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Abstract

The aim of this study is to evaluate the effectiveness of conservative treatment for early
stages of avascular necrosis of the femoral head associated with COVID-19 and early
diagnosis using perfusion magnetic resonance imaging. A retrospective cohort study was
conducted involving 205 patients (mean age 32.8+11.6 years) who underwent
comprehensive treatment, including pharmacotherapy (zoledronic acid, anticoagulants,
non-steroidal anti-inflammatory drugs and agents for improving microcirculation),
physiotherapy, and hirudotherapy. Diagnosis was confirmed using radiography,
magnetic resonance imaging, and multislice computed tomography. Functional status
was assessed with the Modified Harris Hip Score and the Visual Analog Scale for pain.
Following treatment, significant improvement in functional outcomes was observed:
Modified Harris Hip Score increased from 60.3+5.7 to 85.2+7.3, while Visual Analog Scale
decreased from 8.3+1.6 to 2.5+1.3 (p < 0.05). Magnetic resonance imaging demonstrated
regression of osteonecrosis foci in 21% of patients and stabilization of the disease in 47%.
Adverse effects were rare (3% —mild gastrointestinal disturbances). No progression to
advanced stages of osteonecrosis was detected within 6 months. Comprehensive
conservative treatment of early-stage post-COVID avascular necrosis of the femoral head
is an effective and safe approach that improves hip joint function, reduces pain, and
promotes regression of bone lesions. Further studies with control groups are required to
confirm these findings and to explore additional therapeutic strategies.

Keywords: COVID-19, avascular necrosis of the femoral head, osteonecrosis,
conservative treatment, pharmacotherapy, physiotherapy, hirudotherapy.

PARASSATKZ

Long-term consequences of SARS-CoV-2 infection
include not only symptoms such as fatigue, shortness of
breath, anxiety and depression, tachycardia, chest pain,
the extremely rare Guillain-Barré

fibrosis,

syndrome,

pulmonary pulmonary embolism,

cardiomyopathy and stroke, but also muscle and joint
pain characteristic of avascular necrosis [1-3].
According to studies, avascular necrosis is
observed in 5-58% of patients who have had a severe
form of COVID-19 [4,5]. In 39% of patients infected with
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SARS-CoV-2, ANFH developed within several months
after atypical pneumonia [6]. Avascular necrosis most
often develops in individuals of working age (on
average 33—45 years) and is a severe disease leading to
disability due to bone tissue death in certain areas [7].
Foci of osteonecrosis are predominantly found in the
femoral head and tibial condyles, humeral head, talus
and calcaneus, as well as in other parts of the skeleton
[4].

Agarwala et al. discuss two possible mechanisms
for the development of avascular necrosis after COVID-
19: direct damage to bone vessels by the virus and the
negative impact of glucocorticoids used to treat the
infection [8]. The SARS-CoV-2 virus not only directly
penetrates the vascular endothelium but also enhances
the damaging process due to the general inflammatory
response of bone tissue and the “cytokine storm”.
However, this is not the only mechanism for the
development of osteonecrosis after COVID-19. The use
of glucocorticoids plays a more significant role in
increasing the risk of avascular necrosis. Their use in
COVID-19 reduces the expression of proinflammatory
cytokines (IL-1, IL-2, IL-6, TNF), which reduces
immunopathological tissue damage and the early
inflammatory response, demonstrating a potential
advantage over other drugs [6,9,10]. The diagnosis of
avascular necrosis in the early stages and the
identification of risk factors for its development after
the new coronavirus infection continue to be actively
studied. Radiographic examination, which is the
standard for diagnosing ANFH, remains important in
post-COVID avascular necrosis. According to Zhao et
al., MRI is recommended 3, 6, and 12 months after
completion of glucocorticoid therapy [11]. In a
retrospective study of patients after COVID-19,
osteonecrosis was detected on MRI of the hip joints in
91% of patients as early as 3 months after the end of
therapy [12]. Along with MRI, new prognostic markers
for the disease are actively sought using laboratory
methods. In many cases, coagulation parameters
remain at the upper limit of normal. Timely detection
and treatment of avascular necrosis as a complication of
COVID-19 can reduce the risk of disease progression.

Studies by Agarwala et al. have shown that
antiresorptive drugs can slow disease progression and

2. Materials and methods
This study used a retrospective cohort design to
analyze functional outcomes in patients with early-
stage avascular necrosis of the femoral head (ANFH)

reduce the need for surgical treatment [8]. They reduce
the intensity of resorption in the osteonecrosis area and
reduce the risk of impression of subchondral and
adjacent bone tissue [13]. Alendronates, in addition to
their direct antiresorptive effect, reduce bone swelling,
and intravenous bisphosphonates have a pronounced
analgesic effect, which significantly improves the
quality of life of patients [14].

In another study, given the relationship between
osteonecrosis and  microcirculation  disorders,
dipyridamole is prescribed at a dose of 25 mg orally
three times a day for 3 weeks as an inhibitor of platelet
aggregation and angioprotective agent from the first
days of treatment upon diagnosis [15]. lloprost, whose
effectiveness in the treatment of osteonecrosis has been
confirmed by clinical data, can also be prescribed to
reduce  intraosseous  pressure and improve
microcirculation [16]. In patients with post-COVID
ANFH at stages 1-2 of the disease and signs of
hypercoagulation or hypofibrinolysis, the use of
anticoagulants as part of complex therapy is
recommended. Available sources indicate that
symptomatic physiotherapy can effectively relieve pain
[17].  Therefore, pulsed
electromagnetic therapy, hyperbaric oxygenation,
ozone therapy, and extracorporeal shock wave therapy
are used for classic avascular necrosis [18]. However,
further research is needed to evaluate their

methods such as

effectiveness in the treatment of post-COVID
osteonecrosis.

The literature indicates the therapeutic value of
hirudotherapy in the comprehensive treatment of knee
osteoarthritis [19]. However, in patients with ANFH,
the combined use of anticoagulant therapy and local
treatment (hirudotherapy) has not yet been developed.
Therefore, the issue of comprehensive and conservative
treatment of ANFH in the early stages using
hirudotherapy requires further research. According to
available data, surgical treatment is indicated for post-
COVID avascular necrosis at stages 3-4, while
conservative treatment strategies for stages 1-2 are
insufficiently = developed. Therefore, developing
effective conservative treatment strategies for the
disease in its early stages is a pressing issue [18].

associated with COVID-19 after treatment with
pharmacotherapy and physical therapy. The study
included a total of 205 patients diagnosed with COVID-
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19-associated ANFH. Patients were identified based on
medical records and case histories from the
Multidisciplinary Clinic of the Tashkent Medical
Academy between April 2021 and January 2024. The
average age of the 205 patients included in the study
was 32.8 (x11.6) years. Of these, 59 (29%) were women
and 146 (71%) were men. All patients had a history of
COVID-19 of varying severity, presented with
complaints of hip pain without prior trauma, and had a
clinical suspicion of ANFH. The diagnosis was
confirmed by radiography, MRI, and MSCT and was
then evaluated dynamically.

Inclusion criteria

A history of COVID-19 was included, hip pain,
osteonecrosis and associated bone marrow edema, and
age 18 years or older. Patients diagnosed with ANFH
(ARCO stages 1-2) were also included [20].

Exclusion criteria: patients with ANFH (stages 3—4
according to ARCO, 2021), patients with previous hip
surgery or injuries, and patients with concomitant
musculoskeletal conditions that limit mobility and
walking (e.g., coxarthrosis of various etiologies) [20].
Patients with cognitive impairment or communication
barriers  that prevented understanding and
participation in the study were excluded.

Complex conservative treatment

All patients were treated according to a
standardized included
physiotherapy and  local
anticoagulant therapy (hirudotherapy).

Pharmacotherapy

Zoledronic acid (Aclasta) was administered
intravenously to suppress osteoclast activity and
stimulate bone remodeling. Anticoagulants (low

protocol, which
pharmacotherapy,

molecular weight heparin, rivaroxaban) were used to
prevent and correct thrombotic complications
associated with COVID-19. Nonsteroidal anti-
inflammatory drugs were prescribed to reduce pain.
Pentoxifylline and similar drugs were used to improve
microcirculation in the affected area of the femoral
head.
Physiotherapy

3. Results

Baseline descriptive characteristics. Table 1
summarizes the main characteristics of the patients
included in the study. The cohort included 205 patients
with a mean age of 32.8 + 11.6 years, of whom the

Patients received individualized physiotherapy
programs aimed at improving hip range of motion,
muscle strength, and functional mobility. These
programs included passive exercises (to increase range
of motion), strengthening exercises, and gait training,
depending on the patient's condition and needs.

Hirudotherapy

Although hirudotherapy was not mentioned in
many systematic reviews and meta-analyses on the
treatment of ANFH, hirudotherapy was considered as
a treatment method in studies on conservative therapy
of knee osteoarthritis, elimination of ischemia, and
activation of regenerative processes after surgery for
Perthes disease [19].

Data collection

Demographic, clinical, radiological, and laboratory
data were obtained from patient medical records.
Baseline characteristics included age, gender,
comorbidities, COVID-19 severity, symptom duration,
and stage of ANFH. Functional outcomes and hip joint
condition were assessed using validated scales: the
modified Harris Hip Severity Scale (Modified HHS,
2000) and the visual analogue pain scale (VAS) [21].

Statistical analysis

Descriptive statistics were used to describe
baseline clinical and functional parameters. Continuous
variables are presented as mean + standard deviation or
median and interquartile range, while categorical
variables are presented as frequencies and percentages.
Changes in functional parameters before and after
treatment were analyzed using a paired t-test or, when
appropriate, the Wilcoxon signed-rank test. A p value
of <0.05 was considered statistically significant. The
study was conducted in accordance with the principles
of the Declaration of Helsinki and was approved by the
Local Ethics Committee of Tashkent State Medical
University.

majority were men (71%). A significant proportion of
patients had comorbidities, the most common of which
were hypertension (25%), "Long COVID-19 syndrome"
(19%), and diabetes mellitus (13%).
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Table 1 — Baseline characteristics of the study group

Characteristic Indicators
Mean age + SD 32.8+11.6

. o,
Gender, n (%) Men: 146 (71%)

Women: 59 (29%)

Comorbid conditions, n (%)

Arterial hypertension: 51 (25%)
Long COVID-19 syndrome: 39 (19%)

Diabetes mellitus: 27 (13%) Others: 10 (5%)

Duration of COVID-19 symptoms (days),
median (IQR)

10 (7-14)

ARCO stage, n (%)

Stage 1: 55 (27%)
Stage 2: 150 (73%)

Note: SD — standard deviation, IQR — interquartile range

The median duration of COVID-19 symptoms was
19 days (IQR: 7-28). The distribution of ANFH stages
according to the ARCO classification was as follows:
stage 1-27%, stage 2-73%.

Functional results

Following pharmacotherapy, hirudotherapy, and
physiotherapy, patients showed a significant
improvement in functional parameters compared to

baseline. The mean modified Harris Hip Surgery Scale
(mHHS) score, used to assess the hip joint, increased
from 60.3 (SD * 5.7) to 85.2 (SD + 7.3). This indicates a
significant improvement in hip function. Visual
Analogue Scale (VAS) pain scores also decreased from
8.3 (SD + 1.6) to 2.5 (SD + 1.3), reflecting a significant
reduction in pain (Table 2).

Table 2 — Functional results before and after treatment

Before treatment

After treatment

Indicator (mean + SD) (mean * SD) p- value
mHHS 60.3+5.7 852+73 <0.05
VAS 83+1.6 25+13 <0.05

Note: SD — standard deviation, IQR — interquartile range, p — significance level (<0.05 is considered

significant)

Complications and adverse events

The incidence of complications and side effects
associated with the proposed treatment regimen was
low. A small group of patients (3%) experienced
transient gastrointestinal symptoms, such as nausea
and dyspepsia, after taking NSAIDs. During the 6-
month follow-up period, no cases of osteonecrosis
progression to late stages (III-IV) were recorded.
However, at 12- and 24-month follow-up, clear
radiological evidence of avascular necrosis progression
was detected in 8-12% of patients. No treatment-related
or COVID-19-related thromboembolic complications
were reported.

Radiological evaluation

A study of hip joints showed favorable results in
terms of bone remodeling and preservation of joint
architecture. Follow-up MRI revealed regression of
avascular necrosis foci in 21% of patients, absence of
osteonecrosis progression in 47% of patients, as well as
resolution of bone edema and restoration of trabecular
bone structure, indicating healing. Subgroup analysis
by ARCO stage revealed similar improvements in
functional parameters in both stages I and II. No
significant differences in mHHS and VAS were found
between the groups after treatment (p > 0.05) (Table 3).

Table 3 — Subgroup analysis of functional outcomes by stages of ANFH

Indicator Stage I (n=55) Stage II (n=150) p
mHHS 84.1+65 823+7.2 0.182
VAS 28+1.3 31+1.1 0.317

Note: VAS — visual analogue scale of pain, p — significance level, <0.05
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4. Discussion

The demographic profile of the study participants
reflects the typical patient population with COVID-19-
associated ANFH. The mean age of 32.8 years suggests
that ANFH can develop in both young and middle-
aged individuals. This is somewhat different from
previous literature, which has tended to emphasize a
higher incidence in middle-aged and older patients. The
predominance of men in this cohort is also consistent
with existing epidemiological data, as many studies
have noted that ANFH is more common in men than in
women [22]. The median duration of COVID-19
symptoms of 19 days reflects the acute phase of the viral
disease, during which the likelihood of developing
ANFH as a complication is high.

The functional improvements recorded in this
study confirm the effectiveness of combined treatment
(pharmacotherapy and physiotherapy) for early-stage
COVID-19-associated ANFH [23]. The addition of
hirudotherapy  also  contributed to  further
improvements in outcomes. A significant increase in
mHHS scores indicates restoration of hip function,

5. Conclusions

Conservative treatment of ANFH associated with
COVID-19 is a complex clinical challenge requiring a
multidisciplinary approach. This study examined the
functional outcomes of early-stage ANFH treatment,
confirming the effectiveness of conservative approaches
in accelerating bone healing and restoring function.
Thus, early diagnosis and timely intervention, combined
with pharmacotherapy and physical therapy, play a key
role in ensuring favorable functional outcomes. Further
randomized trials with control groups are needed to
confirm these findings and explore additional treatment
options.
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Can cyizeri 6aceiabiH COVID-19 5To20TMs1abI aBaCKy ASIPABIK HEKPO3bIHDIH
I-II caTBICBIH KOHCEpBAaTUBTi eMAey

Kapumos MLIO. 1, Karomos JK.ITI. 2

1 TpaBmaToA0IM:, OpTOITe AN XKoHe acKepH-Aaaa Xxupypruscel Nol xadepaceiabig MeHrepymrici, TalkeHT MeMAeKeTTiK MeAMIIHA
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Tyiingeme

COVID-19 6aitaaHbIcThI >Kambac cylieri 0achIHbIH aBaCKyAsPABIK HEKPO3BIHBIH epTe caThldapblHAa KOHCepBaTMUBTI
eMJeyAiH  TMiMAiairin  >keHe  Tepys3MAABIK ~ MarHUTTIK-pe30OHAHCTBIK ~ TOMorpadus  KeMeriMeH  epTe
AVarHOCTMKaAayAblH MaHBI3BIH OaFaday. PeTpocrekTusTi KOTOpTTHK 3epTTey 205 HaykacTsl (opTara >kacer 32,8+11,6
KBIA) KaMTBIABL. bapablK HaykacTap KemmeHAi eM KaOblagaAbl, OofaH (apmakoTepanys (3041€4POH KBIIIKBIABL,
aHTUKOATIyAsIHTTap, CTepPOMATHI eMec KaObIHyFa Kapchl Iperaparrap, MUKPOLIMPKYAAIIUAHBL XKaKcapTaThH Adpiaep),
¢usnorepanms >xoHe rupysorepanus Kipai. AuarHos penrreHorpadus, MarHUTTiK-pe30HAHCTHIK ToMorpadusi >KoHe
KOMITBIOTEPAIK TOMOrpadusi apKblabl pacTaassl. PyHKIMOHAAABIK >KarAall MoAuduKanuslaHraH Xappuc >kambac
OyBIHBI MHAEKCI >KoHe ayBIPCHIHYABIH BU3yaAAbl-aHaAOITHIK INKaJachl OoifbIHINA OaradaHAbl. EmHeH KeiliH
PyHKIMOHAAABIK, HOTVDKeAep alTapablKTail >Kakcapasl: mHHS 60,3+5,7-aen 85,2+7,3-ke AeifiH apTTHI, aa BU3yaaAbl-
aHaJAOITHIK IITKaJackl OOMBIHINA KepceTKirti 8,3+1,6-4an 2,5+1,3-ke Aeitin TomeHnaeai (p < 0,05). MarHUTTiK-pe30HAHCTHIK,
ToMorpadust HaTV>KeAepi HoribiHIIa 21% HayKacTa OCTEOHEKPO3 OIllaKTapBIHBIH perpeccuscel, 47% HaykacTa aypyAbIH
TYpakTaHybl OalikaaAbl. JKaFeIMCEI3 acepaep cupek KesgecTi (3% — KeHia ackasaH-iIlleK OY3BLABICTApEI). 6 aif imiHge
OCTEeOHEeKpPO3AbIH AaMBbIFaH caThlAapbIHa ©TY >Kafaaliaapbl aHbIKTaafaH 5K0K. COVID-19-aan Keriinri >kamOac cyliterisig
OaCEIHBIH aBacKyAsSpABIK HEKPO3BIHBIH epTe caTbldapblHAA KellleHAl KOHCepBaTUBTI eMAey THiMAi JKoHe KayiIlcia Tacia
6oapm Tabbplaaabl. Oa >xamOac OyBIHBIHBIH KBI3METiH JKaKcapTaabl, ayBIPCHIHYABI asailiTadbl >KoHe Cyliek
3aKbIMAaHyAapbIHbIH perpeccusiCblHa bIKIIaA eTedi. ATaAMBIII HOTIOKeAepAl pacTay >KoHe KOCBIMINA eMAiK
CTpaTernsiaapApl 3epTTey YIIliH Oakblaay TONTapblH KAMTUTHIH 9pi Kapalifbl 3epTTeyaep KaXKeT.

Tyiiina cesagep: COVID-19, >xambac cyiieriHiH OachbIHBIH aBacKyAsPABIK HEKPO3HI, OCTEOHEKPO3, KOHCEpBaTMBTI eM,
JapmakoTeparnus, $pusmorepans, IMpyAoTeparnus.
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Pesiome

Ileapio gaHHOTO MCCAEAOBAHM: SABAAETCA OlleHKa 9(PPeKTMBHOCTY KOHCEPBAaTMBHOIO JA€4eHMs paHHUX CTaAuii
aBaCKyAsSPHOTO HeKpo3a roaoBKu OeapeHHOI KocTy, acconumposaHHoro ¢ COVID-19, a Ttakke 3HaueHUs paHHeN
AVIaTHOCTUMKM ~ C  JCIOAB3OBaHMEM  Iepy3MOHHON  MarHUTHO-pe3OHaHCHOM  Tomorpapum. Ilposeaeno
peTpocreKTUBHOe KOTOPTHOe 1ccAeoBaHMe ¢ yuyacTueM 205 nmarmeHToB (cpeaHuii Bospact 32,8 11,6 aeT), moayJasImx
KOMIL1EKCHOe JedyeHne, BKJAIoJaBInee (apMakoTepanuio (3041e4pOHOBasl KICAOTa, aHTUKOATYASHTHI, HeCTepOUAHBIE
IIPOTUBOBOCIIAAUTEABHbIE CPEeACTBa, IIpelaparsl A4S YAyYIIeHNMS MUKPOLUPKYASILNM), (GU3NOTEpalnio U
rupyorepanmio. AmuarHos MmoATsBep>KAaan € IOMOIILIO peHTreHorpadpuy, MarHUMTHO-Pe30HaHCHON ToMorpadpuu u
MyABTUCOMPAABHOM  KOMIIpIOTepHON  Tomorpagum.  DyHKIIMOHaALHOe  COCTOsAHME  OLIeHMBAaAoCh IO
MOAMPUIIMPOBAHHON IIIKade Xappuca M BMU3yaabHO-aHAaAOIoBoM InKade Ooam. Ilocae aedenms oTrMeueHO
3HaUYNTeAbHOE yAy4YIlleHre (PYHKIVIOHAAbHBIX ITIOKa3aTeler: 1o MoauQuIMpoBaHHOI ImKale Xappuca cpeAHnii 6aaa
yBeanunacsa c 60,3+5,7 40 85,2+7,3, a BU3yaabHO-aHaA0roBas 1MKada 604y cHuanaack ¢ 8,3+1,6 4o 2,5+1,3 (p<0,05). ITo
AaHHBIM MarHMTHO-pPe30HaHCHOI ToMorpaduy, y 21% manueHToB HabAI0AaAach perpeccus o4arob OCTeOHEKPO3a, a y
47% — crabnamsanusa saboaepanms. HesxeaaTeapHble 9QQPeKTsl OTMeYaanCh peako (3% Aerkme >KeAya049HO-
KUIIIeYHbIe PacCTpoiicTBa). B TeueHme 6 MecsreB caydaeB IporpeccMpoBaHMs 3a00AeBaHNA AO IMO3JHMX CTaAWit
OCTeOHeKpo3a He BhIIBAeHO. KoMIllekcHOe KOHCcepBaTUBHOe AedeHNe PaHHNX CTaANi ITOCTKOBMAHOTO aBacKyAsPHOTO
HEKpO3a ro10BKU OeApeHHOI KOCTH sIBAseTCs 9P (PEKTVBHBIM U O€30I1aCHBIM METOA0M, CIIOCOOCTBYIOIINM YAYYIIIEHNIO
¢yHKIMHM Ta300eApeHHOIO CycTaBa, CHIKEHUIO 00AM U perpeccuy KOCTHBIX IOpa’kKeHMil. AaAs IOATBEp KAEHMS
IIOAYYEHHBIX JAHHBIX UM pa3pabOTKM AONOAHUTEABHBIX TepareBTUYeCKUX II0AXOAOB HEOOXOAMMBI AaAbHeNIIe
1CCAeA0BaHM C KOHTPOALHBIMY IPYTIIIaMI.

Karouessie caosa: COVID-19, aBackyAspHBIIT HEKpO3 I'010BKM OepeHHOI KOCTH, OCTEOHEKPO3, KOHCepBAaTMBHOE
JAedenne, papMaKkoTeparsl, Pu3NoTepans, IMpyA0Tepanis.
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