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Consequences of COVID-19 for the musculoskeletal Shekis
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Diagnosis of complications (literature review)
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ABSTRACT

COVID-19 disease does not only lead to impaired respiratory function. Post-COVID complications are multiple with the
involvement of many body systems, including the musculoskeletal system and the peripheral nervous system. Diseases of the
musculoskeletal system include myalgia, myositis, rhabdomyolysis, acute arthralgia, arthritis, bone osteoporosis. Damage
to the peripheral nervous system caused by coronavirus infection includes plexopathy due to lying down, poly-neuropathy,
Guillain—Barre syndrome. This descriptive literature review discusses the effects of COVID-19 on the musculoskeletal system
and the peripheral nervous system of patients. Data are presented on the use of diagnostic tools such as computed tomography,
magnetic resonance imaging, and ultrasound scans to detect pathology.
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NMocnepcteua COVID-19 ana KocTHO-MbiIeYHOU
U nepudepmyecKo HepBHOU CUCTEM.
LnarHocTuka ocnoxxHenui (0630p nuteparypbl)

H.I0. MatBeeBa, E.B. MakapoBa, H.A. EcbkuH, T.B. CokonoBa

HaumoHanbHbIM MeaWLMHCKWIA UCCea0BaTeNbCKUIA LIEHTP TpaBMatosiorum u optoneamn umenun H.H. MpuopoBa, Mocksa, Poccus

AHHOTALMA

3abonesanne COVID-19 npuBOANUT He TOMBbKO K HapyLieHWUH0 GYHKLMM OpraHoB AblxaHWs. OCTKOBMAHbIE OCNOXKHEHMS
ABNAOTCA MHOXECTBEHHbIMW C BOBJIEYEHMEM MHOMMX CUCTEM OpraHu3Ma, B TOM YMC/e OMOpHO-ABUraTeslbHOro anmapara
W nepudepuyecKoii HepBHOM cucTeMbl. 3aboneBaHUs OMOPHO-ABUraTe/bHOrO annapaTta BKIIKYAKT MUaNTU, MUO3WT, pab-
AOMWOSIU3, OCTPYIO apTPanrii, apTpuT, 0CTeonopo3 KocTel. MoBpexaeHne nepudepuyecKoii HepBHOI CUCTEMBI, Bbl3BaHHOE
KOPOHaBMPYCHOM WMHGEKLMEN, BKIKOYAET NEKCONaTUI0 U3-3a MOJNOXKEHUA JIEXa, NoNMHeBponaTuio, culapom MiteHa—bap-
pe. B 3ToM onucatenbHoM 0630pe obcyxpaetcs Bnmanme COVID-19 Ha onopHo-ABUraTenbHbIi annapat 1 nepudepuyeckyio
HEPBHYI0 cUCTEMY NaumeHToB. lpeacTaBneHbl AaHHbIE 06 MCNONb30BaHWM AMArHOCTUYECKUX MHCTPYMEHTOB, TaKMX KaK KOM-
nbloTepHas ToMorpadus, MarHUTHO-pe3oHaHCHas ToMorpadus 1 ynbTpasByKOBOe CKaHUPOBaHWE As BbIIBNEHUS NaTONOMUM.

KnioueBble cnosa: COVID-19; nocTKOBUAHbIE OCNOMHEHWS; ONOPHO-ABUraTeNbHbLIA annapart; nepudepuyeckue Hepsbl;
yNbTPa3BYKOBas AMArHOCTUKA.
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BACKGROUND

Since it started in 2020, the COVID-19 pandemic has
been continuing. According to the World Health Organization,
more than 390 million patients with a confirmed diagnosis
have already been registered in the world as at 2022, and
the number of new cases continues to grow [1]. Patients
with severe COVID-19 infection typically present with acute
respiratory syndrome (cough, fever, shortness of breath).
However, there is growing evidence of various extrapulmonary
manifestations and complications associated with COVID-19
as the infection spreads. This indicates the need to consider
COVID-19 as a multisystem disease. It has been established
that in addition to the direct effect of a viral infection, which
causes pathological changes in various organs and tissues,
the infection-induced cytokine storm and pro-inflammatory
signaling molecules could also have detrimental impacts on
the body [2-4].

In COVID-19 patients, pathological symptoms in other
organs and systems that do not pose an immediate threat to
life first recede into the background. After stopping all life-
threatening conditions, clinicians identify complications that
have arisen during and as a result of the infection process, a
long period of hospitalization, and therapy for the underlying
disease.

With an increase in the number of COVID-19 patients,
complications on the musculoskeletal and peripheral nervous
systems are becoming increasingly significant.

The following types of studies are traditionally used
to diagnose diseases and injuries of the musculoskeletal
system:

1) Radiography and computed tomography. X-ray
research methods evaluate the integrity of the bones and the
relationship of the bone structures that constitute the joints.

2) Magnetic resonance imaging (MRI). The method is used
to identify structural changes in muscle tissue, bones, as well
as to assess the condition of tendons, articular cartilage,
peripheral nerves and nerve plexuses. MRl is the method of
choice for diagnosing aseptic bone necrosis.

3) Ultrasound (US) examination. An echographic study
enables assessment of the state of muscle tissue, tendons,
joints and paraarticular tissues, peripheral nerves and nerve
plexuses in a static position, as well as when performing
functional dynamic tests.

4) Densitometry is a method that is used to determine the
state of bone mineral density.

5) Laboratory studies assess the severity indicators for
muscle damage, namely the levels of C-reactive protein and
creatine kinase.

The most potential sites for infection are the skeletal
muscles, synovial membrane, and cortical bone.

The following musculoskeletal complications have been
identified in COVID-19 patients:

+ Myalgia and myasthenia in 25%-50% of patients [5-7]

« Arthralgia in 2.5% of cases [8, 9]
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+ Aseptic bone necrosis in 5%-58% of patients with
severe COVID-19 disease [2, 10]

« Chondrolysis

« Tendinopathy

The pathogenesis of pathological changes in the
musculoskeletal systems of COVID-19 patients is currently
under study. Studies have shown that severe infections,
including atypical pneumonia, have a significant negative
impact on the entire musculoskeletal system [2]. Here is
a scheme of the probable pathogenesis of lesions of the
musculoskeletal system in COVID-19 patients (Fig. 1).

Skeletal muscle involvement is accompanied by
myalgia, myasthenia (mild to severe), rapid fatigue, exercise
intolerance, and muscle atrophy. Myalgia, reflecting
generalized inflammation, may be the initial manifestation
of COVD-19 [11]. Myalgia was reported in 11% to 50% of
COVID-19 patients, depending on the disease severity [4,
12-16]. In a cohort study of 8697 patients in the acute period
of the disease, myalgia was reported in 21.9% of cases [17].
Muscle pain can also persist for a long time after the acute
phase of the disease. The examination of 1655 patients
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Fig. 1. Scheme of the indirect and potential direct effects of
SARS-CoV-2 infection on the tissues of the musculoskeletal sys-
tem [2, p. 1197-1204]. Primary SARS-CoV-2 respiratory infection
induces systemic inflammation that can have an impact on the
musculoskeletal system. Several types of musculoskeletal cells
express the ACE2 and TMPRSS2 genes, which allows for direct
viral infection. However, it remains unknown whether the virus
can directly infect musculoskeletal tissues.
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revealed that after the disease, myalgia persisted in 2.0% of
the patients, myasthenia and rapid fatigability were noted in
63% of patients, while problems with walking were reported
in 7% of the patients [18].

Skeletal muscle injuries detected in the intensive care
unit were characterized by muscle wasting and functional
impairment. In 32 patients (93.8% men, mean age 64.1+12.6
years) with severe COVID-19, skeletal muscle mass and
functional parameters were assessed within 24—72 hours
after hospitalization. US images were taken of the rectus
femoris cross-sectional area, anterior quadriceps thickness
(rectus femoris and medial vastus), and echogenicity. During
follow-up at 10 days, a significant decrease in the cross-
sectional area of the rectus femoris (-30.1%; p <0.05),
thickness of the anterior quadriceps muscle (-18.6%;
p <0.05), and grip strength (-22.3%; p <0.05) were reported.
After transfer from the intensive care unit, none of the
patients returned to normal physical activity levels [19]. US
imaging data obtained at the N.N. Priorov National Medical
Research Center of Traumatology and Orthopedics illustrate
the processes occurring in the muscles with undernutrition
(Fig. 2).

Symptoms of skeletal muscle damage such as myasthenia
and impaired physical performance persist in more than half
of coronavirus patients during the recovery period [20, 21].
The mechanisms of muscle damage in COVID-19 are not fully
understood. Two mechanisms of skeletal muscle damage
are considered, namely direct invasion of SARS-CoV-2 by
the hematogenous route and immune-mediated pathways,
including activation of cytokines and immune cells.

Changes in muscle tissue were studied during the
coronavirus epidemic 1 of 2020. Using muscle tissue collected
postmortem from SARS-CoV-2 patients, several studies
have been conducted on the nature of muscle dysfunction
resulting from the coronavirus infection. Widespread atrophy
of muscle fibers with their sporadic and focal necrosis with
infiltration by immune cells was noted. Electron micrographs
have revealed a disordered arrangement of myofibrils that
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impairs force transmission and neuronal demyelination in
SARS-CoV-2 patients, which also contributes to myasthenia
and fatigue [22].

Changes in the muscles are manifested in the form
of myositis and its complicated form, rhabdomyolysis.
Symptoms of myositis (myalgia) are mostly registered
during the acute period of the disease. However,
myasthenia and diffuse myalgia during walking are possible
before the onset of typical coronavirus symptoms [23]. The
lesion affects different muscle groups, causing symptoms
including pain when walking, which occurs most of the
time. Paraspinal myositis has been reported (MRI reveals
swelling of the paraspinal muscles) [24]. Rhabdomyolysis
is a syndrome of severe muscle damage that develops
during the acute period of the disease. The condition is
characterized by muscle infarction (myonecrosis) and an
increase in the blood level of myoglobin (myoglobinemia).
Rhabdomyolysis is a life-threatening condition which
causes acute renal failure. The clinical manifestations for
both, myositis and rhabdomyolysis include myalgia and
myasthenia. Electromyography, MRI, and US imaging are
used to confirm the myopathic process.

US is used to assess the volume (thickness) of muscle
tissue for any muscle groups or individual muscles, to
identify fibrotic changes, denervation processes (Fig. 3), as
well as to determine the presence of spontaneous muscle
contractions.

Muscle MRI imaging is also widely used in clinical
practice and, according to H. Zhang et al., may be the method
of choice [25]. A sign of myositis is muscle edema, defined
as an increase in signal intensity. In severe disease, areas of
necrosis or loss of normal muscle structure may be noted.
The hallmark of myonecrosis is a “point sign” with foci of
enhancement in the region of the rim of non-contrasting
muscle tissue. With intramuscular hemorrhage, there can
be a T signal identified as a hyperintense signal. Nerve
conduction studies are useful in confirming a myopathic
process and ruling out motor neuron involvement.

Fig. 2. Cross-sectional ultrasound of muscular hypotrophy (a), comparison with the healthy side (b). The muscle volume is reduced with

increased echogenicity, and differentiation into fibers is preserved.
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Fig. 3. Denervation changes in the quadriceps femoris muscle, longitudinal sonogram. (a) unchanged muscle, (b) denervated muscle: the
muscle volume is reduced in volumewith increased echogenicity, and no differentiation of fibers.

In studies, there is less emphasis on bone and joint
damages that on skeletal muscle disorders. At the same time,
the number of publications on the prevalence of bone and
joint pain in coronavirus patients has increased significantly.
A retrospective study of 294 patients revealed that one third
of patients experienced pain in the bones and joints [26].

There is varying data on the incidence of myalgia and pain
of various localizations, including in the bones and joints.
According to C.W. Hoong et al., joint pain was reported to
occur in 5.7% of cases, spinal pain was reported in 6.8% of
patients, myalgia was reported in 37.5% of cases, and general
pain during movement was recorded in 50.0% of cases [26].

Follow-up on patients showed that SARS-CoV-2 can also
cause reactive arthritis [27]. As the pandemic spreads, the
number of patients with joint inflammation has increased. It
can be concluded from the collected and analyzed material,
that almost all joints can be affected by the coronavirus.
However, the joints of the free upper and lower extremities
are more often affected. In most cases, arthritis symptoms
appear 3-4 weeks after a positive coronavirus test [28].
Researchers associate one of the lesion mechanisms with a
cytokine storm initiated by infection. Inflammatory cytokines
increase osteoclastogenesis and reduce the proliferation and
differentiation of osteoblasts, which leads to decrease in
bone mineral density and increases the risk of fractures [29].

Hyaline cartilage is affected by interleukin (IL) 1B, IL-6,
and tumor necrosis factor-a (TNF-a), which can lead to
chondrolysis and, subsequently, to arthralgia or progression
of osteoarthritis in some patients (Fig. 4).

IL-1B, IL-17, and TNF-a can disrupt the normal bio-
logical activity of tenocytes and contribute to the onset of
tendon disorders, which cause potential exacerbation of

DOl https://doiorg/10.17816/VT0105957

degenerative tendon diseases and the related inflamma-
tory processes [2] (Fig. 5).

Additionally, corticosteroids, which are actively used in
the treatment of hospitalized COVID-19 patients, can directly
cause muscle atrophy and weakness, degenerative changes
in tendons, can induce aseptic bone necrosis, and lead to a
significant decrease in bone mineral density. The combination
of hypercoagulability, aggregation of leukocytes, and vascular
inflammation can disrupt microcirculation in bone tissue and
contribute to the development of osteonecrosis [2, 30].

Aseptic necrosis is more common in patients with
severe disease, with an incidence of 5% to 58%. Avascular
bone necrosis is one of the adverse symptoms of SARS-
CoV-2. Avascular necrosis can be detected from 7 days
to 2 months from the onset of coronavirus. There was no

Fig. 4. Arthritis of the elbow joint, longitudinal sonogram. The joint
capsule is hypertrophied mainly owing to the synovial membrane
(arrow). Intense blood flow is observed in the synovium. Practically
no fluid component is visible in the joint cavity. 7 — olecranon;

2 — humerus.
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Fig. 5. Longitudinal sonogram of tenosynovitis of the tendons of the long flexors of the second finger of the foot (a) and the flexor tendons
of the third finger of the hand (b). Signs of tenosynovitis on ultrasound are similar in both cases and are characterized by thickening of
the tendon, fluid in the synovial membrane, and hypertrophy of the synovial wall of the tendon sheath. Using the color Doppler imaging
mode, blood flow in the synovium is observed .

Symptoms of damage to the peripheral nervous system
develop in 36% of patients with a severe course of coronavirus
infection [33-35]. Lesions of the peripheral nervous system
due to coronavirus infection can be diagnosed before
manifestation of coronavirus symptoms, at the height of
the disease, and after the onset of typical symptoms of the
disease (fever, cough, shortness of breath, etc.).

The pathophysiological mechanisms of peripheral
nerve damage in COVID-19 patients are underinvestigated
and may include direct nerve damage due to virus
neuroinvasion, viral production of neurotoxins, viral
activation of inflammatory neurotransmitters, autoimmune
reactions with damage to the peripheral nervous system,
and damage due to severe respiratory syndrome caused

. . o , . . by coronavirus [33, 36-39].
Fig. 6. Magnetic resonance imaging showing aseptic necrosis of Pathological chanaes in the perioheral nerves in COVID-19
the head of the left femur in a patient infected with coronavirus g g perip

(arrows). patients can develop as follows:
+ Polyneuropathy as a result of coronavirus infection
(including as a manifestation of a severe respiratory

relationship between the severity of SARS-CoV-2 and the syndrome caused by coronavirus).

onset of avascular necrosis. The lesion affects all major « The consequences of hospitalization (neuropathy
joints (hip, knee, shoulder, spinal joint, and sacrum), and associated with prolonged forced position, distal
can be diagnosed by MRI (Fig. 6, 7). Patients treated with polyneuropathy).

corticosteroids for a long time or with higher doses had an « Secondary nerve pinching (for example, in relation to a
increased risk of osteonecrosis [31, 32]. hematoma against the anticoagulant therapy).

MAGNITNO-REZONAN:

Fig. 7. Aseptic necrosis of the tibial and femoral condyles in a 22-year-old patient infected with coronavirus. Sagittal (a) and axial (b, c)

magnetic resonance imaging slices.
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Lesions of the peripheral nervous system can be
diagnosed using various main diagnostic methods such as
the following:

» Functional study (electroneuromyography),

+ Imaging (ultrasound (US) imaging and MRI). US

imaging is currently the method of choice.

US imaging of peripheral nerves is used to solve a number
of clinical problems including determining the localization
and degree of damage to peripheral nerves, identifying the
prevalence of pathological changes (such as whether only one
peripheral nerve is affected or several nerves are involved
simultaneously), and assessing the severity of denervation
changes in muscles.

To date, no distinguishing visual characteristics of
peripheral neuropathy have been confirmed in relation to
COVID-19. Changes in the structure of peripheral nerves
detected by US imaging in post-infectious peripheral
neuropathy are nonspecific for an infectious agent and have
the following symptoms:

« Increase in nerve cross section

+ Loss of fascicular architecture,

+ Decreased echogenicity.

Russian and international literary works describe cases
of immune-mediated neuropathy (Guillain-Barré syndrome)
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in patients with coronavirus infection. COVID-19 patients
are characterized by the subtype “acute inflammatory
demyelinating polyneuropathy manifested by numbness of
the upper and lower extremities and progressive weakness.”
With timely diagnosis of the condition, prognosis is usually
favorable [37, 39-41].

In polyneuropathies, including autoimmune neuropathies,
nonspecific changes in the structure of peripheral nerves are
also detected; an example is nerve thickening caused by
thickening of nerve fibers in the composition of the nerve
trunk, and a decrease in echogenicity. At the same time,
differentiation into fibers and the clarity of the nerve contours
are preserved (Fig. 8).

In COVID-19 patients, especially in the course of the
disease, Parsonnage-Turner syndrome, which is an acute
plexitis of the brachial plexus, can be diagnosed and has been
found to be unilateral in 70% of cases [42-44].

Characteristic changes in the structure of the
brachial plexus, which are visible on US imaging and are
characteristic of Parsonage-Turner syndrome, include
thickening and decreased echogenicity of the ventral
branches of the C5, Cé, and C7 spinal nerves, the primary
superior, and middle plexus trunks in the supraclavicular
part of the plexus (Fig. 9).

Fig. 8. Ultrasound examination of the tibial nerve in a patient with disimmune neuropathy illustrating nonspecific changes in the peripheral

nerve structure. Transverse (a) and longitudinal (b) projections.

Fig. 9. Ultrasound examination of Parsonage—Turner syndrome. Thickening of the ventral branches of the C5, Cé, and C7 spinal nerves
and the primary upper and middle trunks of the plexus (arrows). Longitudinal (a) and transverse (b) projections of the supraclavicular

part of the brachial plexus.
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Prolonged stay in a forced position by the patient
during inpatient treatment can also lead to peripheral nerve
damages, namely compressive neuropathy [45, 46].

Positional neuropathy is specific, due to the forced
prone position of seriously ill patients. In 76% of cases,
lesions of the nerves of the upper limb were recorded [47].
The prone position (patient lying on the stomach), which is
recommended for patients with respiratory failure such as
patients with lung damage due to coronavirus infection, is
a risk factor for damage to the brachial plexus and ulnar
nerve in the cubital canal [48-50]. Also, with prolonged
prone position, the lateral cutaneous nerve of the thigh may
be affected. Being overweight is a patient risk factor for this
pathology.

Other peripheral nerves are less commonly affected
in hospitalized patients [42]. The radial nerve can be
compressed in the spiral canal with constant pressure of the
pressure cuff. The median nerve can be damaged at the level
of the carpal tunnel following prolonged hyperextension of
the hand. The peroneal nerve may be subject to compression
during prolonged forced non-physiological position of the
knee joint (excessive flexion, position on one side, pressing
the outer surface of the knee joint against a rigid surface).

Patients who undergo prolonged stay in intensive care
units may develop distal polyneuropathy, or critical condition
polyneuropathy, manifesting with flaccid tetraparesis.
Patients from risk groups such as those with diabetes
mellitus, chronic renal, hepatic, or heart failure, are especially
susceptible to polyneuropathy [51].

Most hospitalized patients with coronavirus infection
receive anticoagulant therapy [52], and therefore they have
an increased risk of hematomas of various localizations; an
example is post-injection hematomas in the gluteal region or
in the cubital fossa. Hematomas can compress and/or disrupt
the course of a peripheral nerve.

US imaging is a highly informative method for visualizing
peripheral nerves, which enables changes to occur in nerve
fiber structures in the course of compressive neuropathies.

Portable US devices are used for diagnostics in
resuscitation departments, intensive care units, as well as in
patients with limited mobility, who constantly receive oxygen
support. Disease prognosis can be significantly improved
with early diagnoses o compression neuropathies, and timely
and adequate treatment.

Echography can help diagnose soft tissue hematomas
and assess the severity of their impacts on nearby peripheral
nerves.

DISCUSSION

The coronavirus pandemic will inevitably fade away and
lose its relevance in clinical practice. However, the diverse
post-COVID complications and the corresponding diagnostic
methods will be of interest to physicians across various
specialties for a long time. In this review, we have presented
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data from previous works of literature that highlight only a part
of the problem, namely COVID-19 complications associated
with the musculoskeletal and peripheral nervous systems.
Hopefully, this topical issue will be further developed as
additional data on the pathogenesis and course of this new
viral infection become available.

CONCLUSION

Due to the staggering scale of the pandemic and the
severe consequences of the coronavirus for some groups
of patients, initial results of studies and hypotheses about
the impacts of the new infection on the health of adults and
elderly patients have already been published.

While COVID-19 generally refers to respiratory infections,
doctors admit that the disease is multisystem. In other words,
any organ of the body can be involved in the pathological
process, and all doctors address its consequences ranging
from the obvious pulmonologists to trichologists and
psychiatrists.

Coronavirus has implications for the respiratory,
cardiovascular, and urinary systems. After recovery from
coronavirus, pain in the muscles and joints (myalgia and
arthralgia, respectively) may persist. While these are mostly
the residual effects after intoxication, manifestations of
articular pathology are possible in coronavirus attacks.

Doctors have repeatedly noted mental disorders such
as hallucinations in the elderly, prolonged hand tremors,
changes in sensitivity of certain areas of the skin, and general
nervousness in coronavirus patients.

Multidisciplinary teams of specialists, including doctors
of various specialties and psychologists, should work with
post-COVID patients. It is necessary to create such teams and
make assistance available to all who seek it.

Hopefully, a deeper and more accurate understanding
of the mechanisms of pathology in post-COVID syndrome
will enable application of effective treatment methods that
affect these mechanisms and can restore the health of a vast
number of people in the foreseeable future.
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