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* AIOT £Acopa O LOKOING TINC
ayye lwonc Adyw ouumnieong,
oUomnacng N €voayye LakNg
andepaEng

* Ennpoe&lel apbphboelc TOU
DéYoVTaLl QOopPTLx

* Toxlo: ouxvotepa I Good |
npooflepPAnuevn &pbBpwon—> blood supply blood supply
OOTE€0OVEKQPWON unpLaxiac
K EPOUANC

* Xwplc Bepamela, efeAlooceTal
ce deuteponabn apbplitLida TOU
Loxlou oto 70-80% twv
oo VAV
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TPAYMATIKA AITIA

> Kardypata auxéva unpiaiou
> Kardyparta omigBiou
ToIXWHATOC

KOTUANG

> OmioBia e€apOphpara ioxiou
> Kardypata kepaAng pnpiaiou
> OAigBnon davw pnpiaiag
EMipUONG

(SCFE)

> Tatpoyeveic kakwoeig (omicBia
TipooTéAdon 10Xiou)

-

MH TPAYMATIKA AITIA

> Idiomadn

> Kardxpnon aAkodA

> XpAon KopTIKOOTEPOEIBUWY

> Néoo¢ Twv dutwy / Caisson
(duapapikh oaTeovékpwan)

> AIDS

> ApemavokuTTapikh avaigia

> YmoivwdoAuTikég diatapaxéc

- MeTdAAagn Factor V Leiden
- Avemrdpkela mpwreivng C & S
- MueAoUTrepTAdoTIkéC SiaTapaxéc

> Néooc¢ Gaucher
> Néooc Perthes
> Kdnvioua

> YrepAimidaipia

> AKTIvoBepaTeia




> Pathophysiology. 2025 Jul 18;32(3):36. doi: 10.3390/pathophysiology32030036.

Post-COVID-19 Femoral Head Osteonecrosis Exhibits
Mast Cell Clusters, Fibrosis, and Vascular
Thrombosis: Key Pathological Mechanisms in Long
COVID-19 Bone Degeneration

Asya Kuliyeva ', Natalia Serejnikova 2, Gulnara Eshmotova ', Yulya Teslya !, Anastasia Ivina ',
Alexey Zarov 3, Michael Panin 4, Alexey Prizov 4, Vera Lyalina %, Dmitry Shestakov ©

» J Pharm Bioallied Sci. 2023 Jul 5;15(Suppl 1):S661-S664. doi: 10.4103/jpbs.jpbs 87 23

Avascular Necrosis of the Hip after the COVID-19 Pandemic
Priti R Sinha »*®, Nitin Mallick 2, Ramjee L Sahu 3

» Author information » Article notes » Copyright and License information

> Rheumatol Int. 2023 Sep;43(9):1583-1595. doi: 10.1007/s00296-023-05373-8.
Epub 2023 Jun 20.

Femoral head avascular necrosis in COVID-19
Survivors: a systematic review

Ahmed Abdelazim A Hassan ', Ahmed A Khalifa 2

1sk Factors, Pathogenesis, Diagnosis, and
Treatment Options for COVID-Associated
Osteonecrosis: A Systematic Review

Sean B. Sequeira MD °, Lynne P. Jones MD b Stuart B. Goodman MD, PhD €, Michael A. Mont MD ¢
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YIIepnInKT LKA
KATXOTOON
(COVID-induced
coagulopathy)
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(endothelial
injury)

NUOTNUOT LKD
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(cytokine-

mediated injury)

XUVOUQOT LKOC
punxov Louodg
(multifactorial
synergy)




ALOyVOODN

e AKT LVOVOOQILEC

e ytoxovopLa OLalyaon, OKANEPUVON Kol TO
XOPAKTNPLOT LKO crescent sign

* Jg TMEPOXWPNUEVA OTAdLO: E€MLITEDWON
unpLatloac XKe@oANg, OT&€Vwon ueodpbplLou
OLOACTAUNTOC Kol onueila
ooTeoxpBplT LdOC.

* CT
* UIOYOVOP LA KATAYUATX

* IO LUN KATAEPEUON TNC HNPLALlOC KePAANC
<Z mm




MRI (géétaon exAoync)

NT&O Lo TPpLV and TNV KAatTdepeuon
(Tl: t ohua | T2: egvdiducoco/t1 Fat-
sat | Double line sign (T2) -
OOy VWOUOV LKO)

NTAOLO UmoXoOvdpLac KATApPEUONC
(YmoxovdplLo K&tayuo (crescent-
like) Koat&ppeuon Ke@oANnc (>2 mm)
(KGotelc, oOrANpuvon, oldnuo)

ApBpLTLkO oTdd Lo (Ilapaudbppwon
KEQOANC, AmbAela XOVOEOU, XTIEVWON
dpbpwong, Octedbputa, KUOTELQ)
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e 1. Mévyeboc 1IncC
BAGRNG

e 2. Katd&ppeuon 1nC
unpLatoac Ke@oAng
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Stage

Ficat
The Un
Associ
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Mitche
Marcus
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2A

2B

Stage

Steinberg classification

Imaging findings

Stage 0
Stage |

Stage II

Stage III

Stage IV

Stage V

Stage VI

Normal and nondiagnostic

Normal radiograph. MRI/bone scan may
be abnormal

Quantification

A (mild): <15% of femoral head
involvement

B (moderate): 15-30%

C (severe): >30%

Cystic/sclerotic changes on radiographs
Quantification:

A (mild): <15% of femoral head
involvement

B (moderate): 15-30%

C (severe): >30%

Subchondral lucency or “crescent sign”
Quantification:

A (mild): subchondral collapse (crescent)
beneath <15% of articular surface

B (moderate): crescent beneath 15-30%
C (severe): crescent beneath >30%
Flattening of the femoral head, normal
acetabulum

Quantification:

A (mild): <15% of femoral head has
collapsed and depression is <2 mm

B (moderate): 15-30% collapsed or
2—4 mm depression

C (severe): >30% collapsed or >4 mm
depression

Acetabular involvement (joint space
narrowing, sclerosis, cysts)
Quantification:

A, B, or C: average of femoral head
involvement, as determined in stage IV,
and estimated acetabular involvement

Advanced degenerative change

of the h1p with reduced joint space

Mitchell classification

T1w MRI T2w MRI Signal
e signal signal analogue
e A | Hyperintense |Intermediate | Fat
e B | Hyperintense | Hyperintense | Blood
e C | Hypointense | Hyperintense | Fluid/
edema
e D | Hypointense | Hypointense | Fibrosis
suvvlvnuiral 'appuuauu: plCDClll
fracture Only
(“Crescent” sign | quantitate
and/or on
subchondral radiographs
Clinical presentation
Asymptomatic but there is AVN of the
contralateral hip
Painful hip
head | Painful hip with stiffness
al Painful hip with stiffness
Increasingly painful hip with limited range of
ice motion
hritis | Painful hip with limited range of motion




Ta&ivounon Ficat & Arlet

271adio I 2T1dd10 IT

21ddi0 ITI

2T1ddio IV

- BuaioAoyIKN akTIvoypayia - AKTIVOAOYIKEG aAAoIWaEIG:

okAnpuvon, KUOTEIC, 00TEOTTEVIA

* MRI/omivOnpoypdpnua BeTikd | Tewypagikéd éAAsippa,

- Ahvoc "anueio SIMAAC vpauung"

- Crescent sign

- Ymoxovdpio kdrayua,

anmwAeId oeaIpIkOTNTAC

- AAyog, duokapyia

- TTpoxwpnuévn kardppeuon
-AeutepomtaBic ooTeoapBpiTida
- 2Tévwaon HeodpBpiou
d1a0TANATOC

- AANAoIWOEIC KOTUANG

TTpwipa orddia (I-II): Siatnpnuévo oxAPa unpidiac KEQaAng

Owipa orddia (ITI-IV): katdppeuon & apBpiTida




[Iodyvwon
KATAPPEUONC

* Twvia Kerboul
(kT Lvoypopia) <160°
xounAdc kivduvocg, 160-
190° npétpLog, >190°
uynAdg

* Modified Kerboul (MRI)
<190° xounidc, 190-240°
pwétpLoc, >240° uynArdc

° o

S emmLEAVE LAC KEPAANC
<15%, 15-30%, >30%

* % OYKOU KEQOANG
(Steinberg) (<15%, 15-
30%, >30%)

* Evidémion RA&BNC

TlpooBionioBia Anyn

A + B = Twvia Kerboul

TTAayia Aqyn




« AE Iox{o : 82,5° + 110,1° =
192,6°

« AP Toxlo : 94,2° + 113,6° =
207,8°
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AVTI LUETRIILON

AKEOX L OTNTO PO L KOV EILEaveE LV (pre—-collapse)

e Xapaktnptiletal amnd: &OLKTO apbBpLlkd XOVOPO armouclio
UrIoXOVvOp LaC KATAPPEUONC

* e aUTO TO OT&GOLO: UNAPXEL HEYAAUTEEN TILOAVOTINTY AVOUCTEOPNC
N ortabeponoinonc e€pdboov eeapuootel Bepoame lo

BAOBNn apbBplKOV miLeaveLOV (post—-collapse)

e Xapaxktnplletal amd: KATAPPEUON TOU UIOXOVOpLOU 00TO0U

* Y10 TIIPOXWPENUEVA OT&dLa: mImapaTneelIal ITopaudeewon Inc
une Lo lac KeeoaAnc ouvundpxel ooTceoupOplT Lo



Pre-collapse/
ZUVINENT LK
AVT LPETRIILON

* avakoUpLon amnd unyxov Lko
feaVe

* emILRP&OUVON TNC €&EALENC
Tnc vooou

ZuvTnpenTIKA
QAVTILETWITION

Atro@oprTion DAPPAKEUTIKI Bioguoikég
okéhoug aywyn Beparreieg
KpouoTikog
=t AIQWOPOVIKG oo UTTEPNXOG
(ESWT)

MaApika HAekTpo

- 2TATIVEG b poyvnTIKG Media
(PEMF)
e  AVTITINKTIKG YTepBapikG

o&uyovo (HBO)

) AYYEIODINOTAATIKA




| €C€NIEnG vooou
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ALQWOPOV LKA

JB & JS OPEN ACCESS

> J Arthroplasty. 2011 Oct;26(7):1128-34. doi: 10.1016/j.arth.2010.11.010. Epub 2011 Jan 21.

» JB JS Open Access. 2021 Dec 17;6(4):21.00042. doi: 10.2106/JBJS.0A.21.00042 (A Ten—year follow—up of avascular necrosis of femoral
head treated with alendronate for 3 years

A Paradigm Shift in Osteonecrosis Treatment with Bisphosphonates
A 20-Year Study

Sanjay Agarwala 1, Satyajit B Shah
Affiliations + expand
Sanjay Agarwala D(Orth) 1"", Mayank Vijayvargiya 1 PMID: 21256699 DOI: 10.1016/j.arth.2010.11.010 (#

» Author information » Article notes » Copyright and License information

PMCID: PMC8683207 PMID: 34934885



ri'hrltls AN OFFICIAL JOURNAL OF AMERICAN COLLEGE
THE AMERICAN COLLEGE OF @

Rheumammgy RHEUMATOLOGY Enproning Rty Pofsima Meta-Analysis > Osteoporos Int. 2016 Jan;27(1):295-9. doi: 10.1007/s00198-015-3317-5.
Epub 2015 Sep 14.

Osteonecrosis

The use of bisphosphonate in the treatment of

Alendronate in the prevention of collapse of the osteonecrosis of the femoral head: a meta-analysis
femoral head in nontraumatic osteonecrosis: A two- of randomized control trials

year multicenter, prospective, randomized, double-

. H-F Yuan ', C-A Guo ', Z-Q Yan 2

blind, placebo-controlled study'

Affiliations + expand

Chung-Hwan Chen, Je-Ken Chang, Kuo-An Lai, ShenE-Mou Hou, Chih-Hao Chang, PMID: 26370828 DOI: 10.1007/500198-015-3317-5 7

Gwo-Jaw Wang =4

First published: 29 November 2011 | https://doi.org/10.1002/art.33498 |
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* AgLToUupylkOTNTH (Harris Hip Score)
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r] CD+PRP
CD+BMAC
* uelwon 1nC
7/ O "
ou E" n p- eV n C , , CX'ITOO?J:'IKT?EGI] CD+BMP7
SAY 6 COOT LKNG IILeonag Xeipoupyikn — Ayyelolpeva
QVTIMETWITION = y oM
1 EXVIKEG
* B < }\‘T L won T r] C avayévvnong =y CD+O00TIKO péOyEUHa
< x6vBpou (OM)
L U.O( TW Gl’] C Mn ayyeioupeva OM
* MOPOXN UMOXOVOPLaG - e
uriooTtneLénc vyiLa
QHO(pUYﬁ KO(T dp p € UOH q ;libofu‘;\zinigr;e Marrow Aspirate Concentrate, PRP: Plus Platelet-Rich Plasma, BMP7: Bone Morphogenetic

* ¢evioxuon 1nc
00T E€0OYVEVEONC KL
OQVOCTOALN TNC
OOT LKAC KATAOTEOPNC



PostT -
collapse

OoTeoTONIa
unpiaiou

ApBpddeon
IoYiou

Post-collapse
management

Resurfacing
ApBpOoTTAACTIKNA
Emgaveiag)
loxiou

Girdlestone

Bipolar
(ArroAIkn)
apBpPOTTAQCTIKA



Alyog 10Yiou +
NapdyovTteg KIvdOvou

Y
AkTIVOAOYIKA - Mevikeupévn YTIOXGVOI0 KATAYHA P 1y
AT > Kavéva okAfpuvan Xwpig katdppeuon g
gupni UTTOXOVBIES KUOTEIS Mnpigiag kepaArg
MRI
L EmBeBaiwon ooteovikpwong MK
O C y Y
Zradio | Fradio Il a Fradio Il b —— |Zradio lll
l \] L l
MapakoAolBnan AIpuaQOVIKG Alpwopovika AIpwoPovIKa
AIPWOPOVIKG FHCD + NVBG + BA FHCD £ NVBG + BA FHCD £ NVBG + BA
FHCD £ NVBG + BA FHCD + VBG + BA FHDC + VBG + BA FHDC = VBG £ BA
OareoTtopia OoTeotopia OoTeoTopia
Y
z = Emgaveioakn
Kardppeuon Tng unpiaiog IT0810 IV apBpoTTAAOTIKN 10Yiou

KepaArg, OA 1oxiou

THA

CD: core decompression, NVBG: non-vascularized
bone graft, VBG: vascularized bone graft, BA:
biologic agents, THA: total hip arthroplasty
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