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COVID-19 musculoskeletal
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Since the early phases of the COVID-19 pandemic, it has become clear that
children are affected by mild respiratory symptoms rather than the critical
pneumonia typical in adults. Nevertheless, it took longer to understand that
pediatric patients with SARS-COV2 may develop a severe multisystem
inflammatory response (a.k.a. multisystem inflammatory syndrome in children
(MIS-C)), which can include musculoskeletal symptoms, and/or arthritis and
myositis independently from MIS-C. Diagnostic imaging significantly contributed
to the assessment of pulmonary disease due to COVID-19 but it has been rarely
applied to evaluate musculoskeletal involvement in children with or without
previous rheumatic diseases. Despite the paucity of radiological literature,
muscle edema at magnetic resonance and synovitis at ultrasound have been
described. Further use of diagnostic imaging for children with articular and
muscular symptoms due to COVID-19 is strongly encouraged.
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Introduction

If at the beginning of the SARS-COV2 pandemic all attention was centered on

respiratory symptoms, as time passed by, given also the beneficial effects of massive

vaccination efforts that led to less severe pneumonia and improved the survival rates, it

became clear that although the lungs were the main target organ, the infection acted at a

systemic level with direct or indirect multiorgan involvement (1–3). Indeed, the

occurrence of neurological, gastrointestinal, vascular, and musculoskeletal symptoms has

been widely reported in the acute phase as well as part of the long-COVID syndrome (4–7).

Regarding muscles and joints, arthritis and myositis have been referred in both adults and

children (8–11). For children, it was clear since the early phases of the COVID-19 spread

that they often have mild respiratory symptoms but it took a while longer to discover that,

on the other hand, they may undergo a severe multisystem inflammatory response (a.k.a.

multisystem inflammatory syndrome in children MIS-C)) (12). This syndrome may include

musculoskeletal symptoms although not listed among the main diagnostic criteria (12, 13).

Diagnostic imaging significantly contributed in understanding the chameleonic behavior

of COVID-19 not only in terms of pulmonary involvement with the development of

dedicated scores and advanced quantitative analyses but also for the extrapulmonary

disease (14–22). Several studies focused on the occurrence of arthritis and myositis

especially in adults and some reviews already summarized the evidence in this group of

patients (8, 23). Nevertheless, to the best of our knowledge, a comprehensive review

addressing the musculoskeletal involvement in children and taking into account the role

of imaging and patients with known rheumatic diseases has not been performed yet.
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Thus, our aim is to review the main musculoskeletal symptoms

related to COVID-19 infection in children, highlighting the

findings at imaging, the risks for children with previous

diagnosis of inflammatory disease, and addressing the areas that

require further investigation to fully understand the systemic

involvement caused by SARS2-COV infections and better target

the therapeutic approach.
Myositis

Benign acute myositis in children is a rare, transient

inflammatory process usually occurring after a viral infection

with a median age of 6–9 years and male predominance (24).

Given the self-limiting behavior of this condition, radiological

imaging is not part of the usual diagnostic workflow, although,

for instance, Kawarai et al. demonstrated by magnetic resonance

(MR) muscle edema and the full recovery after 30 days in a

15-year-old girl after influenza A infection (25).

Similarly, myositis, which can be easily detected as muscle

edema at MR has been reported in children with COVID-19

(26–28) (Figure 1).

The overall mechanism behind this expression of the disease

is still unknown, but it might be related either to a direct effect

of the virus or associated with an autoimmune response

(28, 29). Movahedi and Ziaee, reporting an increase of juvenile

dermatomyositis in their center during the current pandemic,

hypothesize three possible mechanisms: (i) a type 1 IFN

pathway dysregulation because of the Myxovirus resistance

protein A, a type I interferon-inducible protein expressed in

response to viral infection including SARS-CoV-2; (ii) post-viral

myositis with diffuse or multifocal muscle pain and/or

rhabdomyolysis; (iii) dermatomyositis-like syndrome, mimicking

a dermatomyositis (30).

Furthermore, Qian and Xu in their review described the

common pathogenetic mechanism between COVID-19 and

dermatomyositis (31). In fact, COVID-19 and dermatomyositis

share three immunogenic linear epitopes with high sequence

consistency. The innate and adaptive immune response triggered

by the entrance of SARS-COV-2 in human cells via the

angiotensin-converting enzyme 2 causes the production of

cytokines, which then induce pulmonary and muscle injuries (31).

Independent from the mechanism, although most of the

children with myositis referred symptoms of the extremities, such

as the case described by Liquidano-Perez et al. with myositis of

the thighs and gluteal muscle at MR, a few cases of orbital

myositis due to COVID-19 have also been described (20, 26, 28).

For example, Miglani et al. reported the occurrence of orbital

myositis in a 12-year-old boy with bilateral enlargement of

multiple orbital muscles using CT (32). The patient was then

successfully treated with steroids (i.e., intravenous

methylprednisolone 1 mg/kg followed by oral prednisone 60 mg

daily for 1 week then tapered over 6 weeks) and fully recovered

in 1 week. Eleiwa et al. described the case of a 10-year-old boy

with left-sided proptosis with enlargement of the left lateral

rectus muscle at MR (27). Steroid treatment was beneficial also
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in this patient with complete resolution at the MR of follow-up

after 14 days (27).

Overall, it should not be overlooked that fatal cases of

rhabdomyolysis have also been reported, such as the one of a 16-

year-old boy admitted to the hospital for fever, sore throat, and

myalgia who died a few days later (11, 33).
Myositis in MIS-C

Although, as mentioned above, the MIS-C clinical criteria do

not include musculoskeletal symptoms, arthralgia, arthritis,

myositis, and bone marrow infiltration have been reported in

children with this multisystem syndrome (34, 35).

Several cases of myositis in children with MIS-C have been

reported in the literature, but diagnostic imaging has been rarely

applied (9, 10). For instance, in a 12-year-old African girl, SARS-

CoV-2-positive and satisfying the criteria of MIS-C, admitted to

the tertiary academic hospital of Johannesburg with severe acute

inflammatory myositis complicated by rhabdomyolysis and then

successfully treated with immunoglobulin and steroid, no

radiological examinations of the muscles have been performed (9).

Similarly, Fabi et al. described severe rhabdomyolysis that

affected a 6-year-old African girl suggesting that the muscle

injury resembles the one characterizing necrotizing autoimmune

myositis, but also in this case, no imaging was reported (10).

While efforts have been devoted in trying to distinguish

between Kawasaki disease and MIS-C due to COVID-19, still

much has to be understood to fully understand whether

muscular symptoms are part of the multisystemic inflammatory

syndrome or just a localized expression of the disease (36).

Probably, the occurrence of muscular symptoms in children

satisfying the MIS-C criteria should be seen as part of the

multisystem involvement of this inflammatory entity, and in case

the criteria are not fulfilled, myositis should be addressed per se

although further evidence should be acquired to better address

the potential overlap of these disease expressions.
Arthritis and arthralgia

Reactive arthritis usually occurs 4–6 weeks after an infection,

and it is well known that in children it may have a viral etiology

(e.g., Rubella, Parvovirus B19, and Hepatitis B) in around 1% of

the cases (37). Several episodes of reactive arthritis due to

COVID-19 have been described in the pediatric population (38–

40). For instance, Sinaei et al. published two cases (8-year-old

boy and 6-year-old girl) characterized by involvement of the hip

joint, investigated by MRI and US, respectively, both showing

joint effusion. These two children had mild or not significant

respiratory symptoms and fever and were successfully treated for

the arthritis with nonsteroidal anti-inflammatory drugs

recovering in a short interval of time without sequelae (39).

Postinfectious arthritis is usually acute and responsive to

treatment if not associated with MIS-C. Joint effusion and

tenosynovitis have mainly been reported at imaging in children
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FIGURE 1

Axial (A) and coronal post-contrast fat-sat T1W (B) images of a 12-year-old girl with COVID-19 infection complaining of back pain, well demonstrating
myositis of the paravertebral muscle [yellow arrows in (A)] and bilateral enthesitis of the iliolumbar ligaments [red asterisks in (B)].
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with COVID-19 (40, 41) (Figure 2). Houshmand et al. described

the clinical and radiological signs of arthritis in both knees and

in the right elbow of a 10-year-old boy with COVID-19 (40).

Dutta et al. reported the case of a 14-year-old male with

polyarthritis (right elbow, bilateral knees, and ankles) due to a

previous COVID-19 infection (i.e., 3 weeks before). In this child,

the ultrasound demonstrated knee joint effusion without

tenosynovitis, which fully resolved after steroids (41). Finally, a

case of dactylitis related to COVID-19 affecting the second,

fourth, and fifth metatarsophalangeal joints in a 16-year-old girl

has been published (42). The inflammatory process was

successfully treated with naproxen for 5 days. It is unfortunate

that in this case, diagnostic imaging has not been reported, as it

may have contributed to a better understanding of the superficial

and deep involvement.
Arthritis and arthralgia in MIS-C

As for myositis, joint involvement, such as arthralgia and/or

arthritis, has been frequently described in association with MIS-C.

For example, Crivelenti et al. published the case of a 11-year-old
FIGURE 2

A 10-year-old boy with left hip pain 2 weeks after a mild respiratory COVID-19
then confirmed at the MR [yellow arrow on the axial T2W turbo spin echo sequ
medium injection [yellow arrow in (D)].
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girl with MIS-C who developed severe myalgia and arthritis in

the ankles, knees, elbows, wrists, and interphalangeal joints 3 days

after the onset of fever (43). After hospital discharge, during the

follow-up, joint pain persisted with evidence of synovitis at

ultrasound. Given the persistence of articular symptoms for

6 weeks, she was treated with steroids with clinical improvement.

Five months after the infection, synovial thickening at ultrasound,

morning stiffness, and high erythrocyte sedimentation rate levels

were still evident suggesting chronic arthritis (43). Moreover, the

overlap of MIS-C and systemic-onset juvenile idiopathic arthritis

has been described in a 12-month-old child admitted to the

emergency room for high fever and multiple joint swelling

partially responsive to antipyretics (44).
Osteonecrosis and overall bone
marrow involvement

In adults, given also the inclusion of steroids for COVID-19

infection, the occurrence of bone marrow edema and avascular

necrosis have been reported, but so far, no pediatric cases have

been published (8, 45). In children, a few histological studies on
infection with negative radiographs (A) but joint effusion at ultrasound (B)
ence in (C)] which also demonstrated synovial enhancement after contrast
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children with MIS-C demonstrated that the erythroid and

megakaryocytic lineages were affected and there was

hemophagocytosis (46, 47). The alteration of the

megakaryocytopoiesis seems to be a peculiar feature associated

with COVID-19, which also allows the distinction from

secondary hemophagocytic lymphohistiocytosis (46). Finally,

regarding bone marrow infiltration, there was a fatal case of

COVID-19 that induced bone marrow aplasia probably as part of

the cytokine cascade in a 6-year-old girl who was otherwise

healthy before the infection (48). Unfortunately, to the best of

our knowledge, there are no studies that focused on the

histopathological–radiological correlation of bone marrow

findings in children. Skeletal MR could provide additional

insights for this type of infiltration. Nevertheless, we call for

studies addressing this topic to better understand the behavior of

the disease in this compartment and improve the overall

diagnostic and therapeutic management of children with

COVID-19 with a systemic approach.
Chondritis

Collins et al. described the case of an immunocompetent 11-year-

old boy with a long-lasting, severe costochondritis associated with

COVID-19 infection unresponsive to the conventional treatment of

non-steroidal anti-inflammatory drugs (NSAIDs) or steroids but

then successfully treated with colchicine (49). In adults, Tiez’s

syndrome in an immunocompetent patient as well as costochondritis

with chest wall abscess due to secondary infections in patients with

COVID-19 treated with immunotherapy (e.g., tocilizumab) have also

been reported and characterized at imaging with evidence at MR of

edema of the affected joint in the former and a fluid collection with

peripheral enhancement in the latter (50–52).
COVID-19 in children with previously
diagnosed rheumatic diseases or
preexisting neuromuscular diseases

Two national studies (i.e., in Germany and France,

respectively) demonstrated that children and adolescents with

rheumatic diseases and COVID-19 have an excellent prognosis

(53, 54). Clemente et al. in a multicenter study in Spain

concluded that comorbidities (e.g., diabetes) and the use of

glucocorticoids were associated with a higher risk of

hospitalization in children with rheumatic diseases and COVID-

19 (55). Partially in line with this evidence, a study based on the

European Alliance of Associations for Rheumatology COVID-19

Registry, the Childhood Arthritis and Rheumatology Research

Alliance (CARRA) Registry, and the CARRA-sponsored COVID-

19 Global Paediatric Rheumatology Database demonstrated that

children and young people with severe systemic rheumatic

diseases and obesity were more likely to be hospitalized (56). A

recent meta-analysis investigating the risk of COVID-19 infection

and the outcome in adults and children with rheumatic diseases

demonstrated that patients with rheumatic and musculoskeletal
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diseases (RMDs) have higher rates of SARS-CoV-2 infection and

an increased mortality rate, but it has to be highlighted that only

1% and 14% of the studies focused on children only or included

pediatric patients; thus, this evidence may just partially apply to

this group of patients (57). Regarding juvenile idiopathic

arthritis, Hügle et al. demonstrated in five children in remission

or with inactive disease on medication that flares can occur after

infection with SARS-CoV-2 (58). Quintana-Ortega et al. reported

the fatal case of a 11-year-old girl with anti-melanoma

differentiation-associated gene 5 juvenile dermatomyositis (anti-

MDA5 JDM) with rapidly progressive interstitial lung disease,

further complicated by SARS-CoV-2 infection (59).

Unfortunately, the above-mentioned studies did not include any

finding at musculoskeletal imaging to evaluate the clinical

performance of this group of patients.

A few studies addressed COVID-19 in children with

preexisting neuromuscular diseases (60–62). Attention, especially

in the early phase of the pandemic, has been mainly devoted to

the risk of severe COVID-19 complications in case of

cardiorespiratory involvement for instance in patients with

myasthenic syndromes (60, 63). Exacerbations of myasthenia

gravis have been reported in adults with COVID-19 (60). A

study including children with type 1 and 2 spinal muscular

atrophy showed that the protective factor related to the young

age of this group of patients outbalances the risk factor related to

the preexisting neuromuscular disease (62). Regarding muscular

dystrophies, it seems that they do predispose to more severe

SARS-COV-2 infections, and the main impact of the pandemic

on this group of patients seems to be associated with a reduced

access to care including, in particular, the limited admission to

rehabilitation centers where to perform regular physical exercises

(60). Similar evidence emerged for children with peripheral nerve

disorders such as Charcot–Marie–Tooth (64).
Further Research

The above-mentioned literature studies show that the

musculoskeletal system can be affected by the infection of COVID-

19 also in children. Although most of the symptoms are self-

limiting or respond to treatment, we call for further application of

diagnostic imaging in this group of patients. Indeed, the application

of MR or ultrasound, even bedside in case of hospitalized children,

may provide a deeper insight into the features of this disease

expression characterizing joint and muscle involvement (65).

Follow-up after treatment is also recommended to better understand

the timing of remission and complete resolution aiming to optimize

treatment and potential rehabilitation programs.
Conclusions

In conclusion, in children, COVID-19 infection may induce

musculoskeletal symptoms beyond MIS-C, which can be detected

at imaging. So far, diagnostic imaging has been rarely applied to

investigate these findings, but we strongly encourage its use
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especially in terms of ultrasound and MR to better understand the

extension and behavior of this type of disease expression at

diagnosis and during follow-up aiming to improve the overall

therapeutic management.
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