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Musculoskeletal involvement of COVID-19: review of imaging
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Abstract
The global pandemic of coronavirus disease 2019 (COVID-19) has revealed a surprising number of extra-pulmonary manifes-
tations of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection.While myalgia is a common clinical feature
of COVID-19, other musculoskeletal manifestations of COVID-19 were infrequently described early during the pandemic. There
have been emerging reports, however, of an array of neuromuscular and rheumatologic complications related to COVID-19
infection and disease course including myositis, neuropathy, arthropathy, and soft tissue abnormalities. Multimodality imaging
supports diagnosis and evaluation of musculoskeletal disorders in COVID-19 patients. This article aims to provide a first
comprehensive summary of musculoskeletal manifestations of COVID-19 with review of imaging.
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Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) was first identified in Wuhan, China, in December
2019 and rapidly spread throughout the world. Coronavirus
disease 2019 (COVID-19) was officially declared a pandemic
on March 11, 2020, by the World Health Organization, with
over 90 million cases worldwide as of January 2021 [1–3]. An

estimated 5% of COVID-19 patients have severe symptoms
that require intensive care [4]. Older age and comorbidities
such as cardiovascular disease, diabetes mellitus, and obesity
are risk factors for developing severe disease [2]. Potential
therapeutic measures for acute symptomatic COVID-19 pa-
tients include supplemental oxygen and mechanical ventila-
tion, corticosteroids, and thromboembolic prophylaxis [4].
Currently, treatment recommendations and preventative mea-
sures are continually evolving.

SARS-CoV-2 is an RNA virus with a viral structural spike
(S) protein that binds to the angiotensin-converting enzyme 2
(ACE2) receptor on human cells (Fig. 1). There is high ex-
pression of the ACE2 receptor in lung epithelial cells as well
as in the heart, kidney, pancreas, spleen, gastrointestinal sys-
tem, bladder, cornea, and blood vessels [2, 4]. The ACE2
receptor is also found in the central and peripheral nervous
systems and in skeletal muscle [5, 6]. Viral replication within
human host cells is followed by viral release through cell
destruction [2, 4]. In addition, SARS-CoV-2 activates an in-
flammatory response (both innate and adaptive immune re-
sponses) which can result in a cytokine storm and ultimately
multi-organ injury [2, 4].

Primarily a respiratory disease, COVID-19maymanifest in
multiple ways, ranging from asymptomatic presentation to
mild upper respiratory tract infection symptoms to acute re-
spiratory distress syndrome (ARDS). Numerous extra-
pulmonary manifestations are now known to occur with
SARS-CoV-2 infection including gastrointestinal symptoms,
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kidney and liver injury, myocardial dysfunction and acute
coronary syndromes, neurologic complications, and dermato-
logic findings. While myalgia is a common clinical feature of
COVID-19, other musculoskeletal manifestations of COVID-
19 were infrequently described early during the pandemic
[2–4]. As the global numbers of COVID-19 patients and sur-
vivors rose, however, there have been increasing reports of
neuromuscular and rheumatologic complications related to
both the virus and treatment/hospital course [5]. Imaging, in-
cluding magnetic resonance (MR) imaging, computed tomog-
raphy (CT), and ultrasound, can support diagnosis and evalu-
ation of musculoskeletal manifestations and iatrogenic com-
plications of COVID-19 (Table 1). In this article, we review
mechanisms and imaging features of COVID-19-related

disorders of the musculoskeletal system—specifically, of
muscles, nerves, joints, soft tissues, and bone.

Muscle

Myalgia, defined as muscle aches and pain, has been frequent-
ly reported in COVID-19 patients with a prevalence ranging
from 11 to 50% in large cohort studies [5]. Several case re-
ports have describedmyositis and rhabdomyolysis in COVID-
19 patients, both as a late complication and as a presenting
symptom [3, 5, 7]. Rare cases of SARS-CoV-2 triggering
necrotizing autoimmune myositis have been described [6].
Mechanisms of muscular involvement in COVID-19 are not

Fig. 1 Illustration of SARS-CoV-
2 infection
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Table 1 Imaging of musculoskeletal involvement in COVID-19

Organ system Imaging modalities Imaging findings

Muscle MRI +/− contrast Muscle edema, necrosis
Muscle atrophy

Ultrasound Diaphragm dysfunction
Nerve MR neurography Nerve enlargement, signal hyperintensity, loss of fascicular architecture

+/− muscle denervation
High-resolution ultrasound Nerve enlargement, hypoechogenicity, loss of fascicular architecture

Joints MRI +/− contrast Joint effusion with enhancement, +/− erosions
Ultrasound with Doppler Synovitis, hyperemia

Soft tissues MRI, CT, ultrasound Hematomas, gangrene, “COVID toes,” atypical pressure ulcers from prone positioning
Bone Radiography, CT, MRI Osteoporosis, osteonecrosis

Fig. 2 A 44-year-old male with incidental positive COVID-19 test ob-
tained prior to eye surgery. He did not have any respiratory symptoms and
was surprised by the positive test. In the following 2–3 weeks, he devel-
oped progressive weakness and swelling requiring hospitalization. MR
imaging of the upper and lower extremities with intravenous contrast was
performed. a Axial T2-weighted fat-saturated and b axial post-contrast
T1-weighted fat-saturated images demonstrate diffuse edema and en-
hancement of the proximal right upper extremity musculature (arrows).
c Coronal T2-weighted fat-saturated image of the left lower extremity
demonstrates muscle edema of the proximal muscles/limb girdle

(arrow) with sparing of the distal muscles. Subcutaneous soft tissue ede-
ma is noted. Biopsy of the deltoid muscle was performed. d
Histopathologic findings included scattered pale degenerating myofibers,
surrounded by macrophages (arrow) on H&E stain. e Acid phosphatase
highlighted the macrophages (arrow). f NADH stain showed an unusual
ring-like pattern to the myofibrillar architecture (scale bar = 100 μm). The
patient was diagnosed with post-infectious inflammatory necrotizing
myositis and discharged on oral prednisone with subsequent clinical im-
provement and decrease in CK levels on follow-up
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fully understood. Hematogenous spread and direct invasion of
skeletal muscle by SARS-CoV-2 through the ACE2 receptor
have been proposed [5, 6]. Immune-mediated mechanisms are
an alternate and more widely accepted theory of muscle in-
volvement of SARS-CoV-2, thought to be secondary to an
inflammatory response with cytokine storming and activation
of immune cells. Suggested mechanisms of immune-mediated
muscle damage include immune complex deposition,
myotoxic cytokine release, and injury secondary to homology
between human muscle cells and viral antigens [5, 6].

Myositis broadly refers to inflammation of muscles and is
associated with SARS-CoV-2 as well as other viral infections
such as inf luenza A/B, hepat i t i s , and HIV [8] .
Rhabdomyolysis is a complication of myositis involving

infarction of muscle (myonecrosis) and high levels of myo-
globin in the blood (myoglobinemia). Rhabdomyolysis is a
life-threatening condition that can lead to acute kidney failure,
compartment syndrome, and intravascular coagulation [3, 9].
Clinical findings of myositis/rhabdomyolysis generally in-
clude myalgia/weakness and elevated creatine phosphokinase
kinase levels, both of which have been reported in COVID-19
pa t i en t s w i th myos i t i s / r habdomyo lys i s [5 , 8 ] .
Electrodiagnostic studies, such as electromyography (EMG),
and nerve conduction studies can be helpful to confirm a
myopathic process and exclude mimickers such as motor neu-
ron disease [10]. Imaging can support diagnosis and delineate
sites for muscle biopsy, which is the gold standard for diag-
nosis [3, 9]. MR imaging is the modality of choice, preferably

Fig. 3 A 53-year-old male with
prolonged hospitalization for
COVID-19 ARDS who devel-
oped multiple peripheral nerve
injuries during his hospital course
and presented with clinical con-
cern of right phrenic nerve palsy.
a Ultrasound of the right
hemidiaphragm (arrowheads) at
expiration and b inspiration dem-
onstrates little change in thickness
of the hemidiaphragm muscle,
compatible with decreased con-
tractility function. There is no ev-
idence of right hemidiaphragm
muscle atrophy. cHigh-resolution
ultrasound of the phrenic nerve
(arrow, calipers) demonstrates
normal size and echogenicity.
Differential diagnosis for
hemidiaphragm paralysis in-
cludes critical illness myopathy,
ventilator-induced diaphragm
dysfunction, and the hypothetical
plausibility of virus-related
myopathy
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with either a 1.5-T or 3.0-T magnet and inclusive of
multiplanar fluid-sensitive and anatomic sequences. Findings
of myositis include muscle edema, identified as increased sig-
nal intensity on T2-weighted or short tau inversion recovery
(STIR) sequences (Fig. 2) [9]. Patterns of disease include ho-
mogeneous hyperintense signal and enhancement (type 1) and
heterogeneous hyperintense signal and rim enhancement (type
2) [3]. In severe disease, areas of necrosis or loss of normal
muscle architecture may be seen. A distinguishing finding of
myonecrosis is the “stipple sign” with foci of enhancement in
a rim-enhancing area of non-enhancing muscle tissue [3].
Intramuscular hemorrhage may be present, identified as T1
hyperintense signal or blooming artifact on gradient echo se-
quences [8].

Differential diagnosis for muscle edema on MRI in hospi-
talized COVID-19 patients includes critical illness myopathy,
which is a common acquired condition in intensive care unit
(ICU) patients that has been reported in COVID-19 patients
requiring ICU care and has also been associated with cortico-
steroid use [6, 11]. Clinical presentation of critical illness my-
opathy includes symmetric and generalized weakness or acute
flaccid quadriplegia [6]. Critical illness myopathy is a primary
myopathy with non-specific imaging findings of multifocal
muscle edema and atrophy [11]. Findings of necrosis are not
present, in contrast to COVID-19-related rhabdomyolysis/
myonecrosis. Clinical and imaging features of critical illness
myopathy in COVID-19 are not distinctive from non-
COVID-19 patients, although the degree of spontaneous ac-
tivity on electrodiagnostic studies was found to be strikingly
severe in one study of critically ill COVID-19 patients [12].

Diaphragm muscle dysfunction can occur in COVID-19
patients secondary to critical illness myopathy, ventilator-
induced diaphragm dysfunction, or phrenic nerve injury, pos-
s ib ly from placement of ches t suppor t devices .
Hypothetically, direct neuromuscular involvement of the
SARS-CoV-2 virus may contribute to diaphragm dysfunction
[13, 14]. A recent autopsy study, in fact, found ACE2 expres-
sion in the human diaphragm and SARS-CoV-2 viral RNA in
a subset of COVID-19 patients, with increased fibrosis of the
diaphragm muscle and a unique myopathic phenotype com-
pared to control ICU patients [15]. Diaphragm dysfunction
can lead to deteriorating respiratory status and/or difficulty
in weaning from mechanical ventilation [13, 14]. Imaging is
helpful for diagnosis and monitoring of diaphragm dysfunc-
tion in COVID-19 patients. The fluoroscopy sniff test offers a
quick and real-time assessment of diaphragm excursion.
Ultrasound contributes additional information including the
presence or absence of diaphragmmuscle atrophy, calculation
of the muscle thickening ratio with respiration, and evaluation
of excursion with M mode imaging. High-resolution ultra-
sound can also evaluate the phrenic nerve in the region of
the neck, which may aid in differentiation of neuropathic ver-
sus myopathic causes of diaphragm dysfunction (Fig. 3).

Fig. 4 A 60-year-old male with prolonged hospitalization for COVID-19
ARDS including prone positioning who developed multiple peripheral
nerve injuries during his hospital course and presented with severe neck
and shoulder pain. Clinical concern was for right spinal accessory nerve
injury. a Longitudinal and b transverse high-resolution ultrasound dem-
onstrates thickening and hypoechogenicity of the right spinal accessory
nerve (arrows). c Longitudinal and d transverse high-resolution ultra-
sound of the normal left spinal accessory nerve (arrows) is shown for
comparison
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Long-term muscular sequelae of COVID-19 include
sarcopenia and cachexia which have been described in
COVID-19 patients with prolonged illness [5]. Sarcopenia
(or myopenia) is defined as muscle loss, typically associated
with aging although other contributing factors include inactiv-
ity and poor nutrition [9]. Cachexia entails muscle wasting
secondary to chronic illness. MR imaging findings of muscle
atrophy, as seen in sarcopenia and cachexia, include decreased
muscle size and fat infiltration [9].

Nerves

Peripheral neuropathy in the setting of COVID-19 has increas-
ingly been reported [5, 6, 12, 16–20]. Mechanisms of nerve
involvement in COVID-19 are not fully understood. In one
autopsy series of COVID-19 patients, SARS-CoV-2 viral pro-
teins were detected in the medulla oblongata and cranial
nerves IX and X [21]. The hypothetical ability of SARS-
CoV-2 to act as a new neuropathogen and directly invade
peripheral nerves via the ACE2 receptor warrants further in-
vestigation [5, 6, 21, 22]. The concept of “molecular mimicry”
is an alternative theory that may account for peripheral nerve
injury, given similarities between SARS-CoV-2 surface gly-
coproteins and glycoconjugates in human nervous tissues [5,

6]. Direct cytotoxic effects of the virus on peripheral nerves
have also been postulated [5].

Multiple case reports of Guillain-Barre syndrome (GBS)
secondary to COVID-19 have been published, with symptoms
emerging 3–4 weeks after onset of COVID-19 symptoms [5,
6, 16, 17]. GBS is typically a demyelinating polyneuropathy
that manifests as acute ascending paralysis. Facial weakness
and cranial neuropathies may also occur. Miller-Fisher syn-
drome is a GBS variant characterized by gait ataxia, areflexia,
and ophthalmoplegia, and has also been reported in associa-
tion with COVID-19 [5, 6, 16]. MR imaging findings of GBS
and GBS variants include signal hyperintensity, enlargement,
and mild to moderate contrast enhancement of the nerve roots/
plexus and cauda equina. In chronic inflammatory demyelin-
ating polyneuropathy (a chronic analog to GBS), contrast en-
hancement is usually not present [23].

Aside from GBS and its variants, post-infectious immune-
mediated neuropathies secondary to COVID-19 have been
rarely reported to date [5, 17]. A single case report of an
otherwise healthy 17-year-old patient describes Parsonage-
Turner syndrome (neuralgic amyotrophy) in the setting of
positive COVID-19 serum IgG antibodies [18]. Imaging fea-
tures of post-infectious peripheral neuropathy are not specific
to the infectious agent and include nerve enlargement, loss of
fascicular architecture, and signal hyperintensity and

Fig. 5 A 37-year-old female with
history of hospitalization for
COVID-19 complicated by sacral
ulcers presenting with left sciatic
mononeuropathy. a Coronal post-
contrast (for vascular suppres-
sion) T2 SPACE and b axial T2-
weighted fat-saturated images of
the left femur demonstrate diffuse
signal hyperintensity of the sciatic
nerve (arrow). Subtle asymmetric
fatty atrophy and edema of the
posterior muscle compartment of
the thigh (arrowhead) is sugges-
tive of early denervation. c Axial
T1-weighted anatomic image
identifies the sciatic nerve (ar-
row). Based on MR imaging, she
was referred to a neuromuscular
specialist whose clinical evalua-
tion supported the diagnosis of
compressive sciatic neuropathy
acquired during her critical illness
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hypoechogenicity onMR neurography and ultrasound respec-
tively. Secondary findings ofmuscle denervationmay be pres-
ent and entail muscle edema in the subacute phase and fatty
atrophy in the chronic setting [24–26].

Iatrogenic peripheral neuropathy has been reported in the
setting of COVID-19 with a higher-than-expected incidence,
raising the possibility that the SARS-CoV-2 virus may predis-
pose peripheral nerves to injury via theoretical mechanisms
that have yet to be firmly established [12, 19, 20]. COVID-19
patients may plausibly be more susceptible to iatrogenic nerve
in ju r i e s seconda ry to a v i rus - induced s t a t e o f
hyperinflammation or overlapping comorbidities that predis-
pose to both nerve injury and severe COVID-19 symptoms
that necessitate hospitalization [20]. Prone positioning for op-
timization of oxygenation in hospitalized COVID-19 patients
has been widely adopted; while life-saving, these measures
may have adverse effects on the peripheral nervous system
[27]. Prone positioning and repositioning maneuvers during
hospital course can lead to stretch/traction injuries of periph-
eral nerves. Compression injuries of peripheral nerves can also
occur secondary to external compression with prolonged
prone positioning or internal compression from an intramus-
cular hematoma. Critical illness polyneuropathy is a symmet-
ric sensory-motor axonal polyneuropathy that occurs in pa-
tients with prolonged hospitalization and has been reported
in association with COVID-19 ICU stay [12]. To date, there

are no distinguishing imaging features of COVID-19-related
peripheral neuropathy. General imaging findings of neuropa-
thy that may be seen in iatrogenic peripheral nerve injury
include nerve signal hyperintensity and hypoechogenicity on
MR neurography and ultrasound, respectively, nerve enlarge-
ment, and loss of fascicular architecture (Figs. 4 and 5).
Critical illness polyneuropathy is classically bilateral
and symmetric whereas the first clue of a positioning-
related neuropathy in post-ICU patients is asymmetric
involvement of a peripheral nerve dermatome and/or
myotome. Segmental nerve narrowing secondary to
mass effect can be seen in hematoma-related compres-
sion neuropathy. In the subacute and chronic settings
after peripheral nerve injury, evidence of muscle dener-
vation may be seen in a distribution corresponding to
the affected nerve [24–26]. Imaging can serve as an
alternate or adjuvant test to electrodiagnostic studies
for COVID-19 patients with peripheral nerve injury.

Joints

Coronaviruses, in general, are more associated with arthralgia
and myalgia rather than clinical arthritis [28]. Arthralgia has
been reported as a symptom of COVID-19, occurring in 2.5%
of patients according to a single study that separated arthralgia

Fig. 6 A 72-year-old female with
history of rheumatoid arthritis that
had been dormant for over 2 years
who experienced multi-joint
rheumatoid arthritis flair after
contracting COVID-19 (with
documented positive testing). Of
note, she experienced only mild
symptoms with her acute SARS-
CoV-2 infection. a Coronal, b
sagittal, and c axial post-contrast
T1-weighted images of the right
shoulder demonstrate moderate
enhancing synovitis with exten-
sive low signal intensity debris
(arrows). Her symptoms im-
proved following intra-articular
steroid injection

1769Skeletal Radiol (2021) 50:1763–1773



from myalgia as an independent symptom [29]. To date, there
have been only several cases of acute clinical arthritis second-
ary to COVID-19 reported in the literature, some of which
demonstrate features suggestive of reactive arthritis or crystal-
line arthritis rather than viral arthritis, emphasizing the impor-
tance of evaluating for other causes of arthropathy in these
scenarios [29–34]. Virus-induced arthritis can be challenging
to confirm, but findings that suggest viral arthritis include
onset of arthralgia within a few weeks following viral infec-
tion, a self-limiting course, and a good response to NSAIDs.
There are no current imaging findings distinct to COVID-19.
Serological testing and fluid sampling are helpful to exclude
other potential etiologies of arthropathy including septic ar-
thritis, rheumatoid arthritis, psoriatic arthritis, crystalline ar-
thritis, Lyme disease, systemic lupus erythematous, and reac-
tive arthritis secondary to other infections such as chlamydia/
gonorrhea [30, 31].

Various chronic rheumatologic diseases triggered by
SARS-CoV-2 have been reported, including systemic lupus
erythematosus, dermatomyositis, Graves’ disease, rheumatoid
arthritis, and psoriatic spondyloarthritis [35–40].
Inflammatory arthropathies may be triggered by SARS-
CoV-2 even in patients with mild or no respiratory symptoms
with the acute viral infection, thereby necessitating correlation
with COVID-19 testing to establish the association [40].
Imaging findings of SARS-CoV-2-related arthritis are non-
specific and include synovitis with power Doppler signal on
ultrasound and synovial enhancement onMR imaging (Figs. 6
and 7) [30, 31]. Features of inflammatory arthritis matching
the underlying triggered condition, such as polyarticular sy-
novitis and erosions, may be identified on imaging. Even in
the absence of imaging findings characteristic of inflammato-
ry arthritis, however, COVID-19 patients with acute arthritis
may benefit from rheumatologic consultation.

Soft tissues

COVID-19 coagulopathy is associated with both thrombotic
and bleeding manifestations, with development of disseminat-
ed intravascular coagulation in severe diseases [41]. There are
several case reports of gangrene in COVID-19 patients, pos-
sibly due to thrombotic events and/or vasopressor medications
administered for hemodynamic support [42–44]. The distal
extremities are more susceptible to gangrene, particularly in
patients with underlying diabetes or peripheral vascular dis-
ease. Imaging features of gangrene include skin ulcerations,
T2 signal hyperintensity of soft tissues, and lack of enhance-
ment of devitalized tissue. Superimposed infection, or “wet”
gangrene, may result in soft tissue gas that can be identified on
computed tomography (CT) or radiography. MR imaging is
ideal for delineation of the extent of soft tissue necrosis and
devitalization (Fig. 8) [45].

Bleeding complications can occur in COVID-19 patients
secondary to virus-induced bleeding coagulopathy and/or
anticoagulation therapy administered for treatment or preven-
tion of the more commonly occurring thrombotic coagulopa-
thy [41]. Hematomas may develop in subcutaneous soft tis-
sues or within muscles. Complications from hematomas in-
clude compressive neuropathy, increased compartment pres-
sure, and superimposed infection. CT, ultrasound, or MR im-
aging may be utilized for evaluation of hematomas, including
diagnosis and follow-up imaging to ensure resolution (Figs. 9
and 10). Hematomas appear as heterogeneous hypoechoic
fluid collections on ultrasound, with potential development
of septa or calcifications in the chronic stage. MR imaging
findings of hematomas include variable signal intensity due
to different stages of blood degradation. In the subacute phase,
a T1 hyperintense peripheral ring is distinctive [9].

“COVID toes” is a dermatologic manifestation of COVID-
19 that warrants mention given potential clinical request for

Fig. 7 A 30-year-old female with new-onset skin rashes and multiple
arthralgias approximately 2 weeks after COVID-19. a Physical exam
showed papules and plaques with areas of erythema, scaling, and
lichenification over the extremities, axillae, and abdomen. Skin biopsy
confirmed diagnosis of psoriasis. b Axial STIR and c post-contrast T1-
weighted fat-saturated images of the pelvis demonstrate mild bilateral hip
synovitis (arrowheads) and iliopsoas bursitis (arrows). She was diagnosed
with COVID-19-triggered psoriatic arthritis and treated with methotrex-
ate, non-steroidal anti-inflammatory drugs, and corticosteroids
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Fig. 8 A 57-year-old male with history of prostate cancer and prolonged
hospitalization for COVID-19 with multi-organ failure requiring vaso-
pressors. a Sagittal STIR image demonstrates soft tissue edema of the
proximal foot (dashed arrow) but no edema distally (solid arrow).
Heterogeneous bone marrow edema pattern (arrowhead) is seen on both

STIR and b sagittal T1-weighted image. c Post-contrast T1-weighted fat-
saturated image demonstrates soft tissue enhancement of the proximal
foot (dashed arrow) with non-enhancing devitalized tissue distally (solid
arrow), compatible with gangrene. Multifocal bone marrow edema pat-
tern (arrowhead) is compatible with associated osteonecrosis

Fig. 9 A 71-year-old female with COVID-19 ARDS complicated by
stroke and deep venous thrombosis, treated with systemic
anticoagulation. She developed mass-like swelling of the leg. a Axial
T2-weighted fat-saturated and b coronal T1-weighted images demon-
strate an intramuscular hematoma (arrows)

Fig. 10 A 76-year-old male with COVID-19 on therapeutic anti-
coagulation who developed right femoral and obturator neuropathies. a,
b Axial CT demonstrates a large hematoma of the proximal right thigh
musculature extending into the retroperitoneum along the right iliopsoas
muscle (arrows)
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imaging. “COVID toes” is a chilblain-like phenomenon that
manifests as erythema with vesicles or pustules, similar in
appearance to frostbite and possibly due to a microvascular
occlusive mechanism [3]. While there are currently no publi-
cations regarding imaging findings of “COVID toes,” prior
literature on the similar conditions of phalangeal microgeodic
syndrome and Raynaud phenomenon have reported a distal-
to-proximal phalangeal bone marrow edema pattern on MRI
[46, 47].

Of note, COVID-19 patients requiring prone positioning
may develop soft tissue pressure injuries in uncommon ventral
locations. Potential sites include the iliac crests, knees, anteri-
or chest wall, and face. Obesity, male gender, and older age
are risk factors for prone-related pressure injuries [19].
Imaging is generally not indicated unless there is clinical con-
cern for superimposed infection potentially causing soft tissue
abscess or osteomyelitis.

Bones

There is little current information regarding osseous compli-
cations of COVID-19. Critical illness, corticosteroid treat-
ment, and virus-induced coagulopathy may contribute to the
development of osteoporosis and osteonecrosis [48, 49].
Notably, the RECOVERY and REMAP-CAP clinical trials
have recently demonstrated benefit of steroid treatment in
COVID-19 patients [50, 51]. Imaging findings of
osteonecrosis include osteosclerotic changes on radiography,
serpiginous sclerosis with central lucency on CT, and low-
signal serpiginous line with central hyperintense line on MR
imaging. Adjacent bone marrow edema pattern and articular
surface collapse may be seen in later stages [45].

Conclusion

Multimodality imaging, including radiography, CT, ultra-
sound, and MR imaging, can play an important role in diag-
nosis and evaluation of COVID-19-related musculoskeletal
pathology. Advances in imaging technology have improved
diagnostic capabilities for even small structures such as pe-
ripheral nerves and in the setting of internal hardware with
metal artifact reduction techniques [23, 52, 53]. Imaging can
be utilized for initial diagnosis as well as for follow-up eval-
uation to assess recovery versus progression of disease. In
cases where tissue sampling is necessary, imaging can provide
procedural guidance. In some instances, musculoskeletal im-
aging may even suggest otherwise unrecognized SARS-CoV-
2 infection. Familiarity with incidence, etiology, and imaging
findings of COVID-19-related musculoskeletal manifesta-
tions is important for radiologists in order to optimize imaging
report interpretation and patient care. Although rare compared

to other pulmonary and extra-pulmonary manifestations of
SARS-CoV-2 infection, musculoskeletal disorders can have
dire short- and long-term consequences.
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