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AHHOTAIIUA

WcenenoBanuch OUONICHHHBIE MAaTEPUANbl 145 MAIHEHTOB, KOTOPHIM TOCIE KOMILUIEKCHOTO KJIMHUKO-UHCTPYMEH-
TaJILHOTO WCC/IEZIOBAHMS, C YUETOM CTEIeHU JIETeHePaIiy MEKITO3BOHOUYHBIX AUCKOB 1Mo Pfirrmann, mpoBe/ieHbI 1€KOM-
MIPECCUBHO-CTAOMIN3UPYIOIIHIE BMEIIATETbCTBA HA IIOSCHUYHOM OT/IeJIe [IO3BOHOYHHKA, C TOJTHOHN WJIN YaCTUYHOH (aceT-
SKTOMHMEHN Ha YPOBHE MopakeHus. Bee uccieryempie GHOICHIHBIE MaTepUaIbl ObLIM Pas3fie/IeHbl Ha 4 TPYIIIIBI B 3aBUCH-
MOCTH OT CTEIIEHH JIeTeHePaIii MEKIT03BOHOYHOTO /IicKa 1o Pfirrmann y marmuenTa: rpymma 1 — II cremens (Cr.) ferexe-
pauuu (n = 31); rpynmna 2 — Il cr. (n = 36); rpynna 3 — IV cT. (n = 46); rpynna 4 — V cr. (n = 32).

VYcTaHOBIIEHO YBeTMUEeHHE 00BEMHOTO COZIEPKAHISI XOHIPOITUTOB B IIPOMEKYTOUHOH 30He. Bo3pacTaHue KJIeTOUHOH ITOT-
HOCTH CBSI3aHO C YBEJIMYEHUEM JIOJTH 3- U 4-KJIETOUHBIX JIAKYH U TOSIBJIEHHEM 4—6-KJIETOYHBIX CKOTIEHHH Ha TIO3/THUX CTA/IASIX
JlereHepariiu aucka. [lpu aToM 00beMHOE CoZIepyKaHke XOH/IPOITUTOR B IOBEPXHOCTHOH 30HE 3HAYUTEILHO CHIKAIIOCh.

BrisiBJIeHHBIE XapaKTeP U THHAMUKA U3MEHEHUH B (DaCeTOUHBIX CyCTaBaX MOTYT MCITOJIb30BAThCSA MIPU WHTEPIIPETA-
U1 PEe3yJIbTATOB HEWPOBUByaIu3anuu sl 60see 060CHOBAHHOTO BbIOOpAa METOAUK (PUKCAIUU TTO3BOHOYHO-/[BUTA-
TEJILHOTO CerMeHTA IIPH JIeTeHepaTUBHBIX 3a00JIeBAaHUSIX TIOSICHUYHOTO OT/€JIa TI03BOHOUYHHUKA.

Karoueswvte caoea: nereHepanysi, paceTOUHBIH CycTaB, MEKIIO3BOHOYHBIHN AUCK, Pfirrmann.

ABSTRACT

Biopsy materials from 145 patients were studied. All patients after a comprehensive clinical and instrumental examina-
tion, taking into account the grade of intervertebral disk degeneration according to Pfirrmann, underwent decompression and
stabilization interventions on the lumbar spine, with a complete or partial facetectomy at the level of the lesion. All examined
biopsy materials were divided into 4 groups depending on the grade of intervertebral disk degeneration according to Pfir-
rmann: group 1 — grade II (n = 31); group 2 — grade III (n = 36); group 3 — grade IV (n = 46); group 4 — grade V (n = 32).

An increase in volume fraction of chondrocytes in intermediate zone was established. The cellular density growth was
associated with an increase in the proportion of 3- and 4-cell lacunae and the emergence of 4—6 cell clusters at the advanced
stages of disk degeneration. At the same time, the chondrocyte volume fraction in the superficial zone decreased significantly.

The revealed nature and dynamics of changes in the facet joints can be used in the interpretation of neuroimaging re-
sults for more reasonable choice of fixation techniques of a spinal motion segment in degenerative diseases of lumbar spine.

Keywords: degeneration, facet joint, intervertebral disk, Pfirrmann.
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BBEJAEHHWE

Ycnensable pe3ysibTaThl OIIEPATUBHOTO JIeUeHU
JIETeHePAaTUBHOTO CTEHO3a MOSCHUYHOTO OTZea I0-
3BOHOYHUKA BaphUPYIOTCSA B 3HAYUTEIHHOM JHaIa-
30HE OT 57 110 96 % [1—4]. HauboJiblitee pacmpocTpa-
HeHUe TOJIYYWIN JeKOMIIPECCUBHO-CTaOMIN3UPYIO-
I[ye BMeIIaTeIbCTBA C MCIOJIb30BAHUEM PHUTUHBIX
cucreM (UKCAIUN II03BOHOYHO-ZIBUTATEILHOTO Cer-
MeHTa. Hey/moBieTBOPUTENIbHBIE PE3YIBTAThI TAKUX
XUPYPrUYECKUX BMEIIATEeIbCTB, IIPEXKE BCETO CBS-
3aHHBIE C Pa3BUTHEM CHH/IPOMA CMEXHOTO CETMEeHTAa,
II0CJIEOTIEPAIIIOHHON HeCTabMIBHOCTBIO, IICEB0AP-
TPO30M, CTUMYJIUPYIOT HCCIEIOBATENEH K IIOUCKY
OCHOBHBIX IIPUYUH, OIPEENAIINX pa3BUTHE
ocyokHeHUH [5, 6]. ®opmupoBaHME CHHApPOMA
CMEKHOTO JINCKA CBSI3AHO C YBEJIMUEHHEM Harpy3Ku
Ha ¢aceTOUHbIe CYCTaBbl U MEKII03BOHKOBBIE TCKHU
cMexHOTO ypoBHs. Oco60e BHIMAHUE YAEJISIETCS CO-
CTOSTHUIO (haCETOUHBIX CyCTABOB IIPU MUCIIOJIb30BAHIH
pa3IUYHBIX BAapUAHTOB JAMHAMUYECKOM uKcauu
ITO3BOHOYHHKA, 8 UMEHHO CTEIIeHH JIETeHePaIiy Cy-
ctaBoB 110 Fujiwara, «Tpormu3mMy JIyrooTpOCYaThIX Cy-
CTaBOB», ITOKa3aredio (GaceToOYHOro yIjia, a TaKKe
CTeleH! JiereHepanuu aucka no Pfirrmann [7-9].

OmnucaHHble B JINTEPATYPE Pe3y/IbTAaThl KJINHHU-
KO-MHCTPYMEHTAJIbHBIX HCCJIEI0BAaHUM ITOKA3bIBAIOT
BBICOKYI0O 5((PEeKTUBHOCTh U BAKHOCTb KOMILIEKC-
HBIX METOJIOB IIPEI0TIEPAIIIOHHOH OI€HKH IIOPaKEH-
HBIX [T03BOHOYHO-/IBUTATEbHBIX CETMEHTOB C yue-
TOM JIJaHHBIX TapamMeTpoB. OTHAKO OCTAIOTCs HE pe-
IIEHHBIMU BOIIPOCHI, KaK ()aceTOUHBIN apTPO3 BIIHS-
€T Ha HeCTaOMIBHOCTD IIPHU JIeTeHEPATUBHBIX ITPOLIEC-
cax B MOSICHUYHOM OT/IeJie IO3BOHOUHIKA U €CTh JTH
3aBUCHMOCTb TOZBIKHOCTH (DACETOUHBIX CYCTABOB
OT II0JIOBOM IPHUHAJIIEKHOCTH [10—12]. OTcyTcTBHE
HAyYHBIX ITyOJIMKAIUH, TTOCBIIIEHHBIX MOP(OIIOTH-
YeCcKOMY aHIN3Y U3MEHEHN! (DACeTOUHBIX CYyCTaBOB
IIpX JlereHepaTUBHBIX 3a00JIeBaHUAX IOSACHUYHOTO
OT/le/Ia TIO3BOHOYHUKA B 3aBUCHMOCTH OT CTEIeHH
JleTeHepanuy MeKII03BOHKOBOTO JVICKA, TTOCIY KO
[IPUYHMHOH J/Is HAITMCAHUA 3TOU paboThI.

IEJIb NCCJIEAJOBAHUA

W3yuauTh xapakTep U JUHAMUKY U3MEHEHUU B
TKaHAX (PAaCEeTOYHBIX CYCTABOB IPH PA3TUYHBIX CTeE-
MIeHsX JIereHepaIii MEeXKIIO3BOHOYHBIX JMCKOB II0
Pfirrmann.

MATEPHAJIBI 1 METO/bI

C aHBaps 2017 110 IeKabpb 2018 T. B OTIEIEHUU
TpaBMartosiorud NC 2 (Beprebposiorun) BY300
«KmHUYecknii  MeINKO-XUPDYPTUUECKUH  IIEHTP
MuHucrepcerBa 37paBooxpaHeHuss OMCKOW o00J1a-
ctu» T. OMCKa BBITIOJTHEHO 160 OIleparui 1o IOBOAY

INTRODUCTION

Successful results of surgical treatment of de-
generative stenosis of the lumbar spine vary in the
considerable range from 57 to 96% [1—4]. Decom-
pression and stabilization interventions with the use
of rigid systems of a spinal motion segment fixation
are the most widespread. The unsatisfactory results
of such surgical interventions, primarily associated
with the development of the adjacent segment syn-
drome, postoperative instability, pseudoarthrosis,
stimulate researchers to find the basic causes re-
sponsible for the development of complications [5,
6]. Development of adjacent disk disease is connect-
ed with an increase in load on the facet joints and
intervertebral disks of the adjacent level. Special at-
tention given to a condition of facet joints when us-
ing various options of dynamic stabilization of the
spine, namely the degree of joint degeneration ac-
cording to Fujiwara, facet joint tropism, indicator of
a facet angle and also disk degeneration grade ac-
cording to Pfirrmann grading system [7—9].

The results of clinical researches show the high
effectiveness and importance of the comprehensive
techniques of preoperative assessment of the affect-
ed spinal motion segments taking into account these
parameters. However, questions as how facet arthro-
sis influences the instability in degenerative process-
es in the lumbar spine, and whether there is a depen-
dence of the facet joints mobility on gender, still re-
main unresolved [10—12]. The lack of scientific pub-
lications devoted to the morphological analysis of
changes of the facet joints in degenerative diseases of
the lumbar spine depending on the grade of interver-
tebral disk degeneration was the reason for writing
this work.

AIM OF THE RESEARCH

To study the nature and dynamics of changes in
the facet joint tissues with various intervertebral
disks degeneration grades according to Pfirrmann.

MATERIALS AND METHODS

From January, 2017 to December, 2018 there
were performed 160 surgeries for degenerative dis-
eases of the lumbar spine in the Department of Trau-
matology No. 2 (vertebrology) of the Clinical Medical
and Surgical Center (Omsk). The research included
biopsy materials of 145 patients, who, after the com-
prehensive clinical examination, taking into account
the Pfirrmann intervertebral disk degeneration
grade, underwent treatment for decompression and
stabilization of the lumbar spine with complete or
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JleTeHEPATUBHBIX 3200JIeBAaHUN MOSICHUYHOTO OT/Ie-
Jla TI03BOHOYHUKA. B nccieoBanye BKIIOUEHB! OU-
OTICHIHBIE MaTepUasbl 145 IMAI[UEHTOB, KOTOPBHIM
I10CJIe KOMILIEKCHOTO KJIMHUKO-UHCTPYMEHTAJIBHOTO
HCCIeIOBAaHUSA, C YUeTOM CTelleHU JereHeparuu
MEKII03BOHOYHOTO AMCKa 1o Pfirrmann, mpoBeieHbI
JIEKOMIIPECCUBHO-CTA0MIN3UPYIONIEe BMeIIaTe b-
CTBa HA MOSICHUYHOM OT/IeJle TIO3BOHOYHUKA C I10JI-
HOU WIN YaCTUYHOU (hpaceTIKTOMUEN Ha YPOBHE I0-
paxkenus. Bee uccienyemble GHONICHIHBIE MaTepHa-
JIBI OBUIH Pa3/ieJIeHbl Ha 4 TPYIIBI B 3ABUCUMOCTH OT
CTEIeHU JiereHepaIii MeKII03BOHOYHOTO JUCKA 10
Pfirrmann y naruenTa: rpymmna 1 — I crenens (cT.)
nerenepanuu (n = 31); rpynna 2 — III ct. (n = 36);
rpymma 3 — IV er. (n = 46); rpynmna 4 — V crt. (n = 32).

Kpurepuu BKIIOUEHHS B UCCIIEIOBAHUE: HEd(D-
(bexTUBHAA KOHCEPBATUBHAA TEPAINS, JTUTETHHBIH
penuAUBUPYIOMIKME OOJIEBOM CHHIPOM, CTOUKUH He-
BPOJIOTHYECKUN JeDUIUT; OTCYTCTBUE IIPHU3HAKOB
CErMEHTApPHOU HECTAOMILHOCTH; OJTHO- U JIByXYPOB-
HeBas jJereHepanus auckoB I[I-V cr. mo Pfirrmann
I10 JAHHBIM HEHPOBU3YATH3AIIIH.

Kpureprny WCKIIOUEHHS: CIIOHIWIOINCTE3 CO
CIIOH/TUJIOI30M, HEOOXOTUMOCTD B 3HAUMMOM KOPPEK-
MU CATUTTAILHOTO OaIaHCa, 3HAUUMBIHA OCTEOIIOPO3.

UccnenoBanre o100peHO 3THYECKUM KOMUTE-
ToM OMCKOTO TOCYZapCTBEHHOTO MEAUITUHCKOTO
VHUBEPCUTETA.

Mopdororuueckoe uccaenoBaHNEe ONEPAIHOH-
HOTO MaTepuasia: GUKCcaIUs MOJyIeHHOTO MaTepHa-
Jla B IIpoliecce OIepaTUBHOIO JIOCTyIa IPOU3BOJU-
J1ach IyTeM IOTPYKEeHUs B 10% HEUTpPaIbHBIN Pop-
MaiH. B maspHelIneM MaTepua moiBeprascs Je-
KQJIBIUHAIINY B 0.1 H PACTBOPE COJITHON KHUCJIOTBI
ua NaCl. ITocie gexanbIIUHAIINN OCYIIECTBIISIACH
cTal[oOHapHasl MPOBOJIKA MAaTepHaJIa B CIIUPTaX BOC-
XOZAIIeN IJIOTHOCTH U 3ajIMBKa B mapadwuH. [Tapa-
(prHOBBIE Cpe3bl OKPAITHUBAINCH TeMATOKCUIIMHOM U
903UHOM, TUKpodykcruHOM 10 Ban I'm3ony. /g He-
KOTOPBIX CpeJi MPUMEHSIN AJIbIUAaHOBBIA CUHUU U
M K-peaknuto. [IpenapaTsl u3ydanuch B CBETOBOM
MHKPOCKOIIE, B HEOOXOUMBIX CIyJasx OCYIIECTBIISI-
Jocb nudposoe Mukpodororpaduposanue. ITposo-
Jiiach CTaHZapTHAsA MopdoMeTpus.

Craructuyeckass 06paboTKa MOJIyUYeHHBIX JTaH-
HBIX IIPOBO/IMIACH METO/IAMH BapUAIOHHON CTaTH-
CTHKHM C HCIIOJIb30BAHMEM CTAaHJIAPTHBIX I[TAKEeTOB
Microsoft (MS) Excel 2008, Statistica 12.0, Biostat.
ITpu co3ganum 6a3bI JAHHBIX UCIIOJIH30BAJIUCH DJIEK-
TpouHbIe Tabunbr MS Excel, matdopmer 1C. B city-
Yae OTJIMYHOTO OT HOPMAaJIBHOTO THIIA pacIpesesie-
HUS HCIIOJIB30BAINCH HEIapaMeTPUUYeCKUe KpUTe-
pun. Cratuctuyeckoe HW3MepeHHe CBA3U (CHJIBI U
HaNpaBJIeHUs) MeXIy MPU3HAKAMHU IIPOBOJIUIOCH C

partial facetectomy at the lesion level. All studied bi-
opsy materials were divided into 4 groups depending
on the grade of intervertebral disk degeneration ac-
cording to Pfirrmann: group 1 — II grade of degen-
eration (n = 31); group 2 — III grade (n = 36);
group 3 — IV grade (n = 46); group 4 — V grade
(n=32).

Criteria of inclusion into the study: failure of
nonsurgical therapy, longstanding recurrent pain
syndrome, persistent neurologic deficit; no signs of
segmental instability; one- and two-level disk degen-
eration of Pfirrmann II-V grades based on neuroim-
aging data.

Criteria of exclusion: spondylolisthesis with
spondylolysis, the need for the significant correction
of sagittal balance, marked osteoporosis.

The research was approved by the Ethics Com-
mittee of the Omsk State Medical University.

Morphological examination of the surgical ma-
terial: fixation of the biopsy material obtained during
the surgical approach was performed by 10% neutral
formalin dipping. Subsequently the material was de-
calcified in 0.1 N of hydrochloric acid solution in a
concentrated saline. After decalcification the mate-
rial underwent stationary dehydration in alcohols of
the ascending density, and then was embedded in
paraffin. Paraffin sections were stained with hema-
toxylin and eosin, with picro-fuchsin according to
Van Gieson. For some sections the alcian blue stain-
ing and periodic acid-Schiff reaction were applied.
The mounted sections were studied with a light mi-
croscope, and digital microphotography was carried
out if necessary. The standard morphometry was
performed.

Statistical processing of the obtained data was
carried out by methods of variation statistics, using
standard Microsoft (MS) Excel 2008, Statistica
12.0, Biostat packages. When creating the database,
MS Excel spreadsheets 1C Platforms were used. In
case of distribution other than normal type, non-
parametric tests were used. Statistical measure-
ment of relation (forces and the direction) between
signs was carried out by calculation of Spearman’s
rank correlation test (r) with the subsequent as-
sessment of the diagnostic significance (criteria of
informativity: sensitivity (Se) and specificity (Sp)).
Data in Table 1 are given as arithmetic averages.
Calculation of the sample size was carried out with
Lehr’s formula for the power of 80% and signifi-
cance value 0.05.

RESULTS AND DISCUSSION

Initial and singular signs of pathological bone
regeneration from the subchondral layers of the facet
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TIOMOIIBI0 BBIYUCIIEHUST KO3 dummenTa Koppess-
nuu panros Crniupmena (r) ¢ mocsezyolel oneH-
KOU JMAarHOCTUYECKON 3HAUUMOCTHU (KPUTEPUU HH-
(GOpMaTUBHOCTH: UyBCTBUTEIHHOCTH (Se) U cIemu-
duunocts (Sp)). aunbie B TabJI. 1 IPUBEIEHBI KaK
cpennue apudmeruueckre. Pacuer o6beMa BHIOOP-
KU MpoBoawics Mo dopmyse Jlepa 7jisi MOITHOCTH
80 % ¥ IByXCTOPOHHEIO YPOBHS 3HAYMMOCTH 0.05.

PE3YJIBTATBI 1 OBCYXKIEHVE

IIpu mopdosiornueckoM aHamu3e GUOTICHITHOTO
Marepuasia TPYIIIEI 1 OTMEeUeHbl HAYQIbHBIE U €71~
HUYHbIE IPU3HAKHU [1aTOJIOTUYECKOW KOCTHOU pere-
Hepaluy 13 CyOXOHAPATbHBIX CJIOEB KOCTH (aceTou-
HBIX CyCTaBOB B 30HY XPsAIIIEBOU IUIACTHHKHY (pHC. 1),
[P 3TOM B30HAJbHAsA CTPYKTypa Xpslja ObL1a co-
XpaHHOM, HWCKJIIOUEHHWE COCTaBUJIA OeCKJIeTOUHAs
IUIACTUHKA, PA3pyIIeHHAs YACTHYHO HA IOBEPXHO-
cTH XpAma. B 2 ciryuasax GeckyieTouHas IUIACTHHKA
ObLIa paspylneHa, Kpas Xpsia MpeAcTaBiIeHbl pu-
OpWUIAPHBIMU yJacTKaMu. JIaKyHBI BBITSAHYTOH 5J1-
JIMIITUYECKOH (POPMBI CO/IEPIKAIH 1—3 XOH/IPOLIUTA C
KPYIHBIMHU THIIEPXPOMHBIMHE sipamMu. Mopdosoru-
YeCKHI aHaJIU3 BBIABWJI CTATHCTUYECKH JOCTOBEP-
HOe yBeJIMUeHUe OOBEMHOTO COJEPKAHUSA XOH/IPO-
IIUTOB B TMOBEPXHOCTHOHW 30HE. Bo3pacTaHume IJIOT-
HOCTH IIPOUCXOUJIIO 34 CUET CYIIECTBEHHOTO YBEIU-
YeHUs 3- U 4-KJIETOUYHBIX JIAKyH IIPH OZHOBPEMEH-
HOM CHIDKEHUH YHCJIa 1-KJIETOYHBIX JJakyH. OTMeue-
Ha aKTUBHAs KOCTHAS pereHepaIis XOHIPOIIUTOB B
VIyOOKHUX CJIOSIX XPAIIEBOM IIJIACTUHKH (CM. pHUC. 1).

B rpymme 2 6UONCHIAHOTO MaTepHasa BhIABJIE-
HBI MOP(OJIOTUYECKH MTPU3HAKYU HUCTOHYEHUS XPsi-
1112, B KOCTHBIX CTPYKTypaX (aceTOUHBIX CYyCTaBOB —
BJIEMEHTHI paccackiBaHus. OTMeueHbl HEpPOBHBIE

joint bone to the zone of the growth plate (Fig. 1)
were registered on morphological analysis of biopsy
material in group 1. Meanwhile, the zonal structure
of the cartilage was intact, with the exception of the
lamina splendens partially destroyed on the cartilage
surface. In 2 cases the lamina splendens was de-
stroyed, and the cartilage edges were represented by
fibrillar areas. Elongated elliptic lacunae contained
1—3 chondrocytes with large hyperchromic nuclei.
The morphological analysis revealed statistically sig-
nificant increase in volume fraction of chondrocytes
in the superficial zone. Increase of density occurred
due to significant increase in 3- and 4-cell lacunae,
with a simultaneous decrease in number of lacunae
with one cell. Active bone regeneration of chondro-
cytes in the deep layers of the growth plate was noted
(see Fig. 1).

In group 2 the biopsy samples showed the signs
of cartilage thinning and elements of resorption in
the bone structures of the facet joints. Uneven carti-
lage and bone borders, increase in the number of
bone over-growths (pathological bone regeneration
signs) were noted (Fig. 2).

When analyzing the biopsy material of group 3,
the active pathological bone regeneration was found:
over-growths that replaced the growth plate along its
entire length; complete destruction of the lamina
splendens and the foci of matrix surface cleavage.
Most lacunae contained 1—2 chondrocytes. Morpho-
logical analysis revealed a statistically significant de-
crease in the volume fraction of cells.

In some cases, usuras and foci of fiber dissocia-
tion involved the entire interfacial zone, which re-
mained intact on small areas. Most chondrocytes of
the intact zone areas had pyknotic nuclei.

Puc. 1. AKTHBHAsI pereHeparysi XOHAPOIUTOB B IIy0DOKUX CJIOSIX, KOCTHAsI pereHepariusi. ['pymmna 1.
Okpacka reMaTOKCHJIMHOM U 303UHOM. YBesruenue (yB.) x180
Fig. 1. Active regeneration of chondrocytes in the deep layers, bone regeneration.
Group 1. Hematoxylin and eosin staining. Magnification (magn.) 180x
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Puc. 2. HepoBHbIe TPAHUIIBI XPSIIEBBIX 1 KOCTHBIX 3JIEMEHTOB (haceToYHOro cycrasa,
5JIEMEHTHI PACCACHIBAHIA B KOCTHBIX CTPYKTypax. I'pynma 2. Okpacka reMaTOKCHIHOM U D03MHOM. YB. X180
Fig. 2. Uneven borders of cartilage and bone elements of the facet joint, elements of resorption in bone structures.
Group 2. Hematoxylin and eosin staining, magn. 180x

TPAHUIIBI XPSAIA U KOCTU, YBEJIUUEHNE KOJINYECTBa
KOCTHBIX BEIPOCTOB (IIATOJIOTUYECKON KOCTHOH pere-
Hepanun) (puc. 2).

IIpu aHanM3e OUOICHITHOTO MaTepuayia TPYII-
Il 3 OTMEYAJTH aKTHUBHYIO ITATOJIOTUYECKYI0 KOCTHYIO
pereHepaio — paspacraHusi, KOTOpPbIe 3aMeaau
XPSIIIEBYIO IUTACTUHKY Ha BCEM IPOTSI?KEHUU; TIOJTHOE
paspylieHre 6eCKJIETOYHOU TJIACTUHKU M OYaru mo-
BEPXHOCTHOTO pAaCIIeIlJIEHUsI MaTpUKca. BoJIbITHH-
CTBO JIAKyH COJlep:Kayio 1—2 xoHaporuTa. Mopdosto-
TUYECKUH aHAJIN3 BBIABUJI CTATHCTUYECKH JIOCTOBEP-
HOe YMeHbIIIeHIe 00bEMHOM IIJIOTHOCTHU KJIETOK.

B HEKOTOPBIX CIy4asax y3ypbl U OYard pas3Bo-
JIOKHEHUSI 3aXBaThIBAJIN BCIO IIOBEPXHOCTHYIO 30HY,
KOTOpasi COXpaHsulach Ha HEOOJBIINX ydacTKax.
BoJIBIIMHCTBO XOHAPOIIUTOB COXPAHUBIIEHCS II0-
BEPXHOCTHOU 30HBI UM€JIO TUKHOTHUYHBIE s/Ipa.

B GOJIBIIMHCTBE JIAKYH OKPYTJION (OPMBI HAXO-
JIJIOCh TI0 1—2 XoHjporuTa. [Ipu mopdosioruue-
CKOM WCCJIEJIOBAHUH YCTAHOBJIEHO CYIIIECTBEHHOE
yBeJIn4YeHe 00beMHOTO CO/IEPKAHMSA XOH/IPOITUTOB
B IIPOMEKYTOUHOM 30HE, KaK 3a CUeT YBEJTUYEHUs
YHciia 2- U 3-KJIETOUHBIX JIAKYH, TaK U BCJIECTBUE
MOsIBJIEHUs KJIOHOB. KpoMme 3Toro, HabJItoamu mpu-
3HAKU MPOPACTAHUS COETUHUTEIPHON TKAHU B XPsi-
II[eBbIE U KOCTHBIE CTPYKTYPHI (DACETOYHOT'O CyCTaBa,
YTO CBHUIETEJILCTBYET O CTOMKOM HApYIIEHUM [TATA-
Hus xpsma (puc. 3).

Mopdosorudeckuii aHaiu3 B Tpymie 4 OHoI-
CHUIHOTO MaTepuasia BBIABUJ CTEPTOCTh 30HAIBHO-
CTH XPSAIIEBON TKaHU. B OCTaJIBHBIX ydacTKax IpPO-
MEKYTOUHOH 30HBI ONPEEISINCH JIAKYHBI, COAEP-
JKalye 1—3 XOHAPOIIUTA, U CKOIUIEHUS U3 4—6 Kile-
TOK. [10JI0BMHA KJIETOK MMeJjia MUKHOTUYHBIE s/Ipa.

There were 1—2 chondrocytes in most round-
shaped lacunae. On morphological examination, a
significant increase in the volume fraction of chon-
drocytes in the intermediate zone was noted, both
due to an increase in the number of lacunae with 2
and 3 cells, and due to the appearance of clones. In
addition, signs of connective tissue invasion into the
cartilage and bone structures of the facet joint were
observed, indicating persistent cartilage trophopa-
thy (Fig. 3).

Morphological analysis in group 4 of biopsy
material revealed effacement of zone organization
of cartilage tissue. In the remaining areas of the in-
termediate zone, lacunae containing 1—3 chondro-
cytes and nests of 4—6 cells were identified. Half of
the cells had pyknotic nuclei. The volume fraction of
chondrocytes in the remains of the intermediate
zone has significantly decreased. The increase in
cellular density is associated with an increase in the
proportion of lacunae with 3—4 cells and the ap-
pearance of 4—6 cell clusters. At the same time, al-
ready deep pathological over-growths have been
noted with the formation of full-fledged bone ele-
ments with areas of fragmentary cartilaginous for-
mations between them, as well as signs of connec-
tive tissue invasion into cartilage and bone struc-
tures (Fig. 4).

In the course of morphometry, a clear tendency
to an increase in number of chondrocytes in the in-
termediate zone was noted. Also, with an increase in
the disc degeneration degree, the grade of facet joints
degeneration grew worse, which was reflected in an
increase in the average number of vessels and the di-
ameter of Haversian canals (Table 1).
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Puc. 3. AKTHBHAs [IATOJIOTUYECKAsl PETEHEPALIHs, IPOPACTAHNE COEANHUTETLHON TKAHU
B XpsIIleBbIe U KOCTHBIE CTPYKTYPHI paceTouHOro cycrasa. I'pymnma 3. Okpacka reMaTOKCUIMHOM U 503UHOM. YB. X180
Fig. 3. Active pathological regeneration, connective tissue invasion into cartilaginous and bone structures of the facet
joint. Group 3. Hematoxylin and eosin staining, magn. 180x

O6BpeMHOe cofiepiKaHHe XOH/IPOIIMTOB B OCTaTKax
IIPOMEKYTOYHON 30HBI CYIIECTBEHHO CHIDKAJIOCH.
VBesmueHUe KJIETOYHOM IIJIOTHOCTH CBSI3aHO C yBe-
JITYEHUEM JIOJIU 3- U 4-KJIETOYHBIX JIAKYH U TOsIBJIe-
HUEM 4—6-KJIETOUHBIX CKOIIeHUuH. [Ipu aToM oTM™Me-
YeHBI yKe IJIyOOKHUe MaTOJIOTUYECKUE pa3pacTaHusd
¢ GopMUpOBaHHEM TOJTHOIIEHHBIX KOCTHBIX 3JIEMEH-
TOB, M€Y KOTOPBIMU UMEJIHCh YIaCTKHU (hparMeH-
TapHBIX XPAIIEBBIX 00pAa30BaHUH, a TAKXKe [IPU3HA-
KU IPOPACTaHUs COEAUHUTEIbHON TKAaHU B XPAIIe-
BBI€ U KOCTHBIE CTPYKTYPHI (PHC. 4).

SR———
e gt

The results of the bone tissue study showed the
development of successive dystrophic, destructive
and atrophic changes, the extension of Haversian ca-
nals with the formation of granulation tissue and the
appearance of inflammatory infiltration, in the form
of chondromatous degeneration and uneven calcifi-
cation. The growth of fibrous connective tissue in the
form of fibrous bone dysplasia was observed in the
Haversian canals. Morphological examination
showed an increase of the volume fraction of chon-
drocytes in the intermediate zone. The increase in

A S TRk S

3 \15;;5». 4 MoJioias KocTHasi TKaHb

Young bone tissue

XpsieBas TKaHb }
Cartilaginous tissue

-

Puc. 4. [1yb6okue naToIoruueckre pa3pacranusi ¢ GOpMUPOBAHUEM IIOTHOIEHHBIX KOCTHBIX 3JIEMEHTOB,
€INHUYHbIE HEIIOJTHOLIEHHbBIE XPSIIIEBble 00pasoBanusi. ['pyrmma 4.
Okpacka reMaTOKCHJIMHOM ¥ 303UHOM. YB. X180
Fig. 4. Deep pathological over-growths with the formation of full-fledged bone elements;
singular imperfect cartilage formations. Group 4. Hematoxylin and eosin staining, magn. 180x
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B xone mopdomeTrpum orMedyeHa 4deTKas TeH-
JIEHITAS POCTa KOJIMYECTBA XOHJ[POIIUTOB B IIpOMe-
JKyTOUHOU 30He. TakKe ¢ yBeJIMUeHHUEM CTEINleHH Jie-
reHepanuy JIMCcKa Bo3pacTasia cTeleHb lereHepauu
u (HACEeTOYHBIX CyCTABOB, UTO BHIPAXKAJIOCHh B YBEJIH-
YeHUU CpeHEero KOJIMYEeCTBA COCYIOB U JUameTpa
raBepCOBBIX KaHAJIOB (TabJI1. 1).

Pe3ysibTaThl IPOBEJEHHOTO HCCIIEOBAHMSA KOCT-
HOM TKAaHU IIOKa3aJy pa3BUTHE IOCJIE0BATEIbHBIX
JIUCTPODUUECKUX, JIeCTPYKTUBHBIX U aTPOPUUECKUX
W3MEHEHHH, pacCIIpeHre TaBEPCOBBIX KaHAJIOB C
dopMupoBaHUEM B HUX IPAHYJIAIIMOHHON TKAHHU U TI0-
SIBJIEHUEM BOCHINTETBHON WH(DIIBTPAINH, B BUE
XOH/[POMATO3HOTO IEPEPOKIAEHUA U HEPABHOMEPHO-
T'O KaJIbIIMHO3a. B raBepcoBhIX KaHaIax HAbJII0IAIOCh
paspacTaHuie BOJIOKHUCTOH COETMHUTETPHON TKAaHU B

cell density was associated with a grow in the propor-
tion of lacunae with 3 and 4 cells and the appearance
of clusters containing 4—6 cells at the later stages of
disc degeneration. At the same time, the volume
fraction of chondrocytes in the superficial zone de-
creased significantly, which led to a change in the
thickness of the articular cartilage and the interac-
tions between the cartilage and bone structures of
the facet joint and, ultimately, to ankylosis of the
facet joints.

Thus, morphological and clinical signs have
been determined to assess pathological changes in
the facet joints with various intervertebral disk de-
generation grades according to Pfirrmann, which can
be relied on in determining the effectiveness of de-
compression and stabilization interventions using

TaGuuna 1. Pe3ynprarel MOpdoMeTpUN OHOIICHIHOTO MaTepraia GaceTOYHBIX CYCTABOB IIPU PA3JIMYHBIX CTEIIEHAX

AereHepanuy MeXII0O3BOHOYHBIX JUCKOB I10 Pfirrmann

Table 1. Results of biopsy material morphometry of facet joints at various Pfirrmann grades of intervertebral disks

degeneration

Kpurepuii
Criterion

I'pynmna 2
Group 2

I'pynna 1
Group 1

I'pynma 3
Group 3

WNuadopmaruBHOCTD J
Informativity J

I'pynma 4

0, 0,
Group 4 Se, % Sp, %

O6beMHOE coziepKaHKe
XOH/[POIUTOB B
ITIOBEPXHOCTHOU 30HE
Volume fraction of
chondrocytes in the
superficial zone

19.85 + 0.14 4.25+0.39 —

O6BeMHOE cojIepIKaHIe
XOH/IPOITUTOB B
IIPOMEKYTOUHOU 30HE
Volume fraction of
chondrocytes in the
intermediate zone

5.0 £ 0.55 3.98 + 0.40

OGbeMHOE coziepAKaHKe
XOH/IPOITUTOB B
IyOOKOM 30HE

Volume fraction of
chondrocytes in the deep
zone

4.58 £ 0.49 4.58 +£0.51

CpenHee yucio 6 + 0.30% 4.5 + 0.60
raBepPCOBbBIX KAHAJIOB

B II0JI€ 3PEHUS

Average number of

Haversian canals per

field of view

Cpenuee uncyo cocyioB 18 £ 0.90* 16 + 2.01
B I10JIe 3pEHUSA
Average number of

vessels per field of view
Cpennuii 1uamerp
raBepPCOBBIX KAHAJIOB

Average diameter of
Haversian canal

2.01 £ 0.01* 3.60 + 0.50

7.51 + 0.24

4.02 £ 0.19

5+ 0.60 — 0.26 31.2

24 + 2.01 — 0.42 37.7

85.28

— 0.38 85.6

6.2 £ 0.34 0.36 40.3 97.5

98.72

4.35 £ 0.40 0.46 32.5

98.21

98.08

4.30 £ 0.50 — 0.36 40.3 97.5

* Pasynnuus J0CTOBEPHHI (P < 0.05).
Differences are significant (p < 0.05).
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Bujie pubpo3HON Auciuiazuu Kocth. [Ipu Mopdosto-
THYeCKOM HCCJIeJIOBAHUM YCTAHOBJIEHO YBEJIMUEHUE
00BEMHOTO COZIEP?KAHUs XOH/IPOIIUTOB B IPOMEKY-
TOYHOH 30He. BospacraHue KJIETOYHOH ILIOTHOCTH
CBSI3QHO C YBEJIMYEHHUEM JIOH 3- U 4-XKJIETOUHBIX JIa-
KYH U TIOSIBJIEHHMEM 4—6-KJIETOYHBIX CKOIUIEHUHA Ha
MTO3THUX CTA/IUAX JlereHepanuu aucka. [1pu aTom 06b-
eMHOe COJiepKaHle XOH/IPOIIUTOB B ITOBEPXHOCTHOM
30HE CYIIECTBEHHO CHIKAJIOCH, UYTO IIPUBOJIAIIO K U3-
MEHEHMIO TOJIIIUHBI CYCTaBHOIO XPAIa U B3aUMOOT-
HOIIIEHUHN MeXXy XPAIIEBHIMU U KOCTHBIMU CTPYKTY-
paMu ¢aceToUHOTrO cycTaBa U, B KOHEUHOM UTOTe, — K
AHKIJIO3UPOBAHUIO (DaCETOYHBIX CyCTaBOB.

Taxum 06pazom, yCTaHOBJIEHBI MOPdOIOoTrHye-
CKHe U KJIWHUYECKVe MPU3HAKU I OIeHKU IaTo-
JIOTUYECKUX W3MeHEHUH B (HaceTOYHBIX CyCTaBax
[IpY PA3/IMYHBIX CTENEHAX JleTeHepaluy MeXII03B0-
HOYHBIX TUCKOB 10 Pfirrmann, Ha KOTOpble MOXKHO
onuparbcsa Ipu onpezeneHUN 3HEGEKTUBHOCTU
JIeKOMIIPECCUBHO-CTAOMIN3UPYIONIUX BMeIIaTe b-
CTBA C UCIIOJIB30BAHUEM PA3JIMIHBIX CUCTEM (PUKCa-
MY I03BOHOYHO-/IBUTATEJIBHOTO CETMEHTA.

3AK/IIOUEHMHE

BriABiIE€HHDBIE B XO/ie IPOBEJIEHHOTO UCCIef0Ba-
HHA XapaKTep U AWHAMUKA U3MeHeHuH B daceToy-
HBIX CyCTaBax IpU Pa3JINYHOHN CTENEHU JereHepa-
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CONCLUSION

The nature and dynamics of changes in the facet
joints with different Pfirrmann grade of interverte-
bral disk degeneration, revealed during the study,
can be used in neuroimaging to more accurately as-
sess the grade of facet joints degeneration, which will
make it possible to more reasonably approach the
choice of techniques for fixation of the spinal motion
segment in degenerative diseases of the spine.
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WA MEKIIO3BOHOUHBIX [IHCKOB MOTYT HKCITOJIb30-
BaThCA IIPU HEHPOBU3yTU3AINH JIJIs OOJIee TOYHO-
'O OIIPe/IeJIEH N CTEIIEHH iereHepanun haceTOYHbIX
CYCTaBOB, YTO ITO3BOJIUT O0jiee 000CHOBAHHO MO/IX0-
JIUTh K BBIOOPY METOAUK (PUKCAIMH ITO3BOHOYHO-
JIBUTATEJILHOTO CerMeHTa IPH JleTeHePaTUBHBIX 3a-
00JIeBaHMSX MIOSCHUYHOTO OT/IeJIa I03BOHOYHMKA.

KoH@auKT nHTEpecoB. ABTODHI 3aABJAIOT
00 oTCcyTCTBIY KOHGDIINKTA UHTEPECOB.
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