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The SARS-CoV-2 (COVID-19) coronavirus pandemic has
prompted scientific research. Hypotheses regarding its pathoge-
netic mechanisms and treatment are formulated, unwanted con-
sequences of the infection are determined. Objective. To provide
useful information for clinicians about possible complications
from the musculoskeletal system after COVID-19 for the time-
ly application of effective methods of their prevention. Mate-
rials: Electronic databases PMC, PubMed and Scopus were
used to search for the sources of information published from
December 2019 to December 2021. The full text of the articles
was reviewed to confirm their relevance to the stated purpose
of the review. Results. Patients after a severe course of SARS-
CoV-2 have a high risk of complications such as osteoporosis
and avascular osteonecrosis due to a number of reasons. It is
noted that hypocalcemia is considered as an indicator of the se-
verity and progression of the course of COVID-19. Vitamin D
deficiency increases the risk of contracting COVID-19 and is
associated with increased severity and mortality from the infec-
tion. Decreased proliferation and differentiation of osteoblasts
can provoke elevated levels of cytokines under cytokine storm
conditions. Hypoxia caused by SARS-CoV-2 is an important fac-
tor in increasing the differentiation and activity of osteoclasts
and, accordingly, increasing osteoresorption. The relationship
between the development of avascular osteonecrosis and long-
term use of high doses of corticosteroids in patients with severe
acute respiratory syndrome has been established. Conclusions.
Research of musculoskeletal complications after COVID-19 is
ongoing for correct forecasting and effective prevention. The use
of corticosteroids in the treatment of patients with COVID-19
should be considered. It is necessary to pay attention to the di-
agnosis of osteoporosis, since there are many risk factors for in-
creased bone fragility in hospitalized patients. Patients suffering
from the effects of COVID-19 will need a comprehensive recovery
and rehabilitation treatment plan.

Ilanoemia xoponasipycy SARS-CoV-2 (COVID-19) cnonykana
00 nposedeHus Haykogux docaiddcenv. Cihopmynvosarno eino-
me3u wooo 1020 NAMOSeHeMUYHUX MeXAHI3MIG 1 IIKY8AHHSL, 6L~
3HAueHo Hebadicani Hacaioku ingexyii. Mema. Haoamu xopuchy
Ol KTHIYUCMI6 IHPOpMayiio npo MONCIUBL YCKAAOHEHHSL 3 OOKY
0nopHo-pyxo6oi cucmemu nicis nepenecenoco COVID-19 ons
6UACHO20 3ACMOCOBYBAHHS eQeKMUBHUX Memooi8 IXHbOI npo-
Ginakmuru. Memoou. Enexmponni 6azu oanux PMC, PubMed
i Scopus euxopucmano 0ns noulyKy oxcepel iHgopmayii, ony6-
qikosanux i3 epyoua 2019 oo epyous 2021 poxy. Ilepeenanymo
noguull mexcm cmameil, wood niomeepoumu ixuw 6ionogio-
Hicmb 3a3nauenii memi oenady. Pesynomamu. [ayienmu nicaa
saoickoeo nepebicy SARS-CoV-2 maroms ucokuil pusux 6u-
HUKHEHHS MAKUX YCKIAOHeHb, K OCMeonopo3 i aacKyiapHuil
0CMeoHeKpo3, wo 00YyMOGIEHO HU3KOK NpuyuH. Biomiueno,
Wo 2inoKaAIbYIEMII0 PO32AA0AMY AK NOKA3ZHUK MAICKOC-
mi 1 npoepecysanns nepebicy COVID-19. Jleghiyum eimami-
Hy D 36invwye pusux sapasicenns na COVID-19 i nos’szanuil
i3 madCcKicmio ma 3pOCMAHHAM CMePMHOCMI 610 IH@eKyil.
3menwenns nponigpepayii ma oughepenyiayii ocmeobracmie
MOdHCe CNPOBOKY8aAmMuU NiOSUWeHUll pi6eHb YUMOKIHIE 3a YMO8
yumoxinosozo wimopmy. linokcia, cnpuyunena SARS-CoV-2,
€ B8AXNCIUSUM YUHHUKOM NiO8UWeHHA Jugepenyiayii 1 akmug-
HOCMI OCMeoKAACMI8 i, 8ION0BIOHO, NOCUTIEHHS OCcmeope30pOyii.
Vemanosneno 63aemo36’a30x Midc po36umKom agackyiapHo2o
OCMEOHeKPO3y ma Mmpueaium 3acmoco8y8aAHHAM BUCOKUX 003
KOPMUKOCmepoioie y nayieHmis i3 majicKum eOCmpum pecnipa-
mopHum cunopomom. Bucrosku. Tpuearoms 00caiodicents wooo
YCKIaOHeHb i3 60Ky onopHo-pyxosoi cucmemu nicas COVID-19
0J151 KOPEKMHO20 NPOCHO3Y6AHHA U edekmuenoi npoghinaxmu-
Ku. Buxopucmosysamu xopmuxocmepoiou 6 JNiKy8aHHi nayieH-
mie i3 COVID-19 cnio ssaxceno. Heobxiono npudinamu yeaey
diaeHocmuyi 0cmeonopo3y, OCKiIbKU 8 20CNiMANi308aHUX Na-
yicumis € bazamo YUHHUKIE PUSUKY NIOBUUEHOT KPUXKOCTI Kic-
mox. Xeopum i3 nacrioxamu ingexyii COVID-19 3nadodbumuvca
KOMNJIeKCHULL NJIAH 8IOHOBNIEHHS Ma peabiiimayiiHo2o 1iKy8aHHs.
Karouosi cnosa. COVID-19, ocmeonopos, asackyiapuuii ocmeo-
HEeKPO3, KOpMUKOCmMepoiou, 00CMpOKO8i YCKAAOHEHHSL.
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Introduction

The coronavirus (SARS-CoV-2) (COVID-19) pan-
demic has caused an unprecedented response from
the global scientific community. Various hypotheses
were formulated regarding its pathogenic mecha-
nisms and treatment. The pandemic of COVID-19
has caused great problems for the medical care of pa-
tients with diseases of the musculoskeletal system,
such as pre-hospital care, emergency diagnosis and
treatment, surgical interventions, anesthesia, as well
as peri- and postoperative management [1]. Today,
more and more attention is paid to complications af-
ter COVID-19, which can affect the life and health
of patients. Many reports have been published about
the long-term consequences of the infection, which
also affect the musculoskeletal system [2, 3]. The pre-
sented article provides a review of the literature re-
garding the possibility of developing osteoporosis
and avascular necrosis of bones after suffering from
COVID-19.

Purpose: to provide useful information for clini-
cians about possible complications in the musculo-
skeletal system after suffering from COVID-19 for
the timely application of effective methods of their
prevention.

Material and methods

Three electronic databases (PMC, PubMed and
Scopus) were used to search for relevant sources of in-
formation published between December 2019 and De-
cember 2021. Additional studies were identified by
analyzing the relevant literature in the selected articles.
The full text of the articles was reviewed to confirm
their relevance to the stated purpose of the review.

Results and their discussion

Osteoporosis

Due to the prioritization of emergency services
and the postponement of planned care, the treatment
of many chronic diseases, including osteoporosis, is
complicated, as resources are redistributed to fight
the pandemic. An osteoporotic fracture significantly
affects the physical, financial, and psychosocial status
of a person, as well as their caregivers [4]. Although
due to quarantine restrictions hospitalization due to
fractures has significantly decreased [5, 6], it is neces-
sary to take into account the possibility of developing
osteoporosis and increasing the incidence of fractures
in the future.

Patients hospitalized with COVID-19 have mul-
tiple factors that provoke bone fragility with a high
risk of fractures. Available information indicates that
most patients over 60 years of age are diagnosed with

at least one concomitant disorder (ischemic heart dise-
ase, diabetes, etc.) [7], an increase in the level of pro-
inflammatory cytokines (CXCL10, IFN-y, IL-1B,
IL-6, IL-8, IL-17, and TNF-a) [8]. Authors suggest
a possible role for calcium levels as a useful laborato-
ry marker of disease aggressiveness that can be easily
assessed in emergency situations, helping clinicians
predict disease severity in patients with COVID-19
[9, 10]. Currently, hypocalcemia is considered as an
indicator of the severity and progression of the course
of COVID-19 [9, 11, 12].

Regarding the impact of vitamin D deficiency
or insufficiency on the course of the disease, con-
flicting information has been found. A serum total
25-hydroxyvitamin D (25(OH)D) level of less than
12 ng/ml (< 30 nM) has been found to be associated
with a higher risk of mechanical ventilation (VLC)
use and death [11]. Systematic review of the litera-
ture (28 studies) showed that vitamin D deficiency
increased the risk of infection with COVID-19, being
also associated with the severity and increased mor-
tality rate of the infection [13]. The authors confirm
that vitamin D (1,000 to 2,000 IU per day) should
be administered to at-risk adolescents and adults to
maintain normal 25(OH)D levels. The action of vi-
tamin D is based on the impact on the development
of cytokine storm in patients with COVID-19, which
is considered as the main risk factor for fatal outcome.
In addition, vitamin D deficiency is one of the main
risk factors affecting the development of osteoporo-
sis. An insufficient blood level of this vitamin trig-
gers a decrease in calcium absorption, an increase in
the level of parathyroid hormone with secondary activa-
tion of bone remodeling, mobilization of calcium from
bones, which acts as a mechanism of bone tissue loss.

The interaction of SARS-CoV-2 glycoprotein with
the human dipeptidyl peptidase-4 receptor (DPP-4/
CD26) may be an important factor in virulence. Ex-
pression of DPP-4/CD26 receptors can be reduced in
vivo by correcting hypovitaminosis D, further sug-
gesting that optimizing vitamin D status may improve
treatment outcomes in patients with COVID-19 [14].

However, there was a study (involving 445 pa-
tients hospitalized with COVID-19), in which no re-
lationship between vitamin D levels and the severity
of the disease was found. Instead, the authors noted
that hypocalcemia is a reliable marker of severe pro-
gression of the COVID-19 infection [12].

It is necessary to take into account the impact
of a decrease in other indicators on the state of bone
tissue. Additional factors, namely: prolonged immo-
bilization, loss of muscle mass, and treatment with
high doses of glucocorticoids, can increase resorption
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and, accordingly, lead to bone loss and increase the pro-
bability of falls provoking fractures in the elderly [15].

Considering the data obtained during the period
of the COVID-19 pandemic, close attention should be
paid to the diagnosis of osteoporosis. In particular, it is
necessary to assess the risks of fracture, measure bone
mineral density and use biochemical markers of bone
metabolism (serum calcium, 25(OH)D, serum N-ter-
minal propeptide of procollagen type 1 (PINP) [16].

Avascular osteonecrosis

Avascular osteonecrosis can be idiopathic or as-
sociated with a number of diseases, such as trauma,
sickle cell anemia, vasculitis, etc. Early diagnosis is
important because timely therapy can stop the pro-
gression of the condition and prevent the further de-
velopment of avascular osteonecrosis [17]. A decrease
in the proliferation and differentiation of osteoblasts
is caused by an increase in the level of cytokines [18].
The development of avascular necrosis can probably
be caused by excessive use of corticosteroids, hyper-
coagulation and increased bone resorption. There are
several mechanisms of SARS-CoV-2 effect on bone
resorption. One of them is angiotensin-converting
enzyme-2 (ACE-2), a membrane protein located on
the plasma membrane that is the entry point into
cells. It is expressed in most tissues, in particular in
compact and spongy bones.

SARS-CoV-2-induced hypoxia is an important
factor in increasing the differentiation and activity
of osteoclasts and, accordingly, enhancing osteore-
sorption: it increases the expression of pro-osteoclas-
tic cytokines, such as receptor activator of nuclear
factor-B ligand (RANKL), vascular endothelium
growth factor (VEGF), macrophage colony-stim-
ulating factor (M-CSF), hypoxia-inducible factor
(HIF-1) [19]. At the same time, the differentiation
of osteoblasts is disturbed.

These factors are associated with COVID-19
and may lead to the development of avascular
osteonecrosis.

During the SARS-CoV-1 pandemic in 2003, pa-
tients received very high doses of corticosteroids.
The results of the study suggest that while long-term
use of steroids can cause bone damage, short-term
use has limited effect. A large number of patients
with SARS-CoV-1 experienced arthralgia of large
joints without any abnormalities, for the most part, on
magnetic resonance imaging. The main musculoske-
letal complications of SARS-CoV-1 were osteonecro-
sis and bone loss, which did not occur due to the dise-
ase itself, but due to long-term treatment with high
doses of steroids [20]. In 2009, a three-year study was
completed in which the relationship between the de-

velopment of avascular osteonecrosis and treatment
with corticosteroids, which was prescribed to patients
with severe acute respiratory syndrome (SARS) [21].
In 39 % of patients, avascular osteonecrosis of the fe-
mur developed within 3—4 months after starting treat-
ment. Two more cases of avascular osteonecrosis
of the hip joint were observed in a year, and 11 cases
of this disease were diagnosed in 3 years, namely: 1 in
hip joint, 10 in other areas. In total, 58 % of the co-
hort was diagnosed with avascular osteonecrosis in
3 years of observation. The only factor associated
with avascular osteonecrosis of the hip was the total
dose of corticosteroids received. These data suggest
that these drugs for the treatment of COVID-19 may
result in avascular osteonecrosis in patients [22].

A. Sulewski et al. [23] included a group of 10 in-
dividuals with COVID-19 who developed symptoms
of joint dysfunction classified as avascular bone ne-
crosis confirmed by magnetic resonance imaging.
At the same time, the exclusion criteria were previ-
ous injury of the affected joint, steroid treatment and
severe chronic diseases (diabetes and hypertension
were not exclusion criteria). The authors concluded
that SARS-CoV-2 can infect bone with symptoms
of avascular osteonecrosis 1-3 weeks after infection.
It is necessary to manage the disorder with medica-
tion or, in the diagnosed final stage of avascular ne-
crosis, to carry out endoprosthetic repair.

Other experts reported 3 patients in whom the mean
dose of steroid equivalent to prednisone was 758 mg
(400—-1250 mg). One of them developed avascular os-
teonecrosis of the femur after COVID-19 and a total
corticosteroid dose of 1250 mg (intravenous meth-
ylprednisolone 80 mg daily for 9 days, followed by
350 mg oral prednisone for 28 days) in 45 days; in
the second patient, after oral administration of dexa-
methasone for 10 days (60 mg, which is equivalent to
400 mg of prednisolone) — in 57 days, in the third —
after intravenous administration of methylpred-
nisolone (500 mg, which is equivalent to 625 mg
of prednisolone) — in 45 days. Medication with
bisphosphonates made it possible to avoid surgical
intervention [24].

To prevent steroid-induced avascular osteonecro-
sis, these drugs should be considered only in patients
with septic shock or in critical cases [25]. Individuals
at an early stage of avascular osteonecrosis are re-
commended physiotherapy and combined pharmaco-
therapy with bisphosphonates [26].

Conclusions

Information presented in the literature review
suggests that patients with severe SARS-CoV-2 are
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at high risk for complications such as osteoporo-
sis and avascular osteonecrosis. Despite the debate
about the pros and cons of using corticosteroids for
the treatment of coronavirus disease, it is an indisput-
able fact that their long-term use in high doses leads
to the development of avascular osteonecrosis [27].
Therefore, we urge judicious use of corticosteroids in
the treatment of patients with COVID-19 and do not
recommend them as routine therapy. It is also neces-
sary to pay close attention to the diagnosis of osteo-
porosis, since in hospitalized patients there are many
factors that can provoke increased bone fragility.
Patients suffering from the mid- and long-term ef-
fects of the COVID-19 infection will need a compre-
hensive recovery and rehabilitation treatment plan to
overcome them. Research on complications in the lo-
comotor system continues today for more accurate

prognosis and effective prevention.
Conflict of interest. The authors declare no conflict of
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