis of medullary bone and cortical hyper-
trophy then occurs, finally producing mixed osteosclerotic and lytic lesions in the 
late stage. Enthesophytes, sclerosis, erosions, periosteal reactions, joint space loss, 
or articular osteolysis may occur.

5.6.1.2  Computed Tomography
Computer Tomography (CT) is more sensitive than conventional radiography 
and can detect early changes including sclerosis and costoclavicular ligament 
enthesophytes. Spinal lesions evident on CT are present in >90% of SAPHO, 
involving ≥2 vertebral levels in the vast majority (89%), usually with little or no 
change in intervertebral disc space [26]. Features include vertebral corner corti-
cal erosions and reactive osteosclerosis of nearby cancellous bone, and asym-
metrical syndesmophytes or bony bridges from vertebral corners with or without 
adjacent endplate ossification [15, 20, 26]. These changes do not resemble the 
delicate syndesmophytes of spondyloarthritis, and sacroiliac joint sclerosis 
caused by SAPHO is typically far more extensive than that in spondyloarthritis, 
especially on the iliac side [15, 23]. CT can also identify features of suppurative 
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osteomyelitis such as continuous osteolytic lesions (and at times perforating 
lesions) with even slight sclerosis.

5.6.1.3  Magnetic Resonance Imaging
Magnetic resonance imaging provides high sensitivity imaging of characteristic fea-
tures including hyperostosis, enthesitis, osteitis, and peri-entheseal and peri- articular 
inflammation [4, 26]. In addition to diagnostic information, it assesses disease activ-
ity and peri-osteitis soft tissue masses and is the preferred imaging modality for 
imaging suspected SAPHO [6]. The pattern of acute inflammatory change is often 
sufficient to differentiate SAPHO from acute infection or metastasis and can assess 
SAPHO disease activity. BME has been reported in up to 89% of cases, including 
87% in the sternocostal joints and 38% in the sternoclavicular joints [4]. This study 
found most to all cases had extensive inflammation, producing BME of the joint 
capsule, ligaments and surrounding soft tissue, joint effusions, and most had an 
inflammatory retrosternal soft tissue mass. BME was present in most individuals 
with spinal bony bridges, and fatty spinal deposits indicative of past inflammation 
were common (39%). Costoclavicular enthesitis and local hyperostotic foci are con-
sidered early diagnostic features. Spondylodiscitis is common in SAPHO, observed 
in 32–47%; however, its acute and chronic features are also seen in spondyloarthri-
tis and infection. Multiple vertebral corner lesions affecting contiguous vertebrae, 
and lesions involving the adjacent vertebral endplate or anterior cortex favor 
SAPHO over other conditions such as metastases, spondyloarthritis, or infec-
tion [16].

5.6.1.4  Bone Scintigraphy
Bone scintigraphy is a sensitive test for SAPHO that can characterize bone or articu-
lar pain and identify asymptomatic lesions across the body. It can reveal character-
istic patterns of osteitis including the “bulls head sign” or multifocal osteitis, which 
usually involves 3–4 sites [4, 27]. Three common patterns have been described—
focused on the SCJ, spine, or costal joints [28]. The absence of SCJ uptake and 
unifocal SAPHO are uncommon [2]. The utility of bone scintigraphy for the assess-
ment of disease activity is unclear.

5.6.1.5  Positron Emission Tomography
Positron Emission Tomography (PET) typically shows multiple lesions in the ACW 
and spine with low-moderate fluoro-deoxy glucose (FDG) uptake and concurrent 
osteolysis and osteosclerosis [29]. PET can often differentiate metastases from 
SAPHO by interpreting specific articular findings but has an unclear role in disease 
activity monitoring as it has only a fair-moderate agreement with symptoms [29].

5.6.2  Laboratory Investigations

Serum inflammatory markers ESR and CRP may be raised during acute SAPHO 
activity, while white cell count is not. ESR elevation has been observed in 57–89%, 
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CRP elevation in 50–72%, and either in 63% [4, 14, 16, 26]. Inflammatory markers 
may have a role in monitoring disease activity if elevated at baseline. Other poten-
tial markers of disease activity include amyloid A, IgG4, and bone turnover markers 
[9]. Reported rates of HLA-B27 in SAPHO cohorts are similar to or lower than the 
general population, perhaps because individuals with a positive HLA-B27 are more 
likely to be diagnosed with axial spondyloarthritis [4, 5, 18, 26].

5.7  Management

Interventions for SAPHO have been chosen based on our limited understanding of 
its pathogenesis, effective treatments of similar conditions, and limited evidence 
from case series.

Non-Steroidal Anti-Inflammatories (NSAIDs) are used to treat osteoarticular 
pain, with improvement reported in 65–86% and complete response in 34% [14, 30].

Pamidronate is reported as improving osteoarticular pain in 82% with complete 
remission in 49%, and some reports describe improvement in bone scan uptake and 
BMO [30]. Skin manifestations improve at rates higher than spontaneous remission. 
In addition to anti-resorptive actions, pamidronate is believed to have anti- 
inflammatory actions including inhibition of IL-1β.

Case series of corticosteroids (0.5 mg/kg of prednisolone) describes a temporary 
response in 81%, with an observed rebound of skin disease worse than baseline 
when used at high doses [14]. Intra-articular injections have been used for brief 
relief of arthritis but have minimal to no benefit for osteitis.

Case reports of conventional immunosuppressants suggest limited efficacy. 
Reports of methotrexate use describe an improvement in pain in half the cases, 
while enthesitis and skin do not appear to respond. Leflunomide improved pain in 
all three reported cases while sulfasalazine did not.

Antibiotics including tetracyclines, clindamycin, and azithromycin reportedly 
improve acne but not PPP and do not provide a lasting effect [12]. A recent pooled 
analysis of antibiotic case reports (n = 107) found about 1/3 of patients had com-
plete resolution of symptoms, 1/3 had a partial response, and 1/3 had no response [30].

Biologic medications have reported efficacy but are associated with paradoxical 
skin reactions in almost half and flares of preexisting skin manifestations. These 
events may all be flares of the disease. Tumour necrosis factor (TNF) inhibitor use 
has been reported in a large case series, which describe complete remission in 3/4, 
mostly sustained over 17 months and no response in <5% [30]. Osteoarticular pain 
more frequently responds to TNF inhibition than skin manifestations.

Case series describe nonresponders to pamidronate and TNF inhibitors respond-
ing to other biologics including IL-1, IL-6, and IL-17 inhibitors. IL-17 inhibitors 
appear to have a similar response rate to TNF inhibitors with improvement in pain, 
BMO, CRP, and skin manifestations. Their rationale for use is that IL-17 inhibition 
is highly effective for PPP and IL-17 is implicated in the pathogenesis of all clinical 
components of SAPHO syndrome. Despite their effectiveness against PPP, IL-17 
inhibitors have been associated with severe pustular skin reactions. Anakinra 
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Fig. 5.1 Treatment options in SAPHO

(anti- IL- 1) also appears to provide a similar improvement in osteoarticular symp-
toms to TNF inhibitors but rates of skin response are much lower. Ustekinumab 
(anti-IL-23) has been used in a limited number of cases with a mixture of complete, 
partial, and nonresponse, and has successfully been used to treat paradoxical skin 
reactions. Tocilizumab (anti-IL-6) use has been described in very few cases with 
inconsistent results. Tofacitinib use has been reported in a few cases with a good 
response in osteoarticular symptoms.

From limited data and understanding of pathophysiology, treatment choice for 
this heterogenous syndrome is challenging. Following diagnosis, acute therapy 
using NSAIDs or corticosteroids is often adequate for pain relief. If a relapsing 
disease course occurs, long-term treatment can be chosen based on the major dis-
ease manifestation, related preexisting diseases, or comorbidities. Bisphosphonates 
target bone pain, while methotrexate may be preferred in individuals with psoriasis 
or peripheral arthritis. Severe arthritis or osteoarticular pain favors the use of TNF 
inhibitors, while arthritis with pustular skin disease or enthesitis may respond best 
to IL-17 or IL-23 inhibition based on their use in spondyloarthritis and psoriasis. 
These treatment options have been summarized in Fig. 5.1.

5.8  Conclusion

SAPHO presents a challenge to diagnosis and treatment even for experienced clini-
cians. It frequently resembles or coexists with other conditions, including life and 
limb-threatening causes of osteitis. Identification requires careful assessment of 
clinical manifestations, pathology, and imaging. Its pathophysiology is poorly 
understood but involves dysregulated innate immune pathways, probably as an 
aberrant response to skin flora, producing a spondyloarthritis-like syndrome. These 
findings have prompted the use of broad and targeted immunomodulatory therapies, 
which are adequate to suppress the relapsing/remitting disease manifestations in 
most people. Further description of its pathology should inform prognosis and 
improve diagnosis and treatment.
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6Basic Calcium Phosphate-Associated 
Arthritis

Ann K. Rosenthal and Keith Baynes

6.1  Introduction

Basic calcium phosphate (BCP) is a term used to refer to a trio of calcium phosphate 
crystals including tricalcium phosphate, octacalcium phosphate, and carbonate- 
substituted hydroxyapatite. These tiny crystals are similar in composition to the 
normal mineral that is present in the bone matrix and are involved in many forms of 
pathologic calcification. For example, they are present in breast and prostate can-
cers, atherosclerotic blood vessels, calciphylaxis seen in end-stage renal disease, 
and dystrophic calcification seen at sites of tissue injury. BCP crystal deposits can 
be relatively inert, or aggressively inflammatory, and much about the factors con-
tributing to their formation as well as their interactions with surrounding tissues 
remains unclear.

In the musculoskeletal system, BCP crystals are present in a variety of settings. 
They are found in almost all tissue samples from patients with late-stage osteoar-
thritis (OA) of the hip or knee [1, 2], and are also common components of the syno-
vial fluid in OA [3, 4]. Their presence in OA correlates with disease severity, and a 
significant body of evidence supports their ability to contribute to joint damage in 
this setting [5]. BCP crystals can induce inflammatory cytokines [6], contribute to 
osteoclast formation [7], and alter tissue biomechanics. BCP crystals are also 
involved in calcific tendinitis, which is a common cause of acute shoulder or hip 
pain associated with large radiographic crystal deposits.
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Two rare forms of arthritis are believed to be caused by BCP crystals. These are 
Milwaukee Shoulder Syndrome (MSS) and Calcific Periarthritis (CP). These two 
conditions will be the focus of this review.

6.2  Milwaukee Shoulder Syndrome

6.2.1  Historical Perspective

Milwaukee Shoulder Syndrome was initially described in 1981 by McCarty et al. [8]. 
Although similar descriptions of elderly patients with large shoulder effusions had 
been described over 100 years prior [9], McCarty was the first to identify “micro-
spheroid structures” containing hydroxyapatite crystals in these patients. Before his 
description, this syndrome was known as rotator cuff tear arthropathy, a reference to 
the severe destruction of the rotator cuff. The largest data collectiion from patients with 
MSS was published many years ago and described 72 patients in total [10]. Because of 
the rarity of this condition as well as the challenges involved in conclusively identify-
ing the presence of BCP crystals (described below), MSS is frequently misdiagnosed.

6.2.2  Clinical Features

Milwaukee Shoulder Syndrome currently lacks any validated diagnostic or classifi-
cation criteria. Based on case collections largely from a single center (Milwaukee), 
we know that this disease often occurs in elderly women [9]. They present with 
chronic shoulder swelling associated with a wide range of symptoms. Some affected 
individuals have severe pain which can be exacerbated at night, and others have 
very little discomfort [10]. Up to 50% of the patients in some case series also have 
knee involvement [10], characterized by exuberant effusions with little evidence of 
inflammation. While BCP crystals have also been implicated in some forms of 
destructive hand arthritis, this has not been confirmed.

Bilateral shoulder arthritis occurs in 64% of the patients [11]. In some cases, 
shoulder capsules can rupture resulting in large ecchymoses on the chest wall and 
upper arm. Rarely, sinus tracks can develop [9].

The knee involvement may be lateral compartment-predominant, which is not 
typical for most knee OA, but the overlap with calcium pyrophosphate deposition 
disease (CPPD) in this case series makes it difficult to attribute this to BCP- 
associated pathology alone [10]. Hip involvement has also been described, as has 
elbow involvement.

Examination typically shows significant shoulder effusions. Warmth and ery-
thema are not commonly seen. Affected shoulder joints often have clinical evidence 
of rotator cuff destruction manifest by diminished strength of the arm and impaired 
active range of motion of the shoulder. In contrast, passive range of motion may be 
well-preserved. The shoulder joint often feels unstable to the examiner and may 
easily dislocate.
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6.2.3  Epidemiology

The incidence and prevalence of MSS are not known and to our knowledge have 
never been studied. The literature currently consists of case collections of patients 
[10, 11]. The age range in existing case collections is 50–90 years. MSS is more 
common in women. Some risk factors have been proposed, including overuse of the 
shoulder, use of crutches, and prior shoulder injury. While trends in prevalence are 
not easily tracked, our center has anecdotally noted a seeming decrease in the preva-
lence of MSS over the last 20 years.

6.2.4  Diagnosis

Accurate diagnosis remains a major hurdle in MSS. Currently, the diagnosis is made 
based on clinical features but can be strongly supported by synovial fluid findings 
and typical changes on radiographs.

6.2.4.1  Synovial Fluid Analysis
Individuals with MSS typically have large glenohumeral joint effusions which can 
readily be aspirated. If these rupture into the subacromial bursa, aspiration can be 
performed with a subacromial approach. The fluid can be blood-tinged [12]. White 
blood cell counts in synovial fluid from MSS patients are typically below 1000 
cells/mm3 and are often extremely low.

6.2.4.2  BCP Crystal Analysis
BCP crystals cannot be readily detected by typical bedside methods used for other 
types of arthritogenic crystals. BCP crystals are much smaller than monosodium 
urate (MSU) or calcium pyrophosphate (CPP) crystals and single BCP crystals are 
below the detection limit for light microscopes. These crystals also lack the charac-
teristic birefringence helpful in differentiating crystals from debris under polarizing 
light microscopy. Currently, the only widely available method to detect BCP crys-
tals in the clinic is to use Alizarin Red S staining [13]. This test involves 2% Alizarin 
Red S stain which should be filtered before each use. Typically, a drop of synovial 
fluid is mixed with a drop of stain on a microscope slide and the slide is examined 
under plain light microscopy. Aggregated crystals appear as clusters or coins of 
shiny red staining (Fig. 6.1). This test has been validated for accuracy in two studies 
using transmission electron microscopy as a gold standard [13, 14]. Its accuracy 
was about 90% for strongly positive samples. It is important to remember that these 
observers had significant experience with this stain. In real-world use, the synovial 
fluid structures stained with Alizarin Red S can be quite difficult to differentiate 
from debris [15]. Furthermore, Alizarin Red S is not specific for BCP crystals and 
also stains CPP crystals. This is a particular problem with MSS effusions, as in 
some case series, up to 40% of patients diagnosed as MSS also had CPP crystals in 
their synovial fluid [8].
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a b

Fig. 6.1 Alizarin Red S staining of synovial fluid BCP crystals. (a) Synovial fluid stained with 
Alizarin Red S shows the typical appearance of a single cluster of BCP crystals under light micros-
copy (600×). (b) Stained synovial fluid sample with no BCP crystals

Fig. 6.2 Radiographic 
appearance of Milwaukee 
Shoulder Syndrome 
(MSS). Shoulder with 
severe bone and joint 
destruction as is typically 
seen in MSS

There are several other more accurate ways of identifying BCP crystals. These 
include techniques such as Fourier transform infrared spectroscopy and transmis-
sion electron microscopy with energy dispersive analysis. X-ray diffraction and 
atomic force microscopy have also been used to identify BCP crystals. These meth-
ods are highly accurate for detecting BCP crystals but are not widely available to the 
clinical community [16].

6.2.4.3  Imaging
Conventional radiography is useful in supporting a diagnosis of MSS (Fig. 6.2). 
X-rays show evidence of rotator cuff destruction as seen by a “high-riding” 
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glenohumeral head. This is accompanied by considerable bony destruction. Soft 
tissue calcification may be observed in as many as 55% of cases. There is also evi-
dence of cartilage loss demonstrated by glenohumeral joint space narrowing. There 
is little information regarding advanced imaging in MSS, although MRI-based 
imaging may facilitate better characterization of the extent of soft tissue involve-
ment [17].

6.2.5  Pathophysiology

BCP crystal formation is not well understood, but likely involves complex multistep 
processes [18]. In general, pathologic calcification often occurs at sites of ischemia 
or tissue damage. Cell death or injury releases many factors which can contribute to 
calcium phosphate mineralization. In many tissues, small extracellular vesicles par-
ticipate in pathologic calcification [19]. Changes in extracellular matrix composi-
tion [20], and altered circulating levels of mineralization regulators such as FGF23 
and fetuin may affect these processes.

Once BCP crystals form, they cause inflammation in some settings, but there is 
remarkably little inflammation in joints affected by MSS. BCP crystals can induce 
fibroblast proliferation [21] which can increase the secretion of destructive enzymes 
and cytokines from the synovium. One theory of MSS pathogenesis that the tissue 
damage results from increased collagenase activity induced by BCP crystals [22]. 
Collagenases destroy tendons, ligaments, and joint capsules as well as bone. In 
vitro, BCP crystals can induce the production of several forms of collagenase from 
fibroblasts [22] and have similar actions on chondrocytes in synergy with cytokines 
seen commonly in OA and after injury [23].

6.2.6  Differential Diagnosis

The differential diagnosis for MSS is broad. Other competing diagnoses include 
posttraumatic OA of the glenohumeral joint, CPPD, amyloid arthropathy, hemo-
chromatosis arthritis, tenosynovial giant cell tumor, neuropathic joint disease 
(Charcot arthropathy), and the poorly defined syndrome known as rotator cuff 
arthropathy. Differentiating MSS from these conditions can be difficult. OA of the 
glenohumeral joint is unusual without a preceding injury. CPPD can be very diffi-
cult to distinguish but should be accompanied by radiographic chondrocalcinosis, 
CPP crystals in synovial fluid, and evidence of additional joint involvement. 
Amyloid deposition causes large anterior shoulder “pads,” and fluid or tissue from 
these joints should contain Congo Red positive debris. Giant cell tumors should 
show proliferative synovitis on MRI, and a diagnosis of Charcot arthropathy requires 
proof of sensory deficits in the affected shoulder. There is significant clinical over-
lap with rotator cuff arthropathy and without documenting BCP crystals on synovial 
fluid analysis, these conditions would be difficult to distinguish from one another.
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6.2.7  Management

There is little consensus regarding how best MSS should be treated, and various 
interventions have not been studied or compared [9]. Physical therapy to maintain 
existing shoulder motion and function is important. Pain management with acet-
aminophen or NSAIDs can be used in patients with mild symptoms. Colchicine has 
been utilized, but there are no data to support its efficacy. With more severe symp-
toms, the approach typically includes shoulder aspiration and injection with cortico-
steroids. Tidal irrigation has been reported to be successful in several patients and 
has been used in conjunction with tranexamic acid injections [24]. If patients have 
no contraindications, shoulder replacement has also been undertaken success-
fully [25].

6.3  Calcific Periarthritis

Calcific periarthritis (CP) is defined by the presence of radiographic or histopatho-
logic evidence of calcific deposits at or near the symptomatic joint. This syndrome 
typically presents with acute monoarticular pain with inflammatory features. It clas-
sically occurs around the small joints of the hands and feet. In the great toe, CP has 
been nicknamed “pseudopodagra” [26]. The overlap between CP and calcific tendi-
nitis is substantial. They likely share common pathophysiology, and periarticular 
BCP crystals in a small joint may be in or near a tendon. Current knowledge of CP 
is based on case reports and small case series.

6.3.1  Clinical Features

Calcific periarthritis is a typically monoarticular inflammatory syndrome of acute 
onset. In a recent study of 15 patients with biopsy-proven CP, 5 cases involved the 
hands; 7 involved the toes, and 3 were adjacent to the humeral head [27]. These 
episodes are typically self-limited and most resolve within 3–4 weeks. Although 
this is usually the case, some patients may have persistent symptoms lasting up to 
6 months [28]. The associated pain is often described as throbbing and can be sig-
nificantly worse at night. Pain can be quite severe in CP and symptoms often pre-
cipitate an ER or urgent care visit. While typically monoarticular, in one series, 5 
patients had more than one hand joint involved [28]. The pattern of hand involve-
ment is not particularly well studied, but CP may be more common in MCP and PIP 
joints compared to DIP joints [28]. Elbows can also be involved. The recurrence rate 
is not known, but in one study of 17 patients, there was no recurrence during the 
following 12 months after the initial presentation [29].

On physical examination, there is considerable inflammation with redness, 
warmth, and swelling involving a single joint of the hand or foot. Fever has been 
described but is unusual. The joint does not typically demonstrate a fluid 
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collection and this is an important factor in differentiating CP from actual inflam-
matory arthritis. In the foot, CP can affect any joint but is best characterized in the 
MTPs [26].

6.3.2  Epidemiology

CP is rare, but lacks any validated prevalence or incidence data. The numbers of 
publications describing CP suggest that it is considerably more common than 
MSS.  The average age in one study of 10 patients with hand involvement was 
36 years [30], and there are also a handful of case reports in children [31]. One large 
case series showed an age range of 31–86 years but also included calcific deposits 
in the shoulders [27]. Risk factors for CP are not well understood. In most series, 
about one-third of affected patients describe an antecedent injury [27]. The pre-
dominance of women is not fully understood. However, foot involvement has been 
associated with pregnancy [26], and the constrictive footwear often worn by women 
has also been postulated to contribute to this pattern.

6.3.3  Diagnosis

The clinical diagnosis of CP is supported by radiographic evidence of periarticular 
calcification and in rare cases, requires histologic studies.

6.3.3.1  Imaging
The diagnosis of CP is typically made by a careful history and physical examina-
tion supported by the presence of periarticular calcific deposits on radiographs. In 
some cases, the lesions are biopsied to rule out infection or tumors [27]. 
Conventional radiographs frequently show dense periarticular calcific deposits 
(Fig. 6.3). When these deposits are very close to the bone, they can produce corti-
cal erosions and can rarely erode into the marrow space [27]. They are typically 
described as round or oval and may appear cloud-like, dense, amorphous, or 
homogeneous [32]. In the foot, these deposits can be confused with accessory 
bones or pieces of bone from prior fractures. While the appearance of CP on con-
ventional radiographs tends to support the diagnosis, newer imaging modalities 
such as dual-energy computed tomography can differentiate BCP crystal deposits 
from those of CPP [33].

6.3.3.2  Histology
A recent case series summarized histopathology in 15 biopsies of CP lesions [27]. 
They found minerals in a basophilic amorphous background with or without an 
inflammatory infiltrate consisting of histiocytes. Neutrophils were typically absent 
in this series, but it is noteworthy that some of these lesions had been present for 
many weeks.
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Fig. 6.3 Radiographic 
appearance of calcific 
periarthritis. In this 
radiograph, the fourth 
MCP joint (circled area) 
contains a periarticular 
calcification on the radial 
aspect of the joint typical 
of those seen with calcific 
periarthritis

6.3.4  Pathogenesis

The pathogenesis of CP is not understood. Like other syndromes involving patho-
logic calcific deposits, there may be some element of tissue injury that triggers the 
formation of calcium phosphate deposits. As mentioned previously in regards to 
MSS, there are many theories of BCP crystal formation postulated but none have 
been conclusively proven.

6.3.4.1  Genetic Causes
Unlike MSS, there are genetic causes of CP which may provide some clues as to 
its pathogenesis. A positive family history of CP or recurrent attacks in multiple 
joints warrants evaluation for a genetic cause. CD73 deficiency results in recurrent 
arthritis with CPP and BCP crystals. CD73 is an enzyme that removes the terminal 
phosphate from ATP and other nucleotides. It is postulated that lack of CD73 alters 
the ratio of pyrophosphate to phosphate and promotes pathologic mineralization. 
Recent work by Cudrici et al. in a cohort of patients with CD73 deficiency [34] 
confirmed that the periarticular calcific deposits were composed of BCP crystals 
and did not contain CPP crystals. Hypophosphatasia can also cause recurrent epi-
sodes of CP. Hypophosphatasia results from deficient levels of alkaline phospha-
tase. Alkaline phosphatase breaks down pyrophosphate, and can also alter the 
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pyrophosphate to phosphate ratio. Like CD73 deficiency, it is associated with CPP 
crystal formation inside synovial joints and periarticular BCP crystal forma-
tion [35].

6.3.4.2  Idiopathic Causes
Unlike MSS, CP is an inflammatory syndrome. Some have postulated that BCP 
deposits are likely longstanding but asymptomatic and the symptoms are initiated 
by a resorptive process [36]. This hypothesis is supported by observations that cal-
cific deposits in calcific tendinitis become less sharp-edged and cloudier-appearing 
on radiographs when they become symptomatic. Although what triggers BCP crys-
tals to become inflammatory in any setting remains unclear, it is well known that 
other types of arthritogenic crystals can be dormant in some settings. For example, 
MSU crystals are often found in uninflamed joints in patients with poorly controlled 
gout [37]. Once triggered, the inflammatory pathways through which BCP crystals 
induce inflammation are fairly well studied. Like MSU and CPP crystals, BCP crys-
tals act to induce inflammation through the NLPR3 inflammasome [38]. They can 
also affect macrophage phenotype and can activate macrophages [39] and dendritic 
cells through pathways involving Syk and PI3K resulting in induction of damage- 
associated molecular patterns such as S100A8 and MMP1 [40].

6.3.5  Differential Diagnosis

The differential diagnosis of CP is broad. It includes joint or soft tissue infection, as 
well as gout, CPPD, and joint injury. Larger calcifications can mimic malignancy if 
they erode into the adjacent cortical bone. In many of the larger series [41], CP was 
not considered initially as a diagnosis and this can result in unnecessary invasive 
testing or aggressive therapies.

6.3.6  Management

No randomized controlled trials of therapy in CP have been reported. The case 
series describe the use of NSAIDs, local corticosteroids, or anesthetic injections 
into the lesion. There are case reports of successful use of the bisphosphonate, 
clodronate, in CP [42]. Iontophoresis with a calcium chelator has been used for 
large calcific deposits in patients with calcific tendinitis but lacks support in the CP 
literature. Similarly, platelet-rich plasma therapy has been used in calcific tendini-
tis of the shoulder [43], but not in CP involving small joints. Typically, the duration 
of treatment is short, resulting in rapid resolution of symptoms. However, in one 
retrospective study of 10 patients with CP of the hand, conservative treatment was 
continued for an average of 11 months [28]. Surgery is rarely used in this setting, 
but as mentioned above, excisional biopsies may be performed for diagnostic 
purposes.

6 Basic Calcium Phosphate-Associated Arthritis



72

6.4  Conclusion

In summary, BCP crystals are associated with the rare arthropathies of MSS and 
CP. Much about the etiology and management of these types of arthritis remains 
understudied. Hopefully, future progress in these areas based on clear diagnostic 
criteria and better methods of BCP crystal detection will lead to improved manage-
ment strategies for these syndromes.
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7Neuropathic Osteoarthropathy

Parthajit Das, Srijita Ghosh Sen, and Sumit Datta

7.1  Introduction

Neuropathic osteoarthropathy or neurogenic osteoarthropathy (NOA) represents a spec-
trum of chronic, progressive, noninfectious, and destructive musculoskeletal conditions 
associated with a neurosensory deficit. Common associations are diabetes mellitus, 
syringomyelia, syphilis, and other neuropathies. The clinical manifestations may range 
from joint effusion, mild cartilaginous fragmentation, preserved or increased bone den-
sity at an early stage to progressive bone loss or hypertrophy, bony or joint disorganiza-
tion and/or dislocation due to laxity of periarticular soft tissue structures including 
ligaments, tendons, etc. There are ambiguities about the exact pathogenesis of 
NOA. Early diagnosis and institution of effective therapeutic measures remain chal-
lenges because of a lack of awareness and paucity of pathognomonic clinical signs to 
distinguish from other foot-related ailments such as osteoarthritis, soft tissue or joint 
infections, inflammatory joint disorders, and foot/ankle sprain or fracture.

It is believed that “neuropathic arthritis” was first described by Sir William 
Musgrave as a complication of venereal disease in 1703. In 1831, John Kearsley 
Mitchell, an American physician, reported a case of “Tuberculosis of the spine” with 
neuropathic arthropathy. It was subsequently elucidated by Jean-Martin Charcot in 
1868, a French pathologist and neurologist, in his “Neurotrophic theory” recognizing 
a causative relationship between neuropathic arthropathy and tabes dorsalis. At the 
seventh International Medical Congress (1881), “Charcot’s disease” was established 
as a distinct pathological entity. In 1936, W.R.  Jordan established the association 
between neurogenic arthropathy of the foot/ankle and diabetes mellitus.
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This chapter shall discuss the demography, pathogenesis, clinical manifestations, 
imaging, and treatment options for neuropathic osteoarthropathy.

7.2  Epidemiology

Epidemiologic data about neuropathic osteoarthropathy is sparse. The estimated 
prevalence of NOA is between 0.1 and 0.9% among people with diabetes [1], and 
the average duration of diabetes to develop NOA is 10 years [2]. The risk of acquir-
ing a Charcot foot is unrelated to the type of diabetes mellitus (Type 1 or Type 2). 
McEwen et al. found a significant association between elevated body mass index 
and NOA [3].

7.3  Clinical Features

A high index of clinical suspicion is essential for the accurate diagnosis of NOA 
because of its variable presentation. Neuropathic arthropathy commonly manifests 
as a slowly progressing arthropathy over months or years, accompanied by recurrent 
acute attacks. The natural history of clinical and radiological progression has been 
described by the modified Eichenholtz classification through the following stages; 
Stage 0—prodromal/inflammatory, Stage 1—development, Stage 2—coalescence, 
and Stage 3—consolidation (Table 7.1) [4]. The demographics and the predilection 
of joint involvement may be suggestive of different etiologies of NOA (Table 7.2). 

Table 7.1 Eichenholtz classification of clinical and radiological progression of neuropathic 
arthropathy [4]

Stage Clinical findings Radiological findings
Stage 0 
(Prodromal/
Inflammatory)

Red, hot, swollen foot
No deformity

No changes yet are seen. Normal 
radiograph

Stage I 
(Development)

Erythema, foot edema, elevated 
temperature, no pain

Bony debris at joints, fragmentation 
of subchondral bone, joint 
subluxation, and/or 
fracture-dislocation

Stage II 
(Coalescence)

Decreased signs of inflammation Worsening of stage 1 features. 
Absorption of bony debris with new 
bone formation. Coalescence of 
large fragments with sclerosis of 
bone ends. Mild increase in stability

Stage III 
(Consolidation)

Resolution of inflammation. 
Changes in overall foot architecture 
due to underlying final bony 
remodeling can lead to new 
pressure points which are at risk of 
ulceration

Remodelling of affected bones and 
joints
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Table 7.2 Common sites of involvement and various etiologies of neuropathic arthropathy

Disease Area of involvement
Peripheral neuropathy (Diabetes, Leprosy, Alcohol, Charcot- 
Marie -tooth disease)

Predominantly foot and 
ankle

Syringomyelia Shoulder, elbow, wrist
Spinal cord injury Spine, knees
Tabes dorsalis Knee, hip
Congenital insensitivity to pain Multiple joints may be 

involved

Fig. 7.1 A typical Charcot 
foot in acute active phase: 
red, hot, and swollen 
right foot

Table 7.3 Mimickers of acute neuropathic arthropathy

1. Osteomyelitis
2. Infection-related arthritis such as tuberculosis and septic arthritis
3. Soft tissue infections—cellulitis
4.  Inflammatory arthritis such as rheumatoid arthritis, psoriatic arthritis, and crystal 

arthropathies
5. Foot/ankle sprain or fracture
6. Deep vein thrombosis

Diabetes primarily affects lower limb joints such as foot, ankle, and knees; syringo-
myelia usually affects the shoulder or elbow; and tabes dorsalis (rare these days) is 
known to affect the knees, hips, and ankles. Although unusual, involvement of upper 
limb joints can also occur in patients with diabetes.

Patients with acute NOA usually present with sudden onset unilateral redness, 
warmth, and swelling of the joint (Fig. 7.1), often painless due to underlying poly-
neuropathy and may be accompanied by a history of minor trauma. Infection, cel-
lulitis, deep venous thrombosis, and inflammatory arthropathies should be 
considered as important differentials (Table  7.3). Radiological and laboratory 
results are often normal at this stage.

The clinical features specific to individual joints in NOA have been discussed in 
Table 7.4. Without early recognition and treatment, progression can be rapid, and 
irreversible joint damage can occur within 6 months (Fig.  7.2). Prudent use of 
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Table 7.4 Clinical features of Neuropathic arthropathy

Joints 
involved Causes Clinical features Treatment
Upper extremity
Shoulder Syringomyelia (80% of 

cases) Diabetes, Cervical 
spondylosis, Arnold-Chiari 
malformation

Painless swelling due to 
distension of the 
glenohumeral joint and 
subacromial-subdeltoid 
bursa
In advanced cases, the 
entire humeral head and 
neck can be reabsorbed

Protective 
immobilization of the 
shoulder joint
Limited role of surgical 
intervention

Elbow Syringomyelia, Diabetes 
mellitus, Syphilis, 
Congenital insensitivity to 
pain

Joint swelling with 
instability or dislocation
Compression of the 
ulnar nerve and 
posterior interosseous 
nerve are known 
complications

Dynamic functional 
bracing aiming to 
neutralize varus and 
valgus stresses

Wrist Diabetes mellitus, 
Syringomyelia, Leprosy, 
Syphilis, Congenital 
insensitivity to pain

Painless swelling of the 
wrist joint and/or loss of 
strength, and paresthesia 
of the hand

Immobilization of the 
wrist joint, using casts 
until swelling and 
redness are settled

Spine
Traumatic spinal cord injury 
(Dorso lumbar spine), 
Congenital insensitivity to 
pain, Diabetes mellitus, 
Tabes dorsalis (rare)

Spinal pain and 
deformity, low impact 
fractures, and in 
advanced cases 
compressive myelopathy

Treatment is initially 
conservative
Circumferential 
arthrodesis may be 
performed in case of 
significant instability

Lower extremity
Foot and 
ankle

Diabetes Mellitus, Other 
neuropathies, Leprosy, 
Congenital insensitivity to 
pain
Myelomeningocele

Acute NOA usually 
presents with red, hot 
swollen joint, which 
often goes unrecognized
Common foot 
deformities seen are the 
bony prominences at 
unusual places, “rocker 
bottom foot” etc
At a later stage, joint 
damage can be severe 
and irreversible
Skin is mostly 
preserved, but NOA can 
coexist with foot 
pressure ulceration

Discussed in the 
treatment section
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Table 7.4 (continued)

Joints 
involved Causes Clinical features Treatment
Knee Traumatic spinal cord 

injury, Congenital 
insensitivity to pain, 
Diabetes mellitus, Tabes 
dorsalis

Common presentations 
are joint swelling and 
crepitus, which may 
cause significant joint 
instability

Management is usually 
conservative with 
offloading in a total 
contact cast and/or knee 
bracing and 
non-weight-bearing
In advanced cases, 
arthrodesis or total knee 
arthroplasty may be 
considered

Hip Idiopathic, Tabes dorsalis Painless, or minimal 
pain disproportionate to 
the degree of 
arthropathy
Joint space narrowing 
and subchondral 
sclerosis are usual 
features
Intra-articular debris is 
common in the 
hypertrophic type and 
intra-articular fracture is 
often noted
Disproportionate 
destruction of the 
femoral head, with 
relative sparing of the 
acetabulum, may be 
present

Internal fixation is 
performed for a femoral 
neck fracture
Treatment is initially 
conservative for 
resorptive hip, as surgery 
is usually unsuccessful
Arthrodesis, bone graft, 
or total hip arthroplasty 
may be considered for 
advanced cases

Fig. 7.2 Chronic 
deforming arthropathy

7 Neuropathic Osteoarthropathy



80

imaging modalities such as plain radiography, bone scintigraphy, magnetic reso-
nance imaging (MRI), or 18F-fluorodeoxyglucose positron-emission tomography 
(PET) may aid the early diagnosis of NOA.

7.4  Pathogenesis

The underlying pathogenesis of NOA remains poorly understood. Initially, there 
were two accepted theories for the pathogenesis of NOA. The “neurotraumatic the-
ory” emphasized that repetitive microtrauma with the loss of proprioception may 
lead to progressive joint destruction [5] while the “neurovascular theory,” stated that 
the excess blood flow and demineralized bony state may accompany neuropathic 
arthropathy [6]. Other possible pathogenetic mechanisms are discussed below.

7.4.1  Proinflammatory State

The “inflammatory theory” stresses the pathogenic role of local joint inflammation 
and the increased expression of proinflammatory cytokines, including IL-1 β, IL-6, 
and TNF-α [7]. Serum concentrations of TNF-α and IL-6 are elevated at the onset 
of acute Charcot foot, which are significantly reduced following resolution. The 
proinflammatory state is related to the bone turnover observed in NOA [7].

7.4.2  Role of the Osteoprotegerin-RANKL-RANK Axis

Proinflammatory cytokines have a positive influence on the activity of the metabolic 
pathway consisting of Osteoprotegerin (OPG), receptor activator of nuclear factor 
kappa-B (RANK), and receptor activator of nuclear factor kappa-B ligand (RANKL) 
axis. RANKL is responsible for the differentiation of osteoclast precursor cells to 
mature osteoclasts. RANKL binds with the RANK receptor (located on the surface 
of preosteoclasts, mature osteoclasts), which in turn leads to the differentiation of 
preosteoclasts into mature osteoclasts. OPG acts as the soluble decoy receptor for 
RANKL, preventing its binding with RANK. This relationship between RANKL 
and OPG is disrupted in patients with NOA, and an unregulated synthesis of 
RANKL results in excessive bony turnover and bony accumulation [8]. Regardless 
of the initiating mechanism, an initial resorptive phase may occur in the develop-
ment of a neuropathic joint, which is then followed by a hypertrophic repair phase.

7.4.3  Other Factors

There are other factors such as advanced glycation end products (AGE) and reactive 
oxygen species (ROS) which may contribute to the development of NOA in diabe-
tes. Excess accumulation of AGE in tissues such as tendons, bone, or cartilage may 
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activate AGE-RAGE (receptor for advanced glycation end products) pathway, lead-
ing to increased osteoclastogenesis through enhanced RANKL activation and higher 
predisposition to low impact fracture [9]. Moreover, associated autonomic neuropa-
thy may result in vasomotor changes resulting in reduced skin and bone blood flow, 
leading to ischemia and skin ulcerations.

7.5  Genetics

Previous studies have suggested the involvement of genetic factors associated with 
OPG and RANKL variants in the development of NOA. A positive association with 
G alleles for OPG variants (245T>G, 1181G>C, and 1217C>T) was found with 
NOA when compared to patients with diabetic neuropathy and healthy controls 
[10]. The allele and genotype frequencies of RANKL variants (290C>T, 643C>T, 
and 693G>C) have been found to occur more frequently in patients with NOA and 
neuropathy [11].

The osteoclasts differentiate from monocytes. It is believed that gene meth-
ylation in monocytes, monocyte-derived microparticles, or miRNAs can influ-
ence monocyte-to-osteoclast differentiation, and may have a permissive role in 
the development of NOA [12]. A few differentially methylated genes including 
HMGA1, MAPK11, and PPP2R5D were expressed in monocytes from patients 
with NOA.

These genetic markers could become a useful and convenient screening tool to 
predict the development of NOA in high-risk patients. However, more robust studies 
are necessary to confirm their usefulness as a diagnostic tool.

7.6  Diagnostic Approach

A strong clinical suspicion is needed to diagnose NOA because of its multifaceted 
presentation and several mimickers. Therefore, thorough history taking and clinical 
examination (Table 7.4), appropriate laboratory and radiological investigations, and 
exclusion of NOA mimickers are the key considerations toward making the diagno-
sis of NOA.  Figure  7.3 depicts the diagnostic approach to Neuropathic 
Osteoarthropathy.

7.6.1  Laboratory Investigations

The complete hemogram (hemoglobin, white cell, and platelet count) may be 
within normal limits and acute phase reactants may be appropriate for the 
patient’s age, sex, and body weight in NOA uncomplicated by infection. Synovial 
fluid analysis may be sterile, with no organisms on microscopy or no crystals. 
Elevated acute phase reactants such as erythrocyte sedimentation rate (ESR) and 
C-reactive protein (CRP) should raise the possibility of infection, e.g., cellulitis, 
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History

Serial Radiographs

Joint destruction; osteomyelitis [OM]; effusion

Aspiration of joint fluid

Other Types                                                                          +Cells: Septic arthritis 

Bone marrow oedema

Present Absent

MRI Imaging                                                                                Oedema and DW-ve 

Patterns of marrow oedema and ancillary features                            Non-infective

Sinus tracts,                              Sinus tracts,               
abscesses present                  abscesses Absent 

DW+                                        DW-

Infective    Neuropathic osteoarthropathy

Fig. 7.3 Diagnostic approach to neuropathic osteoarthropathy. DW Diffusion Weighted sequence 
[B value: 800–1000 s/mm2]

osteomyelitis, septic arthritis, inflammatory arthropathies, or gout. The synovial 
fluid study may be useful if a differential diagnosis of septic arthritis or gout is 
considered. The immunological assays may aid the diagnosis of inflammatory 
arthropathies.

7.6.2  Nerve Conduction Study

Manifestations of diabetic neuropathy may range from small fiber-predominant 
neuropathy as an early manifestation to distal symmetric polyneuropathy as the 
disease progresses. Nerve conduction study findings of Syringomyelia include low 
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amplitude compound muscle action potential, low amplitude F response with 
delayed latency, or loss of F response with normal sensory nerve action potentials 
(SNAPs). In Leprosy, it is the sensory velocity that is impaired suggesting a diffuse 
neuropathy, amplitude, and the duration of action potential remaining within normal 
range. Congenital insensitivity to pain will demonstrate normal motor nerve con-
duction parameters, with reduced response amplitude or evoked response on nerve 
stimulation.

7.6.3  Imaging

7.6.3.1  Radiography
Diagnosis is primarily reliant on typical appearances on radiographs, or by monitor-
ing progressive changes on serial radiography. Radiography assesses the extent of 
joint destruction and reduction, bony erosion, and calcification with fragmentation. 
All three types of Neuropathic osteoarthropathy—hypertrophic, atrophic, and 
mixed are seen differentiated on radiography [13]. The hypertrophic form presents 
with joint destruction and fragmentation resulting in debris. Bone sclerosis and 
osteophytes are also seen. The distribution of exuberant osteophytes may mimic 
advanced osteoarthritis [14] and often differentiation between the two becomes 
challenging. The atrophic form presents with features of bone resorption, akin to 
septic arthritis. Mixed form characterizes the combination of hypertrophic and atro-
phic forms and is common in occurrence. Sites of individual joints and the manifes-
tations of various types of neuropathic osteoarthropathy are discussed in Table 7.5. 
The radiography findings in individual joints are discussed below.

Spine
Radiography plays a defining role in depicting the involvement of one or more ver-
tebrae of the thoracolumbar spine; traumatic spinal cord injury being the common-
est etiology. Diabetes mellitus and congenital insensitivity to pain constitute other 
causes. Vertebral lysis or sclerosis, loss of normal curvature, narrowing of disc 
space, and subluxation are the dominant features. With the ongoing process, end-
plate osteophytes and calcification of para-spinal soft tissue may be seen. 
Neuropathic changes develop typically in the first mobile spinal segment, below the 
caudal end of the fusion, in paraplegics with spinal fusion procedures [15]. 

Table 7.5 Types of Neuropathic osteoarthropathy (Radiological)

Types Sites
Atrophic •  Shoulder—In the non-weight-bearing joint of the upper limb. Syringomyelia 

and peripheral nerve lesions are usually present
• Forefoot

Hypertrophic • Lower limb—large joints (as in knee joint)
• Spine

Mixed Combination of hypertrophic and atrophic forms
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Table 7.6 Differential features of neuropathic osteoarthropathy, osteomyelitis, and metastasis

Imaging features
Neuropathic 
osteoarthropathy Osteomyelitis Metastasis

Osseous 
fragments

Para-vertebral extension 
and into the spinal canal 
[16]

Usually involvement of 
one vertebral body with 
adjoining discs

No extensive 
involvement

Vertebral 
column 
involvement

All three vertebral 
columns may be involved

Single vertebral column 
[17]

All three may be 
involved

Facet joint Involvement with 
fragmentation

No involvement Mainly pedicular 
involvement

Differential diagnoses of similar spine involvement with contrasting features and 
involvement have been mentioned in Table 7.6.

Hip Joint
Neuropathic osteoarthropathy is a relatively rare entity in the hip joint. Septic arthri-
tis and rapidly destructive osteoarthritis are close mimickers of this disease.

Femoral head destruction with acetabular sparing are the characteristic features 
of NOA; while joint space narrowing, subchondral sclerosis involving both acetabu-
lar and femoral head identify rapidly destructive osteoarthritis [18] of the hip. NOA 
of the hip joint is primarily idiopathic. The radiographic changes range from exten-
sive joint destruction and resorption of the head and neck of the femur to fracture of 
the head and neck of the femur resulting from a trivial injury [19].

Shoulder
The neuropathic shoulder is relatively uncommon compared to the lower extremity 
and the commonest cause is syringomyelia (syrinx). Suspicion of neuropathic 
involvement of the upper extremity should mandate imaging of the cervical cord 
[20] as shown in Fig. 7.4a and b. This prompts assessment of less common causes 
such as Arnold-Chiari Malformation and cervical spondylosis including post- 
traumatic syringomyelia. The clinical manifestations are claw hand and sensory 
neuropathic changes affecting lateral spinothalamic tracts. Pain and temperature are 
therefore affected. Eventually, there is a painless effusion of the glenohumeral and 
subacromial-subdeltoid bursa. Imaging findings include periarticular soft tissue cal-
cification, amputated appearance of proximal humerus, large joint effusion [13], 
glenoid sclerosis, humeral head flattening [21], and in severe cases, resorption of 
humeral head and neck simulating amputation. Osseous fragments and debris are 
seen in fluid distended bursa.

Elbow Joint and Wrist Joint
Neuropathic arthropathy of the elbow joint is quite uncommon, and that of the wrist 
is even rarer. Even though, syrinx is the commonest cause in elbow joints; diabetes, 
leprosy, and syphilis also involve these joints. On radiography, mixed atrophic types 
are commonly encountered, along with joint debris [22].
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a b

Fig. 7.4 (a) Radiograph of right shoulder joint destruction of head of the humerus with disorga-
nization and joint debris. The deformity is also evident. (b) MR T2 weighted Image of the cervical 
spine of the same patient shows a long segment syrinx

In leprosy, claw hand is often seen; with bone resorption in both width and 
length yielding a tapered appearance at the end of the bone (licked candy stick 
appearance).

Knee Joint
The knee is the most commonly involved site in syphilis. Diabetes and congenital 
insensitivity to pain are other etiologies. Syphillis is a forgotten entity and has 
slipped into history. There is a paradigm shift in site involvement with diabetes, 
with foot and ankle joints being the most affected sites. CT and MRI images of knee 
NOA are shown in Figs. 7.5a, b, and 7.6a, b.

Ankle and the Foot Joint
Diabetes mellitus is the commonest cause [23] of NOA in these joints, often precipi-
tated by minor trauma. With disease progression, multiple joints are involved and a 
vicious cycle sets in, altering the osteo-arthro-kinetics of the joints. The disease 
process in this severely destructive arthropathy starts in the midfoot region, with 
subluxation at the second tarsometatarsal joint and progresses laterally [24]. Charcot 
foot essentially involves inflammation, fragmentation, coalescence, and remodel-
ling (consolidation); and in 23% of the cases recurs with an inflammatory phase, 
with a mean interval of 27 months [25]. The natural course usually goes through an 
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a b

Fig. 7.5 CT scan of the right knee joint: multi-reformatted planar reconstruction in sagittal (a) 
and coronal plane (b) shows radio-dense joint debris with subluxation, joint deformity and accom-
panying subcutaneous edema. (Image courtesy: Dr. Neeti Gupta, Tata Memorial Hospital, Mumbai)

active phase (swollen and warm ankle with foot) and the inactive phase (wherein the 
foot is no longer warm and hot, but may have residual edema which may be noted 
occasionally). The result is joint and bone destruction, proliferation, and Rocker- 
bottom deformity [26] as shown in Fig. 7.7a and b. Imaging of the foot and ankle is 
classified/categorized based on Brodzky class, which is based on the pattern of joint 
involvement. Sanders and Frykberg classification [2] concerns the zonal distribution 
of the disease, and the tarsometatarsal joint involvement [Zone II] is the common-
est. The role of imaging [Radiography, MRI with Scintigraphy] is not only to diag-
nose and stage; but also for monitoring and recognition of complications [27]. This 
entire gamut aids in planning the management.

The following radiographic measurements are helpful in determining the sever-
ity of deformation in a neuropathic joint.

 1. Cuboid height: To measure this, a horizontal line is drawn from the plantar 
aspect of calcaneal tuberosity to the plantar surface of the fifth metatarsal head. 
A perpendicular line is drawn from the plantar surface of the cuboid to the 
abovementioned horizontal line. The normal limit is about 1.2 cm above that line 
(Fig. 7.8).
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a b

Fig. 7.6 MRI scan of the right knee joint (a) T2 Weighted Sequence and (b) STIR Sequence 
reveals disorganization, deformity, and marrow edema of the medial femoral condyle. Subluxation 
of femorotibial joint

a b

Fig. 7.7 (a) Antero-posterior and (b) lateral radiograph B of right ankle joint shows destruction, 
dislocation, and deformity with increased bone density noted
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Fig. 7.8 Radiograph of 
the left foot shows 
diminution of cuboid 
height, as delineated by 
perpendicular (bold 
yellow) line, below the 
horizontal (thin 
yellow) line

Fig. 7.9 Diminution of the angle subtended between the lines connecting the most plantar aspect 
of calcaneal tuberosity with the most anterior portion of anterior calcaneum (smaller yellow arrow) 
and the line connecting the plantar surface of the calcaneum and the fifth metatarsal head (longer 
yellow arrow). The blue circle and the blue straight line defines the “Calcaneal pitch,” in 
magnification

 2. Calcaneal pitch: It is defined as an angle between two subtended lines. The first 
line connects the plantar surfaces of the calcaneum and fifth metatarsal head, 
while the other connects the most plantar aspect of calcaneal tuberosity and the 
most anterior portion of anterior calcaneum [28]. The normal value ranges 
between 20° and 30°. Radiographs may be normal in the early stage of neuro-
pathic osteoarthropathy. In advanced cases, a decrease in the subtended angle is 
observed (Fig. 7.9).

In the ankle and foot joint NOA, MRI shows synovial cysts, ligamentous disrup-
tion, capsular abnormalities (distension and rupture), intra-articular debris, and joint 
effusion. The changes are grouped into early and late changes.

In the early stage, marrow and soft tissue edema, joint effusion, and subchondral 
micro-fractures [29] are seen.

In the late stage, there is the presence of marrow edema depending upon the 
disease activity. Subchondral cysts, bony proliferation with sclerosis, debris, and 
joint effusion are the mainstay [23]. Dislocations may involve Lisfranc’s joint or 
talar head, with the collapse of the longitudinal arch [29] (Figs. 7.10 and 7.11).
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Fig. 7.10 T2 Weighted 
Sequence: Coronal view of 
right ankle joint shows 
destruction, synovial 
proliferation, and 
subluxation with deformity

7.7  Treatment

A comprehensive management plan should emphasize prompt clinical diagnosis, 
early recognition of micro or macro-vascular complications, good quality pre and 
postoperative care, and optimum control of other comorbidities such as diabetes, 
cardiovascular disease, morbid obesity, and nephropathy. An experienced team of 
healthcare professionals including a rheumatologist, endocrinologist, orthopedic 
surgeon, rehabilitation personnel, occupational therapist, podiatrist, etc., should 
work cohesively to deliver the optimum care. Fracture prevention liaison service 
should be encouraged to optimize bone health, minimize the risk of falls and pre-
vent fractures.
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a b

Fig. 7.11 Coronal STIR (a) and coronal T2 (b) weighted images show hypointensity in the fore-
foot region with intermediate intensity on T2 Weighted image reflecting secondary changes, along 
with joint destruction and deformity

7.7.1  General Measures

Rest and non-steroidal anti-inflammatory drugs (NSAIDs) are often used for opti-
mum pain relief. Immobilization of the affected joint with a sling or specialized cast 
and restriction of activity is generally recommended for the neuropathic joints. 
Treatment of underlying disease remains the mainstay of therapy.

7.7.2  Specific Measures

 (a) Upper Limb NOA
Shoulder, elbow, and wrist NOA are rare diseases and are often preceded by 

misdiagnosis and unsuccessful treatment. Conservative treatment is usually 
preferred in these patients, as surgical management can be challenging. 
Protected immobilization of the upper limb with a sling is recommended for 
joint stabilization. Supervised intra-articular corticosteroid injection (e.g., gle-
nohumeral joint) may be used at an early stage where indicated.
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 (b) Lower Limb NOA
Conservative management is advocated to prevent further injury to the 

affected joint. At the acute and active stage, it is imperative to immobilize the 
affected joint and restrict weight-bearing to arrest the progression of joint 
deformity. The non-weight-bearing status of the knee NOA can be augmented 
via a brace, plaster, or total contact cast (TCC). Assistive devices such as 
crutches or wheelchair mobilization should be encouraged to aid the non- 
weight- bearing status. A non-weight-bearing period of 3 months has been rec-
ommended [28]. Adjunctive pharmacological therapy and low-intensity 
ultrasound may be useful.

The primary goal of treatment of foot NOA is to improve the quality of life, 
maintain a stable plantigrade foot that is suitable for ambulation, minimize 
 permanent foot deformity, and prevent ulceration and infection. The affected 
foot should be immobilized in an irremovable total TCC, and/or a controlled 
ankle motion (CAM) walker, which helps to redistribute and reduce pressures 
on the plantar foot while allowing ambulation.

Duration and intensity of offloading (non-weight-bearing versus weight- 
bearing, nonremovable versus removable devices) are guided by clinical mark-
ers of healing such as edema, hyperemia, and temperature [30] and imaging 
assessments (conventional radiographs or MRI). Following this acute stage, 
various specialized devices are prescribed such as prescriptive shoes, boots, or 
other weight-bearing braces to prevent recurrence or ulceration on subsequent 
deformities.

7.7.3  Pharmacological Therapy

The treatment guidelines are largely guided by professional opinion rather than the 
highest level of clinical evidence-based recommendations. Since NOA is a rare dis-
ease, only a few randomized trials with smaller sample sizes are available.

The main principles of medical treatment of NOA are (1) antiresorptive therapy, 
(2) anabolic therapy, and (3) bone growth stimulation.

7.7.3.1  Antiresorptive Therapy
Excessive bone turnover has been observed in patients with active NOA. Therefore, 
antiresorptive therapies such as oral and intravenous bisphosphonates, intranasal 
calcitonin, and denosumab have been used as therapeutic strategies for a long time. 
Bisphosphonates may help the acute phase of NOA as they inhibit osteoclastic reab-
sorption. Jude et al. [29] reported that a single dose of pamidronate leads to a reduc-
tion in bone turnover, symptoms, and disease activity in diabetic patients with active 
NOA. Patients intolerant to oral bisphosphonates such as pamidronate and alendro-
nate may benefit from intravenous zoledronic acid therapy. Intranasal calcitonin is 
another antiresorptive agent that has been studied in NOA and has a safer profile in 
renal failure. There is little or no conclusive evidence to recommend the use of 
bisphosphonates in NOA.
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7.7.3.2  Anabolic Therapy
Teriparatide (recombinant human parathyroid hormone 1–34) is often recom-
mended for the treatment of severe osteoporosis because it stimulates bone forma-
tion and may potentially enhance fracture healing. Rastogi et al. [30] demonstrated 
the favorable role of Teriparatide in increasing foot bone modeling in chronic NOA 
in diabetes. In a double-blind placebo-controlled trial, intervention with Teriparatide 
did not reduce time to resolution or enhance fracture healing of NOA. There was no 
additional favorable effect of the below-knee casting in achieving earlier resolution 
of active NOA in diabetes patients [31]. Larger randomized and appropriately 
blinded trials are therefore needed to investigate the role of Teriparatide in NOA.

7.7.4  Bone Growth Stimulation

Ultrasonic bone stimulation and direct current electrical bone growth stimulators 
have shown a promising effect, especially in patients undergoing arthrodesis. It 
helps in the healing of fresh fractures and acts as an adjunct therapy in patients with 
acute NOA [32]. There is however limited evidence and no good quality follow-up 
studies have validated these methods as an adjunct therapy.

7.7.5  Surgical Management

Neuropathic joints may need multiple staged reconstructive surgeries over time. 
The decision to perform surgical intervention remains controversial, during acute as 
well as chronic phases of NOA. This is because of several factors such as patient 
comorbidities, poor bone quality, compliance with non-weight-bearing, presence of 
skin ulceration, perceived risk of infection, and extent of the deformity and disabil-
ity. Surgery is indicated for resection of infected bone (osteomyelitis), removal of 
bony prominences (exostectomy) to relieve bony pressures and for correcting defor-
mities. This is combined with accommodative bracing [33].

Surgical interventions of shoulder NOA including arthroplasty or arthrodesis 
may have a limited role with poorer outcomes and a high risk of recurrence [34]. 
Joint debridement is rarely performed as a palliative measure. There is an increased 
risk of infection following shoulder arthrodesis [35].

In knee NOA, surgical treatment is considered in patients with severe instability, 
soft tissue laxity, and bony destruction. The surgical treatment of choice has classi-
cally been arthrodesis, which is commonly achieved using an intramedullary nail 
[36]. The patella, along with the entire synovium is usually excised.

In foot NOA, surgical intervention is generally avoided during the active inflam-
matory phase because of the higher risk of wound infection or failure of fixation 
[37]. Simon SR et al. [38] reported that early correction of deformity combined with 
arthrodesis and extended period of non-weight-bearing results in an improved qual-
ity of life. Achilles tendon lengthening procedure is meant to reduce forefoot pres-
sure and restore the alignment of the ankle/hindfoot to midfoot and forefoot, 
combined with arthrodesis to improve pain and instability [39]. The presence of 
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ulceration is a sign of poor prognosis and is associated with a higher risk of bone 
infection and amputation in the future [40, 41].

7.7.6  Novel/Experimental Therapies 
for Neuropathic Osteoarthropathy

Current research is exploring the inflammatory pathways involved in osteoclast 
activation including various inflammatory cytokines such as TNF-α, IL-1, IL-6, 
and the Osteoprotegerin-RANKL-RANK axis responsible for the osteoclast mat-
uration. These could be the potential targets for future immunomodulatory 
therapy.

Petrova NL et al. [42] have demonstrated TNF-α modulated RANKL-mediated 
osteoclastic resorption in vitro in acute NOA and suggested that the addition of an 
anti-TNF agent may have a beneficial role in the treatment of NOA in the future. 
Denosumab, a fully human monoclonal antibody to the receptor activator of nuclear 
factor-κB ligand (RANKL), has shown promising results in the management of 
osteoporosis and bone metastatic disease. The preliminary results of a small open- 
label, pilot study of a single dose of Denosumab showed favorable results in active 
NOA [43]. Busch-Westbroek et al. also reported that a single dose of Denosumab 
resulted in a significant reduction of the total average time for treatment by contact 
plastering and the resolution time of fractures on imaging in acute NOA of the 
foot [44].

A combination of platelet-rich concentrate and a small amount of autologous 
bone marrow aspirate administered while performing arthrodesis was found to be 
effective in high-risk diabetic patients with NOA [45, 46].

7.8  Conclusion

Despite advancements in medical research, neuropathic osteoarthropathy remains a 
poorly understood disease. Educating patients and healthcare personnel, early rec-
ognition, prompt offloading and immobilization of the affected limb in acute NOA, 
maintaining a stable plantigrade foot free of infection and ulcerations in chronic 
NOA, and optimum control of comorbid conditions are the mainstay of therapy. 
Judicious use of laboratory and radiological investigations is recommended to 
exclude NOA mimics. High-quality research is warranted to develop convenient 
and highly predictive biochemical, genetic markers, and newer radiological modali-
ties to identify patients who are at a higher risk of developing NOA.
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8Cheiroarthropathy and Other 
Musculoskeletal Manifestations 
of Diabetes

Koshy Nithin Thomas and Durga Prasanna Misra 

8.1  Introduction

Diabetes mellitus is one of the commonest metabolic diseases worldwide. It is par-
ticularly widely prevalent in Asia. It is well recognized that long-standing diabetes 
mellitus can affect numerous organ systems including the musculoskeletal system. 
These features are protean and include arthropathy, tenosynovitis, capsulitis, spinal 
ligament ossification, and entrapment neuropathies. Though at first glance, the pri-
mary pathology might appear less sinister than inflammatory musculoskeletal disor-
ders, such as rheumatoid arthritis or spondyloarthritis, it is no less debilitating and 
considerably impacts the quality of life. As the prevalence of diabetes worldwide is 
on the rise, it shall inevitably increase the burden of these disorders presenting to 
healthcare. For clinicians, knowledge of these manifestations is necessary to enable 
early identification of these disorders and the prompt institution of appropriate treat-
ment. In this chapter, we have discussed the various rheumatological manifestations 
of diabetes, with a focus on diabetic cheiroarthropathy (Table 8.1).
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Table 8.1 Prevalence of musculoskeletal manifestations of diabetes mellitus

Musculoskeletal features of diabetes mellitus Prevalence [reference number]
Adhesive capsulitis 11–30% [4]
Diabetic cheiroarthropathy 8–76% [8, 23]
Dupuytren’s syndrome 20–63% [16]
Carpel tunnel syndrome 11–30% [14]
Flexor tenosynovitis 5–20% [14]
Diffuse idiopathic skeletal hyperostosis 13–40% [14, 23]
Neuropathic arthropathy 2.9% [23]

8.2  Diabetic Cheiroarthropathy

Derived from the Latin word “chiro” which means hands, diabetic cheiroarthropa-
thy is a syndrome of limited mobility of the joints of the hands. Other synonymous 
terminologies are “syndrome of limited joint mobility” or “stiff hand” syndrome. 
An early description of this syndrome by Lundbeck in 1957 reported palmar fascial 
contractures in patients with diabetes who presented with a stiffness of their hands 
[1]. Subsequently, Jung et al. described a series of patients with concurrent flexor 
contractures of the fingers associated with carpal tunnel syndrome [2]. Presently, 
diabetic cheiroarthropathy is defined as contractures of the fingers without demon-
strable involvement of the palmar fascia [3].

Cohort studies have demonstrated that diabetic cheiroarthropathy can precede 
overt microvascular complications of diabetes. In a cohort of 309 children with type 
1 diabetes followed up over 16 years, a higher proportion of individuals with chei-
roarthropathy eventually developed microvascular complications when compared 
with those without cheiroarthropathy (83% vs 25%, respectively) [4]. In another 
cohort, the adjusted odds ratio (for confounding factors of age, gender, disease dura-
tion, and diabetes control) of cheiroarthropathy was 1.60 (95% confidence interval 
1.14–2.24) in the presence of neuropathy and 1.45 (95% confidence interval 
0.99–2.11) in the presence of retinopathy [5]. However, this study used the term 
diabetic cheiroarthropathy for the classical description as well as for Dupuytren’s 
contracture, adhesive capsulitis, and other involvement of the upper limb associated 
with diabetes [5]. Microvascular pathology has been observed in other musculo-
skeletal manifestations associated with diabetes such as Dupuytren’s contracture [6].

Cohort studies have demonstrated a prevalence of diabetic cheiroarthropathy in 
up to 55% of patients with type 1 DM and 76% of patients with type 2 DM [7]. 
More recent literature has reported the prevalence of prayer sign in 22% of patients 
with diabetes [5]. While this might be due to an improvement in overall glycaemic 
control with time, it could also be due to the differences in techniques used for case 
identification in different studies. The latter study reported an association of cheiro-
arthropathy with a longer duration of diabetes, worse diabetes control (based on 
HbA1c), the presence of microvascular complications such as retinopathy and neu-
ropathy, and the deposition of glycated end products detected by skin intrinsic fluo-
rescence [5]. There was no significant difference in the proportion of patients with 
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diabetic cheiroarthropathy when treated with intensive or conventional insulin ther-
apy. However, other musculoskeletal manifestations of diabetes such as adhesive 
capsulitis, Dupuytren’s contracture, and flexor tenosynovitis were considerably 
reduced in the group receiving intensive insulin therapy (as opposed to conventional 
insulin therapy) [5]. Somewhat contrary to these observations, another recent study 
reported that cheiroarthropathy was commoner in prediabetes (47%) when com-
pared with type 1 (28%) or type 2 (27%) diabetes. In this cross-sectional study, the 
presence of prediabetes, associated neuropathy, and higher fasting blood glucose 
were associated with greater odds of cheiroarthropathy [8].

Diabetes mellitus leads to the deposition of advanced glycation end products 
(AGE) in various tissues of the body. Collagen fibers contain an abundance of the 
amino acids lysine and hydroxylysine which undergo nonenzymatic glycation in the 
presence of a hyperglycemic milieu. Following this, there occurs an increased cross- 
linking of collagen. Such cross-linked collagen is less amenable to natural degrada-
tion processes by collagenases. Also, altered metabolism via the aldose reductase and 
sorbitol dehydrogenase pathways in collagen results in physical alterations of colla-
gen structure [3]. Deposition of AGE is hypothesized to be the central mechanism 
driving the pathogenesis of diabetic cheiroarthropathy. AGEs are present in greater 
quantities in established diabetes mellitus, although they have also been observed in 
those with prediabetes [9]. A dysregulation of matrix metalloproteinases has also been 
observed in type 1 diabetes [10], which further results in an imbalance in the turnover 
of connective tissue. Such an imbalance clinically manifests as stiff joints and thick-
ened skin which results in the phenotype of diabetic cheiroarthropathy.

Patients with diabetic cheiroarthropathy often complain of hand stiffness or a 
weak grip. While the condition is generally painless, associated peripheral distal 
sensory neuropathy due to diabetes mellitus might result in pain. Contractures are 
asymptomatic, to begin with, usually starting in the proximal interphalangeal (PIP) 
joints with a greater affection of lateral fingers initially but eventually progressing 
to affect all digits of the hand. While the metacarpophalangeal and the PIP joints are 
the most severely affected, the distal interphalangeal joints might also be involved. 
Resulting contractures limit flexion as well as extension. The classical picture of the 
prayer sign is a consequence of the fact that the palms and fingers cannot be approx-
imated when the two palms are opposed together with the wrists fully extended 
(Fig.  8.1). Another related clinical sign is the tabletop sign, which denotes the 
inability to lay fingers and palms flat on a table. At a later stage of the disease, proxi-
mal joints such as the wrists, elbow, and other large joints might also be involved 
[3]. Ultrasonographic imaging of the hands reveals a characteristic finding of flexor 
tendon sheath thickening. Enhancement of the affected tendon sheaths might also 
be visualized on magnetic resonance imaging.

The skin of the fingers might also be affected by a thickened waxy texture. Such 
a finding has been eponymously described as diabetic sclerodactyly. This can mimic 
the skin thickening associated with systemic sclerosis however the absence of 
Raynaud’s phenomenon or nail fold capillaroscopy changes of systemic sclerosis as 
well as a positive history of diabetes mellitus are distinguishing features. When the 
syndrome of limited hand joint mobility is associated with adhesive capsulitis or 
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Fig. 8.1 Prayer sign in 
diabetic 
cheiroarthropathy—
Limited hand joint 
mobility with an inability 
to oppose the palmar 
surfaces of both hands 
(image provided courtesy 
of Professor Vikas 
Agarwal, SGPGIMS, 
Lucknow, India)

frozen shoulder on the same side, it has been described as shoulder hand syndrome. 
This might be confused with complex regional pain syndrome or reflex sympathetic 
dystrophy, another musculoskeletal syndrome found to be associated with diabetes 
mellitus [11].

Diabetic cheiroarthropathy is associated with considerable disability. Those with 
diabetic cheiroarthropathy have considerably worse disability scores in the upper 
limbs when compared with those without [6, 9].

8.3  Adhesive Capsulitis

Colloquially referred to as frozen shoulder, adhesive capsulitis is associated with 
considerable disability and functional limitation in patients with diabetes. While 
commonly associated with diabetes, other etiologies include shoulder injuries, 
stroke involving the upper limb of the same side, or ischemic heart disease. Diabetes 
mellitus increases the risk of developing adhesive capsulitis. This entity has been 
reported in 11–30% of individuals with diabetes mellitus as opposed to only 2–10% 
of those without diabetes [4]. The anatomical pathology in adhesive capsulitis 
involves a thickening of the capsule of the shoulder joint resulting in a reduction in 
the glenohumeral joint space and diminished shoulder mobility [4].

Individuals with adhesive capsulitis generally have shoulder pain lasting more 
than a month. They are unable to exert pressure or lie on the affected shoulder. 
Clinical examination reveals diminished mobility in at least three planes for the 
affected shoulder [12]. A greater degree of limitation has been observed for external 
rotation and abduction of the shoulder [13]. An affliction of both shoulders has been 
observed in 10–30% of individuals with adhesive capsulitis and diabetes mellitus. 
Such individuals also develop adhesive capsulitis at a younger age. Once estab-
lished, adhesive capsulitis in diabetic individuals lasts longer than in those without 
diabetes [14]. While older age and a longer duration of diabetes mellitus are associ-
ated with a greater risk of adhesive capsulitis, an association has not been observed 
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with diabetes control reflected by HbA1c (even though studies have shown that 
intensive insulin therapy leads to an improvement in musculoskeletal manifesta-
tions of diabetes). A cohort of more than 400 patients with diabetes mellitus reported 
a greater prevalence of adhesive capsulitis in type 2 diabetes (22%) as opposed to 
type I diabetes (10%) [4].

Classically, three phases of adhesive capsulitis have been described in the litera-
ture. Initial symptoms of shoulder pain and stiffness (the so-called freezing phase) 
are followed by predominant restriction of shoulder joint mobility (the so-called 
frozen phase) and a gradual improvement in mobility and pain over the longer term 
(the so-called thawing phase) [13]. While adhesive capsulitis has been traditionally 
considered to be self-limiting, less than one-half of patients recover normal shoul-
der joint function when followed up over 4 years [15].

8.4  Dupuytren’s Contracture

Dupuytren’s contracture classically presents with limited hand mobility resulting 
from thickening and tethering of the affected palmar fascia, more often involving 
the ulnar (medial) two fingers. The prevalence of Dupuytren’s contracture in those 
with diabetes ranges from 20 to 63%. Conversely, 13–39% of individuals with 
Dupuytren’s contracture have concomitant diabetes mellitus. Clinical examination 
reveals palpable nodules on the palmar surface which later coalesce to form thick-
ened cord-like fascia. Contracture results in flexion at predominantly the metacar-
pophalangeal joint but also the proximal interphalangeal joint. Dupuytren’s 
contracture can coexist with diabetic cheiroarthropathy. For reasons that are not yet 
clear, Dupuytren’s contracture associated with diabetes mellitus is less severe than 
in those without diabetes (such as that associated with smoking, alcohol abuse, 
chronic intake of antiepileptic drugs, or human immunodeficiency virus infec-
tion) [16].

8.5  Flexor Tenosynovitis

Patients with diabetes mellitus have a greater prevalence of flexor tenosynovitis 
(5–20%) than those without (1–2%). A proliferation of fibrous tissue in tendon 
sheaths of individuals with diabetes mellitus results in decreased space for the 
movement of the tendon within these sheaths [16]. This results in a stenosing teno-
synovitis which clinically manifests as trigger finger, i.e., locking of the finger in a 
flexed position due to the limited space for movement of the tendon within the ten-
don sheath [16]. The pathology involves degeneration and disorganization of col-
lagen fibers in the flexor tendon sheath. This tendinopathy in diabetes is thought to 
be related to decreased new vessel formation partly contributed by a reduction in the 
expression of vascular endothelial growth factor [17]. Females have a greater risk of 
developing this complication. There is a greater propensity to involve multiple fin-
gers and affect both hands. Flexor tenosynovitis is often coexistent with diabetic 
cheiroarthropathy or carpal tunnel syndrome [16]. A recent systematic review 
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reported increased odds of associated tendinopathy in those with diabetes mellitus 
(odds ratio 3.67, 95% confidence interval 2.71–4.97) as well as greater odds of dia-
betes mellitus in those with tendinopathy (odds ratio 1.28, 95% confidence interval 
1.10–1.49) [18].

8.6  Carpel Tunnel Syndrome

Compressive or entrapment neuropathy of the median nerve in the carpal tunnel in 
patients with diabetes can result from a proliferation of the tendon sheath or the 
flexor retinaculum. While 11–16% of patients with diabetes mellitus have carpal 
tunnel syndrome, 5–8% of those with carpal tunnel syndrome have associated dia-
betes mellitus. In such patients, a differential diagnosis for carpal tunnel syndrome 
is primary axonal neuropathy of the median nerve as a sequela of diabetes. Patients 
with carpal tunnel syndrome present with nocturnal pain and paraesthesias in the 
median nerve distribution. Over time, thenar muscle atrophy and weakness of hand-
grip might ensue. Clinical signs suggestive of carpal tunnel syndrome include the 
Tinel’s sign (Fig. 8.2) and Phalen’s sign (Fig. 8.3). Demonstration of axonopathy of 
the median nerve on a nerve conduction study as well as an anatomical depiction of 

Fig. 8.2 Tinel’s sign: 
paraesthesias develop in 
the median nerve 
distribution of the hand on 
tapping the flexor aspect of 
the wrist
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Fig. 8.3 Phalen’s sign: 
occurrence of paraesthesias 
in the median nerve 
distribution of the hand 
following hyperflexion of 
the wrist for a minute

median nerve compression in the carpal tunnel using ultrasound or less commonly 
magnetic resonance imaging enables the diagnosis of this condition. Such imaging 
modalities have a sensitivity ranging from 64 to 96% for the diagnosis of carpal 
tunnel syndrome [14].

8.7  Reflex Sympathetic Dystrophy

Reflex sympathetic dystrophy or complex regional pain syndrome refers to paraes-
thesias, hyperalgesia, swelling, subcutaneous edema, and atrophy in long-standing 
cases limited to the upper or lower limb. Diabetes mellitus is a commonly associ-
ated etiology, although trauma to the site where reflex sympathetic dystrophy occurs 
is another important etiology [19].

8.8  Hand Osteoarthritis

A cross-sectional epidemiological study from the Netherlands evaluated 3585 indi-
viduals aged at least 55 years for the relationship between body weight, diabetes 
mellitus, and hypertension with osteoarthritis of the hand. This study reported a 
greater odds of hand osteoarthritis in patients with diabetes aged between 55 and 
62  years (odds ratio 1.9, 95% confidence interval 1.0–3.8), but not in other age 
groups. The concomitant presence of diabetes, hypertension, and overweight status 
was associated with greater odds of hand osteoarthritis when compared with those 
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without this combination of disease phenotypes (odds ratio 2.3, 95% confidence 
interval 1.3–3.9). Body mass index is associated with a greater risk of hand osteoar-
thritis involving the proximal interphalangeal joint, metacarpophalangeal joint, and 
distal interphalangeal joint but not for the thumb base [20].

8.9  Diffuse Idiopathic Skeletal Hyperostosis

Abnormal calcification of the interspinous ligaments (Fig. 8.4) often associated 
with overgrowth of bones at the edges of joints without an underlying disorder of 
bone mineralization results in a phenotype of diffuse idiopathic skeletal 

Fig. 8.4 Flowing 
syndesmophytes in the 
dorsolumbar spine in an 
individual with diffuse 
idiopathic skeletal 
hyperostosis associated 
with diabetes mellitus
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hyperostosis. This results in restricted spinal mobility without painful spinal 
movements per se, which is an important clue to differentiate this entity from 
spondyloarthropathy. This syndrome is more common in individuals with type 2 
diabetes mellitus (13–40%) when compared to the general population (2.2–3.5%) 
[14, 21].

8.10  Diabetic Myonecrosis

Localized muscle infarction consequent to microvascular disease in a long-standing 
poorly controlled diabetes mellitus is termed diabetic myonecrosis. It can present 
with severe, usually localized, muscular pain. Common sites afflicted are the quad-
riceps muscle and calf muscles. A differential diagnosis of pyomyositis should be 
excluded (pyomyositis would have a collection of pus in the muscle which is 
demonstrable on imaging and grows microorganisms on cultures). Clinicians should 
be aware that idiopathic inflammatory myopathy involves proximal muscles and is 
usually not painful. Painful femoral neuropathy due to diabetes (diabetic amyotro-
phy) should be excluded; this condition can be associated with Charcot’s arthropa-
thy in the lower limb joints. Magnetic resonance imaging demonstrates iso or 
hypointensity on T1 weighted images along with hyperintensity on T2 weighted 
short tau inversion recovery images, without a demonstrable pus collection in the 
muscle [22].

8.11  Neuropathic Arthropathy

Neuropathy is a common accompaniment of long-term diabetes mellitus. 
Neuropathic arthropathy or Charcot’s arthropathy results from a loss of propriocep-
tion resulting in joint damage due to excessive loading of the joint. Neuropathic 
arthropathy in the context of diabetes often affects the ankle and foot. It can present 
with destructive painless arthropathy [14].

8.12  Treatment

Since musculoskeletal pathologies associated with diabetes mellitus are mostly a 
consequence of the deposition of advanced glycation end products in soft tissue, 
control of hyperglycemia remains crucial to treat as well as prevent these complica-
tions. This principle is epitomized by a case series in the 1980s of four patients with 
type 1 diabetes mellitus, which reported improvement in skin thickness following 
the use of an insulin pump to enhance glycemic control [24]. Beyond this, there 
exist few specific treatments. Management of these conditions relies on a multidis-
ciplinary approach including physical therapies, intralesional injections of cortico-
steroids, and surgical release in extreme situations.
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8.12.1  Diabetic Cheiroarthropathy

Physical therapies to actively and passively stretch involved hands, coupled with 
the use of orthotic devices to improve or preserve hand function remain the main-
stay of the treatment of diabetic cheiroarthropathy. Symptomatic analgesia using 
non- steroidal anti-inflammatory drugs where the pain is a predominant complaint, 
for a short duration keeping in mind the absence of any concomitant renal failure 
before using such medications, remains the predominant form of pharmacother-
apy for this situation [14]. Specific therapies for diabetic cheiroarthropathy are 
lacking [14].

8.12.2  Adhesive Capsulitis

Non-steroidal anti-inflammatory drugs provide short-term analgesia, although their 
use is not backed by randomized controlled trials [15, 25].

A systematic review of 18 randomized clinical trials evaluated the evidence 
base for the use of various therapies in adhesive capsulitis. Intra-articular gluco-
corticoid injections in the standard doses had strong evidence for their effective-
ness in the short-term (up to 3  months) and moderate evidence for their 
intermediate-term effectiveness (4–6 months). Laser therapy was also an effective 
short-term treatment. Gradual shoulder joint mobilization was effective both in 
the short and long term, with or without concomitant physical therapy. 
Suprascapular nerve block was associated with potential benefits when compared 
to no therapy, glucocorticoid injections, or acupuncture. Oral glucocorticoids 
used in varying doses from 10 to 40 mg daily prednisolone equivalent doses for 
3–4 weeks had a short-term benefit when compared to no treatment [25]. Another 
recent systematic review reported short-term (but not long-term) pain relief with 
intra-articular glucocorticoids. However, this therapy effectively improved the 
passive range of shoulder movements in both the short as well as long-term (up to 
24 weeks) [15].

8.12.3  Trigger Finger

General measures include hand mobilization exercises and physiotherapy [14].
Intralesional glucocorticoid therapy (in the standard doses for hand joint injec-

tions) is commonly used however has limited success rates in individuals with dia-
betes mellitus when compared with those without diabetes (49% and 76%, 
respectively) [26]. Another concern with intralesional glucocorticoids for trigger 
fingers is the high recurrence rate (48–78%). Furthermore, a randomized controlled 
trial failed to provide evidence for the amelioration of the requirement for surgical 
release with glucocorticoid injection [27]. Limited literature suggests that up-front 
surgical release might be more cost-effective than intralesional glucocorticoids pre-
ceding such surgical release for trigger fingers [28].
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8.12.4  Dupuytren’s Contracture

Physical therapies including hand exercises have limited benefits for this condi-
tion [14].

Surgical release remains the treatment of choice, more so when associated with 
flexion of more than 30° at the metacarpophalangeal joint. Fasciotomies (via nee-
dle, percutaneous, or open route) or open fasciectomy are the various options. 
However, these procedures are prone to recurrence and there remain chances of 
injury to tendons or accompanying nerves or blood vessels in a large proportion of 
cases [29]. Emerging therapeutic options include the intralesional injection of col-
lagenase clostridium histolyticum. In a recent randomized controlled trial, this treat-
ment with three injections administered monthly was associated with improvement 
in 64% vs 6.8% in those receiving placebo [30].

8.12.5  Carpal Tunnel Syndrome

General measures include analgesia with short courses of non-steroidal anti- 
inflammatory drugs or pregabalin/gabapentin [14].

Injections of glucocorticoid around the compressed median nerve (in the stan-
dard doses for wrist joint injections), now enhanced by ultrasonographic guidance, 
provide short-term relief in a majority of individuals. The use of a wrist splint dur-
ing times of acute worsening is useful. In refractory cases, surgical release of the 
entrapped median nerve is helpful [14].

8.12.6  Other Conditions

Diabetic myonecrosis generally improves with rest and anti-inflammatory agents. 
Reflex sympathetic dystrophy is managed with analgesics along with pregabalin, 
short courses (up to 4 weeks) of oral corticosteroids or intravenous bisphospho-
nate injections for 3–6 months. Hand osteoarthritis is managed with exercises and 
rehabilitation to retain hand function for daily activities. DISH requires spinal 
extension exercises to maintain spinal mobility Management of the neuropathic 
joint is difficult and includes off-loading of the joint, symptomatic analgesia, and 
bisphosphonates. Surgical intervention to fuse the affected joint might be required, 
although results are not always encouraging when the neuropathy is advanced 
[14, 22].

8.13  Conclusion

Musculoskeletal syndromes associated with diabetes mellitus result in consider-
able disability. Most of these conditions have no definitive therapy. Attaining 
optimal glycemic control is imperative to prevent as well as treat any 
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established musculoskeletal features of diabetes mellitus. Judicious use of phys-
ical therapies and intralesional corticosteroid administration are important ther-
apeutic adjuncts.
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9Hemochromatosis Arthropathy

Patrick D. W. Kiely

9.1  Introduction

Genetic hemochromatosis (GH) is an autosomal recessive disorder in which dys-
functional iron homeostasis leads to excess tissue iron deposition and organ dys-
function [1, 2]. In Northern European populations mutations of the HFE gene on 
chromosome 6 are responsible for the majority of cases of GH, with substitution of 
tyrosine (Y) for cysteine (C) at position 282 (C282Y) or aspartic acid (D) for histi-
dine (H) at position 63 (H63D) of the HFE protein being the most frequent abnor-
malities. The gene frequencies are common, with approximately 10% of the UK 
population of northern European ancestry carrying one mutation of the HFE gene, 
and 0.5% carrying two mutations. Collectively, mutations of the HFE gene are clas-
sified as causing Type 1 Hemochromatosis (Table 9.1). Penetrance to the clinical 
phenotype of iron overload is low, almost exclusively restricted to the C282Y 
homozygous mutation, and only occurring in approximately 10–30% with this gen-
otype. Iron loading is more common in men, for example, reported in 28.4% of men 
compared to 1.2% of women over the age of 40 years [4], and in 11% of post- 
menopausal women [5]. A recent analysis of morbidity in 2890 people of European 
descent aged 40–70  years with the C282Y homozygous genotype, from the UK 
Biobank cohort, found GH to be diagnosed in 21.7% of men and 9.8% of women [6].
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Table 9.1 Type 1 Hemochromatosis HFE gene mutations and prevalence in people of North 
European ancestry. (Reprinted with permission from [3])

Genotype Prevalence
H63D/WT 1 in 8
C282Y/WT 1 in 12–15
C282Y/H63D 1 in 40
H63D/H63D 1 in 42
C282Y/C282Y 1 in 250–300

WT wild type

9.2  Pathophysiology

The mechanism of iron loading is a consequence of a reduction in the hormone hep-
cidin, which degrades ferroportin, and is the sole inhibitor of iron release from iron-
exporting cells, such as the duodenal enterocyte, hepatocyte, and macrophage [2, 7, 
8]. Hepcidin deficiency therefore leads to unchecked iron absorption from the gut and 
release from internal recycling. Hepcidin deficiency can also occur as a consequence 
of mutations in non-HFE genes such as hemojuvelin (HJV), hepcidin (HAMP), and 
transferrin receptor-2 (TfR2) genes. These are much rarer than the HFE mutations and 
are classified as Type 2A, 2B, and 3 Hemochromatosis, respectively [7, 8].

Plasma iron excess saturates transferrin, leading to the accumulation of non- 
transferrin bound iron (NTBI). This is taken up by parenchymal cells, especially the 
liver, heart, and pancreas. NTBI is toxic, through the generation of reactive oxygen 
species, causing organ dysfunction and damage [7, 8]. The triad of hepatic fibrosis, 
diabetes, and skin pigmentation leading to the term “bronze diabetes” has been well 
described in advanced cases. Other features include cardiomyopathy, hypopituita-
rism, hypogonadism, osteoporosis, and hepatocellular carcinoma, with dysfunction 
being a direct consequence of the amount of iron deposition [7]. Male participants 
with the C282Y homozygous genotype from the UK Biobank cohort were found to 
have a significantly higher odds ratio of liver disease (O.R. 4.3, 2.99–6.18), osteo-
porosis (O.R. 2.3, 1.49–3.57), rheumatoid arthritis (O.R. 2.23, 1.51–3.30), osteoar-
thritis (O.R. 2.01, 1.71–2.36), and diabetes (O.R. 1.52, 1.18–1.98) versus participants 
with no C282Y mutations [6]. Similarly in a large Swedish cohort the hazard ratio 
of any non-septic arthritis, including OA, was significantly raised amongst GH 
patients compared to matched population controls (H.R. 2.38, 2.14–2.64) and spe-
cifically for osteoarthritis (H.R. 2.43, 2.15–2.74), crystal arthritides (H.R. 3.08, 
2.19–4.32), and rheumatoid arthritis (H.R. 1.58, 1.16–2.17) [9].

9.3  Diagnostic Delay in Genetic Hemochromatosis

Frustratingly for patients, there is often a long delay between onset of symptoms 
and diagnosis, leading to several years of unnecessary reversible features, and 
potentially irreversible consequences of sustained iron overload. Early recognition 
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and diagnosis are therefore important, as a normal life expectancy is preserved if 
treatment is started before hepatic cirrhosis becomes established, ideally before fer-
ritin rises to over 1000 μg/L [4, 8, 10]. The commonest symptoms reported at diag-
nosis are fatigue, and joint pain [10–13], often first occurring around the end of the 
fourth decade and widely reported from large surveys to predate the diagnosis of 
GH by many years. These symptoms are insufficiently characteristic to raise early 
suspicion, and hence a delay invariably occurs before the diagnosis is considered 
and investigations initiated. In an American postal questionnaire survey, with 2851 
GH respondents, the mean age of symptom onset was 41 years, occurring for an 
average of 10 years before the diagnosis was made [13]. In a UK patient survey of 
470 GH respondents, attributable symptoms were reported to have been present for 
a mean 8.1 years before diagnosis [10]. A study of 199 patients with GH and iron 
overload found joint pain in 53% at diagnosis, preceding the diagnosis by a mean 
9.0 ± 10 years [14], and a separate cohort of 306 patients reported joint pain in 
51.5% at diagnosis with a mean interval of 8.6 years between the onset of pain and 
diagnosis of GH [10].

Where there is a family history of the condition, detection of elevated transferrin 
saturation (>45%) and ferritin (>300 μg/L in men, >200 μg/L in pre-menopausal 
women) will reveal iron overload and lead to an early diagnosis. For other patients, 
detection of iron overload may be serendipitous, for example as a consequence of 
random testing or part of a non-specific well-person health screen. However, for 
over 50% of patients, recognition of symptoms and signs is required to initiate mea-
surement of iron indices and then gene analysis [11, 12]. Without easily identifiable 
symptoms it is estimated that for every patient diagnosed with GH, there are 8–10 
undiagnosed and unaware of their risk [12]. Although the frequencies of HFE gene 
mutations are relatively high in north European populations, especially Celtic, the 
low penetrance to iron overload means that widespread population screening is not 
undertaken, although this stance is contested [6].

9.4  Clinical Features of Hemochromatosis Arthropathy

From an early stage, the majority of GH patients report joint symptoms [2, 10, 11, 
14–16], ranging from 51.5 to 77% of patients at diagnosis in 5 EU cohorts totaling 
1247 patients, for example in 77% of a group of 62 GH patients attending a special-
ist hemochromatosis arthropathy clinic, in 76% of 470 GH respondents to a ques-
tionnaire [11], and 53% of 199 patients assessed in 7 EU centers [14]. In a large UK 
survey, 87% of 1998 respondents said they had ever experienced arthritis or joint 
pain [12].

Richette compared symptoms in GH patients to controls and found significantly 
increased frequency of pain in multiple joints including hand (O.R. 17.2, 10.3–28.9), 
wrist (O.R. 12.2, 6.4–22.4), ankle (O.R. 11.3, 6.3–20.0), hip (O.R. 9.3, 5.3–16.2) 
and knee (O.R. 6.3, 4.3–9.2) [10]. Arthropathy has been reported to be significantly 
associated with high ferritin at presentation with a threshold of peak ferritin 
>1000 μg/L conferring increased risk [4, 10, 15, 17, 18]. The prevalence of joint 
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pain rises after diagnosis, irrespective of de-ironing treatment, for example from 53 
to 72% of a cohort of 199 northern European patients within 10 years of diagnosis 
[14], and from 51.5 to 86.9% of a cohort of 306 French patients [10].

Whilst there are no classification criteria for the arthropathy of hemochromatosis, 
the features are well described. Superficially patients have the clinical characteristics 
of osteoarthritis (OA) [11, 14, 15, 19, 20], with bony swelling, tenderness and painful 
loss of range of movement of affected joints, whereas synovial swelling is less fre-
quently seen [14, 21]. The characteristics that distinguish hemochromatosis arthropa-
thy (HA) from primary generalized OA are summarized in Table 9.2. GH patients 
have a phenotype of “accelerated OA” with onset at a younger than expected age in 
the absence of trauma or biomechanical deformity and a high rate of joint replacement 
surgery [9, 21]. The characteristic age of onset of joint symptoms is in the fourth and 
fifth decades, and it is not uncommon for a patient to be diagnosed with GH after 
arthroplasty for rapidly progressive arthropathy, especially of the hip.

Affected joints include those typically affected by OA, such as hip, knee, proxi-
mal and distal interphalangeal, and first carpometacarpal. Characteristically, two 
joint regions not usually involved in OA are over-represented in HA, providing 
important phenotypic features from a diagnostic perspective, these being the second 
and third metacarpophalangeal (MCP) and ankle joints [11, 14, 21–26]. In one 
series the first joints reported to be affected were the MCP and the ankles followed 
by the knee and hip [11]. The distribution of affected joints in established HA in 
four series is shown in Table 9.3, with the MCP, PIP, DIP, wrist, hip, knee, and ankle 
joints all frequently affected. Of note, although second and third MCP disease is 
characteristically reported, the arthropathy of hemochromatosis can affect all MCP 
joints and all other joint regions within the hand [11].

The term “iron fist” has been coined to describe the appearance of the clenched 
fingers in patients with second and third MCP joint involvement. The inability to 
fully flex the second and third MCP joints result in the flexed proximal interphalan-
geal (PIP) joints of the same fingers being raised above the level of the PIP joints of 

Table 9.2 Characteristics that distinguish hemochromatosis arthropathy from primary general-
ized osteoarthritis. (Reprinted with permission from [3])

Disease characteristics
Hemochromatosis 
arthropathy

Primary generalized 
osteoarthritis

Gender prevalence Male > Female Female > Male (knee, hand)
Age of onset Fourth and fifth decades Sixth decade and older
Trauma, biomechanical 
deformity

Unusual Common (hip, knee, ankle)

Frequently affected joints MCP, PIP, hip, knee, ankle Hip, knee, first CMC, PIP, DIP
Osteophytes Exuberant Present
Subchondral cysts Large and numerous Present
Progression to arthroplasty Higher likelihood can be 

rapid
Usually slow

MCP metacarpophalangeal, PIP proximal interphalangeal, DIP distal interphalangeal, CMC 
carpometacarpal
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Table 9.3 Distribution of affected joints in Hemochromatosis arthropathy, % of affected patients

Joint 
region

Richardson 
et al- 1 (n = 62)

Richardson  
et al- 2 (n = 470)

Sahinbegovic 
et al. (n = 199)

Hemochromatosis UK 
(n = 1481)

PIP 64.5 47 51.7a 69.3b

Knee 64 42 59.4 32.6
Ankle 61 35 32.9 28.6
MCP 60 46 51.7a 69.3b

Hip 48 26 26.6 56.8
DIP 43.5 42
Wrist 34 52 11.9 46.9c

MTP 30.5 25 43.7d

Shoulder 27.5 20 14.7
1st CMC 22.5 59
Elbow 19 11
Midfoot 10 13

Richardson et al-1, n = 62, Haemochromatosis arthropathy cases, symptoms or signs, physician 
observed [11]
Richardson et al-2, n = 470, Genetic haemochromatosis, UK national patient survey, self-reported 
joint involvement [11]
Sahinbegovic et  al., n  =  199, Genetic haemochromatosis cases, symptoms or signs, physician 
observed [14]
Haemochromatosis UK, n = 1481, Genetic haemochromatosis UK national patient survey, self- 
reported joint involvement [12]
a Recorded as “fingers”
b Recorded as knuckles
c Recorded as hand or wrist
d Recorded as feet

Fig. 9.1 Photograph of a patient with C282Y homozygous hemochromatosis arthropathy involv-
ing the second and third MCP joints. This demonstrates the “iron fist” sign, in which the inability 
to fully flex the second and third MCP joints results in the flexed proximal interphalangeal (PIP) 
joints of the same fingers to be raised above the level of the PIP joints of the fourth and fifth fingers, 
and the fingertips are not able to touch the palm

the fourth and fifth fingers, and the fingertips may not touch the palm (Fig. 9.1). 
Focussing on the ankle, recognition of OA is important, as this entity is rare in the 
absence of trauma [27, 28], and when encountered should raise the suspicion of 
GH [11].
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Whilst most cases of HA are described in patients with iron overload and the 
C282Y homozygous HFE mutation, arthropathy is also described in patients 
with the lesser HFE mutations and not necessarily in patients with significant or 
any iron overload [29]. A report from the Melbourne Collaborative Cohort of 
persons of north European descent aged 40–69 found MCP arthropathy in 20% 
of 144 patients with the compound heterozygous HFE mutation (C282Y/H63D) 
and 15.7% of 108 people with the H63D homozygous or heterozygous HFE 
mutations [4].

Histological studies of hemochromatotic joints are restricted to small series or 
isolated cases [30, 31]. In 15 patients with GH, synovial histological features 
from knee, hip, ankle, wrist, and phalangeal samples were very similar to a con-
trol group with OA, except for more synovial hemosiderin deposition associated 
with infiltrating neutrophils and increased sublining layer CD68-positive macro-
phages [32].

9.5  Imaging Features of Hemochromatosis Arthropathy

Plain radiographs show features of OA, with subcortical cysts, joint space narrow-
ing, and osteophytes [21]. Chondrocalcinosis is reported in up to 50% of cases [15], 
most frequently seen in the wrist and knee [10, 21]. Calcification can be seen in both 
hyaline and fibrocartilage and can be widespread, including the acetabular labrum, 
symphysis pubis and intervertebral discs [21]. The concept of accelerated OA is 
supported by characteristic exuberant osteophytes giving the term “hooks” in asso-
ciation with the MCP joints and elsewhere. A comparison with hand OA has shown 
more severe radiographic changes in GH patients at the MCP and wrist joints but 
less so in first carpometacarpal, PIP, and DIP joints [33]. The combination of promi-
nent subcortical cysts and large osteophytes should raise suspicion of GH, espe-
cially at the second and third MCP joints and ankles.

Ultrasound of the MCP joints in two patients with early and late GH has been 
reported to show a grade 2 power Doppler signal in the synovium, consistent 
with synovial inflammation [34, 35]. A comparison of US features between HA 
and OA patients found similar greyscale and power Doppler signal scores on an 
overall assessment of multiple joints, and significantly more prevalent cartilage 
abnormalities and calcium pyrophosphate dehydrate deposition in the HA 
patients [26].

MRI features of the ankle in GH patients confirm the concept of accelerated 
OA with significantly larger and more extensive cysts/bone marrow lesions, 
osteophytes, and full-thickness cartilage loss compared to primary OA con-
trols [36].

Illustrative examples of plain radiographic, CT, and MRI appearances of these 
features, and a 3D-reconstructed CT of the hand of a patient with the C282Y homo-
zygous genotype are shown in Figs. 9.2, 9.3, 9.4, 9.5, 9.6, and 9.7.
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Fig. 9.2 X-ray of the 
hands and wrists of a 
patient with C282Y 
hemochromatosis 
arthropathy demonstrating 
the involvement of the first 
carpometacarpal, 
metacarpophalangeal and 
proximal interphalangeal 
joints, with multiple 
subchondral cysts, joint 
space narrowing and hook 
osteophytes at the third 
metacarpophalangeal joints

Fig. 9.3 X-ray and 3D-reconstructed CT scan of the right hand of a patient with C282Y homozy-
gous hemochromatosis arthropathy, showing widespread features including hook osteophytes at 
the second and third metacarpophalangeal joints, and also joint space narrowing, subchondral 
cysts and osteophytes at the scapho-trapezium, first carpometacarpal, proximal and distal interpha-
langeal joints. (Reprinted with permission from [3])
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a b

Fig. 9.4 X-rays of the ankle of two patients with C282Y homozygous hemochromatosis arthropa-
thy showing (a) prominent large distal tibia subchondral cysts, and (b) large hook-like anterior and 
posterior talus osteophytes

Fig. 9.5 Sagittal and coronal short-tau inversion recovery MR images showing tibial plafond and 
talar dome subchondral bone marrow lesions consisting mainly of cysts with surrounding ill- 
defined edema, in a patient with C282Y homozygous hemochromatosis arthropathy. (Reprinted 
with permission from [3])
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Fig. 9.6 Sagittal CT scan 
showing talar dome 
subchondral cysts in a 
patient with C282Y 
heterozygous 
hemochromatosis 
arthropathy

Fig. 9.7 X-ray and MR image showing a large femoral head subchondral cyst in a patient with 
C282Y homozygous hemochromatosis arthropathy
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9.6  Management

Management of GH is centered on iron depletion by venesection, termed “de- 
ironing.” If commenced early this is effective at avoiding or preventing the progres-
sion of many organ-based manifestations, such as hepatic and cardiac disease, and 
reversing others, such as hepatic fibrosis [7, 37, 38]. General health also improves, 
including fatigue for many patients [8]. Pre-venesection serum ferritin <1000 μg/L is 
taken to be a marker of good prognosis [4, 15], and ideally all cases should be 
detected and commenced on a venesection program before this threshold is exceeded.

In contrast, the response of joint symptoms to de-ironing is poor. In the UK 
Hemochromatosis survey of 1998 respondents with GH, 48.7% reported persistent 
pain following de-ironing. A beneficial effect on joint symptoms has been reported 
in a minority of cases, 12–20% in three series [10, 11, 14]. Furthermore, patients 
may develop joint symptoms in previously unaffected joints after entering mainte-
nance therapy despite low total body iron levels [10, 11, 14, 21].

Management of arthropathy focuses on strategies to protect joints from biome-
chanical strain and physical damage, and symptom control. Attention to gait and the 
provision of neutralizing orthotics is particularly useful. Hindfoot pronation is very 
common and if uncorrected may lead to aggravated disease in the ankle and subtalar 
joints, and also abnormal load-bearing throughout the legs with back, hip, and knee 
pain as a consequence.

There are no randomized trials of pharmaceutical agents in HA, and so therapeu-
tic decisions are pragmatic and based on approaches for osteoarthritis. Pain relief 
may be provided by simple opioid, non-steroidal anti-inflammatory, and neuro-
pathic analgesics, individually or in combinations. Typically paracetamol or a 
codeine-based compound preparation may be started on an as-required basis esca-
lating to regular use and stronger preparations such as transdermal buprenorphine if 
necessary. Cox-2 selective anti-inflammatory agents, such as etoricoxib, can be very 
effective, taken at night if there is predominant morning stiffness. As chronic pain 
often results in a state of pain sensitization, with reduced pain thresholds [39], neu-
ropathic agents such as low dose pregabalin and amitriptyline can also be effective. 
Individual joint injections with corticosteroids are also very effective, repeated up to 
four times per year as necessary. Given the association with chondrocalcinosis, col-
chicine may be given for acute crystal flares and potentially for chronic pain [35], 
though as with all analgesics, this lacks evidence from formal trials.

Without disease-modifying therapies, inevitably “joint failure” from advanced 
cartilage loss, bone damage, and intractable pain occurs. This may be alleviated by 
surgical intervention, either joint fusion or arthroplasty. Richette reported an 
increased risk of arthroplasty of the knee (O.R. 5.3, 1.1–25.6) and hip (O.R. 5.2, 
2.2–11.9) compared to matched controls [10], and similarly Elmberg reported 
increased hazard ratios of hip (2.88, 2.39–3.47), knee (2.14, 1.58–2.88) and ankle 
(10.54, 5.69–19.52) replacement amongst GH patients in a Swedish population sur-
vey [9]. Predictors of arthroplasty were found to be a higher radiographic score in 
2nd/3rd MCP joints, female sex, and chondrocalcinosis [10]. No trials have com-
pared surgical outcomes in GH patients with OA controls, but anecdotally outcomes 
are good.
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9.7  Unmet Needs

Our understanding of HA is in its infancy compared to many other rheumatic 
diseases. The pathogenic processes that stem from HFE mutations to arthropathy 
are incompletely understood, and whilst excess iron is toxic to parenchymal tis-
sues, whether it is this which leads to HA is in question [3, 29]. Uncertainty arises 
from the observation of the progression of arthropathy to new joints after de-
ironing, and the finding of phenotypically classical HA in patients without a his-
tory of iron overload (or other manifestations of GH), in cases with the C282Y 
homozygous and lesser HFE mutations [23, 24, 29, 40]. Furthermore, the finding 
of an increased risk of rheumatoid arthritis, a completely unrelated arthropathy 
from a pathogenic perspective, in population studies with GH [9], the C282Y [6] 
or H63D [41] mutation is unexpected if an iron centric view of the effects of the 
HFE mutation on joints is taken. Instead, it adds to the circumstantial evidence 
that there may be a separate, iron-independent, influence of HFE mutations on 
cartilage or bone homeostasis.

Current management strategies are purely supportive, protecting joints and ame-
liorating symptoms. Given the inability of de-ironing to improve the symptoms or 
progression of HA in the majority of cases, there is a need for the development of 
disease-modifying therapies. This will require evidence of efficacy from clinical 
trials, which at present would be undermined by a lack of classification criteria for 
HA, to standardize enrolment.

9.8  Conclusion

In summary, HA is a very prevalent feature of GH, often predating diagnosis and 
progressing despite de-ironing therapy. It is recognizable as an OA-like phenotype, 
with accelerated features including early age of onset, rapidly progressive course, 
and florid OA features on X-ray and MRI, especially subcortical cysts and large 
osteophytes. Involvement of the second and third MCP and ankle joints is a distinc-
tive feature and should prompt measurement of transferrin saturation and ferritin in 
undiagnosed cases, though phenotypic HA can occur without iron overload.
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10Skeletal Fluorosis

Subramanian Shankar and Vivek Vasdev

10.1  Introduction

The first documentation of the effect of fluoride on human health can be traced back 
to the late nineteenth century when it was detected in different concentrations in 
teeth, bones, and other tissues in humans [1]. Fluorine came to be regarded as an 
essential microelement when the presence of fluorides in teeth was found to be pro-
tective against microbial attack and decay, especially in childhood. However, exces-
sive intake was seen to be associated with detrimental effects on skeletal tissue and 
other organ systems. Chronic endemic fluorosis is now recognized as a major health 
issue that is prevalent in India and 50 other Asian and African countries [2].

Skeletal fluorosis is a result of excess fluoride intake over a long period through 
consumption of drinking water, food products, and industrial pollutants. The clini-
cal manifestations often mimic arthritis and skeletal fluorosis can easily be mistaken 
for rheumatoid arthritis, osteoarthritis, or seronegative spondyloarthropathy in the 
initial phases [3, 4].

The minimum requirement of fluoride in diet is not well established but at a daily 
intake in excess of 6 mg, adverse effects on the bones have been observed [5–7]. 
The absorption of fluoride from drinking water has been shown through many epi-
demiological studies as the major cause of fluorosis. According to the World Health 
Organization (WHO), a concentration above 1.5 mg/L in drinking water leads to 
adverse effects of fluoride (Fig. 10.1) [8]. In India alone, as many as 62 million 
people (including six million children) are estimated to have serious health issues 
due to consumption of water contaminated with fluoride [9].
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Fig. 10.1 Fluoride in groundwater (>1.5  mg/L), a worldwide distribution. (Adapted from 
WHO data)

10.2  Fluorine in Nature

Fluorine, a highly reactive gas at room temperature, is found in nature either as fluo-
ride or as a complex with other elements [10]. The accumulation of fluoride in the 
environment occurs gradually from various sources like volcanic discharges, indus-
trial by-products, and dissolution of minerals. These complexes settle into the soil 
of neighboring areas and eventually reach groundwater. Fluorine is found in about 
300 different kinds of minerals, prominent among them being fluorspar (CaF2), 
fluorapatite (Ca5(PO4)3F), topaz (Al2(SiO4)(F,OH)2), and cryolite (Na3AlF6). 
The volcanic regions that have a high content of fluoride include Iceland, Sicily, the 
East African Rift, China, South India, and New Zealand [11]. Fluoride is also pro-
duced by industries during processes such as aluminum smelting, ceramic and glass 
production, fertilizer production, and coal burning. These are released into ground-
water or as fumes in the environment. Fluoride released in the air travels some dis-
tance before settling back into the soil or water. Fluoride-rich industrial emissions 
therefore can thus cause higher fluoride exposure even in areas that are located at a 
fair distance from the site of origin [12, 13].

The fluoride–metal compounds also get distributed into the soil and are subse-
quently absorbed by the microbes and plants. Some of the highest fluoride- 
accumulating plants are spinach, grapes, tomato, tea, and elderberry [14]. Some 
plants such as tea accumulate fluorides as they age and in some populations, heavy 
tea consumption is therefore considered to be the primary mechanism of fluoride 
toxicity among adults [15]. In many developed countries, the source of fluoride 
exposure is government-instituted fluoridated water, toothpaste, dental gel, and var-
nish [16]. At times fluorosis can be iatrogenic. Drugs such as NSAIDs, Voriconazole, 
etc., contain fluoride and their overuse can lead to chronic fluorosis [17]. In chil-
dren, calcium deficiency has been linked to juvenile fluorosis [18].
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10.3  Pathogenesis

Fluoride affects a wide variety of cells and tissues apart from the skeletal system 
including renal, endothelial, gonadal, red blood cells, and neurological cells. 
However, the most severe form of toxicity due to chronic fluoride intake is skel-
etal fluorosis. It is estimated that an average person needs to ingest 6–10 mg of 
fluorides daily for a minimum of 10 years to develop skeletal fluorosis [19]. The 
rate of fluoride accumulation is higher in children and adults with chronic kidney 
disease [2].

10.3.1  Effects of Fluoride on Bone Minerals

Fluoride forms fluorapatite by substituting for the hydroxyl group in hydroxyapa-
tite, which then gets incorporated into the bone during the process of bone forma-
tion and mineralization (Fig. 10.2) [20]. It has been observed that fluoride increases 
the compactness and stability of the crystal lattice. The mixture of hydroxyapatite 
and fluorapatite has been found to have more stability and resistance to resorption 
compared to either of the two, individually [21].

The commencement of mineralization however is late. This results in the 
increased formation of osteoid. The mineralization profile of bone tilts towards 
more dense and mature fractions where the concentration of fluoride appears to 
be high.

fluorine

Reactive oxygen species

Oxidative stress

Substitution of −OH group by fluoride

Fluorohydroxyapatite formation in the bone

Alteration of bone mineral structure Inhibition of calcium deposition in bone

Poor bone quality
Osteoporosis

Increased fracture risk

Skeletal fluorosis

Fig. 10.2 Pathogenesis of fluorosis
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10.3.2  Effects of Fluoride on Bone Cells

Fluoride appears to have an effect on bone cells at serum levels much higher than 
what would be achieved through the consumption of fluoridated water only [22]. 
In fluorotic individuals and those exposed to fluoride therapy, there is an increase 
in bone mass. Fluoride appears to have a mitogenic effect on osteoblasts. However, 
these osteoblasts appear flattened and show moderate activity instead of being 
cuboidal, plump, and extremely secretory. Therefore, it appears that, while fluo-
ride has mitogenic properties and promotes the differentiation of precursors of 
osteoblast, it is, to an extent, noxious to individual osteoblast at those 
concentrations.

The overall effect of fluoride, nevertheless, is an increase in the bone formation. 
Some evidence from in vitro studies suggests that on exposure to sodium fluoride, 
resorption lacunae decrease in number and there is also a reduction in the quantity 
of resorbed bone per osteoclast. Eventually, there is an increase in bone mass, which 
explains the interest in the therapeutic use of fluoride for osteoporosis [23].

10.3.3  Effects of Fluoride on Bone Architecture

In patients with osteoporosis, therapeutic administration of moderate doses of 
fluoride produces a marked rise in bone mass. The parameters of bone formation 
which include osteoid volume, surface, and width are elevated implying an 
increase in the volume of trabecular bone. Studies assessing the effect on the 
mechanical properties of bone by moderate to high doses of fluoride have revealed 
a decline in mechanical strength despite an unchanged or increased amount of 
bone [24].

10.3.4  Effects of Fluoride on Collagen-Mineral Interface

The collagen and fluorapatite interface appears to be weaker compared to the native 
hydroxyapatite. This has also been shown to have a deleterious effect on the 
mechanical properties of the bone [25]. It appears that the physicochemical and 
biological effects of fluoride on the collagen-mineral interface act to negatively 
affect the physical properties of bone.

Overall, it appears that fluoride has a complex effect on the bone which is dose- 
dependent and leads to alterations in the amount and structure of bone along with 
the mineral-collagen interface. The result is a change in the mechanical properties 
of bone, and by extension, to the fracture risk. Clinical techniques, such as dual- 
energy X-ray absorptiometry or histomorphometry only show increased bone den-
sity and mass and fail to accurately assess the risk of fracture in such cases [24].

Overall effect of  fluoride on mechanical properties based on animal studies sug-
gests a dose-dependent effect. There is an improvement with increasing fluoride 
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content to a certain point, followed by severe compromise of mechanical properties 
as the concentrations of fluoride rise [20, 24].

10.3.5  Skeletal Fluorosis

The term skeletal fluorosis encompasses a spectrum of deleterious effects due to 
chronic exposure to high levels of fluoride on the skeleton. These include changes 
in architecture, mineralization, remodeling, and mechanical qualities of bone. There 
is an increase in the volume of cancellous bone which is radiologically observed as 
osteosclerosis along with an increase in cortical bone width and porosity. Remodeling 
in fluorotic bone is skewed in favor of formation which is characterized by increased 
newly formed bone (osteoid) parameters that include width, perimeter, and volume. 
The increase in osteoid is due to decreased mineral apposition rate and increased 
mineralization lag time [26, 27].

There seems to be a strong genetic influence on the development of skeletal fluo-
rosis. In one study, despite high concentrations of fluoride in the drinking water 
(1.2–8.9 ppm), the occurrence of skeletal fluorosis was around 40%, which varied 
with not just the concentration of fluorides but also the population [26].

The association between genetic polymorphism and the pattern of skeletal fluo-
rosis has been confirmed by several genetic epidemiological studies among indi-
viduals residing in the same community and sharing the same environmental 
conditions. These studies have underlined that genetic variants in candidate genes 
(such as glutathione S-transferase P1, matrix metallopeptidase 2, vitamin D recep-
tor, prolactin, and myeloperoxidase) may amplify the risk of endemic fluorosis 
among exposed individuals [28].

Increased fluoride concentration in bone is associated with an increase in miner-
alization in fluoride-treated humans, animal models, and fluorotic bone [29]. 
However, this increased mineralization is linked with certain characteristic defects 
which include enlarged lacunae and “mottled osteons” (circum-lacunar mineraliza-
tion defects) and linear formation defects seen in cancellous bone [30].

Consequently, despite increased mineralization, there is decreased mechanical 
integrity due to excessive fluoride exposure [24]. A similar decline has been seen in 
the mechanical properties of bone in patients treated with fluoride as a therapy for 
osteoporosis [31].

10.3.6  Histopathology

A significant surge in parameters of osteoid formation and trabecular bone volume 
is appreciated in skeletal fluorosis on histomorphometric study after double labeling 
with tetracycline. Another histomorphometric analysis of under-calcified transiliac 
biopsy sections taken from patients suffering from skeletal fluorosis revealed thick-
ening of cortex with marrow cavity narrowing, reduced resorption of bone, and 
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virtually absent osteoclasts. An obvious increase in bone surfaces lined by osteoids 
and in some studies, evidence of resorption has also been described [32].

Other histological findings reported include osteocondensation along with an 
increase in osteoid width, formation defects in bone, and an extended osteoblast 
perimeter. These changes may give a pseudo-osteomalacia appearance. Other quali-
tative abnormalities suggestive of skeletal fluorosis include a hypo-mineralized 
halo, surrounding defects of apposition, and periosteocytic deficiencies of mottled 
appearance [32].

10.4  Clinical Features

Excessive fluoride intake affects the body in many ways. In children, fluoride toxic-
ity mainly manifests in the form of dental fluorosis. However, cases of skeletal fluo-
rosis in the pediatric age group are also seen. Skeletal fluorosis is mainly seen in 
adults possibly because the metabolic activity of the bone for remodeling is rela-
tively high in children which prevents the retention of fluorides in the bone [33]. 
Skeletal fluorosis is frequently asymptomatic initially. Patients complain of vague 
pains in small joints of the hand or feet and lower back. Stiffness of joints with a 
declined range of motion, weakness of muscle, and chronic fatigue may also occur 
[9, 33]. The United States Public Health Service has divided skeletal fluorosis based 
on symptoms and radiology (Table 10.1) [4, 34].

The presence of dental fluorosis helps in making the diagnosis of skeletal fluoro-
sis. Dental fluorosis results from exposure to high fluoride intake in childhood 
(<12 years age), which corresponds to a period of permanent teeth mineralization 
[4, 35]. As the disease progresses, bones and joints become increasingly weaker, 
making movements hard and painful. The fusion of vertebrae also takes place in 
many areas of the vertebral column leading to kyphosis and restriction of spinal 
movements. The symptoms of reduced spinal mobility first appear in the cervical 
spine. The neck movements are restricted along all axes and eventually the head and 
neck become fixed. The thoracic spine is next to get affected and leads to kyphotic 

Table 10.1 Phases of skeletal fluorosis

Phases Symptomatology Radiological findings
Preclinical 
phase

Asymptomatic Slightly increased bone density

Phase 1 Sporadic pain, 
stiffness of joints

Osteosclerosis of pelvis and vertebral column

Phase 2 Chronic joint pain, 
arthritic symptoms

Slight calcification of ligaments, increased osteosclerosis/
cancellous bones; with/without osteoporosis of long 
bones

Phase 3 Limitation of joint 
movement

Calcification of ligaments/neck, vertebral column; 
crippling deformities/spine and major joints; muscle 
wasting; neurological defects/compression of spinal cord
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posture apart from the pain and stiffness. Ultimately the entire vertebral column gets 
fused and becomes fixed with complete loss of rotatory and other spinal movements.

Peripheral joints also get affected. In the upper extremities, elbows and shoul-
ders are commonly affected with pain and decreased mobility. The patient is 
unable to carry out overhead movements and cannot rotate the shoulders. Small 
joints of hands, although become painful, retain mobility and do not develop 
deformities. In lower limbs, the hip and knee are affected commonly. Scissors 
gait due to bilateral hip involvement forces the patient to use crutches or sticks 
for support while ambulating. In the knees, progressive loss of mobility is seen 
with complete loss of movements seen in the late stages. Varus deformities are 
commonly seen, but valgus deformities have also been reported [33]. The flexion 
contracture of lower limbs and limitation of expansion of the chest wall may also 
occur. Ultimately, the patient becomes crippled, with a significantly amplified 
risk of fracture.

Certain clinical tests of spinal mobility, e.g., coin test, chin test, and stretch test, 
are commonly used in making a diagnosis of skeletal fluorosis. These tests however 
are nonspecific and have to be interpreted with an appropriate background while 
making the diagnosis of skeletal fluorosis (Table 10.2) [9].

Approximately 10% of patients suffering from skeletal fluorosis have neurologi-
cal complications [36]. It occurs due to mechanical compression of the spinal cord 
and exiting nerve roots subsequent to osteophytosis, reduced anteroposterior diam-
eter of the spinal canal and intervertebral foramina, sclerosis of vertebral column, 
and ossification of spinal ligaments. Ossification of the ligamentum flavum and pos-
terior longitudinal ligament causing myelopathy has also been described in cases of 
skeletal fluorosis and are mostly located in the lower thoracic part of the spinal cord 
[37]. The radiculomyelopathy seen in fluorosis is progressive and characterized by 
muscle wasting and spastic paraparesis or quadriparesis [38]. Signs of involvement 
of long tracts, urinary bladder incontinence, and flexor spasms have also been 
described. Cranial nerve palsies have also been reported in skeletal fluorosis. 
Usually, the compression of the eighth nerve within the sclerosed auditory canal 
causes progressive high-frequency perceptive deafness.

Fluorosis has been linked to anemia, premature births, stillbirths, and abortions. 
It has also been linked to thyroid hormone abnormalities in children, hypertension, 
renal failure, and iodine deficiency disorders [39].

Table 10.2 Clinical tests for skeletal fluorosis

Test Description
Coin test Inability to lift a coin from the floor without flexing a large 

joint of lower limb
Chin test Inability to touch chest with chin
Stretch test Inability to abduct shoulders, flex elbows, and touch the back 

of the head
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10.5  Diagnosis

There are no diagnostic criteria for skeletal fluorosis. The diagnosis is made based 
on the history of residence in an area endemic to fluorosis, consumption of fluorine- 
rich substances for a long duration, clinical features, skeletal imaging, and certain 
biochemical chemical tests showing high serum or urine.

10.5.1  Laboratory Investigations

10.5.1.1  Fluoride or Fluorine Levels
The diagnosis of skeletal fluorosis can be established by the detection of increased 
fluorine in the blood, urine, or bone tissue. Normally, blood fluorine values are less 
than 0.05 mg/L and those above 0.2 mg/L are associated with an increased risk of 
bone fluorosis [2].

The best indicators of fluoride intake are urinary fluoride levels which are best 
assessed in a 24-h sample as the fluoride concentration is not constant throughout 
the day. Normal urinary fluoride concentration varies from 0.1 to 2.0 ppm and levels 
above it indicate high fluoride intake [40]. The gold standard is a quantitative analy-
sis of fluoride in bone ash [2].

10.5.1.2  Sialic Acid/Glycosaminoglycan (SA/GAG) Ratio
SA and GAG are bone matrix molecules whose levels are deranged in skeletal fluo-
rosis. The SA:GAG ratio is decreased by approximately 30% in skeletal fluorosis 
whereas the values are higher in conditions like osteoarthritis, spondyloarthritides, 
and osteoporosis [41].

10.5.2  Imaging

10.5.2.1  Radiographs
Imaging features along with the epidemiological data usually suffices to diagnose 
skeletal fluorosis (Fig. 10.3). A radiological classification for skeletal fluorosis has 
been postulated by Roholm which categorizes the radiological changes into three 
stages characterized by thick trabeculations (stage 1), loss of trabeculations and 
regular contour of bone with discrete calcification of soft tissue insertions (stage 2), 
and finally densification of the skeleton with irregular cortical thickening and reduc-
tion in the medullary cavity (stage 3) [2].

10.5.2.2  Radionuclide Scan
It shows a high turnover state in the axial and appendicular skeleton. Increased 
tracer uptake may be seen between forearm bones and along with the attachments 
of ligaments. This modality is seldom used and carries the risk of high radiation 
exposure and nonspecificity. Moreover, it is not readily available [42].
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c

a b

Fig. 10.3 (a) X ray knee of the patient and (b) X ray forearm of the patient depicting ossification 
of the interosseous membrane. Osteosclerosis of forearm bones can also be appreciated. (c) X ray 
pelvis depicting sacrospinous ligament ossification and trabecular thickening of bones. (Image 
courtesy Dr. Sandeep Supehia)

10.6  Differential Diagnosis

Skeletal fluorosis is characterized by the triad of osteocondensation, osteophytosis, 
and ligamentous calcification. These are most obvious on radiographs of the pelvis 
and spine. However, these findings are not specific and can be seen in multiple other 
conditions. These features should be interpreted in the background of epidemiology 
and endemicity of fluorosis in a given geographical area. Multiple other conditions 
that may mimic skeletal fluorosis need consideration and are mentioned in Table 10.3.
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Table 10.3 Differential diagnosis of skeletal fluorosis

Osteocondensation Osteophytosis
Ligamentous 
calcification

Skeletal metastasis, myelofibrosis, 
mastocytosis, sickle cell disease, 
renal osteodystrophy, Paget’s disease, 
hypoparathyroidism

Spondyloarthropathy, diffuse 
idiopathic skeletal hyperostosis 
(DISH), acromegaly, and neuropathic 
osteoarthropathy

Idiopathic
Paget’s disease
DISH

10.7  Treatment

The treatment is mainly symptomatic as there is no specific treatment. In the case of 
children between 6 and 12 years of age, the combination of calcium, vitamin C, and 
vitamin D3 appears to cause regression of signs of skeletal fluorosis. Some radio-
logical studies have revealed the possible reversibility of skeletal fluorosis lesions 
many years after the end of fluoride exposure [43].

As there are no pharmacological agents approved to treat skeletal fluorosis, 
restriction of the consumption of high fluoride intake is an important aspect of the 
management of skeletal fluorosis. Surgical procedures such as decompressive lami-
nectomy may be needed in selected cases of myelopathy due to ossification of the 
ligamentum flavum and/or posterior longitudinal ligament. The risks and benefits of 
such intervention must be deliberated upon, considering the quality of the remod-
eled bone and the risk of hemorrhage. The long-term outcome of surgical proce-
dures is poor in such cases [38].

10.8  Prevention

Preventive actions are of great significance which includes water defluoridation and 
nutritional intervention [44]. Studies have shown that apart from exposure to excess 
fluorides, the health and nutritional status, content of calcium and magnesium, and 
antioxidants in the food also play a role in the development of skeletal fluorosis. 
Calcium and magnesium content reduces the bioavailability and toxicity of fluo-
rides [36]. Since the main source of fluoride intake is the consumption of fluoride- 
rich groundwater, various defluoridation techniques have been developed and 
effectively used [45].

10.8.1  Defluoridation

As the major mode of fluoride entry into the body is through consumption of water, 
defluoridation of drinking water is an important step to prevent the development and 
progression of skeletal fluorosis. There are multiple modalities available to carry out 
the defluoridation of water. These modalities have their advantages and disadvan-
tages. A summary has been provided in Table 10.4.
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Table 10.4 Defluoridation techniques

Properties and 
methods

Chemicals 
required Cost

Removal 
efficiency Principle of working

Coagulation- 
precipitation

Lime and alum Low Medium Charge neutralization of 
colloids is done by adding 
chemicals followed by the 
formation of flocs precipitate

Ion exchange Synthetic 
chemicals like 
cation and anion 
exchange resins

High High Synthetic chemicals, namely, 
anion and cation exchange 
resins have been used for 
fluoride removal

Membrane No chemical High High Through a layer which acts as 
a barrier controlling transport 
of selective particles from 
other sides

Adsorption No chemicals Medium High Transport of fluoride ions to 
the adsorbent surface or 
adsorption of fluoride ions on 
to the active adsorbent surface

Electro- 
coagulation

No chemical 
addition externally

High Very high Electrolytic process which 
generates coagulant by 
oxidizing anodic plate

10.9  Conclusion

Fluorosis is a major public health issue in many nations due to excessive fluoride 
ingestion. Predominantly affecting the skeletal system, it presents a diagnostic 
dilemma as it mimics multiple other conditions. In an endemic area, the diagnosis 
is predominantly clinical. There is no specific treatment and prevention remains the 
best option to tackle this condition.
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11Ochronosis

Darpan Thakare and Vikas Agarwal

11.1  Introduction

Alkaptonuria is a rare, autosomal recessive disorder of tyrosine metabolism with a 
worldwide prevalence of one case per 250,000–1,000,000 births [1]. It is reported to 
be more prevalent in Slovakia, the Dominican Republic, and Jordan with the highest 
prevalence in Slovakia (1  in 19,000) [2]. The earliest description of ochronosis 
comes from an Egyptian mummy dating back to 1500 B.C. The radiological exami-
nation of this mummy was suggestive of ochronosis, and a spectroscopic examina-
tion of the pigment obtained from a punch biopsy confirmed the presence of a 
homogentisic acid-derived polymer. The term alkaptonuria was first used in 1859 by 
Boedeker to describe the discoloration of urine due to a reducing compound. 
Virchow named the condition Ochronosis (meaning “yellow disease” in Greek) 
because the connective tissues appeared ochre (yellow) on the microscopic exami-
nation due to the accumulation of this pigment. It was one of the first disorders in 
humans found to conform with the principles of Mendelian recessive inheritance [3].

11.2  Pathogenesis

Alkaptonuria results from the deficiency of homogentisate 1,2-dioxygenase (HGD) 
enzyme (Fig. 11.1), predominantly produced by hepatocytes in the liver and in the 
kidneys, it is responsible for the breakdown of homogentisic acid; an intermediate 
in the tyrosine degradation pathway. Inability to convert homogentisic acid to male-
ylacetoacetic acid (MAA) results in the accumulation of homogentisic acid in col-
lagenous tissues and the product of its oxidation, benzoquinone, causes tissue injury. 
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Fig. 11.1 Defects in metabolism of phenylalanine leading to various tyrosine metabolism 
disorders

Although homogentisic acid is rapidly cleared from the body by the kidneys, it also 
slowly accumulates within the various tissues of the body.

As a result of the deposition of oxidized homogentisic acid in deeper layers of 
articular cartilage, the cartilage loses its elasticity and becomes brittle, eventually 
leading to fragmentation and the formation of loose bodies. Small cartilage frag-
ments may adhere atop the synovial membrane leading to thickening, fibrosis, and 
chondromatosis [4]. Large segments of cartilage may disappear leading to bony 
ankylosis, osteophytes, and subchondral cysts formation.

11.3  Clinical Features

Alkaptonuria presents with a classic clinical triad of homogentisic aciduria, ochro-
nosis, and ochronotic arthropathy, with each feature presenting at various stages in 
life. The initial symptom that occurs in infancy is homogentisic aciduria, a charac-
teristic black discoloration of urine due to homogentisic acid oxidation that occurs 
after urine has been standing or can be induced by alkalization, leading to 21% of 
the patients being diagnosed before the age of 1 year [5].

Ochronosis develops due to the accumulation of benzoquinone, both intra- and 
extra-cellularly in the connective tissues. This manifestation is usually observed 
from the third to fifth decades of life. Ochronosis is typically seen in ear cartilage 
(Fig. 11.2) and eyes (Fig. 11.3). Cutaneous pigmentation can also be seen on ala of 
nose, face, palms (Fig. 11.4) and soles, cheeks, buccal mucosa, axilla, and inguinal 
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Fig. 11.2 Greyish-black 
discoloration of the ear 
pinna in a middle-aged 
patient

Fig. 11.3 Greyish black 
discoloration of the sclera 
in a middle-aged patient

areas. Less common manifestations include cardiovascular involvement with aortic 
valve stenosis, often requiring surgical replacement [6], asymptomatic nephrolithia-
sis, and prostatic calculi.

Ochronotic arthropathy usually starts between the ages of 40 and 50 years. There 
is a gender predilection towards men with a ratio of 2:1 [7]. Lumbar pain is usually 
the initial musculoskeletal manifestation, with the patient complaining of stiffness, 
usually not severe and can be misdiagnosed as an early form of ankylosing spondy-
litis. There is gradual loss of lumbar and cervical lordosis, progressive kyphoscolio-
sis, disc prolapse that may result in spinal stenosis, and myelopathy. In advanced 
stages, the contours of the spine deform with irregular spinous processes and 
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Fig. 11.4 Greyish-black 
discoloration of the palms 
in a middle-aged patient

Fig. 11.5 Forward flexion 
deformity of neck in a 
middle- aged patient with 
Ochronosis

complete ankylosis of the whole lumbar and thoracic spine. As a result of degenera-
tive changes at the vertebral endplates and narrowing of intervertebral space, body 
height decreases by up to 8 cm over 20 years. Although there may be forward pro-
trusion of the head as a result of neck deformity (Fig.  11.5), the cervical spine 
maintains its mobility for a relatively long time despite significant changes.

Peripheral joint involvement occurs about 10  years after spinal changes. It 
predominantly affects large joints in the order of knees (64%) (Fig. 11.6), shoul-
ders (42%), hips (35%), while the small joints are generally spared [8]. The 
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Fig. 11.6 Bilateral 
swollen knees in a middle 
aged patient with 
Ochronosis

arthropathy closely resembles osteoarthritis, clinically presents with a mechani-
cal type of pain and swelling, and there is a minor inflammatory component. 
One-third of the patients have an effusion, which is yellowish and remains 
unchanged even after prolonged standing in the air, suggesting a small concen-
tration of homogentisic acid. The production of multiple, loose osteochondral 
bodies is characteristic of ochronotic arthropathy and is a sign of ochronotic 
chondromatosis [9]. Additionally, osteophytes and subchondral cysts are also 
formed. The joints gradually become stiff and deformed, needing surgical man-
agement [10].

Tendons are also affected in ochronosis because of their high collagen content. 
The patellar and Achilles tendon are the most affected. Several cases of spontaneous 
tendon and ligament rupture have been reported [11]. Osteoporosis, long bone frac-
tures [6], and osteonecrosis of long bones are also reported in ochronosis.

11.4  Investigations

Elevated levels of homogentisic acid in the urine, blood, and other tissues can be 
determined by specific enzymatic and colorimetric tests, direct spectrophotometric 
methods, high-performance liquid chromatographic testing, and molecular tech-
niques. Other simple urinary studies include darkening of urine with the addition of 
sodium hydroxide, black reaction with ferric chloride, and blackening of emulsion 
paper with the addition of alkali to the urine.
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11.5  Imaging

Radiographic findings in Ochronotic arthropathy are summarized in Box 11.1.

11.5.1  Spinal Disease

The disease often affects the lumbar spine initially. Calcification of multiple inter-
vertebral discs is the hallmark finding in ochronosis (Fig. 11.7). The earliest feature 
seen is the vacuum disc phenomenon with narrowing of the intervertebral disc 
space. Advanced changes include ossification of the disc, osteophytosis, loss of disc 
height with eventual collapse, and fusion of adjacent vertebrae. Calcification of the 
intervertebral disc can help differentiate this from other causes of back pain. 

Box 11.1 Radiographic Findings of Ochronotic Arthropathy

Axial involvement
   Vertebral-body osteoporosis
   Intervertebral disc calcification
   Intervertebral disc space narrowing with vacuum phenomenon
   Small or absent osteophytosis
   Loss of lumbar lordosis
Peripheral joint and involvement
   Joint-space narrowing
   Bony eburnation
   Collapse and fragmentation (osteochondral loose bodies)
   Small osteophytes
   Tendon involvement with ruptures or calcifications

Fig. 11.7 Intervertebral 
disc calcification with 
narrowing of the disc space 
in the lumbar vertebra
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Fig. 11.8 Asymmetrically 
reduced joint space in knee 
joint in a patient with 
Ochronosis

Changes seen in ankylosing spondylitis such as calcification of the intervertebral 
ligaments, syndesmophytes, erosions, and sacroiliitis are rare. Magnetic resonance 
imaging (MRI) findings include uniform loss of intervertebral disc height with cen-
tral intradiscal low T1 and T2 signals, corresponding to intradiscal calcification and 
multilevel disc prolapse which mirrors the characteristic radiographic changes of 
ochronosis.

11.5.2  Peripheral Joint Disease

Ochronosis involves the large weight-bearing joints, often sparing small joints. 
Radiographic findings include joint space narrowing and subchondral sclerosis 
(Fig.  11.8), which often resembles osteoarthritis. However, osteophytes are less 
commonly seen and this helps distinguish ochronotic arthropathy from osteoarthri-
tis. Full-thickness erosions of articular cartilage up to the subchondral bone and 
subchondral cysts can occur in advanced cases. Involvement of the shoulders and 
hips are more severe, with osteochondral bodies. Tendinous calcification and ossifi-
cation may occur.

11.6  Differential Diagnosis

The diagnosis of ochronosis may be difficult because it resembles ankylosing spon-
dylitis and osteoarthritis. The differences between ochronotic arthropathy, ankylos-
ing spondylitis, osteoarthritis are summarized in Tables 11.1 and 11.2. It can 
resemble rheumatoid arthritis during acute presentations although small joints are 
often not affected.
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Table 11.1 Differences between ochronotic arthropathy and ankylosing spondylitis

Ochronotic arthropathy Ankylosing spondylitis
Axial involvement
Calcification of intervertebral discs Dense Mild
Multiple vacuum discs Common Rare
Syndesmophytes Minimal, Broad Significant, 

Thin and vertical
Apophyseal joint disease Mild Severe
Ossification of ligaments Minimal Significant
Erosion and fusion of sacroiliac joints Absent Present
Peripheral joint involvement
Joint-space loss Symmetrical or 

asymmetrical
Symmetrical

Osteophytes Scanty None
Intra-articular osseous bodies, 
fragmentation

Prominent None

Table 11.2 Differences between ochronotic arthropathy and osteoarthritis

Ochronotic arthropathy Osteoarthritis
Peripheral joint involvement
Joints involved Knees, shoulders, hips, elbows, 

and ankles
Hips, knees, hands

Narrowing of joint space Symmetrical or asymmetrical Asymmetrical space 
narrowing

Osteophytes Scanty Prominent
Intra-articular osseous bodies, 
fragmentation

Prominent Sparse

Axial involvement
Osteophytes Sparse Prominent
Discal calcification Dense Mild
Multiple vacuum discs Common Rare
Syndesmophytes Minimal, Broad None
Apophyseal joint disease Mild Mild to severe

Disc calcifications must be distinguished from diffuse idiopathic skeletal hyper-
ostosis (DISH), juvenile idiopathic arthritis, calcium pyrophosphate dihydrate crys-
tal deposition disease (CPPD), Klippel-Feil syndrome, and congenital and acquired 
fusions of the spine.

11.7  Management

Several therapies have been tried with little success. There is no approved treatment 
for alkaptonuria. The management remains palliative and involves physiotherapy, 
joint replacement surgery, and pain control using paracetamol, anti-inflammatory 
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drugs, opioids, anticonvulsants, local anesthetics, gabapentin, acupuncture, and 
nerve block [12]. Ascorbic acid is believed to reduce the conversion of homogen-
tisic acid to benzoquinone via oxidation. However, its efficacy has not been demon-
strated and it was found to increase homogentisic acid production, contributing to 
the formation of renal oxalate stones [13]. Similarly, low-protein diet, dietary 
restriction of tyrosine and phenylalanine have also not proven effective [13].

One promising therapy includes Nitisinone which inhibits the 
4- hydroxyphenylpyruvate dioxygenase enzyme (Fig. 11.1), an enzyme involved in 
the conversion of hydroxyphenylpyruvate to HGA. Reduction in HGA levels may 
decrease the disease severity of Alkaptonuria. Nitisinone has been shown to 
decrease urinary and blood levels of HGA by over 99.7%. Nitisinone decreased the 
All Alkaptonuria Severity Score Index (AKUSSI) from baseline and led to slower 
disease progression [14]. In another study, a 2 mg dose of Nitisinone was reported 
not only to slow down the clinical progression of alkaptonuria but also to arrest the 
progression of eye and ear Ochronosis [15]. It is unknown whether early treatment 
before the development of musculoskeletal symptoms would be beneficial [16].

Since Alkaptonuria is caused by a deficiency of an enzyme, it is natural that 
enzyme replacement would be an ideal therapy for ochronosis. However, increased 
tyrosine levels following Nitisinone therapy may lead to keratopathy and eye symp-
toms, alterations in cognitive functions, and a rise in transaminases [17].

11.8  Conclusion

Ochronosis is a rare, hereditary, metabolic disorder with a rapidly progressive, dis-
abling, degenerative joint disease. In childhood, investigation of simple observation 
that the color of urine turns dark brown or black on exposure to air or discoloration 
of the skin overlying cartilages external ear or sclera, either by the patient or the 
parents, may lead to early diagnosis. In adulthood, degenerative joint diseases of 
large joints and the spine may clinch the diagnosis with typical intervertebral disc 
calcifications. Clinicians need to be aware of the clinical phenotype of this rare 
genetic disease. Nitisinone currently holds promise to treat patients with 
Alkaptonuria.
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12Arthritis in Tuberculosis

Ashok Kumar and Kushagra Gupta

12.1  Introduction

Tuberculosis (TB) is the most common infectious cause of death around the world, 
only being surpassed by Covid-19 in 2020 [1]. It is one of the oldest diseases known 
to infect humans, with evidence of skeletal involvement found in some of the earli-
est human settlements and mummies dating back 9000 years [2]. Diagnosing myco-
bacterial infections of the musculoskeletal system is often a challenging task due to 
the rarity of the disease, lack of specific signs and symptoms, and difficulty in 
obtaining a microbiological or tissue diagnosis. Musculoskeletal (MSK) manifesta-
tions of TB can have a significant impact on the quality of life of the patient. The use 
of anti- tumor necrosis factor (TNF) therapy in the recent era has led to an increase 
in the incidence of TB in rheumatology practice. A high index of suspicion is the 
key to making a diagnosis in the appropriate clinical setting.

12.2  Epidemiology

The estimated global incidence of TB in 2019 was ten million. In the same year, TB 
caused 1.4 million deaths, making it the most common infectious cause of death [1]. 
Musculoskeletal TB accounts for 1–3% of the overall TB burden [3]. About one- 
third of the world’s population is infected with TB, creating a large global reservoir 
[4]. The demography of TB varies among different regions depending on socioeco-
nomic factors. In developed countries where TB is non-endemic, infection mainly 
affects the elderly with compromised immune systems like those living in old age 
homes, homeless people, prisoners, alcoholics, and immigrants from endemic 
regions. There is a latency between the primary infection and onset of skeletal 
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infection which may last up to several years suggesting reactivation of latent infec-
tion. In developing countries where TB is endemic, children and young to middle-
aged adults are more commonly affected and the disease usually occurs within a 
year of onset of primary infection.

12.3  Pathogenesis

Mycobacterium tuberculosis (M. tuberculosis) is the most common organism caus-
ing mycobacterial infections. More than 50 other different species have been discov-
ered, which form part of the M. tuberculosis complex, which includes M. Tuberculosis, 
M. bovis, M. africanum, M. microti, and many others. Nontuberculous mycobacteria 
(NTM) also referred to as atypical mycobacteria are mycobacteria other than 
M. tuberculosis and M. leprae. In tuberculosis, primary infection occurs via inhala-
tion of aerosolized bacilli. Lungs are the site of primary infection. After acquiring the 
bacilli, the development of the disease depends on the host immune factors. In the 
lungs, TB bacilli are phagocytosed by macrophages however some of the mycobac-
teria survive and grow intracellularly. These mycobacteria rupture the macrophages 
and spread in the body via the hematogenous route and get seeded in various tissues 
such as synovium and bone. Initially, the adaptive immune system may limit the 
spread of the infection through the formation of granulomas. CD4 and CD8 cells 
play an important role in this step by recruiting macrophages via the release of 
interferon-Ɣ. At this stage, the host starts to show a positive reaction to tuberculin 
in vivo and the evidence of sensitized T cell mediated release of interferon-gamma 
in vitro. Mycobacteria may remain dormant for life in this stage or there may be 
reactivation of “latent infection” whenever immunity is compromised by causes such 
as advancing age, malnutrition, HIV infection, and chronic kidney disease.

Occasionally, TB may occur by the contiguous spread. Examples include the exten-
sion of pulmonary parenchymal infection in the upper lobes to the atlantoaxial joint 
and TB osteomyelitis spilling into the neighboring diarthrodial joints like the knee.

Once the TB bacillus is reactivated, the nature of the disease depends on the host- 
parasite interaction. This can be of two types; caseous exudative type and granular type. 
The exudative type is characterized by abscess formation, sinus discharge, and bone 
destruction and is usually associated with constitutional symptoms. It is more commonly 
seen in the younger age group. On the other hand, the granulomatous type is indolent and 
less destructive and more commonly seen in adults. The clinical picture encountered 
often lies somewhere on the spectrum between the two types. The course of tuberculous 
infection is insidious and progression is slow as compared to bacterial infection. This 
may be due to the inability of mycobacteria to produce collagenase enzyme [5].

12.4  Risk Factors

Various factors may predispose an individual to osteoarticular TB (Table  12.1). 
Studies have shown ethnic differences in the host immunity to TB [6]. Environmental 
factors like poverty, education, and unemployment are major determinants in the 
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Table 12.1 Risk factors for Osteoarticular tuberculosis

Environmental factors
• Poor socioeconomic status
• Crowding
• Low education
• Poor access to healthcare
• Unemployment (poor treatment compliance)
Immunocompromised state
• HIV infection
• Malnutrition
• Chronic kidney disease
• Smoking
• Diabetes mellitus
• Liver cirrhosis
• Pneumoconiosis
Local joint and tissue factors
• History of trauma
• Surgical trauma
• Rheumatoid arthritis, SLE, Sjogren syndrome
• Gout
• Sickle cell disease
• Prosthetic joints
Drugs
• Anti-tumor necrosis factor drugs
• Glucocorticoids (>10 mg/day prednisolone equivalent)

epidemiology of TB as the majority of the TB burden lies in developing countries. 
HIV is associated with an increased incidence of TB although the introduction of 
antiretroviral therapy has shown a decline in TB cases. Tuberculous infection can be 
the first presentation of an underlying HIV infection hence HIV should be consid-
ered in the initial workup of all patients. Various other immunocompromised states 
as described in Table 12.1 increase the risk for TB. The use of disease-modifying 
anti-rheumatic drugs (DMARDs) is also associated with an increased risk for 
TB. Local joint and tissue factors like underlying rheumatoid arthritis, gout, pros-
thetic joints, and sickle cell disease make the joint more prone to secondary infec-
tions [7]. NTM infections have been associated with previous injury, puncture 
wounds, and orthopedic surgery.

12.5  Clinical Manifestations

The clinical spectrum of musculoskeletal manifestations of TB can be divided into 
four main categories as proposed by Franco-Paredes and colleagues [8].

 1. Direct involvement of the musculoskeletal system
 2. Emergence of TB during treatment of rheumatic disease
 3. Rheumatic disorders precipitated by treatment of TB
 4. Reactive immunological phenomenon in the setting of TB
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12.5.1  Direct Involvement of the Musculoskeletal System

Musculoskeletal infections caused by mycobacteria are difficult to diagnose due to 
the indolent course and localized nature of the disease. Diagnosis is often delayed 
by months as the disease initially presents with nonspecific pain which may be mis-
taken for soft tissue rheumatism. Constitutional symptoms may be subtle or absent 
and inflammatory markers may be normal. Evidence of active or past infection is 
found in less than 50% of patients. Correct diagnosis can be established only by 
demonstrating the infectious agent by pathological or microbiological techniques.

Spondylitis (Pott’s disease) is the most common manifestation comprising 
almost half of all tuberculous musculoskeletal infections, followed by arthritis and 
osteomyelitis. Tuberculous infection of soft tissue, including bursitis, tenosynovitis, 
myositis, and fasciitis, is uncommon.

12.5.1.1  Spondylitis (Pott’s Disease)
TB spondylitis most commonly affects the lower thoracic and lumbar spine 
(Fig. 12.1a). Involvement of the cervical and upper thoracic spine is less common. 
The infection usually begins with inflammation of the anterior aspect of the inter-
vertebral joint in the cancellous part of the bone. It spreads over a couple of months 

a b

Fig. 12.1 Sagittal and axial T2 fat-suppressed images of the lumbar spine showing tuberculous 
spondylodiscitis at L1 L2 level. (a) There is an intradiscal abscess and marrow edema in both 
vertebrae, the superior endplate of L2 is eroded and a compression fracture of the vertebra is evi-
dent. There is also an associated anterior epidural soft tissue mass causing compression of the 
thecal sac. (b) Axial images at the same level demonstrate pedicular destruction, bilateral paraver-
tebral abscesses (cold abscess), and an inflammatory collection in the right paraspinal muscles. 
(Courtesy of Dr. Shoma Mukherjee)
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to involve the adjacent vertebrae. Once the adjacent vertebra is involved, the avas-
cular disc dies and there is vertebral collapse anteriorly, leading to the formation of 
a gibbus deformity. This distorts the spinal canal anatomy which can cause com-
pression of the spinal cord. The risk of spinal cord compression is maximum at the 
mid-thoracic level where the spinal canal is tight and can lead to paraparesis. A 
paravertebral abscess is a common finding which begins with an extension of infec-
tion under the anterior longitudinal ligament (Fig. 12.1b). At the cervical level, it 
can spread into the retropharyngeal space and affect the craniocervical junction. At 
the lumbar level, it can spread along the psoas muscle to present as a swelling in the 
inguinal or gluteal region. Occasionally, it can present as a stand-alone swelling 
without bony involvement.

The most common symptom is backache with localized pain and tenderness 
which increases on hyperextension of the spine. Pain may occur at the night and 
may be worse in the morning making it difficult to differentiate it from spondyloar-
thritis. Occasionally, pain may increase with cough or sneezing. Constitutional 
symptoms such as fever and weight loss may be seen in less than 40% of the patients 
[9]. In advanced cases, a characteristic “Alderman’s gait” has been described where 
the patient walks with his head and chest thrown backward, protuberant abdomen, 
and wide-based gait to avoid jarring of the spine. Involvement of the cervical spine 
is rare but can present with symptoms of neck pain, dysphagia, hoarseness, torticol-
lis and quadriparesis in advanced cases.

12.5.1.2  Arthritis
Tuberculous arthritis is the second most common presentation after Pott’s spine. 
The classical presentation is a chronic monoarthritis affecting large weight-bearing 
joints, mainly hip and knee (Fig. 12.2). Other joints such as the sacroiliac joints, 
shoulders, elbows, wrists, ankles, and feet can also be involved (Fig. 12.3a and b). 
An oligoarticular or polyarticular involvement is uncommon but it is occasionally 
seen in the elderly, immunocompromised individuals, and children from endemic 
regions (where it may even be confused with juvenile idiopathic arthritis). The dis-
ease may initially start in either the synovium or the bone, but it ultimately tends to 
involve both parts of the joint. Patients present with pain and swelling of the joint 
with limitation of joint movement. The joint is usually cold to touch contrary to 
what is seen in bacterial septic arthritis. This is usually accompanied by a spasm of 
the overlying muscle to restrict joint movement to minimize the pain. Granulation 
tissue leads to synovial proliferation, joint effusion, and pannus formation which 
ultimately results in erosion of the articular cartilage leading to loss of joint space. 
Flexion deformities develop in long-standing disease which can be occasionally 
accompanied by a discharging sinus.

Hip involvement, apart from being the most common joint manifestation, is also 
the most difficult to diagnose and debilitating. It presents with mild to moderate 
pain in the groin or thigh along with difficulty bearing weight. Limping can be one 
of the earliest presentations, especially in children. The hip is generally held in a 
flexed and abducted posture at rest. Atrophy of the gluteal muscles may be seen in 
long-standing disease.
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Fig. 12.2 Radiograph of the pelvis showing the destruction of the right hip following TB infec-
tion. Joint space is reduced with multiple erosions along the head of the femur. Multiple lytic 
lesions are also visible in the head, neck, and greater trochanter of the femur with the collapse of 
the head of the femur. There is also associated shortening of the affected leg. (Courtesy of Dr. 
Gurinder Bedi)

a b

Fig. 12.3 Radiograph showing TB infection affecting ankle and wrist joints. (a) Reduction of 
joint space along with erosions and lytic lesions are seen affecting the lower end of the tibia, fibula, 
and talus which constitute the ankle joint. (b) Reduction of radiocarpal joint space and erosions are 
seen in the distal part of radius just proximal to the growth plate suggestive of tubercular involve-
ment of the wrist joint. (Courtesy of Dr. Gurinder Bedi)
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Sacroiliac joint involvement can be seen in up to 10% of cases involving TB of 
the musculoskeletal system [3]. Unilateral sacroiliitis should always raise the pos-
sibility of an infective etiology like TB or brucella, particularly where other features 
of spondyloarthritis are absent (Fig. 12.4). Patients usually present with unilateral 
buttock pain which radiates into the leg. Pain may aggravate during the night thus 
mimicking the pain of sacroiliitis due to spondyloarthritis. The presence of radio-
graphic erosions, raised inflammatory markers, and a granulomatous picture on his-
tology is often suggestive of TB.

Prosthetic joint infection is becoming more common with increased numbers of 
joint replacement surgeries being conducted. Usually, infection occurs due to the 
reactivation of latent disease in a previously destroyed joint. Removal of the pros-
thetic joint is often required for cure.

12.5.1.3  Osteomyelitis
Tuberculous osteomyelitis constitutes 2–3% of osteoarticular TB.  Although any 
bone can be involved, TB commonly affects the long bones (femur and tibia) and 
hand bones (metacarpals, metatarsals, and phalanges) causing dactylitis (Fig. 12.5). 
The involvement of ribs, skull, and pelvis is also known. Seeding of bacilli occurs 
in the medullary cavity and the infection usually begins in the metaphysis. From 
there the infection can spread to the growth plate and also involve the adjacent joint. 
Patients usually present with pain, swelling, and discharging sinus early in the 
course of the disease. The involvement of growth plates in children can impair their 
growth, cause limb length discrepancies and deformities. The lesions are usually 
solitary though a multifocal presentation may be seen in children and 

Fig. 12.4 STIR image of 
sacroiliac joint showing 
unilateral sacroiliitis due to 
TB on the right side. There 
is extensive involvement of 
both the iliac and sacral 
sides of the joint. Note the 
presence of edema in the 
adjoining muscles (arrows) 
suggesting a spread of the 
inflammation beyond the 
joint margin, highly 
suggestive of an infective 
etiology
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a b

Fig. 12.5 Dactylitis affecting the left middle finger in a child due to TB. (a) Clinical image of left 
hand showing spindle sausage-like swelling involving the middle finger suggestive of dactylitis. 
(b) The corresponding radiograph shows a lytic lesion in the distal part of the proximal phalanx 
along with soft tissue swelling suggestive of TB (Courtesy of Dr. Gurinder Bedi)

immunocompromised individuals. Sternal osteomyelitis is known to occur after 
coronary bypass surgery. Lytic lesions of TB in the pubic symphysis and elbow can 
be mistaken for malignancy.

12.5.2  The Emergence of TB During Treatment 
of Rheumatic Disease

Immunosuppressive medications, required for treating systemic rheumatic diseases 
increase the risk of tubercular infections. TNF-alpha plays a key role in the forma-
tion and stabilization of granuloma. The use of anti-TNF drugs destabilizes the 
granuloma and results in the reactivation of infection. Studies have shown that TNF 
inhibitor use is associated with a fourfold increased risk of TB in patients with rheu-
matoid arthritis [10]. Among TNF inhibitors, adalimumab and infliximab are asso-
ciated with a greater risk for reactivation of TB than etanercept [11, 12]. TB 
reactivation often occurs within a year of the onset of therapy. Screening for latent 
TB infection and treating it (3–6 months of isoniazid alone or isoniazid plus rifam-
picin) has led to a 78% reduction in TB infection [13]. For other TNF inhibitors 
(golimumab and certolizumab) and tocilizumab (an IL-6 receptor blocker), data 
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regarding TB incidence has not been evaluated in randomized studies but screening 
for latent TB is indicated for all. Increased risk has been not been seen with the use 
of rituximab or abatacept [14]. Apart from biologicals, glucocorticoid use has also 
been shown to be a risk factor for TB reactivation. However, the risk appears to be 
dose-dependent and doses above 10 mg equivalent of prednisolone have been asso-
ciated with an increased risk of TB [15].

12.5.3  Rheumatic Disorders Precipitated by Treatment of TB

A variety of rheumatic manifestations have been reported with anti-tuberculous 
therapy (ATT). Drug-induced lupus can occur with isoniazid. Presentation is mild 
with symptoms like fever, rash, arthralgia, and occasionally serositis. Systemic 
involvement is rare. ANA is positive with specificity for anti-histone antibodies. It 
is usually a benign self-limited condition that resolves on discontinuation of ther-
apy. Pyrazinamide interferes with uric acid excretion and causes hyperuricemia. 
This hyperuricemia is mostly asymptomatic but it can occasionally precipitate gout. 
Fluoroquinolones are associated with tendinopathy with a higher predilection for 
involvement of Achilles tendon. Among patients, who develop TB on infliximab 
therapy, paradoxical reactions have been reported after withdrawal of infliximab  
[16]. They present as worsening of preexisting TB lesions or development of new 
lesions. The reason for this is not completely understood but it is similar to immune 
reconstitution inflammatory syndrome seen in patients with HIV. Escalation of ther-
apy is generally not required though glucocorticoids may be required in severe cases.

12.5.4  Reactive Immunological Phenomenon in the Setting of TB

An immunological phenomenon associated with M. tuberculosis infection is 
uncommon. Poncet’s disease is aseptic inflammatory arthritis primarily involving 
large peripheral joints such as knees, ankles, and elbows. Small joints can also be 
involved occasionally. It is nonerosive and can clinically present as symmetric or 
asymmetric, oligo or polyarticular disease. It is always associated with active pul-
monary, extra-pulmonary, or miliary TB. Pathogenesis is unclear but there appears 
to be an immune-mediated hypersensitivity to mycobacterial antigen [17]. 
Tuberculin test is strongly positive and inflammatory markers may be raised. 
Autoantibodies are absent and there is no microbiological evidence of TB in the 
joints. It resolves within a few weeks of initiation of ATT. Generally, NSAIDs are 
sufficient for controlling the symptoms however in severe cases glucocorticoids 
may be required.

Rarely, reactive arthritis may occur in 0.4–0.8% of bladder cancer patients 
treated with intravesical BCG (Bacille Calmette-Guerin) immunotherapy [18]. 
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Other immunological manifestations like erythema nodosum, erythema induratum, 
and amyloidosis have also been described in the setting of TB.

12.6  Imaging

There are no pathognomonic radiographic features that can establish a diagnosis of 
arthritis in TB. MRI may be useful in early disease; however, radiographic changes 
appear only in long-standing disease. A chest radiograph should always be obtained 
to rule out any evidence of coexisting pulmonary TB.  Ultrasound is usually not 
helpful. CT scan can help establish the extent of bone destruction and aid in identi-
fying the site for biopsy.

12.6.1  Conventional Radiography

Radiographs are normal in the early course of the disease. Spondylitis is characterized 
by a reduction in vertebral height with anterior wedging. There may be irregularity in 
the endplate and anterior vertebral margin. The classical feature of TB arthritis is the 
“Phemister’s triad” which includes juxta-articular osteoporosis, peripheral erosions, 
and gradual joint space narrowing. Periarticular destruction should raise the suspicion 
of TB. TB osteomyelitis presents with lytic lesions in the affected bone. Periosteal 
reaction around lytic areas where the cortical bone is superficial like in digits, tibia, 
and ulna is an important feature that can help differentiate TB.

12.6.2  MRI

MRI is particularly useful to evaluate the extent of soft tissue collections and spinal 
cord involvement in spondylitis. Usual findings of bone marrow edema with con-
trast rim enhancement suggest a possibility of infection. When differentiating an 
infectious cause from an inflammatory cause such as in cases of unilateral sacroili-
itis, a golden rule to remember is that inflammation occurring secondary to infection 
crosses anatomical borders. The presence of periarticular muscle edema has good 
accuracy for diagnosing infections (Fig. 12.4) [19].

12.7  Diagnosis

The key to making a diagnosis of TB is to have a high index of suspicion. Table 12.2 
highlights the conditions in which a diagnosis of TB should be suspected [20]. 
Imaging and other tests may increase the suspicion of TB but histopathological and 
microbiological techniques are necessary for making a diagnosis. Tissue biopsy is 
usually required for the same.
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Table 12.2 Conditions when to suspect a diagnosis of osteoarticular tuberculosis

Back pain with any of the following
•  Nonmechanical pain, worse in the morning and aggravates with hyperextension of the spine
•  Pain on coughing or sneezing (red flag sign)
•  Presence of neurological features
•  Localized tenderness with or without gibbus deformity
Monoarthritis or localized infection with any of the following
•  Immigrant from an endemic region or recent visit to an endemic region
•  History of TB in the past or history of contact with an active TB patient
•  Presence of HIV infection or chronic renal disease
•  Presence of constitutional symptoms of fever, weight loss, and night sweats
•  Recent use of anti-TNF drugs or high dose GCs
Inflammatory arthritis not responding to intra-articular steroid injections
Oligo-arthritis or polyarthritis in debilitated children, elderly, or immunocompromised 
individuals
Dactylitis in children

GCs glucocorticoids, HIV human immunodeficiency virus, TNF tumor necrosis factor

Table 12.3 Causes of false-positive and false-negative tuberculin sensitivity test

Causes of false-positive results Causes of false-negative results
BCG vaccination Age > 70 years
Nontuberculous mycobacteria Glucocorticoids (>15 mg/day prednisolone 

equivalent)
History of TB infection in past HIV infection

Hypoalbuminemia
Azotemia
Impaired cellular immunity
Malnourished people
Disseminated miliary tuberculosis
Sarcoidosis

12.7.1  Screening Tests

Tuberculin skin test (TST) is the most widely used screening test despite having low 
sensitivity and specificity (~70%). A reaction of more than 10 mm is considered to be 
indicative of a prior exposure to mycobacterial infection. It is more helpful in the devel-
oped countries where the natural infection rate is low and routine BCG vaccination is 
not done as these can give rise to false-positive tests. A false-negative test may be seen 
in malnourished people and HIV. Table 12.3 provides a list of causes of false- positive 
and negative TST.

Interferon-γ release assays measure the production of IFN-γ by whole-blood 
mononuclear cells stimulated by specific M. tuberculosis antigens. It is more reli-
able than TST, especially in BCG vaccinated population and HIV infected individu-
als where the possibility of false-positive and negative results is high. Both these 
tests are useful in diagnosing latent TB infection however they cannot predict the 
development of disease.
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12.7.2  Synovial Fluid Analysis

Synovial fluid evaluation reveals an inflammatory fluid with nonspecific features. Low 
glucose may favor the diagnosis [21]. The fluid may have a predominance of either 
polymorphs or mononuclear cells. An AFB smear is positive in only 20% of cases 
whereas a culture may yield results in up to 80% of cases [21]. GeneXpert MTB assay 
has a poor sensitivity of about 60% in synovial fluid however the specificity is high [22].

12.7.3  Biopsy and Culture

Synovial biopsy has a yield of more than 90% [21]. Bone biopsy should be obtained 
wherever feasible, possibly under CT guidance. In the presence of a draining sinus, 
culture from the discharge may be useful however growth of contaminant bacteria 
and fungi are common, so the results should be interpreted carefully. GeneXpert 
MTB assay can detect mycobacteria as well as rifampicin/isoniazid resistance. It 
has a high sensitivity of 82% and a specificity of almost 98% for the detection of TB 
in both pus and tissue [23].

12.8  Treatment

Treatment of osteoarticular TB involves a combination chemotherapy regimen to 
prevent the development of resistance against the drugs. First-line therapy includes 
four drugs, i.e., Isoniazid (H), Rifampicin (R), Pyrazinamide (Z), and Ethambutol 
(E) also known as HRZE therapy. They have been detailed in Table  12.4. 
Recommended treatment duration varies according to the TB endemicity in the 
region. US CDC recommends a 6–9 months course of therapy (2 months of inten-
sive therapy with HRZE followed by 4–7 months of RH) [24]. However, in endemic 
regions, a minimum treatment duration of 12 months is recommended (2 months of 
HRZE followed by 10–16 months of HRE) for TB involving bone and joints due to 
increasing incidence of drug resistance and high rates of relapse [25]. Longer 
courses of therapy may be required in slow responders and the response is guided 
by improvement in clinical parameters like fever, pain, discharge, and mobility. 
Radiological signs of bone healing include remineralization of affected bone on 
X-rays. On MRI, resolution of marrow edema, fatty replacement in the marrow, and 
absence of contrast enhancement indicates healed lesions.

Surgical treatment is seldom indicated in the initial management of patients. 
Surgical debridement may be required where the response to therapy is inadequate. 
In the case of a prosthetic joint, removal of the prosthesis is usually necessary for 
the complete resolution of infection. Radiographic damage is usually irreversible. 
Joint replacement procedures may be required after completion of therapy where 
there is advanced destruction of the joint. Surgical correction may be required for 
kyphosis of more than 40°.

Although the incidence of initial drug resistance in osteoarticular TB is low due to 
the low burden of bacilli in lesions (105–106), still emergence of multidrug- resistant 
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Table 12.4 Drug regimens recommended for treatment of musculoskeletal tuberculosis

Regimen of drugs Dose
Side effects of major 
first-line drugs

Latent TB 
infection

Low endemic regions
•  Rifampicin alone for 4 months 

[4R]a or
•  Isoniazid alone for 6–9 months 

[6H]
High endemic regions
•  Isoniazid and rifampicin for 3 

monthsb [3HR]

Rifampicin 
(10 mg/kg)
Isoniazid 
(5 mg/kg)

Rifampicin—Hepatitis
Isoniazid—Hepatitis, 
peripheral neuropathy
Pyrazinamide—
Hepatotoxicity, rash, 
arthropathy
Ethambutol—Visual 
disturbance (optic 
neuropathy, manifested 
as decreased visual 
acuity or red-green 
color blindness) at 
higher doses
Streptomycin—
Ototoxicity, vestibular 
toxicity, nephrotoxicity, 
electrolyte 
disturbances, local pain 
with IM injections
Levofloxacin—GI 
toxicity, CNS effects, 
rash, dysglycemia, 
tendonitis, tendon 
rupture, QT 
prolongation

First-line TB 
therapy

Low endemic regions
•  2HRZE + 4–7HR
High endemic regions
•  2HRZE + 10–16HRE (Substitute 

with FQ or AMG if there is 
rifampicin or isoniazid 
intolerance, and longer regimen 
is required in such a case)

Rifampicin 
(10 mg/kg)
Isoniazid 
(5 mg/kg)
Pyrazinamide 
(25 mg/kg)
Ethambutol 
(20 mg/kg)

Second-line 
TB therapy
(organisms 
resistant to 
rifampicin 
and 
isoniazid)

Principles for second-line therapy
•  Intensive phase—5 drugs for 

5–6 months
•  Continuation phase—4 drugs for 

15–21 months
Drug list
•  Levofloxacin or moxifloxacin 

(FQ)
•  Bedaquiline
•  Linezolid
•  Clofazimine
•  Cycloserine
•  Amikacin or streptomycin 

(AMG) (oral preferred over 
injectable drugs)

Use in consult 
with an 
infectious 
disease 
specialist

R Rifampicin, H Isoniazid, Z Pyrazinamide, E Ethambutol, S Streptomycin, FQ Fluoroquinolones, 
AMG Aminoglycosides
a Rifampicin based regimens are shorter and less hepatotoxic
b We prefer dual combination therapy in high endemic regions to prevent the drug resistance

(MDR-TB) and extremely drug-resistant (XDR-TB) variants remains a concern [26]. 
These variants fail to respond to first-line and second-line therapies and their inci-
dence is evermore increasing in the population.

12.9  Conclusion

Tuberculosis is among the few rare causes of chronic arthritis, that present to a 
rheumatologist, which can be completely cured if treated early in the course of 
infection. Diagnosis of tuberculosis should be suspected in any patient present-
ing with chronic monoarthritis or back pain in the presence of risk factors that 
predispose a person to develop a tuberculous infection. Establishing the 
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diagnosis relies on microbiological and histopathological techniques which can 
be challenging. Treatment lasts several months and compliance can be an issue, 
especially in lower socioeconomic countries. Surgery may be required for the 
correction of deformities in long-standing cases. There remains a large unmet 
need for more effective and shorter treatment regimens that can help reduce both 
morbidity and mortality.
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13Arthritis in Leprosy

Rasmi Ranjan Sahoo, Manesh Manoj, 
and Anupam Wakhlu 

13.1  Introduction

Leprosy, also called Hansen’s disease, is known since ancient times and is caused 
by the Mycobacterium leprae complex comprising M. leprae and M. lepromatosis. 
The bacterium multiplies extremely slowly inside the human host, which may result 
in disease manifestations up to 20 years after infection. The disease and its long-
term complications have been associated with considerable social stigma; the dis-
ease often remains undiagnosed initially, mainly due to a lack of awareness and 
suspicion in an appropriate clinical context. The introduction of multidrug therapy 
(MDT) had led to the elimination of leprosy from several parts of the world by the 
year 2000. However, the disease continues to be a major public health concern in 
many developing countries. The relative paucity of available facilities for disease 
detection and eradication in the developing world has failed to control the incidence 
of cases and development of grade 2 disability (as defined by WHO, presence of 
deformities or visible damage involving hands, feet, and/or eyes) over the last 
decade [1]. Approximately 0.2 million cases were diagnosed across 161 countries in 
2019, with major contributions from India, Brazil, Indonesia, and Bangladesh [2]. 
Human migration and autochthonous transmission have contributed to the emer-
gence of the disease in other parts of the world.

Leprosy primarily affects the skin and peripheral nerves, although involvement 
of the upper respiratory tract and eyes are also common [3]. Skin lesions are typi-
cally hypoesthetic or anesthetic, hypopigmented or erythematous, and can present 
as macules, papules, plaques, or nodules. Nerve involvement is characteristic of 
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leprosy, with great auricular, ulnar, and common peroneal nerves being commonly 
involved. In the absence of typical skin disease, the disease poses a diagnostic 
dilemma to physicians. Musculoskeletal manifestations can be seen in up to three- 
quarters of patients and at times be the presenting manifestation [4]. Clinical mani-
festations indistinguishable from rheumatoid arthritis (RA), systemic lupus 
erythematosus (SLE), and dermatomyositis are also well-known [5, 6]. Besides, RA 
and leprosy can coexist.

13.2  Epidemiology

The prevalence of leprosy-related arthritis was evaluated in one large study of 1257 
patients and reported a low frequency of 4.4% among the study participants [7]. A 
similar frequency of rheumatic manifestations was reported in an older study [8]. 
Acute-onset symmetric polyarthritis is the most common presentation and is often 
triggered by a reactional state. However, a higher frequency of joint involvement 
has been described in hospital-based studies and with the inclusion of patients with 
lepra reactions.

13.3  Pathophysiology

The pathogenic mechanisms of arthritis in leprosy include direct synovium invasion 
by M. leprae, a reactive phenomenon to mycobacterial antigens, and inflammation 
due to immune-complex deposition and complement breakdown, particularly in 
patients of erythema nodosum leprosum (ENL) [5]. Peripheral nerve involvement 
causing destructive arthropathy (Charcot joint) is also seen in leprosy.

13.4  Clinical Features

Joint involvement in leprosy can be broadly classified as acute oligo- and polyarthri-
tis, chronic arthritis, and neuropathic arthropathy [4].

13.4.1  Arthritis Related to Lepra Reactions

Lepra type 1 or reversal reaction, usually occurs in borderline disease and presents 
either simultaneously or even after initiation of MDT [9]. Type 1 reactions may be 
upgrading (improvement in cellular immunity of the host, with a shift of lesions 
towards tuberculoid disease) or downgrading (further worsening of the immune sta-
tus of the host with lack of reactivity to lepra bacilli, with a shift of lesions towards 
lepromatous disease) [10]. Type 2 reactional state manifests as erythema nodosum 
leprosum (ENL) in patients with lepromatous or borderline lepromatous disease. 
The appearance of new skin lesions or inflammation in preexisting skin lesions with 
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or without neuritis characterize type 1 reaction, whereas erythema nodosum lepro-
sum is a multisystem disease characterized by high-grade fever, tender erythema-
tous nodules, lymphadenopathy, neuritis, orchitis, arthritis, and eye involvement. 
Type 1 reaction is due to delayed-type hypersensitivity (DTH) whereas type 2 reac-
tion is immune-complex mediated.

The pattern of joint involvement is similar in both forms, manifesting as sym-
metric polyarthritis or oligoarthritis, affecting hand joints commonly and mimick-
ing classic RA [11]. Involvement of shoulders, elbows, wrists, knees, and ankles is 
also seen. The arthritis is usually nonerosive and either resolves over a few weeks to 
months or becomes chronic, till appropriate therapy is instituted. Radiological evi-
dence of erosions can be seen [11]. A recent cross-sectional study by the Erythema 
Nodosum Leprosum International STudy (ENLIST) group, which included 292 
patients of borderline and pure lepromatous leprosy patients, reported arthritis in 
105 patients (36%), with large joint involvement being the most common [12]. 
Dactylitis was seen in 14% of patients in the above study.

The frequency of acute polyarthritis, chronic arthritis similar to RA, and neuro-
pathic joint in an Indian cohort of leprosy patients was 17%, 24%, and 3%, respec-
tively [13]. Lepra reactions were common, predominantly of type 2 reaction. 
Symmetric polyarthritis affecting small and large joints is common in the reactional 
state, compared to oligoarticular and monoarticular involvement [14]. The study by 
Pereira et  al. found a reactional state, predominantly ENL, in 50 of 79 leprosy 
patients with joint involvement [7]. The joints frequently involved were wrists, 
proximal interphalangeal (PIP), metacarpophalangeal (MCP), knees and metatarso-
phalangeal (MTP), in that order. In a cohort of 44 patients with leprosy, acute-onset 
polyarthritis involving small and large joints was seen in 32% and oligoarticular 
involvement in 16% of patients [15]. Twenty-eight patients (64%) presented with 
ENL in the above study.

13.4.2  Chronic Arthritis in Leprosy

Chronic arthritis is also known to occur in leprosy [16]. The arthritis is insidious 
in onset and may manifest as long as 7 years after the onset of leprosy symptoms. 
There can be periods of exacerbations and remissions. Long-standing arthritis 
with a mean duration of 11 years involving small joints, with or without large 
joints was reported in one study [17]. Wrists, knees, MTP joints, MCP, and PIP 
joints of the hands are commonly affected. Involvement of the sacroiliac joint is 
also known and bilateral sacroiliitis can be a presentation [17]. Erosions can also 
be seen.

13.4.3  Neuropathic Arthropathy

Neuropathic arthropathy or Charcot joint due to leprosy is a known complication of 
long-standing disease, manifesting as a destructive joint involvement with 
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dislocations and/or pathological fractures. Weight-bearing joints of the lower limbs 
are commonly affected. The exact prevalence of Charcot’s arthropathy in leprosy is 
likely underestimated and may contribute substantially to the disability associated 
with leprosy in endemic countries.

13.4.4  Swollen Hands and Feet Syndrome (SHFS)

Swollen hands with or without feet involvement is a distinct entity, first described in 
1980 [18]. The swelling typically extends from mid-forearm proximally to MCP 
joints distally and is usually pitting in nature. The pathology includes inflammation 
extending beyond the synovium involving the subcutaneous tissue thus differentiat-
ing it from RA in which it is limited to the joint capsule. SHFS can mimic remitting 
seronegative symmetrical synovitis with pitting edema (RS3PE), warranting careful 
evaluation for leprosy. RS3PE is a distinctive syndrome seen in isolation or associ-
ated with connective tissue diseases and malignancies. SHFS is common in leprosy, 
with a study including predominantly lepromatous disease reporting it in 10 out of 
16 patients with rheumatic manifestations [19]. SHFS was also reported in 20% of 
patients in an Indian cohort [13].

13.4.5  Tenosynovitis and Enthesitis

Tenosynovitis associated with arthritis or in isolation is reported in leprosy and can 
be the presenting manifestation. Isolated tenosynovitis often poses a diagnostic 
challenge. Calcaneal enthesophytes can be seen in leprosy patients, mainly those 
with a lepromatous disease, compared to age- and sex-matched healthy controls 
[20]. Enthesitis is also seen.

The frequency of different patterns of joint involvement described in leprosy 
among various studies are shown in Table 13.1.

13.5  Diagnosis

The diagnosis of leprosy requires a high index of clinical suspicion, along with a 
detailed physical examination, especially of the palpable peripheral nerves. The 
presence of hypoesthetic skin rash and evidence of peripheral nerve involvement 
often clinches the diagnosis. The objective finding of a thickened and tender 
nerve trunk with hypoesthesia or rarely hyperesthesia in its distribution is almost 
exclusive to leprosy. A thickened great auricular nerve is often visible and sug-
gests the diagnosis. Focal loss of hair and loss of temperature sensations may be 
early signs and need to be looked for. The clinical manifestations characteristic 
of leprosy are shown in Figs. 13.1, 13.2, 13.3, 13.4, 13.5, 13.6, 13.7, and 13.8. 
The examination of the musculoskeletal system would reveal arthritis, tenosyno-
vitis, dactylitis, etc.
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Table 13.1 Frequency of different patterns of joint involvement in leprosy among various studiesa

Wakhlu 
et al. 
(n = 29) 
[13]

Prasad et al. 
(n = 44) 
[15]

Sarkar et al. 
(n = 102) 
[14]

Salvi and 
Chopra 
(n = 33) [6]

Pereira 
et al. 
(n = 79) [7]

Acute polyarthritis 5 (17.2) 14 (31.8) 49 (48) 28 (84.8) 55 (69.6)b

Chronic arthritis 
akin to RA

7 (24.1) – – – –

Neuropathic 
arthropathy 
(Charcot’s joint)

1 (3.4) 1 (2.2) 0 0 –

Tenosynovitis 5 (17.2) 9 (20.4) 16 (15.7) 0 –
SHFS 6 (20.7) 11 (25) 0 0 –
Lepra reaction 15 (51.7) 28 (63.6) 43 (42.1) 15 (45.4) 50 (63.2)
ENL 13 (44.8) 28 (63.6) 13 (12.7) 9 (27.2) 35 (44.3)

RA Rheumatoid arthritis, SHFS Swollen hands and feet syndrome, ENL Erythema nodosum 
leprosum
a Values are shown as numbers, n (%)
b Remaining patients had arthralgia

Fig. 13.1 Erythematous 
nodules over the face in a 
patient with erythema 
nodosum leprosum

13 Arthritis in Leprosy



170

Fig. 13.2 Involvement of 
ear cartilage and lobule in 
leprosy

13.5.1  Laboratory

Inflammatory parameters such as ESR and CRP may be modestly elevated, espe-
cially in reactional states. The diagnosis of leprosy is mainly clinical, microbiologi-
cal, and histological. Autoantibodies may be unreliable when differentiating leprosy 
mimicking rheumatic diseases from actual rheumatic diseases, as rheumatoid factor 
(RF) and antinuclear antibody (ANA) positivity can be seen in one-third of patients, 
with a higher frequency in lepromatous disease [21]. Antibodies against citrulli-
nated proteins (ACPA) are less common in leprosy and if seen, are in low titers [22]. 
False-positive anti-neutrophil cytoplasmic antibody on immunofluorescence is also 
common, although antibodies against proteinase 3 and myeloperoxidase are uncom-
mon. Demonstration of M. leprae in the synovial fluid of affected joints is usually 
difficult but can be done [4].

13.5.2  Radiology

The frequency of radiological findings in leprosy arthritis varies among studies and 
is more prevalent among patients with long-standing disease and those with defor-
mities. The specific bone changes in hands and feet include honeycombing, bone 
cyst, thinning and irregularity of cortex, areas of bone destruction, and primary 
periostitis [23]. Absorption of terminal phalanges, subluxation/dislocation of joints, 
soft tissue, and paranasal sinus changes are common nonspecific bone findings. 
Besides, osteopenia is also common.
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Fig. 13.3 Hyperpigmented 
and hypoesthetic macules 
over legs in leprosy

13.5.3  Histology

Slit skin smear and histopathological examination of skin or nerve biopsy speci-
mens with appropriate stains confirm the diagnosis. A synovial biopsy may demon-
strate granulomatous inflammation in patients with chronic arthritis [4].

13.6  Differential Diagnosis

Musculoskeletal manifestations in leprosy mimic various rheumatic diseases and is 
a diagnostic challenge to the caregivers, especially in endemic countries. Patients 
with indeterminate leprosy or paucibacillary disease present with one or few skin 
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Fig. 13.4 Erythema 
nodosum in leprosy

lesions and can be difficult to identify in dark-skinned people. Mild sensory symp-
toms or pure neuritic presentation in the absence of skin lesions tend to be over-
looked. When rheumatic manifestations predominate, one tends to focus less on 
cutaneous and peripheral nerve examination. Arthritis, with or without tenosynovi-
tis and dactylitis is commonly misdiagnosed as spondyloarthritis including reactive 
arthritis. Chronic symmetric polyarthritis often mimics RA and the diagnosis is 
further confounded by the presence of bone erosions and low-titer RF. The coexis-
tence of leprosy with rheumatoid arthritis often complicates the issue and needs to 
be resolved for the institution of appropriate therapy. Characteristic joint involve-
ment, erosive disease, high-titer RF/ACPA positivity, lack of response of arthritis to 
leprosy medicines are points favoring RA. The various rheumatic mimics of leprosy 
are summarized in Table 13.2.
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Fig. 13.5 Thickened great 
auricular nerve (black 
arrowhead) in a patient 
with erythema nodosum 
leprosum

Fig. 13.6 Swollen hands 
with a diffuse 
erythematous rash over 
right forearm and hand in 
lepromatous leprosy
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Fig. 13.7 Left second toe 
dactylitis and bilateral 
ankle arthritis with 
hyperpigmented and 
hypoesthetic macules in 
leprosy

Fig. 13.8 Left ankle 
arthritis with 
hyperpigmented macules 
in leprosy

13.7  Management

13.7.1  General

Non-steroidal anti-inflammatory drugs (NSAIDs) are often the mainstay of treat-
ment in controlling joint symptoms, including arthritis and tenosynovitis. Various 
classes of NSAIDs are equally effective. Corticosteroids are indicated in patients 
with lepra reactions, severe musculoskeletal manifestations, or neuritis. Reversal 
reactions and ENL often necessitate high dose steroids (prednisolone equivalent to 
1 mg/kg body weight per day) for a prolonged period. Steroids are always adminis-
tered under the cover of multi drug therapy (MDT).  Thalidomide is effective in 
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Table 13.2 Differential diagnosis of musculoskeletal mimics in leprosy

Clinical manifestation Mimicked musculoskeletal conditions
Acute oligoarthritis of lower 
limbs

Reactive arthritis/spondyloarthritis

Symmetric polyarthritis RA
Ankle arthritis with erythema 
nodosum

Sarcoidosis

Lucio phenomenon Vasculitis, SLE
Arthritis with saddle nose 
and auricular chondritis

Relapsing polychondritis

SHFS RS3PE
Destructive arthropathy Charcot’s arthropathy: Advanced osteoarthritis, diabetes 

mellitus, tabes dorsalis, syringomyelia, avascular necrosis

RA Rheumatoid arthritis, SLE Systemic lupus erythematosus, SHFS Swollen hands and feet syn-
drome, RS3PE Remitting symmetric seronegative synovitis with pitting edema

Table 13.3 Management of arthritis in leprosy (multi drug therapy will be required in all cases 
for the appropriate duration)

Clinical pattern Treatment
Arthritis related to lepra reaction NSAIDs and corticosteroids
Chronic arthritis NSAIDs, corticosteroids, methotrexate
Charcot’s arthropathy Analgesics, joint stabilization
Swollen hands and feet syndrome NSAIDs and corticosteroids
Tenosynovitis NSAIDs and corticosteroids

NSAIDs Non-steroidal anti-inflammatory drugs

controlling ENL symptoms [9]. Supportive measures include physiotherapy, splints, 
braces, and occupational therapy as required. The incapacitation caused by the dis-
ease associated with personal and social stigma of the disease requires family sup-
port and counseling and should not be neglected.

13.7.2  Specific

Treatment of leprosy most often ameliorates arthritis over a period of time. 
Paucibacillary leprosy requires MDT including rifampicin 600 mg monthly single- 
dose and dapsone 100  mg daily for 6  months, whereas multibacillary disease is 
treated with the above two medications with the addition of clofazimine 50 mg daily 
and 300 mg once a month for 12 months [24]. Response to therapy with the clearing 
of disease should be documented. Prolonged MDT courses may also be required 
and relapses do occur, especially in endemic countries like India. Alternative treat-
ment regimens are described, which are beyond the scope of this chapter. Arthritis 
and other rheumatic manifestations take a month or two to respond. The manage-
ment of arthritis in leprosy is summarised in Table 13.3.

Leprosy neuropathy is often arduous to control, because of the potential for irre-
versible damage. Steroids are the cornerstone of treatment in controlling 
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inflammation, in addition to symptomatic management and MDT. Neurolysis with 
surgical decompression is also successful in refractory disease.

The treatment of Charcot’s arthropathy in leprosy aims to stabilize the joint with 
braces and splints and requires arthrodesis in advanced disease.

13.7.3  Prevention

There are no markers to predict the development of arthritis in leprosy. Preventive 
strategies necessarily include early diagnosis of leprosy when manifesting with 
arthritis, so as to institute appropriate treatment and prevent complications such as 
Charcot’s joint. Also, recognition that leprosy is causing a rheumatologic manifes-
tation akin to vasculitis or sarcoidosis or reactive arthritis, will prevent delay in 
instituting appropriate therapy.

13.8  Conclusion

Musculoskeletal manifestations are common in leprosy and at times, indistinguish-
able from classic rheumatic syndromes. Unless suspected, the disease tends to be 
misdiagnosed with poor patient outcomes. Owing to the huge burden of the disease 
in endemic countries, leprosy should be included in the differentials while attending 
patients with rheumatic manifestations. In the absence of the classical cutaneous 
and peripheral nerve involvement, rheumatic presentations of this disease have out-
foxed even the most astute of physicians and rheumatologists.
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14Chikungunya Arthritis

J. Kennedy Amaral, Trina Pal, and Robert T. Schoen

14.1  Introduction

Chikungunya (CHIK) is caused by chikungunya vírus (CHIKV), a small (60–70 nm, 
12 kb), single-stranded positive-sense RNA virus in the Alphavirus genus of the 
Togaviridae family [1]. CHIKV is transmitted to humans by mosquito vectors, pri-
marily Aedes aegypti in tropical countries and A. albopictus in more temperate cli-
mates [1]. The chikungunya fever (CHIKF) illness is often biphasic, beginning with 
acute illness, characterized by high fever, arthralgia and arthritis, headache, macu-
lopapular rash, and intense fatigue, commonly accompanied by anorexia, nausea, 
vomiting, and diarrhea [2]. The viraemic phase of CHIKF typically resolves within 
5–14 days [1]. In many patients, no further disease manifestations occur, but some 
patients develop late-stage arthritic manifestations that persist for more than 
3 months, and are referred to as chronic chikungunya arthritis (CCA) [3]. These 
patients develop widespread musculoskeletal pain, arthralgia, or frank arthritis, 
which is not only persistent but often painful and disabling [4]. The word “chikun-
gunya” means “that which bends up” or “to become contorted” in the Makonde 
language, referring to the painful, prostrated appearance of affected patients [1].

CHIK has existed for at least over a century. A chikungunya-like illness was 
recorded in Zanzibar in 1820. At the same time, in the Western Hemisphere, a 
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similar disease was described in the Caribbean and the southern United States [5]. 
In modern times, CHIK was an endemic, mosquito-borne illness, initially confined 
to East Africa. CHIKV was isolated in Tanzania in 1952–1953 [6]. CHIK reemerged 
as a global epidemic in Kenya in 2004 (500,000 cases) spreading to Reunion Island 
in the Indian Ocean in 2005 (250,000 cases), and India in 2006 (1.4 million cases) 
[7]. In Asia, CHIK was reported in Bangkok in 1958 but reemerged in 2005–2006 
with large outbreaks in South and Southeast Asia with seroprevalence rates of 4% in 
Myanmar, 6% in Sri Lanka, 25% in Vietnam, 27% in the Philippines, and 27.4% in 
Indonesia [8, 9] (Fig. 14.1).

CHIK spread to Italy, then France, in 2007 [10]. In the Americas, CHIK was 
reported in the Caribbean in 2013 [11]. Since then, more than 2.9 million cases have 
been reported in 45 countries in North, Central, and South America [12]. Brazil 
alone reported almost 500,000 CHIK cases between 2014 and 2017 [13]. Between 
2014 and 2015, 460,000 cases were reported in Colombia [14]. In the United States, 
most cases have occurred in travelers returning from endemic areas [11]. Since 
1950s, when CHIK was a geographically confined, mainly East-African endemic 
disease, it has reemerged as a global epidemic, affecting more than 6.5 million 
people [12].

Fig. 14.1 Countries and territories where chikungunya cases have been reported (as of October 
30, 2020). https://www.cdc.gov/chikungunya/pdfs/Chik_World_Map_10- 30- 20- P.pdf, accessed 
8/22/2021
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14.2  Acute Chikungunya Fever

14.2.1  Clinical Features

One to 12 days (average 2–4 days) following an Aedes vector mosquito bite, most 
CHIKF patients develop high fever, arthralgia, and rash [15]. Headache, back pain, 
nausea, vomiting, lymphadenopathy, and abdominal pain also occur. Asymptomatic 
infection occurs in less than 25% of infected individuals [12]. Arthralgia and frank 
arthritis occur early in a symmetrical pattern, affecting large and small joints, most 
commonly the wrists, followed by the phalanges, shoulders, and ankles [2]. Joint 
pain is more distal than proximal, although axial skeleton involvement is noted in 
up to half of the cases [16]. The most common dermatological manifestations are 
generalized, maculopapular, and pruritic rash, as well as nodular, vesicular, bullous, 
and scaly skin lesions [15]. In one study, pigmentary changes were the most com-
mon skin finding (42%), followed by maculopapular eruptions (33%) and intertrigi-
nous aphthous ulcers (37%) [17]. CHIKF skin lesions affect the extremities, trunk, 
and face and tend to be transient, resolving after 2–5 days [18].

Other CHIKF manifestations include neurological complications such as enceph-
alitis, myelitis, facial paralysis, sensorineural deafness, Guillain-Barre syndrome, 
and neuro-ocular disease (uveitis, retinitis, optic neuritis) [19]. Ocular symptoms 
such as conjunctivitis, retinitis, photophobia, conjunctival hyperemia, and retro- 
orbital pain are common [19]. Posterior uveitis and optic neuritis develop in some 
patients 1 month after disease onset [20]. Although rare, cases of heart failure, car-
diac arrhythmias, acute myocardial infarction, and myocarditis have been described 
[21]. CHIKF is generally not life-threatening, but excess mortality is seen in CHIKF 
epidemics, particularly in the elderly, newborns, and immunocompromised indi-
viduals [22].

14.2.2  Management

14.2.2.1  Prevention
Environmental control measures and personal protection may limit mosquito bites 
and reduce CHIK infection risk [3]. CHIK vaccines are in development, including a 
live-attenuated, measles-vectored vaccine expressing CHIK structural proteins [23]. 
In 260 subjects from a non-CHIK endemic region, this vaccine, induced durable 
seroconversion in 86–100% of subjects after 2 doses and was well-tolerated [23]. A 
CHIKV particle-like vaccine is also in development [24]. In a phase 2 study of 400 
CHIK-endemic Caribbean subjects who received 2 doses of this vaccine, 88% had 
a more than fourfold increase in baseline neutralization titers [24]. Studies on both 
these vaccines are ongoing.

14.2.2.2  Treatment
Antiviral therapies for the treatment of CHIKF, including traditional antiviral com-
pounds, synthetic small molecule inhibitors of viral polymerase and other 
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nonstructural proteins, in silico high-throughput screening (HTS) for existing com-
pounds with anti-CHIKV activity and drugs that target host proteins are being 
investigated [25]. However, none is validated thus far, so the treatment of CHIKF 
remains supportive care, primarily, rest, fluids, and pain management [3]. 
Acetaminophen, tramadol, and when needed, codeine and oxycodone are recom-
mended. Aspirin or NSAIDs should only be used when dengue coinfection has been 
excluded because of the risk of bleeding complications. During acute CHIKF, when 
viremia is present, corticosteroids should not be used. Neuropathic pain can be 
managed with gabapentin and amitriptyline. It is important to maintain joint 
mobility [3].

Management of arthritic symptoms during the acute phase of CHIKF is also sup-
portive. Glucocorticoids and disease-modifying anti-rheumatic drugs (DMARDs) 
such as those used to treat rheumatoid arthritis (RA) are generally deferred unless 
arthritic manifestations become chronic, because a) the majority of patients have a 
resolution of symptoms in several weeks and b) during the acute phase, immuno-
suppression should be avoided because viremia is present. It is worth noting how-
ever that the distinction between acute and CCA may be somewhat arbitrary. During 
a Martinique epidemic, ultrasound imaging of acute CHIKF patients (disease dura-
tion 5 ± 1 day) with arthritic symptoms demonstrated multiple patients with joint 
effusions and synovitis [26].

14.3  Chronic Chikungunya Arthritis

14.3.1  Clinical Features

The clinical expression of arthritis over time in CHIK infection is variable. CHIKF 
usually causes arthralgia. In those presenting with arthritis, it is usually mild and 
self-limited. In others, the illness is biphasic, with CHIKF followed by a more 
severe arthritic phase. In some patients, painful polyarthritis is present and unremit-
ting from disease onset. It is useful to differentiate between acute and chronic 
Chikungunya arthritis (CCA), the duration watershed has been somewhat arbitrarily 
defined as 12 weeks [2]. There may be pathogenic and clinical differences between 
these stages and available evidence supports different treatment strategies [2]. 
During the early arthritic phase, viremia is present for at least several weeks and 
robust antiviral interleukin and INF-alpha responses are present [27]. Later, in CCA 
patients, it has not been possible to detect CHIKV in synovial fluid, [28] and the 
cytokine signature, including IL-6, IL-17, TNF, GM-CSF, matrix metalloprotein-
ases, resembles other chronic inflammatory rheumatic diseases [29]. These findings 
suggest that early CHIK arthritis is infectious, but CCA may be a post-infectious 
inflammatory disorder [2].

The rate of CCA varies among CHIKF cohorts. In one Columbian study, it was 
12%, [30] but in another Columbian cohort, persistent rheumatic symptoms were 
present at 26 weeks in 53.7%, morning stiffness in 49.5%, joint edema in 40.6%, 
and polyarthritis and morning stiffness combined in 38.2% [31]. Another large 
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study reported similar rates of CCA with 57% developing post-viral polyarthralgia, 
22% inflammatory polyarthritis, and 19.5% tenosynovitis [32]. CCA remits over 
time. In a Reunion Island study, chronic arthritis was observed in 93%, 57%, and 
47% of patients at 3, 15, and 24 months, respectively [11].

Several groups have attempted to define patterns of arthritis. Javelle and col-
leagues evaluated 159 cases of CCA (CHIKF followed by arthritic symptoms for 
more than 2 years) [33]. In this study, 112 patients had “post-chikungunya chronic 
inflammatory rheumatism,” mimicking four clinical patterns—spondyloarthropathy 
(33 patients), rheumatoid arthritis (40 patients), undifferentiated polyarthritis (21 
patients), and there was also a fibromyalgia group [33]. Most reports describe sym-
metrical polyarthralgia/polyarthritis with involvement of hands and feet, as well as 
large joints [2]. In one report, the frequency of joints affected was—hands 57%, 
knees 57%, wrists 50%, ankles 46%, and shoulders 45% [34]. In another study, 
knees were involved in 83%, ankles in 62%, and elbows in 59% [35]. In a third of a 
cohort of 180 patients evaluated at 36 months, hands, wrists, ankles, and knees were 
commonly affected [36]. In this group, 60–80% of patients had intermittent arthritis 
and 20–40% were unremitting [37].

Because the pattern of joint involvement in CCA is symmetrical polyarthritis 
with hand and foot involvement, many have stressed clinical similarity to RA [2]. 
Among 173 patients with a history of CHIKF, 78.6% had persistent musculoskeletal 
symptoms at 27.5 months and 5% met American College of Rheumatology (ACR) 
2010 criteria for RA [38]. In a study of 10 relief workers who contracted CHIKF in 
Haiti, 8 met ACR RA criteria [39]. These RA mimics are even more striking given 
the variable but increased rates of rheumatoid factor (RF) and sometimes anti-cyclic 
citrullinated protein (anti-CCP) antibody test positivity reported in some studies [2]. 
In an Indian cohort, 13 of 95 patients and 4 of 67 patients were RF and anti-CCP 
antibody positive, respectively, [40] Other studies have reported RF positivity 
between 2 and 43% [41]. None of the 8 patients in the Haitian study were positive 
for RF [39].

We evaluated a Brazilian cohort of 50 patients with CCA, 90% of whom were 
self-referred, 14.2 months after disease onset [42]. This delay in treatment was con-
sistent with other reports [33]. Ninety-two percent of our patients were female. 
Thirty (60%) had arthralgia, while 20 (40%) also had frank arthritis with clinically 
evident synovitis. The prevalence of involvement of joints has been depicted in 
Fig. 14.2 [42]. Arthralgia was most common in the hands (56%), ankles (48%), and 
knees (44%). Arthralgia was polyarticular (>4 joints) in 76% and oligoarticular 
(2–4 joints) in 24%. All the 20 patients with frank arthritis had hand involvement. 
Other arthritis-affected joints were wrists (16 patients), ankles (12 patients), and 
knees (9 patients). In our cohort, 11 patients (22%) met ACR criteria for RA and 7 
(14%) met ACR criteria for fibromyalgia [42]. As has been seen in other studies 
[34], we found that preexisting rheumatic disease predicts a more severe CCA [42]. 
Other risk factors for severe arthritis include female sex, age more than 45 years, 
diabetes, hypertension, dyslipidemia, and more severe infection at onset [43, 44].

Multiple cohorts document that CCA is associated with significant pain and dis-
ability [4, 45]. In one study, Health Assessment Questionnaire (HAQ) scores of 
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Fig. 14.2 Joints affected (arthralgia/arthritis)

2.18 ± 0.63 were present in 16 CCA patients (symptoms >3 months despite NSAIDs 
and hydroxychloroquine (HCQ) therapy) [45]. These HAQ scores resemble other 
rheumatic diseases such as RA (1.75), low back pain (1.27), knee osteoarthritis 
(OA) (1.29), hand OA (1.24), and fibromyalgia (1.30) [46]. We obtained similar 
results in 35 Brazilian CCA patients [4]. Our patients had a moderate disability and 
significant pain (HAC-DI  =  1.0  ±  0.40; Visual Analog Pain Scale (VAS) 
median = 8) [4].

14.3.2  Investigations

The diagnosis of CCA is based on clinical presentation, including epidemiological 
risk, particularly in endemic areas or in travelers from affected regions, and labora-
tory confirmation [2]. During CHIKF, reverse transcription method (RT) PCR 
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detects CHIKV up to 7 days after onset of infection [16]. Once CHIK infection is 
established, anti-CHIK immune responses, both IgM (at 5–10 days) and IgG (after 
the first week) can be detected by ELISA [16]. IgM positivity peaks at 3 weeks, 
persisting for up to 2–3 months. ELISA IgG responses remain positive for years 
[16]. At the onset, CHIK must be distinguished from other febrile, tropical infec-
tions, including other mosquito-borne infections, such as dengue. Once chronic 
arthritis is established, the differential diagnosis may include other inflammatory 
rheumatic diseases, particularly RA, OA, and fibromyalgia [2, 42].

14.3.3  Management

Chronic Chikungunya arthritis may be a postinfectious inflammatory disease [2]. If 
so, therapy resembles the treatment of other chronic rheumatic diseases, aimed to 
relieve pain, improve function and quality of life, limit structural damage, and avoid 
toxicity. Glucocorticoids improve symptoms in CCA and have not been associated 
with exacerbation of CHIKV infection in patients with chronic illness, but usage is 
limited by well- recognized toxicities [3]. HCQ is relatively safe and has been exten-
sively studied, but evidence of significant benefit is lacking [3]. Sulfasalazine has 
also shown limited efficacy [3].

The most promising DMARD at present for CCA is MTX [47]. In an unblinded 
randomized trial, 72 subjects received two DMARD regimens, triple therapy with 
MTX (15 mg/week), sulfasalazine (SSZ) (1 g/day) and HCQ (400 mg/day) com-
pared to HCQ monotherapy for 24 weeks [48]. Both groups received prednisolone 
(7.5 mg/daily), which was discontinued at 6 weeks. The primary outcome measure 
was DAS28-ESR good clinical response at 24  weeks. MTX triple therapy was 
markedly superior to HCQ monotherapy (DAS28-ESR <3.2, 82 vs 14%, respec-
tively) (Fig. 14.3) [48]. In another study, subjects treated with SSZ and HCQ who 
failed to achieve good clinical response at 3 months were randomized to add MTX 
[45]. There was a significant improvement in the MTX treated group (MTX vs no 
MTX, good clinical response, 71.4 vs 12.5%, respectively) [45].

We evaluated MTX in a cohort of 48 Brazilian CCA patients, assessing pain 
reduction, measured by VAS, as the primary outcome measure [42]. MTX 
[9.2 ± 3.2 mg/week] resulted in VAS pain reduction of 4.3 (3.0) (p < 0.0001) and 
4.4(2.6) (p < 0.0001), respectively (Fig. 14.4) [42]. In all these reports, MTX was 
well tolerated. It is reassuring that in CCA patients, it has not been possible to detect 
CHIKV in synovial fluid [28], and MTX does not increase CHIKV infection or 
replication in human synovial fibroblasts [36]. There is limited evidence defining 
the duration of MTX therapy, but we consider discontinuing MTX treatment at 
3–6 months in CCA patients who achieve remission [3]. The response seen in one 
of our MTX–treated patients with CCA is illustrated in Fig. 14.5. Larger, random-
ized placebo-controlled trials to evaluate the safety and efficacy of MTX in CCA 
are needed.

There are limited reports of biologic therapy in CCA [3]. In one study of 147 
CHIK arthritis patients in Martinique, most were treated with MTX, with “good 
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results” [49]. Twelve of these patients were treated with anti-tumor necrosis factor 
inhibitors “with good tolerance and efficacy” [49]. In another epidemic, 53 of 328 
RA patients developed CHIKF while on biologic therapy. Their illnesses resembled 
other CHIKF patients during this outbreak. Biologic therapy did not appear to 
improve or worsen their outcomes [50].
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a b
Fig. 14.5 Hand arthritis in 
chronic chikungunya 
arthritis. A young woman 
with chronic chikungunya 
arthritis presenting 2 years 
after disease onset. (a) 
Prior to methotrexate 
therapy. (b) After oral 
methotrexate 20 mg once a 
week for 8 weeks 
(Reprinted with permission 
from [42])

14.4  Conclusion

CHIK is an established viral infection that has spread throughout the world over the 
past 20 years. The early disease causes significant morbidity, pain and disability, 
and adverse economic impact. When CHIK becomes chronic, it causes disabling 
arthritis. Patients with CCA can benefit from treatment of CCA as postinfectious, 
inflammatory arthritis with strategies borrowed from the treatment of RA and 
related disorders. However, there exists a knowledge gap in prevention, vaccination, 
and treatment for this disease which has significant global impact.
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15Brucella Arthritis

Yojana Gokhale

15.1  Introduction

Osteoarticular brucellosis is the most frequent complication of brucellosis, a world-
wide zoonosis. Due to severe rheumatism associated with this febrile illness or due 
to osteoarticular complications of the disease, these patients can present to the clini-
cians, during acute as well as chronic phases of the disease. The sacroiliac joint is 
the commonest joint involved and acute unilateral sacroiliitis should make one con-
sider a diagnosis of brucellosis. Due to marked predilection for reticuloendothelial 
cells, the spine is often involved and brucella spondylitis was the commonest com-
plication of untreated brucellosis in the pre-antibiotic era. Clinicians, therefore 
should be well versed with clinical and radiological features of brucellosis as well 
as its laboratory diagnosis [1, 2].

15.2  Epidemiology

Brucellosis is a common zoonotic disease with worldwide distribution. Cattle 
(sheep, goats, pigs, bison, buffalo, camels, dogs, horses, reindeer, and yaks) are 
the major source of infection. Recently, the infection has also been identified in 
marine mammals, dolphins, and seals, which may be an emerging hazard to per-
sons occupationally exposed to these. Transmission of brucellosis to humans 
occurs through consumption of unpasteurized milk and milk products (soft 
cheese) and contact with infected animal products (raw meat). Brucellosis is an 
occupational hazard to farmers, people working in the cattle industry, wool indus-
try, meat packers, laboratory technicians, and veterinarians. The organism can 
enter the human body through skin contact (breached as well as intact skin), gut, 
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respiratory passage, and conjunctiva. In cattle, it is a sexually transmitted disease. 
Thus, a single infected bison can infect the whole herd. Human to human trans-
mission through contact or sex is extremely rare. Tourism or commerce related 
travel to endemic areas and consumption of ethnic food can lead to transmission 
of brucellosis. Only 17 countries in the world have been declared brucella free by 
the World Health Organization. It is an important economic problem and a serious 
health hazard in the Middle-east countries, the Mediterranean region, the Indian 
subcontinent, Mexico, and South-Central America. The disease is transmitted to 
man by consumption of contaminated milk or milk products or contact with 
infected cattle. Infection can also be acquired during foreign travel or consump-
tion of soft Mexican cheese. The organisms enter the human body through skin, 
conjunctiva, gut, or respiratory mucosa [1].

15.3  Microbiology

Brucellae are gram-negative aerobic, cocco-bacilli. They are fastidious organisms, 
have a long incubation period (4–6 weeks), and grow well on Castaneda biphasic 
(solid and liquid) medium. There are many subtypes, four of which commonly 
cause human infection; namely, B. melitensis (sheep, goat, camel), B. abortus (cow, 
buffalo, camel, horses), B. suis (pigs), and B. cannis (dogs). B. melitensisis is the 
most virulent. Brucellae are killed by boiling or pasteurization of milk but survive 
in biological material for long periods at low temperatures. The infected animal 
should be culled to protect the herd. As this is not done for the economic concerns 
and the infected animal keeps spreading the infection to man through infected milk 
and also to the rest of the herd. Uninfected cattle and newborns should be vaccinated 
to prevent the disease from spreading. In cattle, it causes recurrent abortion [1].

15.4  Pathogenesis

Exposure to brucellosis generates both humoral and cell-mediated immune 
responses. Antibodies promote clearance of extracellular brucellae. 
Polymorphonuclear cells engulf the organism. These intracellular organisms can 
establish persistent intracellular infection. Initial replication of brucellae takes place 
within the cells of the lymph nodes draining the point of entry. Subsequent hema-
togenous spread may result in chronic localizing infection at almost any site, 
although the reticuloendothelial system, musculoskeletal, and the genitourinary 
system are most frequently involved. Local tissue response may include abscess or 
granuloma formation with or without necrosis and caseation. IgM antibodies appear 
by 1 week of acquiring the infection and persist for 9–12 months. The IgG antibod-
ies appear by 4  weeks and persist beyond 18–24  months. Blocking antibodies 
appear in over 50% of patients by 3–6 months of acquiring the infection. They are 
responsible for the false-negative standard “Tube Agglutination Test” (TAT) [3]. 
B. cannis does not share cell membrane antigen with other Brucella species, the one 
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used in TAT. Thus, in those infected with B. cannis standard TAT is negative [4]. 
The incubation period is highly variable (5  days to 6  months) and averages 
2–4 weeks.

15.5  Clinical Features

Brucellosis is a febrile illness (hence, it is also referred to as Malta fever, 
Mediterranean fever, undulant fever and typhomalaria) which during the acute 
phase is often mistaken for other febrile illnesses that are endemic locally, e.g., 
malaria, typhoid, and during the chronic phase for tuberculosis. This is because 
manifestations of brucellosis are nonspecific. History of exposure to domesticated 
animals or consumption of unpasteurized milk or milk products is elicited in 
70–80% of cases. Often brucellosis is not considered as a cause of the fever by the 
treating physician and the patient may be labeled as a case of pyrexia of unknown 
origin (PUO). The history of consumption of unpasteurized milk or milk products, 
contact with cattle, travel to endemic countries (Middle-eastern countries, Spain, 
Indian subcontinent), consumption of ethnic food, camel rides, and occupations 
such as abattoirs, farmers, and working in the leather industry should be elicited.

The fever is accompanied by sweats which may be drenching. Malaise, myalgia, 
arthralgia, backache, and weight loss are common associated symptoms. The 
patients may look well even at height of fever. Later fever appears only on exertion 
and subsides on rest. Most patients get night sweats. During the acute phase, there 
may be enlargement of the lymph nodes, liver, and/or spleen. There may be relapses 
and the acute phase is followed by a protracted convalescence with some form of 
severe rheumatism. Invasion of the central nervous system occurs in about 5–7% of 
the cases with B. melitensis infection. Brucella meningitis is lymphocytic meningi-
tis, which can be mistaken for tubercular meningitis. It also produces similar com-
plications such as hydrocephalus. Brucella endocarditis occurs in less than 2% of 
cases but accounts for the majority of deaths [1, 2, 4].

Bone and joint involvement is the most frequent complication of brucellosis and 
may present in the following ways [5]:

 – Backache due to spondylitis/sacroiliitis
 – Arthritis
 – Pyrexia of unknown origin
 – Osteomyelitis
 – Bursitis and tenosynovitis

15.6  Bone and Joint Brucellosis

Osteoarticular involvement was recognized as early as 1861 by Martson. The fre-
quency of bone and joint involvement in brucellosis ranges from 2 to 85% as 
reported by different authors. It is most frequently related to B. melitensisis 

15 Brucella Arthritis



194

followed by B. suis and then B. Abortus. They may occur at any age. Arthralgia and 
arthritis due to brucellosis are more common in childhood than in older age groups, 
whereas brucella spondylitis is more common in adults than in children. While 
extra-spinal osteomyelitis is extremely rare, bursitis and tenosynovitis are occasion-
ally seen. The more frequent involvements have been described below [1, 5].

15.6.1  Brucella Spondylitis [3, 6]

It occurred in 50% of the patients with brucellosis in the pre-antibiotic era. The most 
common site of affection is the lumbar spine (L4), but the dorsal, as well as the 
cervical spine, may be involved. Multiple vertebral sites may also be involved. The 
lesion generally starts at the superior endplate of the fourth lumbar vertebra produc-
ing an erosion that may heal by sclerosis producing what is known as “Pedro Pons’ 
sign” (Fig. 15.1) on the lateral radiograph. The lesion may spread to involve the 
entire vertebra or even the adjacent vertebra. There may be a collapse of the vertebra 
(Fig.  15.2) radiologically mimicking tuberculous spondylitis. Paravertebral, epi-
dural, as well as psoas abscesses [7] may develop.

Patients with Brucella spondylitis present with low back pain, with gradual or 
sudden onset, radiating to the leg(s), resembling prolapsed intervertebral disc. The 
pain is aggravated by walking and relieved by rest. The patient may become bedrid-
den due to severe pain. The affected vertebral spine is usually tender. There is a 
paraspinal muscle spasm. The straight leg raising test may be positive. Deformities 
and neurological deficits are rare as compared to the tuberculous spine, but they do 
occur in the setting of a delayed diagnosis [6]. History of febrile illness in 3–6 months 
preceding the onset of back pain is elicited in most patients [6].

There are no characteristic features of Brucella spondylitis as such. A history of 
animal contact, consumption of raw milk or milk products, visiting endemic coun-
tries, and febrile illness in a patient with back pain should arouse suspicion of 

Fig. 15.1 Pedro Pons’ 
sign, erosion at anterior 
superior angle of L4
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Fig. 15.2 Brucella 
spondylitis, X-ray showing 
L5 collapse

brucella spondylitis. Bacteriological studies or blood cultures are the gold standards 
but the yield is poor in spondylitis, especially in afebrile patients. Hence, one must 
rely on serological tests. IgM and IgG antibodies to Brucella can be detected in the 
patients’ serum by ELISA.  It is highly sensitive and specific. For the TAT, titers 
more than 1:80 or above may be considered positive. The TAT may be falsely nega-
tive due to blocking antibodies after 3–6 months of acquiring the infection. PCR-
based assays for Brucella are reported to be very specific and sensitive. Blood 
culture by classical Castaneda method takes 4–6 weeks to grow brucella. With con-
tinuous-monitoring blood culture systems such as BACTEC, in 5–7 days Brucellae 
can be cultured in nearly 70% of patients [7, 8].

Very early in the disease and up to 3 months, the plain radiographs may be nor-
mal. Scintigraphy using Tm99 is particularly useful in such cases. It shows increased 
tracer uptake at affected vertebral sites and/or the sacroiliac joint (Fig. 15.3). Later, 
in the radiographs, the earliest lesion seen is an area of bone destruction at the disco- 
vertebral junction. This may have a rim of sclerosis. An anterior osteophyte resem-
bling that due to degenerative spondylitis of the lumbar spine is a common finding 
due to an old healed lesion. In advanced cases, there is vertebral body collapse and 
decreased intervertebral disc space (Fig.  15.4). Paravertebral soft tissue may be 
seen. An MRI scan in early lesion depicts areas of low signal intensity at the supe-
rior endplate in T1 images, they become hyperintense in T2 images. Such lesions 
may be seen at multiple vertebral levels (Fig. 15.5a, b). Para spinal, epidural, or 
psoas abscesses may be seen [2]. The MRI lesions usually resolve completely on 
prompt initiation of treatment (Fig.  15.5a, b—pretreatment and Fig.  15.5c, 
d—posttreatment).

15 Brucella Arthritis
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Fig. 15.3 Bone scan: 
increased uptake in the 
right sacroiliac joint

Fig. 15.4 Brucella 
spondylitis, X-ray showing 
L4–5 discitis
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c da b

Fig. 15.5 MRI spine, Brucella Spondylitis: (a) T1 image showing hypointense marrow signals, 
(b) T2 image showing hyperintense marrow signals. The patient was extensively investigated for 
myeloma, lymphoreticular malignancy, and metastasis in a cancer hospital. Her serological test for 
brucellosis was strongly positive and there was an excellent clinical response to anti-brucella ther-
apy, along with improvement in MRI (c, d)

15.6.2  Brucella Sacroiliitis

The sacroiliac joint is the most common joint involved in patients with brucella 
arthritis. It is reported in 13–52% of patients with brucellosis. Acute sacroiliitis due 
to brucellosis occurs in the early febrile stage of infection. It presents as unilateral 
pain over the sacroiliac joint, fever with chills, and sweats. The sacroiliac maneu-
vers are very painful, as also the hip movements and straight leg raising (SLR). It 
lasts for a few weeks to then resolve spontaneously. All acute unilateral sacroiliitis 
should be investigated for brucellosis. In a few cases, the opposite sacroiliac joint 
may subsequently get affected. Sacroiliitis may be associated with lumbar spondy-
litis with low back pain mimicking ankylosing spondylitis [6, 9, 10].

15.6.2.1  Differential Diagnosis of Brucella Spondylitis 
and Sacroiliitis

Spinal tuberculosis: Clinically as well as radiologically, spinal tuberculosis can 
mimic Brucella spondylitis. Brucellosis has a predilection for the lumbar spine 
whereas tuberculosis more often affects the dorsal spine. Spinal deformities are 
common in tuberculosis. Positive Brucella serology is useful in making the diagno-
sis of brucella spondylitis. Brucellae can rarely be grown from the surgical speci-
men, whereas in the tuberculous spine, often Mycobacteria can be cultured.

Prolapsed intervertebral disc: Patients with Brucella spondylitis experience low 
back pain radiating to the leg and SLR can be positive. The radiograph may be 
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normal in early brucella spondylitis. An abnormal bone scan and positive Brucella 
serology can aid the diagnosis.

Degenerative lumbar spondylosis: Anterior osteophytes in the elderly patients’ 
radiographs may mimic old Brucella spondylitis. Such changes on lateral radio-
graphs are common in elderly patients in endemic areas.

Ankylosing spondylitis: Sacroiliitis and osteophytes due to healed superior end-
plate lesions may mimic ankylosing spondylitis.

Malignancy or metastatic deposits: Back pain, abnormal tracer uptake in bones 
and the spine on bone scan and abnormal marrow signals on the MRI may be mis-
taken for malignancies such as myeloma or secondaries.

15.6.3  Brucella Arthritis

Reported incidence of Brucella arthritis is 10–100% (occurs during acute 
 brucellosis). Arthralgia is reported in over 80% patients of with Brucellosis. Arthritis 
may be mono-arthritis, usually affecting the large joints or migratory polyarthritis. 
Arthritis is common in children whereas spondylitis is common in adults (Fig. 15.6a–d). 
Brucella arthritis has no unique distinguishable features. Onset may be sudden and 
severe or mild and gradual. Arthritis may last for days to months (until the disease 
is active). It responds well to anti-Brucella treatment. The synovial fluid may grow 
Brucella. The radiographs may be normal in early cases. Bone scans show increased 
tracer uptake. Septic and destructive arthritis of one joint may occur due to 
Brucellosis. If there is a delay in diagnosis destructive changes and radiological 
abnormalities, such as joint space narrowing or bony ankylosis occur. Brucella 
arthritis is easily diagnosed in countries where brucellosis is endemic. It is more 
common in children than adults. There are reports of tenosynovitis, bursitis, and 
osteomyelitis due to brucellosis [3–5].

c da b

Fig. 15.6 (a–d) Arthritis of the left second and third metacarpophalangeal joint, right elbow, feet. 
(c, d) necrotic  purpura on both feet in a 30-year-old male
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15.6.4  Brucellosis Presenting as Pyrexia of Unknown 
Origin (PUO)

From various parts of the world, Brucellosis has been reported as a cause of 
PUO in proportions ranging from 0.8% of PUO cases from Kashmir in India 
[11], 1.8% from Turkey [12], 5.2% from Nigeria [13] using the TAT for screen-
ing, to 27% from CMC Vellore in India [14], and 59% from Kuwait [15] with 
the use of ELISA test for screening. This variation is due to false-negative TAT 
by 3–6  months and different prevalence of the disease in different parts of 
the world.

15.7  Involvement of Other Systems in Brucellosis [16]

Respiratory: Symptoms like cough, pleuritic pain, and hemoptysis are reported in 
brucellosis but are generally mild. Chest radiographs may show infiltrates and pleu-
ral effusion (Fig. 15.7).

Neurological: Chronic lymphocytic meningitis, myelitis, radiculoneuropathy, 
and depression.

Genitourinary: Epididymo-orchitis is a frequent complication.
Cardiovascular: Involvement can be in the form of infective endocarditis (more 

so in countries with rheumatic valvular heart disease) or pericardial effusion. 
Cardiovascular involvement is reported in 2% of patients.

Dermatological: Cutaneous manifestations may be encountered as erythema, 
papules, petechiae, purpura (Fig.  15.6c, d) urticaria, impetigo, eczematous rash, 
erythema nodosum (during the acute phase), subcutaneous abscess, and cutaneous 
vasculitis. Skin involvement is reported in 5–10% of cases.

Fig. 15.7 HRCT 
chest—bilateral pleural 
and pericardial effusion
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15.8  Treatment of Osteoarticular Brucellosis

The general principles of management are,

 1. Always use combination therapy (2–3 drugs)
 2. The duration of therapy should be 6–12 weeks or more.
 3. Paraspinal abscesses do respond to the medical line of treatment. Therefore, sur-

gery should be reserved for patients with neurological deficits or relapses due to 
abscesses.

Drugs used in the management are Doxycycline 100 mg twice a day, Rifampicin 
900 mg daily, Ciprofloxacin 500 mg twice a day, Co-trimoxazole 10 mg/kg of trim-
ethoprim (i.e., 3 tablets twice a day), and parenteral Streptomycin 1  g daily for 
3 weeks. Ceftriaxone is also effective against brucellae and is used for the treatment 
of Brucella endocarditis [1, 2].

Relapse is known to occur in 20% of the cases. One can document the rising 
titers of antibodies. Treatment of each relapse is similar to that of the first episode.

15.9  Conclusion

Brucellosis is a common zoonosis with worldwide distribution. Osteoarticular com-
plications are common in Brucellosis, spondylitis being the commonest. Very few 
countries have eradicated animal brucellosis. Due to increasing international travel, 
physicians and rheumatologists around the world may come across cases of brucel-
losis as pyrexia of unknown origin (PUO), arthralgia, arthritis, back pain, lympho-
cytic meningitis, epididymo-orchitis or a bone scan or spinal MRI of a patient with 
Brucellosis being mistaken for metastasis. Though with conventional methods cul-
ture time for brucellae is 4–6 weeks, with  continuous-monitoring blood culture 
systems such as BACTEC it has been reduced to 5–7 days. Serological tests such as 
ELISA are also highly sensitive and specific. Brucellosis can be cured when treated 
with a combination of appropriate antibiotics for several weeks.
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16Hypertrophic Osteoarthropathy

Kok Ooi Kong and Gervais Khin-Lin Wansaicheong

16.1  Introduction

Hypertrophic osteoarthropathy (HOA) has been referred to as osteoarthropatia 
hypertrophica, Pierre Marie syndrome, Bamberger syndrome, Pierre Marie- 
Bamberger syndrome, Mankowsky syndrome, and Hagner syndrome. It is charac-
terized by a combination of clinical findings, including symmetrical, severe 
disabling arthralgia and arthritis, digital clubbing (or acropachy), and periostosis 
of tubular bones mainly due to fibrovascular proliferation. Digital clubbing is one 
of the oldest clinical signs in medicine. Its original recognition has been attributed 
to Hippocrates (circa 450 BCE) [1]. Pierre Marie [2] and Eugen von Bamberger 
[3] first described this syndrome in 1890 and 1891, respectively. Marie coined the 
term hypertrophic pulmonary osteoarthropathy (HPOA), referring to the more 
prevalent association with pulmonary diseases such as lung carcinoma, cystic 
fibrosis, or pulmonary tuberculosis. For this reason, secondary HOA is also 
referred to as Pierre Marie-Bamberger syndrome. Subsequently, as the sites of 
primary disease were recognized to be in areas other than the lungs, this 
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designation was changed to HOA.  Paleopathologic studies have demonstrated 
changes consistent with HOA in human skeletal remains from different ancient 
civilizations [4]. There are no systematic studies on the prevalence of digital club-
bing in either the general population or hospital inpatients. It is accepted that 
HOA does not have racial or sexual predominance, except for primary HOA, with 
a typical age of presentation of 55–75 years, unless in association with congenital 
cyanotic heart disease.

16.2  Etiology

There are two forms of HOA, primary and secondary. Primary HOA, pachydermo-
periostosis, also known as Touraine-Solente-Golé syndrome, or Friedreich-Erb- 
Arnold syndrome, is a rare autosomal dominant heritable genetic mutation with a 
variable expression that results in similar clinical manifestations, although it tends 
to have more generalized cutaneous thickening and soft tissue findings [5]. A third 
of these patients will have a close relative with the same disease. It has a male: 
female ratio of 9:1. They also have skin overgrowth which roughens the facial fea-
tures and may reach the extreme of cutis verticis gyrata. There may be also glandu-
lar dysfunction, manifested as hyperhidrosis, seborrhoea, or acne. Other 
abnormalities that have been described in primary HOA include cranial suture 
defects, males with female escutcheon, and hypertrophic gastropathy.

Ninety-five to 97% of reported cases of HOA are however of secondary origin. 
The causes of secondary HOA are broadly divided into generalized, with sym-
metrical involvement of multiple bones and localized disease. Most of the general-
ized diseases are of pulmonary origin and a large majority of reported HOA is 
associated with malignancy as a paraneoplastic syndrome. Pulmonary malignan-
cies, including primary metastatic lung cancer and intrathoracic lymphoma, 
account for 80% of cases of secondary HOA. Non-small cell lung cancer (NSCLC), 
particularly adenocarcinoma, is the most common cause of secondary HOA;  
while small cell carcinoma is the least frequent histopathologic type of lung 
 cancer-associated with HOA. Although lower in absolute incidence, a higher per-
centage of pleural tumors result in HOA (22% of solitary fibrous tumors of pleura 
compared to 5% of NSCLC) [6, 7]. The other diseases of extrapulmonary origin 
can cause generalized secondary HOA, including a wide variety of cardiopulmo-
nary, gastrointestinal [8], endocrine, hematologic, rheumatologic, and inflamma-
tory conditions as shown in Table 16.1.

Forms of HOA localized to one or two limbs are rarely seen [9]. These often 
occur as a result of a prominent endothelial injury of that particular limb, such as in 
cases of arterial aneurysms, endothelial infections, or infection of arterial graft. 
Such patients present with painful swelling of the affected limb associated with 
radiographic periostosis, often without clubbing. Hemiplegia is another consider-
ation when clubbing is localized [10]. Localized HOA limited only to the cyanotic 
limbs can also be found in patients with patent ductus arteriosus complicated by 
pulmonary hypertension.
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Table 16.1 Causes of hypertrophic osteoarthropathy

Primary Idiopathic
Pachydermoperiostosis

Secondary
   Generalized Pleuro-Pulmonary

   Bronchogenic carcinoma
   Pulmonary metastases, especially osteosarcoma
   Mesothelioma
   Pulmonary lymphoma
   Solitary fibrous tumor of pleura, pleural fibroma
   Cystic fibrosis
   Pulmonary tuberculosis
   Chronic lung infections
   Lung abscess
   Bronchiectasis
   Idiopathic pulmonary fibrosis
   Pulmonary arteriovenous malformation
   Sarcoidosis
   Lung transplant
Cardiac
   Congenital cyanotic heart disease
   Atrial myxoma
   Infective endocarditis
   Right to left shunt
   Gastrointestinal
   Polyposis
   Inflammatory bowel disease
   Coeliac disease
   Whipple disease
   Gastrointestinal lymphoma
   Malignancy, e.g., gastric, pancreatic, oesophageal carcinoma
   Achalasia
   Laxative use
Hepatobiliary
   Liver Cirrhosis including Cryptogenic cirrhosis
   Wilson disease
   Biliary atresia
   Primary biliary cirrhosis
   Primary sclerosing cholangitis
   Hepatopulmonary syndrome
Rheumatologic condition
   Rheumatoid arthritis
   Ankylosing spondylitis
   Systemic lupus erythematosus
   Antiphospholipid syndrome
   Polyarteritis nodosa

(continued)
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Table 16.1 (continued)

   Takayasu’s disease
   Familial Mediterranean fever
Miscellaneous
   Thymoma
   POEMS syndrome
   Myelofibrosis
   Hematological malignancy
   Other malignancies, e.g., nasopharyngeal carcinoma, renal cell 

carcinoma, breast phyllodes tumor, melanoma, thyroid cancer, 
osteosarcoma, ovarian, and adrenal malignancies

 
Localized

Patent ductus arteriosus

Aneurysms
Infected arteritis or vascular graft
Hemiplegia

16.3  Clinical Features

In most cases, digital clubbing is the first manifestation, and as the syndrome pro-
gresses, periostosis becomes evident. Affected patients can present at any point in a 
continuum of symptom complexes, from asymptomatic to a classic triad of club-
bing, periostosis/periostitis, and synovial effusions. Regardless of the etiology, 
clubbing is the most common manifestation of this syndrome, and periostitis is the 
hallmark of HOA.

Classically, patients complain of a deep-seated burning sensation of digits in 
early stages to the excruciating pain of lower extremity long bones, aggravated in a 
dependent position in later stages. Bone and joint pain often mislead to a diagnosis 
of inflammatory arthritis. Symptoms of primary organ dysfunction often provide 
diagnostic cues, including cyanosis, new-onset cough, hemoptysis, weight loss, 
exophthalmos, myxoedema, stigmata of the chronic liver, or biliary disease.

Physical examination often reveals the characteristic findings. Digital clubbing 
with a unique bulbous deformity or a “drumstick” appearance of the nailbeds, where 
edema and increased soft tissue produce rocking of the nailbed [11], is identifiable 
by a meticulous digital examination. Convex nail (Fig. 16.1) with shiny overlying 
skin and loss of normal crease renders the characteristic appearance to both fingers 
and toes. However, toes are more difficult to appreciate due to the normal splaying 
of toe tips. Several methods [12, 13] have been proposed for diagnosing clubbing 
but their interobserver variabilities are significant (Fig. 16.2). They include:

 (a) Lovibond angle or profile sign (angle between the skin proximal to the cuticle 
and proximal take-off of the nail) exceeding 180°,

 (b) Hyponychial angle (angle between the skin proximal to the cuticle and distal 
nail) exceeding 192°,
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Fig. 16.1 Magnified view 
of the left index finger and 
middle finger. This shows 
clubbing with a phalangeal 
depth ratio of more than 
one in the index finger

a b

Fig. 16.2 Methods to diagnose digital clubbing during physical examination. (a) (1) hyponychia 
angle (abc), (2) profile angle (abd), (3) phalangeal depth ratio (depth at interphalangeal [IP] level: 
depth at distal phalangeal [DP] level), and iv) digital index (perimeter at IP level and nailbed [DP] 
level); (b) Schamroth sign
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 (c) Phalangeal depth ratio (ratio between the depths measured at the distal phalan-
geal level and interphalangeal level) greater than 1,

 (d) The Schamroth sign (or Schamroth window test), which is defined as the loss of 
the diamond-shaped window between two juxtaposed nailbeds, and

 (e) The digital index, which is computed by adding the nailbed-to-distal interpha-
langeal ratios of all the digits in the hands after obtaining the ratio of the digit 
perimeter at the nailbed to the digit perimeter at the distal interphalangeal joint 
of each digit, greater than 10.

In primary HOA, skin hypertrophy with coarse facial features and cylindrical 
soft tissue swelling of the soft tissues of the legs (elephant legs) are the typical fea-
tures besides clubbing. The thickening of long bones may be evident in nonmuscu-
lar locations such as ankles and wrists. Tenderness may be elicited on palpation of 
the area affected by periostitis. Swelling of small joints due to effusion may be 
found in the joints adjacent to the site of periostosis/periostitis. Joint involvement, 
typically symmetrical with sizeable joint effusion due to sympathetic response to 
adjacent periostosis, are more commonly found in the knee and wrists. Arthrocentesis 
yields a non/pauci-inflammatory fluid with less than 500/mm3 leucocytes and a ten-
dency to clot spontaneously [14]. As opposed to inflammatory arthritis, both the 
joint and the adjacent bones are symptomatic. The range of motion of the affected 
joint is often slightly decreased only. Rarely does HOA presents without clubbing 
and features of primary organ dysfunction. In these cases, refractory symmetrical 
bone and joint pain with noninflammatory effusion in the adjacent joints presents a 
diagnostic challenge to clinicians.

16.4  Investigations

Clinical diagnosis is often challenging as the symptoms at presentation can be very 
similar to connective tissue diseases, although the rheumatoid factor is often nega-
tive. However, there are reports of HOA associated with lung malignancy being 
associated with positive antinuclear,  anti-Sm and anti-neutrophil cytoplasmic anti-
bodies serology. There are no specific serological markers for HOA but indirect 
evidence of increased bone formation by elevated circulating markers such as bone 
alkaline phosphatase, osteocalcin, or amino-terminal propeptide of type 1 procol-
lagen may be seen. However, these markers do not have a diagnostic role in routine 
clinical practice.

Imaging is the mainstay of diagnosis. Symmetrical periostosis, as smooth perios-
teal reaction in the absence of cortical destruction or fracture, is the hallmark of 
HOA (Fig. 16.3). It typically starts in the shafts of tubular bones (diaphysis), though 
in primary HOA, epiphysis may also be involved. With progression, metaphysis is 
also involved. There is an initial monolayer circumferential widening without trans-
formation of bone shape (Figs. 16.4 and 16.5), followed by multilayered, laminated 
(Figs.  16.6 and 16.7), centripetal thickening with an irregular appearance in 
advanced stages (Fig. 16.8a and b). Typical HOA shows preservation of joint space; 
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Fig. 16.3 Proximal left 
tibia and fibula. This shows 
a subtle periosteal reaction 
(monolayer) along the 
lateral aspect of the 
diaphysis of the fibula

erosions or para-articular osteopenia are absent. Tibia, fibula, radius, and ulna are 
most commonly affected, followed by phalanges [15]. Primary and secondary HOA 
feature similar changes [16]. Identification of periostosis/periostitis on radiography 
should alert the treating physician to consider malignancy, osteomyelitis, or drug- 
related (prostaglandins, fluoride, voriconazole, vitamin A) periostitis. Thyroid acro-
pachy may have radiological signs of multifocal periosteal reactions. Chronic 
venous insufficiency typically shows a solid undulating reaction separated from the 
cortex. Rarely, Camurati Engelmann disease or progressive diaphyseal dysplasia, an 
autosomal dominant condition with overactive TGFβ1 as a result of its mutated 
TGFB1 gene, may also have radiographic features of multifocal periostosis.

Long-standing clubbing can cause osseous resorption at terminal phalanges. 
Also, tuft overgrowth is seen in malignancy-associated HOA, first in toes and then 
in fingers. Such findings can be seen if the radiographs of the affected hands and/or 
feet are carefully reviewed.

Bone scintigraphy with technetium 99m (99m-Tc) methylene diphosphonate 
(MDP) is the most sensitive test showing periosteal involvement and is considered 
the gold standard. Early suspicion based on radiographs should prompt a bone scan 
along with a search for primary etiology with thoracic imaging [17]. Characteristic 
finding, known as the “double stripe” or “tramline” sign (Fig. 16.9), describes sym-
metrical enhanced linear tracer uptake along cortical margins of tubular bones in the 
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Fig. 16.4 Right wrist. 
This shows a subtle 
periosteal reaction 
(monolayer) along the 
dorsal aspect of the 
metaphysis of the radius

bone scan. It often reveals the involvement of the shafts and ends of tibiae, femurs, 
and radii, especially around the knees, ankles, and wrists. Differential diagnoses 
include (a) normal variant, where lateral cortices of the tibiae often appear with 
asymmetric linear uptake; (b) shin splints, which have very similar findings but are 
limited to the tibia; and (c) chronic venous insufficiency. Digital clubbing also 
results in prominent tracer uptake. These findings may resolve after successful treat-
ment of the underlying etiology giving the bone scan an immense utility in monitor-
ing the treatment response.

Magnetic resonance imaging usually shows a low to intermediate signal intensity 
on T1 and T2 weighted images, highlighting periosteal elevation and reaction [10]. 
It also helps in identifying synovial effusions. However, MRI does not have a sig-
nificant role in the diagnosis and management of HOA. Findings of HOA are mostly 
incidental findings in imaging for unrelated conditions.

There are reports of HOA diagnosis based on PET scan findings of irregular 
bilateral periosteal new bone formation with increased fluorodeoxyglucose (FDG) 
uptake. For the same reason, there is a possibility of misdiagnosis of metastatic 
disease based on FDG avidity [18]. PET scan, in particular PET-CT, may be used to 
identify the site of the primary malignancy that results in secondary HOA. Often, 
HOA is noted incidentally on the PET-CT done to search for the metastases.
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Fig. 16.5 Left ankle. This 
shows a definite periosteal 
reaction (monolayer) along 
the medial aspect of the 
metaphysis of the tibia

Secondary HOA should be actively entertained in the differential of bone and 
joint pain and new-onset clubbing in a patient with known malignancy, chronic lung 
disease, liver disease, or cyanotic heart disease. A new diagnosis of HOA based on 
clubbing, periostitis, and arthropathy should always trigger a search for a pri-
mary cause.

16.5  Pathophysiology

There is now evidence to support the contention that clubbing and HOA represent 
different stages of the same disease process [19]. Although several hypotheses have 
been proposed, the exact pathophysiologic mechanism in HOA is unknown, as it is 
challenging to offer good theories to explain the pathophysiologic process that leads 
to the same manifestations from such diverse etiologies.
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Fig. 16.6 Left shin. This 
shows a periosteal reaction 
(lamellated or 
multilayered) along the 
medial aspect of the 
diaphysis of the tibia

The etiopathogenesis of secondary HOA has mainly been attributed to either a 
neurogenic or vascular pathway triggered by circulating growth factors. The vascu-
lar pathway can be classified into two subtypes:

 1. hypersecretion of vasoactive agents by the tumor itself or hypoxemia, and
 2. the mechanical release of vasoactive agents in systemic circulation due to arte-

riovenous shunting within the pulmonary circulation.

In the neurogenic pathway, the affected organs with vagal innervation trigger a 
neural reflex which results in vasodilatation and increases blood circulation to the 
extremities, leading to clinical manifestations. Chemical and surgical vagotomy 
have achieved symptom suppression with varying levels of success [20].
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Fig. 16.7 Right wrist. 
This shows a periosteal 
reaction (lamellated or 
multilayered) along the 
metaphysis and diaphysis 
of the radius and ulna

In the vascular pathway, a hypoxemia-driven surge of circulating growth factors, 
like platelet-derived growth factor (PDGF), vascular endothelial growth factor 
(VEGF), or prostaglandin E2 (PGE2) have been suggested to incite the triad of 
changes in HOA, i.e., clubbing, effusion of small joints, and periostosis of tubular 
bones [21]. Studies have demonstrated overexpression of PDGF and VEGF in HOA 
patients compared to healthy subjects. The functions of PDGF include stimulating 
endothelial and smooth muscle proliferation, increasing vascular permeability, and 
causing neutrophil chemotaxis. VEGF, which is derived from platelets, stimulates 
angiogenesis. Newly formed immature vessel walls tend to be more permeable. At 
the tissue level, VEGF induces vasodilatation, vascular hyperplasia, interstitial 
edema, and collagen deposition. The bulbous deformity of the digits is the result of 
excessive collagen deposition and interstitial edema. Connective tissue proliferation 
in the outer margin of bones elevates the periosteum and deposits the osteogenic 
matrix underneath. VEGF has a direct stimulatory effect on osteoblasts and osteo-
clasts. Paraneoplastic hypersecretion of VEGF by bronchogenic carcinoma and 
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a b

Fig. 16.8 (a) Left wrist (AP view). This shows a periosteal reaction (irregular) along the metaph-
ysis and diaphysis of the radius and ulna. (b) Left wrist (Lat view). This shows a periosteal reaction 
(irregular) along the metaphysis and diaphysis of the radius and ulna

pleural fibrous tumor results in a similar surge of their function. When concurrent 
with malignancies, removal of primary tumors results in a decline of these levels 
and thus the periostitis/periostosis.

In the presence of pathological intracardiac or intrapulmonary shunt, the mega-
karyocytes bypass fragmentation in the pulmonary circulation and enter into sys-
temic circulation instead [22]. This is evidenced by patients with patent ductus 
arteriosus complicated by pulmonary hypertension in whom the acropachy is lim-
ited to the cyanotic limbs. The release of PDGF from entrapped platelet fragments 
at the capillary level promotes hypervascularization and fibroblast activity. Patients 
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Fig. 16.9 Bone scan 
shows classic tramline or 
double stripe uptake in the 
distal femurs and distal 
tibiae bilaterally

with congenital cyanotic heart diseases of myriad forms have a common histologi-
cal feature of pleomorphic giant macrothrombocytes with aberrant volume distribu-
tion curves. There is also glomerular enlargement with entrapped megakaryocytic 
nuclei, as well as a high circulating level of von Willebrand factor antigen. Structural 
damage to vessel integrity is confirmed on electron microscopy, showing the pres-
ence of Weibel–Palade bodies, prominences of Golgi complexes, activated endothe-
lia, duplicated capillary basement membranes, and perivascular lymphocytic 
infiltrate. Synovial cell proliferation is minimal in the adjacent joints, with promi-
nent arterial wall thickening and intravascular deposition of electron-dense mate-
rial. These findings suggest the activation of platelets and endothelial cells as the 
primary histologic mechanisms with subsequent release of growth factors as a sec-
ondary step, leading to the common clinical manifestations.
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Genomic studies of primary HOA support the role of PGE2  in pathogenesis. 
Families with primary HOA carry homozygous and compound heterozygous muta-
tions in the 15-hydroxyprostaglandin dehydrogenase [NAD+] encoding gene 
(HPGD) [23] and solute carrier organic anion transporter family member 2A1 
(SLCO2A1) [24]. The encoded enzyme is critical for platelet degradation. There is 
a resultant high circulating level of PGE2 and its metabolites (PGEM). PGE2 is 
presumed to have an indirect role in secondary HOA through facilitating VEGF 
expression in bones and joints. Five infants were reported to have developed limb 
pain and swelling associated with periostitis after chronic infusion of PGE for con-
genital ductal-dependent heart disease [25].

A somewhat different but well-demonstrated pathology is seen in vascular graft 
infection-associated HOA, where the bacteria adherent to graft releases certain 
endotoxins and vasoactive agents. However, the pathogenesis is not well studied, 
though endothelial activation is suggested [26].

16.6  Management

A multidisciplinary team consisting of specialists (internist, rheumatologist, oncol-
ogist, cardiologist, pulmonologist, palliative medicine specialist, etc.), speciality 
nurses, and pharmacists is best positioned to manage patients with HOA.  Most 
patients will require some degree of reassurance concerning the occurrence of 
HOA. They will need to be educated on the need for further investigations to iden-
tify the underlying cause. Compliance with a thorough evaluation is crucial for 
accurate diagnosis. Patient’s understanding of the secondary nature of this disease 
will help with treatment compliance and eventually improve outcomes.

Treatment strategy can be broadly classified as treating the underlying etiology 
and symptomatic relief. Treatment of primary etiology where definitive treatment is 
targeted at curing the underlying cause [27], including surgical resection, definitive 
chemotherapy or radiofrequency ablation for primary malignancy, antimicrobial 
therapy as in pulmonary tuberculosis, lung transplantation in cystic fibrosis, treat-
ment of liver disease with liver graft or orthoptic liver transplantation, surgical cor-
rection of cyanotic heart disease, and surgical removal of prosthetic graft coupled 
with systemic antibiotic therapy.

Symptomatic relief can be challenging when the primary etiology cannot be 
cured or treated. Considering the advanced stage of the underlying disease, the 
extent of symptoms in this subset of patients may be severe. The involvement of 
a palliative medicine specialist may be beneficial [28]. At times, the use of pallia-
tive radiation therapy may be useful in symptom control. Other modalities 
include non- steroidal anti-inflammatory drugs (NSAIDs), bisphosphonates, 
octreotide, vagotomy, adrenergic blockade, and VEGF inhibitors, which may be 
considered.

Following the publication of a case series of five infants with arthritis and peri-
ostitis following PGE2 infusion for patent ductus arteriosus [25], several reports 
showing a robust response of HOA symptoms to NSAIDs [29], e.g., indomethacin 
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and ketorolac, and cycloxygenase-2 inhibitors have been published. In contrast, opi-
oid analgesics were not found to be nearly as effective.

Case reports have shown that intravenous pamidronate and zoledronic acid pro-
vide symptomatic relief of HOA in bronchogenic and metastatic breast carcinoma 
and cyanotic congenital heart disease [30, 31]. Therapeutic response was noted in 
terms of symptom alleviation and the radiographic resolution of periostitis in the 
bone scans. The mechanism of action of the bisphosphonates traces them to a proven 
inhibition of circulating VEGF levels in plasma.

Octreotide has a well-demonstrated role in inhibiting endothelial proliferation 
through VEGF as well as inhibiting nociceptive neurons. It has been used with some 
success in treating HOA at a daily dose of 200 mcg [32, 33].

A combination regimen of adrenergic antagonists with propranolol and phenoxy-
benzamine was reported to have achieved symptomatic relief in HOA associated 
with small cell carcinoma lung. The treatment response was objectively measured 
by improvement in the thermographic index and the functional ability, including 
ring size and grip strength [34].

In the 1950s and 1960s, ipsilateral vagus nerve dissection was reported to relieve 
the symptom of HOA in inoperable primary lung malignancy cases. It was not a 
preferred modality due to its invasiveness and increasing popularity of the humoral 
theory of pathogenesis. However, the approach was revisited in 2006 by Ooi et al. 
in a patient with inoperable lung malignancy where HOA symptom control was suc-
cessfully achieved by truncal vagotomy using video-assisted thoracoscopic surgery 
(VATS) [35].

VEGF circulating levels and tissue expression are enhanced in almost all HOA 
cases, irrespective of the etiology. Specific VEGF inhibitors are hypothesized to be 
able to achieve symptom suppression in HOA. Therapeutic trials of combining bev-
acizumab with conventional chemotherapy regimens in non-small cell lung cancer 
are underway. Isolated case reports from Japan suggest reducing periostitis in 
advanced lung malignancy with erlotinib, an epidermal growth factor receptor tyro-
sine kinase inhibitor [36]. Certain anticancer chemotherapies that target fibroblastic 
growth factors may also be useful.

The outcomes for patients with HOA depend on the underlying cause. Cases 
associated with a malignancy usually have a poor outcome, despite treatment. HOA 
may remit completely with only symptomatic treatment and specific curative treat-
ment of the underlying cause. Recurrence of symptoms may herald a recurrence or 
exacerbation of the underlying condition. Secondary HOA does not add to the mor-
tality or morbidity of the associated disease. The only complication that may occur 
is osteoarthritis in cases with long-standing HOA.

16.7  Conclusion

Despite being an ancient condition, understanding of the pathogenesis of HOA is 
still limited, even though recent research has identified potential mechanisms and 
the role of significant vasoactive agents, such as VEGF and PGE2. Further 
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research is needed to confirm the findings and associations. Targeted therapy, such 
as anti- VEGF agents, may then be developed based on the improved understand-
ing of the pathogenesis. With the improvement in early detection of lung cancer, 
advances in early surgical correction of cyanotic heart diseases, and improved 
public health practices that reduce the incidences of pyogenic lung diseases, HOA 
is becoming rarer. It is always prudent to consider HOA in cases with oligoarthri-
tis and start a search for underlying pathology as this is often associated with 
malignant disease.
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17Carcinomatous Polyarthritis

Jasmin Raja and Rafi Raja

17.1  Introduction

Malignancy is known to cause a wide variety of systemic conditions, including 
rheumatological conditions with various musculoskeletal manifestations. There can 
be three types of associations between malignancies and rheumatological condi-
tions. Firstly, a direct triggering of a new-onset rheumatological condition by a 
tumor or its metastasis. Secondly, the development of cancer within a temporal 
interval of up to 20 years in individuals with established rheumatic disease. The 
third group of patients have paraneoplastic syndromes, where the rheumatological 
manifestations have a temporal relationship with malignancy which becomes clini-
cally evident within months to a few years.

Paraneoplastic syndromes are rare and occur in the presence of an apparent or 
occult malignancy, but are not due to the direct effects of the tumor mass or its 
metastasis. Approximately 7–10% of paraneoplastic syndromes have rheumatologi-
cal manifestations [1]. The clinical picture in such paraneoplastic syndromes can 
mimic rheumatic diseases as the selective influence of a tumor can affect various 
parts of the musculoskeletal system including the synovium, periosteum, muscles, 
fascia, subcutaneous connective tissue, vessels, and bones. Some examples of such 
paraneoplastic syndromes are carcinomatous polyarthritis, inflammatory myositis, 
scleroderma, fasciitis, and vasculitis [1–5].
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Carcinomatous polyarthritis (CP) is defined as the presence of inflammatory 
arthritis in association with malignancy, but it is not due to direct invasion by the 
tumor or due to metastasis. Its exact prevalence is unknown, but on all counts, it is 
a rare clinical entity with a variable presentation. The early identification of CP 
becomes crucial given the underlying malignancy and the need for early and effec-
tive treatment. This review focuses on CP, the possible pathological mechanisms 
involved, its various presentations, clues to suspecting underlying cancer, and the 
treatment.

17.2  Pathophysiology

The exact pathophysiology of paraneoplastic rheumatic syndromes is unknown. 
Possible tumor-secreted mediators involved in the immune mechanisms are various 
hormones, peptides, antibodies, cytotoxic lymphocytes, and autocrine and paracrine 
mediators [2, 6, 7]. The interplay between malignancy and rheumatological condi-
tions is mostly attributed to the abnormalities in cell-mediated and humoral immu-
nity. There are a few hypotheses that have been proposed as underlying mechanisms 
for the immunological alteration that accounts for the coexistence of cancer and CP.

Circulating immune complexes (CIC) and cytokines are thought to play a role in 
the pathogenesis of CP [8]. The presence of autoantibodies such as rheumatoid fac-
tor or antinuclear antibody (ANA) and perhaps the appearance of the synovial 
biopsy may provide a clue regarding this immune trigger. One study found elevated 
levels of a platelet-activating factor, thought to be CIC that disappeared with tumor 
resection and resolution of symptoms [9]. It has been suggested that platelet aggre-
gation may be an indicator of circulating immune complexes in vivo [10]. Serum 
sIL-2R level, which is one of the markers for immune activation also decreased in 
the case of gastric adenocarcinoma when the manifestation resolved [11]. In the 
case of ovarian malignancy, partial regression of arthritis in response to chemo-
therapy, taken together with the serum biomarkers CA125 and HE4, suggests the 
possible role of CIC [12]. However, this circumstantial evidence of circulating 
immune complexes involved could not be substantiated. In a published report, 
immune complexes failed to be demonstrated in immunofluorescent studies of the 
synovium in a patient with CP secondary to spindle cell carcinoma of the lung [8].

Another proposed underlying mechanism is apoptosis of neoplastic cells which 
is responsible for cross-immune reactions between tumor antigens and synovium. 
This mechanism was demonstrated in a case where the pattern of the T cell antigen- 
receptor γ gene from T lymphocytes infiltrating the renal cell carcinoma and the 
synovial tissue from the Baker’s cyst that was removed before the diagnosis of renal 
cell carcinoma was analyzed [13]. It revealed the presence of monoclonal T cells in 
both types of tissue. This suggests that lymphocytes directed against the tumor can 
cross-react with synovial antigens to trigger CP.

The demonstration of autoantibodies to nuclear proteins and to a wide array of 
tissue-associated antigens in the sera of patients with paraneoplastic rheumatic 
syndromes also supports this hypothesis [14]. Cases of CP with positive anti-CCP 
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antibodies theoretically have been linked to this. Peptidyl arginine deiminase 
(PAD) enzymes convert target peptides from apoptotic cells to citrullinated pep-
tides (e.g., anti-CCP antibodies) in inflammatory arthritis. Synovial tissues from 
patients with rheumatoid arthritis (RA) and with other arthropathies were studied 
and it was found that the presence of antibody formation, not citrullinated proteins, 
in the inflamed synovium is more specific to RA and is likely a result of an abnor-
mal humoral response to these proteins [15]. Whether anti-CCP antibodies are 
involved in the pathogenesis of joint inflammation or are a by-product of synovial 
inflammation secondary to a specific humoral response is unknown. Anti-CCPs are 
formed against citrullinated peptides, and could also result from the antigenic stim-
ulation by citrullinated peptides due to overexpression of PAD14 enzymes in neo-
plastic tissues [16]. The complete understanding of the role of these antibodies as 
mediators of CP remains elusive and further studies are required to confirm 
their role.

17.3  Clinical Features (Table 17.1)

Carcinomatous polyarthritis occurs relatively late, at a mean age of 50 years [18, 
19]. The elderly are the most often affected, and present with new-onset arthritis [2]. 
The age of onset of RA on the other hand is between 30 and 55 years; however, as 
this incidence increases with increasing age, the distinction between RA and CP 
becomes particularly challenging in older populations. Moreover, elderly onset RA 
represents a poorer prognostic subset of the disease, adding to the diagnostic confu-
sion [20]. Unlike female preponderance in RA, available evidence suggests that 
males have a higher predilection to CP [2, 18, 19].

Table 17.1 Key clinical features of carcinomatous polyarthritis [17]

Traditional characteristics of CP New characteristics of CP
Close temporal relationship (12 months) between 
onset of arthritis and malignancy

Average time between arthritis and 
malignancy diagnosis as early as 
3–6 months

Late age at onset Age >50
Asymmetric joint involvement Polyarthritis (symmetrical or asymmetrical)
Explosive or abrupt onset –
Predominance of lower extremity involvement 
with sparing of wrists and small joints of hands

Joint involvement of upper and lower 
extremities, mimicking RA

Absence of rheumatoid factor (RF) Absence or presence of RF or/and 
anti-CCP

Absence of rheumatoid nodules –
No family history of rheumatic disease –
Absence of characteristic radiologic features of 
RA

Erosions may be present, but rare

Nonspecific histopathologic appearance of 
synovial lining

–
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17.3.1  When to Suspect Carcinomatous Polyarthritis?

Carcinomatous polyarthritis by definition (Table 17.2) must occur during the course 
of an identified malignant disease or precede clinical evidence of malignancy [1, 
22]. Symptoms of CP should not be the direct consequence of tumor invasion or 
compression. A close temporal relationship or interval between the onset of arthritis 
and the diagnosis of the associated tumor often does not exceed 2 years. In most 
instances, arthritis precedes the development of malignancy by 8–12 months or as 
little as 3 months [18, 23]. Gur et al. found that 5.8% of the leukemia patients who 
presented with arthritis were seen for arthritis an average of 3.2 months before the 
diagnosis of their leukemia [24]. Malignancy was diagnosed after articular symp-
toms in 88.5%, while in 11.5% it was diagnosed at the time of their rheumatic pre-
sentation [18].

17.3.2  Common Patterns of Presentation

Historically, CP has been characterized by asymmetric joint involvement, a pre-
dilection for lower extremity joints, and sparing of the wrists and hands [25]. 
Presentations such as symmetrical polyarthritis involving wrists, metacarpopha-
langeal, and proximal interphalangeal joints of both hands that resemble RA 
(Fig. 17.1), are seen in up to 85% of the cases [18, 19, 27, 28]. In a study of 18 

Table 17.2 Criteria for carcinomatous polyarthritis [1, 21]

1.  Arthritis should occur during the course of an identified malignant disease or precede 
clinical evidence of a malignancy

2. Symptoms of arthritis should not be attributable to a direct tumor invasion
3. Symptoms of arthritis improve with treatment of the underlying malignancy

Fig. 17.1 Chest X-ray 
showing multiple bilateral 
lung nodules in a man 
presenting with 
polyarthritis, who was later 
diagnosed to have 
lymphomatoid 
granulomatosis. His 
rheumatoid factor and 
anti-CCP levels were 
significantly elevated 
during the initial 
presentation (Adapted with 
permission from [26])
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patients, 8 presented with the typical joint involvement pattern of RA [29]. In 
another series of 26 patients with CP diagnosed within 2 years of the discovery 
of malignancy, four met the American College of Rheumatology (ACR) criteria 
for RA [23]. The differentiation of CP from RA is quite challenging given that 
the patients may fulfill ACR criteria for RA, but clinical awareness and suspi-
cion of CP should always remain, given the certain clues for neoplasia and 
atypical features of arthritis presentation.

Other various patterns of presentation are asymmetrical polyarthritis, monoar-
thritis, oligoarthritis, and migratory inflammation of the joints [2, 18, 19, 27]. In a 
case series differentiating paraneoplastic arthritis from early rheumatoid arthritis, 
patients with oligoarthritis were significantly higher in the former and those with 
symmetrical polyarthritis were significantly higher in the latter group [19]. Bilateral 
sacroiliitis with asymmetrical large joint arthritis, a clinical scenario for diagnosis 
of axial spondyloarthropathy was also reported in hematological malignancies, 
where these patients were not responding to regular NSAIDs [30].

The onset of CP is abrupt or explosive and can be debilitating [28]. Arthritis in 
CP may also have a gradual onset over weeks to months, making CP difficult to dif-
ferentiate from RA [17]. Patients describe their painful joint swellings as sudden 
and severe, painful during rest or at night, and early morning stiffness of joints last-
ing at least for an hour. Physical examination of the joints involved shows tender 
synovitis or soft tissue swelling, limited range of motion of affected joint, usually 
with no deformities. The presence of long bone pain or tenderness is suggestive of 
hypertrophic osteoarthropathy rather than CP. Patients with CP do not have rheuma-
toid nodules [18, 25].

17.3.3  Risk Factors and Extra-Articular Features Suggestive 
of Carcinomatous Polyarthritis

A comprehensive history and physical examination are pivotal in distinguishing CP 
from other more common causes of inflammatory arthritis, with careful attention to 
social and family history to detect any possible risk factors for malignancy. The 
presence of a family history of malignancy or certain risk factors such as smoking 
should increase the suspicion for the development of malignancy. The percentage of 
smokers among CP patients was higher among those with solid tumors (75%) [18]. 
A family history of RA is generally not found in patients with CP [18, 25].

Extra-articular features and presentations that are consistent with an underlying 
neoplasm should prompt relevant clinical assessments. Patients with CP may have a 
general state of deterioration accompanied by constitutional symptoms such as mal-
aise, lethargy, fever, and significant loss of weight which may be there at presenta-
tion or develop gradually thereafter [18, 25]. A detailed physical examination is 
crucial to look for signs of malignancy, for example, a palpable mass in cases of 
solid tumor and cervical lymphadenopathy or hepatosplenomegaly in cases of 
hematological malignancies.
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17.3.4  Types of Malignancies Commonly Associated 
with Carcinomatous Polyarthritis

Carcinomatous polyarthritis has been reported in a variety of solid tumors includ-
ing those of lungs, breast, kidneys, ovaries, thyroid glands, and the gastrointesti-
nal system [12, 13, 17, 18, 21, 27, 31, 32]. Most frequently occurring solid tumors 
are adenocarcinomas of the lungs and breast [2, 18, 21]. RA-like arthritis was 
detected in 16% of cases of paraneoplastic syndromes in patients with lung can-
cer [31].

Carcinomatous polyarthritis has been reported less commonly in hematological 
malignancies compared to solid tumors [2]. In the two case series reported by Morel 
and Kisacik, around 10% of paraneoplastic arthritis were due to lymphomas [18, 
19]. As such, leukemias have a higher prevalence of CP than other hematological 
malignancies. In this context, the diagnosis of hematological malignancies was 
observed to be more delayed than that of solid tumors [18].

17.3.5  Differential Diagnosis

Clinicians must be able to exclude other common causes of inflammatory arthritis. 
Differential diagnosis of migratory polyarthritis or oligoarthritis is broad and 
includes rheumatoid arthritis, crystal arthropathy, spondyloarthropathies, connec-
tive tissue disorders, and infectious causes. In comparison, paraneoplastic syn-
dromes such as CP contribute to less common etiologies.

17.4  Investigations

There are no definitive diagnostic tests for CP hence most investigations are per-
formed to exclude other diseases. Inflammatory markers, i.e., erythrocyte sedimen-
tation rate and C-reactive protein levels are usually elevated when the arthritis is 
active [17–19, 27]. Previously proposed features of CP included negative serologi-
cal tests for rheumatoid factor and anti-CCP [25]. However, in up to 50% of cases, 
seropositive polyarthritis (Fig. 17.1) can be the presenting feature in CP [17–19, 21, 
23, 27]. The presence of rheumatoid factor in such cases can be partially explained 
by the incidental rheumatoid factor positivity in 10–20% of patients with underlying 
malignancies. Cases of malignancies with positivity for anti-CCP have also been 
reported, which can be misleading and may lead to an incorrect diagnosis of RA 
[17, 19, 21, 26, 33]. The presence of a significant titer of ANA is also seen in about 
20% of cases [2, 18, 27].

Another common useful investigation is joint arthrocentesis with synovial fluid 
analysis to exclude the presence of crystals and infection. The synovial fluid gener-
ally shows nonspecific inflammatory changes with moderately raised leukocyte or 
neutrophil counts [1, 18, 21, 26, 27]. Synovial tissue histology shows nonspecific 
synovitis [13, 33]. Radiographic studies are generally unremarkable with the 
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absence of erosions and joint space narrowing except for age-related changes [27]. 
Erosive disease in CP has been described in only a few cases in the literature 
[23, 34].

The clues in hematological investigations and imaging studies are important as 
they often precede other clinical manifestations of neoplasms that aid the diagnosis 
of an underlying malignancy. Anemia is a common concurrent feature seen in CP 
[17, 25]. There may be bi-cytopenia seen in cases of leukemia. Lactate dehydroge-
nase is a useful marker for the differentiation of malignant hematological diseases 
and helps differentiate these from solid tumors and early rheumatoid arthritis [19]. 
Other investigations such as tumor markers, CT scan, FDG-PET scan imaging, and 
a biopsy of the suspicious mass or bone marrow are also warranted.

17.5  Management

One of the important clues pointing towards CP is poor response to NSAIDs or 
glucocorticoids [21, 27, 28]. Some patients may have a transient response to the 
glucocorticoids given either intra-articular, parenterally or orally [17, 21, 26, 32]. 
NSAIDs were efficacious in 45% and glucocorticoids in 91%, though sustained 
remission was not achieved [18]. DMARDs were shown not to be efficient to 
improve symptoms in CP [18, 19]. Poor response to methotrexate, sulfasalazine, 
and hydroxychloroquine has been reported [17, 18, 28, 32]. Conversely, the use of 
glucocorticoids, DMARDs and rituximab to treat arthritis can lead to a minimal or 
partial response in lymphomas, leading to temporary resolution of the symp-
toms [35].

One of the main criteria for CP is improvement and resolution in arthritis symp-
toms following treatment of the underlying malignancy, for example, surgical resec-
tion of the tumor or following chemotherapy [1]. The paraneoplastic synovitis and 
constitutional symptoms improve with regression of the associated malignancy [12, 
18, 21, 32, 36]. In a survival study of patients with CP, the cure of malignancy 
resulted in complete resolution of CP in 76% of patients [18]. Patients with solid 
tumors had significantly higher rates of resolution of articular symptoms as com-
pared to patients with hematological malignancies [18]. Return of arthritis can her-
ald tumor recurrence [37]. In most cases however a tumor relapse or metastasis of 
the primary malignancy is not accompanied by the recurrence of arthritis [18, 36]. 
Arthritis symptoms did not recur in 75% of patients with tumor relapse [18].

17.6  Conclusion

Paraneoplasia provides an interesting relationship between malignancy and rheu-
matological manifestations such as CP, which are complex and not yet completely 
understood. The differential diagnosis of CP is broad and it may mimic RA. Despite 
CP being rare, several of its classical features should prompt suspicion in facilitat-
ing the early diagnosis and timely treatment. A comprehensive detailed evaluation 
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is required to diagnose and then work towards the cure of underlying malignancy, 
which often results in the resolution of symptoms.
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18Arthritis Associated with Immune 
Checkpoint Inhibitors

Noha Abdel-Wahab  and Maria E. Suarez-Almazor 

18.1  Introduction

Cancer treatment has been transformed with the development and approval of 
immune checkpoint inhibitors (ICI). Several ICIs have been approved for the treat-
ment of cancer, providing remarkable survival benefits in both metastatic and adju-
vant settings. Immune checkpoint inhibitors are monoclonal antibodies that target 
the regulatory immune checkpoints which inhibit T cell activation [1]. Thus, ICIs 
take the brakes off of the immune system enhancing the host’s antitumor immune 
response. The approved ICIs are: (1) ipilimumab, and tremelimumab, which are 
antibodies against cytotoxic T lymphocyte-associated protein 4 (CTLA-4); (2) 
nivolumab, pembrolizumab, cemiplimab-rwlc, dostarlimab-gxly, and camreli-
zumab, which are antibodies against programmed death receptor-1 (PD-1); and (3) 
atezolizumab, durvalumab, and avelumab, which are antibodies against programmed 
death-ligand 1 (PD-L1). The use of combination therapy including 2 ICI with 
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different mechanisms of action is becoming more common to address tumor resis-
tance to treatment with a single agent.

Though effective in eliciting antitumor responses, ICIs often result in severe and 
occasionally fatal off-target inflammatory and autoimmune effects owing to unpre-
dictable immune system activation against host organs [2]. While many of these 
immune-related adverse events (irAEs) are transient and resolve rapidly with immu-
nosuppressive therapies and ICI discontinuation, some, especially, endocrinopa-
thies, neurologic, and rheumatologic syndromes can have long-lasting effects and 
sequelae, significantly impacting patients’ function and activities of daily liv-
ing (ADL).

18.2  Epidemiology

Arthralgia can occur in up to approximately 40% of patients receiving ICI. Definite 
arthritis with synovitis is less frequent and has been reported in up to 9% of patients 
treated with ICI. However, the true incidence and severity of arthritis-irAE are still 
undetermined as most studies are retrospective case series [3]. Arthritis-irAE 
seems to be underreported in oncology trials that use the Common Terminology 
Criteria for Adverse Events (CTCAE). The CTCAE version 5.0 defines arthritis as 
grade II if it limits instrumental ADL, which from a rheumatology perspective is 
considered sufficient for treatment as musculoskeletal functional limitations 
severely affect the quality of life. However, many trials report primarily irAE 
grades III–V, and arthritis may have been initially underreported. Prospective lon-
gitudinal studies including denominators with all patients treated with ICI are nec-
essary to accurately estimate the true incidence rate, severity, and outcome of 
arthritis-irAE.

18.3  Risk Factors

Arthritis-irAE occurs more frequently in patients receiving combination ICI ther-
apy. A higher proportion of irAEs, in general, have been reported in Caucasians 
compared to African Americans; however, no racial association with arthritis-irAE 
was identified [4]. Although the female gender was found in one study to be an 
independent risk factor for irAE, it does not seem to be a risk factor for developing 
arthritis-irAE. Age has varied widely at presentation and does not appear to be inde-
pendently associated with developing arthritis-irAE.  Of note, body mass index 
≥25 kg/m2 was recently identified as a risk factor for irAE, including arthritis and 
other rheumatologic irAEs, in patients receiving anti-CTLA-4 or anti-PD-1/PD-L1 
monotherapies, or ICI combination therapies [5]. As for cancer types, rheumato-
logic irAEs and arthritis-irAE may occur more frequently in patients with mela-
noma and genitourinary cancer receiving ICI [4]. Treatment with ICI combination 
therapy, glucocorticoid use within 1 year before ICI initiation, and history of preex-
isting autoimmune diseases are also associated with rheumatologic irAEs and 
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arthritis-irAE [4]. Notably, patients with preexisting inflammatory arthritis (rheu-
matoid, psoriatic, and spondyloarthritis) can experience arthritis flares upon ICI 
initiation, and this risk is higher among patients with active symptoms and in those 
who discontinued immunosuppressant therapy at ICI initiation. Moreover, the pres-
ence of autoantibodies including antinuclear antibodies (ANA), rheumatoid factor 
(RF), antithyroglobulin, and antithyroid peroxidase before ICI initiation have been 
identified as risk factors for developing irAEs, in general, although these results 
were not specific to rheumatologic irAEs or arthritis-irAE [6]. Some patients with 
arthritis-irAE were found to have preexisting anti-citric citrullinated peptide (anti- 
CCP) antibodies, suggesting that a pre-RA status can manifest clinically after ICI 
initiation. So far, no new autoantibodies have been identified in association with de 
novo arthritis-irAE.

18.4  Pathogenesis

Our understanding of the pathogenic mechanisms of irAEs, including arthritis- 
irAE, is still limited. Several mechanisms have been proposed [7]: (1) breach of 
self-tolerance and enhanced preexisting autoimmunity result from generalized 
immune activation induced by ICIs. In arthritis-irAE, immunoprofiling of the syno-
vial fluid showed expanded CD38hi CD8 T cells and Th17 cells; (2) release of cyto-
kines and chemokines from immune cells causing damage in tissues with an 
anatomic predisposition. Indeed, circulating cytokines such as the colony- 
stimulating factors (G-CSF and GM-CSF), chemokines (fractalkine), growth fac-
tors (FGF-2), interferons (IFNα2 and IFNγ), and interleukins (IL12p70, IL1α, IL1β, 
IL1RA, IL2, IL6, IL13, and IL-17) have been linked to irAEs development [6]. In 
arthritis-irAE, the successful use of antitumor necrosis factor (anti-TNF) and anti- 
IL- 6 receptor (anti-IL-6R) antibodies for arthritis management suggest a role of 
these cytokines in pathogenesis [8, 9]; (3) cross-antigen reactivity against tumor- 
specific antigens and self-antigens released from healthy tissues located within and 
around the tumor milieu; (4) off-target effect of ICI therapy leading to damage in 
nonhematopoietic cells that express the target ligand; (5) genetic predisposition 
must play a role in irAEs susceptibility. Germline genetic features identified through 
small pilot studies suggested shared biological pathways between irAEs develop-
ment and autoimmune diseases [6]. Of note, carriers with interferon-gamma 
(IFNG)—1616T  >  C single nucleotide polymorphism homozygous variant were 
found to have an increased risk for rheumatologic irAEs, and the presence of human 
leukocyte antigen (HLA) DRB1 shared epitope alleles (a known risk factor for rheu-
matoid arthritis) was found to be higher in patients with arthritis-irAE compared 
with healthy controls; and (6) apart from the usual factors, gut microbiota, primarily 
Bacteroides intestinalis were associated with irAEs development in ICI combina-
tion therapy-treated patients [6].
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18.5  Clinical Features

Arthritis-irAE can present anytime after initiation of ICI therapy; immediately after 
receiving the first dose or as a late adverse event (AE) occurring 44 months post-
treatment, and it may persist even after ICI discontinuation. Some patients may 
initially present with arthralgia, with or without joint stiffness, but develop overt 
synovitis over time. Most patients developing arthritis-irAE have an undifferenti-
ated clinical presentation that does not always fulfill diagnostic criteria for primary 
autoimmune inflammatory arthritis. We describe below the most common patterns 
(Table 18.1):

Undifferentiated inflammatory arthritis: Patients may present with oligoarthri-
tis or polyarthritis of large joints such as knees, ankles, or wrists, which can be 
symmetric or asymmetric in distribution [10]. Sometimes patients present with 
monoarthritis. These patients are negative for RF and anti-CCP, although some may 
be ANA positive. They generally have normal radiographs at presentation; however, 
they can have persistent inflammation resulting in erosive disease [11, 12].

Table 18.1 Clinical phenotypes of immune checkpoint inhibitor-induced inflammatory arthritis

Clinical pattern Presentation
Undifferentiated inflammatory arthritis –  Oligoarthritis or polyarthritis of large joints 

(symmetric or asymmetric in distribution)
–  Monoarthritis has been reported
–  Negative RF and/or anti-CCP antibodies
–  ANA may be positive

Rheumatoid arthritis-like –  Symmetrical polyarthritis involving small joints 
of the hands and wrists

–  Positive RF and/or anti-CCP antibodies
Seronegative spondyloarthropathy-like –  Oligo/polyarthritis and axial disease or 

enthesopathy
–  Psoriatic arthritis with/without skin changes
–  Reactive arthritis
–  Negative HLA-B27

Polymyalgia rheumatica-like –  Morning stiffness and pain of shoulders and hips
–  Elevated ESR and CRP
–  Negative RF and anti-CCP antibodies
–  Concomitant arthritis has been reported
–  Concomitant giant cell arteritis has been reported

Remitting seronegative symmetrical 
synovitis with pitting edema

–  ESR and CRP may be elevated
–  Negative autoantibodies

Tenosynovitis –  ANA may be positive

RF Rheumatoid factor, anti-CCP Anti-citric citrullinated peptide, ANA Antinuclear antibodies, 
HLA-B27 Human Leukocyte Antigen B-27, ESR Erythrocyte sedimentation rate, CRP 
C-reactive protein
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Rheumatoid arthritis (RA)-like: Patients may present with symmetrical polyar-
thritis predominantly involving small joints of the hands and wrists, along with 
positive RF and/or anti-CCP antibodies in their sera, fulfilling the 2010 American 
College of Rheumatology (ACR)/European League Against Rheumatism (EULAR) 
diagnostic criteria for rheumatoid arthritis (RA) [10]. While not commonly reported, 
this pattern is potentially erosive and may lead to permanent joint damage.

Seronegative spondyloarthropathy (SPA)-like: In addition to oligo/polyarthritis, 
some patients present with axial disease (inflammatory back pain or cervical pain) 
and enthesopathy (pain/tenderness in connective tissues between bones and tendons 
or ligaments such as the heel or iliac crest) [12]. The facet, costovertebral, and sac-
roiliac joints are involved [12, 13], but unlike primary spondyloarthritis, the few 
reported patients tested negative for Human Leukocyte Antigen (HLA)-B27 alleles. 
Moreover, psoriatic arthritis with and without skin changes also presents follow-
ing ICI initiation; all reported patients were seronegative and none had a prior his-
tory of psoriasis [10]. The triad of reactive arthritis (arthritis, conjunctivitis, and 
sterile urethritis) has been observed in some patients, especially after receiving ICI 
combination therapy [10, 12].

Polymyalgia rheumatica (PMR)-like: Some patients present with morning stiff-
ness and pain of both shoulders and hips, with elevated inflammatory markers, such 
as erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP), and negative 
RF and anti-CCP antibodies, fulfilling the 2012 EULAR/ACR classification criteria 
for polymyalgia rheumatica (PMR) [14]. In these patients, joint swelling is not typi-
cal, but some develop effusions in shoulders/hips, subdeltoid bursitis, or biceps 
tenosynovitis, which can be seen by ultrasound or MRI. 

PMR/arthritis overlap: Some patients have atypical PMR features with inflam-
matory arthritis involving other joints most commonly the knees, followed by the 
small joints of the hands and elbows. A few patients have been reported presenting 
with normal inflammatory markers. Patients with PMR have normal muscle strength 
and creatine kinase (CK) levels within normal limits. Unlike primary PMR, patients 
with PMR-irAE may require higher doses of glucocorticoids, exceeding 20  mg 
daily of prednisone. 

Concomitant giant cell arteritis (GCA) has been occasionally reported, with 
patients presenting with jaw claudication, temporal headache, scalp tenderness, and 
vision loss.

Remitting seronegative symmetrical synovitis with pitting edema has been 
reported following ICI therapy, while all reported patients had elevated ESR and 
CRP and were negative for autoantibodies [10, 15].

Tenosynovitis: Some patients develop tenosynovitis in the hands, forearms, 
shoulders, and/or knees. Tenosynovitis may occur either alone or associated with 
arthritis. A few patients were found to be ANA positive [16].

Further studies are required to understand why patients present with such differ-
ent clinical patterns. For some presentations such as RA-like, or psoriatic arthritis, 
it is possible that patients may have a preexisting subclinical disease or predisposing 
genotypes, and that therapy with ICI triggers the subsequent clinical disease. Some 
patients who developed RA-like arthritis were found to have RF and/or anti-CCP 
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antibodies in serum before they received ICI [6]. Some patients with cutaneous 
psoriasis also developed psoriatic arthritis after ICI treatment. One study has 
reported variations in clinical presentation and outcomes in patients receiving anti-
 PD1 alone compared to those receiving ICI combination [12]. Patients receiving 
single-agent anti-PD1 were more likely to develop arthritis-irAE as the only toxic-
ity, presenting with small joints arthritis. On the other hand, those who received ICI 
combination were more likely to develop multiple other irAEs and to present with 
knee arthritis [12]. Persistence of arthritis-irAE after ICI discontinuation was 
reported in more than 50% of the patients in this cohort [17] and was associated 
with having received ICI combination, and with a longer duration of ICI treatment.

18.6  Diagnosis

The ACR generally recommends five measures for RA disease activity including (1) 
clinical disease activity index (CDAI); (2) simple disease activity index (SDAI); (3) 
disease activity score-28-ESR (DAS28 ESR); (4) disease activity score-28-CRP 
(DAS-28 CRP), and routine assessment of patient index data 3 (RAPID 3) and three 
measures for RA functional assessment including (1) health assessment question-
naire- II (HAQ-II); (2) patient activity scale II (PAS II); and patient-reported outcomes 
measurement information system short form—physical function 10a (PROMIS 
PF10a) for use in clinical practice. While few of these measures have been utilized for 
evaluating patients with arthritis-irAE, they still need to be validated in this setting.

Laboratory testing should include: (1) ESR and CRP, which are typically ele-
vated in patients with active inflammatory symptoms although not seen in all 
patients with arthritis-irAE; (2) ANA, RF, and anti-CCP, most patients predomi-
nantly those with undifferentiated arthritis are typically negative; (3) HLA-B27 pri-
marily in patients presented with seronegative spondyloarthropathy-like arthritis; 
(4) Muscle enzymes in patients presenting with PMR-like arthritis, though are typi-
cally normal; (5) Joint aspiration and synovial fluid analysis, which typically reveals 
inflammation with neutrophilic predominance; and (6) hepatitis B and C, human 
immunodeficiency virus (HIV), and tuberculosis primarily if patients will require 
immunosuppressive therapies as this may result in reactivation of latent infection. 
Of note, several biomarkers (blood-based, immunogenetic, and microbial) were 
suggested as predictors for irAEs development, including endocrine toxicities, coli-
tis, dermatitis, and pneumonitis [6]. However, predictive biomarkers for arthritis- 
irAE have not been suggested yet. Future studies with a prospective standardized 
collection of biospecimens (blood and synovial fluid) are important to identify pre-
dictive biomarkers for arthritis-irAE.

Imaging can be employed to confirm diagnosis early on and to exclude other 
possible causes of arthritis. Plain radiography of the affected joints can detect joint 
erosions and joint space narrowing. Whereas ultrasound and magnetic resonance 
(MRI) images can detect synovitis, inflammatory signals, tendinitis, enthesopathy, 
and erosions [11]. Importantly, in patients presenting with PMR-like along with 
features suggestive of GCA, urgent ophthalmological exam and temporal artery 
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biopsy should be considered due to the known risk of permanent blindness with this 
type of vasculitis. Also, MRI, electromyography, or muscle biopsy may be consid-
ered to exclude muscle inflammation or myopathy in case of diagnostic uncertainty. 
Close monitoring is required for patients with arthritis-irAE with periodic clinical 
evaluations including joint examination and serial testing of inflammatory markers 
(ESR and/or CRP) every 4–6 weeks to monitor the therapeutic response until symp-
toms improve. Imaging should also be repeated to follow up for structural damage.

18.7  Differential Diagnosis

At presentation, clinicians typically confirm that symptoms started after initiation of 
ICI and exclude other conditions that may cause similar symptoms including preex-
isting autoimmune disease, osteoarthritis, or crystal arthritis as few patients have 
been reported with worsening or recurrent symptoms following ICI initiation. 
Paraneoplastic arthritis should also be excluded especially if symptoms started 
around the time of cancer diagnosis. Additionally, metastatic disease within the 
adjacent bone or joint structures, and septic arthritis should be excluded primarily in 
patients with monoarthritis.

18.8  Management

The guidelines for the management of irAEs have been published by several key 
oncology and rheumatology societies, based on the severity of presentation as per 
CTCAE grades [8, 9]. For arthritis-irAE, a prompt rheumatology consult is recom-
mended if there is joint pain for more than 4 weeks, joint swelling, arthritis ≥ grade 
2, or unable to taper corticosteroids to <10 mg/day within 4 weeks, and to identify 
signs of joint damage early on. Afterward, an assessment should be made for the 
need for arthrocentesis/intra-articular corticosteroid injection, and initiation/opti-
mal dosing of disease-modifying anti-rheumatic drugs (DMARDs). The decision to 
initiate ICI therapy in patients with preexisting inflammatory arthritis requires a 
rheumatology-oncology multidisciplinary approach to carefully weigh the benefit/
risk ratio while considering the severity of the underlying autoimmune disease, the 
prognosis of cancer, alternative therapies, and patients’ preferences. For these 
patients, it is important to keep their baseline immunosuppressive regimen at the 
lowest efficient dose before ICI initiation as these patients are at high risk of arthritis 
flare after therapy initiation. Generally, the existing guidelines define three treat-
ment escalations for arthritis-irAE, which are summarized in Table 18.2 [8, 9].

Mild arthritis-irAE (grade 1 per CTCAE): Patients with mild arthritis with no 
functional impact on their ADL are managed with acetaminophen or non-steroidal 
anti-inflammatory drugs (NSAIDs) if there is no contraindication, and/or intra-
articular corticosteroid injection. Continuation of ICI therapy is recommended. 
However, if arthritis does not improve within 4 weeks, treatment should be esca-
lated to the next step.
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Table 18.2 Current guidelines for the management of checkpoint inhibitor-induced inflammatory 
arthritis

Clinical pattern Presentation
Mild arthritis-irAE 
(grade 1 per CTCAE)

–  Acetaminophen or NSAIDs if no contraindication
–  Intra-articular corticosteroid injection
–  Continue ICI therapy
–  Escalate treatment to next step if no improvement of arthritis within 

4 weeks
Moderate arthritis- 
irAE (grade 2 per 
CTCAE)

–  Oral prednisone 10–20 mg/day or equivalent
–  Intra-articular corticosteroid injection
–  Consider holding ICI therapy
–  Taper corticosteroid within 4–6 weeks if arthritis improved
–  Escalate treatment to next step and initiate DMARDs if no 

improvement of arthritis within 4 weeks or if unable to taper 
corticosteroids to below 10 mg/day within 6–8 weeks

Severe arthritis-irAE 
(grade 3 and 4 per 
CTCAE)

–  Oral prednisone 0.5–1 mg/kg/day
–  Taper corticosteroid within 4–6 weeks if arthritis improved
–  Escalate treatment to next step and initiate DMARDs if no 

improvement or worsening of arthritis within 2 weeks
     Cs-DMARDs (methotrexate, hydroxychloroquine, sulfasalazine, or 

leflunomide alone or in combination)
       b-DMARDs (anti-TNF or anti-IL-6R)

CTCAE Common Terminology Criteria for Adverse Events, NSAIDs Non-steroidal anti- 
inflammatory drugs, ICI immune checkpoint inhibitor, DMARDs Disease-modifying anti- 
rheumatic drugs, cs-DMARDs Conventional synthetic DMARDs, b-DMARDs biological 
DMARDs, anti-TNF Antitumor necrosis factor, anti-IL-6R Anti-IL-6 receptor

Moderate arthritis-irAE (grade 2 per CTCAE): Patients with moderate arthritis 
with functionally impacted ADL, but not interfering with self-care are managed 
with 10–20 mg/day of oral prednisone or equivalent for 4 weeks, and intra-articular 
corticosteroid injection if ≤2 large joints are involved. ICI therapy should be placed 
on temporary hold. If arthritis improves, oral prednisone should be tapered slowly 
over 4–6 weeks, and ICI therapy should be resumed when prednisone is ≤10 mg/
day. However, if arthritis does not improve within 4 weeks, or if unable to taper 
prednisone to ≤10 mg/day after 6–8 weeks, treatment should be escalated to the 
next step and initiation of DMARDs is recommended.

Severe arthritis-irAE (grade 3 and 4 per CTCAE): Patients with severe arthritis 
impacting self-care and ADL are managed with 0.5–1 mg/kg/day of oral prednisone 
or equivalent. ICI therapy should be placed on temporary hold. If arthritis improves, 
oral prednisone should be tapered slowly over 4–6 weeks, and treatment with ICI 
should be resumed when prednisone is ≤10 mg/day. However, if arthritis does not 
improve within 2 weeks or if worsening of symptoms is noted, initiation of conven-
tional synthetic DMARDs (cs-DMARDs) is recommended; methotrexate, hydroxy-
chloroquine, sulfasalazine, or leflunomide (alone or in combination) are the most 
common at doses used to treat RA. In case of severe or refractory arthritis, the use 
of certain biological DMARDs (b-DMARDs) such as anti-TNF or anti-IL-6R anti-
bodies is recommended. One should keep in mind that persistent inflammation, as 
well as treatment with corticosteroids (prednisone of ≥2.5 mg/day or equivalent for 
≥3 months), increase the risk of osteoporosis, and therefore patients with arthritis- 
irAE should be encouraged to maintain a healthy lifestyle with adequate nutrition 
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and weight-bearing exercises and may require pharmacological therapy [18]. While 
on DMARDs, these patients also need close monitoring of neutrophil and platelet 
counts, serum lipids, liver transaminases, and serum creatinine. If arthritis improves 
to grade 1, ICI therapy should be resumed but should be discontinued permanently 
if there is no improvement after 4–6 weeks of treatment.

Finally, it is worth mentioning that the occurrence of irAEs has been suggested 
as a surrogate for effective antitumor immune response; patients with any grade 
irAEs were found to have higher objective response rate, disease control rate, and 
overall survival, and those with grade 2 or higher irAEs or multiple irAEs had better 
progression-free survival and overall survival [19]. Similarly, patients who develop 
rheumatic and musculoskeletal irAEs per se were found to have better tumor 
response [20]. Therefore, future studies should focus on investigating how we can 
effectively manage irAEs without hindering the antitumor immune response to ICI 
therapy. While published guidelines endorse corticosteroids as first-line therapy for 
irAEs, targeted therapies could be safer and preferable to corticosteroids especially 
for arthritis-irAE, which may likely require prolonged therapy. Studies from mela-
noma and non-small cell lung cancer patients treated with ICIs have shown that the 
use of prednisone ≥10 mg/day led to detrimental cancer outcomes and worsen sur-
vival [21, 22]. Also, the timing of treatment initiation was found to affect the 
response to ICI therapy; patients treated with corticosteroids within the first 
2 months after ICI initiation had shorter progression-free survival and overall sur-
vival as compared to those who received corticosteroids later [23]. With regard to 
corticosteroid-sparing agents, one study showed that the use of cs-DMARDs or 
b-DMARDs for arthritis-irAE did not impact the tumor response to ICI [17]. 
However, another study showed that the use of hydroxychloroquine led to decreas-
ing the efficacy of anti-PD-1 agents [24]. Players in the autoimmune pathways can 
be targeted, such as TNF-alpha, but, given its role in antitumor immunity, concerns 
remain regarding the safety of prolonged anti-TNF therapy and its impact on sur-
vival [25]. On the other hand, anti-IL-6R antibody shows promising results for irAE 
management; a recent systematic review of the literature provided data on 91 
patients, where the use of tocilizumab resulted in clinical benefit and none of them 
were reported with tumor progression [26]. Another study that combined transla-
tional, preclinical, and clinical analyses, identified that targeting IL-6 could be an 
effective approach for irAE management while maintaining and possibly boosting 
tumor immunity [27]. However, anti-IL-6R antibody might not be suitable for 
patients who also had colitis-irAE or preexisting inflammatory bowel disease due to 
the potential risk of intestinal perforation, although isolated case reports have not 
shown complications in these patients [28, 29]. To date, there is only one published 
case reporting the use of tofacitinib; JAK inhibitor, for treatment of arthritis-irAE in 
a patient with metastatic lung adenocarcinoma who achieved remission of arthritis 
and cancer [30]. However, the FDA has recently announced a black box warning on 
tofacitinib use due to concerns about the increasing risk of serious cardiovascular 
adverse events, thrombosis, cancer, and death. To our knowledge, 15 clinical trials 
are currently investigating the use of therapies for prevention and management of 
irAEs in patients receiving ICI therapy (Table 18.3).
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Table 18.3 Current clinical trials investigating targeted therapies for the management of immune- 
related adverse events

Clinical trials Trial ID Status
Tocilizumab, ipilimumab, and nivolumab for the treatment 
of advanced melanoma, non-small cell lung cancer, or 
urothelial carcinoma

NCT04940299 Recruiting

Study of rituximab or tocilizumab for patients with 
steroid- dependent immune-related adverse events (irAEs)

NCT04375228 Recruiting

Checkpoint inhibitor-induced colitis and arthritis—
Immunomodulation with IL-6 blockade and exploration of 
disease mechanisms (COLAR)

NCT03601611 Completed

A phase II study of the Interleukin-6 receptor inhibitor 
tocilizumab in combination with Ipilimumab and Nivolumab 
in patients with Unresectable stage III or stage IV melanoma

NCT03999749 Recruiting

TNF-inhibitor as immune checkpoint inhibitor for advanced 
MELanoma

NCT03293784 Active, not 
recruiting

Infliximab or Vedolizumab in treating immune checkpoint 
inhibitor-related colitis in patients with genitourinary cancer 
or melanoma

NCT04407247 Recruiting

Role of gut microbiome and fecal transplant on medication- 
induced GI complications in patients with cancer

NCT03819296 Recruiting

Ipilimumab, Nivolumab, tocilizumab, and radiation in 
pretreated patients with advanced pancreatic cancer

NCT04258150 Terminated 
(primary 
endpoint was 
not met)

Atezolizumab with or without tocilizumab in treating men 
with prostate cancer before radical prostatectomy

NCT03821246 Recruiting

A study evaluating the efficacy and safety of multiple 
immunotherapy-based treatment combinations in patients 
with advanced liver cancers (Morpheus-liver)

NCT04524871 Recruiting

A study evaluating the efficacy and safety of multiple 
immunotherapy-based treatment combinations in patients 
with metastatic or inoperable locally advanced triple-
negative breast cancer

NCT03424005 Recruiting

Study evaluating the efficacy and safety of multiple 
immunotherapy-based treatments and combinations in 
patients with urothelial carcinoma (MORPHEUS-UC)

NCT03869190 Recruiting

Tofacitinib for the Treatment of Refractory Immune-related 
Colitis From Checkpoint Inhibitor Therapy- TRICK Study

NCT04768504 Recruiting

Treatment Efficacy of Corticosteroids, Mycophenolate 
Mofetil and Tacrolimus in Patients With Immune Related 
Hepatitis (IHEP)

NCT04810156 Not yet 
recruiting

Fecal Microbiota Transplantation in Treating Immune-
Checkpoint Inhibitor Induced-Diarrhea or Colitis in 
Genitourinary Cancer Patients

NCT04038619 Recruiting

18.9  Conclusion

Immune checkpoint inhibition has transformed cancer treatment. However, ICIs 
often result in off-target inflammatory and autoimmune effects. The chances of 
irAEs are higher in those with preexisting autoantibodies and rheumatic diseases. 
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Thus, the decision to initiate ICIs in such patients should be taken in consultation 
with a rheumatologist. Treatment of arthritis irAEs involves temporary withdrawal 
of the ICI and the administration of NSAIDs, glucocorticoids, and/or DMARDs 
depending upon the severity of the irAE. Rare cases may however require perma-
nent discontinuation of ICI therapy.
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19Miscellaneous Arthropathies

Himanshu Pathak and Karl Gaffney

19.1  Introduction

Adequate knowledge and an index of suspicion are required to diagnose rare mus-
culoskeletal conditions. This chapter discusses certain such arthropathies which 
when recognized in time and optimally treated, generally have fair outcomes. 
Amyloidosis is a systemic disorder that may have musculoskeletal manifestations 
through the accumulation of abnormal proteins in articular and periarticular tissues. 
Polymerization of abnormal hemoglobin in Sickle cell disease (SCD) leads to sick-
ling of erythrocytes and tissue hypoxia causing painful vaso-occlusive crises, osteo-
necrosis, dactylitis, and osteomyelitis. Jaccoud’s arthropathy (JA) is a reversible 
deformity of small joints of hands and feet with underlying inflammatory autoim-
mune disease. Arthritis robustus is a very rare presentation of inflammatory arthritis 
where the patient has minimal symptoms. In these rare conditions, the pathophysi-
ology of MSK manifestations is not clearly understood, diagnosis is clinical and 
management of underlying etiology generally improves patient outcomes.
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19.2  Amyloid Arthropathy

Amyloid arthropathy may be seen in patients with primary amyloidosis (AL type), 
secondary amyloidosis (AA type), amyloidosis associated with chronic hemodialy-
sis (deposition of beta-2 microglobulins), and transthyretin amyloidosis. AL type 
amyloidosis is seen with plasma cell dyscrasias while AA type amyloidosis occurs 
with chronic inflammatory conditions like rheumatoid arthritis, ankylosing spondy-
litis, Crohn’s disease, ulcerative colitis, and chronic infections. The incidence of 
amyloid arthropathy in plasma cell dyscrasias has been estimated between 3.7 and 
9.2% [1, 2].

Amyloidosis is characterized by the deposition of fibrous amyloid fibril proteins 
in extracellular tissue space. Amyloid fibril proteins are immunoglobulin light 
chains of either lambda or kappa subtypes. The primary pathogenetic mechanism is 
considered to be protein misfolding and aggregation of fibril proteins in the extra-
cellular space. On histopathology, amyloid proteins show beta-pleated-sheet-rich 
configuration and very specific apple-green birefringence with Congo red staining 
under a polarized light microscope [3]. Immunohistological analysis of synovial 
membranes in amyloid arthropathy reveals synovitis with inflammatory infiltrates 
consisting predominantly of macrophages, T cells and absence of B cells and plasma 
cells [4]. Musculoskeletal manifestations of amyloid arthropathy are characterized 
by the deposition of amyloid proteins in bones, joints, and extra-articular tissues. 
The deposition of amyloid can lead to destructive osteoarthropathy at the hips, 
shoulders, and wrists.

Amyloid arthropathy can have subacute, progressive and rarely a destructive 
course. It can be bilateral and symmetrical, involving small joints of hands, wrists, 
knees, and shoulders thereby mimicking rheumatoid arthritis (RA). Infiltration of 
amyloid proteins into the glenohumeral joint and extra-articular soft tissues can 
manifest as a shoulder pad sign. Shoulder girdle involvement can result in tendi-
nopathies because of the accumulation of amyloid proteins. In addition to joint 
swelling, thickening of the palmar and plantar fascia can be seen. Chronic amyloi-
dosis can lead to compressive neuropathies like carpal tunnel syndrome and tarsal 
tunnel syndrome [2]. Charcot-like arthropathy especially in ankle and knee joints 
has been reported in amyloidosis patients with underlying polyneuropathy [5]. 
Deposition of amyloid proteins in the spine can cause compressive myelopathy and 
nerve root compression. Secondary osteoporosis presenting as osteolytic lesions 
on long bones and vertebrae can cause pathologic fractures [1–3]. Infiltration of 
amyloid proteins in muscles can lead to myopathy manifesting as myalgia, pseudo-
hypertrophy, and limb weakness. Proximal muscles of the upper and lower limbs 
are predominantly involved. Serum creatinine kinase levels in the blood can be 
elevated similar to inflammatory myositis and hereditary myopathies [3]. 
Macroglossia with teeth indentations is a classical sign of muscle infiltration in 
amyloidosis.

Radiographs may reveal soft tissue swelling, periarticular osteoporosis, and 
well-defined subchondral cystic lesions. Thickening of tendons, nodular synovial 
swelling, effusions, and bursitis are characteristically seen on ultrasound and 
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magnetic resonance imaging ((MRI). Low signal intensity in thickened synovium 
and periarticular structures on MRI T1 and T2 weighted sequences have also been 
described in amyloid arthropathy. Similar MRI findings are seen in gout, pigmented 
villonodular synovitis, and hemophilia. The presence of amyloid protein on histopa-
thology and congo red staining confirms the diagnosis. Biopsies can be taken from 
the abdominal fat pad, the synovium of the involved joint or muscle [6].

The differential diagnosis of infiltrative amyloid arthropathy includes rheuma-
toid arthritis, polymyalgia rheumatica, and crystal arthropathies. Soft tissue thick-
ening can also be seen in endocrinopathies like hypothyroidism and acromegaly, 
which need to be differentiated from amyloidosis in the correct clinical context. 
Diffuse swelling of fingers and hands can be confused with sclerodactyly seen in 
scleroderma [7]. Rheumatoid arthritis has multiple similarities to amyloid arthropa-
thy; subacute presentation, and bilateral and symmetrical swelling of metacarpo-
phalangeal and proximal interphalangeal joints. Amyloid-related joint swelling 
usually lacks clinical features of synovitis (warmth, redness), stiffness after immo-
bility, and significant tenderness. Amyloid arthropathy is very rarely erosive unlike 
rheumatoid arthritis [2, 3].

The primary management of amyloid arthropathy and myopathy is the treatment 
of the underlying amyloid subtype disease. Aggressive treatment of multiple 
myeloma and other monoclonal gammopathies usually improves the underlying 
MSK manifestations by decreasing abnormal protein production. Pharmacological 
therapies including non-steroidal anti-inflammatory drugs and low-dose steroids 
can be used for arthritis, while pregabalin and gabapentin can be used for neuro-
pathic symptoms [7, 8].

19.3  Sickle Cell Disease-Associated Arthropathy

Sickle cell disease is an autosomal recessive hemoglobinopathy that is character-
ized by a mutation in the beta-globin chain of hemoglobin and subsequent forma-
tion of hemoglobin S (HbS). It can be either homozygous (the sickle mutation in the 
beta-globin chain of hemoglobin (HbSS)) or heterozygous-like sickle beta-thalas-
semia (sickle beta-globin mutation with another beta-globin mutation) [9].

Sickle cell disease manifests as hemolytic anemia, or tissue ischemia and infarc-
tion because of vaso-occlusive crises. The polymerization of hemoglobin S makes 
sickle-shaped hemoglobin which is more susceptible to degradation in microcircu-
lation. The sickling of red blood cells in bone microcirculation and joint synovium 
cause thrombosis and infarction. The deformed hemoglobin leads to occlusion of 
microcirculation and the resultant inflammatory response generated through neutro-
phils, platelets, and endothelial cells lead to tissue ischemia. Sickling crises may be 
precipitated by dehydration, hypoxia, sepsis, metabolic acidosis, extremes of tem-
peratures, and certain medications. MSK manifestations of SCD include osteone-
crosis, osteomyelitis, osteoporosis, and synovitis [10].

Osteonecrosis usually occurs in the bone marrow of long bones, vertebrae, ribs, 
and pelvis; however, virtually any part of the skeleton can be involved (Fig. 19.1). 
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Fig. 19.1 Pelvis MRI 
(STIR, coronal) of ilium 
bone showing infarct 
(yellow arrow) in a 
31-year-old patient with 
sickle cell disease

In long bones, osteonecrosis primarily occurs at the femoral head and humeral head 
which leads to joint destruction. About 50% of HbSS SCD patients will develop 
osteonecrosis of one or both hips by age of 35 years [9]. In a prospective study of 
2590 patients who were followed for an average of 5.6 years, 9.8% had osteonecro-
sis of one or both femoral heads. The prevalence of osteonecrosis was 21.2% in 
patients with homozygous HbSS genotype and 11.5% in heterozygous genotype. 
The incidence of osteonecrosis was highest in patients with hemoglobin SS geno-
type and alpha-thalassemia (4.5 cases/100 patient-years) [11]. Risk factors for fem-
oral osteonecrosis include older age, male gender, high body mass index, leukopenia, 
Hb SS with the concurrent α-thalassemia trait (with relatively high Hb), and recur-
rent vaso-occlusive crisis. Severe pain and restricted movements of the involved site 
are the main symptoms, however, almost 50% of patients in the early stages of hip 
osteonecrosis can be pain-free with normal mobility. Pain during deep breathing 
and spinal movements may suggest rib and vertebral involvement respectively. 
Pelvic infarctions can produce lower back and buttock pains which worsen during 
movement [11]. Sickle cell disease is the commonest cause of shoulder osteonecro-
sis. The risk factors for shoulder osteonecrosis in adults are the presence of hip 
osteonecrosis and hemoglobin genotype S beta and SC.  Like hip osteonecrosis, 
shoulder osteonecrosis presents with pain and restricted shoulder movements, 
however, it can be asymptomatic until the later stages of the disease [12].

Sickle cell disease can cause sudden onset joint synovitis and dactylitis. Infiltration 
of synovium by plasma cells, synovial ischemia, activation of neutrophils, and other 
inflammatory cytokines in the joint space may all contribute to erosive arthritis. 
Dactylitis presents as sudden episodes of swelling and tenderness of fingers or toes. 
Dactylitis associated with SCD may be self-limiting. In SCD gram-positive and gram- 
negative bacteremia can cause osteomyelitis of hip joints or other large joints. 
Hyposplenism, complement function dysfunction, and local ischemia have been pro-
posed as possible mechanisms for the increased prevalence of osteomyelitis in 
SCD. Repeated episodes of bone infarctions in vertebrae and joints can lead to osteo-
porosis and subsequent increased risk of pathological fractures.

On radiographs of long bones, cystic lesions representing bone infarcts are seen. 
Radiographs show periarticular osteopenia, erosions, and joint space narrowing 
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which resemble other autoimmune arthritis including rheumatoid arthritis. Early 
osteonecrosis of hips and shoulder joints can be missed on plain radiographs, thus 
MRI is the imaging modality of choice for these patients [13].

Hydroxyurea is the initial treatment of choice for SCD. It decreases the polym-
erization of hemoglobin, increases the level of HbF, and decreases the formation of 
sickle cells. Adequate management of SCD usually resolves MSK symptoms. Bone 
marrow transplantation may be required for severe cases of SCD. The management 
of SCD-associated arthropathies mainly consists of acetaminophen and NSAIDs for 
pain management. In advanced stages of osteonecrosis of hips and shoulders, hemi 
or total joint arthroplasty needs to be considered [14].

19.4  Jaccoud’s Arthropathy

Jaccoud’s arthropathy was first described by a Swiss physician Francois- Sigismond 
Jaccoud in 1869 among patients with recurrent rheumatic fever. In modern times, 
JA is seen mainly in patients with systemic lupus erythematosus (SLE); however, 
rheumatic fever remains a significant etiology. It is characterized by reducible or 
reversible deformities of the small joints of hands and feet. These deformities 
include hyperextension at PIP joints and hyperflexion at DIP joints (swan neck), 
hyperflexion at PIP joints, and hyperextension at DIP joints (Boutonniere defor-
mity), subluxation at MCP joints and thumb, ulnar deviation at wrists and hallux 
valgus at toes (Fig. 19.2). Few patients can have a severe “mutilans” form of JA with 
severe synovitis and tenosynovitis [15]. The exact etiology of JA is not known; 
however, hypermobile joints, chronic mild joint inflammation causing tendon laxity, 
fibrosis of the joint capsule, and muscular imbalance are proposed as potential 
mechanisms [16].

Fig. 19.2 Jaccoud’s 
arthropathy in a 32-year- 
old male with a history of 
Rheumatic fever in 
childhood
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In addition to SLE, JA can be seen in patients with other autoimmune connective 
tissue diseases including Sjogren’s syndrome, dermatomyositis, scleroderma, and 
sarcoidosis. The prevalence of JA in SLE is between 2 and 5%. A longitudinal 
cohort study from Latin America showed a higher incidence of renal, hematological 
and neurological manifestations in patients with SLE who had  JA [17].

These deformities can also be found in rheumatoid arthritis, however, in patients 
with JA, deformities can be corrected and erosive changes are infrequent on plain 
radiographs. Small joint erosions can be identified on ultrasound and MRI of 
involved joints.

In chronic forms, reversible deformities of JA can become fixed and difficult to 
differentiate from rheumatoid arthritis. Factors that are associated with increased 
risk of erosions in patients with JA are the presence of rheumatoid factor, raised 
inflammatory markers, and prolonged disease duration. In patients with Rhupus 
(overlap of SLE and RA), hand deformities can be similar to JA but with erosions. 
It has been proposed that JA should be diagnosed only in patients with classical 
deformities, confirmed diagnosis of SLE, and no erosions on radiographs; to pre-
vent confusion with Rhupus [18].

Physical therapy and the use of orthotics for joint protection and strength 
improvement are key components of the management of chronic JA. The nonero-
sive form of JA is treated symptomatically with analgesics and treatment of the 
underlying disease [19]. The presence of clinical synovitis with erosions on imaging 
requires treatment with disease-modifying anti-rheumatic drugs such as hydroxy-
chloroquine and methotrexate to prevent disease progression [15].

19.5  Arthritis Robustus

About half a century ago when late presentations of arthritis were common and 
effective treatments options were limited, few reports described a group of patients 
presenting with proliferative synovitis and deformities in small joints of hands and 
feet, typical of rheumatoid arthritis but with minimal clinical symptoms. These 
patients were predominantly male manual workers and the condition was called 
arthritis robustus (AR) [20]. Similar to  typical rheumatoid arthritis, AR patients had 
bilateral symmetrical joint involvement of carpal and metacarpal joints; however, 
radiologically subchondral cysts were the predominant findings on x-rays and joint 
erosions and periarticular osteopenia were less pronounced than typical RA [21]. A 
lack of recent epidemiological and clinical trial data makes AR more of an observa-
tional entity than a specific subtype of inflammatory arthritis. Available medical 
literature suggests that some patients with AR may progress to typical rheumatoid 
arthritis and disease-modifying drugs such as methotrexate and leflunomide may be 
initial treatment options for them [22]. Treatment of AR should be modified accord-
ing to the patient’s clinical phenotype as many patients and clinicians may choose 
conservative management because of the asymptomatic and slowly progressive 
nature of the condition. Arthritis robustus may be a rare clinical phenotype of 
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Table 19.1 Key features of amyloid arthropathy, sickle cell disease-associated arthropathy, 
Jaccoud’s arthropathy, and arthritis robustus

Rare condition Musculoskeletal manifestations Management principles
Amyloidosis •  Amyloid arthropathy 

infiltrative myopathy
•  Shoulder pad sign, 

Macroglossia
•  Compressive neuropathies 

like carpal tunnel syndrome, 
tarsal tunnel syndrome, 
spinal radiculopathies

•  Osteoporosis of long bones 
and vertebrae

•  Adequate treatment of the underlying cause 
of amyloidosis

•  Non-steroidal anti-inflammatory drugs and 
low dose oral steroids for joint synovitis 
and tenosynovitis

•  Gabapentin and pregabalin for symptoms 
of neuropathy

Sickle cell 
disease

•  Osteonecrosis
•  Osteomyelitis
•  Arthritis
•  Dactylitis

•  Treatment of sickle cell disease: 
Hydroxyurea and bone marrow stem cell 
transplant

•  Paracetamol and non-steroidal anti- 
inflammatory drugs for arthritis and 
dactylitis

•  Replacement arthroplasty interventions for 
osteonecrosis of hips and shoulders

Jaccoud’s 
arthropathy

Reducible deformities of 
hands:
    •  Swan neck deformity 

(hyperextension of PIP 
joint)

    •  Boutonniere deformity 
(hyperextension at DIP 
joint)

    •  MCP joints subluxation
    •  Ulnar deviation at wrists

•  Physical therapy and orthotics for joint 
protection and strength improvement

•  Adequate treatment of underlying 
connective tissue disease

•  Non-steroidal anti-inflammatory drugs, 
low dose steroids, and disease-modifying 
anti-inflammatory drugs 
(hydroxychloroquine, methotrexate) for 
joint synovitis

Arthritis 
robustus

Involvement of hands and feet 
in typical rheumatoid arthritis 
distribution but  with minimal 
symptoms

•  Non-steroidal anti-inflammatory drugs, 
low dose steroids, and disease-modifying 
anti-rheumatic drugs (such as methotrexate 
and leflunomide) for joint synovitis and 
tenosynovitis

rheumatoid arthritis however, this assumption needs further validation from epide-
miological studies across the world.

Table 19.1 summarizes key manifestations and management principles of these 
rare conditions.

19.6  Conclusion

Musculoskeletal manifestations of amyloidosis and SCD indicate poorly controlled 
and progressive underlying disease whereas arthritis robustus and JA do not neces-
sarily correspond to primary disease activity. An understanding of these conditions 
in a busy clinic saves precious time for diagnosis and resources which may 
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otherwise generate a long and exhaustive list of investigations. There is a need of 
increasing awareness about these rare conditions among medical professionals to 
decrease the chances of incorrect diagnosis. A clear and concise explanation to 
patients also decreases their anxiety as there is a lack of patient support resources 
for these uncommon conditions.
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A
Acetabular labrum, 116
Adhesive capsulitis

clinical examination, 100
pathology, 100
phases, 101
risk of, 100
treatment, 106

Advanced glycation end products 
(AGE), 80, 99

Alizarin Red S staining, 65, 66
Alkaptonuria, see Ochronosis
Alkylating agents, 45
Amyloid arthropathy (AA), 67, 244, 245, 249
Anabolic therapy, 92
Ankylosing spondylitis, 146, 198
Anterior Chest Wall (ACW) synovitis, 51, 

53, 55, 56
Anti-citrullinated protein antibodies 

(ACPA), 2, 170
Antimalarials, 8
Antiresorptive therapy, 91
Arnold-Chiari malformation, 84
Arthralgia, 232
Arthritis robustus (AR), 243, 248, 249
Arthroplasty, 92
Ascorbic acid, 147
Assistive devices, 91
Asymmetrical syndesmophytes, 56
Atrophic form, 83
Auto-inflammation, 2, 8
Autosomal recessive disorder, 139

B
Baker’s cyst, 222
Basic calcium phosphate (BCP) crystals

calcific periarthritis

clinical features, 68, 69
diagnosis, 69, 70
differential diagnosis, 71
epidemiology, 69
management, 71
pathogenesis, 70, 71

factors, 63
Milwaukee Shoulder Syndrome

clinical features, 64
crystal analysis, 65, 66
differential diagnosis, 67
epidemiology, 65
historical perspective, 64
imaging, 66, 67
management, 68
pathophysiology, 67
synovial fluid analysis, 65

Birefringence, 65
Bisphosphonates, 42, 45
Bone disease, 14, 15
Bone erosions, 25, 38, 39
Bone growth stimulation, 92
Bone resorption, 14
Bony destruction, 67
“Boxing glove” sign, 26
Bronze diabetes, 112
Brucella arthritis, 198
Brucella sacroiliitis, 197, 198
Brucella spondylitis, 194–198
Brucellosis

bone and joint brucellosis
brucella arthritis, 198
brucella sacroiliitis, 197, 198
brucella spondylitis, 194–197
PUO, 199

clinical features, 193
complications, 191
epidemiology, 191, 192
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involvement, 199
microbiology, 192
pathogenesis, 192, 193
treatment, 200

C
Calcaneal pitch, 88
Calcific periarthritis (CP)

clinical features, 68, 69
diagnosis, 69, 70
differential diagnosis, 71
epidemiology, 69
management, 71
pathogenesis, 70, 71

Carbonate-substituted hydroxyapatite, 63
Carcinomatous polyarthritis (CP)

clinical features, 223
clinical presentation, 224, 225
definition, 222, 224
differential diagnosis, 226
investigations, 226, 227
management, 227
paraneoplastic syndromes, 221
pathophysiology, 222, 223
risk factors and extra-articular 

features, 225
types, 221, 226

Carpal tunnel syndrome, 102, 103, 107
CD4 + Th cell, 17
CD73 deficiency, 70, 71
CD163, 41
Cervical spondylosis, 84
Charcot arthropathy, 75
Charcot joint, 76, 80, 85
Charcot-like arthropathy, 244
Chikungunya (CHIK), 179

acute chikungunya fever
clinical features, 181
management, 181, 182

chronic chikungunya arthritis
clinical features, 182–184
investigations, 184, 185
management, 185–187

definition, 179
global epidemic, 180
illness, 179

Chondrocalcinosis, 116, 120
Chronic arthritis

dactylitis, 14, 15
granulomatous synovitis, 13
Jaccoud’s arthropathy, 14
tenosynovitis, 13

Chronic Recurrent Multifocal 
Osteomyelitis, 51

Circulating immune complexes (CIC), 222
Clonal origin, 43
Colchicine, 20
Collagenases, 67
Common Terminology Criteria for Adverse 

Events (CTCAE), 232
Complex regional pain syndrome 

(CRPS), 29, 103
Contrast-enhanced CT scan, 38
Coral beads sign, 37
Cortical hypertrophy, 56
Corticosteroids, 174
Covid-19, 149
C-reactive protein (CRP), 81
Crystalline arthritis, 65, 66, 70, 71
Cuboid height, 86
Cutibacterium acnes, 52
Cyclic citrullinated peptide (CCP) 

antibodies, 27

D
Dactylitis, 14, 15, 155, 156, 246
Defluoridation techniques, 134
Degenerative lumbar spondylosis, 198
Denosumab, 45, 93
Dental fluorosis, 130
Destructive polyarthritis, 36, 45, 46
Diabetes mellitus, 75, 76, 78, 85, 97, 98
Diabetic cheiroarthropathy

AGE, 99
cohort studies, 98
definition, 98
diabetic sclerodactyly, 99
history, 98
prayer sign, 99, 100
prediabetes, 99
proximal interphalangeal joints, 99
tabletop sign, 99
treatment, 106

Diabetic myonecrosis, 105, 107
Diabetic neuropathy, 81, 82
Diabetic sclerodactyly, 99
Diagnostic criteria for SAPHO syndrome, 54
Diffuse idiopathic skeletal hyperostosis, 

104, 105
Digital clubbing, 203, 206, 210
Disease-modifying anti-rheumatic drugs 

(DMARDs), 45, 151, 237
Distal interphalangeal joints (DIP), 36

inflammation of, 37
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involvement, 44
Dual-energy computed tomography, 69
Dupuytren’s contracture, 101, 107

E
Endemic fluorosis, 125, 129
Enthesitis, 53, 168, 169
Erythrocyte sedimentation rate (ESR), 81
Exostectomy, 92
Extracapsular involvement, 6
Extrapulmonary sarcoidosis, 14
Exuberant effusions, 64

F
Flexor tenosynovitis, 101, 102
Fluoride, 125, 126, 132
Fluorine, 125, 126, 132
Fluoroquinolones, 157
Foamy histiocytes, 40, 41
Forward flexion deformity, 142
Fracture prevention liaison service, 89
Friedreich-Erb-Arnold syndrome, 204
Frozen shoulder, 100, 101

G
Genetic hemochromatosis (GH), 111–113
GeneXpert MTB assay, 160
Giant cell arteritis (GCA), 235
Glucocorticoids, 19
Gout, 5, 7
Granuloma annulare, 44, 45
Granulomatous synovitis, 13
Greyish-black discoloration, 141, 142

H
Hand osteoarthritis, 103, 104, 107
Hansen’s disease, see Leprosy
Hemochromatosis arthropathy

clinical features, 113–116
genetic hemochromatosis, 112, 113
HFE gene, 111, 112
imaging features, 116–119
management, 120
pathophysiology, 112
unmet needs, 121

Hemoglobin S (HbS), 245
Hepcidin deficiency, 112
Hindfoot pronation, 120
HLA-B27, 13

Homogentisate 1,2-dioxygenase (HGD) 
enzyme, 139

Homogentisic acid, 140
Homogentisic aciduria, 140
HRZE therapy, 160
Human immunodeficiency virus (HIV), 151
Human leukocyte antigen (HLA), 24
Hydroxyurea, 247
Hypercalcaemia, 17
Hyperostosis, 56
Hypertrophic osteoarthropathy (HOA)

clinical features, 206–208
clinical findings, 203
clinical investigations, 208–215
etiology, 204–206
management, 216, 217
pathophysiology, 211–213, 215, 216
prevalence, 204

Hypophosphatasia, 70

I
IL-1, 52
IL-17 inhibitors, 52, 58
Immune checkpoint inhibitors (ICI)

antitumor responses, 232
clinical features, 234
clinical phenotypes, 234
diagnosis, 236, 237
differential diagnosis, 237
epidemiology, 232
management, 237

DMARDs, 237
guidelines, 237, 238
mild arthritis-irAE, 237
moderate arthritis-irAE, 238
severe arthritis-irAE, 238–240

pathogenesis, 233
PMR, 235
remitting seronegative symmetrical 

synovitis, 235
rheumatoid arthritis, 235
risk factors, 232, 233
SPA, 235
T cell activation, 231
tenosynovitis, 235, 236
undifferentiated inflammatory arthritis, 234

Inflammation, 37, 42
Inflammatory cytokines, 63
Inflammatory theory, 80
Interferon-γ, 159
Intervertebral discs, 116, 144, 145
Intralesional glucocorticoid therapy, 106
Iontophoresis, 71
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J
Jaccoud’s arthropathy (JA), 14, 247–249
Joint involvement, 3

K
Knee involvement, 64

L
Leonine facies, 37
Leprosy, 83

clinical features
acute oligo- and polyarthritis, 166, 167
chronic arthritis, 167
neuropathic arthropathy, 167
SHFS, 168
tenosynovitis and enthesitis, 168, 169

definition, 165
diagnosis

clinical manifestations, 168–174
histology, 171
laboratory, 170
radiology, 170

differential diagnosis, 171, 172, 175
epidemiology, 166
incidence, 165
management, 174–176
multi-drug therapy, 165
pathophysiology, 166
prevention, 176
skin lesions, 165

Löfgren’s syndrome, 12
Lupus pernio, 15

M
Maleylacetoacetic acid (MAA), 139
Malignancy/metastatic deposits, 198
Metacarpophalangeal (MCP) joints, 36, 114
Methotrexate, 58
Methylene diphosphonate (MDP), 209
Mild sensory symptoms, 172
Milwaukee Shoulder Syndrome (MSS)

clinical features, 64
crystal analysis, 65, 66
differential diagnosis, 67
epidemiology, 65
historical perspective, 64
imaging, 66, 67
management, 68
pathophysiology, 67
synovial fluid analysis, 65

Monocyte chemoattractant protein-1 
(MCP-1), 42

Mucosal involvement, 37
Multicentric reticulohistiocytosis (MRH)

autoimmune conditions, 43
clinical features, 36, 37
differential diagnosis, 43, 44
histopathology, 39–42
imaging, 38–40
laboratory investigations, 37
malignancy, 43
pathogenesis, 42, 43
treatment, 45, 46

Multidrug therapy (MDT), 165
Multinucleated histiocytes, 40, 41
Multisystem sarcoid, 14, 16
Musculoskeletal (MSK) manifestations

amyloid arthropathy, 244, 245
arthritis robustus, 248, 249
Jaccoud’s arthropathy, 247, 248
pathophysiology, 243
SCD, 245–247

Musculoskeletal ultrasound (MSUS), 27
Mycobacterium tuberculosis, 150

N
Nerve conduction study, 82
Neuropathic arthropathy, 76, 84, 105, 167
Neuropathic osteoarthropathy (NOA)

clinical features, 76–79
acute neuropathic arthropathy, 77
Charcot foot, 77
chronic deforming arthropathy, 77, 79
Eichenholtz classification, 76
joint involvement and 

aetiologies, 76, 77
clinical manifestations, 75
epidemiology, 76
genetics, 81
history, 75
laboratory investigations, 81, 82
nerve conduction study, 82, 83
pathogenesis

factors, 80, 81
neurotraumatic theory, 80
neurovascular theory, 80
osteoprotegerin-RANKL-RANK 

axis, 80
proinflammatory state, 80

radiography
ankle and foot joint, 85, 86, 88–90
bone sclerosis and osteophytes, 83
elbow joint and wrist joint, 84, 85
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hip joint, 84
knee joint, 85, 86
shoulder, 84, 85
spine, 83, 84
types, 83

treatment
bone growth stimulation, 92
fracture prevention liaison service, 89
general measures, 90
healthcare professionals, 89
lower limb, 91
novel/experimental therapies, 93
pharmacological therapy, 91, 92
surgical management, 92, 93
upper limb, 90

Neurosensory deficit, 75
Neurotraumatic theory, 80
Neurovascular theory, 80
Nitisinone, 147
NLPR3 inflammasome, 71
Noncaseating granulomas, 17, 18
Non-Langerhans cell (LC) histiocytosis, see 

Multicentric reticulohistiocytosis
Nonsteroidal anti-inflammatory drugs 

(NSAIDs), 8, 45, 174
Non-transferrin bound iron (NTBI), 112
Nontuberculous mycobacteria (NTM), 150

O
Ochronosis

clinical features, 140–143
differential diagnosis, 145, 146
imaging

peripheral joint disease, 145
spinal disease, 144, 145

investigations, 143
management, 146, 147
pathogenesis, 139, 140
prevalence, 139

Ochronotic arthropathy, 141, 146
Octacalcium phosphate, 63
Osteitis, 52
Osteoarthritis (OA), 114, 120, 145, 146
Osteoarticular, 51
Osteoclast activation, 42, 93
Osteolysis, 56
Osteomyelitis, 55, 84, 92, 155
Osteoprotegerin (OPG), 80, 81

P
Paget’s disease, 55
Palindromic rheumatism (PR) flares

clinical features, 3, 4
differential diagnosis, 4–6
imaging pattern, 5–7
management, 7, 8
pathogenesis, 2, 3

Palmoplantar Pustolosis, 51
Pamidronate, 58
Papulonodular mucocutaneous rash, 36
Paraneoplastic RS3PE, 24, 28
Paraneoplastic syndrome, 204, 221
Pathologic calcification, 63, 67
Peptidyl arginine deiminase (PAD), 223
Periarticular calcific deposits, 69, 70
Periostosis, 206, 208
Peripheral joint disease, 145
Peripheral spondyloarthritis, 29
Periungual region, 44
Phalen’s sign, 102, 103
Phenylalanine, 140, 147
Pierre Marie-Bamberger syndrome, 203
Platelet-derived growth factor (PDGF), 213
Platelet-rich plasma therapy, 71
Polymyalgia rheumatica (PMR), 29, 235
Pott’s disease, 152, 153
Pott’s spine, 153
Prayer sign, 99, 100
Prednisone, 31
Prescriptive shoes, 91
Progression, 2, 4, 8
Prolapsed intervertebral disc, 197
Propionibacterium acnes, 52
Prostaglandin E2 (PGE2), 213
Proximal interphalangeal (PIP) joints, 99
Pseudopodagra, see Calcific periarthritis
Pustulosis, 55
Pyrazinamide, 157
Pyrexia of unknown origin (PUO), 199

R
Radionuclide scan, 132
Reactive oxygen species (ROS), 80
Receptor activator of nuclear factor-κB ligand 

(RANKL), 93
Reflex sympathetic dystrophy, 103, 107
Relapsing-remitting arthritis, 2, 3
Remitting seronegative symmetrical synovitis 

with pitting edema (RS3PE), 168
clinical presentation, 25, 26
diagnosis

classification criteria, 27, 28
malignancies, 28, 29
RA, PMR and peripheral 

spondyloarthritis, 29
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differential diagnosis
non-rheumatic disorders, 29
rheumatic disorders, 29–31

imaging, 27
laboratory findings, 26
treatment, 31, 32

Remitting seronegative symmetrical synovitis 
with pitting oedema (RS3PE)

epidemiology, 24
laboratory findings, 27
pathogenesis, 24
pathophysiology, 25

Rheumatic disease, 156, 157
Rheumatoid arthritis (RA), 29, 36, 145, 

223, 235
Rheumatoid factor (RF), 2, 170
Rituximab, 8
Rocker bottom foot, 78
Rotator cuff tear arthropathy, 64

S
Sacroiliitis, 155, 158
Sarcoidosis

biologic therapy, 20
biopsy, 18
characteristics, 16, 17
clinical features

bone disease, 14, 15
chronic arthritis, 12–15
Löfgren’s syndrome, 12

disease-modifying agents, 19, 20
imaging, 18, 19
initial treatment, 19
laboratory investigations, 17

Self-limited skin lesions, 42
Self-remitting disease, see Multicentric 

reticulohistiocytosis
Seronegative spondyloarthropathy (SPA), 235
Seronegativity, 27
Sialic acid/glycosaminoglycan (SA/GAG) 

ratio, 132
Sickle cell disease (SCD), 243, 245–247, 249
Skeletal fluorosis

clinical features, 130, 131
clinical manifestations, 125
differential diagnosis, 133, 134
genetic polymorphism, 129
histopathology, 129, 130
imaging, 132
laboratory investigations, 132
mineralization, 129
occurrence, 129

pathogenesis
bone architecture, 128
bone cells, 128
bone minerals, 127
collagen-mineral interface, 128, 129
toxicity, 127

prevention, 134
remodelling, 129
treatment, 134

Sonozaki syndrome, 55
Spinal disease, 144, 145
Spinal tuberculosis, 197
Spondylitis, 152, 153
Spondylodisciitis, 57
Sterile osteomyelitis, 52, 54, 55
Sternoclavicular joints, 53
Sternocostal joints, 53
Sternocostoclavicular hyperostosis 

(SCCH), 55
Straight leg raising (SLR), 197
Swollen hands and feet syndrome (SHFS), 168
Symmetric polyarthritis, 31
Symphysis pubis, 116
Synovial fluid analysis, 39, 81, 160
Synovitis, Acne, Pustulosis, Hyperostosis, 

Osteitis (SAPHO) syndrome
bone scintigraphy, 57
clinical features, 53
computer tomography, 56, 57
diagnosis, 53, 54
differential diagnosis, 55, 56
laboratory investigations, 58
magnetic resonance imaging, 57
pathophysiology, 52
plain radiography, 56
positron Emission Tomography, 57
treatment, 58, 59

Syphilis, 75, 85
Syringomyelia, 75, 77, 82–84
Systemic lupus erythematosus (SLE), 247

T
Tendinous calcification, 145
Tenosynovitis, 2, 5, 6, 13, 168, 169, 235, 236
Teriparatide, 92
Thyroid acropachy, 209
Tidal irrigation, 68
Tinel’s sign, 102
TNF inhibitors, 20, 58
Touraine-Solente-Golé syndrome, 204
Tricalcium phosphate, 63
Trigger fingers, 106
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Tube Agglutination Test (TAT), 192
Tuberculin skin test (TST), 159
Tuberculosis (TB), 16

Covid-19, 149
diagnosis, 158–160
epidemiology, 149, 150
imaging, 158
immunological phenomenon, 157, 158
musculoskeletal system

arthritis, 153–155
osteomyelitis, 155, 156
spondylitis, 152, 153

pathogenesis, 150
rheumatic disease, 156, 157
rheumatic disorders, 157
risk factors, 150, 151
treatment, 160, 161

Type 1 Hemochromatosis, 111, 112
Tyrosine metabolism, 139, 140, 147

U
Ultrasound (US), 2
Undifferentiated inflammatory arthritis, 234
Unifocal osteomyelitis, 54

V
Vascular endothelial growth factor (VEGF), 

24, 25, 27, 213
Vertebral lysis, 83
Vimentin staining, 41

W
Weight-bearing braces, 91

Z
Zoledronic acid, 91
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