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Musculoskeletal manifestations of the antiphospholipid syndrome
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The scope of clinical and laboratory manifestations of the antiphospholipid syndrome (APS)
has increased dramatically since its discovery in 1983, where any organ system can be
involved. Musculoskeletal complications are consistently reported in APS patients, not only
causing morbidity and mortality, but also affecting their quality of life. We reviewed all
English papers on APS involvement in the musculoskeletal system using Google Scholar
and Pubmed; all reports are summarized in a table in this review. The spectrum of manifest-
ations includes arthralgia/arthritis, avascular necrosis of bone, bone marrow necrosis, complex
regional pain syndrome type-1, muscle infarction, non-traumatic fractures, and osteoporosis.
Some of these manifestations were reported in good quality studies, some of which showed an
association between aPL-positivity and the occurrence of these manifestations, while others
were merely described in case reports. Lupus (2016) 25, 451–462.
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Introduction

Antiphospholipid syndrome (APS), also known as
‘Hughes syndrome’, is an autoimmune hypercoa-
gulability disorder characterized by arterial and/or
venous thrombosis and recurrent pregnancy losses
in patients with antiphospholipid antibodies (aPL)-
positive sera. aPL comprises three main antibodies:
anticardiolipin (aCL), lupus anticoagulant (LA),
and anti-b2-glycoprotein-I antibodies (anti-
b2GPI).1,2

The scope of clinical and laboratory manifest-
ations attributed to APS has increased dramatically
since its discovery in 1983. Almost every organ
system is a potential target for the disease.3

Musculoskeletal involvement has been reported in
many cases, further affecting the quality of life in
APS patients. In this organ system, avascular
necrosis of bone is a chief manifestation of APS,
among several other complications. Table 1 lists the
reported musculoskeletal complications and

Table 2 summarizes studies reporting these compli-
cations in APS patients.4–28 The aim of the current
review is to highlight the involvement of APS in the
musculoskeletal system and suggest a management
plan for the associated complications.

Arthralgia and arthritis

Primary APS (PAPS) is a common cause of arth-
ralgia. In cases secondary to systemic lupus erythe-
matosus (SLE), arthritis becomes more reported as
well.29 However, there is no clear-cut differentiation
to whether the pathogenesis of APS contributes to
arthritis or it is simply a flare of lupus arthritis.

In the Euro-phospholipid cohort of 1000 APS
patients, Cervera et al. reported arthralgia in
38.7% of subjects,14 equally distributed among pri-
mary and secondary APS patients. Arthritis devel-
oped in 27.1% of the participants, more
significantly in patients concomitantly suffering
from SLE (56% versus 3% of PAPS) and in
females.14 In the Latin American cohort of PAPS,
Mejı́a-Romero et al. reported that arthralgia was
even more prevalent in this group of patients com-
pared to the Euro-phospholipid cohort.30 The most
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recent publication from the Euro-phospholipid
cohort reported more arthralgia (31.1% vs 8.1%)
and arthritis (21.2% vs 2.8%) in SLE-related APS
compared to PAPS patients.28 Weber et al. identi-
fied arthralgia and arthritis in 83% of patients with
SLE-related APS compared to 41% with PAPS.31

Queyrel et al. described eight PAPS patients with
non-erosive arthritis, where three had lupus-like
disease.32 Olmos et al. reported a rare case of hum-
eral artery thrombosis manifesting as elbow mono-
arthritis in a PAPS patient.27 It is important to
mention that from clinical experience, arthralgias
are frequently associated with Sjögren’s disease, a
habitual companion of APS in many cases.

Management of arthralgia and arthritis in PAPS
is primarily symptomatic. Most patients respond
very well to analgesics and nonsteroidal anti-
inflammatory drugs (NSAIDs). In the majority of
SLE-related APS patients, osteoarticular symptoms
are attributed to a SLE flare and thus managed
with SLE drugs, i.e. corticosteroids, hydroxychlor-
oquine, or other immunosuppressive agents.33

Avascular necrosis of bone

Avascular necrosis of bone (AVN), also known as
osteonecrosis (ON), is a result of interruption of
blood flow into bone cells, altering its metabolism
and lifespan. AVN can be caused by a variety of
traumatic and non-traumatic factors, where ster-
oids and excessive alcohol use account for more
than 90% of the cases.34 Other factors include
numerous pro-thrombotic conditions, including
but not limited to factor V Leiden mutation, ele-
vated factor VIII levels, protein C or S deficiency,
homocysteine mutation, anti-thrombin deficiency,
methylenetetrahydrofolate reductase mutation and
presence of aPL.29,35–38 In non-traumatic AVN,
histology shows thrombosis of terminal arteries in
subchondral bone that usually lacks collateral cir-
culation, leading to endothelial damage and

progressive involvement of arterioles, venules, and
veins.7,39,40

Pain is the most common presenting symptom of
AVN. However, AVN is asymptomatic in a small
proportion of patients and is incidentally detected
on imaging studies. Magnetic resonance imaging
(MRI) reveals the pathognomonic crescent sign
(subchondral radiolucency) reflecting subchondral
collapse.29,41 X-ray can remain normal for several
months after the onset of pain rendering it less
useful. Nevertheless, mild density changes are seen
as the disease progresses, followed by development
of cysts and sclerosis later on.42 Bone scintigraphy
with technetium-99m is utilized as a screening tool
when suspecting multiple AVN or in patients with
negative radiographs.43 MRI remains the most sen-
sitive study for identifying early stages of AVN,
detecting more AVN cases than X-rays, radionu-
cleotides, and CT scans.18,42,43

AVN in PAPS

Many studies have reported the occurrence of AVN
in PAPS patients. The incidence varied between
0.9% and 20%.14,18 In a cohort of 70 PAPS
patients, Asherson et al. found that 3% of patients
had an episode of AVN during the follow up
period.4 The largest cohort consisting of 538
PAPS patients was followed by Cervera et al. and
revealed AVN in 0.9% of subjects.14 In a well-
controlled study by Tektonidou et al.,18 MRI was
performed in 79 patients (30 PAPS, 19 SLE, and 30
control subjects) who were asymptomatic for AVN.
Six (20%) out of 30 PAPS patients had positive
AVN imaging: 3 showed intermediate bilateral
AVN and 3 showed early AVN, 1 of which was
bilateral. While aCL was detected in 47.4% of the
19 SLE patients, none of the SLE and none of the
30 control subjects showed AVN on MRI.
Noteworthy, none of the study subjects had history
of corticosteroid intake. In addition, the study
showed that AVN patients were younger and had
shorter disease duration. Livedo reticularis
occurred more frequently in PAPS with AVN com-
pared to non-AVN patients.18 On the other hand,
Vianna et al. did not detect any case of AVN
among 58 patients with PAPS after 5-year follow
up.44 Similarly, Liote et al. did not find symptom-
atic AVN in a series of 21 PAPS patients, in con-
trast to 10% (7/69) of secondary APS patients.45

Numerous case reports associating AVN with
PAPS have been published as well. Sciascia et al.
described a case of PAPS young female who have
not been on corticosteroids presenting with right
knee pain. MRI showed unusual AVN of the

Table 1 List of musculoskeletal complications reported in
APS and aPL-positive patients

Musculoskeletal complications

Arthralgia/arthritis

Avascular necrosis of bone

Bone marrow necrosis

Complex regional pain syndrome type-1 (reflex sympathetic dystrophy)

Muscle infarction

Non-traumatic fractures

Osteoporosis
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distal femur and the proximal tibia.46 Rueda et al.
reported another case of AVN occurring in the
femoral and humeral heads of a PAPS male not
on corticosteroids.22 Several other AVN cases
involving different bone sites in PAPS patients
were separately reported in literature.5–7,19

AVN in SLE with aPL

Dubois and Cozen were the first to describe AVN
in SLE patients.47 Later on and in a study including
99 SLE patients, Smith and colleagues found that
7% developed AVN with a predilection to young
patients.48 The presentation is often subclinical and
asymptomatic, and the course is usually non-pro-
gressive. The incidence rates of AVN among SLE
patients ranged between 3% and 32.5% when sen-
sitive imaging modalities are utilized.49–54

Vasculitis, Raynaud’s phenomenon, and pred-
nisolone therapy with doses higher than 20mg per
day, in addition to cushingoid habitus and positive
serum LA were documented as risk factors for
developing AVN in SLE patients.55–59 Ono et al.
indicated that rapid introduction of prednisolone
(>30mg/day) is highly related to the development
of AVN of the femur.60 Nagasawa et al. followed
23 patients with SLE-related AVN of the femur for
3 years and deduced that high-dose corticosteroids
are the major culprit for the AVN changes seen on
MRI.61 However, some patients can develop AVN
without continuous exposure to steroids, suggesting
the involvement of other factors.53,62 For example,
the imbalance between tissue plasminogen activator
(tPA) and plasminogen activator inhibitor was
found to be strongly correlated to AVN in SLE
patients.63

The role of aPL in the pathogenesis of AVN is
not proven yet as some studies have failed to estab-
lish the association.58,64,65 Alarcon-Segovia et al.
conducted a prospective analysis on 500 patients
with SLE and found AVN in 6% of patients. The
authors reported no link between aPL and AVN.51

Migliaresi et al. assessed the occurrence of AVN in
69 patients with SLE.65 Seven (10.1%) patients
developed AVN, which was not related to cortico-
steroids intake. Abnormal aCL serum levels were
found in 2 out of 7 AVN and 24 out of 62 non-
AVN patients, without a statistically significant dif-
ference.65 Gladman and colleagues studied 744 SLE
patients and noted that 70 (9%) patients developed
AVN.58 The affected sites varied between hips,
knees, shoulders, ankles, elbows, and wrists.
Although more AVN subjects (57.1%) had positive
aCL compared to non-AVN subjects (44.3%), the
difference did not reach statistical significance.58T
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Nagasawa et al. diagnosed AVN in 24 (22%) of 111
SLE patients. LA was positive in 25% of the AVN
patients compared to 11% of 44 non-AVN
patients.64 Mok et al. evaluated a cohort of 265
SLE patients.66 During a 20-year follow up, AVN
was diagnosed in 11 (4%) patients with a mean of 9
years-period after the onset of SLE. Four (36%) of
the 11 AVN patients were positive for aPL.66

Houssiau et al. diagnosed AVN in 13 (32.5%) of
40 SLE patients using MRI.54 While some patients
had multiple bone sites involved, authors did not
find a difference in the number of AVN sites
between aPL-positive and aPL-negative patients,
and the prevalence of AVN was similar in patients
with high compared to low aPL titers. Nonetheless,
a positive correlation was detected between number
of AVN sites per patient and mean daily steroid
intake. Mean hip bone mineral density (BMD)
was significantly lower in AVN patients who were
receiving steroids.54 On the other hand, Asherson
et al. found an association between aPL and AVN,
where 73% of 37 SLE AVN patients were positive
for aPL.67 Galindo et al. deduced that serum aPL
positivity adds to the risk of developing multiple
AVN and subsequent osteoarticular infections in
SLE patients receiving high-dose corticosteroids.68

Multiple limiting factors can influence appreciat-
ing the true role of aPL in the pathogenesis of AVN
in SLE. These factors are related to study design,
patient sample and/or aPL detection methods.
Further standardized and well-controlled studies
are required to define the role of aPL in AVN of
SLE patients.

AVN in human immunodeficiency
virus infection with aPL

Several studies have reported AVN in human
immunodeficiency virus (HIV) patients, where
cases presented with multiple sites of AVN occur-
ring early during the disease course.69–71 Risk fac-
tors are the infection itself, corticosteroid intake,
antiretroviral therapy – specifically through osteo-
porosis induced by protease inhibitors –, and
aPL.72,73 Patients receiving antiretroviral therapy
can develop AVN 45 times more than the general
population.74 The risk increases even more when
the CD4 count is lower than 60 cells/ml and with
concurrent use of steroids.75

Miller et al. compared 339 asymptomatic HIV-
infected adults with 118 age- and sex-matched HIV-
negative volunteers.76 The study found that 15
(4.4%) of HIV-infected patients had AVN of the
femur compared to none from the controls. Among
HIV-infected patients, AVN occurred mostly in

those who used systemic steroids, testosterone,
lipid lowering agents, and those who had detectable
levels of aCL. Interestingly, almost all (93%) of
HIV-infected AVN patients had significant eleva-
tion of aCL levels. Of those patients, 47% had
moderate to high titers of aCL compared to 10%
of HIV-infected individuals without AVN.76 Calza
et al. described seven HIV patients with AVN of
the femur, three of which were aCL positive.77 In a
cohort of 1920 HIV patients, Olive et al. reported
four cases of AVN, where three tested positive for
aCL.78 In addition, Gomez-Puerta et al. found that
three out of seven patients with HIV-related APS
had coagulation abnormalities – one was positive
for aCL and LA, one was positive for aCL, LA,
and had elevated factor VIII, and one only had
elevated factor VIII.79 Ramos-Casals et al. ana-
lyzed the spectrum of clinical features of 82 patients
with concomitant APS and chronic viral infections
(HCV and/or HIV). Of the 20 (24%) patients who
developed AVN, 19 had concomitant HIV infection
and one had concomitant HCV-HIV infection
along with APS. The authors reported that the
main APS feature in HIV patients was AVN of
bone and cutaneous necrosis, while in HCV
patients it was intra-abdominal thrombosis and
myocardial infarction.80

AVN in selected aPL-positive cases

Chang et al. reported two cases of AVN and bone
infarction associated with Behcet’s disease. Both
cases were aCL positive, but one patient was on
high-dose corticosteroid therapy. The authors sug-
gested that aCL could have a role in the pathogen-
esis of the AVN or their presence may be secondary
to the disease process.81

Ura et al. described a 3-year-old patient with
idiopathic thrombocytopenic purpura (ITP) pre-
senting with Perthes’ disease.82 Patient tested posi-
tive for aCL and LA. Interestingly, both antibodies
disappeared on partial remission of ITP. Authors
argued that Perthes’ disease may be a complication
of APS secondary to ITP.82

Multiple AVN

The involvement of three or more bone anatomic
sites defines multiple AVN. It is a rare condition
occurring in 3–10% of AVN patients and is mostly
seen in patients with history of high-dose cortico-
steroid intake, solid organ transplantation, sys-
temic inflammatory disorders such as SLE, and
hematological disorders- including hypercoagulable
states. Any bone can be affected in multiple AVN,
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but it most frequently involves the proximal and
distal femur, talus, and distal tibia.43,79

In a retrospective study conducted by Gomez-
Puerta et al.,79 12 (48%) out of 25 patients diag-
nosed with multiple AVN showed abnormal coagu-
lation tests when compared to the healthy control
group. The most common encountered abnormal-
ities were elevated levels of factor VIII (24%) and
aPL (20%). Patients with coagulation abnormal-
ities had higher prevalence of atypical AVN local-
izations per patient (25% vs 0%). Authors
recommended performing a thrombophilic profile
for patients presenting with multiple AVN.79

Rostom et al. reported a case of a PAPS patient
whose initial presentation comprised bilateral AVN
of the hips and semilunar bones of the wrist.
Patient was managed with symptomatic treatment
followed by bilateral total hip arthroplasty.21

Mundo and colleagues described a patient with
hepato-pulmonary syndrome who developed pro-
gressive multifocal AVN after receiving corticoster-
oid therapy post-liver transplant.20 Further workup
revealed positive LA test. Patient responded well to
anticoagulation and underwent knee and hip
arthroplasty. Authors suggested consideration of
APS in patients presenting with progressive AVN
with unclear etiology.20

Atypical sites of AVN

Femoral heads, knees, shoulders, and ankles com-
prise the most common affected sites in AVN.83

Mok et al. reported a patient with APS secondary
to SLE who was diagnosed with isolated AVN in
L2 vertebra.84 Egan and Munn described a case
with acute onset of multifocal AVN among which
multiple vertebrae (T8, L4, and L5) were affected.7

Lunate bone AVN has been reported as well.85 Rib
bones could be another target of AVN related to
APS. Yoo reported the first case of multiple rib
infarcts in a patient with APS secondary to mixed
connective tissue disease. Bone scintigraphy
showed non-uniform uptake, with areas of
decreased and increased uptake in the anterior
and lateral aspects of multiple bilateral ribs. AVN
was confirmed on histology, and the patient was
treated with simple analgesics that dramatically
improved pain in a short period.86

CAPS and AVN

Catastrophic antiphospholipid syndrome (CAPS) is
defined as a life-threatening variant of APS char-
acterized by multiple small vessel thrombosis than
can lead to multi-organ failure in a rapid fashion.87

It is an unusual presentation of APS accounting for

less than 1% of APS cases.14 The international
registry found that AVN constitutes only 2% of
the clinical manifestations that occur during a
CAPS episode.88 Haque et al. reported an SLE
patient presenting with CAPS.24 AVN of the knee
was among the several complications that occurred
during the episode. Patient was managed with 12
rounds of plasmapheresis, IVIG, rituximab, and
cyclophosphamide and recovered without relapse
during the 16 months of follow up.24 The patient
described by Egan and Munn in the section
‘‘Atypical sites of AVN’’ was a CAPS patient
as well.7

Bone marrow necrosis

Bone marrow necrosis is a hematologic emergency
whereby an extensive amount of hematopoietic
bone marrow is affected by hypoxemia, triggering
myeloid tissue and medullary stroma necrosis.89

Histologically, a trephine biopsy shows destruction
of reticular structure and loss of fat spaces, causing
disruption of the normal architecture of bone
marrow. The spicular structure, however, is not dis-
turbed, thus differentiating it from AVN of
bone.90,91 Janssens and colleagues extensively
reviewed the literature and reported that approxi-
mately 90% of bone marrow necrosis cases are
associated with malignancy. They deduced that
bone pain and fever are the most significant clinical
manifestations, whereas, anemia and thrombocyto-
penia are the most frequent hematological anoma-
lies.92 Non-malignant etiologies include viral,
bacterial and fungal infections- particularly when
complicated by sepsis,93–101 sickle cell dis-
ease,94,102,103 and drug toxicity,104–108 among
others.

The association between bone marrow necrosis
and aPL is under investigation. Several authors
hypothesized that bone marrow necrosis might be
a complication of APS, or simply, serum aPL-posi-
tivity. Nevertheless, the exact pathophysiology is
still controversial. Bulvik et al. were the first to
shed the light on this manifestation.8 They
described a young, pregnant female presenting
with gestational proteinuric hypertension who
developed bone marrow necrosis after cesarean sec-
tion. In addition to history of a miscarriage at third
month, patient’s serum revealed positive aCL and
LA. When other known causes were excluded, the
authors suggested that bone marrow necrosis in
this patient is a complication of APS.8 Several
reports consistently followed. Paydas et al.
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described an aCL-positive young woman with his-
tory of nine miscarriages and stillbirths admitted
for severe pancytopenia.9 Patient was diagnosed
with APS, and bone marrow biopsy showed exten-
sive necrosis.9 In 1998, two additional reports were
published: Moore et al. reported two cases of bone
marrow necrosis,10 one due to marrow toxicity in a
patient with two months history of glue sniffing,
and the second was a complication of CAPS.
Again, the patient is a young, 18-weeks pregnant
female presenting with progressively increasing epi-
gastric and right upper quadrant abdominal pain
radiating to the back. During investigation, the
patient was found to carry a heterozygous factor
V Leiden mutation. Trephine biopsy of bone
marrow showed acellular bony trabeculae with
eosinophilic necrotic marrow spaces.10 In this
case, factor V Leiden is an additional risk factor
for thrombosis and consequently, the catastrophic
presentation of the patient. The second report by
Murphy et al. discussed a 78-year-old man with
high-grade B-cell lymphoma and positive aCL
serum who developed bone marrow necrosis fol-
lowed by extensive necrosis.109 As mentioned ear-
lier, bone marrow necrosis is mostly associated with
malignancy; the importance of aCL-positivity in
the pathophysiology of bone marrow necrosis in
this lymphoma patient cannot be established with-
out further prospective studies to reveal the preva-
lence of aCL (or other aPL) and case-control
studies to demonstrate its association with bone
marrow necrosis. One more case was published in
association with CAPS that was triggered by a
recent surgical procedure.11 In a case-series of 80
CAPS patients described by Asherson et al.,13 bone
marrow necrosis was identified in 7.2% of 83 CAPS
thrombotic episodes. Although it ranked lowest in
the list of clinical manifestations attributed to
thrombotic events during an episode of CAPS, it
is considered very significant due to the concomi-
tant high mortality rate if not identified early
during presentation. Sinha et al. reported an add-
itional young, pregnant female with triple-positive
aPL (aCL, LA, and anti-b2GP) profile who devel-
oped bone marrow necrosis during the course of a
CAPS episode.15 Patient was also diagnosed with
HELLP syndrome that necessitated pregnancy ter-
mination. Multiple RBC and platelet transfusions
were delivered. Surprisingly, HELLP syndrome
kept deteriorating and pancytopenia was persistent.
Patient was stabilized in ICU, however, she prob-
ably died from right superior cerebellar artery
infarct.15 Thuerl et al. reported one more CAPS
patient with bone marrow necrosis.16

In a case-control study by Tektonidou et al.,18

bone marrow edema but not necrosis was reported
in 4 (13.3%) of 30 PAPS patients as opposed to 1
(5.3%) of 19 SLE patients on MRI using STIR and
T2-weightened turbo spin-echo pulse sequences.
None of the healthy controls showed signs of
edema on imaging. Noteworthy, the SLE patient
with bone marrow edema was aCL-negative. Two
of the four PAPS patients with edema were fol-
lowed by MRI 6 months later demonstrating com-
plete resolution.18

Is bone marrow edema a reversible step in the
evolution of bone marrow necrosis? Does proper
management of APS, by anticoagulation per se,
could prevent the progression to marrow necrosis?
Only future well-controlled studies can answer
these questions.

After reviewing the above-discussed reports, we
can deduce that the management of bone marrow
necrosis in APS and aPL-positive patients is symp-
tom-oriented. As described by Bulvik et al.,8

Paydas et al.,9 Moore et al.,10 Asherson et al.,13

Sinha et al.,15 and Thuerl et al.,16 steroid therapy
was utilized either solely or in the course of man-
agement of bone marrow necrosis. Anticoagulation,
being the essential component of APS treatment,
played an important role in saving the patients
described by Moore et al. and Spyopolous,10,11

and in the management of patients in Asherson
et al. and Tektonidou et al. cohorts.13,18 However,
no direct effect of anticoagulation on halting the
progression or switching the course of bone
marrow necrosis in APS patients can be deduced
from these reports.

Complex regional pain syndrome type-1 (reflex

sympathetic dystrophy)

The International Association for the Study of Pain
defines complex regional pain syndrome type-1
(CRPS 1), previously known as reflex sympathetic
dystrophy, as ‘‘a syndrome that usually develops
after an initiating noxious event, is not limited to
the distribution of a single peripheral nerve, and is
apparently disproportioned to the inciting event. It
is associated at some point with evidence of edema,
changes in skin blood flow, abnormal sudomotor
activity in the region of the pain, or allodynia
or hyperalgesia.’’110 While the pathophysiology of
CRPS-1 is not fully elucidated yet, mediators
of inflammation play a significant role in the pro-
gression of the disease.111 Few studies suggested
deep vein thrombosis as a possible cause.112,113
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Tsutsumi et al. reported a PAPS patient presenting
with severe lower limb pain after an episode of
thrombophlebitis.12 Workup led to the diagnosis
of CRPS-1. Although thrombophlebitis responded
well to warfarin, pain persisted even after adminis-
tering strong painkillers.12 CRPS-1 cannot be dir-
ectly attributed to APS in this patient, but rather to
thrombophlebitis, which along with deep vein
thrombosis, are quite common complications of
APS. Yet, no real conclusion can be drawn regard-
ing the association of APS or aPL with the devel-
opment of CRPS-1 due to lack of adequate reports
in the literature and rarity of the condition.
However, when typical symptoms are present in
an APS or aPL positive patient, prompt anticoagu-
lation might be tried to stop the progression of
CRPS-1.

Muscle infarction

Muscle infarction is a rare condition described only
by few reports in the literature. In the majority of
cases, it was reported as a complication of type-1
diabetes mellitus.114,115 The first report was by
Angervall and Stener,116 where they excised suspi-
cious muscular lesions in two diabetic patients.
Authors attributed the ischemic muscular degener-
ation to diabetic microangiopathy and arterioscler-
osis that was demonstrated on biopsy sections.116

Hypothetically, the main players in the pathophysi-
ology of diabetic muscle infarction are hypercoa-
gulability and premature atherosclerosis. Diabetic
microangiopathy seems to initiate focal ischemia
leading to edema and increased pressure within
the muscular fascia, which progresses to further
ischemia and muscular infarction.117 The differen-
tial diagnoses can be misleading due to the wide
range of conditions presenting with a very similar
clinical picture, including but not limited to
abscesses, sarcoma, osteomyelitis, thrombophle-
bitis, deep vein thrombosis, myositis, or hema-
tomas. The advances in imaging techniques allow
clinicians to confirm the diagnosis without the need
of a biopsy.117–119 The diagnostic test of choice is
MRI. T1-weighted images show isointense swelling,
while T2-weighted images demonstrate diffuse het-
erogeneous hyperintensity with subcutaneous and
subfacial edema. Gadolinium injection adds benefit
to the diagnosis by showing a non-enhancing, nec-
rotic central lesion with peripheral enhancement.120

Biopsy showing muscle necrosis and inflammatory
infiltration remains the gold standard. However, its
association with risks of infection and/or delayed

healing limits its utilization to cases with equivocal
MRI or those resistant to therapy.117,118,121

Palmer and Greco reported the first two cases of
diabetic muscle infarction in association with
aPL.122 The first case was a type-1 diabetic patient
known to have SLE and had positive aCL upon
presentation. Symptoms resolved completely after
steroid and anticoagulation therapy, and interest-
ingly, aCL testing turned negative several days
later. The second case had type-1 diabetes mellitus
with multiple complications and positive aCL, in
addition to positive anti-phosphatidylserine antibo-
dies. Patient had prolonged symptoms and recur-
rences resistant to surgical debridement, after
which the clinicians performed an extensive hyper-
coagulability workup; it turned negative, except for
aCL and anti-phosphatidylserine positivity as men-
tioned earlier.122 Consistently, Boulman et al.
described an uncontrolled type-2 diabetes mellitus
patient with positive LA and thigh muscle infarc-
tion.123 MRI was used for diagnosis, and the
patient was managed with bed rest and analgesic
treatment.123 In 2003, Nishikai et al. reported a
non-diabetic patient with no coagulation abnorm-
alities,17 but with positive aCL and history of cere-
bral infarction, who was diagnosed with thigh
muscle infarction. Biopsy confirmed the diagnosis,
and other differential diagnoses were ruled out. The
patient was diagnosed with possible APS as well.17

The significance of aPL in the pathogenesis of
muscle infarction is not established yet. This
could be explained by two main factors: (1) the
rarity of the condition and (2) the associated risk
factors, most notably diabetic microvascular dis-
ease. Nevertheless, it is advised to test for aPL posi-
tivity in patients diagnosed with muscle infarction.
If positive, a trial of anticoagulation might be
worthwhile in the management of such cases.

Non-traumatic fractures

Non-traumatic or stress fractures most commonly
occur in athletes and military recruits.124,125 Tall
height, poor physical conditioning, and high
serum PTH level are among the reported risk fac-
tors.126 Diabetes mellitus and osteoporosis predis-
pose patients to non-traumatic fractures as
well.127–129 MRI is the test of choice when urgent
diagnosis is required, ranking highest in terms of
sensitivity and specificity among other imaging
modalities.130,131

Only few reports associating non-traumatic frac-
tures with APS or aPL were published. Sangle et al.
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first conducted a study on 19 APS patients- either
PAPS or secondary to SLE- with non-traumatic
metatarsal fractures. The authors proposed that
these fractures might occur in SLE patients, espe-
cially in those with secondary APS. Bone micro-
infarcts were considered as a possible etiology.132

Alecsandru et al. reported a case of spontaneous
metatarsal fracture in an APS patient.23 While
risk factors (osteoporosis, glucocorticoid intake,
etc.) were ruled out, authors suggested a role of
APS in causing the fracture.23 Another report by
Villiers et al. described a PAPS patient with lupus-
like disease and Raynaud’s phenomenon who
developed recurrent non-traumatic sacral fractures
and multiple spontaneous fractures affecting her
ribs and metatarsals in her both feet.26 The role
of aPL in the pathogenesis of non-traumatic frac-
tures in these patients was not established though.

On the other hand, Al Nammari and colleagues
conducted a case-control study on 38 patients
admitted for a general fracture clinic.133 None of
the patients was previously known to have an auto-
immune disorder. Twenty-five patients had non-
traumatic fractures and one patient (4%) tested
positive for aCL and LA. Authors concluded that
aPL is a rare cause of non-traumatic fractures in
the general population.133

Osteoporosis

According to Gage et al.,134 risk of osteoporosis is
higher in patients receiving long-term warfarin ther-
apy. This could be an indirect risk factor for osteo-
porosis in longstanding anticoagulated APS patients.
Paran and colleagues,135 however, suggested another
mechanism. They reported transient regional osteo-
porosis in two aPL positive patients and attributed it
to aPL-induced transient ischemia.135

In a cross-sectional study by Paupitz et al.,25 23
PAPS premenopausal women were matched with
23 healthy controls to analyze vitamin D levels
and their association with bone mineral density
and body composition in PAPS. Results revealed
low vitamin D levels, serum calcium, and 24-hour
urinary calcium and high parathyroid hormone
levels in PAPS compared to healthy subjects.
Nevertheless, no difference was detected in lumbar
spine, femoral neck, total femur and body bone
mineral density of both groups, and the overall
analysis of osteoporosis risk factors was compar-
able in PAPS patients and healthy subjects. The
authors concluded that low vitamin D levels
might be due to higher weight and fat mass through

adipocyte sequestration.25 Agmon-Levin et al.
found that vitamin D deficiency was significantly
higher in APS patients compared to healthy con-
trols and associated with thrombotic events.136 In
the same study, vitamin D inhibited anti-b2GPI-
induced expression of tissue factor in vitro. The
authors suggested that vitamin D deficiency might
be associated with more coagulation. Additionally,
they recommended vitamin D screening and sup-
plementation in APS patients.136 More studies
with larger samples are required to confirm these
results. For now, prophylaxis with vitamin D and
calcium supplementation would not cause harm
and should be enough to prevent the development
of osteoporosis in non-elder APS patients.

Conclusion

We have learned from the literature and experience
that APS can camouflage under a wide range of
manifestations involving almost all body organ sys-
tems. The occurrence of musculoskeletal manifest-
ations, even the rare ones, is not surprising as the
disease is increasingly recognized. Clinicians would
bear in mind that any unexplained, unusual presen-
tation or complication in an aPL-positive patient
may be associated or a result of APS. Large pro-
spective and randomized studies are required to
establish a threshold of significance for the associ-
ation of aPL with most of the musculoskeletal com-
plications discussed in this review.
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88 Cervera R, Font J, Gómez-Puerta JA, et al. Validation of the pre-
liminary criteria for the classification of catastrophic antiphospho-
lipid syndrome. Ann Rheum Dis 2005; 64: 1205–1209.

89 Bernard C, Sick H, Boilletot A, Oberling F. Bone marrow necrosis:
acute microcirculation failure in myelomonocytic leukemia. Arch
Intern Med 1978; 138: 1567–1569.

90 Hughes R, Islam A, Lewis S, Catovsky D. Spontaneous remission
following bone marrow necrosis in chronic lymphocytic leukaemia.
Clin Lab Haematol 1981; 3: 173–183.

91 Smith RR, Spivak JL. Marrow cell necrosis in anorexia nervosa
and involuntary starvation. Br J Haematol 1985; 60: 525–530.

92 Janssens AM, Offner FC, Van Hove WZ. Bone marrow necrosis.
Cancer 2000; 88: 1769–1780.

93 Godeau B, Galacteros F, Schaeffer A, et al. Aplastic crisis due to
extensive bone marrow necrosis and human parvovirus infection in
sickle cell disease. Am J Med 1991; 91: 557–558.

94 Brown C 3rd. Bone marrow necrosis. A study of seventy cases.
Johns Hopkins Med J 1972; 131: 189–203.

95 Kinney TR, Koch PA, Gottlieb RP, Donaldson MH. Bone marrow
necrosis in children: three instances. Clin Pediatr 1977; 16: 565–568.

96 Gupta R. Extensive fatal bone marrow necrosis in typhoid fever.
Indian J Pathol Microbiol 1992; 35: 66–68.

97 Rose C, Izydorczyk V, Saulnier F, Cambier N, Zandecki M,
aBauters F. Multiple etiologies of extensive bone marrow necrosis
in a patient with sickle cell disease. Rev Med Interne 1994; 15:
72–73.

Musculoskeletal manifestations of the APS
MHA Noureldine et al.

461

Lupus



98 Terheggen H, Lampert F. Acute bone marrow necrosis caused by
streptococcal infection. Eur J Pediatr 1979; 130: 53–58.

99 Brada M, Bellingham A. Bone-marrow necrosis and Q fever. Br
Med J 1980; 281: 1108–1109.

100 Caraveo J, Trowbridge AA, Amaral BW, Green JB, Cain PT,
Hurley DL. Bone marrow necrosis associated with a Mucor infec-
tion. Am J Med 1977; 62: 404–408.

101 Katzen H, Spagnolo SV. Bone marrow necrosis from miliary
tuberculosis. JAMA 1980; 244: 2438–2439.

102 Wade L, Stevenson L. Necrosis of the bone marrow with fat
embolism in sickle cell anemia. Am J Pathol 1941; 17: 47–54.

103 Charache S, Page DL. Infarction of bone marrow in the sickle cell
disorders. Ann Intern Med 1967; 67: 1195–1200.

104 Van de Pette J, Cunnah D, Shallcross T. Bone marrow necrosis
after treatment with sulphasalazine. Br Med J ClinResEd 1984;
289: 798.

105 Moraleda J, Gonzalez R, Alegre A, Anta J, San Miguel J. Bone
marrow necrosis and treatment with interferon. J Clini Pathol
1986; 39: 1045.

106 Limentani SA, Pretell JO, Potter D, et al. Bone marrow necrosis
in two patients with acute promyelocytic leukemia during treat-
ment with all-trans retinoic acid. Am J Hematol 1994; 47: 50–55.

107 Aboulafia DM, Demirer T. Fatal bone marrow necrosis following
fludarabine administration in a patient with indolent lymphoma.
Leukemia Lymphoma 1995; 19: 181–184.

108 Katayama Y, Deguchi S, Shinagawa K, et al. Bone marrow
necrosis in a patient with acute myeloblastic leukemia during
administration of G-CSF and rapid hematologic recovery after
allotransplantation of peripheral blood stem cells. Am J Hematol
1998; 57: 238–240.

109 Murphy P, Sivakumaran M, Casey M, Liddicoat A, Wood J.
Lymphoma associated bone marrow necrosis with raised antic-
ardiolipin antibody. J Clin Pathol 1998; 51: 407–409.

110 Merksy H, Bogduk N. Calssification of chronic pain: descriptions
of chronic pain syndromes and definitions of pain terms. Seattle:
IASP Press, 1994.

111 Huygen F, De Bruijn A, De Bruin M, Groeneweg J, Klein J,
Zijlstra F. Evidence for local inflammation in complex
regional pain syndrome type 1. Mediators Inflammation 2002;
11: 47–51.

112 Eulry F, Bauduceau B, Clement R, et al. Algodystrophy and
venous thrombosis of the lower extremities. Diagnostic discus-
sion. Apropos of 3 cases. Phlebologie 1987; 40: 251–259.

113 Eulry F, Chazerain P, Magnin J, et al. Algodystrophy and venous
thrombosis of the lower limbs: diagnostic problems. Apropos of 5
cases. Rev Rhum Mal Osteoartic 1989; 56: 403–407.

114 Banker BQ, Chester CS. Infarction of thigh muscle in the diabetic
patient. Neurology 1973; 23: 667.

115 Taira M, Komiya I, Taira T, et al. A case of diabetic muscle
infarction in Japan. Diabetic Med 1998; 15: 1065–1067.

116 Angervall L, Stener B. Tumoriform focal muscular degeneration
in two diabetic patients. Diabetologia 1965; 1: 39–42.

117 Grigoriadis E, Fam AG, Starok M, Ang L. Skeletal muscle infarc-
tion in diabetes mellitus. J Rheumatol 2000; 27: 1063–1068.

118 Trujillo-Santos A. Diabetic muscle infarction: an underdiagnosed
complication of long-standing diabetes. Diabetes Care 2003; 26:
211–215.

119 Kapur S, Brunet JA, McKendry RJ. Diabetic muscle infarction:
case report and review. J Rheumatol 2004; 31: 190–194.

120 Kattapuram TM, Suri R, Rosol MS, Rosenberg AE, Kattapuram
SV. Idiopathic and diabetic skeletal muscle necrosis: evaluation
by magnetic resonance imaging. Skeletal Radiol 2005; 34:
203–209.

121 Chebbi W, Jerbi S, Klii R, et al. Multifocal diabetic muscle infarc-
tion: a rare complication of poorly controlled diabetes mellitus.
Intern Med 2014; 53: 2091–2094.

122 Palmer GW, Greco TP. Diabetic thigh muscle infarction in asso-
ciation with antiphospholipid antibodies. Semin Arthritis Rheum
2001; 30: 272–280.

123 Boulman N, Schapira D, Militianu D, Gurman A, Nahir A.
Diabetic muscle infarction. Israel Med Assoc J 2003; 5: 669–670.

124 Snyder RA, Koester MC, Dunn WR. Epidemiology of stress frac-
tures. Clin Sports Med 2006; 25: 37–52.

125 Bennell K, Matheson G, Meeuwisse W, Brukner P. Risk factors
for stress fractures. Sports Med 1999; 28: 91–122.
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