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30 JIET XXYPHAJ1Y «TPABMATOJ10Ir1 U OPTONMEANA POCCUU»

Hopormue unrtaTtesnmn!

TpuauaTs et Ha3amd, B uioHe 1993 1., BoIllles B CBET
TepBbIii BBIITYCK HAy4YHO-TIPaKTUUYECKOTO >KypHaia
«TpaBmatTonorusi u oprornenusi Poccum».

EnunactBenHsbIli B CCCP xypHan 1o Halel cnemnyu-
anpHOCTM «OpTonenus, TpPaBMaTOJIOTUSI M ITPOTE3N-
poBaHMe» MU3maBacs B XapbKoBe, HO IIOC/IE pacliaaa
Cosetckoro Coro3a B 1991 r. poccuiicke TpaBMaTONIO0-
TV ¥ OPTOIIEe[IbI OCTAIMCh Oe3 CBOEro IepuoanIecKo-
ro uspanus. [lo3ToMy BBIITYCK POCCUIICKOTO CIienya-
JIM3YPOBAHHOTO XKypHAaJia CTaja GONBIIUM COOBITHEM
IIJISI OTE€YeCTBEHHOV opronenuveckoit Hayku. O ero
3HAYMMOCTY TOBOPUT TOT (aKT, UTO aBTOPAMMU ITEPBO-
ro BBIIIyCKA CTajau AUpeKTopa HayyHO-UCCaenoBa-
TeIbCKUX MHCTUTYTOB TPAaBMaTOJIOTUM U OPTOIEeIUN,
a C MPUBETCTBMEM K JKypHAITy 00paTWicsS MUHUCTD
3apaBooxpaHeHust Poccun O.A. Heuaes.

B  yutoBMsIX  OTCYyTCTBUSI  OOGIEIOCTYITHOTO
VHTepHeTa IeuaTHas Bepcusl XypHasia cTaja eiyuH-
CTBEHHOV IIaTQopMoii, TOoe MO OOMEHSIThCS
OTIBITOM ¥ OOCYIUTh aKTyaJIbHbIE ITPOOIEMBI POCCUTA-
CKVe TPaBMaTOJIOTM-OPTOIEebl. DTUM OOBSICHSIOTCS
6onbine Tupasky (2000 3K3.) ¥ TTOCTOSTHHO pacTyliee
YMCII0 moanmcumkoB. K coskanennio, B KoHie 1990-x —
Havayie 2000-X IT. B CBSI3U C PMHAHCOBBIMM TPYAHOC-

TPABMATOAOT HA
u OPTOIETHA

Poccuu

TSIMM SKyPHAaJI CTaJI BBIXOOUTDb HEPETYISIPHO, a B 1999 n
2001 rr. He BBIIUIO HY OJJTHOTO BBIMTYCKa.

HoBbiit sTan pa3Butus xxypHana Hadancs B 2004 r.
BMeCTe CO CMEHO} IVIaBHOTO pefaKkTopa M pelakiiu-
OHHOJM KOMaHZbI. BbIa B3SIT KypC Ha Iepexom K MeX-
IyHApOJOHBIM CTaHAapTaM Hay4yHOl IepUOIUKH,
M3MeHEeHbl TPeOOBaHMUSA K OPUTMHAIbHBIM CTaThSIM.
K pelieH31poBaHMI0, KOTOPOE CTaJI0 MHOTOCTYIIeHYa-
ThIM, OBUIM TIPUBJIEYEHBbI CaMble KBTMGUIMPOBAH-
Hble ¥ TIpU3HAHHbBIE CIENMAINCTBI B CBOEN 06acTu,
YTO IMTO3BOIMIIO JOCTATOYHO OBICTPO MOBBICUTD Kade-
CTBO HAY4YHBIX ITyOnmmKarmii. O6s3aTeIbHBIM 3TallOM
paccMOTpeHMsI PYKOIMUCEeH cTaja UX CTaTUCTUYecKast
3KCITePTM3a, UTO 00eCIeunsio JOCTOBEPHOCTh Pe3yilb-
TaTOB ¥ BBIBOAOB B OPUTMHAIbHBIX CTaThsix. Hamo
MpU3HATh, UTO aBTOPHI HE Cpa3y MPUBBIKIN K HOBBIM
TpebOBaHMSIM, TI€PEXOIHBIN MIePYO], 3aHSIT HECKOTbKO
seT. Ho ecstm cpaBHUTD KauecTBO mybimkarmii 20 et
Ha3aj U B HacTosllee BpeMs, TO OTYETIMBO BUIHO,
Kakasli orpoMHasi paboTa Oblja MpofeiaHa U Kak Io-
BBICMJICSI YPOBEHbD SKypHasa.

B mocnegHue roapl K CTaThsiM, MOCBSIIIE@HHBIM
Haubosee aKTyaJIbHbIM WJIM IMCKYCCMOHHBIM TE€MaM,
MyOGIMKYIOTCS PeNaKIMOHHbIe KOMMEHTApUM WU
MHEeHUS YuTaTenein.

BMecTe c moBbIllleHMeM KauyecTBa HAay4YHBIX CTa-
Teil IIOCTENEeHHO BO3pacTajl M PENTUHT >XypHaia
B PoccmiickoMm MHOEKCe HAyYHOrO UUTUPOBAHMUS
(PUHLI). Ceituac HalI XypHaJa 3aHMMaeT 45-e mecTo
13 528 HayYHBIX MEeIUIIMHCKIUX KYPHAJIOB U SIBJISIETCSI
JIUJIEPOM Cpeliy KYpHAJIOB 110 TPaBMaTOJIOTUM U Op-
Tonenuu. [IOCTOSTHHBIMM UMTATEeNSIMU Ha CaliTe Xyp-
Hajla sIBJISIOTCST 1528 rmomb3oBareneil. [IBYXJIeTHMI
MMIIAKT-GaKTop C YUeTOM IIUTUPOBAHMUS U3 BCEX UC-
TOUYHUKOB cocTapser 1,224. CpemHuii MHAEKC Xupiiia
aBTOPOB XypHaja BeIpoc 3a 10 jeT 6o0jee yeM B IBa
pasa u coctaBui 7,3 B 2021 .

CBUIeTenbCTBOM BBICOKOTO KauyecTBa M3AAHUSI U
€ro COOTBETCTBMSI MUPOBBIM CTaHAApTaM CTasao Mpu-
HTHe XypHana B 2016 r. B caMy0 NPEeCTVDKHYI0 MeK-
IyHapogHylo 6a3y maHHbix Web of Science. JKypran
BK/IIOUEeH Takke B Directory of Open Access Journals
(DOA]) — kpyriHeinii OH/IaliH-KaTaaor BbBICOKOKaJe-
CTBEHHBIX pelleH3MPyeMbIX KypHaJI0B OTKPBITOTO J10-
CTyTIa, 00beqVHSIONMMI 60siee 19 ThICSY JKyPHAJIOB U3
134 ctpaH mupa.

C 2001 r. xxypHan «TpaBmaTonorusi u opronenusi
Poccunt» OCTOSTHHO BXOAUT B CIIMCOK ME€PUOANYECKUX
M3OaHUI, peKOMeHI0BaHHbIX BAK P® s mybnmka-
MM OCHOBHBIX HAyYHBIX Pe3y/lbTaTOB AMCCepTaluit
Ha COMCKaHMe yUueHOl cTerleHy JOKTopa U KaHauaaTa
HayK.
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3a BCIO MCTOPMIO >XypHajla HallMMM aBTOPaMU Certuac, crrycts 30 JsieT, nepen, pegKoIernein sxyp-
cranu 1935 crnenmanuctoB u3 6omee yem 200 Memu- — Hajla M peJakliyieii CTOST HOBbIe 3amaun. Mbl IUIaHU-
UMHCKMUX opranmsaumit. leorpadmsi mybnmkanuit  pyeM pacuIMpuTh reorpad@uyeckuii 0XBaT aBTOPOB U
OXBaTbIBA€T ITPAKTMUYECKM BCE PerMoHbl POCCMIICKOI  HAy4YHBIX OpraHm3aluii, ¢aenaTh XXypHaJl IpUBeKa-
Qepepany 1 15 3apyOGekHBIX CTpaH, B TOM YMC-  TEJbHBIM JJIS 3aPYOEKHBIX CIIENMAICTOB, OPTaHM30-
ne CIIA, Tepmanuio, Kanamy, Hopseruto, Utanuio, BaTh OUCKyCCUMM MO Haubosee CIIOPHBIM IMpobiemMam
[Tonpiry, Yexnto, Uuauio, crpansl CHI CIenMaabHOCTH Ha CTPaHUIAX KypHaa.

C ysaxceHuem,

2J18HblT pedakmop HypHana
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Long-term Outcomes and Effectiveness of Treatment Methods
for Vertebral Osteomyelitis With Different Types of Lesions According
to the E. Pola Classification

Alexander Yu. Bazarov "2, Konstantin S. Sergeev?, Aleksandra K. Tsvetkova?

Tyumen Regional Hospital No 2, Tyumen, Russia
2 Tyumen State Medical University, Tyumen, Russia

Abstract

Background. Treatment of vertebral osteomyelitis (VO) is accompanied by a number of organizational and tactical
problems related to the multidisciplinary nature of the disease. Therefore, the use of classifications determining
treatment tactics is necessary. The evaluation of treatment outcomes and efficacy should be conducted in accordance
with the classification type of the lesion and decisions made based on the tactical algorithm.

Aim of the study — to identify the dependence of long-term treatment outcomes of vertebral osteomyelitis on the
type of lesion according to the modified Russian version of the E. Pola classification and the methods of treatment
used.

Methods. The study analyzed the treatment results of 266 patients with vertebral osteomyelitis from 2006 to 2019.
Type A lesions accounted for 24.1% (n = 64), type B — 47.0% (n = 125), type C — 26.3% (n = 70), and lesions of vertebral
processes — 2.6% (n = 7). Neurological disorders were detected in 53 observations (type C). Conservative treatment,
debridement, and reconstructive surgeries were performed. The evaluation of results was carried out a year or more
after discharge.

Results. The maximum effectiveness of conservative treatment was noted in uncomplicated courses and minor bone
destruction. Conservative treatment of type A lesions led to recovery in 97.4% of cases compared to reconstructive
operations (p = 0.002) and recurrences (p = 0.034). Mortality was higher after reconstructive interventions (p = 0.001).
The highest number of fatal outcomes after debridement of the focus was observed in type B lesions — 15.8% (p =0.022).
Analysis of type C lesions did not reveal significant differences between the methods of treatment used. The maximum
number of unsatisfactory results was registered in patients with sepsis: mortality was 17.4%, and in its absence —4.9%
(p = 0.039), recurrences — 21.7% versus 7.8% (p = 0.043), recovery — 56.6% versus 83.5% (p = 0.004), respectively.
There were no significant differences in the assessments according to the ODI, NDI, SF-36 scales in the long term.
The overall survival rate was 84.4%, and the long-term one was 90.4%, which increased with conservative treatment
compared to reconstructive interventions (p = 0.045).

Conclusion. Conservative treatment and extra-focal fixation of the spine showed maximum effectiveness in low-
destructive and uncomplicated lesions (type A). Reconstructive interventions lead to an increase in the number of
recurrences and fatal outcomes. Debridement of the focus in septic course of type B lesions leads to an increase
in hospital mortality. There were no statistically significant differences between the results of different treatment
methods for type C lesions.

Keywords: vertebral osteomyelitis, spondylitis, spondylodiscitis, classification of vertebral osteomyelitis.
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HayuHag craTbsa
VIK 616.711-018.46-002-08
https://doi.org/10.17816/2311-2905-7445

OTaaneHHble pesynbTaTbl U OLEHKa 3PPEKTUBHOCTU METOAO0B NNEeYEHUS
OCTeOMMENUTA NO3BOHOYHUKA NPU PA3/IUUYHbIX TUMAX NOPAXKEHU
no knaccudpukaumuu E. Pola

A.10. Bazapos %, K.C. Ceprees?, A.K. LIBeTkoBa 2

'TFY3 TO «Ob6nacmuas kauHuueckas 6oasHuya N2 2, 2. Tromenw, Poccus
2 @I'FOY BO «TiomeHckuli 20cydapcmeeHHblli MeduyuHcKuli yHusepcumem» Munsdpasa Poccuu, 2. Tromens, Poccus

Pedepar

AxmyanvHocmp. JleueHre reMaTOTeHHOr0 ocTeomuenuta no3soHounuka (I'OIT) conpoBoxkmaeTcs psiioM opraHmu3sa-
IMOHHBIX U TAKTUUYECKUX TPOBIEM, CBSI3aHHbBIX C MYJbTUAVCIMUILIMHAPHBIM XapakTepoM 3a6oneBanus. IIpu sTom
abCoJIOTHO HEOOXOAMMO UCITOb30BaHMe KilacCubUKaIMii, OMpeneIsIoIMX TaKTUKY jJedennsi. OIeHKY pPe3yIbTaToB
1 3(peKTUBHOCTM METOLOB JIeYeHUS 11eJIecO06pa3HO MTPOBOAVTE B COOTBETCTBUM C K/IACCU(MUKAIMOHHBIM TUIIOM I10-
paskeHUS U pellleHUsIMU, IPUHATHIMU Ha OCHOBAaHUY TaKTUUECKOTO aJropuUTMa.

Llens uccnedosarHuss — BBISIBUTb 3aBUCMMOCTD OTHAIEHHBIX PE3Y/IbTATOB JIeYEHUS TeMaTOTeHHOTO OCTeOMMeTnTa
TTO3BOHOYHMKA OT TUIIA MTOPasKEHMsI 0 MOAUGDUIIMPOBAHHON PYCCKOSI3bIUHOM Bepcuu kinaccudukanuum E. Pola u nc-
M0/Ib30BaHHBIX METOLOB JIeUeHUSI.

Mamepuan u memodsl. BbITIOJTHEH aHAIN3 PE3Y/IbTATOB JieueHMsT 266 60bHbIX TeMAaTOT€HHBIM OCTEOMUETUTOM I10-
3BOHOYHMKA 3a 2006—2019 rr. ITopaxkerus tuia A cocrasuiu 24,1% (n = 64), B — 47,0% (n = 125), C — 26,3% (n = 70),
TTOPasKeHMsI OTPOCTKOB ITO3BOHKOB — 2,6% (n = 7). HeBpoyornueckye HapyleHus BbISIBJIEHBI B 53 HAOTIOMEHUSIX (TUTT
C). BBINOMHSIMCH KOHCEPBATUBHOE JIEUEeHMe, CAHUPYIOIINE, CTAGMIU3UPYIOLIE VI PEKOHCTPYKTUBHbIE BMEIIaTeb-
ctBa. OLleHKa pe3y/abTaTOB IMPOBOAMU/IACH YEPE3 TOM, U 6ojiee MOociIe BhITMCKH.

Pezynomamoi. OTMevyeHa MakcuMmanbHash 3¢ GEeKTUBHOCTh KOHCEPBATMBHOTO METOAA IPY HEOCIOKHEHHOM Te-
YeHUM U He3HAUUTeNbHOI KOCTHOW mecTpykiuu. KoHcepBaTMBHOe jieueHMe IMOpaskeHuit A MpuUBeNO K BbI3H0-
poBiieHMIO B 97,4% HaOMIOIEeHMII B CpaBHEHUM C PEKOHCTPYKTUMBHBIMM omepainusimu (p = 0,002) u pennamuBamu
(p = 0,034). JleTasibHOCTD GbLIA BBIIIIE ITOC/IE PEKOHCTPYKTUBHBIX BMeIaTenbCTB (p = 0,001). IIpu mopaskeHUsIX TUIIA
B oTMeueHO MaKCMMaabHOE KOJIMUYECTBO JIETATbHBIX MCXOMOB IMOcae caHanyuu odara — 15,8% (p = 0,022). AHanu3s
nopaskeHuit Tuna C He BBISIBWI 3HAUMMBIX Pa3IMunii MeXAY UCIIONIb30BaHHBIMIM MeTOAaMM JieueHUs . MakcuMab-
HOe KOJIMYECTBO Hey[IOBJIeTBOPUTENbHBIX Pe3yAbTATOB 3aperucTPUPOBAHO Y OONBHBIX C CEIICUCOM: JIETATbHOCTh
cocraBmia 17,4%, a nmpu ero orcyrcrBum — 4,9% (p = 0,039), peunnussl — 21,7% npotus 7,8% (p = 0,043), Bb131,0-
poBiieHust — 56,6% mpotus 83,5% (p = 0,004) cooTBeTCTBEHHO. Pasnmnunii B oreHKax no mkaaam ODI, NDI, SF-36
B OTHAJE€HHOM Ilepuojie He BbIsiBlieH0. O0IIast BbDKMBAEMOCTh cocTaBuia 84,4%, otnanendas — 90,4% c ee IOBbI-
[IeHMeM TPV KOHCePBATUBHOM JIEUEHUY B CPABHEHUM C PeKOHCTPYKTUBHBIMMU BMelnaTenbcTBamu (p = 0,045).
3akntoueHue. KoHcepBaTUMBHOE JieueHMe ¥ BHeovyaroBasi (pukcanysi mo3BOHOYHMKA MTOKAa3a/IY MaKCMMAaJIbHYIO 3¢-
(heKTMBHOCTH MPY MAIOECTPYKTUBHBIX I HEOCTOKHEHHBIX MOPAKEHUSIX (TUTT A). PEKOHCTPYKTUBHbIE BMeNIaTeb-
CTBa MPUBOIAT K ITOBBILIEHNIO KOJIMYECTBA PELIMANBOB U JIeTalbHbBIX MCX0HoB. CaHalMsI oyara Ipu CeNTUUYeCKOM
TedeHUU MopakeHut TuIia B IpMBOANUT K YBeIMUYEHUIO TOCIUTAIbHON J1€TaJlbHOCTU. He BBISIBIIEHO CTaTUCTUUYECKU
3HAUMMBIX pas3inuuii Mexay pe3yabTaTaMy pasjMUHbIX METOJOB JieueHMs nmopaxeHuit Tuna C pa3janyHbIMU Me-
TOLAMU JIeYeHMUSI.

KiaroueBbie ciioBa: OCTEOMMENTUT IIO3BOHOYHMKA, CIIOHAUINT, CIIOHAMJIOOUCIINT, KJ'[aCCI/IdJI/IKaLU/IH OoCTeoMHMenanTa
ITO3BOHOYHMKA.

IOnsa nutuposBanus: baszapos A.10., Ceprees K.C., [IBeTkoBa A.K. OTaneHHble pe3yabTaThl U olleHKa 3bGeKTUBHOCTHI
METOZOB JIeYeH!UsI OCTeOMMeNINTa MO3BOHOYHMKA MPU Pa3lIMUYHbIX TUIIAX MOpaxkeHwuit mo kiaccudukauuy E. Pola.
Tpasmamonozusi u opmonedust Poccuu. 2023;29(2):7-17. https://doi.org/10.17816/2311-2905-7445.

DA} Bazapoe Anexcandp FOpwesuy; e-mail: tyumen_trauma@mail.ru
Pykomnuch nmonyyeHa: 28.02.2023. Pykonuch ogobpena: 27.04.2023. CtaThs onybamMKoBaHa oHaiH: 17.05.2023.
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BACKGROUND

Increasing life expectancy, the presence of co-
morbidities in the older age group, a significant
increase in the volume of planned surgical care
for the population, and the proportion of pa-
tients with immunodeficiency have led to a sig-
nificant rise in inflammatory spinal disorders
[1, 2, 3, 4]. In the general population, there has
been an increase in the incidence of vertebral os-
teomyelitis (VO) from 2.2 per 100,000 population
per year in 2008 to 11.3 in 2019. This rate reaches
21.6 per 100,000 population per year in the age
group over 70 and 25.1 in the age group 80 and
above [5, 6, 7].

The International Classification of Diseases,
10th Revision (ICD-10) is the primary classifica-
tion used in most studies for documentation pur-
poses and does not influence the choice of treat-
ment [5, 7]. Guidelines and recommendations are
used to determine treatment strategies [8, 9, 10,
11, 12], but a systematic evaluation of treatment
outcomes based on the classification used is not
provided. E. Pola et al. proposed a new classifica-
tion for spondylodiscitis, the New Classification
of Pyogenic Spondylodiscitis (NCPS), in 2017, with
an inter-expert agreement among trained special-
ists of 67% [14]. The classification provides gener-
al data on treatment outcomes, including the pro-
portion of recoveries, recurrences, fatal outcomes,
and residual back pain based on the type of lesion,
but an analysis of the effectiveness of treatment
methods is not provided, and ventral interventions
are absent from the treatment algorithm [13].

The aim of this study was to determine the rela-
tionship between long-term treatment outcomes

of vertebral osteomyelitis and the type of le-
sion according to the modified Russian version
of E. Pola's classification and the treatment me-
thods used.

METHODS

Study design

A retrospective observational study was conducted.

The medical records of 266 patients with VO who
underwent treatment from 2006 to 2019 at the State
Budgetary Healthcare Institution Tyumen Regional
Clinical Hospital No. 2, Tyumen, Russia, were
analyzed.

Inclusion Criteria: all patients with nonspecific
spinal osteomyelitis.

Exclusion Criteria:

- specific spondylitis (tuberculosis, brucellosis);

— postoperative spondylitis;

— lack of follow-up for one year or more since
discharge;

- age under 18 years.

Patients

To determine the type of lesion, a modified Russian
version of E. Pola's classification was used [15, 16].
The distribution of patients by types and subtypes
is presented in Table 1.

Neurological disorders developed in 53 obser-
vations in patients with type C lesions. Acute and
subacute forms of the disease were present in 160
(60.2%) patients, while chronic forms were present
in 106 (39.8%) patients. The level of involvement
was localized in the cervical spine in 20 (7.5%) ob-
servations, thoracic spine in 90 (33.8%), lumbar
spine in 144 (54.1%), and multi-level processes
were identified in 12 (4.5%) patients.

Table 1
Distribution of patients by types and subtypes of lesions, n (%)
Lesion type Lesion subtype Total
Al A2 A3 A4
A 64 (100.0)
0 (0.0) 44 (68.8) | 16(25.0) 4(6.2)
B.1 B.2 B.3.1 B.3.2
B 125 (100.0)
65(52.0) | 42(33.6) | 17 (13.6) 1(0.8)
C.1 C.2 C.3 C4
C 70 (100.0)
8(11.4) | 15(21.4) | 21(30.0) | 26(37.2)
Lesions not classified according to NCPS* 7 (100.0) 7 (100.0)

* Lesions of posterior structures without involvement of the spinal-motor segment (n=6) and CI-CII articulation (n=1).
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Conservative therapy was performed in 88
(33.1%) patients, while 178 (66.9%) patients un-
derwent surgery. Debridement, stabilization, and
reconstructive surgeries were applied (Table 2).

Ventral interventions were performed in 108
patients, with transpedicular fixation added in
75 (69.4%) cases. Anterior 360° spondylode-
sis, including reconstruction, was performed in
29 (26.8%) patients. The duration of hospital stay
was 30.01£16.42 days.

Outcome assessment

Outcome assessment was conducted one year after
discharge from the hospital. In the long-term pe-
riod, the following were evaluated: pain severity
using the Visual Analog Scale (VAS), functional sta-
tus of the cervical spine using the Neck Disability
Index (NDI), and the lumbar spine using the
Oswestry Disability Index (ODI), severity of neuro-
logical di-sorders using the Frankel scale, and data
from the SF-36 questionnaire.

Table 2
Distribution of patients by treatment methods and lesion type, n (%)
Lesion type
Treatment method Lesions not classified Total
A B C according to NCPS * 7 (2.6) 266 (100.0)
64 (24.1) 125 (47.0) 70 (26.3)
Conservative 38 (59.4) 42 (33.6) 7 (10.0) 2 (28.6) 89 (33.4)
Debridement 12 (18.7) 19 (15.2) 24 (34.3) 5(71.4) 60 (22.6)
Stabilization 11 (17.2) 33 (26.4) 6 (8.6) 0 (0.0) 50 (18.8)
Reconstruction 3(4.7) 31 (24.8) 33 (47.1) 0 (0.0) 67 (25.2)

* Lesions of the posterior structures without involvement of the spinal motion segment (n = 6) and the CI-CII articulation (n = 1).

Statistical analysis

Statistical analysis was performed using IBM SPSS
Statistics 21 software package.

The distribution of quantitative variables was
assessed using the Kolmogorov-Smirnov test.
For normally distributed variables, the results are
presented as the mean (M) and standard devia-
tion (SD), while for non-normally distributed vari-
ables, the results are presented as the median (Me)
and interquartile range (25™ and 75" percentiles).
Student's t-test was used for comparing variables
between two groups with normal distribution, and
the Mann-Whitney U test was used for non-nor-
mally distributed variables. One-way analysis of
variance (ANOVA) or the Kruskal-Wallis test with
Bonferroni correction was used for comparing vari-
ables among more than two groups. The Wilcoxon
signed-rank test was used for comparing variables
over time. Categorical variables in independent
groups were compared using the chi-square test
or Fisher's exact test, and in paired groups using
McNemar's test. When comparing more than two
groups, the significance level was adjusted using
the Bonferroni correction by multiplying the origi-
nal p-values by the number of performed compari-
sons. Survival analysis was performed using the

Kaplan-Meier method with survival curves and
the log-rank test for comparing survival between
groups. Differences were considered significant
at p<0.05.

RESULTS

All patients received inpatient treatment at the
Traumatology and Orthopedics or Neurosurgery
department of Hospital No. 2 in Tyumen. In most
cases, the length of hospital stay was determined
by the duration of the course of antibiotic therapy
(ABT) for conservative treatment and the postop-
erative period. The average duration of ABT was
1.8-3.8 weeks during hospitalization and 4.0-7.2
weeks on an outpatient basis. An increase in the
duration of antibiotic treatment was observed from
mono-segmental lesions to poly-segmental and
multi-level lesions, which amounted to 1.8-3.8 and
1.6-4.2 weeks during the hospital stage, and 3.9-7.2
and 4.2-7.2 weeks during the outpatient stage.
Surgical treatment methods were divided into
three main types: debridement, stabilization,
and reconstructive. The effectiveness of these
me-thods was assessed based on the main types
of lesions according to E. Pola's classification with
co-authors. A statistically significant increase in
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the number of stabilization procedures was noted
for type A lesions compared to more severe forms
of the disease (p<0.001). In these cases, trans-
pedicular fixation was performed in a minimally
invasive manner without intervention at the in-
fectious-inflammatory focus, which eliminated
the need for prolonged wearing of a rigid brace
and improved the quality of life. The proportion of
reconstructive interventions increased for type B
(p = 0.036) and type C (p<0.001) lesions compared
to lesions without bone destruction, neurological
disorders, and epidural abscess (type A).

The distribution of outcomes based on the
type of lesion and treatment method is presented
in Table 3. When analyzing the data presented in
Table 3, some statistically significant differences
were found for different types of lesions.

For type A lesions: the highest number of recove-
red patients was observed with conservative treat-
ment (97.4%) and stabilization surgeries (90.9%),
while the lowest was observed with reconstructive
interventions at 33.3% (p = 0.002). Performing re-
constructive interventions for these lesions result-
ed in a 66.7% mortality rate, whereas the mortality
rate for conservative therapy was 2.6% (p = 0.001).

For type B lesions: conservative treatment re-
mains highly effective for subtypes B.1 (82.8%) and
B.2 (85.7%), which decreases with increasing se-
verity of bone destruction. After extrafocal instru-
mental fixation for mild-destructive lesions, the
recovery rates were 82.4% for B.1 and 100% for B.2.
Bone-destructive processes with objective signs of
segmental instability were an indication for recon-
structive surgeries, including the use of ventral ap-
proaches. Overall, in-hospital mortality for type B
lesions was 4.0%, and an increase in mortality was
observed after debridement interventions to 15.8%
(p = 0.022), with the indication for surgery being
the patient's overall severe condition.

For type C lesions: conservative treatment was
only used in the absence of neurological disor-
ders and/or in the presence of absolute contrain-
dications for surgery. Extrafocal stabilization was
performed exclusively for subtypes C.1 and C.2 in
neurologically intact patients. Focal lesion drain-
age and decompression via ventral or dorsal access
were the preferred methods in cases of acute neu-
rological deficit or sepsis when reconstruction was
not possible due to the severity of the patient's con-
dition. Stable hemodynamics and compensation of

Table 3
Disease outcomes according to lesion type and treatment method, n (%)
Treatment method
Lf;;)%n Treatment outcome* ) Surgical p
Conservative
Debridement Stabilization | Reconstruction
Recovery 37 (97.4) 10 (83.3) 10 (90.9) 1(33.3) 0.002
Recurrence 0(0.0) 2 (16.7) 1(9.1) 0(0.0) 0.089
A Fatal 1(2.6) 0(0.0) 0 (0.0) 2 (66.7) 0.001
Total 38 (100.0) 12 (100.0) 11 (100.0) 3 (100.0)
Recovery 35 (83.3) 12 (63.2) 30 (90.9) 26 (83.9) 0.087
Recurrence 3(7.1) 3 (15.8) 3(9.1) 4(12.9) 0.720
B Fatal 2 (4.8) 3 (15.8) 0 (0.0) 0 (0.0) 0.022
Progression 2 (4.8) 1(5.3) 0(0.0) 1(3.2) 0.641
Total 42 (100.0) 19 (100.0) 33 (100.0) 31 (100.0)
Recovery 5 (83.3) 17 (68.0) 5 (83.3) 23 (69.7) 0.795
Recurrence 1(16.7) 5(20.0) 0 (0.0) 1(3.0) 0.137
C Fatal 0 (0.0) 2 (8.0) 0 (0.0) 5(15.2) 0.490
Progression 0 (0.0) 1 (4.0) 1(16.7) 4(12.1) 0.520
Total 6 (100.0) 25 (100.0) 6 (100.0) 33(100.0)

* One patient with a fatal outcome in monovertebral lesion (not classified according to NCPS) is not included in the table.
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vital functions were the basis for reconstructive
interventions for subtypes C.2-C.4. We did not find
statistically significant differences in the number
of cases of recovery, recurrence, and in-hospital
mortality depending on the treatment method,
which suggests a correct tactical approach in the
treatment of type C lesions. The treatment outcomes
of HOP based on the type of lesion, regardless of the
treatment method, are presented in Table 4.

When analyzing the data presented in Table 4,
a statistically significant decrease in the number
of recovered patients was observed with increas-
ing severity of spinal cord lesions (p = 0.016). The
severity of neurological disorders was higher in
patients after debridement (p = 0.002) and recon-
structive interventions (p<0.001) both before and
after treatment (p = 0.001, p<0.001, respectively).
A statistically significant decrease in the severity
of neurological deficit in the postoperative period
was observed after debridement and reconstruc-
tive interventions (p = 0.004), while no such rela-
tionship was found after stabilization surgeries
(p =0.180). The dynamics of neurological deficit be-
fore and after treatment depending on the method
are presented in Table 5.

In the conservative and surgical treatment
groups, the severity of neurological disorders
was significantly lower in the long-term period
(p<0.001).

Significant differences in treatment outcomes
were observed in patients with sepsis, which oc-
curred in 26.1% (n = 6) of type A lesions, 34.8%
(n = 8) of type B lesions, and 39.1% (n =9) of type C
lesions. The treatment outcomes depending on the
presence of sepsis are presented in Table 6.

The analysis revealed a statistically significant
increase in the proportion of in-hospital mor-
tality by 12.5% (p = 0.039), recurrence by 13.9%
(p = 0.043), and a decrease in the number of recov-

ered patients by 27% (p = 0.004) in the presence
of sepsis compared to the group of patients without
this complication.

The long-term results were evaluated no earlier
than one year after discharge from the hospital. The
main criteria were the severity of pain syndrome as-
sessed by VAS, the functional status of the spine as-
sessed by ODI and NDI, and the overall health status
of the patient assessed by SF-36. A statistically sig-
nificant decrease in the severity of pain syndrome
was observed after one year or more after discharge
(p<0.001). The treatment results depending on the
method are presented in Table 7.

No statistically significant differences were
found when comparing the results between the
comparison groups. The indicators reflecting the
long-term treatment outcomes depending on the
type of lesion are presented in Table 8.

When analyzing the intensity of pain depend-
ing on the main types of lesions according to
E. Pola, a decrease in pain intensity was also ob-
served in the long-term period (p < 0.001) in all
comparison groups. No differences in the severity
of pain syndrome were found depending on the
type of lesion (p>0.05).

Survival analysis was conducted based on data
from 198 patients, which accounted for 74.4% of
the total cohort. The follow-up period for the pa-
tients was 47.50 [25.00; 82.00] months.

The overall survival rate for all types of le-
sions over the entire follow-up period was 84.4%.
No statistically significant differences were found
between the types of lesions, but in absolute num-
bers, this indicator decreased with increasing se-
verity of the disease: 92.1% for type A, 86.8% for
type B, and 76.0% for type C. There was a tendency
towards higher survival rates in type A compared to
type C (p =0.080). Analysis of the proportion of sur-
viving patients in conservative treatment and the

Table 4

Distribution of patients according to treatment outcomes based on lesion type
regardless of treatment method, n (%)

Lesion type
Criterion p
A C
Recovery 57 (89.0) 103 (82.4) 50 (71.4) 0.016
Recurrence / Progression 4 (6.3) 17 (13.6) 13 (18.6) 0.106
Hospital mortality 3(4.7) 5(4.0) 7 (10.0) 0.207
Total 64 (100.0) 125 (100.0) 70 (100.0) —
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Table 5

Neurological deficit before and after treatment based on treatment method, n (%)

Treatment method

Neurological deficit by . .
Frankel grade Conservative Surgical
Before treatment After treatment Before treatment After treatment

A 0(0.0) 0(0.0) 12 (6.7) 7(3.9)

B 0(0.0) 0 (0.0) 9(5.1) 2 (1.1)

C 1(1.1) 0(0.0) 20 (11.2) 16 (9.0)

D 1(1.1) 0 (0.0) 10 (5.6) 19 (10.7)

E 86 (97.8) 88 (100.0) 124 (69.7) 134 (75.3)

R* 0(0.0) 0(0.0) 3(1.7) 0(0.0)

*R - Radicular syndrome; p<0.001.
Table 6
Treatment outcomes based on the presence of sepsis, n (%)
Sepsis
Criterion p
Absent Present
Recovery 203 (83.5) 13 (56.5) 0.004
Recurrence 19 (7.8) 5(21.7) 0.043
Progression* 9 (3.8) 14.3) 0.602
Hospital mortality 12 (4.9) 4(17.4) 0.039
Total 243 (100.0) 23 (100.0) —
* Progression against the background of complex treatment.
Table 7
Long-term treatment outcomes based on treatment method
Treatment method
Criterion b
Conservative Surgical

VAS before treatment. Me [25%; 75%] 9.0 [8.00; 10.00] 9.0 [8.00; 10.00] 0.790
VAS after treatment, Me [25%; 75%] 2.0[0.00; 4.00] 2.0[0.00; 3.00] 0.425
NDI, Me [25%; 75%] - 12.17 [9.00; 17.00] -
ODI, Me [25%; 75%] 16.0 [4.00; 26.00] 12.67 [2.00; 31.10] 0.626
PH (SF-36), M*SD 40.33+10.04 41.00+10.57 0.824
MH (SF-36), M*SD 47.0011.62 47.28+10.71 0.776

When comparing the intensity of pain syndrome before treatment and in the long-term period, a statistically significant reduction was
observed within the comparison groups (p<0.001).
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Table 8
Long-term treatment outcomes based on lesion type
Lesion type
Criterion A B C p
Me [25; 75%] Me [25; 75%] Me [25; 75%]
o/ .

;’gi/f)]before treatment, Me [25%; 9.0 [8.00; 10.00] 9.0 [8.00; 10.00] 10.0 [8.00; 10.00] 0.640
VAS after treatment, Me [25%; 75%] 2.0 [0.00; 4.00] 2.0 [0.00; 2.00] 2.0 [0.00; 4.00] 0.260
NDI, Me [25%; 75%)] - - 12.17 [9.00; 17.00] -
ODI, Me [25%; 75%)] 16.0 [0.00; 20.00] 13.33 [4.00; 28.00] 29.40 [4.00; 36.00] 0.223
PH (SF-36), M+SD 39.26%9.10 41.59+10.23 39.69+11.29 0.578
MH (SF-36), M*SD 47.55%8.14 46.98+11.28 47.37%12.37 0.973

When comparing the intensity of pain syndrome before treatment and in the long-term period, a statistically significant reduction was

observed within the comparison groups (p<0.001).

main types of surgical interventions revealed the
following differences: survival rate in conservative
treatment reached 92.1%, in stabilization surgeries
— 88.9%, in debridement — 84.2%, and in recon-
structive interventions — 74.3%.

Statistically significant differences were found
between conservative treatment and 360° spinal
fusion (log rank = 4.028; p = 0.045). The highest
survival rate was observed in the absence of surgi-
cal intervention and decreased with increasing vol-
ume and invasiveness.

Long-term survival (after discharge from the
hospital) was 90.4%, and no statistically sig-
nificant differences were found between the
conservative and surgical treatment groups —
95.5% and 88.4% respectively (log rank = 1.286;
p =0.257) (Fig. 1).

Survival function
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DISCUSSION

Evaluation of the treatment outcomes of pyo-
genic spondylodiscitis (PSD) in most publica-
tions is traditionally conducted through com-
parisons of the localization of the pathological
process, presence of complications, effective-
ness of treatment methods, and types of surgeries
[17,18,19,20,21,22, 23], or it is justified by the neces-
sity of surgical treatment in the absence of adequate
progress with conservative therapy [24]. The need for
a multidisciplinary approach to PSD treatment is ac-
knowledged by many researchers [25, 26]. The initial
experience of applying tactical classifications and al-
gorithms aims to prove the validity of this approach,
and authors present general treatment outcomes
based on the different variants of the pathological
process without providing evidence of the effective-
ness of the proposed treatment options [10, 11, 13].

1 Conservative treatment

—r1 Debridement
- Stabilization
-1 Reconstruction

Fig. 1. Patient survival in the
long-term period depending on
the treatment method and type of
surgery
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While the development of a tactical classifi-
cation is considered the first step in the treat-
ment of multidisciplinary conditions [10, 27], and
the validation of its accuracy is the second step
[14, 16], the third step undoubtedly should be
the evaluation of the effectiveness of the pro-
posed algorithm, which involves matching the
type/subtype of the lesion to the chosen treat-
ment method. The use of the aforementioned
classifications in clinical practice allows for bet-
ter consideration of the various disease progres-
sions, as demonstrated in the New Classification
for the Treatment of Pyogenic Spondylodiscitis by
E. Pola et al. [13], without increasing the complex-
ity of its application. Although the use of this clas-
sification in Russia is currently recommended, it is
actively applied in specialized institutions where
patients with spinal osteomyelitis are treated [16].

The original paper by E. Pola et al. presented
three main types of lesions: Type A, without bone
destruction; Type B, with bone destruction; and
Type C, with epidural abscess and/or neurological
deficit. The criteria, such as the degree of involve-
ment of paravertebral tissues, instability of the af-
fected spinal segment, and presence of neurological
deficit, allow for the selection of the optimal treat-
ment approach for patients [13]. However, there are
some limitations to the use of this classification,
including specific etiology of the disease, postop-
erative spondylodiscitis, and localization in the
cervical spine [16]. Additional considerations, such
as accounting for the presence of systemic inflam-
matory response syndrome and sepsis, as well as
treatment options for cervical spine involvement,
are necessary for the development of an algorithm
that takes into account lesions in all segments of
the spine and the most significant complications
[28].

The results presented in our study are based on
three main types of lesions. Conservative treatment
is the primary method for Type A lesions, compared
to Types B and C, where the proportion of surgi-
cal interventions significantly increases (p<0.01).
Laminectomy was performed more frequently for
Type C lesions than for Type B (p<0.001). The use
of posterior approaches with bone resection ele-
ments for Types B and C can only be justified for le-
sions involving the vertebral arches or processes or
for reconstruction using a posterior approach. The
frequency of anterior debridement and/or recon-
struction increases for Type C lesions compared to
Types A (p=0.012) and B (p<0.001). Thus, the extent
of surgical intervention correlates strictly with
the type/subtype of the lesion (severity of the dis-

ease), while maintaining the high effectiveness
of conservative treatment in uncomplicated cases.

Considering the lack of data on the effectiveness
of treatment methods in the work by E. Pola et al.,
we conducted a comparative analysis of the main
outcomes, taking into account a comparable num-
ber of patients in both studies — 250 and 259 obser-
vations, respectively — classified according to the
New Classification for the Treatment of Pyogenic
Spondylodiscitis (NCPS). The comparative analysis of
our own treatment outcomes for PSD with the data
from E. Pola et al. is presented in Table 9.

The studies presented here show differences
in the disease structure, diagnostic timelines, and
consequently, treatment outcomes, due to the pre-
dominance of Type C lesions in the work by E. Pola
et al. and Type B lesions in our study. It is important
to note that comparing the total number of patients
without analyzing the subtypes, considering the se-
verity of neurological deficit, extent of paraverte-
bral abscesses, and instability of the affected spinal
segment, does not allow for a direct comparison of
the results obtained. These differences may be at-
tributed to differences in the timing of diagnosis,
age composition of the studied cohorts, comorbidi-
ties, and organization of patient care. It is crucial to
emphasize that adherence to tactical classifications
and treatment algorithms must be consistent with
the basic principles of PSD treatment, including
appropriate composition and duration of antibiotic
therapy and immobilization of the affected spinal
segment [9, 24, 29, 30].

Further investigation into the effectiveness of
treatment methods for spinal osteomyelitis, spe-
cifically in relation to lesion types and the justifi-
cation of tactical algorithms, should be conducted
in a multicenter prospective study. This would help
address various organizational and practical chal-
lenges in the treatment of this multidisciplinary
condition.

CONCLUSION

A systemic approach to treatment using a tacti-
cal classification and treatment algorithm al-
lows for the assessment of the effectiveness of
the utilized methods for different types of spi-
nal osteomyelitis. For minimally destructive and
non-septic Type A and Type B lesions, conserva-
tive treatment and focal stabilization achieve
97.4% and 90.9% of recoveries, respectively
(p = 0.002). The use of reconstructive interventions
leads to an increase in recurrence rate and mortal-
ity (p = 0.001). The mortality rate for Type B le-
sions after debridement procedures reaches 15.8%
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Table 9

Distribution of treatment outcomes for hematogenous spondylodiscitis based

on lesion type compared to the data from E. Pola et al. [13], n (%)

Lesion type

Treatment A B
outcome Pol Pal Pal

E. Pola Own research E. Pola Own research E. Pola Own research

et al. et al. et al.
Recovery 81 (96.43) 57 (89.06) 43(93.48) 103 (82.40) 108 (90.00) 50 (71.43)
Recurrence 8 (9.52) 4 (6.25) 2 (4.35) 17 (13.60) 4 (3.33) 13 (18.57)
Mortality 3(3.57) 3(4.69) 3(6.52) 5 (4.00) 6 (5.00) 7 (10.00)
Total 84 (33.60) 64 (24.10) 46 (18.40) 125 (47.00) 120 (48.00) 70 (26.30)
(p=0.022), which is attributed to the presence of REFERENCES
sepsis in operated patients. No statistically sig- 1. Sobottke R., Zarghooni K., Krengel M., Delank S.,

nificant differences were found in the results of the
presented treatment methods for Type C lesions.
A significant reduction in pain syndrome in the
long-term period was observed in all patient groups
(p<0.001), as well as a decrease in the severity of
neurological deficits in the postoperative period
(p<0.001). No differences in treatment outcomes
were found in the long-term period based on ODI,
NDI, and SF-36 scales. The overall survival rate was
84.4%, and the long-term survival rate was 90.4%,
with a significant increase in survival observed with
conservative treatment compared to reconstructive
interventions.
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Anterior Dynamic Versus Posterior Transpedicular Spinal Fusion
for Lenke Type 5 Idiopathic Scoliosis: A Comparison
of Long-term Results
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Vladimir V. Shvets

National Medical Research Center for Traumatology and Orthopedics named after N.N. Priorov,
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Abstract

Background. Despite the active implementation of dynamic correction in case of idiopathic scoliosis, there are
no comparative studies of results of posterior and anterior dynamic correction in patients with completed and
near-completed growth.

Aim of the study — to compare clinical and radiological results of anterior dynamic correction and conventional
posterior transpedicular correction of Lenke type 5 scoliotic deformities in patients with completed or near-
completed growth.

Methods. Eighty-six patients with Lenke type 5 scoliotic deformities were enrolled in the study. The first group
(54 patients) underwent deformity correction via posterior approach using a rigid transpedicular system; the
second group (32 patients) — using dynamic correction system. Mean patients’ age was 22.6+12.8 and 27.3*10.9
years, respectively. We studied radiological data before surgery, immediately after surgery, and 2 or more years
after surgery. Blood loss volume, duration of hospital stay, and duration of narcotic analgesics intake in the early
postoperative period were analyzed. Functional results were assessed using SRS-22 questionnaire.

Results. Preoperative Cobb angle in the first group was 65.5°, and 27.5° at the long-term follow-up. Junctional
kyphosis of T10-L2 before surgery was 21.0° and 13.2° at the long-term follow-up. Preoperative Cobb angle
of the initial curve in the second group was 52.5° and 24.5° at the long-term follow-up. Junctional kyphosis
of T10-L2 before surgery was 19.5°, and 19.0° at the long-term follow-up. Nash and Moe apical vertebral
rotation in the first group before surgery was 1.62 and 0.17 at the last follow-up; in the second group, it was
1.80 and 0.81, respectively. Mean number of fixed levels was 6.4%1.0 in the first group and 5.6%*1.5 in the second
group. Mobility of the thoracolumbar/lumbar curve was higher in the second group, 28.2+9.1°, compared with
36.0£7.2° in the first group. Preoperatively, lumbar lordosis in the second group was 42.5°, in the long-term
period — 43.5°, and in the first group — 43.4° and 44.3°, respectively.

Conclusion. Both posterior rigid and anterior dynamic correction in case of Lenke type 5 idiopathic scoliosis
can provide satisfactory radiological results with initially similar thoracolumbar deformities in patients with
completed or near-completed growth. However, dynamic approach can reduce blood loss, duration of hospital
stay, duration of narcotic analgesics intake after surgery, and improve quality of life in the long-term period.
Keywords: lumbar scoliosis, spinal fusion, Lenke type 5, anterior dynamic fusion, transpedicular fusion..
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BeHTpanbHaa gMHaMuueckas wam popcanbHag TpaHCNeAUKYAspHas
KoppeKkuua U puKcaumsa npu Xupypruueckom ne4eHum
uauonaTuyeckoro ckonuosa tuna Lenke 5:

CpaBHeHUe OTAANEHHbIX pe3ynbTaToB

B.C. ITepeBep3es, C.B. Konecos, A.M. KasemuH, H.C. Mopososa, B.B. [lIser;

DI'BY «HauuoHanbHwiti MeOUYUHCKULL UCC1e008amenbcKutli yeHmp mpasmamosnozuu
u opmoneduu um. H.H. IIpuoposa,
Mun3sdpasa Poccuu, 2. Mockea, Poccus

Pedepar

AxmyanvHocme. HecMOTpSI Ha aKTMBHOE BHeApeHMe AVMHAMMUUECKO) KOPPeKLIUY IPY UAMONATUIECKOM CKOIMO03e,
OTCYTCTBYIOT CpPaBHUTE/IbHbIE UCC/IeJOBAHMS Pe3y/IbTaTOB JOPCATIbHOM U BEHTPAIbHOM IMHAMUYECKO KOPPEKIUA Y
MalMeHTOB C 3aBePILeHHBbIM U 3aBepLIAIOLIMMCS POCTOM.

Lenwb uccnedo8aHuss — CpPaBHUTH KIMHNYECKME U PEHTTEHOIOTMYECKME PE3YIbTAaThl BEHTPAIbHOM IMHAMMUYECKOM
KOPPEeKIMN U TPAAUIIMOHHONM JOPCaabHOM TPAHCIIEANKY/ISIPHOM KOPPEKINM CKOMMOTHUYECKUX Aedopmanuii Tmuma
Lenke 5 y mauyeHTOB ¢ 3aBepIIEHHbIM MUY 3aBEPLIAIOIIVIMCS POCTOM.

Mamepuan u memoodwsl. B cciegoBaHue ObII0O BKIIOUEHO 86 IMAIMEHTOB CO CKOJIMOTUUECKUMMU TedhopMaIyusiMu
tuna Lenke 5. B mepBoii rpymie (54 mauyeHTa) BHIMOTHSIIM KOppeKIMio geopmaiuy 13 JOPCaabHOTO AOCTYIIA C
MUCIIOb30BaHMEM PUTUAHO TpaHCIIeAMUKYISIPHON CUCTEeMbI, BO BTOPOI1 rpyIine (32 maijueHTa) — ¢ IpuMeHeHeM
CUCTEeMBI /11 IMHaMUuueckoi koppekuuu. CpegHMUiA BO3pacT MalueHToB cocTaBwil 22,6¥12,8 n 27,3*10,9 neT cooT-
BETCTBEHHO. V3yuyanyu peHTreHOI0TMYeCcKye TaHHbIe 0 ollepalu, cpasy mocjie onepauuu u yepes 2 u 6osee roga
TocJie onepaiyu. AHaIU3UpoBanyu 06beM KPOBOITOTEPH, CPOKM MPeObIBaHMS B CTallMOHAPE, IJIUTEIbHOCTD IIpYeMa
HapKOTUYECKUX aHAIbIeTUKOB B PaHHEM IOC/IE0NepalMOHHOM Iepuone. @yHKIMOHAIbHbIE Pe3yabTaThl OLeHU-
BaJIM C UCIIOJIb30BaHMeM onpocHMKa SRS-22.

Pe3ynsmamet. B riepBoit rpymiie yros Ko66a go onepanny coctaBui 65,5°, Ipu oTmasieHHOM Habmogenun — 27,5°.
IMepexomuslit kKudo3 Th10-L2 mo omepauuu coctasua 21,0°, mpu orgaseHHOM Ha6mogenuu — 13,2°. IIpemomnepa-
LIMOHHBIN yron Ko66a 0CHOBHO IyTM BO BTOPOIJ rpyrime 52,5°, a B oTmaneHHble Cpoku — 24,5°. ITepexomHblit Kb o3
Th10-L2 mo onepaiunuu — 19,5°, B otmanedHbie cpoku — 19,0°. PoTauust anmMKaabHOro mo3BoHKa 1mo Nash — Moe B
TepBOii TpyMIle A0 omepaluy cocraBuia 1,62, npu nowiegHem ocmorpe — 0,17, Bo BTopoii rpynme — 1,80 1 0,81 co-
OoTBeTCTBEHHO. CpeHee KOMMYECTBO (PUKCHMPOBAHHBIX YPOBHEN COCTaBWIIO B MepBoii rpymmne — 6,4+1,0, BO BTOpOi1
— 5,6%1,5. MOOGMIILHOCTD TPYIOIOSICHUYHOJ/TIOSICHUYHO TyTY ObLIa BBIIIE BO BTOPOIi rpyrie — 28,2+9,1° 1o cpas-
HEHMIO C [IePBOII rpynmnoi — ¢ 36,0+7,2°. [1o onepauymu NOSICHUYHBIN JIOPA03 Y MAaLlMEeHTOB BTOPOIA I'PYIIIIbI COCTABUII
42,5°, B OTHaIeHHbIE CPOKU — 43,5°, y MallMeHTOB I1epBO¥ rpyInbl — 43,4° u 44,3° COOTBETCTBEHHO.

3axntouenue. Kak 3aiHSIs pUTUIHAs, Tak M BeHTpa/IbHAs IMHAMUYeCKask KOppeKus pyu UAUOMIaTUIeCKOM CKOMO3e
Lenke 5 MOTYT 00€eCIIeUUTD YIOBIETBOPUTENbHBIN PEHTTEHOJIOTMUECKII Pe3y/IbTaT IMPY M3HAYAIBHO CXOXKei BeJu-
YMHE TPYAOIOSICHUYHBIX fedopMaLuii y MalyeHToB C 3aBepIIEHHBIM WK 3aBepUIaoIuMcs poctoM. OmHAKO AVHA-
MMYeCKUI TOAX0Z, TTO3BOISIET COKPATUTH 00beM KPOBOIIOTEPH, CPOK ITPeObIBAHMSI B CTALIMOHAPE, IJTUTETbHOCTD ITPY-
eMa HapKOTMUeCKUX aHa/IbTeTUKOB IT0C/Ie orepalnuy, a Takke yAyUYIINTh KaueCTBO KM3HY B OTAaJIeHHOM Iepuofe.

KirroueBble ¢/10Ba: MOSICHUYHbINM CKOMMO3, KOPPEKIMS CKOMMo3a, Lenke 5, BeHTpaibHas JUHAMUYECKAsT KOPPEKIMS,
TpaHCIeOUKYIsIpHast GUKcaIs.

Ons outupoBanusa: IlepesepseB B.C., Komecos C.B., Kasemuu A.M., Mopososa H.C., IlIBen; B.B. BeHTpanbHas
IMHAMUYECKAs] WM JAOPCAabHAs TPAHCIEAMKYISIpHAs KOPpPeKuMs M (QuKcanus Mnpu XUPYyPruyeckom JiedeHUu
MOMOTIATUYECKOTO cCKomo3a Tuma Lenke 5: cpaBHEHME OTHATEHHBIX pe3yIbTaToB. Tpasmamonozus u opmonedus Poccuu.
2023;29(2):18-28. https://doi.org/10.17816/2311-2905-3189.

DK IMepesepses Bnadumup Cepzeesuu; e-mail: vepereverz@gmail.com
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BACKGROUND

One of the frequent problems faced by spine sur-
geons managing idiopathic scoliosis is the choice
of treatment tactics for patients with completed
growth who have radiological indication for a
surgery and moderate degree of deformity with
asymptomatic course of disease. Patients and
their families discuss and evaluate the benefits
of surgical treatment and search for alternative
(both surgical and nonsurgical) methods, espe-
cially if there is no pain, pulmonary dysfunction,
or other problems associated with the spinal
deformity [1]. In addition, surgical correction in
patients with completed growth often raises con-
cerns about possible various complications, es-
pecially palsy. Therefore, studies comparing the
results of surgical treatment of scoliosis in ado-
lescents and adults have begun to appear in order
to prove the advantages of performing surgical
correction at a younger age.

Patients who undergo surgical treatment of
idiopathic scoliosis via posterior approach at
a younger age have less fixed segments, lower
blood loss, shorter duration of surgery, and fewer
complications in comparison with adults who
had natural history of scoliosis and its progres-
sion and sought medical attention later, although
X-ray data of correction are similar and improve-
ment in quality of life after surgery is observed
in both cohorts [2]. However, methods of surgi-
cal treatment of idiopathic scoliosis remain con-
troversial. In particular, there is no agreement
upon the choice of approach (anterior or poste-
rior) [3], optimal points of fixation [4, 5], preven-
tion of complications [6], and, importantly, the
choice of instruments in case of surgical treat-
ment of scoliosis with main curve in the lumbar
or thoracolumbar part (Lenke type 5). According
to Lenke classification, type 5 deformity is opti-
mal for anterior correction [7]. When hooks were
used in posterior surgery, anterior approach pro-
vided better results, since screws enabled to im-
prove derotation effect [8, 9]. However, with the
beginning of use of transpedicular screws, the
situation changed: efficacy of posterior correc-
tion increased and became comparable to the
anterior one. Most surgeons in the world began
to use posterior transpedicular correction and
fixation because they are technically easier to
be performed [10, 11]. In general, no difference
was found in radiological and clinical outcomes

in patients after anterior or posterior correction
with the use of rigid fixation for Lenke type 5 sco-
liosis [12]. However, risks and advantages of each
approach are considered by the surgeon and the
patient individually [12].

Since recently, surgeons have begun to use
dynamic correction systems, first in pediatric pa-
tients to modulate growth [13, 14, 15] and later
in patients with completed or near-completed
growth as an option [6, 16]. Using dynamic cor-
rection system preserves mobility in the area of
fixation, as confirmed by biomechanical studies
[17]. Dynamic correction also allows patients to
return to their usual physical and sports activi-
ties in a short period of time [18].

Despite active implementation of dynamic
correction systems in the treatment of idiopathic
scoliosis, there are few reports on the results of
using this method in patients with completed or
near-completed growth, as well as comparative
studies concerning the use of posterior correction
(spine fusion) and anterior dynamic correction.

Aim of the study — to compare clinical and
radiological results of anterior dynamic correc-
tion and conventional posterior transpedicular
correction of Lenke type 5 scoliotic deformities
in patients with completed or near-completed
growth.

METHODS
Study design

A retrospective non-randomized cohort com-
parative study was performed basing on data
analysis of patients with Lenke type 5 idiopathic
scoliosis who underwent deformity correction
via posterior approach using rigid transpedicular
system (with spine fusion) and dynamic correc-
tion system (without spine fusion).

Inclusion criteria:

1) Lenke type 5 idiopathic scoliosis;

2) one-stage surgery for Lenke type 5 scoliosis
via posterior approach with transpedicular fixa-
tion and spine fusion or dynamic fixation using
transcorporal screws connected by a flexible pol-
yethylene terephtholate cord;

3) follow-up period of more than 2 years.

Exclusion criteria:

1) non-selective fixation;

2) incomplete radiological data.

The study enrolled 86 patients operated be-
tween 2013 and 2021 by the same surgeon who
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had experience in both anterior and posterior
scoliosis correction.

The first group included 54 patients with lum-
bar or thoracolumbar idiopathic scoliosis aged 16
to 41 years: 48 women and 6 men. Classic posteri-
or correction with the use of transpedicular screws
was performed in this group. Posterior approach
with stripping of the posterior vertebral elements
was performed, transpedicular screws were insert-
ed using the free-hand method with subsequent
X-ray examination, and posterior release (Ponte

Both groups included only patients who had
undergone a single-stage surgical intervention
for correction of deformity without the use of
preoperative halo-traction. In both groups, indi-
cation for surgical treatment was the deformity
of more than 40°.

Type of deformity was assessed according to
Lenke classification. Lenke type 5 includes de-
formities in which the apex of the main (struc-
tural) curve is between T12 and L4 vertebrae, i.e.

osteotomy at several levels) was carried out in
some patients. Three-plane correction using rods
and posterior spine fusion were performed (Fig. 1).

The second group consisted of 32 patients
aged 14 to 44 years: 29 women and 3 men.
Thoracophrenolumbotomy without rib resection
was performed in this group. Two screws with
staples (buttress plates) were inserted into the
vertebral bodies, and correction was performed
using two cords (Fig. 2). Zimmer Dynesis system
was used in this group.

Fig. 1. X-rays of a 31-year-old patient with
left-sided lumbar scoliosis before and 2
years after posterior correction and T11-14
fixation. Satisfactory result was achieved.
No loss of correction was observed at the
long-term follow-up

Fig. 2. X-rays of a 32-year-old patient
before and 2 years after posterior
correction and T11-L4 fixation. No loss of
correction was observed. No signs of bone
block formation were noted

T12, L1, L2, and L3. Thoracic and upper thoracic
curves are not structural. This means that their
magnitude is less than that of the initial main
curve, which are corrected by less than 25° on
lateral tilt X-rays.

End vertebrae were included in the area of
fixation according to radiological data. The lower
point of fixation of L3 was selected if the L3-L4
disc was parallel or "open" on the concave side;
neutral; with a tilt to the opposite side on X-rays;

21 2023;29(2)
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and L3 was centered above the sacrum. In the re-
maining cases, L4 was selected as the most dis-
tal fixed vertebra. In one case, L2 was selected as
the lower point of fixation. If two lower vertebrae
were parallel, the more caudal vertebra was cho-
sen as the most distal instrumented vertebra.

Evaluation methods

Preoperative, postoperative, and final (at the
time of the last examination) spine X-rays in
the standing position were analyzed using Cobb
method in the frontal and sagittal planes. X-rays
with left and right tilt, traction test (spinal trac-
tion along the axis with a load of 40% of the pa-
tient's weight, but not more than 30 kg), mag-
nitude of lumbar lordosis and thoracic kyphosis
before and after surgery, spinal derotation using
Nash-Moe method were used to assess spinal
flexibility before surgery [19].

Due to no access to postural X-rays at the
time of preoperative examination and surgery
in patients with rigid constructs, we had to re-
fuse to assess sagittal parameters in the groups.
X-ray parameters were measured as follows:
T5-T12 thoracic kyphosis; T10-L2 thoracic-lum-
bar junctional kyphosis; L1-S1 lumbar lordosis;
fixed segmental angle (frontal Cobb angle be-
tween the upper fixed vertebra and the lower fixed
vertebra); Risser staging. Radiological measure-
ment was performed by one and the same expert,
who was independent of the surgical team.

Blood loss volume, duration of hospital stay,
and duration of narcotic analgesics intake in the
early postoperative period were analyzed.

Functional results were assessed using SRS-22
(Scoliosis Research Society) questionnaires. Loss
of correction was considered as an increase in
the fixed curve by more than 5° for all methods
of fixation.

Statistical analysis

Statistical analysis was performed using SPSS
Statistics software package. Data on the variables
were presented using descriptive statistics (mean
value, standard deviation) to assess differences
between the groups at baseline and during two
years of follow-up. Pearson's chi-squared test
was used to compare groups according to quali-
tative variable (gender).

Normality of distribution of quantitative vari-
ables was assessed using Kolmogorov-Smirnov
one-sample test. After testing, a decision was
made whether to use parametric or nonparamet-
ric methods of comparison.

Distribution of all variables was nonparametric
(except for T5-T12 thoracic kyphosis, number of
fixed segments, and SRS-22 questionnaire values
obtained 2 years after the surgical intervention).
Differences between the groups for all relevant
variables were analyzed using Mann-Whitney
test. Data with parametric distribution were ana-
lyzed using Student's t-test. Comparability of
gender distribution of patients in the groups was
assessed using Pearson's chi-squared test.

RESULTS

Characteristics of patients in both groups are pre-
sented in Table 1. Magnitude of the main curve de-
formity in the lumbar or thoracolumbar spine, tho-
racic compensatory curve, and sagittal parameters
were comparable between the groups. Radiological
parameters are presented in Table 2.

Mean number of fixed segments was 6.4+1.0
in the first group and 5.6%1.5 in the second group
(p =0.047). Comparable number of segments were
fixed in both groups, but slightly fewer in the an-
terior correction group. In the dynamic correction
group, fixation ended at the L3 segment in 13 pa-

Table 1
Characteristics of patients in the groups
Parameter First group Second group p
Age,y. 0. 22.6%12.8 27.3+10.9 0.744
Risser test, grade 4.4%1.2 4.2%1.7 0.556
Observation period, mos. 46.4+23.2 39.2%14.1 0.377
(24-84) (24-42)
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tients (40.7%) and at the L4 segment in 19 (59.3%)
patients; in the posterior correction group, fixa-
tion ended at the L3 segment in 29 patients
(53.7%) and at L4 in 25 patients (46.3%). Mobility
of the thoracolumbar/lumbar curve was higher in
the group with dynamic correction — 28.2+9.1°
compared to the rigid fixation — 36.0+7.2°.

Thoracic kyphosis increased during the long-
term follow-up in both groups, both immedi-
ately after surgery and in the long-term period
(see Table 2).

Patients in both groups demonstrated no sig-
nificant loss of deformity correction during the
follow-up period.

Blood loss in the first group was (Me and
Q1-Q3, respectively): 382 (249; 503) mL; in the
second group 156 (102.3; 204) mL (p = 0.023).

Patients in the second group spent less time
in the hospital after surgery, and there was also a
decrease in duration of narcotic analgesics intake
to 2 days after the intervention, which is reflect-
ed in Table 3.

Before surgery
After surgery
Two years after surgery

Before surgery
After surgery

Two years after surgery

Before surgery
After surgery

Two years after surgery

Before surgery
After surgery
Two years after surgery

Before surgery

After surgery

Table 2
Radiological parameters in the groups, deg.
Observation period First group Second group p
Cobb angle in the frontal plane (main curve), Me (95% CI)
65.5 (50.4; 79,5) 52.5 (43.2; 63.1) 0.259
24.0 (11.4; 37.2) 29.0 (17.5; 41.2) 0.039
27.5 (22.4; 32.9) 24.5 (18.6; 32.8) 0.046
T10-L2 junctional kyphosis angle, Me (95% CI)
21.0 (15.3; 29.0) 19.5 (13.5; 24.2) 0.289
15.3(13.8; 17.1) 18.5 (16.4; 21.1) 0.048
13.2 (11.8; 15.1) 19.0 (18.6; 19.7) 0.032
Apical vertebral rotation (Nash-Moe method), Me (95% CI)
1.62 (1.41; 1.89) 1.80 (1.52; 2.08) 0.369
0.15 (0.01; 0.63) 0.83 (0.51; 1.12) 0.013
0.17 (0.01; 0.53) 0.81 (0.49; 1.19) 0.028
Lumbar lordosis, Me (95% CI)
42.5 (36.7; 50.1) 43.4 (31.8;53.2) 0.548
43.5(35.8;55.9) 42.3 (34.10; 52.03) 0.396
43.5(32.4; 51.8) 44.3 (32.7; 55.3) 0.569
T5-T12 thoracic kyphosis, M*c*

19.0£5.8 21.2%7.0 0.249

17.4%8.3 20.2%4.6 0.070

18.6%6.5 22.3%6.8 0.375

Two years after surgery

* Given the normality of data distribution, results are presented as M*c, where M — the mean value, ¢ — the standard

deviation.
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There were no complications such as infec-
tion, damage of vessels, and deterioration of
neurological status in both groups. Among early
complications, hematoma of the postoperative
wound was revealed in 5 patients of the first
group, which required additional treatment and
prolongation of hospital stay. Three patients
with dynamic correction had pneumothorax - the
pleural cavity was drained according to Biilau.
No complications, such as cord rupture during
dynamic correction, screw instability, or frac-
tures of the elements of rigid constructs, were
observed. Neuropathic pain syndrome was di-

agnosed in two patients in the first group and
in four patients in the second group. There was
a correlation with the patients' age: neuropa-
thy developed at an older age. This problem was
solved with the use of gabapentin 300 mg twice
a day for 2-3 months, after which the condition
was resolved. In the first group, 3 patients had a
rod fracture more than a year after surgery, which
required its replacement, but the functional out-
come was not significantly affected by revision
surgery.

Results of SRS-22 questionnaire 2 years after
the intervention are presented in Table 4.

Table 3
Duration of hospital stay and narcotic analgesics intake
Parameter First group Second group p
Postoperative bed day, days 8.2 (6.4; 10.3) 5.0 4.1;6.5) 0.017
Narcotic analgesics intake, days 3.5(2.1;5.2) 2.5 (1.5; 3.7) 0.043
Table 4
Results of SRS-22 questionnaire in the groups
Parameter First group Second group p
Function 3.9%0.5 4.8+0.3 0.038
Pain syndrome 4.6%0.4 4.2+0.7 0.041
Mental function 4.0%0.7 4.4+0.4 0.049
Satisfaction with the result 3.8+0.5 4.3+0.8 0.021
Self-assessment 4.3%0.5 4.6%0.4 0.034

DISCUSSION

According to the literature and our own expe-
rience, there is still insufficient objective data
proving the advantages of dynamic correction in
case of idiopathic scoliosis compared to standard
spine fusion [6, 20]. The question of indications
remains to be debated: what type of deformity,
its magnitude, mobility of the main curve, or age
of patients would be the best indications for dy-
namic approach, in particular in conditions of
completed growth [16, 21]. In addition, patients
with completed growth usually have more rigid
deformities than growing patients. Therefore,
growth modulation is not possible. On the other
hand, during modulation, it is difficult to predict

the response of the growing spine to a dynam-
ic implant, while in case of completed growth,
spine correction is more predictable, because the
surgeon attempts to perform it as efficiently as
possible.

Although dynamic correction has become an
innovative strategy for managing scoliosis with-
out spine fusion, it has not been clearly defined
how and when to use dynamic or rigid fixation in
case of completed growth either [22].

It is known that posterior rigid correction is
efficient but is associated with blood loss and
does not allow to preserve motions in operated
segments, which negatively affects the function-
al state of the spine [23, 24]. Peak of publication
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activity on the problem of posterior scoliosis cor-
rection using transpedicular fixation only was
observed in 2010-2013. At the same time, there
was an increase in publications on anterior sco-
liosis correction with the use of rigid systems as
well, and later, the interest in anterior approach
in case of lumbar/thoracolumbar idiopathic sco-
liosis among spine surgeons decreased a lot. This
is due to the proven lack of significant differenc-
es between radiological and functional results of
anterior and posterior approaches [3, 11, 12, 24].

Currently, there are studies evaluating the re-
sults of dynamic scoliosis correction in adults,
where the authors suggest that the radiological
results of ASC (Anterior Scoliosis Correction)
in patients with completed or near-completed
growth are better than those of VBT (Vertebral
Body Tethering) due to aggressive surgical tech-
niques applied during surgery to achieve sat-
isfactory correction [6]. These studies evaluate
the lower point of fixation for anterior scoliosis
correction [26, 27], but there are no data on the
choice of the upper point. The same situation is
observed for dynamic fixation.

Posterior transpedicular correction in our
study gave results similar to anterior dynamic
correction, but required a longer surgery dura-
tion and was associated with significantly greater
intraoperative blood loss. This was due to more
traumatic nature of the surgery and the neces-
sity to perform posterior release and sometimes
posterior Ponte osteotomy, while dynamic cor-
rection involved only nucleotomy at the apex of
deformity. Mean angle of the main curve in rigid
fixation was 64.4° and was corrected to 26.9° at
the long-term follow-up, and in dynamic correc-
tion, from 52.4%9.6° to 24.2%+12.3°. Preoperative
deformities in this group were more mobile by
about 10%. There was also a certain improve-
ment in the long-term period comparing with the
postoperative data, apparently due to the pre-
served growth potential in some patients of the
second group. However, it should be noted that
the degree of correction in both groups depended
on the initial deformity angle and spine mobility;
the degree of correction with rigid and dynamic
correction was identical for angles up to 50-55°.
For more severe deformities, it depended on the
spine mobility.

In 2021, P.D. Trobisch and A. Baroncini pub-
lished the data on patients who underwent dy-
namic correction at the thoracolumbar/lumbar
level with satisfactory results, but the incidence
of rupture was quite high. This confirms the hy-
pothesis that lumbar VBT is indeed associated
with a higher incidence of rupture than thoracic
VBT [27]. This may be due to the use of the first
cord and aggressive derotation manipulations,
as well as to the greater mobility of the lumbar
spine compared to the thoracic spine, which may
affect the strength of the construct. Spine growth
is also not taken into account. In our dynamic
correction group, there were no cases of cord
rupture, which is common in growing patients.
This is probably due to the routine use of dou-
ble cords, which provides greater tensile strength
and prevents material wear. However, there are
no biomechanical studies to assess the strength
of single and double cords nowadays, although
such suggestion was made by A. Baroncini et al.
[29]. Recent biomechanical study showed that
surgical constructs with one or two cords insig-
nificantly limited global and L1-L2 spinal move-
ments in flexion or extension (<10%) of the left
or right axial rotation (<14%) [18]. In addition, in-
tervertebral discs and facet joints did not change
degeneratively when dynamic fixation was used
after an average of 29 months of follow-up [28].

Lumbar lordosis was one of evaluated param-
eters that changed significantly after surgery in
the group with rigid fixation. Anterior correc-
tion appears to have a certain kyphosogenic ef-
fect, but provides a harmonious sagittal profile
while preserving the back muscles and posterior
ligaments, which explains the low incidence of
PJK (proximal junctional kyphosis) development
with this method [27, 29, 30]. Although the im-
portance of assessing, interpreting and restoring
the "ideal" parameters of global balance in dy-
namic correction is not entirely clear, since un-
like rigid systems, the dynamic approach implies
preserving certain mobility in the fixation and
amortization area. This, in turn, should reduce
the risk of adjacent segment disease, fatigue frac-
tures of implants, and other implant-dependent
complications that are observed in rigid fixation
in conditions of severe spinal balance disorders.
In addition, correction loss, pseudarthrosis, and

25 2023;29(2)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CLINICAL STUDIES

fractures of implants are rare in adolescence
when using posterior transpedicular rigid sys-
tems, but the risk of these complications increas-
es at an older age [22, 31].

According to our data, the use of double cord
in the lumbar spine had no kyphosogenic effect
on lumbar lordosis. This supports the hypoth-
esis that lumbar VBT is indeed associated with
a higher incidence of ruptures than the thoracic
one [28, 32]. However, dynamic compression has
lesser derotating effect compared to rigid systems
according to Nash and Moe assessment of apical
vertebral rotation (see Table 1). Improvement of
T10- L2 junctional kyphosis was achieved in both
groups.

In the study on functional outcome of Lenke
type 5 scoliosis correction performed by F. Tao
et al., all SRS-22 domains were significantly
higher in the group with rigid anterior scoliosis
correction compared to posterior correction [33].
Still, there is some evidence that there are no sig-
nificant differences between these approaches
[25, 34]. Nevertheless, dynamic correction pro-
vides better functional outcome according to the
results of SRS-22 questionnaire in our patients.
There were no significant differences between
two groups in terms of patients' perception of
function, pain, self-assessment, mental function,
or satisfaction. However, functional scores, sat-
isfaction with surgery, and mental health were
higher in the anterior dynamic correction group,
indicating that this method of treatment met the
patients' expectations (see Table 3).

Limitations

Sample size was limited by retrospective type of
the study. Outcome assessment tool was not used
consecutively to allow comparisons with clear
preoperative and postoperative intervals, and
randomization was not applied.

CONCLUSION

Both posterior rigid and anterior dynamic cor-
rection in Lenke type 5 idiopathic scoliosis can
provide satisfactory radiological results with ini-
tially similar thoracolumbar deformities in pa-
tients with completed or near-completed growth.
However, dynamic approach is characterized by
lower blood loss, shorter hospital stay, shorter du-
ration of postoperative narcotic analgesics intake,
and better quality of life in the long-term period.
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Abstract

Background. Osteoporosis is a common metabolic disorder characterised by decreased bone mass and weakened micro-
architecture of bone tissue. After 50 years of age, one in three women and one in five men experience osteoporotic
fractures. This is projected to cause a yearly loss of 5.8 million healthy life years to disability. The number of patients
who attend the outpatient clinic and emergency department of Sanjay Gandhi Institute of Trauma and Orthopaedics with
fragility fractures has been increasing, hence to know the prevalence of osteoporosis in the general population who were
asymptomatic, we decided to conduct a study in the rural areas of south India.

Aims: 1) to estimate the prevalence of osteoporosis among the population above 50 years in rural areas of south India;
2) to determine the correlation between common secondary risk factors for osteoporosis like tobacco consumption, alcohol,
diabetes, and hypertension.

Results. The prevalence of osteoporosis in the rural population was more in females at 42.2%, whereas the males
had a prevalence of 32.5%. Among the population with habits of tobacco consumption and alcohol consumption, the
prevalence was 78% and 30.6% respectively. 20.2% of non-smokers and 39.7% of non-alcoholics were osteoporotic.
Among the population with comorbidities, 53.6% of diabetes and 55.4% of hypertensives were osteoporotic. 33.7% of
non-diabetics were osteoporotic, and 29.5% of hypertensives were osteoporotic. The correlation between osteoporosis
and the individual risk factors ranged between weak negative to moderately positive (r = -0.2 to 0.5). The correlation
between the combination of all the four risk factors and osteoporosis is weakly positive (r = 0.339), which is highly
significant (p<0.001).

Conclusion. Overall, the findings of this study suggest that addictive habits such as tobacco and alcohol consumption
may have a significant impact on bone health, with a higher prevalence of osteopenia and osteoporosis observed in
individuals with these habits. Comorbidities such as diabetes and hypertension were also found to be associated with
a higher prevalence of osteoporosis. These findings emphasize the importance of early detection and prevention of
addictive habits and comorbidities to reduce the risk of osteopenia and osteoporosis. Furthermore, the study highlights
the need for further research to fully understand the complex relationships between sociodemographic factors, addictive
habits, comorbidities, and bone health.
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PacnpocTpaHeHHOCTb 0CTeoNnopo3a B ceNbCKUX paiioHax KOxHoi UHaun
U ero CBA3b C 06WMMU BTOPUUHbIMU PAaKTOpPaAMM pUCKA

[Motypu Pumu Pam, [Tpasuu HapasH, [TaBut IxkanapgaH, Cypss lpu Kapyn UnHTanannm

Hucmumym mpasmamonozuu u opmoneduu um. Canoxcas I'anou, Bavzanop, Huous

Pedepar

AxkmyansHocms. OCTEOTIOPO3 — PACIPOCTPAaHEHHOE MeTaboIMuecKkoe pPacCTPOiICTBO, XapaKTepu3ylolleecss YMeHbIIeH!-
€M Macchl KOCTHOJ TKaHM U 0CIabaeHeM MUKPOApXMUTEKTYphI KocTeii. IToce 50 yieT Kaskaast TPeThs KeHIIMHA Y KasKablii
MISTBIA MY)KUMHA CTAJKMBAIOTCSI C OCTEONIOPOTUYECKMMM TepeioMaMi. ITO MPUBOIUT K €KeroaHoli morepe 5,8 M/H et
3m0poBoit sku3uu (HLY) n3-3a HBaIMIHOCTH. KOMMYeCTBO MaIMeHTOB, 00PaIIaonMXCs B MOMUKIVHUKY U OTAEIEHE HEOT-
JIO’KHOJ oMoty IHCTUTYTa TpaBMaToAOTMu 1 opTonenuy um. Canaskas FaHaM ¢ IaToMOTMYeCKMMHU TiepeioMaMu, U3 Toia
B rof yBeMunBaeTcst. YToObI OIpeenTb pacIIpOCTPAHEHHOCTh OCTEOITOPO3a CPeAy HaCeIeH!sI, He MMEIOIero CMMIITOMOB
JaHHOTO 3a60JIeBaHMsI, Mbl PEIIIN ITPOBECTH MCCIeIOBaHMe B CeTbCKUX paiioHax KkHoIt UHAUN.

Llenu uccnedosarus: 1) olieHUTh PaCIIPOCTPAHEHHOCTb OCTEOIIOPO3a Cpeay HaceleHus crapiie 50 JIeT B ceJibCKMX paiioHax
IOskHOI UHOMM; 2) OTIpeenuTh CBA3b MEKAY OOIMIMMYM BTOPUIHBIMY (DaKTOpaMu pycKa OCTEOTIOPO3a, TAKMMMU KaK YIIoTpe-
6eHue Tabaka U aJaKoross, quabet, TMIIe PTOHMS.

Pe3ynsmamet. PacipoCTpPaHEHHOCTh OCTEOTIOPO3a B CETbCKMUX paijioHaxX Gbla BbINIE Y SKEHIIVMH U cocTaBuia 42,2%, B TO
BpeMs KaK Y MY>KYMH PacpOCTPaHEHHOCTDb cocTaBmia 32,5%. Cpenu auil, yoTpeosiiommx Tabak v alkoroyib, pacpocTpa-
HEHHOCTb cocTaBwmia 78,0% u 30,6% cooTBeTcTBeHHO. OCTEornopo3 6511 BbIsBIEH Y 20,2% HeKypsimyx 1y 39,7% He ynoTtpe-
GISTIOIIMX AJKOTONTb. Cpeny JIUIY C COMYTCTBYIOIMMY 3a607I€BAHMUSIMU OCTEOTIOPO3 BBISBIIEH Y 53,6% nuabeTuKoB U 55,4%
I'UIIePTOHMKOB. CBSI3b MEXKIY OCTEOMOPO30M ¥ OTHENbHbIMM (PAaKTOPaMM pyucka Komebanach OT c1abo OTpUIIATENbHO 10
YMEePEHHO MONOKUTENbHOI (r = -0,2 1o 0,5). CBS3b MeXKAY KOMOMHaIMe BceX YeThIpex (GaKTOPOB PYUCKA ¥ OCTEOITOPO30M
6bU1a €1a60 MONMOKUTENBHO (1 = 0,339) U MMesa BbICOKYIO 3HAUMMOCTh (p<0,001).

3axntoueHue. Pe3ynbTaThl JAHHOTO UCC/IeIOBaHNS CBUAETENbCTBYIOT O 3HAUUTEIbHOM BIMSIHUM BpeAHBIX IPUBBIUEK, TAKUX
Kak ynorpebieHne Tabaka 1 aaKoross, Ha 3I0POBbe KOCTe, ¢ 60iee BBICOKOI PaCIIpOCTPAHEHHOCTBIO OCTEOIIEHUM U OCTe-
0TI0p03a Y JINII C 3TUMM ITpUBbIYKamMy. COMyTCTBYIONIME 3a00/I€BaHNS, TaKMe KaK AMAGET U TUTIEPTOHMS, TAKKE CBSI3aHbI
¢ 601ee BBICOKOJI PaCIpOCTPAaHEHHOCTBIO OCTEOIIOPO3a. T CBUIETENIbCTBYET O BAKHOCTY PAHHETO BBISBJIEHMSI COITYTCTBY-
IOIMMX 3a6071€BaHMIi M OTKa3a OT BPEAHBIX MPUBBIYEK JJIST CHUKEHMS PYCKA PA3BUTUSI OCTEOTIEHUY U ocTeornopo3a. Heob6-
XOIVIMbI TaJbHEIIINE UCCIeNOBAHMS VIS TIOJTHOTO TOHVMAaHMS CJIOXKHBIX B3aMMOCBSI3eil MeXXIy colMoaeMorpaduiecKumMm
axTopamu, MpUBBIYKAMM, COMTYTCTBYIOMMMU 3a60IEBAaHUSIMY U 3[0POBbEM KOCTEIA.

KiioueBblIe ¢I0Ba: OCTEONOPO3, OCTEOIIeH NS, aJIKOT0/Ib, TAGAKOKYPeHMe, I1abeT, TMIIePTOHMS.

IOnsa outupoBauus: [lorypu Pumm Pawm, [IpaBun Hapass, ITaBut Ixanappan, Cyppsi llpu KapyH UmHTanamin.
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INTRODUCTION

Osteoporosis is a common metabolic disorder
characterised by decreased bone mass and weakened
micro-architecture of bone tissue. This makes the
bone highly prone to pathological fractures [1, 2]. It is
only after the fracture that the condition is diagnosed
more often, and measurement of Bone Mineral Density
(BMD) can diagnose “osteoporosis” and identify the
population at risk for fractures [1, 3].

The global burden of osteoporosis is enormous.
It has been recognised as a worldwide epidemic.
In 2014 journal “Osteoporosis International”
estimated osteoporosis to be one of the leading
causes of disability, depression, and early mortality
in the elderly. After age 50, one in three women and
one in five men experience osteoporotic fractures.
This is projected to cause a yearly loss of 5.8 million
healthy life years to disability. There is about a 30 %
rise in mortality in the first year after fracture, which
remains high for up to 5 years.

The economic burden has been 37 billion EUR in
the EU and 19 billion USD in the USA [4]. In 2014, it
was reported in Europe that socioeconomic status
and poverty have a bearing on the prevalence of
Osteoporosis [5].

Having a different landscape, India has a different
socio-economy and lifestyle. Even within the country,
there is much diversity between urban and rural life.
In 2012 C. Rex estimated that osteoporosis would
affect half of the Indian population by 2022 [6].

The USA and Europe have been significant
contributors to research in osteoporosis, with 27,0%
and 8.2% of global publications, respectively. India
could merely contribute 2% of the world’s research
on osteoporosis [7]. An article in 2015 reviewed
a few sporadic studies on Osteoporosis in Indian
women and noted a high prevalence of the disease in
postmenopausal women.8

Sanjay Gandhi Institute of Trauma and
Orthopaedics is a tertiary care hospital. The number
of patients who attend the outpatient clinic and
emergency department of Sanjay Gandhi Institute
of Trauma and Orthopaedics with fragility fractures
has been increasing, hence to know the prevalence
of osteoporosis in the general population who were
asymptomatic, we decided to conduct a study in the
rural areas of south India.

Aims: 1) to estimate the prevalence of osteoporosis
among the population above 50 years in rural areas of
south India; 2) to determine the correlation between
common secondary risk factors for osteoporosis
like tobacco consumption, alcohol, diabetes, and
hypertension.

METHODS
Design

A cross-sectional study on the prevalence of
osteoporosis was planned over one vyear (i.e.,
September 2021 to august 2022) as there was an
increased incidence of fragility fractures in the
population attending the outpatient clinic and
emergency department. Ten random villages
were selected by cluster sampling in villages from
Karnataka, Andhra Pradesh, and Tamilnadu. In each
village, 100 people aged 50 years to 100 years were
enrolled on the study.

Inclusion criteria: men and women aged 50 and
above.

Exclusion criteria: patients having other causes
affecting bone strength like malignancy; Paget’s
disease; congenital disorders; osteomyelitis etc.

Consenting participants were interviewed and
examined. The tools used in this study were a two-
part proforma and BMD measuring portable SONOST
3000 Ultrasound machine.

The Sonost 3000 bone densitometer uses
ultrasound technology to measure bone density,
transmitting high-frequency sound waves through
the bone and measuring how much of the wave is
absorbed; it is a portable and lightweight machine,
weighing only about 4 pounds, and can be operated
with a rechargeable battery, making it convenient for
use in remote or mobile settings. A quality assurance
test for the device was performed on each screening
day. The measurements were carried out in a room by
a single technician to complete the entire test on all
the subjects.

Those subjects with low BMD were classified
accordingly as Osteopenia (BMD -1 to -2.5) or
Osteoporosis (BMD -2.5 or less).

Statistical analysis

The data was analysed using SPSS 28 software.
Pearson correlation coefficient test examined the
correlation between variables. P<0.05 was used as
the threshold to determine statistical significance,
meaning that results with a p-value less than 0.05
were considered statistically significant. This
methodology allows for identifying relationships
and trends within the data and determining the
statistical significance of these relationships.

RESULTS
Socio-demographic factors

The total number of subjects considered in the study
was 1000: 536 males (53.6%) and 464 females (46.4%).
Most of the people who participated in the study were
50-60 years old, accounting for 52.9%, followed by
60-69 years (22.6%), 70-79 years (19.7%), 80-89 years
(3.7%), and 90-99 years (1.1%).
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Addictive habits and comorbidities

Habits that were considered in the study: tobacco
consumption (smoking/smokeless), alcohol.

Comorbidities considered in the study: diabetes,
hypertension.

In this study 29.1% (n = 291) of the population
consumes tobacco, of which 82% are males and 18%
are females; 29.7% (n = 297) of the population drinks
alcohol: 91.95% of males and 8.05% of females. In
the study population, 16.8% of people had diabetes:
9.2% of men and 7.6% of women; 28.9% people
suffered from hypertension:16.2% of men and 12.7%
of women.

Osteopenia

Out of the total population considered for this
study, 512 were osteopenic: 45.5% of males and
57.8% of females. Among the people suffering from
osteopenia, 65.7% were between 51-60 years. Among
the population with addictive habits, 2.7% of tobacco
consumers and 69.4% of alcoholics were osteopenic.
This suggests that there may be a stronger association
between alcohol consumption and osteopenia than
tobacco consumption and osteopenia, despite the fact
that a higher percentage of the overall population
consumes tobacco.

One possible explanation for this discrepancy is
that alcohol consumption may have a greater impact
on bone health than tobacco consumption. Studies
have shown that excessive alcohol consumption
can interfere with the body’s ability to absorb
calcium and can also reduce bone density, which
can lead to osteopenia and osteoporosis. On the
other hand, while tobacco use is a well-known risk
factor for several health problems, including lung
cancer and cardiovascular disease, its impact on
bone health is less clear. Another possibility is that
there may be other factors at play that are affecting
the relationship between addictive habits and
osteopenia. For example, people who consume more
alcohol may also be more likely to have poor diets or
engage in other behaviours that increase their risk

of osteopenia. Additionally, there may be differences
in the demographics of the tobacco-consuming
and alcohol-consuming populations that could be
influencing the results. Overall, it’s important to
remember that studies like these can only show
associations between variables and cannot prove
causation. More research would be needed to fully
understand the relationship between addictive habits
and osteopenia and determine the best prevention
and treatment strategies.

Among the population with comorbidities, 13.1%
of people with diabetes and 44.6 % with hypertension
were osteopenic.

The correlations between gender and tobacco
consumption, gender and alcohol consumption,
and alcohol consumption and hypertension are all
statistically significant at the 0.01 level (two-tailed),
with correlation coefficients of 0.362, 0.241, and
0.339, respectively. These coefficients indicate a weak
to a moderate positive correlation between these
variables.

The correlations between tobacco consumption
and diabetes, tobacco consumption and hypertension,
and opsteopenia and tobacco consumption are also
statistically significant at the 0.01 level (two-tailed),
with correlation coefficients of 0.566, 0.378, and
-0.621, respectively. These coefficients indicate a
moderate to a strong positive correlation between
these variables.

The correlations between diabetes and alcohol
consumption and hypertension and opsteopenia are
statistically significant at the 0.01 level (two-tailed),
with correlation coefficients of -0.105 and -0.084,
respectively. These coefficients indicate a weak
negative correlation between these variables.

Finally, the correlation between gender and
diabetes, gender and hypertension, and diabetes and
opsteopenia are not statistically significant at the 0.01
level (two-tailed), with correlation coefficients of 0.010,
0.031, and -0.343, respectively. These coefficients
indicate a very weak to weak positive or negative
correlation between these variables (Table 1).
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Correlation between secondary risk factors and osteopenia fable
Parameters o g £ 5 E g E’» %
o =8 <8 Aa T o
Gender pearson correlation 1

p
n 1000

Tobacco ) pearson correlation 0.362 1

consumption P 0.000
n 1000 1000

Alcohol ) pearson correlation 0.241 0.056 1

consumption p 0.000 0.078
n 1000 1000 1000

Diabetes pearson correlation 0.010 0.566 -0.105 1
p 0.741 0.000 0.001
n 1000 1000 1000 1000

Hypertension pearson correlation 0.031 0.378 0.339 -0.027 1
p 0.321 0.000 0.000 0.396
n 1000 1000 1000 1000 1000

Osteopenia pearson correlation -0.122 -0.621 0.236 -0.343 -0.084 1

p 0.000 0.000 0.000 0.000 0.008
n 1000 1000 1000 1000 1000 1000

Osteoporosis negative correlation between alcohol consumption

In this study, out of the total study population, 370
people were osteoporotic. In this population, 53.0%
who were osteoporotic were between 50-60 years. The
prevalence of osteoporosis in the rural population was
more in females at 42.2%, whereas the males had a
prevalence of 32.5%.

Among the population with the habit of tobacco
consumption, 78% were osteoporotic, and in those
with the habit of consuming alcohol, 30.6% were
osteoporotic, while 20.2% of non-smokers and 39.7%
of non-alcoholics were osteoporotic.

Among the population with comorbidities, 53.6%
of people with diabetes and 55.4% of hypertensives
were osteoporotic, while 33.7% of non-diabetics
were osteoporotic, and 29.5% of hypertensives were
osteoporotic.

Statistical analysis of the data shows Pearson
correlation between osteoporosis and tobacco usage
shows a moderately positive correlation (r = 0.544),
which is highly significant (p<0.001). Correlation
between osteoporosis and alcohol consumption is
weakly negative (r =-0.086), which is highly significant
(p=0.007).Itis important to note that correlation does
not imply causation. Therefore, while there may be a

and osteoporosis, it does not necessarily mean that
drinking alcohol prevents osteoporosis. Other factors
maybe at play that influence both alcohol consumption
and the risk of developing osteoporosis, such as diet,
exercise, smoking, or genetics. Furthermore, the
significance of the correlation (p = 0.007) indicates
that the observed relationship between alcohol
consumption and osteoporosis is unlikely to be due
to chance. However, statistical significance does not
necessarily mean practical significance or clinical
relevance. In other words, a significant correlation
may not necessarily have a large enough effect size to
be of practical importance.

Correlation between osteoporosis and diabetes is
weakly positive (r = 0.154), which is highly significant
(p<0.001). Correlation between osteoporosis and
hypertension is weakly positive (r = 0.242), which is
highly significant (p<0.001) (Table 2).

The correlation between osteoporosis and the
individual risk factors ranged between weak negative
to moderately positive. The correlation between
the combination of all the four risk factors and
osteoporosis is weakly positive (r = 0.339), which is
highly significant (p<0.001).
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Correlation between secondary risk factors and osteoporosis fuble 2
Parameters Tobacco Alcohol Diabetes Hypertension | Osteoporosis
Tobacco pearson correlation 1
p
n 1000
Alcohol pearson correlation 0.056 1
p 0.078
n 1000 1000
Diabetes pearson correlation 0.566 -0.105 1
p 0.000 0.001
n 1000 1000 1000
Hypertension pearson correlation 0.378 0.339 -0.027 1
p 0.000 0.000 0.396
n 1000 1000 1000 1000
Osteoporosis pearson correlation 0.544 -0.086 0.154 0.242 1
p 0.000 0.007 0.000 0.000
n 1000 1000 1000 1000 1000
DISCUSSION

Osteoporosis is a skeletal disease characterised
by decreased bone mass per volume associated
with microarchitectural deterioration of the bone
tissue resulting in bone fragility and increased risk
of fracture [1]. Another variant of low bone mass
density is osteopenia, which is defined as a condition
with low BMD but of less severity when compared to
that of osteoporosis. Osteoporosis is most commonly
seen in the elderly, with females being most
commonly affected compared to males [2]. Whereas
osteopenia is seen in younger age groups with no
gender inequality [3].

The burden of osteoporosis in the India population
is around 40% as the population living in India is
mainly from a rural background and has low BMD
compared to the western population of the same
age and gender. The maximum loss of bone density
is observed in the fourth decade of life and early
postmenopausal years [4].

Chronic bone pain, disability, and peritrochanteric
and vertebral fractures are common among the
osteoporotic elderly population, leading to severe
functional limitations and decreasing the quality of
life [5]. Pneumonia, urinary tract infections, pressure
sores (mainly nonhealing ulcers), and deep vein
thrombosis contribute to worsening the prognosis
among the osteoporotic elderly population. The
common sites of osteoporotic fractures following

minimal trauma are vertebra, distal radius, and
peritrochanteric fractures due to lack of osteoid in
sufficient quantity that leads to rapid bone loss [6].
Osteoporosis is mostly asymptomatic; on the other
hand, in symptomatic patients, vague, diffuse low
backache is the most common symptom [7].

Recent studies have indicated that even low-
level exposure to cadmium could increase the risk
of osteoporosis and fractures [8]. Women are four
times more prone to osteoporosis and two times
more prone to osteopenia [9]. Diabetes mellitus

increases osteoclast function but decreases
osteoblast function, leading to accelerated
bone loss, osteopenia and osteoporosis [10].

In hypertension patients, excess urinary calcium
secretion induces secondary parathyroidism to
increase the serum calcium level by calcium release
from bone, which may accelerate osteoporosis [11].
Alcohol use decreases bone density and weakens
bones mechanical properties [12].

Diagnosing osteoporosis is a significant step
in its management. Diagnosing osteoporosis
at the gross root level is far better to avoid the
consequences like fractures and deterioration of
life quality among the rural population [13]. Despite
being the most common problem among the rural
and urban population in India, there is no Cohesive
National Policy on screening and prevention policy
and programs.

34 2023;29(2)

TPABMATONOIMA U OPTONEANA POCCUN / TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CLINICAL STUDIES / KITMHUYECKWUE MCCNEOOBAHUA

Various tools are available nowadays for diagnosing
osteoporosis, like DEXA scan, India-specific FRAX
tool, etc. [1, 3, 4, 14]. Among all India-specific FRAX
tool is gaining popularity in risk prediction of 10-year
probability of osteoporotic fracture. Due to a lack
of awareness on health education, lack of internet
facilities, etc., it is still of limited use.

Age. Our study found that the prevalence of
osteoporosis and osteopenia increases with age,
consistent with other studies. A study by N.S. Kadam
et al. reported a similar finding, where the prevalence
of osteoporosis is more prevalent in 50-60 years age
group [15].

Gender. Our study found that females had a higher
prevalence of osteoporosis and osteopenia compared
to males, consistent with other studies. A study by
N.S. Kadam et al. reported that females had a higher
prevalence of osteoporosis than males [15].

Tobacco and alcohol consumption. Our study
found that tobacco and alcohol consumption were
associated with an increased risk of osteoporosis
and osteopenia, consistent with other studies.
A study by A.M. Al-Bashaireh et al. showed that
smoking tobacco has been associated with reduced
bone mass and increased risk of fracture through its
direct or indirect effects on osteoblast and osteoclast
activities. The RANKL-RANK-OPG pathway plays a
vital role in the mechanisms by which smoking may
result in poor bone health [16].

Chronic excessive alcohol consumption has
deleterious effects on bone and results in low bone
mass which may predispose to fragility fractures
leading to increased morbidity [17].

Comorbidities. Our study found that comorbidities
such as diabetes and hypertension were associated
with anincreased risk of osteoporosis and osteopenia,
consistent with other studies. Similarly a study by
A.G. Asokan et al. found that prevalence of
osteoporosis was higher among diabetics [18].
Another study by R. Khinda et al. showed that
hypertension causes severe loss of bone minerals
including calcium and its metabolism, resulting in
accelerated bone resorption [19].

DISCLAIMERS

Author contribution

Pothuri Rishi Ram — the design of the study, data
collection and analysis, writting the first draft of
the manuscript.

Praveen Narayan — the statistical analysis
and the interpretation of the results, critical feedback on
the manuscript.

Pavith Janardhan — data collection and management, the
literature review and discussion, revising the manuscript for
submission.

Overall, these findings highlight the importance
of managing these risk factors to prevent the
development of osteoporosis and osteopenia.

Limitations

In this study, we have used only one tool for assessing
the bone mass density for grading the patient
depending on feasibility.

The study did not consider different types of alcohol,
such as toddy, wine, and beer, which may have different
effects on bone health. For example, some studies
suggest that moderate consumption of red wine may
have a beneficial effect on bone density due to its high
levels of polyphenols, while heavy alcohol consumption
has been linked to decreased bone density.

The study did not consider different methods of
tobacco use, which may have different effects on
bone health. For example, smoking has been linked
to decreased bone density due to its negative impact
on calcium absorption, while smokeless tobacco has
been linked to increased bone density due to its high
nicotine levels.

It is important to acknowledge these limitations
when interpreting the study’s findings and to consider
the potential impact of these factors on bone health.
Future studies may benefit from considering the
effects of different types of alcohol and tobacco use
on bone health in more detail.

CONCLUSION

Overall, the findings of this study suggest that
addictive habits such as tobacco and alcohol
consumption may have a significant impact on
bone health, with a higher prevalence of osteopenia
and osteoporosis observed in individuals with
these habits. Comorbidities such as diabetes and
hypertension were also found to be associated with
a higher prevalence of osteoporosis. These findings
emphasize the importance of early detection and
prevention of addictive habits and comorbidities
to reduce the risk of osteopenia and osteoporosis.
Furthermore, the study highlights the need for
further research to fully understand the complex
relationships between sociodemographic factors,
addictive habits, comorbidities, and bone health.
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Fixation Techniques for Intraarticular Proximal Humeral Fractures
Yuri A. Afanasiev

City Clinical Hospital No 1, Novosibirsk, Russia
Novosibirsk State Medical University, Novosibirsk, Russia

Abstract

Background. The most severe type of injuries of the proximal epiphysis of the humerus are intraarticular
fractures. One of the main complication is the development of avascular osteonecrosis, which is caused by the
peculiarities of blood supply of the humeral head and its compromised vascularization as a result of trauma.
Current osteosynthesis techniques for intraarticular fractures of the proximal humerus (PH) do not reduce
the risk of avascular osteonecrosis of the humeral head (AONHH) and do not reduce the risk of nonunion. To
prevent ischemic changes in the humeral head, osteosynthesis with reparative osteogenesis stimulation is
recommended.

Aim of the study — to specify indications for various fixation techniques of intraarticular fractures of the
proximal humerus.

Methods. The study enrolled 48 patients with AO/ASIF type 11C1 and 11C2 intraarticular PH fractures
requiring surgical treatment. All patients were allocated into 2 groups. Retrospective (control) group included
25 patients who were treated using locking plate osteosynthesis or intramedullary locking osteosynthesis with
proximal humeral nails. Prospective (main) group included 23 patients who were additionally treated with a
vascularized musculoskeletal graft from the coracoid process of the scapula transplanted to the fracture area.
Results. Functional treatment results of patients who underwent surgery using vascularized musculoskeletal
grafts from the coracoid processes of the scapula (71.50% were excellent and 14.3% were good) were better
than those of the control group (35.28% were excellent and 17.64% were good). Consolidation of the fracture in
the control group occurred in 92% of cases (23 patients); the remaining 8% (2) of patients had pseudoarthrosis
of the anatomical or surgical neck of the humerus developed within 6 months after the surgery. In the main
group, the fractures consolidated in all patients.

Conclusion. Fractures with no damage to the bicipital groove should be considered an indication for
performing plate osteosynthesis without vascularized musculoskeletal grafting. Locking osteosynthesis in
case of intraarticular PH fractures makes it much more difficult to reduce the humeral head and the tubercular
area. Locking osteosynthesis decreases the rigidity of fixation of fragments, which may contribute to their
secondary displacement.

Keywords: proximal humerus fracture, plate osteosynthesis, stimulation of reparative osteogenesis,
vascularized musculoskeletal graft, humeral osteonecrosis.
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Bbibop MeTOoAa OCTEOCUHTE3A NPU BHYTPUCYCTaBHbIX NepesioMax
NPOKCUMManbHOro 3nudusa naevyeBomn KOCTH

10.A. AdbanacneB

I'6Y3 HO «Iopodckas knuHuueckas 6onvHuya N2 1», 2. Hogsocubupck, Poccus

@I'BOY BO «Hosocubupckuti 20cydapcmeeHHbili MeduyuHcKuli yHusepcumem» Mun3dpasa Poccuu,
2. Hosocubupck, Poccus

Pedepar

AxmyanvHocme. Hanbosnee TsKkenoit kaTeropueil mepeioMOB MPOKCUMMAIbHOTO 3MudM3a IaedeBoit KOCTU
SIBJIIIOTCSI BHYTPUCYCTaBHbIe MOBpeskaeHusi. OMHMM U3 OCHOBHBIX OCJIOKHEHMIt sIBsieTcs GopMuUpoBaHMe
aBaCKyJIIPHOTO HEKpo3a, MPUUMHOI KOTOPOTO CIYXXaT OCOOEHHOCTM KPOBOCHAOKeHMSI TOJIOBKM IieueBOit
KOCTY U HapylIeHue ee BaCKy/IsIpMU3aluy BCIeICTBYE TpaBMbl. Cyl[eCTBYIONIME B HACTOSIEE BPEMSI CITOCOOBI
OCTeOCMHTe3a BHYTPUCYCTAaBHbBIX ITepPeIOMOB MPOKCUMAJIbHOTO oThea IaeueBoit Koctu (TTIOIK) He cHMKaOT
pUCKa pa3BUTHUS acelTUUYeCKOTO HeKpPo3a rosioBKM riedeBoii Koctu (AHTTIK) 1 He yMeHbIIalOT pUCK Hecpa-
meHuit. I npo@unakTuky UilleMuyecKuX M3MeHeHMi TOMIOBKHM TIieueBOi KOCTY PeKOMEHAYeTCs UCIIONb-
30BaTh METOZ, OCTEOCMHTE3a C 37IEMEHTOM CTUMYJISILIMU pellapaTUBHOrO OCTeoreHesa.

Ilenv uccnedosanus — yTouHeHye TTOKa3aHU K IpUMeHeHUIO Pa3IMUHbIX METOOB XUPYPIUUECKOTo JIeUeHMsI
BHYTPUCYCTaBHbBIX [I€PEIOMOB ITPOKCUMAJILHOTO OTAE/A I1JIeYeBOt KOCTH.

Mamepuan u memodesi. B viccienoBanne BKIOUeHO 48 HaOM0eHNIt MAllMeHTOB C BHYTPUCYCTABHBIMU T1epe-
nomamu ITOIIK tumnos 11-C1 u 11-C2 no knaccuduxauum AO/ASIF, Hy:KIawouuxcs B OepaTUMBHOM JIeUeHUMN.
U3 obuiero xonuyecTsa naiueHToB 0bLIM cHOpMMUPOBAHBI ABe TPYMIIbL. B peTpocneKTUBHYI0 (KOHTPOIbHYIO)
TPYIIIY BOLUIM 25 MalMeHTOB, KOTOPHIX JIEUMIU C UCIIO0/Ib30BaHMeM HaKOCTHOTO OCTeOCHHTe3a IUIAaCTUHOM ¢
YIJIOBOJi CTAaOMIBHOCTBIO MY MHTPaMeAY/UIIPHOTO GJIOKMPYEMOTO OCTEOCHMHTE3a MPOKCUMMAaTbHBIMU ILIEeUe-
BbIMM IITH(TaAMM. B MpocneKTUBHYI0 (OCHOBHYIO) TPYIITYy BOLUIM 23 MaljMeHTa, MpU JeueHUM KOTOPBIX J0-
MTOJTHUTENIBHO BBIMOHSUIM TIepecajKy HeCBOOGOMIHOTO KOCTHO-MBILIIEYHOTO TPAHCIIAHTATA U3 KIIOBOBUAHOTO
OTPOCTKa JIOMATKM B 30HY lepeioMa.

Pesynomampi. PyHKUIVOHAIbHbIE Pe3y/bTaThl JIeueHUs MMalMEHTOB, OIIEPUPOBAHHBIX C UCIIONb30BaHMEM He-
CBOOGOIHBIX KOCTHO-MBIIIEUYHBIX TPAHCILIAHTATOB U3 KJIIOBOBMIHOTO OTpOCTKA JionaTku (71,5% OTIMYHBIX U
14,3% xopolnx pe3ynbTaToB), Iyullle pe3yabTaTOB KOHTPOJIbHOI TpyIIbl (35,28% ominunbix U 17,64% xopo-
LIMX pe3y/abTaTOB). B KOHTPOIBHOI rpyIile KOHCOMMUAALus repeioMa npousouia B 92% ciayJyaes (23 nauyueH-
Ta), Y OCT/IbHBIX 8% (2) MallMeHTOB OTMeueH UCXO0[, B BUJIe JIOXKHOTO CycTaBa 00/1acT¥ aHATOMUYECKO MU XU-
PYPIMYECKOV LIEVKU IIJIeYeBOI KOCTYU B TEUEHME 6 Mec. II0c/Ie onepanuy. B OCHOBHOI TpymiIe y BceX MaleHTOB
repesioMbl KOHCONUAVPOBAINCD.

3aknouenue. TlokazaHmeM Jj1s BBITIOTHEHMS] HAKOCTHOTO OCTEOCUMHTEe3a 6e3 HeCBOGOHON TpaHCIUIaHTAl[UK
KOCTHO-MBIIIEYHOTO JIOCKYTa CJIEAYET CUMTATD IIEPEIOMbI 6€3 HapyIIeHUs 1[eIOCTHOCTU MeKOYTOpKOBOit 60-
po3nbl. [IpuMeHeHMe GIOKMPYIOLIETO OCTEOCHHTEe3a MpU BHYTpUCYCTaBHbIX Mepenomax [TOIIK sHaunuTenbHO
3aTPyOHEHO HEOOXOMMMOCTHIO PETIO3ULIMY TOMIOBKM U GYTOPKOBOJ 30HBL. I[Ipy GIOKMUPYIOIIEM OCTEOCUHTE3e
CHUXKAETCS KECTKOCTb (DPMKCAIMYU OTIIOMKOB, YTO MOXET CIIOCOGCTBOBATh MX BTOPUUYHOMY CMEIeHUIO.

KinroueBbie ciioBa: BHYTpMCYCTaBHOﬁ IepejgoM NMpOKCHMMAaJIbHOTIO OTAe/1a IIe4eBOit KOCTH, HaAKOCTHBII OCTeO-
CUHTE3, CTUMYJIALNMA perrapaTMBHOIO OCTeOreHesa, HeCBO60,Z[HbII7[ KOCTHO-MBbIIII€YHbIN TPAaHCILJIAHTAT, aCeIITun-
YyecKuit HEKpPO3 ITPOKCMMAa/JIbHOTI'O E)HI/ICI)I/IBH IJIe4eBOil KOCTU.

IOnss uurtupoBanms: AdanacreB [0.A. BpiGOp MeToma OCTEOCHHTe3a IIPUM BHYTPUCYCTABHBIX IIeperiomMax
MpOKCUMMaNbHOrO snudusa 1ieueBoit KocTu. Tpaemamonozus u opmoneduss Poccuu. 2023;29(2):38-45.
https://doi.org/10.17816/2311-2905-2370.

DA}l Apanacwes FOpuii Andpeesuu; e-mail: aua315@icloud.com
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BACKGROUND

Fractures of the proximal humerus (PH) ac-
count for about 6% of all fractures, with a peak
incidence in the age group of 60 to 90 years [1].
Among patients over 65 years old, these frac-
tures are the third most common after the in-
juries of osteoporosis critical areas [2]. Despite
many studies proving the inefficiency of con-
servative methods of PH treatment, the com-
parison of surgical and conservative methods is
constantly under study. Currently, the prevail-
ing opinion is that the conservative treatment of
unstable comminuted fractures of the proximal
humerus leads to unsatisfactory results in the
majority of cases [3]. Their surgical treatment
is represented by three main techniques: os-
teosynthesis with angular stable locking plates,
intramedullary locking osteosynthesis with dif-
ferent modifications of proximal humeral nails
(PHN) and shoulder arthroplasty. There are also
original fixators of limited use. External fixa-
tion of PH fractures is not widespread due to its
technical complexity and the need for regular
control of fixator’s state.

Despite the developed clinical guidelines for
treatment, the choice of osteosynthesis method
for intraarticular PH fractures remains a rele-
vant problem, primarily due to a high incidence
of postischemic changes in the humeral head.

Aim of the study — to clarify indications for
various techniques of surgical treatment of in-
traarticular fractures of the proximal humerus.

METHODS
Study design

A single-center retrospective prospective co-
hort non-randomized controlled (active con-
trol) study was performed and included 48 cases
of patients with intraarticular PH fractures who
were treated on an inpatient basis and subse-
quently followed up on an outpatient basis.

Inclusion criteria: patients aged 20 to includ-
ing 80 years with AO/ASIF type 11C1 and 11C2
fractures [4] (excluding fracture dislocations) or
with the consequences of PH fractures requiring
surgical treatment.

All patients were allocated into 2 groups.
Retrospective (control) group included 25 pa-
tients who were treated using locking plate oste-
osynthesis or intramedullary locking osteosyn-

thesis with proximal humeral nails. Prospective
(main) group included 23 patients who were ad-
ditionally treated with a vascularized musculo-
skeletal graft from the coracoid process of the
scapula transplanted to the fracture area.

Examination of patients

All patients underwent clinical and radiological
examinations. Clinical examination included his-
tory and complaints intake, as well as assessment
of patients’ status localis. Radiological examina-
tion consisted of shoulder X-rays in two or three
views, MRI and multispiral computed tomogra-
phy (MSCT) and aimed to assess the degree of
osteosclerosis and associated dystrophic changes
and/or damages to the shoulder rotator cuff ten-
don and the severity of the secondary omarthri-
tis. Radiological dynamics of changes in the frac-
ture area and bone structure of the humeral head
were studied.

Assessment of results

Clinical outcomes were assessed using the ASES
questionnaire: intensity of pain syndrome (PS)
and level of activities of daily living (ADL). The
grade of avascular osteonecrosis of the humeral
head (AONHH) was assessed using the radiologi-
cal data.

Statistical analysis

Distributions of the samples of continuous vari-
ables of age, postoperative examination time,
ASES, abduction, flexion, internal and external
rotation were tested for agreement with the law
of normal distribution using Shapiro-Wilk test;
equality of variance in the compared groups
was tested using Fisher's criterion. Most dis-
tributions were non-normal and heteroscedas-
tic. Therefore, continuous variables were com-
pared using the nonparametric Mann-Whitney
U-criterion. Pseudomedian of differences (PM)
and standardized mean difference (SMD) were
calculated to assess the difference between the
groups. Continuous variables were described as
median [first quartile; third quartile] (M [Q1; Q3],
minimum and maximum values (min-max).
Binary variables of consolidation and eleva-
tion were described as the number of events and
incidence with 95% confidence interval (CI) us-
ing Wilson's formula (n, % [95% CI]). Risk dif-
ference (RD) and odds ratio (OR) with 95% CI
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were calculated to assess group differences.
The number of patients and detection rate
(grade — n (%)) were calculated for the grades of
categorical AONHH. Binary and nominal varia-
bles were compared using two-tailed Fisher's ex-
act test. Comparing grades in nominal variables,
the multiple comparison error was corrected
by Benjamini-Hochberg criterion.

Statistical hypotheses were tested at the criti-
cal level of significance p = 0.05, i.e. the differ-
ence was considered statistically significant at
p<0.05. Statistical analysis was performed using
the Rstudio software (version 2022.07.2+576,
2022-09-06) in the R language (version 4.1.3).

RESULTS

Results were evaluated 12-24 months after the
surgery (Table 1).

The distribution of grades of AONHH in the
main and control groups differed statistically
significantly (p = 0.010): grade 0 in 12 (48.0%)
and 20 (87.0%) patients, respectively (p = 0.018),
grade 4 in 10 (40%) and 2 (8.7%) patients, respec-
tively (p = 0.028). No differences in grade 3 were
found (p = 0.610) (Fig. 1).

Range of active motions in the groups was
comparable: in the main group it was on average
5-10° lower (p = 0.483-0.532) (Fig. 2).

Table 1
Comparison of values of parameters between the main group and the control group
Control group Main group Evaluation
Parameter n=25 n=23 of differences b
Age, y.o.
M [Q1; Q3] 67 [55; 70] 65 [62; 76] TIM: 4 [-3; 9] 0,296
(min-max) (33-77) (46-81) CPC: 0.43
Term of postoperative examination,
mos. 48 [24; 48] 18 [11; 24] IIM: 24 [12; 36] <0.001*
M [Q1; Q3] (12-68) (6-36) CPC: 1.52 ’
(min-max)
Bone union, number (%)
[95% CI] 23 (92) 23 (100%) PP: 8% 0,491
[75%; 98%] [86%; 100%] [3%:; 19%]
PS, points
M [Q1; Q3] 45 [35; 50] 45 [45; 50] TIM: 5 [0; 10] 0,017*
(min-max) (5-50) (35-50) CPC: 0.83
ADL, points
M [Q1; Q3] 37 [22; 45] 33 [29.5; 42] TIM: 0 [-6; 10] 0,877
(min-max) (12-50) (22-50) CPC:0.18
ASES, total score
M[Q1; Q3] 80[62; 88] 80[77; 88.5] IIM: 4 [-5; 16] 0,535
(min-max) (27-100) (68-95) CPC: 0.54
* — statistically significantly different values.
p =0.018*
100%
90% 87% (20)
80% Groups
70% R L1 . — 0.028* Control
60% (n=125)
50%1 —48% (12) T Main
% p=0.610 o (n=23) . s
;g; Fig. 1. Distribution of grades
203«2 . of avascular osteonecrosis
10% ] 4% (1) of the humeral head in the
0%  — groups
0 3 4

Humeral head osteonecrosis, grade
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Fig. 2. Range of active motions in the shoulder in the
groups

Median PS values in the main and control
groups were 45 [35; 50] and 45 [45; 50] points, re-
spectively. In the main group, PS was statistically
significantly greater by an average of 5 points
(p = 0.017). Median ADL values were 37 [22; 45]
and 33 [29; 42] points. In the main group, ADL
was statistically significantly greater by an aver-
age of 3 to 5 points (p = 0.088) (Fig. 3).

&8 Main & Control

p=0.535ns

901

60 1 p=0.0168* p=0.877ns

Nl

ASES general P:

Scores

Fig. 3. PS and ADL values in the groups

In the control group, bone union occurred in
92% of cases (23 patients) (p = 0.491); the remain-
ing 8% (2) of patients, developed pseudoarthrosis
of the anatomical or surgical neck of the humerus
within 6 months after surgery. There were no cas-
es of pseudoarthrosis in the main group; fractures
in all patients healed.

DISCUSSION

When choosing a method of osteosynthesis for
intraarticular fractures of the proximal epiphy-
sis of the humerus, the practicing surgeon is
faced with the problem of minimizing the sur-
gical trauma and preserving the blood supply
of the fragments, on the one hand, and ensur-
ing accurate reduction and stable rigid fixation,
on the other. Intramedullary osteosynthesis is
widely used in the treatment of type C fractures
mainly due to advanced screw locking system
and is considered to be the method of choice in
elderly patients because it provides sufficient
stability of fragments [5]. Angular stable lock-
ing fixation systems have higher internal sta-
bility values, so they maintain better reduction
at the stage of postoperative functional treat-
ment [6]. In 2013, P.G. Kogan et al. considered
intramedullary osteosynthesis to be one of the
most promising methods of treatment of com-
minuted fractures of the proximal epiphysis of
the humerus [7]. However, with the development
of minimally invasive techniques, some stud-
ies have appeared revealing negative aspects of
closed fracture reduction.

C. Rajasekhar et al. reported 59 complications
in 115 patients. Screw migration accounted for
the largest number (26 out of 59). Authors draw
attention to the necessity of more accurate fixa-
tion of the tubercles and improvement of screw
placement technique to prevent this complica-
tion [8]. Similar complication rate, which was
39% (26 of 61 patients), was noted by C. Witney-
Lagen et al. Impingement syndrome accounted
for the largest number of complications (7 out of
26), requiring nail removal [9].

Due to some technical difficulties in restoring
the anatomical relationships in the joint in case
of closed reduction, reduction methods using mi-
ni-open approach with soft tissue stabilization
of the tubercles [10] or their fixation with single
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implants have been being developed. The screw-
in-screw technique, in addition to PH fragments
stabilization, to some extent solves the problem
of their secondary displacement, but it is less
reliable than the osteosynthesis with the use of
LCP plates.

Primary shoulder arthroplasty is considered
to be the method of choice for comminuted PH
fractures. Most recent studies show that early
arthroplasty is usually preferable to arthroplasty
in the long-term period, since the primary sur-
gery is technically easier to be performed [11].
Nevertheless, U. Prakash et al. found no differ-
ence between the primary and delayed arthro-
plasty more than 30 days after the injury [12].
Recently, there are more and more reports on
poor outcomes of shoulder arthroplasty for PH
fractures. In 2010, D. den Hartog et al. published
the results of meta-analysis of 33 studies that
included 1096 patients with three- and four-
fragment PH fractures. Patients who underwent
arthroplasty showed worse functional outcomes
compared to non-operated patients, with a dif-
ference of 10.9 points according to the Constant-
Murley 100-point score [13]. Comparative study
of long-term consequences of arthroplasty re-
vealed moderate and severe limb dysfunction in
30% of cases [14]. Despite the ambiguity of ob-
tained results of shoulder arthroplasty in case
of fractures, current prevailing opinion is that
intraarticular PH fractures are an indication for
primary arthroplasty of the joint [15]. In addi-
tion to technical difficulties, long-term results of
osteosynthesis of intraarticular PH fractures are
always uncertain due to its impaired vasculariza-
tion at the time of the injury and surgery, which
then leads to head osteonecrosis and collapse,
taking place in 30-100% of cases [16]. Thus, one
of the main factors influencing the choice of sur-
gical management in case of intraarticular frac-
tures of the proximal humerus is the probability
of damage to the main sources of blood supply to
the humeral head.

Studies of the vascular network of the proximal
humerus have shown that the blood supply to the
humeral head is mainly through the arcuate ar-
tery, which branches from the ascending branch
of the anterior circumflex humeral artery. When
the arcuate artery is damaged, the blood supply
to the humeral head cannot be compensated by
other sources, which leads to AONHH [17].

Crucial significance of the damage to the ar-
cuate artery was confirmed by C.H. Brooks et al.
who studied the anatomy of PH arteries and the
impact of four-fragment fractures on the blood
supply to the humeral head. In most cases, sim-
ulated four-fragment fractures interrupted the
perfusion of the humeral head. However, if the
fracture line passed distally below the articu-
lar surface and medially, some perfusion of the
head was preserved due to the posteromedial
vessels. These vessels play an important role in
the treatment of comminuted PH fractures [18].
Therefore, it is necessary to stimulate reparative
osteogenesis in case of intraarticular fractures
to reduce the time of bone union and prevent
ischemic changes in the humeral head. Using
vascularized grafts to stimulate osteogenesis ap-
pears to be the most promising.

Blood supply of the osteotomized fragment
of the coracoid process was verified in the ana-
tomical and morphological study performed by R.
Khundkar et al. Experimental cadaveric and clini-
cal studies demonstrated the presence of a previ-
ously unidentified direct arterial branch from the
second (middle) part of the axillary artery feeding
the anterior 2-3 cm of the coracoid process of the
scapula [19]. A. Hamel et al. performed postmor-
tem arteriography of the upper limb. Results were
as follows: the vertical part of the coracoid pro-
cess was supplied by the suprascapular artery, and
the horizontal part — by branches of the axillary
artery [20]. Another study of the blood supply of
the coracoid process by Z. Deng et al. revealed that
the coracoid process is supplied by the supras-
capular artery, the thoracoacromial artery, and a
branch from the second part of the axillary artery.
Moreover, there is a possibility that the vessels
derived from m. biceps fed the inferior side of the
coracoid process [21].

Modern methods of stimulation of reparative
processes that are most feasible for execution
in a general hospital are considered. The use of
free cancellous bone autografts from the wing of
the iliac bone is considered exclusively for the
replacement of PH defects arising due to oste-
oporotic bone collapse at the moment of injury
[1]. This option of bone grafting is optimal due to
many factors, including the absence of immune
response and the presence of live osteogenic
cells. The main disadvantages of autografting
are well known to every trauma practitioner: ad-
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ditional trauma to the donor site, increased sur-
gery duration, emergence of additional infection
portals of entry. Some sources indicate the possi-
bility of using allogeneic and synthetic materials
for this purpose [22]. Unfortunately, these mate-
rials cannot in any way stimulate osteogenesis in
the ischemic zone of bone tissue, except in cases
of saturation of the allograft bone structure with
osteostimulating substrates. The study of oste-
ostimulation by the graft from the preparation of
the head, neck and part of the diaphysis of the
cadaver fibula, saturated with collagen solution
can be an example. According to study results,
the developed combined allogeneic graft from
the head of the fibula, saturated with type I colla-
gen, is nontoxic, has no immunogenicity and has
more pronounced osteoconductive properties in
comparison with native bone allografts, which
contributes to its colonization by cells [22].

Wide application of autologous platelet-rich
plasma, autologous human platelet lysate and au-
tologous human bone marrow aspirate is limited
as it requires special expensive equipment. The
most promising method for stimulation of osteo-
genesis appears to be the vascularized autografts,
preserving the blood supply of the parafracture
area from an additional source. Along with our
proposed technique, the method of vascularized
bone grafting for the treatment of pseudoarthro-
sis in the upper third of the humerus proposed by
Tikhilov R.M. et al. [23] attracts attention. The idea
of this method is to form a musculoskeletal graft,
including a fragment of the lower angle of the
scapula, which is transferred to the reconstruction
area in the upper third of the shoulder.

CONCLUSION

Intraarticular PH fractures with displacement
of fragments along the bicipital groove of more
than 2 mm are indications for osteosynthe-
sis. Fractures with no damage to the bicipital
groove should be considered an indication for
performing osteosynthesis without vascular-
ized musculoskeletal grafting. The use of locking
osteosynthesis for intraarticular PH fractures is
significantly complicated due to the need of re-
duction of the head and tubercular area. Locking
osteosynthesis decreases the rigidity of fixation
of fragments, which may contribute to their sec-

ondary displacement. Given the closed reduction
of fragments, the probability of damage to the ar-
cuate branch of the anterior circumflex humeral
artery increases.
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Db DeKTUBHOCTb COBPEMEHHbIX NepopaibHbiX GopM
HecTepouAHbIX NPOTMBOBOCNANIUTENbHbIX NpenapaTos

Ans 06e36o01MBaHUA NOCAE TOTa/IbHOrO 3HAONPOTE3UPOBAHUS
KONIEHHOro CycTaBa

A.B. Capaes, H.H. Kopunios

QOI'BY «HauuoHanbHbIli MeOUUUHCKULL ucciedosamensckuli ueHmp mpasmamonozuu u opmoneduu um. P.P. Bpedena»
Munsdpasa Poccuu, 2. Cankm-Ilemep6ype, Poccus

Pecdepar

Beedenue. TortanbHOE SHIONPOTE3UpOBaHME KojeHHOro cycraBa (TOKC) xapakTepusyeTcsi BbIpaKeHHBIM 60€BbIM
CMHJIPOMOM B IOC/I€0NepallMOHHOM IePUOJie C TeHJeHIMeli K MeIIeHHOMY CHVKEHUIO.

Ilens uccnedoearus — oneHUTH 3GGEKTUBHOCTD M 6€30MaCHOCTh MpPUMeHeHUsT TableTMPOBaHHBIX (HOPM KeToposaka
1 KeTompodeHa ISl KyIMPOBaHMSI TIOCIeOTIePAIIIOHHOM 60/ Y TAIMEeHTOB ¢ TOHApTPo30M mocie TIKC.

Mamepuan u memoodst. CTO NalIEHTOB C TOHAPTPO30M TepMUHAIbHOI cTaguu (80 skeHIIMH M 20 MYKUMH, CpeIHUIT BO3-
pacT 66,6 J1eT), MOCJIeNOBATEIbHO TOCIUTAIM3MPOBAHHBIX AJISI TNIAHOBOTO MTEPBUYHOr0 HeowTokHeHHOTo TAKC, 6b111 T1ep-
CMEKTUBHO PAaHAOMM3MPOBAHbI B OCHOBHYIO (49 MAIMeHTOB) M KOHTPOIbHYIO (51 mamyeHT) rpymmbl. B OCHOBHOI rpyri-
e 1J1s TOC/IeoNnepalioHHOr0 06e360IMBaHMs MCIIONb30Baau nepopaibHo Ketopon Dkcmpecc 10 mMr (4 pasa B CyTKM),
B KOHTPOJIbHO rpyriie — Ketonan 100 Mr (2 pasa B cyTKM). [IJIsl OLIEHKM pe3yIbTaTOB JIeUeHMs UCIIOIb30BaINCh MG POBast
peiitunrosast (NRS) 1 BusyanbHas aHanorosas mkassl (BAI), nHeBHUKM 601, OTTPOCHMUK KOMOPOMUIHOCTH, mikana Oxford
Knee Score-12, olpOCHMKY BbISIBJIEHMSI HEXKETATETbHBIX 3G GEKTOB U MTOOOUHBIX AECTBUIA. JJOOMHUTENBHO aHATU3UPOBAIN
MepeHOCHMOCTh MPEnapaToB, yA0OCTBO MPUMEHEHNS U O6IIYI0 YIOBIeTBOPEHHOCTD JIeueHMeM IO 6a/TbHBIM KaTeropuasib-
HbIM 1IKasaM. [T0JI0BO3pacTHbIe, KTMHUKO-PEHTTeHOornYeckye, GyHKIIMOHATbHbBIE M MHTPAOTIepAl[MOHHbIE XapaKTepUCTH -
KU INaliyieHTOB B O6EI/IX I'pyImax He MMeJan CTaTUCTUYECKN 3HAUMMbIX OT/INUUAIA.

Pesynsmamet. JuHamuka 6o no mkasam NRS u BAIIl B o6enx rpymnmax JeMOHCTPUPOBaia OJMHAKOBYIO TEHAEHIINIO:
cpenHMe 3HAYeHMsI JOCTUTAIM MKA YPOBHS YMepeHHOI 601 B TIepBbie CYTKM MOCJIe Ofepalyy, CHUKAsACh K 4-My THIO
BIBoe. CpemHMIT, MUHMMAIbHBIN ¥ MaKCMMa/IbHbI YPOBHM OOIM B TeUeHMe AHS KaK B MOKOe, TaK U MPU JBVSKEHUSX,
a TaKoKe MPOIOJIKUTENbHOCTb YMEPEHHO/CYIIbHO 60JTM B TeUeHMe THS 3HAUMMO He OTIMYAIMUCh B 06eMX TPYIax, TAKKe
Kak M CKOPOCTb HACTYIIeHUsST 06e3060/mBaroniero s¢gdexra B TeueHye MePBOro yaca mocje npuemMa npenapara. B o6enx
rpymnrmax BbISIBIEHO CPaBHMMOE UMCIO MAIMEHTOB, KOTOPBIM JOTOJHUTEIbHO K IIEPOPATbHOMY IIPYeMY MOTPe60oBaIOCh
MapeHTepajbHOE BBEIEHME aHAIbTeTUKOB: B CpeaHeM 3,57 MHBEKIMM B OCHOBHOI U 4,41 — B KOHTPOJIbHOJ TpyMIIax.
OpHako Ha 3-1 1 4-e CyT. TToc/e orepanyy cpeay NaluueHTOB, MOMYyYaBIINX KeTOPOaK, HE06XOIMMOCTb B TOTIOTHUTEIb-
HOM 06e360/MBaHMM GblJIa IPMMEPHO Ha TPETh HUKE K 3-M CyT. (p<0,05) u moutu BaBoe — K 4-m cyT. (p<0,05) mo cpaBs-
HEHUIO C MIPMHUMAaBIIMMU KeTompodeH. YacToTa HeXenaTelbHBIX SIBIeHUI ObUIa CXOXKa B 06€MX I'pymmax MamnyeHTOoB,
HO 06 OTIMYHOM YPOBHE YIOBJIETBOPEHHOCTYU MPOBOAMMBIM JieUeHMEM CpeAy MalyueHTOB, MPUHMMABIINX KeTOPOIAK,
COO6ILINIO BABOE 60JIbIlIe OGONTbHBIX.

3axnouenue. TlepopanbHble GOPMBI KETOPOIAKa M KeTormpodeHa JeMOHCTPUPYIOT COMTOCTaBUMYIO BBICOKYIO 3 GheKTUB-
HOCTb Ipu KympoBanuy 60y mocsie TOKC 1 XOpoIIo mepeHoCcsITCS MalMeHTaMy, IO3TOMY MOTYT ObITh afeKBaTHOM ajb-
TepPHAaTUBOJ UX NTapeHTePaJIbHOMY IPUMMEHEHMIO B PAaHHEM I10C/Ie0lepaliOHHOM MTepuofe.

KaroueBslie ciioBa: SHOOIIPOTEe3MpPOBaHMEe KOJIEHHOIro CyCTaBa, HOCHEOHepa]_lMOHHbIﬁ 60meBoit CMHOPOM, aHaJIre3us,
HeCTepOouaHbIe ITPOTMBOBOCIIA/JIMTE/IbHbIE IIperapaThl.

Onsa ourupoBanus: CapaeB A.B., Kopumnos H.H. 3ddexkTuBHOCTH COBpeMeHHBIX IE€pPOPATbHBIX GOPM
HeCTepPOUIHBIX TIPOTUBOBOCHATUTENbHBIX MpemnapaToB IS 06e360/MBaHNS rnocmie TOTaJIbHOTO
SHIOINPOTE3UPOBAHUS  KOJMEHHOTO  cycraBa. Tpasmamonoeus u  opmonedus  Poccuu. 2023;29(2):46-56.
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Efficacy of Novel Oral Non-Steroid Anti-Inflammatory Drugs
for Pain Management After Total Knee Arthroplasty

Aleksandr V. Saraev, Nikolai N. Kornilov

Vreden National Medical Research Center of Traumatology and Orthopedics, St. Petersburg, Russia

Abstract.

Background. Total knee arthroplasty (TKA) typically associated with moderate to severe post-operative pain that resolves
quite slowly. Therefore, injectable forms of non-steroid anti-inflammatory drugs became the key element of multi-modal
analgesia in early post-operative period.

Aim of the study — to evaluate the effectiveness and safety of ketorolac vs. ketoprofen for relief of postoperative pain
in patients after TKA.

Methods. 100 end-stage osteoarthritic patients (mean age 66,6 years, 80 women and 20 men) that consecutively
admitted for primary uncomplicated TKA were randomized in two groups. Ketorol Express (10 mg oral, 4 times per day)
used for post-op pain management in the first (49 patients) while Ketonal (100 mg oral, twice a day) — in the second
(51 patients). The outcomes assessed by numeral rating scale (NRS), visual analog scale (VAS), pain diaries, comorbidities,
peri-operative characteristics, knee function (Oxford Knee Score — 12), adverse effects, drug tolerance and usability,
overall satisfaction of treatment. Both groups had no significant gender, age, clinical, radiological, functional or intra-
operative differences.

Results. The NRS and VAS ratings showed the similar tendency in both groups: the next day after surgery the pain
increased up to moderate, followed by 2 times reduction at day four. There were no differences in average, minimal and
maximal pain both in rest and movement as well as amount of daily moderate to severe pain and speed of analgesic effect
after oral drug intake. The similar number of patients needed additional analgesics in both groups: on average 3,57 and
4,41 injections correspondently. However, in ketorolac group at day 3 & 4 the percentage of such patients was significantly
lower: by 30% at day 3 (p<0,05) and 50% at day 4 (p<0,05). Reported side effects were comparable in both groups but the
high level of overall satisfaction was two times more in the patients who took ketorolac.

Conclusion. Oral administration both of ketorolac and ketoprofen proved to be highly effective for pain management after
TKA with appropriate tolerance therefore could be used instead of injections since early post-op period.

Keywords: knee arthroplasty, post-operative pain, non-steroidal anti-inflammatory drugs.
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BBEJEHUE

TorasibHOE 3SHIOMPOTE3UPOBAHME KOJIEHHOTO CYC-
TaBa (TOKC) conmpoBOXAaeTCs pa3sBUTUEM BbIPaKeH-
HOIt 601 B TIOC/IEOTIEPAIIMOHHOM Iepuoje, KoTopast
uMeeT TEeHIEHIMI0 K CHIKEHUIO B TeueHue HeJelb,
a Y HEeKOTOPBIX IalMeHTOB — Aaxe Mecsues [1]. 3T1o
00YC/I0BIEHO, C OIHOI CTOPOHBI, CJIOXKHOCTHIO MHHEP-
BalMY JAHHO aHATOMMYeCKoit obmacTu [2], a ¢ Ipyroi
CTOpPOHBI, TeM, uTo Tocsie TOKC GopmupyroTcst HoBbIe
6uomMexaHMYecKkye ¥ KMHeMaTuuecKme yeaoBus GyHK-
LIMOHMPOBAHMS BCEIl HMKHE KOHEUHOCTH B LIE€JIOM.

OpHUM U3 AOCTMKEHUI TEeXHOJIOTMI apTporuiac-
TUKM KPYNHBIX CycTaBoB B XXI B. CTajio Hay4yHOe
000CHOBaHMe ¥ KIMHUYECKOe BHeIpeHMe MYJIbTU-
MOZJAJbHOTO TOAXOHAa K aHalabresuy, HeoTbeMJle-
MbIM 3JIEMEHTOM KOTOPOTO SIBJISIIOTCSI HECTEPOUIHbIE
NpOTHUBOBOCIIINTeNbHbIe mpernapatel (HIIBII) [3, 4].
B Hacrosuiee Bpems B PO 3apermcTpupoBaHO OKOJIO
30 MomeKyn, OTHOCSILIMXCSI K 3TOM IpyIlie, KOTOpble
MpeJCTaBAeHbl KaK OPUTMHAIbHBIMM IpernapaTaMy,
Tak U mKreHepukamu. Beioop HIIBII ocymiectBasieTcst
SMIOMPUYECKM U B OCHOBHOM OIIPeLesieTCs HaTMuuemM
y nalyeHTa MHOMBUIYaIbHbIX (haKTOPOB pycKa, cpean
KOTOPBIX Hamboee 3HAUMMBIMMU SIBJISTIOTCST CEPHEUHO-
cocynycTas 1maTonorus 1 3ab0eBaHMsI OPTaHOB SKeJTy-
JIOYHO-KUILIEYHOTO TpakTa [5]. OToe/nbHbIe MOJEKY/IbI
00671a1a10T 60JIee BhIPAsKEHHBIM aHAIbTeTUUECKUM, He-
Ke/IM  TPOTMBOBOCIIAIUTENbHBIM/SKapONOHMKAIOIIVM
3¢ eKTOM, UTO MOKET ObITh KIMHUYECKM 3HAUMMBIM B
paHHeM IOc/IeonepalMOHHOM nepuoge. Tem He MeHee
UCC/IeqoBaHNI, HAIPSIMYIO CPaBHMUBAIOIIVX KIMHUYE-
cKky1o 3bdexTuBHOCTD pasnmuyHbix HIIBII mocie TAKC,
KakK B 3apyOeskKHO, TaK M OTeYECTBEHHOM HAYJIHO -
TepaType BCTpeuaeTcsl MaJio [6, 7]. CiegyeT OTMeTUTD
u TO, 4TO B PO 11 mocieonepaiioHHOro 06e360/1m-
BaHMS TPaAULMOHHO IPUMEHSIIOTCSI TapeHTepaabHble
(opmsr HITBII, xoTst 3a py6eskoM, B cuiTy TpaHcopma-
UMM B TOCIEeIHME ABa NeCITWIETUS apTPOIUIaCTUKU
KPYIHBIX CYCTABOB B «XUPYPIUIO OGHOTO THSI», TIpem-
TIOUTeHMe OTAAeTCs IepopanbHbiM hopmam [8].

Llenv uccnedosanus — cpaBHUTeNbHAs OLleHKA 3¢-
(exTMBHOCTM U 6G€30MMACHOCTM NMPUMEHEHNUS TabaeT-
poBaHHBIX (HOPM KeToposiaka U KeTorpodeHa Ajis Ky-
MMPOBaHMS TTOCTEOIepallMOHHOM 60N Y TaleHTOB
C TOHapTPO30M I10C/Ie TOTAJIbHOTO SHIOMPOTE3UPOBA-
HMS KOJIEHHOTO CyCTaBa.

MATEPUAJI 1 METO/IbI
Ju3aiiH uccjaegoBaHUSs

BbInosIHEHO OTKPbBITOE Ha6JIIO,E[8.TeJ'IbHOE IMPOCITIeK-
TUBHOE€ PaHOOMM3NPOBAHHOE CPABHUTEJIbHOE.

IMaeHTHI

B wuccnepgoBanue Bomwu 100 maunyenTtoB (80 >keH-
myH ¥ 20 MyXuMH, CpeIHMIi BO3pacT 66,6 JieT)
C TEPMUHAJIbHON CTazguei roHapTposa (3 CT. 1o Kjac-
cudurkanum H.C. KocuHckoit win IV cr. mo kimaccu-

dukanum Kellgren-Lawrence). Bce mauyeHTsl 6bUIN
rocrimtanusupoBadbl B HMUIL TO um. P.P. Bpenena
IJISI TIJIAaHOBOTO MEPBUYHOTO HeoCTokHEHHOro TOKC
C anpess 1o Hosiopb 2022 T.

Kpumepuu sxnoueHus:

- BapycHas gedopmanus He 6oiee 25°;

— orpaHuueHue obbeMa IBUKeHU He 6onee 60°;

— UMT meHee 36;

— OTCYTCTBME MPOTMBOIOKA3aHMI1 K UCIIO/Ib30Ba-
HUI0 MakcuManbHbIX 703 HIIBII, MecTHBIX aHeCTeTu-
KOB, TeMOCTaTUYECKOTO KI'YTa;

— OTCYTCTBME KOCTHBIX He(eKTOB, TpeOyIIIuX
BOCIIOTHEHMSI.

Kpumepuu HesxnoueHus:

— KOPPUTUPYIOIIMEe OCTeOTOMUM GeapeHHON Win
60/1bIIE6EPIIOBOI KOCTM B aHAMHE3E,

— MOCTTpaBMaTUUeCKuii FOHAPTPO3;

— aHKWJIO3 KOJIEHHOT'O CYCTaBa;

- cucTeMHble 3a60eBaHMUS
TKaHU;

— MpeJlIecTBYIOlIee SHAONPOTEe3UPOBAHNE KOHT-
panaTepajbHOIO KOJIEHHOTO CYCTaBa;

— HaJInuye KIMHUYECKM 3HAUMMbIX BHECYCTABHBIX
MCTOYHMKOB 60U (IereHepaTUBHO-IUCTPODUIECKIE
3ab0eBaHMs MMO3BOHOYHMKA, KOKCapTPO3, HEBPOIIA-
TUN U T.11.);

— TUIIEPUYYBCTBUTEIBHOCTh K KETOPOIAKY U KETO-
npodeny;

— HaJIMuMe Cepbe3HON COIYTCTBYIOIEN ITaTO0-
UM, 3aTPyIHSIOLIEN MHTepIpeTaluio pe3yJibTaToB
JleyeHusl;

- 3JI0KaueCcTBeHHble HOBOOOPA30BaHMS; 3aCTOM-
Has cepaeuHas HegocTtaToyHOCTh (NYHA ximacc II-
IV); moyeuHas] HeIOCTATOUYHOCTD (KpeaTMHUH bGoyee
0,18 mmonb/n);

— JIMXOpajKa;

— HapylleHus cepoeyHoro puTMa;

— HEeCITIOCOOHOCTD TalMeHTa TOHSITh MPOLEenypY,
He3HaHMe PYCCKOro S3bIKa.

Kpumepuu ucknwoueHus u3 uccieqoBaHus: JIIOObIe
repuoIiepalioHHble OCIOXKHEHUs, Tpebyouue u3-
MeHeHMs CTAaHaPTHOTO MPOTOKOJIa BeJeH!s MalieH-
Ta (B TOM UMCjie UMIIJIAaHTalMsI CUCTEM TOBBILIEHHO
CBSI3aHHOCTM), JIMOO HapylleHKe MalyeHTOM IIpo-
TOKOJIA MCCIemoBaHusl (OTKa3 OT IpueMa 06e360/m-
BalOIIMX IIpernaparoB, HEBO3MOKHOCTb 3allOJHEHUS
MHCTPYMEHTOB OLI€HKU U T.I1.).

[ManueHTHl OBUIM PAHAOMMU3MPOBAHBI METOLOM
CJIy4YaliiHbIX UMCel B IBE IPYIIIbl. B OCHOBHOI rpyIime
(49 nauyeHTOB) 17151 06e360mMBanus rmocie TOKC uc-
TT0JIb30BaJIM HOBYIO TaGIeTUPOBAHHYIO (OPMY KeTO-
ponaka 10 mr (1 gucneprupyemast Tabaetka Ketopoin
DKcripecc 4 pasa B CyT.). B KoHTponbHOI rpytie (51
MalyeHT) C TOM JKe LeNbI0 IMPUMEHSIIM TabieTupo-
BaHHyI0 ¢opmy Kerompodena 100 mr (1 Tabmerka
Keronana 2 pasa B cyr.). I3 ucwiemoBaHusl He GbLIO
MCKJIFDUEHO HY OGHOTO MalMeHTa.

COeJMHUTEeNbHOMI
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O1eHKa pe3yJIbTaTOB

O1ieHKa pe3yabTaTOB JieueHUsI B 06eux IpyIinax mpo-
M3BOAWIACh M0 OGa/UIbHBIM HIKaJaM-OIIPOCHMUKAM,
MpoLIeAIIMM KyJIbTYPHYIO afanTaluio U Baauganuio
B PD, nepep, onepaiiyeil 1 exxeZHEBHO CO IHS OIepa-
1y (oeHb 0) 7o 4-X CYT. IOCJIe ee BhIINOMHEHMS (IeHb
HaKaHyHe BBIITUCKN):

1. Indposas peiiTunrosas mkana (NRS) npen-
HasHaueHa [JjiI U3MepeHUs MHTEHCUBHOCTU
6o u usMepsiercst B 6ayutax ot 1 go 10, rme 1 —
oTcyTcTBMe 60 u 10 — cunbHeltmast 60/b, KaKyio
MOXHO TOJIbKO IpenctaBuTth [9]. [lociae onepanum
MepBblii pa3 MalMeHThl OTMeYaau ypoBeHb 601 10
nmpuema npenapara (Ilpuem 1), a 3aTem GuKrcUpo-
BaJIM MHTEHCUBHOCTb 60U yepe3 Kaskabie 15 MuH.
B TeUeHMe Yaca.

2. BusyanbHag anHasoroBas wkana (BANI) Tax-
Ke TpelHa3HaueHa Il U3MepeHUs] MHTEeHCUBHOCTHU
60711 1 IpefCTaBsIeT c060 OTPE30K MPSIMO¥ JTVHOM
10 cm, HAYaI0 KOTOPOTO COOTBETCTBYET OTCYTCTBUIO
607111, a KOHEYHas TOUKa — MaKCMMAaJIbHO BO3MOKHOM
«HEBBIHOCMMOI» 601, PaccTosiHMe MeXDy Hauaaiom
oTpesKa («b60oMyu HeT») U COeJaHHONM MalMeHTOM OT-
METKOI M3MEpPSIIM B CAaHTMMEeTpPaxX M OKPYIISUIM [0
LIeJIOTO: K&Kl CAHTUMETD Ha JMHUU COOTBETCTBO-
Bas 1 6asuty. Yactora nsmepennii mo BAIII 6b11a Takoi
ke, Kak 1 NRS.

3. IueBHMK 6omm (Pain Diary — PD) mpepjio-
SKeH /ISl eskeHeBHOI OIleHKM 6O0JIeBOro CHMHApOoMa.
OnpocHMK OTpaXaeT IIeCTb Pas3JINMYHbIX aCIEeKTOB
60/11: HAaMMEHBIIYIO, CPEIHIOI M HAUBBICUIYIO CUITY
60/1eBbIX OIIYIIeHWIT B TeUeHMe CYTOK U, KpOMe 3TO-
'O, YPOBEHb U MPOIOJIKUTENIBHOCTb 60/ KaK B TIOKOe,
TaK U IpU OBMKEHMSIX B KOJIEHHOM cycTaBe. [y rpa-
nmauyu ucrnonb3yetcst NRS B npenenax ot 0 (HeT 60511)
o 10 (MakcMMaIbHBIN YPOBEeHD 60i1). [ITUTENTbHOCTD
60/1eBbIX OIIYIIeHNIT OTIPele/sieTCss KOIMUeCTBOM Ya-
COB B JI€Hb.

4. OnpocHUK ~ KOMOPOUIHOCTU (The Self-
Administered Comorbidity Questionnaire — SACQ)
NpefHa3HayeH [l aHa/M3a COMYTCTBYIOIIEN MaToso-
TUM, KOTOPAsI SIBJISIETCSI TMTPOTHOCTUYECKUM (HaKTOpOM
MCXO[IOB JIEYEHMS ¥ BO3MOXKHBIX OCTIOXKHEHMIA, a TAKKe
(YHKIIMOHAIBHBIX PE3Y/IbTATOB U MPOODKUTENbHOC-
TU ITpeObIBaHMS B OpTOIeAYeckoM crauyonape [10].

5. IlIxana Oxford Knee Score-12 (OKS) xapakrepu-
3yeT 60sib 1 GYHKIMIO KOJIEHHOTO CYCTaBa y MalueH-
TOB € TOHapTpo30M 10 1 rocie TOKC, obramast BbICO-
KO¥ CrieliUUHOCTHIO M UyBCTBUTEIBHOCTBIO [11, 12].

OteHKa HexenaTeNbHbIX 3(DHEKTOB U MOOOUHBIX
IeicTBUIi MPOBOOMIIACh C WMCIIOAb30BaHMEM OpPU-
TMHAJIBHOTO OINPOCHMKA, COCTaBJI€HHOTO Ha OCHOBE
MMOOOYHBIX OEMCTBUII KeTopojaka*/ketornpodena™™,
KOTOpbIE€ OMMUCAHbI B YTBEPKAEHHBIX MHCTPYKLMSIX
K IIperapaTaM C IOMeTKaMU «4aCTO» U «MEeHee YacTo».

Kpowme atoro, nzyvanm:

1) mepeHOCMMOCTD IIperniapaTa 1o yeTbIpex6asib-
HOIt KaTeropuanbHOI1 mKaie: 1 6ayut — mioxas mnepe-
HOCUMOCTb, 2 — YIOBJIETBOPUTEIbHAS, 3 — XOpollas,
4 — OoTINYHas;

2) ymob6cTBO mpuMeHeHMs GOpMBI ITpernapara: 1a/
HeT (IPUSITHBIN BKYC, YOOOGCTBO MpUMeHeHMs, ObIC-
TpoTa pa3Butus addexra);

3) 00IIYI0 YIOBJIETBOPEHHOCTD JIEUEHMEM IIO TIsI-
Tu6AIbHOI KaTeropmaabHON HIKange: 1 — cocTossHue
YXYOIIWIOCH, 2 — COCTOSIHME He U3MEeHUIIOCh, 3 — CoC-
TOSIHME YaCTUYHO Y OBJIETBOPUTENbHOE, 4 — COCTO-
sIHMe YOOBJIETBOPUTENbHOE, 5 — COCTOSIHME 3HAUM-
TeJbHO YIY4YIINIOCh.

[TonoBo3pacTHbIe, KJIMHUKO-PEeHTreHOJIoTnIe-
ckue, GYHKIIMOHAIbHbBIE U MHTpaoIlepalyoHHbIe Xa-
PaKTepUCTUKM TIALIMEHTOB B 06eMx CpaBHUBAEMbIX
rpynrax He MMeIU CTaTUCTUUYECKU 3HAUYUMBIX OT/IU-
ynit (Tabn. 1). CpaBHeHMe MTPOBOSMUIOCH C TOMOIIbIO
y2-kputepus [InpcoHa ijig KaueCTBEeHHBIX IPU3HAKOB
U kputepusi MaHHa—-VYUTHM [Ji1 KOJMUYECTBEHHBIX
MPU3HAKOB.

Tabnuya 1
XapaKTepucTHKa NallMeHTOB B I'PyIlliax cpasHeHus, n (%), Me [Q1;02]
Tapametp OcHoOBHas rpryl;u;[l% (keTOpOIIAK) KonTponbHas rg;;ng{la (xeTornpodeH)

JKeHUIMHBI 43 (87,7) 37 (72,5)
My>KUMHBI 6 (12,3) 14 (27,5)
Bospacr, et 65 [59;73] 65 [59;70]
JAuTeNnbHOCTb 3a60/1eBaHMs, JIeT

MeHee 5 29 (59,3) 33 (64,3)

6onee 5 17 (34,7) 15(29,4)
Bpemst onepanyy, MMH. 60 [55;65] 60 [55;70]
Kposomorepsi, M 50 [50;85] 50 [50;65]

C reMOCTaTUUYECKUM KIYTOM 38 (76,6) 41 (80,4)

6€3 reMOCTaTUYECKOTO KTyTa 11 (22,4) 10 (19,6)

* https://www.rlsnet.ru/drugs/ketorolak-21188#pobocnye-deistviia.
** https://www.rlsnet.ru/active-substance/ketoprofen-642.
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OxoHuaHue mabauyst 1

Mapamerp OcHOBHas rpryl;[ri% (KeToposak) KoHTposnbHas rrpl)znsnla(KeTonpO(beH)
[TpOJOKUTENBHOCTD VCIIONb30BAHMUS 60 [50;60] 60 [50;70]
SKTyTa, MMH.

NmrutanTtat ¢ coxpaHeHnem 3KC 43 (87,8) 48 (94,1)
VmmianTart ¢ 3amenieHnem 3KC 6(12,2) 3(5,9)
Mogenb 3HA0IIPOTE3a
AGC (Zimmer Biomet) 18 (36,7) 26 (51,1)
Sigma (Johnson & Johnson, DePuy) 23 (46,9) 21 (41,2)
NexGen (Zimmer Biomet) 3(6,1) 3(5,9)
Anthem (Smith & Nephew) 3(6,1) 1(1,9)
Triathlon (Stryker) 2(4,1) -
NRS o onepanymn 5[3;6] 5[3;7]
OKS no onepauyun 33129;39] 34 [27;40]
Hannune conyTCTBYIO1IEN TaTOIOTUN 36 (73) 39 (76)

Bo Bcex HaGmOmeHMIX OblI1a MCIIO/b30BaHa CIIVH-
HOMO3TOBAasI aHeCcTe3MsI C BHYTPMBEHHON cemanuei.
TOKC BBINOTHIIOCh 060MMM aBTOpaMM CTaHAAPTU-
3MPOBAaHO C TIpMMeHeHMeM TeXHUKU U3MepsieMoit
pe3eKUMM M BOCCTAHOBJIEHMEM HeNTpaJbHOI Me-
XaHMYEeCKOV OCY KOHEUYHOCTU C CUMMETpHuei Cru-
6aTebHOTO ¥ PasrubaTeTbHOrO IMPOMEXKYTKOB,
C WCIIO/JIb30BaHMEM OTPAHUYEHHOTO CpeIVHHOIO
JOCTyna C nepefHeMeAuanbHOV apTporomuent [13].
CHHOBOKTOMMS, 3SHIOMPOTE3MPOBAHME HAIKOIEH-
HMKa U OpeHMpOBaHMe paHbl He MPUMEHSINUCh. Bo
BCEX CJIyYasiXx OCYIIECTBJISUIM JIOKAJAbHYIO MHOWUIb-
TPalMOHHYIO aHaJbre3uio 1Mo MeTOAMKe, OTIMCAHHO
Hamu paHee [14].

O6e rpymmbl MCCAenOBaHUs ObLIM CPaBHUMBI II0
KOJIMYECTBY TAIIMEHTOB C KOMOPOMIHOCTBIO, Cpeay
KOTOPOI1 JIMOUPOBAIM CEPAEYHO-COCYAUCTbIE 3a60se-
BaHus (62 mim 81,6%) v 6011 B ITIO3BOHOUHMKE (52 Mn
68,4%), B TO BpeMsI KaK MaTOIOTHSI XKeTyqOYHO-KUIIeY-
HOTIO TpakTa 6b11a 60see penkoit (17 umu 22,4%).

CraTuCcTUUYECKNI aHaIN3

[MpyMeHsSIINCh ClenyoLMe CTATUCTUUECKE METOMbI
D71 00pabOTKY TaHHbIX:

— omnucaTejbHble CTAaTUCTUKM (MaTeMaTuyeckoe
OXuaaHue, CpeJHEeKBaIpaTUUHOE OTKIOHeHMe, MeIy-
aHa, KBapTUIY, MMHUMYM/MaKCUMYM) JIJIsT 06001 eHIST
TEPBUYHBIX PE3Y/IbTATOB, TOTYYEHHBIX U3 UHAVUBULIY-
QIbHBIX PETUCTPALMOHHBIX KapT MallieHTOB;

— JIOBepuUTebHasl OLleHKAa mapamMeTpoB (MaTema-
THUUYECKOe OXXMAaHue, CTaHJapTHOe OTKIOHeHue (SD)),
MO3BOJISIIONIASI OLIEHUBATDh UCCIenyeMble IapaMeTphl
C 3aJJaHHOM HaJIesKHOCTBIO.

KauecTBeHHbIe IepeMeHHbIe ONMCHIBAIUCH ab-
COJMIIOTHBIMM ¥ OTHOCUTEIBHBIMM YacTOoTaMu (TIpo-
LIeHTaMM).

IIpu cpaBHeHUM KayeCTBEHHBIX OKa3aTeseil uc-
MOJb30BaHbl METOMbl CTATUCTUUECKOTO aHaausa:

y23-kputepuit I[IMpcoHa, TapHbIi ¥ HeNapHbIi
t-kputepuu CrblogeHTa. [ mapameTpoB, pac-
npenesieHNe KOTOPbIX OTINYAIOCh OT HOPMaabHO-
ro, MCIO0JIb30BaJIM HellapaMeTpuuecKue TeCThbl: P
CpaBHEHUM [ABYX TIPYIIN MCIOAb30BaAu KpuUTepuit
MaHHa - YUTHU, KpuTepuit BuiakokcoHa. Pasnuuus
CUMTaINCh CTATUCTUYECKY 3HAUMMbIMU mpu p<0,05.

CraTtuctuueckasi 06paboTKa JaHHBIX ITPOBOIN-
Jlach Ha IMepCOHAJbHOM KOMIIbIOTEpe C TMOMOIIbIO
nporpammsbl IBM SPSS Statistics 25. CraTuctuueckui
aHa/IN3 JaHHBIX ITPOBOIMIICS Ha BBIOOPKE MAIMEHTOB,
MMEeIONMX JaHHbIe 00 aHAIMU3UPYyEeMOM ITapaMeTpe.

PE3VJIbTATbBI

IOuHamyka ypoBHS 6omm mo mkagam NRS u BAII
B 00eyX rpymmax JeMOHCTPUPOBAIa OIMHAKOBYIO TeH-
IeHIMIO: CpeiHMe 3HAUeHUs] AOCTUTAIM M1KA YPOBHS
yMepeHHOi 60/ B 1-e CYT. Ioc/e omepanyy, CHIbKa-
SICh 3aTeM K 4-M CyT. BABOe (puc. 1).

C mnomomipl0 KpuTepus BUJIKOKCOHA BBISBIIE-
HO 3HAUMMOe CHIDKeHMe 60u mjis1 oboux IMperapa-
TOB MEXIY JHEM OIlepanyui u 4-M CyT. HaGIIOoeHNs
(p=0,000). B kaxkmoi1 13 TOUeK HabTI0aeHs 3SHAUMMO-
ro pa3jinuus Ha OCHOBe KpuTepusa MaHHa — YUTHU T10
mkasie NRS mexkay rpynnamu He BbisiBiieHo (p>0,05)
(Tabm. 2).

CpenHuii, MMHMMAa/bHBIN Y MaKCUMaJbHBIN YPOB-
HM 60U B TeueHue OHS KakK B ITOKOe, Tak U NPy IBU-
SKeHUSIX, a TaKKe MPONOIKUTENbHOCTh YMEpPEHHOI/
CUJIBHOJ OG0ONY B TeueHMe AHS 3HAYMMO He OTIMva-
suchk. Kak KeToposak, Tak U KeTormpodeH MMO3BOJISIIN
3 dEeRTVBHO KOHTPOIMPOBATh YPOBEHDb GOMM ITOCTE
TOKC: cyTouHasi IMHAMMKA CHYDKEHMSI OOM TIpem-
CTaBjIeHa Ha PUCYHKe 2.

B Kaxmoil u3 TOueK HaOMIOmeHUs 3HAUYMMBbIX
paznuumii 1o 1mkase BAIIl Ha OCHOBe KpuTepus
MaHHa-VUTHM MeXOy TCpylnamMy He BbISIBICHO
(p>0,05) (Tabmn. 3).
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Puc. 1. Ouenxka 6omu
no mkane NRS

Fig. 1. Pain severity ratings
according NRS from admission
trough discharge from the clinic

KeToponak == KeTonpodeH

Jo onepaunn B pgeHb nepes B aeHb nocne 2 AeHb 3 AeHb 4 peHb
onepauuei onepauum HabnwaeHua HabnwaeHua HabnwaeHus

Tabnuya 2
Onenka 6ou o mKase NRS Ha ocHOBe kputepuss Manua - Vurau, Me [Q1;02]
CpoK HabmoneHns OcHoBHas rpymnmna (KeToposak) KonTposnbHag rpymia (ketornpodeH) p
o omepauyu 5[3;6] 51[3;7] 0,789
B nensp nepep onepauueit 5[4;7] 5[4;6] 0,169
B neHb mocsie ornepanun 6[5;7] 7 [5;8] 0,144
2-11 neHb HabMoIeHNST 5[4;6] 5[3;6] 0,957
3-i meHb HAOTIOMEHMS 4[3;5] 4[3;5] 0,808
4-7i neHb HAGTIOAEHNST 3[2;4] 3[2;4] 0,946

7,0
6,0
50
4,0
3,0
2,0
4
10  KETOPONAK === KeTONPOdEH
.
w— K eTONPOGEH
0,0
[AeHb JeHb 2 AeHb 2 feHb 3 peHb 3 AeHb 4 peHb 4 peHb
onepaummn onepaumn  HabnwaeHna HabnlogeHwa HabnogeHna Habnwogerna HabnwogeHna HabnwoaeHus
Mpuem 1 nocnegHan Mpuem 1 nocnegHAas Mpuem 1 nocnegHaa Mpuem 1 nocneaHaa
TOYKa Ha AeHb TO4YKa Ha AeHb TO4YKa Ha OeHb TOYKa Ha AeHb

Puc. 2. CyrouHast quHaMmKa CHYKeHMs1 60ym 1o BAIII
Fig. 2. Daily dynamic of pain from the day of surgery trough discharge from the clinic according VAS
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Tabnuya 3

CyTouHas [MHAMMKa CHIDKeHMs: 60711 mo mKasie BAIIl Ha ocHoBe KpuTepuss MaHHa - YUTHH,
Me [Q1;02]

OcHOBHas rpymma KoHTponbHas rpyrina p
Cpox HabmoneHms (xeToponak) n =49 (xeTornpodeH) n =51

IleHb orepanun 6 [5;7] 7[5;8] 0,402
ITpuem 1

leHb omepaluu, MOCIeHsIS TOYKA Ha IeHb 5,5[4;7] 5[4;7] 0,908
2-#1 neHb HaGITIOeHNST 6 [4;7] 5[4;6] 0,700
[Tpuem 1

2-71 neHb HabTIoIeHNST 2,5[1;5] 3[2;5] 0,531
[TocnemHsist TOUKA HA IeHb

3-i meHb HAGTIOMEHMS 4[3;5] 41[3;5] 0,666
ITpuem 1

3-i1 meHb HAOIIOLEeHUS 2[1;3] 2[1;3] 0,349
[MocnemHsist TOUKA HA JeHb

4-i1 meHb HABMIOmEeHUS 3[3;4] 3[3;4] 0,916
ITpuem 1

4-7i neHb HAGTIOAEHS 1[1;2] 1[1;2] 0,395
ITocnenHsist TOuKa Ha IeHb

CKOpOCTh HACTyIUIEHUS 006e360/1mBaoIiero 3g-
(exTa B TeueHMe TTePBOTO Yaca Mociie rprema mnperma-
paTa CTaTUCTMUECKY 3HAUMMO He OT/IMYanach B 06enx
rpyInmax nauyeHToB.

B o6enx rpymmax BbISIBIEHO CPAaBHMMOE YMCIIO T1a-
LIYMEeHTOB, KOTOPBIM JOTIOTHUTENIbHO K ITepOpaIbHOMY
IpueMy IOTpPeboBaIOCh MapeHTepalbHOEe BBeIeHME
aHaAJIbIeTUKOB: B CpelHEM 3,57 MHBEKLIMU B OCHOB-
HOJ rpyrne u 4,41 — B KOHTpO/IbHOM. OgHaKo Ha 3-Uu
U 4-e CyT. TIOC/ie onepalu cpeay MaluyueHToB, MOIy-
YaBIIMX KETOPOJaK, HeoOXOgMMOCTh B HOIIONHU-
TeTbHOM 06e360/MBaHMM OblJIa CTATUCTUYECKM 3HA-
YMMO HM3Ke: IPUMEPHO Ha TPeThb K 3-M CYT.U MOUYTHU
BABOE — K 4-M CyT. (puc. 3).

Hapkotuueckine aHanbreTUKu (TpaMagon 2 M B/M
OIHO-ABYKPAaTHO) ¥ HeHapKOTMueckue (p-p mapate-
tamosia — 500 Mr/ 50 MJ1 B/B OTHO-IBYKPATHO) PYTUH-
HO TIPUMEHSIIUCh TOIBKO B 1-e CyT. mocje omnepauun

43,1%

36,7%

p<0,05

29,4%

*

p<0,05

20,4%

15,7%
13,7% e

8,2% I

Oenb 1

8,2%

[JeHb 2 LeHb 3 LeHb 4

m Ketoponak m KetonpodeH

Puc. 3. KonyuecTBo ManyeHTOB, HY>KAAOLMXCS
B [IOTIOJTHUTEIbHOM ITapeHTepaJbHOM 00e3601MBaHNUK

Fig. 3. Percentage of patients who need additional
parenteral analgesia from the day of the surgery trough
discharge from the clinic

10 TpebOoBaHMIO MALMEHTA TP YCIIOBUM HELOCTATOYU-
HOJM aHa/bre3mu. B manbHeiiieM [O0Js1 MalMEeHTOB,
HYKIQIOMMXCS B MX MCIIOMb30BaHMM, ObUIa Kpaii-
He HM3KOI, 3HAUMMO He OTIMYAsICh MEXITY 06enmMu
rpynnamu.

Cpenu mauueHTOB, mNOpuHUMaBIIMX KeTopon
DKCIIpeCC, HaUMHAs CO 2-TO AHS IOCe Omepalyu,
HEKOTOpbIe CHMKAAM KPaTHOCTb ero mpuemMa B Teue-
HMe CYTOK B CBSI3M C MMHMMATbHBIM YPOBHEM Oosie-
BbIX OILIYILEHWUI1, B OTJIMYME OT KOHTPOJIbHOI IPYIIIIbI
(puc. 4). B utore K 4-M CyT. mOoC/Ie onepanyyu OKOJIO
TPeTU MalMEeHTOB He HYKIAANCh B YeThIPEXKPaTHOM
npueMe 3TOro npemnapara. [Ipu aToM cpeay nauyeH-
TOB, YMEHbIIABUIMX KPATHOCTb NpYeMa J10 TpeX, IBYX
WIU Jake OJHOTO pasa, K 3—4-M CyT. 60J1b ITPOIOIKa-
Jla OCTaBaTbCsd Ha HMU3KOM ypoBHe: 0,6—1,8 o NRS.
Cpenyt mauMeHTOB, MpMHUMaBIINX KeToHas, Ha OIHO-
KpaTHbBIM mpuem Co 2-To OHS mepeuuu asoe (3,9%),
¢ 3-ro gHs tpoe (5,9%), u ¢ 4-ro gHsT — nBoe (3,9%).

YacToTa HeKeNaTeIbHbIX SIBJIEHMI ObIa CXOxKa
B 00eMX TPYyIIax MmanyeHToB — 47% (22) u 44% (22) co-
OTBETCTBEHHO. VX paclipefeneHue MpencTaBieHO Ha
PUCYHKAX 5 1 6. AHa/IM3 HAIMYMS VJTU OTCYTCTBUSI CBSI-
31 OTMEUEHHbIX HeXeJaTeJbHbIX SIBJIeHUIt C UCIIOJb-
3yeMbIMU IIperiapaTaMyu He ITPOBOAMJICS, U3MEHEHMS
MPOTOKO/IA JiIeYeHUs] WIN [TOMOMHUTENbHON KOppeK-
MK He oTpeboBanock. CrenyeT MOAUEPKHYTh, YTO HU
Y OIHOTO M3 HaXOAUBIIMXCS 1O, HAOJIOIeHeM TTalu-
€HTOB He Pa3BMUJIOCh Cepbe3HOe HeXelaTelbHOoe sIBJie-
HMe WK peakuus 1o kputepusim BO3.

Bosiee 2/3 manueHTOB OTMETU/IM MEPEHOCUMOCTh
060MX TIpernapaToB KaK XOPOUIYI0 ¥ OTIUYHYIO.
OpgHako 06 OTIMYHOM YpPOBHE YIOOBJIETBOPEHHOCTU
MPOBOAMMBIM JieueHMeM cpefyu MaleHTOB, PUHU-
MaBIIMX KEeTOPOJIaK, COOOIIMIO BABOE GOJblle, YeM
cpeny moTyyaBIInMx KeTonpodeH (puc. 7).
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BONBIIMHCTBO TMAIMEHTOB OIeHW/IM BKYC KeTO-
ponaka Kak NnpusTHbii — 37 (78,7%), a Takke oTMe-
TWIX BO3MOXXHOCTb €r0 MpUMeHeHMsI 6e3 BOIbl — 42
(89,4%).

OBCY>XKIEHUE

Bo-mepBbiX, TO/MyueHHble pe3yJbTaTbl CBUIETENb-
CTBYIOT O TOM, UTO IlepopajbHOe IpMUMEHEeHUe CO-
BpeMeHHbIX (Gopm HIIBII mocie TOKC mosBonser
IOOUTHCS afieKBATHOTO YPOBHSI aHA/Ibre3uy Ha IMpo-
TSDKEHUM BCEro rnepuona, rmoka mauyeHT HaXOOUTCS
B CTallMOHAape, TeM CaMbIM CHU3MB Harpy3Ky Ha Cpefi-
HUIT MeOUILIMHCKUX MepcoHal. B MpoBegeHHOM HamMu
paHee KCCIeIOBaHUU, TTOCBSIIEHHOM U3YYeHUIO Tpa-
ektopuii 6o nocte TAKC, B kotopom HIIBIT mpu-
MEHSUTM TTapeHTePaIbHO, aOCOMIOTHbIE BEIMUMHBI U
IVMHAMMKa CpefHero, MMHMMAaTbHOTO ¥ MaKCUMasb-
HOTO YpOBHeEi 60/Mu B TeueHue AHS (B IMOKOE U IIPU
IBUKEHMSIX), @ TakKe KOJIMUYEeCTBO 4YacOB yMepeH-
HOJVI/CUJIBHOJ 60JIM B TEUEHME CYTOK Jaske HECKOJb-
KO TIpeBbIlIaaM 3HAUeHUsI, MPOAEeMOHCTPUPOBaHHbIE
TIpY MCTIONB30BaHMM TabaeTMPOBAaHHBIX dopm [14].
[TapeHTepanbHOE BBeEeHE HEHAPKOTUYECKUX U Hap-
KOTMYECKNX aHAITETUKOB OCTAeTCSI BOCTPEO6OBaHHBIM
B l-e cyT. mocie XUPYyprMUecKOro BMelIaTeabCTBa,
KOTJa MCIOIb30BaHMe IEPOPATbHBIX (GOPM MOXKET
OBITh 3aTPYOHEHO ¥M3-3a 3aTOPMOXKEHHOTO WJIM BO3-
OYy>KIeHHOTro cocTosHMs TanyeHTta [15]. IIpu sTom
HIIBII B coueTaHuy C ONMOUIHBIMU aHAJIbIeTUKAMU
SIBJITIOTCSL MOJIe/IbI0 MYJbTUMOAIbHOM aHaabre3un
[16, 17]. Tem He MeHee, YUYUTBIBASI, UTO HOIBUIMHCTBY
naiueHToB rmocote TAKC nmpuem HIIBIT mokeT 6bITh
HeoOXoMM 0 3 MecC. TIoc/ie omepaluy, BaKHBIM SIB-
JiseTcsT moa6op cxeMbl 3P (EeKTUBHON IepopaabHOI
aHajTe3suu elle B MEePUOJ, CTALlMOHAPHOTO JieueHus,
TaK KakK yMepeHHas/CuabHas 00jib, COXPAHSIOMASICS
K 3-M CyT. 1OCjie BMeIIaTelabCTBa, SIBJSETCS 3HAUM-
MBIM IPOTHOCTUYECKMM (HaKTOpPOM pUCKA pasBuU-
TUSI XPOHMUECKOTO II0C/TIEeOINeparioHHOr0 60eBOro
cuHIpoma [18].

Bo-BTOphIX, 062 CpaBHMBAEeMbIX Ipernapara (Ke-
Toponak B (Qopme gucneprupyemMoii TabneTtku u
KetormpodeH B TabieTupoBaHHON dopme) He MHO-
KasajyM 3HAYMMBIX OTAMUMIA TI0 TMEepPeHOCUMOCTU
B COIOCTaBMMBIX TPYMIlaxX MalMeHTOB, Y KOTOPBIX
JUOUPYIOIIYM (AaKTOPOM KOMOPOMIHOCTM ObLia
MaToJOrMsl CepIaevyHO-COCYOUCTOM cucteMbl [19].
3aduKcMpOBaHHbBIE HEKeTaTelbHbIE SIBJIEHUS CPeay
MalyeHTOB 00eMxX TPYMIl He IOTpeboBaay OOION-
HUTENbHOM Tepanuu mau otmeHsl HIIBIT u kynu-
pOBaIMCh CaMOCTOSITENbHO. YUMUTBIBAsl, UYTO Malu-
€HTbl B paHHEM T[O0c/JeonepalMOHHOM Tepuoe,
kpome HIIBII, momyyaioT jeKapCTBEHHbIE CpeAcTBa
Iyt pOoGWIAKTUKM MHGEKIMOHHBIX U TpPoMOO-
SMOONIMYECKMUX OCIOXKHEHUI, a TakKe Tepamuu Co-
MyTCTBYIOIIMX 3aboyeBaHuit, pasMep IpoOaHaTIU3U-

POBaHHOI BBIOOPKYM HEIOCTATOUYEH [JIS BBISIBIEHMS
KOPPEeNSUMOHHBIX B3aMMOCBSI3€il MEXIy KOHKpeT-
HbpIM HIIBIT 1 mo6ouHbiM 3¢dderTomM. [TomyueHHbIE
HaM¥ JaHHble 00 OTHOCUTEIbHOI 3(h(MeKTUBHOCTU
u 6esomacHocty HIIBIT cOOTBETCTBYIOT BBIBOHAM
cucTeMHOro MertaaHanusa 25 PKU, mocBsIeHHOTO
npuMeHeHuo HIIBII y maumueHTOB IIOC/i€ TOTaJlb-
HOJ apTPOIUIACTUKY KOJEHHOTO U Ta306epeHHOTO
CYCTaBOB U peKOMeHZauusM paboueit TIPYIIIIbI
PROSPECT (PROcedure SPEcific Postoperative Pain
ManagemenT), KoTopasi mpeAcTaBjsieT coboil Io-
6aIbHOE COTPYOHUYECTBO XUPYPTOB 1 aHECTe3MOoJI0-
roB, GOpMyIMPYIOMIUX PeKOMEHAAINY TI0 JIEYeHUIO
60711 TIOC/TIe pacIpocTpaHeHHbIX omeparnuii [20, 21].
OTHOCUTENbHO KIMHNYECKM 3HAUMMBbIX OCJIOKHEHUI
CO CTODPOHBI KeTyLOYHO-KUIIEYHOTO TpaKTa, Mpu-
meHenye HIIBIT mociie mOmOGHBIX XUPYPrUUEeCKUX
BMeIllaTeIbCTB XapaKTepus3yeTcsl HU3SKUM PUCKOM
(0,6%), omHaKO eciu M pa3sBUBAETCS, TO MPUBOAUT
K CyII[eCTBEHHOMY YIJIMHEHUIO ITpeObIBaHMUS B CTAI[A-
OHape ¥ MOBBIIIeHNI0 BHYTPUOOIbHUYHOI CMEePTHO-
ctu [22, 23]. TlosToMy Tiepen SHOOIPOTE3UPOBAHUEM
KPYIHBIX CYCTaBOB KOHEYHOCTelt 060CHOBAHHBIM
SIBJISIETCS TTpoBefeHMe (UOPOracTpoayoaeHOCKOIUN
IIJISI CKpMHMHTA MalMeHTOB CO CKPBIThIMMU racTpora-
tusiMu. TakuM 06pa3oMm, pe3ynbTaThl UCC/IeIOBAHMS
MOATBEPXKAAIOT aKTyaJlbHOCTh T€31Ca, OTPAKEHHOTO
B OTEUeCTBEHHbIX KIMHUUYECKUX peKOMeHOalsIX,
0 BO3MOXHOCTU 3MIIMPUYECKOTO TOAXOAA K BbI-
6opy HIIBIT gas mociaeonepanOHHON aHAJbre3uu,
HO C YYEeTOM MMEIOILENCS y allMeHTa COMaTUUYeCKOM
raToaorum [24].

B-TpeTbux, eciiu y maiueHTa IOC/Ie oIlepaiuu
IOCTUTHYT HU3KUI YPOBEHD 00N, CTAOMIIBHO COXpa-
HSIIOLIENCS U B IIepUOIbI ABUTATENIbHON aKTUBHOCTHU,
HampuMep IpU XOnbbe M 3aHSITUSIX JeueOHOo Gus-
KYJbTYPOJi, CYTOUHAs [03a IperapaTra MOXET ObITh
CcHMKeHa. C OOHOM CTOPOHBI, 3TO ONITUMMU3UPYET pac-
XOZ, IeKapCTBEHHBIX CPEJLICTB, a C APYTOii — SIBJSETCS
MPOoMMIAKTUKOI Pa3BUTHUS HEKeIATEIbHbIX SIBJIEHUIA,
IIJIsI HEKOTOPBIX U3 KOTOPBIX XapaKTepeH 10303aBUCH-
MbIit 3 deKT.

OI‘paHM‘IEHI/Iﬂ nucaieasoBaHmMs

K orpannueHusimM mucciieqoBaHus CJieqyeT OTHECTU He-
paBHOMEpPHOE TeHJepHOe U CMeNIaHHOe 3THUYECKOe
pacripefiesieHye TALMEHTOB B M3y4aeMoOl BBIOOpKe,
YTO, XOTSI ¥ OTPAKAET PealbHYI0 KIMHUYECKYIO IIPaK-
UKy paboret HMUIL TO um. P.P. Bpenena, tpe6yer
B3BEIIEHHOJ TPAKTOBKM ITOJYYEHHBIX PE3Y/IbTATOB.
IIpn cnoxubix caydasx nmepsuuyHoro TIKC wmnu pe-
BU3VIOHHBIX BMEIIATENbCTBAX CTEINEeHb XUPYPIU-
YeCcKol arpeccuu, BKIOYAS IMPOOO/DKUTENbHOCTD U
KPOBOITOTEPIO, MOTYT OTPaskaThCsI KAk Ha YPOBHE ITOC-
JIeoIepalyoHHO 601, TaK U Ha 3(QdEKTUBHOCTU
006e360/IMBaHMSI, YTO TPEOYET OTAEIBHOIO U3YUEHMS.
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3AK/TIOYEHUE

ITepopanbHbie GOpMbI KeTOpoJiaka M KeTompode-
Ha JEeMOHCTPUPYIOT COTOCTAaBMMYK BBICOKYIO 3(]-
dexTuBHOCTD TIpU KynupoBauuu 6o0mu nociae TIKC
U XOPOLIO mepeHocsaATcs nagueHtramu. K 3-4-m cyT.
1ocJie orepaium B rpyrIie MaueHToB, MoJIy4aBIInX
KeTopoJiak, Ha 30% cokpallaeTcss KOAMYEeCTBO HYX-
IAIOIIMXCSI B €T0 UeThIPEXKPATHOM IIpueMe, a TakKe

JOITOJIHUTEJIbHASI THOOPMAIISA

3asneneHHblll 6K1A0 a8Mopos

Capaes A.B. — c60p KIMHUYECKOTO MaTepuasa, peaak-
TUPOBaHMeE CTATbU.

Kopuunos H.H. — nu3aiiH ucciefoBaHus, aHaIN3 JIUTe-
paTyphbl, HanMcaHMe U peJakTUPOBaHNe CTaThbMU.

Bce aBTOpHI Mpowiu U Om00puUaN GUHATBHYIO BEPCUIO
PYKOIIVCH CTaTh!. Bce aBTOPBI COT/IACHBI HECTM OTBETCTBEH-
HOCTb 3a BCE acCIeKThbl paboThbl, UTO6BI 06ECTIeUnTh Haie-
Kalee pacCMOTpeHMe U pellieHNe BCeX BO3MOXKHBIX BOITPO-
COB, CBSI3aHHBIX C KOPPEKTHOCTHIO U HAIEKHOCTHIO JTI060I
yacTu paboThI.

Hcmounuk ¢unarcuposeaHus. ViccienoBaHue BbITIONHE-
HO nipu noagep>kke kommanuu «Dr. Reddy’s Laboratories»,
YTO He MOBIMSJIO Ha ero pesyibTaThl M COGCTBEHHOE MHe-
HME aBTOPOB.

Bo3MmocHbIli KOH(AUKIN UHIMepecos8. ABTODPHI JTeK/a-
PUPYIOT OTCYTCTBME SIBHBIX U MOTEHIIMATbHBIX KOHMINKTOB
MHTEPEeCOB, CBSI3aHHbIX C MyOIMKal/eli HaCTOsIIIe! CTaTbh.

Amuueckasn 3xkcnepmu3sa. He mpumeHMMa.

Ungopmuposantoe coznacue Ha
He TpebyeTcs.

nyéauxkauyuio.
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Evaluation of Biocompatibility of New Osteoplastic Xenomaterials
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Abstract

Background. The problem of improving the functional characteristics of implanted devices and materials used
in traumatology and orthopedics is a topical issue.

Aim of the study — to study biocompatibility of bovine bone matrix xenomaterials modified by zoledronic acid
and strontium ranelate when implanted into the bone defect cavity.

Methods. The study was performed on 24 male rabbits of the Soviet Chinchilla breed. Test blocks of bone
matrix were implanted into the cavity of bone defects of the femur. Group 1 animals (n = 8, control group) were
implanted with bone xenogenic material (Bio-Ost osteoplastic matrix). Group 2 animals (n = 8) were implanted
with bone xenogenic material impregnated with zoledronic acid. Group 3 animals (n = 8) were implanted with
bone xenogeneic material impregnated with strontium ranelate. Supercritical fluid extraction technology
was used to purify the material and impregnate it with zoledronic acid and strontium ranelate. Radiological,
pathomorphological, histological and laboratory (hematology and blood biochemistry) diagnostic methods
were used to assess biocompatibility. Follow-up period was 182 days after implantation.

Results. 1t was found out that on the 182" day after implantation the median area of the newly-formed bone
tissue in the defect modeling area in Group 1 was 79%, in Group 2 — 0%, in Group 3 — 67%. In Group 2 the
maximum area by this period was filled with connective tissue — 77%. Median relative area of implanted
material fragments in Group 1 was 4%, in Group 2 — 23%, in Group 3 — 15%. No infection or material rejection
was observed in animals of all groups. There were no signs of intoxication or prolonged systemic inflammatory
reaction. Laboratory parameters did not change significantly over time. One animal in each group experienced
one-time increase in C-reactive protein level against the background of leukocytosis. Two animals in Group 1
had a slight migration of implanted material under the skin, one animal developed arthritis of the knee joint.
Conclusion. Osteoplastic materials based on bovine bone xenomatrix and filled with zoledronic acid and
strontium ranelate have acceptable values of biocompatibility including their safety profile.

Keywords: osteoplastic material, xenograft, zoledronic acid, strontium ranelate, bone defect, biocompatibility.

Cite as: Stogov M.V., Dyuryagina O.V., Silant’eva T.A., Shipitsyna LV., Kireeva E.A., Stepanov M.A. Evaluation of
Biocompatibility of New Osteoplastic Xenomaterials Containing Zoledronic Acid and Strontium Ranelate. Traumatology
and Orthopedics of Russia. 2023;29(2):57-73. (In Russian). https://doi.org/10.17816/2311-2905-2035.

D<) Maksim V. Stogov; e-mail: stogo_off@list.ru
Submitted: 20.12.2022. Accepted: 09.03.2023. Published Online: 10.04.2023.

© Stogov M.V., Dyuryagina O.V., Silant’eva T.A., Shipitsyna L.V., Kireeva E.A., Stepanov M.A., 2023

57 2023;29(2) TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



THEORETICAL AND EXPERIMENTAL STUDIES

HayuHas cTatbst D)ey ]

VIIK 616-77:615.466
https://doi.org/10.17816/2311-2905-2035

OueHka 6M0COBMECTMMOCTU HOBbIX KOCTHOMIACTUYECKUX
KCeHoOMaTepuanos, coaepXxalux 301eA4pOHOBYIO KUCNIOTY
U paHenat CrpoHuuA

M.B. Ctoros, O.B. liopsiruHa, T.A. CunantbeBa, 1.B. lllunuisina, E.A. Kupeena,
M.A. CTenaHOB

OI'BY «HayuoHanvbHblii MeQuyuHCKUli ucciedosamensCckuli yeHmp mpasmamonozuu u opmoneouu
um. axkad. I A. Mnuzaposa» Mun3adpasa Poccuu, 2. KypeaH, Poccus

Pedepar

AxkmyansHocme. YinydiieHne GyHKIMOHAIbHBIX XapaKTePUCTUK MMIUIAHTUPYEMBIX U3LENNI M MaTepuaioB,
MCIIO/Ib3YEeMBIX B TPABMATOJIOTUM U OPTOTIEANH, SIBJISIETCSI aKTyaJIbHOM ITPO6IeMOA.

Ilens uccnedosanuss — U3y4YUTh 6MMOCOBMECTUMOCTh MOAUMUIIMPOBAHHBIX 30JIEIPOHOBOI KMUCIOTOM U paHe-
JIaATOM CTPOHIIMSI KCEHOMAaTepuaaoB 13 KOCTHOT'O MaTpPMKCa KPYITHOTO POraToOro CKOTa IMpy UX MMIUIAHTALMM B
TTOJIOCTb KOCTHOTO AedeKTa.

Mamepuan u memoosl. VicciiemoBaHye BbITIOJHEHO Ha 24 KPOIMKax-caMIlaxX MOPOAbI COBETCKasI IMHIIMIIIA. B
TTOJIOCTD AedeKTOB 6eIpeHHOI KOCTY UMILIAHTMPOBAIN TECTUPYEMbIe GIOKM KOCTHOTO MaTpuKca. JKMBOTHBIM
rpymmnsl 1 (n = §, rpyma KOHTPOJIS) UMIIIaHTUPOBAJIM KOCTHBINM KCEHOTeHHbI MaTepuan «MaTpukce ocreoruia-
ctudeckuii “Bio-Ost”». JKMBOTHBIM TpyIIIibl 2 (1 = 8) UMILIAHTMPOBAIM KOCTHbI KCEHOT€HHbI MaTepual, MM-
IIPEerHUPOBAHHBIN 30/1€IPOHOBONM KUCIOTON. JKUBOTHBIM T'PYIIIbI 3 (1 = §) UMIJIAHTUPOBAJIN KOCTHBIN KCe-
HOT'eHHbIN MaTepuas, MMHpeFHI/IpOBaHHbI]Z paHe/saToOM CTPOHIIMA. I[IIH OUMCTKM MaTepuaia M MMIIperHauumn
B ero 06beM 30J1e;POHOBOM KMUCJIOTHI M CTPOHIMS paHeaTa MUCIIO0NIb30BaIM TEXHOIOTUIO CBEPXKPUTUIECKO
dmromaHON sKCTpakimn. s olleHKY 6MOCOBMECTMMOCTY MCIIO/b30BaIM PEHTTEHOJIOTUYECKIIA, TTaTOMOD-
(onormyeckuit, rTUCTOIOTUUECKMI 1 JIaBOPATOPHBIN (reMaToMOTUsSI U GMOXMMUS KPOBM) METOIbI MCCIen0Ba-
Hust. CpoK HabmomeHus cocTaBwt 182 mHS mocie MMITIaHTall UM,

Pesynvmamui. Ha 182-e cyT. mocjie MMINIAHTALMY IIJIOIIAb HOBOOOPAa30BaHHOM KOCTHOV TKAaHM B 061acTu
MomenupoBaHus gedeKTa Y JKMBOTHBIX TPYMITBI 1 IT0 MeauaHe coctaBuia 79%, B rpyrme 2 — 0%, B rpyIie 3
— 67%. B rpyr1ire 2 K JaHHOMY CPOKY MaKCMMaJIbHYIO IJIOLaAb 3aHMMaJa COeAMHUTEeNbHAsI TKaHb — 77%. OT-
HOCHUTEIbHAS TIoIAaab GparMeHTOB MMILIAaHTMPOBAHHOTO MaTepuasa y sKMBOTHBIX TPyMIIbl 1 cocTaBmia 4%
1o MefuaHe, B rpyrrne 2 — 23%, B rpymie 3 — 15%. Y 5KMBOTHBIX BCEX I'PYII MHGUIIMPOBAHUS U OTTOPKEHUS
MaTepuasia He oTMevanu. [Ipr3HaKOB MHTOKCUKALIUY, IJIUTEIbHOV CUCTEMHOM BOCIIAJIUTE/IbHOM peakuy He
Habmonanu. JlabopaTopHbie ITOKa3aTeIM B IMHAMUKE CYIIeCTBEHHO He M3MeHsUIUCh. Bo Bcex rpymmax y of-
HOTO 13 KMBOTHBIX OTMEYaIM Pa3oBblit PocT ypoBHS C-peakTUBHOTO 6eyika Ha (OoHe JieiiKouTo3a. B rpymie
1 y IBYX KMBOTHBIX HAO/I0a/Iach He3SHAUUTEIbHAS MUTPaIMsl UMIUIAHTUMPYEMOIO MaTepuaia Iom, KOXY, Y
OHOTO pa3BMJICS apTPUT KOJIEHHOTO CyCTaBa.

3axnatouenue. KocTHOIIaCTUYECKME MaTepuaibl HA OCHOBE KCEHOMAaTPUKCa U3 KOCTei KPYITHOT'O POraToro CKo-
Ta, HaChbIIleHHbIE 30/IeIpPOHOBO KUCIOTO 1 CTPOHIIMS paHeIaTOM, UMEIOT ITpreMJieMble 3HaUeHMs 6110COBMe-
CTMMOCTH, BKJIIOYAs TTOKa3aTeau 6e301acHOCTH.

KitoueBble c/I0Ba: KOCTHOIIIACTMYECKUI KCeHOMaTepyasl, 30/1epOHOBAsT KUCIO0Ta, paHenaT CTPOHLIMS, KOCT-
HBI1 AedeKT, 6M0COBMECTUMOCTb.

HOns nutuposanus: Croros M.B., TopsruHa O.B., CunanteeBa T.A., lllunuisida U.B., Kupeesa E.A., Crenanos M.A.
OtieHKa 6MOCOBMECTMMOCTY HOBBIX KOCTHOILIACTMYECKUX KCEHOMAaTepuasoB, COAepsKallMX 30/IeIPOHOBYIO KUCIOTY
v paHenat cTpoHius. Tpasmamonoeus u opmonedust Poccuu. 2023;29(2):57-73. https://doi.org/10.17816/2311-2905-2035.
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BACKGROUND

Nowadays, the problem of improving biologi-
cal and functional characteristics of implanted
devices and materials used in traumatology and
orthopedics is rather relevant [1, 2, 3, 4]. The
main direction of studies on this topic is the use
of material/device not only as a matrix for bone
tissue formation, but also as a system of deliv-
ery of additional biologically active substances
to implantation area [5, 6, 7]. It is demonstrated
that the most acceptable carrier is the bone tis-
sue itself, both of allogenic and xenogenic nature
[8, 9, 10]. In this context, the main directions of
bone material modification are focused on en-
hancing osteoinductive and osteogenic effects.
Thus, the bone matrix is impregnated with: cells
[11, 12], including platelet-rich plasma [13];
growth factors and cytokines [14, 15, 16]; non-
collagen proteins [17]; messenger RNA (mRNA)
[18, 19]; drug substances, including antibacterial
drugs [20, 21, 22, 23]. To improve the biological
features of bone material, technologies of its
physical treatment are modified [24]. Recently, it
has become obligatory to preserve the mechani-
cal features of bioresorbable implants to provide
structural support to the bone until a complete
regenerate is formed. This can be achieved by im-
pregnating implants with substances that modu-
late resorptive effect, including zoledronates and
strontium ranelate [25, 26, 27]. In our opinion,
impregnation of these substances into xenogenic
bone has certain prospects as it is the most acces-
sible in terms of raw material and possibilities of
its modification [28, 29, 30].

Aim of the study — to study biocompatibility
of bovine bone matrix xenomaterials modified by
zoledronic acid and strontium ranelate when im-
planted into the bone defect cavity.

METHODS

Study design

The study was performed on 24 male rabbits of
the Soviet Chinchilla breed (PAO Sintez farm),
aged from 8 to 16 months with body weight from
3.0 to 4.5 kg. Bone tissue defects of 4x4x6 mm
were simulated in the animals. Xenomaterial
(XM) test blocks of the same size were implanted
into the cavities of the defects.

Group 1 animals (n = 8, control group)
were implanted with bone (unmodified) xeno-

genic material ("Bio-Ost" Osteoplastic Matrix,
(Roszdravnadzor 2015/3086) (raw material — bo-
vine cancellous bone). Group 2 animals (n = 8)
were implanted with bone xenogenic material
impregnated with zoledronic acid. Group 3 ani-
mals (n = 8) were implanted with bone xenogenic
material impregnated with strontium ranelate.
Bone blocks of 20x15x5 mm (Bio-Ost), polylactide
(Poly[D,L-lactide] IV dl/g, acid-terminated, molec-
ular mass 30 kDa), zoledronic acid monohydrate
(Sigma-Aldrich, USA) and strontium ranelate
(Sigma-Aldrich, USA) were used to obtain the
modified bone marrow (BM).

Impregnation procedure

Crushed polylactide weighing 1 g (for zoledro-
nate) and 0.5 g (for ranelate) were dissolved in
20 ml of ethyl alcohol and incubated for 3 hours
at 60°C. Next, 50 mg of zoledronic acid were
dissolved in 10 ml of 0.IN NaOH solution.
Strontium ranelate was dissolved in 10 ml
of distilled water. These solutions (zoledronic
acid and strontium ranelate) were mixed with
the polylactide solution. Then, the blocks
(10 pieces) were immersed in the obtained so-
lution. Next, the solution with immersed blocks
was placed in Waters supercritical fluid extrac-
tion reactor, carbon dioxide was injected and me-
dium parameters were adjusted to P = 250 atm,
T = 32°C [31]. After setting up the static mode
in the reactor, the blocks were incubated for
30 min, then the carbon dioxide supply was
turned off and the pressure was being reduced
during 30 min. Extracted blocks were lyophilized
and subjected to gas sterilization in ethanol ox-
ide medium, followed by vacuuming and aeration
for 2 days. Materials were obtained at the prem-
ises of 000 MedInzhBio (Penza, Russia).

Simulation of bone tissue defects of the
distal femoral metaphysis and proximal
tibial metaphysis

The surgery was performed under general an-
esthesia (premedication: dimedrol 1% solution
(0.02 mg/kg), atropine sulfate 0.1% solution
(0.02 mg/kg), meditin 1% (0.35 mg/kg); for an-
esthesia: sodium thiopental 5% (10 mg/kg).
Initially, surgical approach to the lateral surface
of the distal femoral metaphysis was carried out.
Then, the metaphyseal bone tissue was sampled
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with a dental bur, forming a part-through defect
4 mm wide, 4 mm long and 6 mm deep. After that
an implant was inserted into the defect cavity by
light hammering. Next the surgical wound was
sutured layer-by-layer with Vicril 4/0 suture ma-
terial (Ethicon, USA). Surgical approach to the
proximal metaphysis of the tibia was performed
on the medial surface of the lower leg. Defect for-
mation, implant installation and surgical wound
suturing were performed as described above.
To prevent septic postoperative complications,
a single injection of cephalosporin antibacte-
rial drugs (cefazolin 200 mg) and nonsteroidal
anti-inflammatory drugs (ketoprofen 0.05%
0.5 ml) was administered on the day of the sur-
gery. Surgical suture dressing was not performed.

Four implantations were performed in each
animal: distal femoral metaphysis and proximal
tibial metaphysis on both limbs.

To prevent complications of postoperative hy-
pothermia of anaesthetic sleep, after the surgery
the rabbits were heated under an infrared lamp
for 1-3 hours at 25-28°C on the body surface until
the they were completely awakened. The period
of planned euthanasia was day 84 and day 182
after implantation (when choosing the period
of observation of animals after implantation, we
were guided by GOST ISO 10993-6-2011. Medical
devices. Biological evaluation of medical devices.
Part 6. Tests for local effects after implantation).

Animal management

Animals were kept in individual 0.5 m? cages, one-
by-one with permanent access to food and water,
in the vivarium of the research center. Hay was
used as bedding. Feeding was carried out accord-
ing to standard nutrient-balanced diet including
mixed rabbit feed (PZK 90, Bogdanovichskii Feed
Mill), oat grain, fresh carrot and hay. Clean drink-
ing water was provided without restrictions.

Before enrolling in the experiment, the ani-
mals were quarantined for 15 days. While they
were in the quarantine unit, their general con-
dition was monitored daily by examining in the
cage. Animals with unsatisfactory general condi-
tion were excluded from the process of group for-
mation. Animals were randomized into groups.

Each animal in the group was identified by an
individual three-digit number. Marking method
was tattooing the individual three-digit number
on the inner surface of the auricle and putting a
tag with the same number on the cage.

In order to assess biocompatibility, including
the safety of the tested materials, methods of in-
travital observation, radiological, pathological,
histological and laboratory methods of examina-
tion were used.

Intravital observations

Deviations in the general condition of rabbits,
their behavior in the cage, and the presence of
lameness were monitored every day. Food and
water intake, coat color, and visible mucous
membranes were evaluated. When examining the
implantation area, attention was paid to the sur-
gical wound condition, appearance of oedema,
exudate effusion, painfulness.

X-ray examinations

X-ray examination was performed on the day of
the surgery, on the 14" 28™ 56t 84t 112t 140,
and 182" days of observation. X-rays of implanta-
tion zones were taken in the AP, axial and latero-
medial projections on TOSHIBA (Rotanode) Model
E7239. N: 10G749 X-ray machine (Japan). Current
strength — 2.5-3.2 mA, voltage — 43-44 kV, focal
distance 90 cm, automatic exposure.

Post-mortem studies

Planned euthanasia of animals was performed
under premedication (dimedrol 1% (0.02 mg/kg),
rometar 2% (5 mg/kg) by barbiturate overdos-
ing. At autopsy, examination of internal organs
and implantation sites was performed. Relative
weight of parenchymatous organs was deter-
mined. Macroscopic examination of implanta-
tion areas was carried out.

Histological studies

Tubular bone metaepiphyses, including the sur-
gical site, were fixed for 3 days in 10% forma-
lin for histology (Labiko, Russia) at pH 6.8-7.4.
After acid decalcification in solution contain-
ing 10% concentrated hydrochloric acid and 8%
concentrated formic acid, the bone blocks were
degreased in acetone and dehydrated in ethanol
with ascending concentration of 70% to 100%.
Decalcified samples were embedded in celloidin-
paraffin and sectioned on the HM-450 sledge
microtome (Thermo Fisher, United Kingdom).
Obtained sections up to 7 um thick were stained
with hematoxylin and eosin and Masson's tri-
chrome. Histological samples were scanned in
the Pannoramic Midi II microscope (3DHISTECH
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Ltd., Hungary) with 40x Corr/NA 0.95 plan-apo-
chromat objective. Morphological examination of
digital histological samples, histomorphometry
of cellular and tissue components was performed
using Pannoramic Viewer software (3DHISTECH
Ltd., Hungary).

Histomorphometric study was performed on
digital samples obtained using the hardware and
software complex for digital technologies men-
tioned above. Cellular composition and vascu-
larization of the bone organ in the implantation
area were evaluated on digital images of histo-
logical sections stained with hematoxylin and
eosin. The number of cells and vessels was count-
ed in the field of vision of 0.01 mm? with 100x
digital objective. Percentage of areas of newly-
formed cancellous bone substance, connective
tissue and osteoplastic material were determined
on digital images of Masson's trichrome stained
histological specimens using 20x digital objec-
tive. Lamellar and woven bone tissue as well as
xenogeneic bone matrix were identified on the
basis of fibroarchitectonic features, morphology
of bone cells (osteoblasts and osteocytes) and
signs of osteonecrosis. Percentage of trabecular
bone area was determined in the cancellous bone
substance of the implant bed. At least 30 fields
of vision were analyzed for each material at each
stage of experiment. Basing on obtained quanti-
tative data, the degree of irritating effect of bio-
degradable materials was determined according
to GOST ISO 10993-6-2011.

According to a four-point scale, the absence of
any type of cells in the field of vision was scored
as 0 points, the presence of 1-5 cells (1-2 for mul-
tinucleated phagocytes) as 1 point, 5-10 (3-5 for
multinucleated phagocytes) as 2 points, abun-
dant infiltrate as 3 points, dense arrangement
as 4 points. The sample was considered: non-
irritant (<0.0 to 2.9 points), mild irritant (3.0 to
8.9 points), moderate irritant (9.0 to 15.0 points),
severe irritant (>15).

Tissue reaction to implanted materials
was also assessed using a four-point scale.
Neovascularization degree was determined by
the number of capillaries in the field of vision:
1-3,4-7, wide and abundant band with fibroblast
structures. Intensity of fibrosis was assessed by
the width of connective tissue layer. Intensity
of fatty infiltration was determined in a similar
way, differentiating fat interlayers in connec-
tive tissue with red and yellow bone marrow.

Sum of all parameters in points was also used
to calculate the irritating effect of implantation
materials.

The final value was the total score of interim
assessment of cellular and tissue reactions to
intraosseous implantation of samples. Degree
of irritation was determined according to the
total score (irritating effect (IR) = cellular reac-
tion (CR) + tissue reaction (TR)) and the differ-
ence between the values of the control and ex-
perimental groups for the corresponding term of
experiment (RD Grl - RD GrN1,2,3). The negative
value corresponded to zero points. The sample
was considered: non-irritant (<0.0 to 2.9 points);
mild irritant (3.0 to 8.9 points); moderate irritant
(9.0 to 15.0 points); severe irritant (>15).

Laboratory tests

Laboratory tests (hematology and blood bio-
chemistry) were performed before the surgery,
on the 14%, 30™ 84" and 182" days after implan-
tation. Hematological blood test included deter-
mination of white blood cell count on ProCyte
Dx automated blood cell counter (IDEXX Lab,
USA). Biochemical blood test showed the con-
centrations of total protein, urea, C-reactive
protein (CRP), creatinine, glucose, total cal-
cium, and inorganic phosphate. Activity of al-
kaline (ALP) and tartrate-resistant (bone) acid
phosphatase (TRACP), aspartate aminotrans-
ferase (AST), alanine aminotransferase (ALT)
was determined. Enzyme activity and substrate
concentration in blood serum were determined
on Hitachi/BM 902 automated biochemical
analyzer (Japan) using reagent kits from Vital
Diagnostic (St. Petersburg, Russia) and Vector-
Best (Novosibirsk, Russia).

Statistical analysis

Results of quantitative signs are presented in
tables as median, 1-3 quartiles (Me; Q1-Q3).
Normality of samples was determined using
Shapiro-Wilk test. Statistical evaluation of sig-
nificance of differences between parameters
within the studied groups (before/after implanta-
tion) was performed using Wilcoxon W-criterion.
Mann-Whitney T-test was used to assess statis-
tical significance (of differences?) of values be-
tween the groups. The minimum level of signifi-
cance (p) was taken as 0.05. AtteStat 12.0.5 data
analysis program was used for calculations.
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RESULTS
Intravital observation

Postoperative period in animals of all experi-
mental groups was similar. General condition
of the animals after the surgery was satisfac-
tory. Animals had subfebrile body temperature
between 39.5-39.7°C from day 1 to day 3, ap-
petite was slightly reduced, water was accepted.
The mucous membranes of the conjunctivae and
oral cavity were pink. In the following days, body
temperature returned to mean values, appetite
restored. During the first 5-7 days, hyperemia
of the skin and slight swelling of subcutaneous
fatty tissue were noted in the area of implanta-
tion, pain on palpation was moderate. There were
no signs of soft tissue inflammation later on.
Surgical incisions healed by primary intention.
The animals used their limbs during the whole
experiment, motor and support functions were
fully preserved.

X-ray examinations

The implantation zones in animals of all groups
were well visualized on X-rays on the day of the
surgery (Fig. 1).

On day 84 of the experiment in Group 1,
the interface between the implanted material
and the host bone was diffuse in 50% of cases.
Xenomaterial was only visible in the proximal
metaphysis of the tibia. In Group 2, the implant

%

Fig. 1. X-rays of the implantation area on the day

of the surgery:

a — Group 1 (arrows indicate the implantation area);
b — Group 2; ¢ — Group 3

was well visualized in 90% of cases and the con-
tour of the host bone defect was well defined by
that date. In Group 3, the material was complete-
ly resorbed in 33% of cases and the borderline of
the host bone defect was not visible by that date.

At day 182 of the experiment, traces of im-
planted material were visible in Group 1. In
Group 2, the first X-ray signs of BM remodeling
appeared only by that time. We noted the reduc-
tion of implanted material volume, blurring of
the borderline of the bone defect. However, high
density of the implant was preserved. In Group 3,
the borderlines of the bone defect were not vis-
ible by that time (Fig. 2).

Thus, it can be noted that X-ray signs of mate-
rial replacement in Groups 1 and 3 were compa-
rable and appeared by day 182 after implantation.
There was no complete material replacement by
the last day of the follow-up in Group 2.

Results of post-mortem studies

All animals were subjected to elective euthanasia
(on the 84" and 182™ days after implantation).
There were no unplanned animal deaths. At the
time of euthanasia, no injuries of the skin and
internal organs were noted in the animals of all
groups during external examination. The relative
weight of the organs in the animals of Groups
2 and 3 did not differ statistically significantly
from the animals of Group 1.

Fig. 2. X-rays of the implantation area on the 182
day after implantation:
a — Group 1; b — Group 2; ¢ — Group 3
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In Group 1, the implantation site was poorly
visible at day 182 of the experiment. The border
with the host bone was smoothed. Implant sur-
face was covered with transparent, shining thick
tissue, through which an irregular (cancellous)
implant structure was visible. There were no fis-
tulas in the implant-bone contact zone.

In Group 2 at day 182, the border with the host
bone was clearly visible in the majority of animals
(80%), the implant surface was slightly tuberous.
The implant was tightly bound to the host bone
along the entire perimeter. Focal space-occupy-
ing chondral beddings were observed on the lat-
eral surface of the femoral metaphysis.

In Group 3 at day 182, all animals had a tight
junction of the host bone and the implant, its bor-
der was defined, the implant surface was rough,
partially covered by cartilage tissue. The lateral
surface of the femoral metaphysis was covered
with diffused thin chondral beddings.

In all groups of animals, the implantation site
in the tibial metaphysis was covered by a thick
white layer of superficial fascia. There were no
fistulas or instability in the area of contact with
the host bone.

Histological studies

Eighty-four days after implantation in animals of
Group 1, active osteogenesis in the area of defect
simulation was observed both in the spaces be-
tween the BM trabeculae and on the border with
the cancellous bone substance of maternal bed
(Fig. 3).

Xenogenic implantation material showed os-
teoconductive properties, being a basis for os-
teogenic cells adhesion and formation of bone
matrix. In some fields of vision 1-2 attached or
detached osteoclasts were detected on the sur-
face of bone structures. Both newly-formed
bone matrix and BM trabeculae were resorbed.
The areas between xenomatrix fragments and
bone trabeculae were filled with well vascular-
ized loose areolar connective tissue. Its cellu-
lar composition included fibroblast-like cells,
monocytes, macrophages. Elements of cellular
inflammation were represented by eosinophilic
granulocytes. Lymphocytes were found in single
fields of vision. Plasma cells, neutrophil granu-
locytes, and necrotized cells were almost absent.
Cancellous bone substance of the implant bed
was represented by a sparse net of lamellar bone
trabeculae with fatty bone marrow in the inter-

trabecular spaces. The surface of trabeculae was
covered by resting cells; there was no resorption
by osteoclasts.

In Group 2, the fibrous layer separated the
implant from the border of the bone defect.
Trabeculae of the BM were found surrounded
by vast areas of poorly vascularized loose are-
olar connective tissue. Its cellular composi-
tion included fibroblast-like cells, monocytes,
a large number of eosinophilic granulocytes.
Lymphocytes, plasma cells, neutrophil granu-
locytes, and necrotized cellular elements were
singular. Osteogenesis was observed only ap-
positively on the surface of the host bone bed
trabeculae. Resorption of osteoplastic material,
as well as cancellous bone substance trabeculae,
was not registered.

In Group 3, active osteogenesis was noted
along the periphery of the bone defect and in the
cancellous bone substance of the graft bed. Red
bone marrow with inclusion of adipocytes was
found in the intertrabecular spaces of the new-
ly-formed bone substance. BM trabeculae were
surrounded by interlayers of vascularized loose
areolar connective tissue with high cell density.
Fibroblast-like cells and elements of monocyte-
macrophage lineage prevailed in connective tis-
sue composition. Lymphocytes, plasma cells,
polymorphonuclear leukocytes including eosino-
phils, necrotized cellular elements were present
in insignificant amount. In the central part of
the implant separate newly-formed woven bone
trabeculae, partially contacting with the implant
trabecular net were found. Implant material was
resorbed by osteoclasts. Up to 3-5 attached, but
more often detached multinucleated phagocytes
were observed in some fields of vision.

One hundred eighty-two days after implan-
tation, Group 1 showed organotypic restora-
tion of cancellous bone substance in the defect
simulation area with preservation of microfoci
of fibrosis and neoosteogenesis. Increased con-
centration of eosinophils was noted in the foci of
fibrosis. Implantation material biodegraded, be-
ing replaced by cancellous bone substance with
a sparse net of lamellar bone trabeculae and red
or yellow bone marrow in the intertrabecular
spaces. The newly-formed bone trabeculae in-
cluded BM microfragments. Implantation area
was surrounded by yellow bone marrow with rare
hypoplastic bone trabeculae without signs of
remodeling.
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Fig. 3. Histostructure of the xenomaterial implantation area on the border with the bone bed.

Day 84 (left column) and day 182 (right column) after implantation. Group 1 — xenomaterial is partially
resorbed and surrounded by a narrow band of fibrous tissue (a) and cancellous bone substance (b).
Group 2 — xenomaterial is encapsulated by fibrous tissue, signs of bone formation and resorption are not
pronounced (c, d). Group 3 — xenomaterial trabeculae are surrounded by wide fibrous tissue bands, weak
resorptive activity prevails on the 84" day (e), osteoconduction, neoosteogenesis — on the 182" day (f).
Paraffin sections. Masson’s trichrome stain. Mag. x20. Scale bar = 50 ym

In Group 2, the implantation area was filled
with poorly vascularized fibrous tissue, com-
pletely surrounding the BM structural elements,
with no signs of osteogenic activity. There was no
resorption of BM by multinucleated phagocytes.
Intensive eosinophilic infiltration of the defect
area was still present. Trabecular net of the bone
bed was compacted on the border with the im-
plantation site. There was yellow bone marrow
with numerous foci of hematopoiesis in the in-
tertrabecular spaces. No osteoclast-osteoblas-
tic remodeling of lamellar bone trabeculae was
noted.

In Group 3, the area of bone defect simula-
tion was filled with cancellous bone substance
and tracts of well vascularized connective tis-
sue encapsulating BM fragments. Fibroblast-like
cells, monocytes, macrophages dominated in the

cellular composition of connective tissue. Cells
of leukocytic and lymphoid lineage, necrotized
cells were almost absent. Tight junctions of BM
fragments and individual bone trabeculae were
observed without integration of implantation
material into the bone matrix. Numerous resorp-
tion lacunae were preserved on the surface of BM
fragments, but attached osteoclasts were rare.
Massive newly-formed bone trabeculae at the
border with the cancellous substance of the bone
bed were lined by active osteoblasts. Few resorp-
tion lacunae and attached osteoclasts were found
on their surface.

The described phenomena were statistically
confirmed by the results of the histomorphomet-
ric study (Table 1). There was a significant pre-
dominance of osteoblasts/osteocytes and capil-
laries in the implantation area in the animals of
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Group 1 on day 84 and Group 3 on day 182 of the
experiment. Osteoclasts prevailed in Group 3 on
day 84 of the experiment. Fibroblasts/fibrocytes
and monocytes/macrophages were present in a
significant amount in the implantation area in
Group 3 animals. Elements of cellular inflam-
mation were represented exclusively by eosino-
philic granulocytes and were consistently pre-
sent in the tissues of the implantation area of
Group 2 animals. In Group 3, tissue eosinophilia
was completely suppressed.

Analysis of the quantitative ratio of the area of
tissue components and BM structural elements
in the implantation area also revealed statisti-
cally significant differences between the groups
(Table 2). The area of newly-formed bone tissue
in the defect simulation area in the animals of
Group 1 and Group 3 significantly increased by
day 182 after implantation (up to 70%), whereas
in Group 2 the maximum area by this time was
occupied by connective tissue (significantly ex-
ceeding that of Groups 1 and 3). Relative area of
BM fragments on histological samples at day 182
after implantation was maximal in the animals of
Group 2 and minimal in the animals of Group 1.

Density assessment of the cancellous bone
substance of the implant bed by calculating the
total share of trabecular bone tissue showed that
the impregnation of both zoledronic acid and
strontium ranelate increased the value of this
parameter many times. Appearance of this effect
was statistically significant both on day 84 and
day 182 of the experiment and more pronounced
in the group where zoledronic acid was used
(Table 3).

Cell reaction index in Group 2 on day 182 af-
ter implantation was significantly higher than in
Groups 1 and 3 (Table 4). Tissue reaction index was
the highest in Group 2 throughout the experiment.
Analysis of the total score of irritant effect of stud-
ied materials showed that on the 84" day after im-
plantation BM exhibited the properties of a mod-
erate irritant, but its effect weakened by the 182
day of the experiment for all groups. At the same
time, impregnation with zoledronic acid signifi-
cantly increased the irritant effect of BM through-
out the experiment. In contrast, the combination
with strontium ranelate significantly reduced the
irritant effect of BM, putting it in the category of
light irritants by day 182 of the experiment.

Table 1

Number of cells and vessels in the implantation area (field of vision area 0.01 mm?),
Me (Q1-Q3)

84t day after implantation 182" day after implantation
Assessment parameter

Group 1 Group 2 Group 3 Group 1 Group 2 Group 3
Osteoblasts/osteocytes 6 (4-8) 0 (0-0) 0 (0-1) 1(0-1)* 0 (0-0) 2 (1-3)*
Fibroblasts/fibrocytes 23 (19-31) 23 (19-26) 41 (34-52) | 15(14-16)* | 20 (18-22)* | 29 (27-31)*
Osteoclasts 0(0-1) 0 (0-0) 1(0-1) 0 (0-0)* 0 (0-0) 0 (0-0)*
Monocytes/macrophages 12 (9-14) 8(7-9) 21 (17-24) 5(4-6)* 5(#4-6)* 13 (12-14)*
Eosinophils 7 (6-10) 11 (9-12) 0 (0-0) 7(5-9) 11 (9-13) 0 (0-0)
Capillaries 2 (2,0-2,5) 1(0-1) 1(1-2) 2 (1-2)* 2 (1-2) 5 (4-6)*

* — statistically significant differences in comparison with the day 84 at p<0.05.
Statistically significant differences in comparison with Group 1 are shown in bold at p<0.05.
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Laboratory tests

Statistically significant increase of leukocyte
counts relative to preoperative values was ob-
served on the 14" day of the experiment in the
animals of Group 3 (Table 5).

Decrease of erythrocyte counts relative to pre-
operative values on day 14 of the experiment was
observed in animals of all groups. Group 2 animals
showed a significant increase in CRP level by day
30 of the experiment. There was a significant de-
crease in the activity of ALP at certain periods of
experiment in the animals of Group 2 relative to
preoperative values and values of Group 1. Activity
of TRACP at certain times of experiment was low-
er than in the control group of rabbits of Group 2.
Statistically significant changes in concentrations
of total calcium, inorganic phosphate, total pro-
tein, creatinine and urea, as well as transaminase
activity in blood serum of animals of all groups
were not observed during the experiment.

Thus, there were no significant shifts in the
laboratory blood tests values of rabbits during
the study, the nature of which would indicate a
long-term adverse effect of the drugs used to sat-
urate the bone blocks.

Summary data on adverse events ob-
served during the experiment are presented in
Table 6. There was a minor migration of one
sample of implanted material under the skin in
the area of implantation in the femoral meta-
physis in two animals of Group 1. Migration oc-
curred because prepared implant was smaller
than the formed defect, which did not allow
the implant to be firmly fixed in the bone. One
rabbit developed knee arthritis. One animal in
each group showed an increase in CRP levels
accompanied by leukocytosis on the 14%"-30t%
days after implantation.

Table 2

Percentage of area of tissue components and xenomaterial in the defect simulation area,
Me (Q1-Q3), %

84" day after implantation 182 day after implantation
Component
Group 1 Group 2 Group 3 Group 1 Group 2 Group 3

Cancellous bone tissue 14 (14-14) 0 (0-0) 27 (25-31) | 79 (56-73)* 0 (0-0) 67 (57-65)*
Connective tissue 73(72-74) | 73(71-75) | 53 (48-63) | 17 (15-19)* | 77 (75-78)* | 23 (19-28)*
BM 13 (12-14) | 27 (24-29) 15 (12-20) 4 (2-5)* 23 (22-25)* | 15 (12-17)

* — statistically significant differences in comparison with the day 84 at p<0.05.

Statistically significant differences in comparison with Group 1 are shown in bold at p<0.05..

Table 3

Percentage of trabecular bone area in the cancellous bone tissue of the implant bed,
Me (Q1-Q3), %

84" day after implantation

182 day after implantation

Group 1

Group 2

Group 3

Group 1

Group 2

Group 3

5(3-14)

36 (38-44)

17 (8-25)

3 (0-14)

26 (14-33)*

15 (7-28)

* — statistically significant differences in comparison with the day 84 at p<0.05.
Statistically significant differences in comparison with Group 1 are shown in bold at p<0.05.
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Table 4

Assessment of irritating effect of implant material, Me (Q1-Q3),
points according to GOST ISO 10993-6-2011

Parameter 84t day after implantation 84t day after implantation
Group 1 Group 2 Group 3 | Group 1 ‘ Group 2 ‘ Group 3
Cellular response

Eosinophils 2(2-2) 3 (2-3) 0(0-0) | 2(2-2) 3(2-3) 0 (0-0)

Lymphocytes 1(0-1) 1(0-1) 1(0-1) | 1(0-1) 1(0-1) 1(0-1)

Other leukocytes (polymorphonuclear

granulocytes, plasma cells) 0(0-1) 0(0-1) 0(0-1) 0(0-1) 0(0-1) 0(0-1)

Monocytes/macrophages 3(2-3) 2 (2-2) 3(2-3) 1(1-2) 2(2-2) 3(2-3)

Multinucleated phagocytes 0(0-1) 0(0-0) 0(0-1) 0 (0-0) 0 (0-0) 0(1-0)

Necrosis 0(0-0) 0 (0-0) 0(0-0) 0 (0-0) 0 (0-0) 0 (0-0)

Tissue response

Neovascularization 1(1-1) 1(0-1) 1(1-1) 1(1-1) 1(1-1) 1(1-1)

Fibrosis 2 (2-2) 4 (4-4) 1(1-1) | 1(0-1) 3 (3-3) 0(1-0)

Fatty infiltrate 0(1-0) 0 (0-0) 0 (1-0) 0(1-0) 0 (0-0) 0 (1-0)

Indicators of irritant action (IA)

Cell reaction (3x2) 12 (12-14) | 12(10-12) | 8(6-8) | 8(8-8)* |12 (10-12) | 8 (6-8)*

Tissue reaction 3(2-3) 5(5-5) 2(2-3) | 2(1-2)* 4 (4-4) 1(1-1)*

Irritant action (cell reaction + tissue

reaction) 15(15-17) | 17 (15-17) |10 (9-10) | 10 (9-10)*| 16 (14-16) | 9 (7-9)*

1A Gr1-IA Gr1,2,3 0 2 -5 0 6 -1

* — statistically significant differences in comparison with the day 84 at p<0.05.
Statistically significant differences in comparison with Group 1 are shown in bold at p<0.05.

DISCUSSION

During our studies on assessment of biocompat-
ibility of osteoplastic BMs containing pharmaco-
logical substances in their composition, includ-
ing radiological, pathological, histological, and
laboratory studies it was found that the biocom-
patibility of all tested materials can be evalu-
ated as acceptable: no immunological rejection
of xenogenic material involving lymphocytes as
well as cytotoxic effects were observed. At the
same time, materials containing zoledronic acid
and strontium ranelate showed better fixation
in the defect, and no implant migration was re-
corded, in contrast to the control group. Similar
peculiarity was noted earlier for allomaterials
containing zoledronic acid [32].

Tissue and cellular composition of the area of
implantation of xenogeneic bone matrix impreg-
nated with antiresorptive agents was different
and differed significantly from the control group.
Bone tissue implant was not completely immu-
nologically neutral, producing local moderately
irritating effect expressed by weak eosinophilia
and monocytic-macrophage infiltration of con-
nective tissue in intertrabecular spaces of osteo-
plastic material. This reaction is due to the typical
immunological response to xenotransplantation
and is the key to both the development of non-
responsiveness and successful survival of foreign
material [33].
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Table 5
Post-implantation laboratory parameters of rabbits.
Me (Q1-Q3)
Parameter Group Before surgery 14t day 30" day 84 day 182" day
1 7.7 (7.1-8.0) 7.8 (7.4-1.9) 7.4 (6.8-17.8) 7.6 (6.9-9.3) 7.1 (6.6-7.4)
%ﬁgﬁoqﬂe& 2 7.6 (7.2-9.3) 8.2 (7.9-8.3) 7.0 (6.6-7.4) | 8.2(8.1-9.5) 7.0 (5.8-8.1)
3 7.6 (6.6-8.4) 10.6%(9.9-12.9) | 8.9 (8.2-11.6) | 8.8(8.0-10.4) 7.0 (6.9-8.0)
1 6.4 (6.1-6.9) 5.7% (5.3-6.0) 6.6 (6.1-6.7) | 6.6 (6.3-7.0) 6.8 (6.4-6.9)
fg@?“mwf& 2 6.4 (5.6-6.8) 5.65(4.7-6.0) | 6.0(5.9-63) | 6.5(5.4-6.9) | 6.4(6.1-T.1)
3 6.1 (4.8-6.9) 5.4* (5.9-6.3) 6.9 (6.1-7.0) 6.3 (6.0-6.9) 6.7 (6.3-7.0)
1 379 (303-465) 509 (476-542) | 446 (425-497) | 438 (392-461) | 387(370-448)
}Eﬁ;ﬁnboeytes' 2 397 (326-466) | 464 (388-490) | 464 (388-490) | 308 (290-410) | 369 (346-471)
3 343 (330-393) | 410 (389-435) | 464 (408-490) | 390 (360-470) | 359 (316-400)
1 0.0 (0.0-0.9) 0.0 (0.0-2.4) 0.4 (0.0-2.5) | 0.0(0.0-1.9) 0.0 (0.0-1.0)
CRP. mg/l 2 0.0 (0.0-0.2) 0.9 (0.0-5.8) 3.6 (2.1-4.6)* | 0.0 (0.0-0.2) 0.0 (0.0-0.0)
3 0.0 (0.0-0.8) 0.0 (0.0-0.3) 0.0 (0.0-0.8) | 0.0(0.0-1.0) 0.0 (0.0-0.0)
1 55 (43-67) 55 (50-57) 40 (37-49) 41 (33-48) 53 (50-57)
ALP. u/l 2 57 (49-68) 36 (22-48)* 24 (20-34)* 31 (23-39)* 65 (55-71)
3 62 (50-68) 67 (55-75) 57 (41-68) 50 (39-58) 59 (53-62)
1 26 (23-27) 23 (22-25) 23 (21-25) 20 (17-25) 18 (16-19)*
TRACP. u/l 2 26 (22-28) 14 (11-18)* 12 (9-14)* 13 (11-19)* 14 (11-17)*
3 27 (24-30) 27 (24-29) 27 (22-29) 25.8%3.6 21 (20-21)*
* — statistically significant differences in comparison with the day 84 at p<0.05.
Statistically significant differences in comparison with Group 1 are shown in bold at p<0.05.
Table 6

Adverse events observed in experimental groups, number of observations

Adverse event

Group 1 (n=38)

Group 2 (n=38)

Group 3 (n=38)

Implant migration under the skin

Knee arthritis

Increased CRP and leukocytosis

Total

2/32*

4 (50%)

1 (13%)

0
0
1

0
0
1

1 (13%)

* — calculated relative to the number of implantations.
In parentheses is the percentage of total number of animals or of number of implantations.

Impregnation with zoledronic acid had a pro-
longed antiresorptive effect both on the xeno-
geneic bone matrix itself and on the cancellous
bone tissue of the graft bed, which resulted in an
increase in their trabecular density comparing
to the control group. The same effect was found

earlier when impregnating bone allografts and
titanium implants with zoledronic acid. At the
same time, ability of zoledronic acid to affect the
osteogenic potential in the implant area appears
to be dose-dependent and is currently up for dis-
cussion [34, 35].
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Zoledronic acid also increased local irritant ef-
fect of xenogenic matrix, expressed in increased
eosinophilia and fibrosis of transplantation area.
According to the data obtained earlier, this effect
could be due to the M1 phenotype acquired by
macrophages under the influence of zoledronic
acid [36], which led to imbalance of macrophage
polarization between proinflammatory (M1) and
anti-inflammatory (M2) phenotypes, and as a
result — to activation of eosinophil regulatory
function and local fibrosis.

It is known that the distinctive feature of
strontium ranelate in case of systemic and local
application is not only inhibition of bone resorp-
tion but also stimulation of osteogenesis [37].
Therefore, impregnation of xenogenic bone ma-
trix with strontium ranelate expectedly increased
the share of newly-formed bone tissue in the area
of transplantation and the density of trabecular
net of the bone bed. Decrease in values of irritant
effect index of implanted material in this group of
experiments can be related to previously studied
influence of strontium ranelate on macrophages’
polarization in the direction of anti-inflamma-
tory M2 phenotype. However, presence of stron-
tium ranelate in the area of transplantation also
led to imbalance of M1 and M2 macrophage phe-
notypes, which could induce moderate fibrosis in
the area of implantation [38].

Due to the reasons mentioned above, the re-
covery of organotypic structure of the bone de-
fect with degradation and remodeling of the
implanted material with complete defect re-
placement occurred in different groups with dif-
ferent rate. Both zoledronic acid and strontium
ranelate showed the ability to increase the den-
sity of the cancellous bone substance of maternal
graft bed, more pronounced when using zole-
dronic acid. However, bone matrix impregnated
with strontium ranelate at the end of experiment
showed no statistically significant change in re-
sorption rate in relation to the control material
(pure matrix), and the material with zoledronic
acid demonstrated delayed graft resorption and
its replacement with bone tissue.

The latter observation should be evaluated in
the context of described experience in the clini-
cal application of osteoplastic materials. Thus,
in the publication of Y. Fillingham, J. Jacobs it is
pointed out that the direct contact of the graft

with the host bone as well as the presence of me-
chanical load on it are necessary conditions for
successful bone graft functioning [39]. Therefore,
the requirement for the bone implant to preserve
the biomechanical properties in order to support
the bone structure is an important feature, but is
the opposite of the requirement for its bioresorb-
ability rate. In this regard, some studies show, for
example, that failures in clinical practice when
using allomaterials are caused by rapid and com-
plete material degradation [40]. In this regard,
there is a whole range of studies in which zole-
dronates are used as modifiers preventing exces-
sive resorption of osteoplastic material contain-
ing promoters of osteogenesis (growth factors, as
arule) [41, 42].

In general, experimental studies show that the
anti-osteoresorptive features of zoledronates can
be used to improve the osseointegration of implant-
ed devices and materials (both metal and natural)
[43,44]. Areas of clinical application of osteoplastic
materials containing zoledronate are indicated in
the early study of M. Sgrensen et al. who noted that
such material could be useful in providing early sta-
bility of prostheses in case of revision arthroplasty
without any adverse effect on bone formation [34].
Moreover, increased resistance of osteoplastic ma-
terials to resorption can be applied to replace large
defects when preservation of biomechanical char-
acteristics of implanted graft matrix is required for
a longer period of time [45].

Additional point when analyzing the resorp-
tion time of materials can be the fact that, as
the experience of clinical use of allomaterials
shows, the allografts can persist and not be
completely resorbed many years after implan-
tation [46].

According to our data, safety and acceptability
of studied materials can also be assessed as ac-
ceptable. In particular, it was observed that im-
plantation of all the materials did not cause any
signs of rejection, intoxication (both local and
systemic), or long-term systemic inflammatory
reactions in the animals during the entire follow-
up period, although single irritating local effect
was observed up to 182 days after implantation
of material impregnated with zoledronic acid.
There were also no material infections or other
serious adverse reactions to the tested materials.
This observation is a positive point, because in
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other studies the applicability of BM is limited by
the increased immune response to its implanta-
tion [47].

All in all, our study and available literature
show that there are prospects for the use of
zoledronate-modified xenogenic osteoplastic
material. Such enhancement of properties of os-
teoplastic materials can be quite legitimate, as
it increases the opportunities for a surgeon to
choose the material [48].

Impregnation of strontium ranelate into the
material did not cause significant differences
comparing to the control group, that can be at-
tributed to its low bioavailability from xeno-
matrix. In this regard, we might have found the
effects of using strontium ranelate in case of
a longer follow-up period after implantation.
However, available literature data demonstrate
that acceptable bioavailability of strontium rane-
late is achieved when it is implanted into the ma-
trix of artificial materials [25, 49].

In general, strontium ranelate- and zoledronic
acid-impregnated BM can be recommended for
restoration of bone defects located outside the
joint cavity. Due to their longer period of remod-
eling, they can also be used to restore bone de-
fects in segments with high bearing load.

Limitations

The limitation of this study is the sample size of
experimental animals, but obtained results can
be used to develop indications for the use of os-
teoplastic materials impregnated with studied
substances.

CONCLUSION

Osteoplastic materials based on xenomatrix from
bovine bones saturated with zoledronic acid and
strontium ranelate have acceptable biocompat-
ibility values, including safety profile. Taking
into account the discovered biological properties
of developed materials, their further application
in cases of restoration of large bone defects and
revision arthroplasty seems possible.
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AHanu3 perMoHanbHbIX 0CO6€HHOCTEN NepesioMOB NIaTo
6onbwebepuoBoit KocTu B PocTtoBCcKOM 06nactu
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Pedepar

Beedenue. PacripocTpaHeHHOCTD MTEPEIOMOB TIaTO 60sbIie6epiioBoit Koctu (kom 41-A, B OA/ATO, MKB-10 S82.1) moctu-
raet 51,7 Ha 100 TbIC. HaceJeHNS B TOJI, COCTABJISISI TPUMEPHO 1% OT IepesioMOB APYTUX JIOKATU3ALINIA, M OCTIOKHSIETCSI pas-
BUTMEM roHapTpo3a y 25-45% TpaBMUPOBAHHBIX.

Llens uccnedosaHus — 3yUnUTb perMoHaTbHbIE 0COGEHHOCTH TTePeIOMOB IUIaTO GOJbIe6ePIIOBOI KOCTHM: YaCTOTY, CTPYK-
TYPY, UCXO[IbI.

Mamepuan u memoodst. O6paboTana obesamueHHas Bbi6opKa 13 6a3bl gaHHbIx TOOMC o kogmam MKB-10 S82.1, Z47.0,
M17.2, M17.3 3a 2017-2021 rr. [IpMeHeHbI IPUHIIAIIBI ¥ IIpOrpaMMHOe obecrieuenne Data Science.

Pesynsmamet. TTonyuens! 14 705 3amuceit. CpegHsIs pacpoCTpaHEHHOCTDb IIEPeIOMOB B 06/1acTy coctaBuia 24 Ha 100 Thic.
HaceyleHus B Tof. YacToTa rmepeioMOB MaKCHMaJibHa Cpey TPYyOOCITOCOGHbIX MaI[MeHTOB, cooTHomeHne MK = 1,02:1,00.
[t TOHApTPO3a BBISBJIEH CABUT B BO3pacTHYIO Ipymnmy crapiie 60 yetT. C 2018 . HaGII0gaeTcsl CHYDKeHMe KOJTMUecTBa me-
PeIoMOB Y JINI], MIOKWJIOTO ¥ CTapueckoro Bo3pacta. focruranusupoBadsl 1017 manmMeHTOB, Y KOTOPBIX BBIMOMHEHO 1752
omepauyy. JIoyiss OTKPBITBIX TpaBM — 1,9%, yacTora ocjoskHeHUuit — 5,3%. BhISIBI€HbI KOPPEISLUU YMEPEHHO! CUJTBI
MEXIY OTKPBITBIMMU TIEpPEIOMaMM, OCJIOKHEHHBIM TeUeHMeM, 3aTpaTaMy Ha crauyoHapHoe yseuyenne (0,42>r>0,3).BeposiT-
HOCTb Pa3BUTHUSI TOHAPTPO3a B IsATWIeTHEM Tepuope coctaBuia 0,0161. Bo3pacT MyskuMH € pa3BUBIIMMCSI TOHAPTPO30M —
51#£7 ner, sxeHuMH — 60£7 neT. Bosee Momomoit BO3pacT BO3HMKHOBEHUSI apTpo3a Y MYKUMH, BO3MOXXHO, CBSI3aH C IIpe-
obmamaHueM 6oee TSKeIbIX MepesioMoB. CpeqHss CTOMMOCTb CTallOHAPHOTO JieueHusT Bo3pocia ¢ 26 533 py6. B 2017 1.
1o 34682 py6. B 2021 T. ¥ KpaTHO MPEBBINIAET CTOMMOCTb MOMMKIMHUYECKOTO STarla JIeUeHus.

3axntouenue. Tepenombl S82.1 mpeo61afaOT Y SKOHOMUUECKM aKTUBHBIX MYKUMH. CHMsKEHMe A0 TOCTPafgaBIInX Mo-
skumoro Bospacrta B 2019-2021 rT., BO3MOXXHO, 06BSICHSIETCSI YMEHbIIIEHEeM KOJIUYECTBa MOXKUIIBIX JTI0[Iell B PerroHe U
0COOGEHHOCTSIMM aHaeMIUYeckux orpaHmnuennii. Cucrema OMC HeceT HaM6OJIbINIME 3aTPAThI HA STANax OKa3aHMS CTaL-
oHapHoI momoniu. Ileiecoo6pasHo BHECTH B 6a3bl JaHHbIX KIaccUUKaMOHHbIe TpU3HaKy mepeaomoB 1o OA/OTA, uto
MMO3BOJIUT TOYHEE TUIAaHUPOBATh U AuddepeHIMPOoBaTh PACXoIbl Ha JieueHue.

KiioueBble cjI0Ba: TIepesioMbl TUIATO GOJIbIEOGEPIIOBOM KOCTH, STTUIEMMUOIOTHS, OCIOKHEHNS JIEYEH ST, ITOCTTPaBMaTye-
CKMIi TOHAPTPO3, MeTombl Data Science.

Ona outupoBaumsa: lony6es LI, Augpuenko C.I., Xamu P.A. AHanu3 pernoHaJbHbIX OCOGEHHOCTE Iepeno-
MOB IJIaTO 6OMbLIEGEPILIOBOIT KOCTU B POCTOBCKOI 06macTu. Tpasmamonozust u opmonedus Poccuu. 2023;29(2):74-87.
https://doi.org/10.17816/2311-2905-7985.
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Abstract

Background. The prevalence of tibial plateau fractures reaches 51.7 per 100,000 population per year, accounting for
approximately 1% of all fractures, and is associated with the development of post-traumatic knee osteoarthritis in 25-45%
of cases.

The aim of this study was to investigate the regional features, including frequency, structure, and outcomes, of S82.1
fractures.

Methods. An anonymized sample was obtained from the region’s database, covering the period from 2017 to 2021, using the
ICD-10 codes S82.1,Z247.0, M17.2, and M17.3. Data Science principles and software were applied for analysis.

Results. A total of 14,705 records were obtained. The average prevalence of tibial plateau fractures in the region was
24 per 100,000 population per year. The frequency of fractures was highest among the working-age population, with a
male-to-female ratio of 1.02:1.00. There was a shift in the age group of knee osteoarthritis occurrence to individuals over
60 years old. Since 2018, a decrease in the number of fractures has been observed among elderly individuals. Out of the
total sample, 1,017 patients were hospitalized, and 1,752 operations were performed. Open injuries accounted for 1.9%
of cases, and the complication rate was 5.3%. Moderate correlations were found between open fractures, complicated
course, and inpatient treatment costs (0.42>r>0.3). The probability of developing knee osteoarthritis within a five-year
period was 0.0161. The average age of men with knee osteoarthritis was 51£7 years, while for women, it was 60%7 years.
The younger age of osteoarthritis onset in men may be associated with a higher prevalence of severe fractures.
The average cost of inpatient treatment increased from 26,533 rubles in 2017 to 34,682 rubles in 2021, significantly
exceeding the cost of outpatient treatment.

Conclusion. Tibial plateau fractures (S82.1) predominantly occur among economically active men. The decrease in the
proportion of elderly individuals with fractures in the years 2019-2021 may be explained by a decrease in the elderly
population in the region and the impact of pandemic-related restrictions. The compulsory health insurance system incurs
the highest costs during inpatient care. It is advisable to include classification features of fractures according to the OA/OTA
system in databases to facilitate more accurate planning and differentiation of treatment expenses.

Keywords: tibial plateau fractures, prevalence, treatment complications, post-traumatic knee osteoarthritis, Data Science
methods.
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BBEJEHUE

[Tepesiombl TIATO 60/BIIEOEPIIOBOM KOCTU IIpe[-
CTaBJSIOT C000¥ CJIOXKHYIO IpobieMy u3-3a BO3-
pacramlieit YacTOThl M TSIKECTU OGMVDKaimmx U OT-
IaJeHHBbIX OCJIOKHeHMI. YacToTa TakKuxX MepeioMoB
Kojiebsercs or 17,0 o 51,7 Ha 100 ThIc. HaceleHUs
B rog [1, 2, 3], uTo cocTaBisieT NpuMepHO 1% OT Bcex
repeyoMoB, gocTurast 8% y MOXKWIbIX et [4, 5].
B 10-54% cnyyaeB Takue TMepeaoOMbl COIPOBO-
KOAITCS HEYLOBIETBOPUTENbHBIMM Pe3yJbTaTaMu
JledyeHus], 4allle BCEr0 HapylleHueM KOHI'PYIHTHO-
CTM CYCTaBHBIX ITOBEPXHOCTEl U OBICTPBIM IIPOTpec-
CUpOBaHMEM IOCTTPaBMAaTMUYECKOTO TOHapTpPO3a.
Crojikass MHBaJUIOHOCTb SIBJSIETCS CAeACTBMEM IIO-
IOOHBIX TOBpekIeHMii y 5,9-9,1% mocTpamaBiimx
[6, 7]. B monrocpo4yHoi IepcrieKTuBe MOCTTpaBMaTu-
YyeCcKuit TOHapTPO3 pa3BuBaeTcs y 25-45% malneHToB,
a BEepOSITHOCTb TOTA&JIBHOTO 3HIONPOTE3UPOBAHUS
KOJIEeHHOro cyctaBa uepe3 10 jyiet cocrasisieT 3-7%,
YTO yBeIMUMBAET OOIMe PACXOIbI Ha jTeueHue [8].

W3noxeHHOe TOATBEPXKAAeT aKTyaJlbHOCTb M3Y-
YeHMsI PerMOHAaIbHONM CTPYKTYpbl MEPEIOMOB IIJIaTO
60sb11e6epII0BOIt KOCTH. 115 IMIaHMPOBaHMS PabOThI
OTIe/eHUl TPaBMaTOJOTUM U OPTONeAUM MpencTaB-
JIIIOT MHTepeC 4acToTa U IMOMYISIMOHHbIE 0COOeH-
HOCTM IIepeioMOB: 3aBUCUMMOCTb OT BpeMeHU roja u
COLIMAIbHBIX XapaKTePUCTUK HaceneHus. Pe3ynbTaTel
aHaiMu3a 0030pOB, IOCBSIIEHHBIX SINUIEMUOIOTH-
YeCKMM XapaKTepUCTUKaM BHYTPUCYCTAaBHBIX IO-
BpeXIeHuit 60bl1e6epIioBOil KOCTU B €BPOIECKUX
CTpaHax, I0Ka3bIBAIOT, UTO BblllIeHA3BaHHbIE 3aBUCHU-
MOCTH CylIecTBYIOT [1, 9, 10, 11]

Llenv pabomosl — U3YyYUTb perMOHATbHbIE OCOOEH-
HOCTM TIEpeJIOMOB IIaTO 60JblIe6epIioBOil KOCTU
B PoCTOBCKOJ 06/1aCTH: YACTOTY, CTPYKTYPY, UCXOIBI.

MATEPUAJI 1 METO/IbI

Vudopmanus o aHanusa noaydeHa U3 6a3 JaHHBIX
TepputopuanbHoro GoHza 06s13aTeTbHOTO MeOUIIMH-
ckoro crpaxoBaHusi PocroBckoit obmactu (TOOMC
PO), TepputopuanbHoro oprana denepajibHON CITYK-
6bI TOCYTapCTBEHHO CTaTUCTUKY 10 POCTOBCKOI 06-
JIaCTH, CIIPAaBOYHOTO MOpTajia MO 34paBOOXPaHEHUI0
U MeIuLHe.

O6beKTOM MCCIeNOBaHUI  SIBWINCH BHYTPU-
CyCTaBHble IIepeioMbl TPOKCMMAaJIbHOTO  OTZe-
na 6ombiiebepiioBoit kKoctu (AO/OTA 41) [12, 13].
VnpentuduraTopamMmyu MHTEPECYIOIIMX I'PYIIN Iepeso-
MOB M UX MocaeaCcTBuUil IBasI0TCsT Koabl MKB-10:

— S82.1 — nmepesioM MPOKCMMAJIBLHOTO OTHeNa
60/IbIIE6EPIIOBOI KOCTH;

- 7Z47.0 — ynaneHye IJIaCTUHKYU T10C/e CpallleHus
repesioMa, a Takke Pyroro BHyTPeHHEero GuKCUpyIo-
IIer0 YCTPOIICTBA;

- M17.2, M17.3 — moCcTTpaBMaTU4YECKUIA TOHAPT-
pO3 [IBYCTOPOHHMIA, ApPyrMe IIOCTTpaBMaTUUECKUe
TOHapTPO3HI.

DKcIopT 3amuceir B ¢opmare XIs 3a mepuon
¢ 01.01.2017 mo 30.12.2021 mpoucxomui ¢ ¢uibTpa-
el 1o yka3aHHbIM Komgam. [lonyuyeHa rnepBMYHAS
MHpoOpMaIMs O BO3PacTe, IoJjie, JaTax oopalleHus 3a
MeIUIIMHCKOV IMOMOIIbIO, BUAAX M KOJIUUECTBE IPO-
BEJIEHHBIX OIepaluii, IJIUTETbHOCTY Mpe6GbIBaHMS
B CTaI[MOHApe, OCTOKHEHUSIX Y VICXOAaX JIeueHNs.

[TepconanpHas uHGOPMALMS O TAIMEHTAX U3 BbI-
XOOHBIX JAHHBIX UCK/II0YAIach, OMHAKO C YIETOM I10-
CTaBJIEHHONM 3a7auyyM OTCIEKUBAHUS TepeMelleHNs
MalyeHTOB MEXKIY Je4eOHbBIMM YUPEKAEHUSIMU U
TeppuUTOPUSIMHU B Tipenenax obmactu CHUJIC paccma-
TPUBAJICSI KaK Hambojiee yno6HbIi Mpu3HaK. C 1e/bio
cobmoaenyst HopMm deepasbHOIO 3aKOHA OT 27 UIONIS
2006 1. N2 152-®3 «O nepcoHaabHbIX JAHHBIX» B IIPO-
mecce skcropra gaHHbix CHUWJIC 3ammdpoBbIBaICs.
[lIndpoBaHme MPOU3BOAMUIOCH IPYIITMPOBKON 3aIn-
ceii ¢ oguHakoBbIMM 3HaueHnssMu CHUJIC u niepecra-
HOBKOJ 1IMGpP M0 eOUMHOMY CJIyYaiiHOMY JIJISi JAHHO
Tpymmbl anroputmy. TakumM o6pa3’oM COXpaHsIach
BO3MOXHOCTb OTC/IEKMBATD MalMeHTa Py HeJOCTU-
SKMMOCTY ero uaeHTudukanuu. HoBblii uaeHTU(MKA-
Top ob6o3HaueH Kak PID (Patient ID — uaenTuduka-
TOp MalMeHTa).

CTOMMOCTb JIeUeHUSI OMpefeNsuiach T0 KOmy
CTOMMOCTM CJTy4asl B COOTBETCTBUU C Tapudom
TOOMC PO*. CBemeHMsI 0 UMC/IEHHOCTY HaceIeHMs
PocTOBCKOJT 0671aCTM IO MYHUIIMIIAIBHBIM 06pa3oBa-
HUSIM TTOJTYY€HbI U3 OTKPBITHIX MCTOYHMKOB [14, 15].

VHdopmanyus obpabaTbiBajlaCh B COOTBETCTBUMU
C aJropuTMaMu IIOATOTOBKM, HPUHSATBIMM B Data
Science [16]:

— cOOp IaHHBIX U BBIFPY3Ka B popmare csv;

- pa3MeTKa, OuMCTKa U KiaaccuuKaIus;

— TeHepalus MPU3HAKOB U IMpeobpasoBaHue;

— TpOBepKa TUIIOTe3 Ha OCHOBAaHMM aHaIM3a
TaHHBIX.

IMepBuuHas o6paboTka M KiIaccMDUKALUS WH-
dbopmanum ocymectsisiiack B Excel Office 365.
IMoaroToB/iieHHble  JaHHbIe  IPeoOPa30OBHIBAINCH
B Pandas DataFrame. I'pynmnmupoBka, arpermpoBa-
HMe, CTaTUCTUYECKUil aHaiu3 U Tpaduueckas BU-
3yaamsanusl OCYIIECTBSUIUCh CpelCTBaMM ITaKeTOB
Python NumPy, Pandas, Matplotlib [17]. daHHble
B dopMmaTe CcSv, OIMcaHMe CTPYKTYpbl U Jupiter
Notebook st mx 06pabOTKM [OCTYIHBI IO afpecy:
https://cloud.mail.ru/public/63cg/GXgWu4ZYU.

[TockonMbKy TAIMEHThI MOIJIM TIEPEMEIIAThCS U3
cTalOHapa Ha aMOyJaTOpHOe JjieueHue, BHOBb TIOC-
MUTATU3UPOBATHCS [IJIST JIeUEHUST OCJIOKHEHUI MU
roHapTpO3a KaK CpeTHECPOYHOTO MOCAeACTBUS TPaB-

* Tapudsl Ha oruIaTy MeguiyHcKoi momotuu 1yist TOOMC npyrux cy6bekToB PO [dneKTpoHHBI pecypc].

URL: https://rostov-tfoms.ru/dokumenty/tarify/tfoms.
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MbI, PID mcIionb30BaH B KauecTBe MaeHTU(UKATOPA
IS OTCIEXXMBAaHUS M3MEHEeHMI cTaTyca MalyeHTOoB.
[y Toucka ciayyaeB pa3sBUTUSI TIOCTTPaBMaTUYECKO-
ro apTpo3a 6bUT IPUMEHEH CIeIYIONMIA aITOPUTM

— MalMEeHTbl CTrPyNnMpoBaHbl MO Komam S82.1
(rpyrnina 1) u M17.2 (rpymma 2);

— MeTOOOM IIOMCKa mepecedyeHuii MHoOxkecTB PID
B rpynmax 1 u 2 roayd4eHO MHOXECTBO COBITaAAIOIINX
KOZI0B;

— 3anucu crpymmnupoBadbl 1o PID u komam
MKB-10, matraM o6GpalieHus 3a CTALMOHAPHON MU
amMOy1aTOPHO-TIOIMKIMHNYECKOI TIOMOIITBIO;

— MHTEepBaJI MeXAY JAaToil TOCIUTaauM3aluu Io
TIOBOAY ITepeioMa U IMepBbIM 06palieHeM ¢ YyCTaHOB-
JileHueM auarsHosa M17.2 cuurtany mepmuoaom pas3Bu-
TUS TIOCTTPAaBMaTUYECKOro apTpo3a.

CTaTUCTUUYeCKUIL aHA/INU3

[yis1  HempepsIBHBIX I€PEMEHHBIX BBIUUUISIIUCH
CpelHMe 3HAuUeHUs] U CpegHEeKBaApaTUJyecKue OrT-
kinoHeHMs (SD). YacTOThl M MPOLIEHThI MCHOIb30-
BaIMCh MJISI KaTeropuMajbHbIX AaHHBIX. [IpoBepka
COOTBETCTBUS PE3yJAbTaTOB HOPMaJIbHOMY pacIipe-
JeJIEHUI0 OCYIIeCTBJSIIACh C MCMHOMb30BAHMEM TeCTa
Konmoroposa - CmupHoBa. Kputepuit cyMMbl paHTOB
VYunkokcoHa—MaHHa - YUTHM  MCIOJb30BA/JICS OIS
CpaBHeHMsI TOKa3aTesiell, pachpeleeHne KOTOPBIX
He COOTBETCTBOBAJI0 HOPMAJIbHOMY.

[TpoaHanM3upoBaHbl KOPPEISIIUN MEXAY Pa3Ind-
HbIMM (paKTOpaMM: BO3PACT, 10, MECTO SKUTETbCTBA
(roponckue ¥ CelbCKMe MYHMIIMITAIbHbIE 00pa3oBa-
HUS), MpeAoIepaliOHHbIe ¥ TOCIeoINepaniOHHbIe
OCIOKHEHMUSI, CE30HHOCTb TPaBM.
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EM17.2 mS82.1 mZ747.0

PE3VJIbTATbBI

IMonyuyenst 14705 3amnuceit. I3 pmanbpHeliliero aHa-
J3a 6bUIM UCKIIoUeHbl 1610 3ammceit, He MMEBIIMX
unentudukaropa PID u, ciegoBaTe/lbHO, HE YOOB-
JIETBOPSIBIIMX 3ajJavyaM MCCAedoBaHMUsA. B BbhIGOpKe
3a aHaIM3UPYeMblil Iepuop IpeobaamaroT Malu-
€HTBI, TIONMyvyaBIiIye aM6yIaTOPHO-MOAUKIMHNAYE-
CKOoe JiedyeHMe U JieueHMe B JHEBHOM CTaljMoHape
(puc. 1).

EskeromHasi [MHaMMKa Uicia 00paleHuii 1o rpyr-
nmam MKB-10 u KonuuyecTBa MallMeHTOB IIpUBeIeHa
B Tabnuiie (Tabs. 1). VI3 mpuBeIeHHBIX JAHHBIX Clie-
IyeT, YTO B ITOCTTPaBMaTUIECKOM Tepuoie malyeH-
THI HEe MeHee IBYX pa3 HabIIaanuch CIeaauCcTOM.

C nepenomamu S82.1 rocmutanmusupoBanbl 1017
MalyeHToB. B 9T0i1 rpyIie He3sHAYUTENbHO Ipeobiia-
Iany skeHmHbl — JK:M = 536:481.

Paznuuusi B cpegHeM Bo3pacTe B rpymmax S82.1
1 M17.2 6bIIM CTATUCTUUECKM 3HAUUMMBbIMMU (t = -49,
df = 14540; p<0,0001). Mexny rpynmamu S82.1 u
Z47.0 cTaTUCTUYECKM 3HAUMMble OTIMUYUSI B CpeJ-
HeM Bo3pacTte oTcyTctBoBaym (t = 1, df = 73, p = 0,1).
Bo Bcex rpynnax MKB-10 cpenHuit BO3pacT sKeHIIVH
TIpeBbIlIA CpegHUI BO3pacT My>kunH: S82.1 : Z47.0 :
M17.2 = 51,0+20,0(CK), 39,0+18,0(M):49,0+16,0(K),
34,0£16,0(M):61,0+14,00K), 54,0+17,0(M). OpHako
3HaUMMble OTAUUMS B CpeIHEM BO3pacTe BbISIBIEHbI
Tonbko B rpymnme S82.1 (t = -29, df = 7888, p<2e-16)
n M17.2 (t =-17, df = 3080, p<2e-16). Pactipenenenne
MalMeHTOB M0 BO3PacTy B 3aBUCUMOCTU OT MpUHAT-
sexxHocTH K rpynne MKDB nokasaHbl pUCyHKe 2.
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Puc. 1. Pactipenenenne nanyeHToB 1o rpynnam MKB-10 1 BumzaM oka3aHUsI TOMOILIN:
ATIIT — amGynaTopHO-MOMMKIMHKYECKas momolb; IC — nHeBHOII ctaimonap; KC — KpymIoCcyTOYHbIN CTaloHap;

CMII — ckopas MegUIIMHCKasi TOMOIIb

Fig. 1. Distribution of patients by ICD-10 groups and types of medical care:
OP — outpatient care; DSC — day hospital care; IHC — inpatient hospital care;

EMS — emergency medical services
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Tabnuya 1
CpenHee KOJIMUECTBO OOpAIlleHUI ¥ KOJIMYECTBO ManeHToB 1o rpynnaM MKB-10 B rop,
M17.2 S$82.1 747.0 Bcero

® oS % oS = oS g
To = o a8 s = o =S = 3 a s = =
: g = ggE| & = | ggE| & = ggE| & 2
g o = = o T 5 = ) =5 g o)
®© = HS < © = HS < ® = HS < © =
& | 5§ g5& & | E | 8358 & | § gE& & | E
o = O %o o = Og o o = O% o o =
2017 1670 1328 1,3 1392 631 2,2 6 3 2,0 3068 1962
2018 1995 1708 1,2 1584 758 2,1 35 29 1,2 3614 2495
2019 1181 958 1,2 1344 607 2,2 20 16 1,3 2545 1581
2020 870 718 1,2 1202 554 2,2 3 3 1,0 2075 1275
2021 573 475 1,2 1215 597 2,0 4 3 1,3 1792 1075
Htoro 6289 5187 - 6737 3147 - 68 54 - 13094 8388

Boapacr, ner
1= =)
= L=]

582.1 z47.0 M17.2

Puc. 2. PacnipefeneHne nanyieHTOB 10 BO3PacTy
u rpynnam MKB-10

Fig. 2. Distribution of patients by age and ICD-10 groups

PacmpocTpaHeHHOCTDb ePeIoOMOB B 06/1aCTH COC-
TaBuaa 24 Ha 100 ThIiCc. HacejleHUsI B rojl C MaKCU-
MajbHBIM 3HaueHMeM B IOPTOBOM ropoge TaraHpore
(6omee 100) ¥ MUHMMAJIBHBIM B CETbCKUX paiioHax
(1,5 ma 100 TeIc. HaceneHus). Pacrnpenenenue 06-
palleHuit nauueHToB ¢ nepejnoMamu S82.1 u ux no-
CJIeICTBUSMM T10 TOAAM HabM0IeHUs TIpUBeIeHo Ha
pUCYHKe 3.

2500
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[MnoTHOCT, pacnpeneneHus: IepeJiOMOB B pas-
JIMUHBIX BO3PACTHBIX TPyMIlax B MHTepBaje OT 5
no 90 et (mar — 5 JjieT) TTOKa3aHa Ha pPUCYHKe 4a.
YacToTsl MMEIOT HECKOJIbKO IMUKOB, MPUXOOSIIUXCS
Ha aKTUBHBIN «CIIOPTUBHBII», & TAKKe Ha TPYAOCIHO-
COOHBI BO3pacThl. PacmpenesneHue 06paTUBIINXCS
B 9TOT 3Ke TIepuof, /ISl JIeueHUsI 10 TTIOBOZy TOHAPTPO-
3a SIBJISIETCSI CKOIIEHHBIM B HalpaBJIe€HUM CTAPIIUX
BO3PaCTHbIX Ipym (puc. 4b).

O1leHKa 3aBUCUMOCTU KOJIMYECTBA MEepPeIOMOB OT
M3MeHEeHM! YMCTIeHHOCTY HaceJleHus1 06/1acTu U KO-
JInJyecTBa XuTesell B Bo3pacte crapiie 60 seT ocy-
1IeCTBJI€Ha HOPMUPOBAHMEM BeIUYMH TOAOBOI UMC-
JIEHHOCTU HaceJeHUs], YMCJIeHHOCTU JIUI] B BO3pacTe
crapiiie 60 JIeT 1 TOJOBOTO KOJIMYECTBA JIUIT TTOXXUIOTO
BO3pacTa, HAXOAUBIINXCS HA CTAI[MOHAPHOM JIeUeHUU
c nepenomamu S82.1 (puc. 5).

C 2018 r. mpou301UI0 CHMKEHME KOIUUeCcTBa Ie-
peIOMOB Y JIUI] TIOXXUJIOTO M CTap4yecKoTo BO3pacTa.
Ckopee Bcero, Takoe sIBJieHMe CBSI3aHO C yMeEHbIIe-
HMeM OOIIero KojuM4ecTBa IEPeioOMOB Y MYKUMH U
SKeHIIMH BCeX BO3PacTOB B TOM 3Ke Tepuoge (puc. 6),
a Takke ¢ 6ojiee JKeCTKMMM OTpaHMUYEeHUSIMU [IJIsT T10-
SKUJIBIX B CBSI3U C TTaHAEeMMeli KopoHaBuUpyca.

AHanu3 TIJIOTHOCTU pacipeeneHus IepeioMOB
S82.1 o mecs1iam Mo3BoJSIeT 3aK/II0UUTh, UYTO €€ yBe-
JINYeHue MPUXOIUTCS HAa BeCEHHUI U JIETHUI Tepuo-
el (puc. 7).

Puic. 3. Uncio exxeromHbIX 00palieHuit Mo moBoay
nepeniomoB S82.1 1 Ux mocIeACTBUIT B POCTOBCKOI
o6acTu

Fig. 3. Annual cases of S82.1 fractures and their
consequences in the Rostov region
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Puic. 4. TINOTHOCTH pacIipeeieHus MayeHToB ¢ epesomamu S82.1 (a) v roHapTpo3om M17.2 (b) 1o BO3pacTHBIM IpymIam
Fig. 4. Density distribution of patients with S82.1 fractures (a) and M17.2 osteoarthritis (b) by age groups

0.65 —— o T
/\ ‘_ P - M
0.60 - \ = E ‘
0.55 // = 0,050~
0.50 \
045 \ 0.025-
N
i \ 0.000- [ : : ; T ; : : : I : :
035 \ 1 g 3 4 5 & 7 B o 10 " 12
\ Mecsaupl

0.30

Puc. 7. [INOTHOCTD pacripeeneHus cy4aes
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Fig. 7. Monthly distribution of hospitalization cases with

Puc. 5. HOpMI/IpOBaHHbIe JaHHbIe: ICD-10S82.1 (2017_2021)

P — Hacenenne; E — KOMMUECTBO MOKWUIIBIX;

F — KOMMeCTBO T1epeOMOB Y TIOKUIIbIX B Tabnuie 2 1OKa3aHO pacIipefeneHyue MalyeH-

Fig. 5. Nom}alize‘i data: ) TOB B 3aBMCMMOCTY OT BUIA ITOJyYeHHOI ITOMOIIN U

P — population; E — elderly population; xoga MKB-10. OueB1IHO, UTO 4,0/ aM6yIaTOPHO-TI0-
F — number of fractures in the elderly "

JIUKIMHUYECKO IOMOIIM IIpeobiagaeT BO BCeX IPyII-

nmax MKB-10. MuHMMaIbHOE KOJMYECTBO OOpaleHmnit

o B CIY’KOY CKOpOJi TOMOIIYM B CelTbCKON MeCTHOCTU

ITO3BOJISIET CIe/IaTh IPeaIoIoKkeHe 1160 0 HeJocTa-

et ) TOYHOI 06eCIeYeHHOCT CIAYKObI B 3TUX PEruoHax,

160 O MpeAIOUTEeHUN MAIeHTOB CaMOCTOSITEIbHO

IoOMpPaThCS 0 JIeueGHOTo yupekaeHus. KocBeHHbIM
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KonuuectBo NauMeHToB, Yen.

80 MOATBEPKAEHMEM 3TOTO IPEIIOI0KEHUST SIBIsIET-
60 Cs1 MATUKPATHO MEHbIIee KOJIMYECTBO OOpalieHuit
40 B CMII B cenbCKOVi MECTHOCTM 10 TTOBOAY IepPeioMOB

20 - S$82.1 (ropop;:cenbcKast MeCTHOCTb = 157:30)
0 DKCTpeHHO 6bUIM rocmuTanusupoBadsl 1017 ma-
2016 2017 2018 2019 2020 2021 2022 ppeyTOB C [IepPEIOMAaMM, ONIEPUPOBAHBI 748 U3 HUX —
foabl HabntoaeHMs BBIMOJIHEHO 1752 onepatyy. [Io HEOTIOXKHBIM U I1J1a-

HOBBIM TTIOKa3aHUSIM B MHTepBasie 24—72 4. Cc MOMeHTa
TOCTYIUIEHUSI Y OOJBIIMHCTBA MAlMEHTOB BITTOTHS-
Jlacb TpefoliepaliMOHHAsl TOATOTOBKA CKeJeTHbIM
BBITSDKEHMEM C TIOCAEOYIONMM TMOTPY>KHBIM OCTeO-
cuHTe30M (puc. 8). HasBaHus omepawnuii IpUBeLeHbI
B COOTBETCTBUM C KIACCUPUKATOPOM™,

Puc. 6. Pactipenenenne nepenomos S82.1 cpeayt My>KuMH
u keHIyH B 2017-2021 rr.

Fig. 6. Distribution of S82.1 fractures among men
and women in 2017-2021

* MUHUCTEPCTBO_3/ApaBooxpaHenusi_Poccuiickoii ®emepauyn. [Ipukas ot 13 okrsiopst 2017 r. N 804H «O6 yTBepsKAEHMM HOMEHKIIA-
TYpPBI MEOVILIMHCKUX YCIYT» (C U3MeHeHusIMu Ha 24 ceHTsI6ps 2020 r.). 2020. Pesxum mocryma: https://docs.cntd.ru/document/542609980.
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Tabnuya 2
Pacnipepenenue nmauyeHTOB IO rogam, Bugam nomouy u rpynnam MKB-10
M17.2 S82.1 747/0
T'og, Utoro
AITIIT cC KC CMIIT | AIIIT IcC KC CMIT | AIIIT ac KC CMIT
2017 1677 21 33 4 1309 2 343 35 5 - 2 - 3431
2018 1989 40 72 4 1478 10 426 35 12 - 25 - 4091
2019 1185 24 35 6 1292 4 276 22 9 - 12 - 2865
2020 859 9 18 8 1137 4 262 33 3 - - - 2333
2021 552 11 21 2 1144 212 38 4 - - - 1984
Bcero | 6262 105 179 24 6360 20 1519 163 33 0 39 0 14704

ApTpockonuyeckune Bmewatenbctea | 14
Hanoxexune annapatos BHewHel dukcauvn [l 40
MutpamenynnsapHbiii octeocnntes [l 57

Penosunums otnomkos kocteit npu nepenomax [ 75

HanoxeHue ckeneTHoro ebiTsokeris G /5
HaxocTHbIlt ocTeocuHTes GG 537

0 100 200 300

Pacripenenenne mauyeHTOB C IepejioMaMi 10 KO-
JIMUECTBY MPOBEJEHHbIX Y HUX OIepaluii mokaszaHo
Ha pUCyHKe 9.

[Tpeobnamam mayeHTbl ¢ OMHUM-IBYMS BMeIIIa-
TenbCTBaMU, ogHako y nauyeHTa PID N2 20-887-821 469
3a nepuog 92-gAHEeBHON TOCIUTAIM3ALNN ITPOBEIEHO
25 onepaumii.

OTCyTCTBME B UCXOAHBIX JAaHHBIX CBENEHUI O Xa-
paKkTepe TIiepelOoMOB (OTKPBITBIA WM 3aKPbIThIN)
MOTPe60BAI0 BBINOJHUTh aHAIMU3 COUYETAHMII oOIle-

500 4

=

=1
=]

=1
=]

100 —}—————

Konuyectso nauueHToB, yen.

t

19904 .0 0000 s o [ L
T ee®eeee & [ o R ol
1

T

| | |
7 9111315171921 325 212

14

[oonepaunoHHoe npebbiBaHue, AHU

Puc. 8. Hanbornee yactbie orepaTuBHbIE
BMeLIaTelbCTBA, BHIITOTHSBIINECS

10 HEOTJIOXKHBIM U IJIAHOBBIM
nokasaHusIM B rpymmne S82.1

Fig. 8. Most frequent surgical
interventions performed for emergency
and planned indications in the S82.1

500 600 group

pPaTMBHBIX BMEIIATENbCTB Yy MAIMEHTOB B II€pPBbIE
cyTKM rocnuTtanm3anyy. KomudecTBo mocTpagaBuimx,
IJIST KOTOPBbIX ObUIM yKa3aHbl HEMCTBUS, XapaKTep-
Hble IS 00pabOTKM OTKPBITHIX TPaBM, COCTABUIIO
22 (1,9%) cpemu rocrnuTaau3MpPOBAHHBIX C KOOOM
S$82.1 (Tabm. 3).

B 3ammcsax 6asel maHHbIX TOOMC PO ormmcaHbl
OC/IOKHEHMSI Y UYeThIpeX IalMEeHTOB, HAXOIMUBIINX-
€Sl Ha CTAIMOHAPHOM JIEYeHUM II0 ITOBOMY Iepeso-
MOB IIPOKCUMAJIbHOrO smnyuMeTadusa 60biIedepio-

3
ke
o

o

8 8
i

=1
1=

Innm

1IN

Konnuyectso nauueHToB, Yyen.
=]
o

—

=]

[=1
[
|

‘ 1
1 | P11 011 |
123456789101112131415161718192021222324
Konuyectso onepauuit y naumeHTa

o

®)

Puc. 9. PacnpeﬂeneHI/[e MMalMMeHTOB I10 OJINTEJIbHOCTU JOOIIEPAllMIOHHOTO KOWMKO-ITHS (a) M KOINM4YeCTBY MMPOBEAEHHDBIX

onepauuii (b)

Fig. 9. Distribution of patients by preoperative hospital stay duration (a) and number of surgeries performed (b)
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BOJM KOCTU. BrifeneHue 13 KOrOpThI MOCTPagaBIINX,
Y KOTOPBIX B II€PUOJ, MTePBOI TOCIUTAIU3AINY OBLIO
MpoBeneHO 6ojiee OMHOI oTepalyu, MO3BOIUIIO YCTa-
HOBUTbH, YTO OIEPATHBHbIE BMEIIATEIbCTBA, OOBIYHO
BBITIOSIHSIEMbIE TI0 MMOBOLY OCIOKHEHWIA, TPOBeAeHbl
y 54 yenoBek (Tabi. 4).

Takum 06pa3oM, YaCTOTa OCIOKHEHUIA ITPU XUPYP-
IrMYeCKOM jieueHuu nepeaomoBn S82.1 ocrasuia 5,3%.

Paccuntanbl KO3GGULMEHTHI KOPPEISIIUUA MEKITY
KOJIMYeCTBEHHBIMM MOKa3aTeIsIMM 151 OLleHKY B3au-
MOCBSI3Y (haKTOPOB, KOTOPbIE MOTYT BJIMSITh Ha MCXOJ,
JiedueHMS. V3 MCXOOHOM KOPPEISILMOHHON MaTpPUILbI
pasMepHOCTbIO 15x15 ygajeHbl MOKa3aTeNIu C BeJIN-
yyHaMu Kospuientos menee 0,1 (Tabm. 5).

Kak cinemyeT u3 mpencTaB/Je€HHOI KOPPEISIOH-
HOJi MaTpuilbl, OGOJBIIMHCTBO ()aKTOPOB He CBsI3a-
Hbl MeXIy co60. CHJIbHbIE KOPPEJSIIUM BbISBIEHbI
MeXIy:

— CTOMMOCTBIO JieueHUs ¥ (aKTOM IpPOBeIeHMS
OIlepaTUBHOTO JIeYeHUs;

— (aKkToOM IMpOBeHeHNs ONePaTUBHOTO JIEUEHUS U
OLIeHKOJi pe3y/bTaTa JieueHMs IIPU BBITIMCKE.

[IpocnexuBarTCs KOppensuuMu CpenHell CUIIbL
MeXIy:

— XapakTepoMm mepenoma (OTKPbITbI MU 3aKPbI-
ThIif) ¥ OCIOKHEHHBIM T€YEeHUEM ;

— IJIUTETbHOCTHIO MPeObIBAHMS B CTAIMOHApe U
(axToM mpoBeneHMs orepan.

Tabnuya 3
BmeniaTenbsCcTBa, BO3MOKHBIE IIPU OTKPBITBIX TepeIoMax
BmemiaTenbCcTBO Uucno nauyeHTOB Kop,
Xupypruueckast 06paboTka paHbl MY MHOUIIMPOBAHHOI TKaHU 12 A16.01.004
VilBaHMe OTKPBITOI paHbl (63 KOKHOI Iepecagku) 1 A16.01.009
OTKpBITOE JIeueHue nepesioMa (6e3 BHyTpeHHelt hurcamymn) 1 A16.03.027
YcTaHOBKA IMCTPaKIMOHHOIO anmnapara 3 A16.03.048
VnaneHue cBOGOIHOIO Wi MHOPOTHOTO TeJla CyCcTaBa 3 A16.04.003
[IpeHnpoBaHMe MOIOCTU CyCTaBa 2 A16.04.048
Bcero 22 -
Tabnuya 4
KonnuecTBO nmarnmeHTOB, IepeHecHnX onepanum 1o MoBOAY OCI0KHEHUI

HaumeHoBaHMe ornepamnumn Unciio mauueHToB Kopn, onepaiiumn
Hexkpakromus 3 A16.01.003
Xupypruueckast 06pa6oTka paHbl Wiy MHOUIMPOBAHHOI TKaHU 37 A16.01.004
HanoskeHne BTOpMUYHBIX IIBOB 1 A16.01.008.001
BckpbiTHe U IpeHMpoBaHue daerMoHsl (abciecca) 2 A16.01.012
dacumoromus 1 A16.02.001.003
VccedeHne MOpaskeHHOM KOCTU 1 A16.03.016
O6paboTka MecTa OTKPBITOTO IepeiomMa 3 A16.03.031
OCTeOoHeKPIKTOMMUS 1 A16.03.058
KpaeBast pesekiiyust KOCTU 3 A16.03.059
[peHnpoBaHMe MOMIOCTU CyCTaBa 2 A16.04.048
Bcero 54 -
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Tabnuya 5
Koppensanumu Mmekay yuTeHHbIMU akTOpamu AJisa mepeaomosn S82.1

3 £ . :

o oS = o oo o

55| EE By <2 | 55E . E:| B
[lapametp E o5 | oF | g% T a EEE| o8 E3 | EE
o S g o = S Jgoo == = E=
Q = Q S 2 = = a, = = o g S g
3 52 5% BE B Er | 5i% 2% Eg 5
@ 23| 29| && = =B HEg| G| o | o&

Bospact 1 -0,07 0,02 0,02 0,32 0,04 0,01 -0,04 | 0,01 0
KonnuecTBo omneparuii -0,10 1 0,26 -0,02 | -0,10 -0,06 0,14 0,27 -0,08 | 0,06
KommuecTBo KOViKO-IHEe 0,02 0,26 1 -0,13 | -0,10 -0,33 0,22 0,25 -0,03 | 0,17
PesynbTat npu BeINMCKE 0,02 -0,02 | -0,13 1 0,03 0,79 -0,02 -0,83 | -0,12 -0,2
ITon 0,32 -0,06 | -0,06 0,03 1 0,05 -0,03 -0,04 0 -0,01
[ManyeHT ortepupoBaH 0,04 -0,06 | -0,33 | 0,79 0,05 1 0,09 -0,79 | -0,15 | -0,25
InuTenpbHOCTD Npefonepail. 0,01 0,14 0,22 -0,02 -0 0,09 1 0,07 0,04 -0,03

KOMKO-IHS

CTOMMOCTb JIeUeHUS -0 0,27 0,25 | -0,83 -0 -0,79 0,07 1 0,06 0,15
OTKpBITHIN ITEPEIOM 0,01 -0,08 | -0,03 | -0,12 0 -0,15 0,04 0,06 1 0,34

OcokHEHHOEe TeueHue 0 0,06 0,17 -0,20 -0 -0,25 -0,03 0,15 0,34 1

CusibHbIe KOppeIAIMOHHbIE CBA3M MEXKAY IMPM3HaKaMU BbIAE/I€HbI )JKUPDHBIM U.[pI/Id)TOM.

Koppensinym Mexxny MHBIMU TIOKa3aTensiMu, IpU-
BeZIeHHbIMU B Tabnuiie, ciabbie WK OTCYTCTBYIOT.

Oco6blit MHTepec TPEeNCTaBIsIeT BepPOSITHOCTh
BO3HMKHOBEHMS NOCTTPaBMaTUMYECKOrO0 TOHApTpo3a
y MaLMeHTOB, IlepeHeCIMX BHYTPUCYCTAaBHBIE Tepe-
nombl Tuna 41. Ilo xoxy PID unentuduimposansl 24
MalMeHTa, Y KOTOPbIX B TeyeHue IMOCTTpaBMaTuye-
CKOTO TIepuopa HabG/ogeHuss ObUT TMarHOCTUPOBAH
rOHapTPo3. B 3T0i1 rpymiie 6610 6 MYKUMH (CpeTHMIA
Bo3pact 51%7 net) u 18 >keHUMH (CpemHUIT BO3pacT
607 sier). BeposiTHOCTh OOpallleHNsT TOCTPagaBIINX
IL7IS1 IeueHUs: apTpo3a B 5-1eTHeM Iepuofe CoCTaBu-
na 0,0161. Bonee Momonoii BO3pacT BO3HUKHOBEHMS
apTpo3a y MYX4YMH, BO3MOXXHO, CBSI3aH C TSDKECTBIO
TPaBMbI, OJHAKO OTCYTCTBUE MHPOPMAIUK O KIaCCU-

(buKaIMOHHBIX TIpU3HaKax rnepesomoB Mo AO/OTA u
IOCTYTIa K PEHTT€HOBCKUM M300paskeHUSIMU He T103-
BOJIsIET YTBEPXKAATh 3TO.

IvHaMMKa pacxofoB Ha CTalMOHAapHOe JjeyeHue
MOCTpaAaBIIMxX MpuBeneHa Ha pucyHke 10. [ImkoBoe
3HaUeHMe pPacxolloB Ha JieueHMe ONHOTO IMallMeHTa
6buto B 2019 1.: 121285,71 py6., 92 nHs pe6GbIBAHUS
B CTallMOHape IJIs CHSTMS anrapara BHeIIHel (puk-
caium, 13 mHel mpemorepalMOHHOTO IpeObIBaHMS.
Bumumo, 3TO CBSI3aHO C BOSHUKIIMMM OC/IOKHEHUSIMU
MUIMKOMOPOMIHOCThIO,0MHAKO YTOUHSIONI e CBeIeHUS
B 6ase OTCYTCTBYIOT.

CpaBHeHMe TOJIOBBIX PacXO[lOB perMoHa Ha Jieue-
Hue nepenomMoB S82.1 u roHapTposa M17.2 npusefe-
HO B Tabu1Ie 6.

120000
v
& 100000 -
o Puc. 10. l'ogoBas guHaMMKa pacxofloB Ha CTallMOHApHOe
% e JieueHue repeaoMoB S82.1: max — MakCcuMaIbHas
3 CTOMIMOCTH JIEUEeHUSI OHOTO MalMeHTa; avg. — CPeIHsIs
E 60000 CTOMMOCTD JIEUeHMST; Min — MUHMMaJIbHas CTOMMOCTh
] JIeueHUs
=
S 40000 Fig. 10. Annual dynamics of expenses for inpatient
e //_’_'_"f’m treatment of S82.1 fractures: max — maximum treatment
20000 cost per patient; avg. — average treatment cost;
—.—-'-'.—-.—--_ . . .
. : : . i . i min — minimum treatment cost
2017 2018 2019 2020 2021
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Tabnauya 6
E>xerogHble permoHa/JbHbI€ 3aTPaThl HA JleueHMue nmepeaoMmon S82.1
(cTanmMoHapHOe ¥ aMOy/IaTOPHO-TOIUKINHUYECKoe) ¥ rToHapTposa M17, py6.
T'og, M17.2 S82.1 crati. S82.1 AIIIT Utoro
2017 1387610,36 5916872,13 375124,67 7679607,16
2018 2565307,83 9505274,37 462 205,62 12532787,82
2019 1317467,84 5844432,84 537118,98 7699019,66
2020 681396,62 5578510,14 449114,37 6709021,13
2021 718993,67 5271670,17 474 240,06 6464903,90
Bcero 6670776,32 32116759,65 2297803,70 41085339,67

B rabnuie 6 Buigensiercs 2018 r., Korga cymma pac-
XOZIOB TIOYTY BIBOE IpEBbICUIA CPeIHETONOBBIE, UTO
CBSI3aHO C KOJIMYECTBOM IIEPEIOMOB B aHaIM3Upye-
MoM nepuope. OTHOCUTEIbHO HeOOJbIINe 3aTPaThl
Ha jJieueHye TOHAPTPO3a MOKHO OOBSICHUTDH TEM, UTO
MaIyMeHTbl 00pamaanch B OCHOBHOM 3a aMOyiaTop-
HO-TTOJIMKJIMHUYECKOJ TTOMOIIbI0 C HEBBICOKOIM CTO-
MMOCTbIO OTUIATHl BM3UTA, HE BKIIIOUAIOIIEH OIIaTy
MeIMKaMeHTOB.

CBemeHus 06 MCxomax JieueHus IPUBEIEHbI B Ta0-
e 7.

Tabnruya 7
Hcxopnpl 1eyeHMs B 3aBUCHMMOCTH OT IPYIIIbI
MKB-10, ynciao cirydyaeB

Kon MKB-10 Bcero
Wcxon neuenus
M17.2 | S82.1 | Z47.0 | A6c. %
Bes nepemen 3748 3352 | 23 | 7123 | 54,40
Bri3goposiieHne 989 1432 13 2434 | 18,59
Pemuccus 681 5 - 686 5,24
ViyuuieHue 869 1911 32 | 2812 | 21,48
YxyniieHue 2 37 - 39 0,30
HUtoro 6289 | 6737 | 68 |13094| 100,00
OBCY>XXIEHUE

Llenpio McciemoBaHusl GblIa OLIEHKA PETrMOHAIbHBIX
0CO6GEeHHOCTEl pacpoCTPaHEeHHOCTY ITepeIoOMOB IIa-
TO 60JIbIIE6EPIIOBOI KOCTU, OKA3aHMS IIOMOIIM, Pa3-
MepOoB (DMHAHCOBBIX MOTEPh, BEPOSITHOCTU Pa3BUTUS
IMOCTTpaBMaTUUYECKOTO roHapTpo3a. [Ipenronaranocs,
yTo 6a3a gaHHbIX TOOMC mpemocTaBisIeT perpeseH-
TaTUBHBI HAGOP CBEOEHMII O YaCTOTe U JIEUeHUU T1e-
peIoMOB B peruoHe.

Ianubie o 3a6omeBaemocty 24 Ha 100 TbIC. yeso-
BEK B roji, oJIyYeHHbIe B HACTOSIIIIEM MCCIeIOBaHIN,
COOTBETCTBYKOT MHTepBajiam 3HadeHuit ot 10,3 Ha

100 TeIC. [2] mo 51,7 Ha 100 ThIC. [3] TTO CBEmeHUSIM
pPerucTpoB eBpOIeiiCKIX CTPaH.

CUIbHBIX KOPpPeasiuuit MeXIy YYTeHHbIMM ITOKa-
3aTensiMu, KpomMe CTOMMOCTM JiedeHUsl, He BbIsiBJIe-
HO. OOBSICHEHMEM 3TOMY SIBJISIETCSI TOT (DaKT, UTO MC-
M0JIb30BaHHBI MCTOUHMK OPMEHTUPOBAH Ha OLIEHKY
3aTpaT, COCTaBJIEH M KOHTPOIUPYeTCsS GDMHAHCOBBIMU
opraHamMyu. Ocob6eHHOCTb 6a3bl JaHHBIX HE IO3BOJISI-
eT aHaJIM3UPOBaTh CBeeHMSs, MIpeCTaBISIoNe UH-
Tepec [Jis XUpypra-TpaBMaTosora (OTKPbITbie WU
3aKpbIThbie, BU, IIepeiOMOB, BpeMeHHbIe MHTePBaJIbl
U XapaKTep BO3HUKAIOUIMUX OCIOXKHEHUI U T.1,.).

B xopme BbITIOJIHEHMSI HACTOSIIIETO PEeTPOCIIEKTUB-
HOT'O MCC/IeJOBaHMSI YCTAHOBJIEHO, UTO YacToTa Iepe-
jnomoB MKB-10 S82.1 umeeT TeHIeHIIMIO K CHMKEHUIO.
B nuTepaType cyliecTBYIOT AMaMeTpaJbHO MPOTUBO-
MTOJIOSKHBbIE TaHHbIe. Psi eBpormeiickux ImyommKait
COOOIIAIOT O POCTE UMC/IA OCTEOITOPOTUUECKUX TTepe-
soMoB S82.1, KOTOpbIe BBISBJISIIOTCS Oyiaromapsl Ka-
yecTBeHHbIM MeTomam Busyanmmsanuu — KT u MPT
[2, 3, 18]. Takne mepesOMBbl YaCcTO SIBJSIIOTCS MUHU-
MaJIbHO CMEIIEHHbBIMM ¥ He 00s13aTeTbHO Tpeby-
IOT OTepaTuMBHOTO JieueHUs. HecMoTps Ha TO, UTO
B JTAaHHOM MCC/IeIOBAaHUY BbISIBIEHO MOIMMOIA/IbHOE
pacripefejieHe 4YacTOThl IIepeOMOB IO BO3pacTy
C OIHUM M3 MUKOB, MPUXOOSIINKCS HA BO3pacT 6o-
nee 60 neT (cM. puc. 4), HET JIOTUYHOTO OObSICHEHUS
OTMEUEHHOMY CHUKEHMIO eXeroJHOro KOoJuuecTBa
TepeyioMOB Yy MallMeHTOB TOXWUJIOTO U CTapuyeckoro
BO3pacrTa.

MeHbllIMIi HAKJIOH KPUBOM CHUKEHUSI YaCTOThI
TepesoMOB TIOIYYeH Y MY>KUMH (CM. puc. 6). Takoi
pes3yabTaT COMOCTaBUM M COIJIacyeTcCsl C MOMYIsm-
OHHBIMM MCCJIEAOBAHUSIMM TIEPEIOMOB IUIATO OOJb-
mebeprioBoit koctu [3, 10, 19]. Hamporus, B uccie-
nmoBaHuu V. Vestergaard ¢ coaBTopamy moKa3aH pPoOCT
Ko/iimyecTBa IiepesomMoB S82.1 mpu COMOCTaBMMOM
C HallMMM OJAHHBIMM O KOJMYeCTBe IepesioMOB Ha
100 TIC. Hacenenwus [20].

Cneuuduueckuii Habop maHHbIX B 6aze TOOMC
He T03BOJIsSIeT MOMHOILIEHHO aHaJIu3MpOBaTh MPUUU-
HBI U TUIIBI TIEPEJIOMOB, 00beIMHSIEMBIX KOmoM S82.1.
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B ny6nukanysx, moCBSIIEeHHbIX 0COOEHHOCTSIM ITepe-
JIOMOB IUTIaTO GOJIbIIEOEPIIOBOI KOCTU, MOIUEPKU-
BaeTcs, 4To mpeobnamanue TmnoB 1mo AO/OTA wunu
J. Schatzker ¢ coaBTopamu [12] 3HaUNTETBHO OT/INYA-
I0TCS B pasHbIX cTpaHax. B [lanuu n bpaswminm camoit
pacIpoCTpaHEeHHOJ KOHGUTYpaIMeil SIBJSIOTCS Ie-
pesiombl 41-B3, BTOpbIMM IO YaCTOTE SIBJISIIOTCS Iepe-
nombl 41-C3 [2]. B Cunrarype Hanbosee pacmpocTpa-
HEHHBIM BapMaHTOM MepeIoMoB 6611 41-B1, BTOphIM
1o vyacrore — nepenom 41-B3 [19]. [Ipuyem TONMBKO
50,5% mNauMeHTOB HYXIAINCh B XUPYPTUUYECKOM
BMelIaTe/NbCTBEe, UTO HAMHOTO HIKE, UeM B UCCIE[0-
Bauuu R. Elsoe ¢ coaBTopamu, KOTOpbIe YKa3bIBaIOT,
4To y 92,1% manueHTOB IIPOBEEHbI pa3/IMUHbIE XU~
pypruyecku BMelIaTenbcTBa [2]. B aHanusupoBaH-
HOM HaMM MacCUBe XUpPYypruueckue BMellaTeabCTBa
BBIIIOJTHSINCD Y 73,6% TalleHTOB.

B Hamem uccoiegoBanuu 1,9% mnepenoMoB Kiac-
cubUIMPOBAaHbl KaK OTKPBITbIe, YTO HICKE, YeM
B IIYOIMKAIMSIX, II€ OTKPHIThIE TIEPEIOMBI IVIATO 6OJTh-
re6epIioBoii KOCTM cocTasisioT 9,9-12,8% [21, 22].
B03MOXHO, 3TO CBSI3aHO C HEMOJHOTOM PEerucTpu-
pyeMbIX B 6a3e JaHHBIX CBeleHMii. BakTepuanbHOe
3arpsisHeHMe TOBPEXAEHHBIX TKaHei cycTaBa oIpe-
IensgeTcss KaK BaKHENIIMiT HeusMeHSIeMbIii (aKkTop
pMCKa IToCJIeoNe palMOHHbIX HAaTHOeHIi. I36upaeMast
cTpaTerusi jeyeHus NepeioMOB C MCIOAb30BaHUEM
BHEIIHe (uKcauyuy B OGOJNBIIMHCTBE CJTyyaeB II0-
3BOJISIET ITPENOTBPATUTL HEOGIArompusITHbIE VICXOMbI,
BKJII0Yasi OCTEOMUEUT U MOCIEAYIONIYI0 aMITyTaluio
[23, 24, 25].

B 6a3ze TOOMC PO HaiimeHbl CBemeHUS TOJIbKO
0 YeThIpex CIydasx MHGOEKIMOHHBIX OCIOKHEHMIA.
OIHaKo UX UCTUMHHOE KOJMYECTBO, BbISIBJIEHHOE ITy-
TeM aHajau3a BUIOB OINEPaTUBHBIX BMeIaTeIbCTB,
MMPOBeJeHHbIX B MIepUOJ, rOCIUTAIU3al NN, OLIeHEHO
B 5,3%, uTo cormacyetcs ¢ pe3yJabTaTaMM MHOIO-
LIEHTPOBOI'O MCCIeNOBaHUS Pe3yabTaTOB OlepaTuB-
HO (GUKcaMy IMepeIoMOB IUIATO 6OJbIIE6EPIIOBOI
KOCTM B TPaBMaTOJOTMYECKUX IeHTpax 1-TO ypoB-
HS, TPOAEMOHCTPUPOBABIIET0 YaCTOTYy HarHOEHMIA
B 7,4%. Ilpy MHOroakTOPHOM aHajau3e MPUUUH
MOC/eonepalMOHHbIX OCIOKHEHUI eIMHCTBEHHBIM
3HAUYMMBbIM (PAKTOPOM PUCKA aBTOPbI HA3BAIN Upe3-
MepHoe, 6osee 14 eguuuil (420 M) B HEIEIO, YIIO-
TpebiieHMe KPEITKOTO aJKOTouIs. [Ipyrue nmapaMeTphi,
TakMe KaK KypeHue, caxapHbIi AuabeT, oxkupeHue
u ypoBeHb ASA, He OKa3bIBa/IM BAMSHUS HA YaCTOTY
HarHoeHuii [23].

OTCyTCTBME MPSIMBIX CBEIEHMIT O TUIIE TepeIoMa
mo AO/OTA wnu no Schatzker, maHHBIX O XapakTepe
rnepejioMa — OTKPBITBIN MUAM 3aKPbIThIi, JeTaJlbHbIX
CBEIEHUI O MPUUYMHAX OCJIOKHEHUI TpedyeT Iouc-
Ka JTOTMOTHUTENIbHBIX MCTOUHUKOB )11 60JIee TOUHOTO

aHa/M3a M CPAaBHEHMS PETrMOHATbHBIX 0COOEHHOCTEN
MepesioMOB C JAHHBIMM JIPYTMX 06jacTeil M CTpaH.
Buecenne B 6a3bl JaHHbIX TOOMC IpU3HAKOB «TUII
nepenoma o AO/OTA», «OTKPBITbIN/3aKPbITHIN TIEpe-
JIOM» MOXXET MOBBICUTDb MX HAYUHYIO U KIMHUYECKYIO
LIEHHOCTb. TeM He MeHee, MpUMEHEeHMe TEXHOIOTUI
Data Science mo3BoJisieT IoJIyyaTh MOJIE3HYIO MHPOP-
mauyio 13 6a3 TOOMC, cogepsKRaliyX MHOTO SKCKITIO-
3MBHOJ MHOOpMaALUUM U TPEACTaBISIONIMX [€HHBIA
MCTOYHMK CBefeHMit IJid aHaau3a.

Pacxonpr cucrembl OMC PocToBCKOJ 06/1aCTH Ha
JiedeHMe MalMeHTOB ¢ nepenoMamy S82.1 M ux Imo-
cnenctBusivu ¢ 2017 o 2021 r. mpeBbICUIIM 34 MJTH pYO.
" OBLIM CBSI3aHBI MPEVMYIIECTBEHHO CO CTalMOHap-
HBIM 3TaIloOM JieueHus — 6osee 32 MitH py6. CpemHsis
CTOMMOCTb CTallMOHAPHOTO JieueHUs COCTaBuia
34289,21 py6., makcumanbHass — 121285.71 py6.
WccnepoBaHue nokasano, ytTo mepenomsl S82.1 mopa-
SKaIOT SKOHOMMYECKY aKTUBHOE HaceJIeHMe™, Ipeumy-
1IeCTBEHHO MY>KUMH. Takiue pe3yabTaTbl B COUETaHUU
C yBeJIMUYeHMeM KOJIMuyecTBa IepeioMOB B BeCeHHe-
JIETHME MeCSIIbI MOTYT OBITh OOBSICHEHBI 60JIE€ BbICO-
KOJi TIOIBEPXKEHHOCTBI0 MOJIOABIX MY>KUMH JOPOXKHO-
TPaHCIIOPTHBIM MPOUCIIECTBUSIM.

DKOHOMMYECKUI YIIepO He MCUYePIIbIBAETCS TOMb-
KO MPSIMbIMM 3aTpaTaMy Ha JieueHue MoCTpajaBlInX.
HeonHokpaTHble oOpallleHMsl 3a aMOyJaTOpPHO-IIO-
JIMKIMHUYECKON ITOMOIIbI0, BO3HMKHOBEHME XPO-
HMYECKOTO IOpaXkeHusI CYCTaBOB CHIDKAWT TPYAO-
CIIOCOOHOCTD TMAIMEHTOB M YBEIMUYMBAIOT PACXOMbI,
CBSI3aHHBIE C MHBATMTHOCTBIO ¥ peabMIMTallMIOHHBIM
JieueHueM.

Bo3HMKHOBeHME TMOCTTpPaBMaTMUECKOTO TOHap-
TpO3a KOpPpEeIMUpyeT C TOKeCTbI pa3pylleHUsT CycC-
TaBHBIX IOBEPXHOCTEN, MX [OUCKOHTPYIHTHOCTHIO,
M3MeHeHMeM MeXaHW4YeCcKoil OCUM HOTM, IMOCTTpaB-
MaTUYECKOM  HEeCTaOMIbHOCTbIO,  IIEPEeCTPOITKOI
MeTabonmM3mMa XOHIApPOIMTOB [26, 27, 28]. OueHka
YaCTOThl TOHAPTPO3a I0C/Ie TIEPEIOMOB IIIaTO OOJb-
me6epIioBoOi KOCTU BapbUpyeT B IOJTOCPOYHBIX Ha-
omogeHusIx oT 19,6% y MOJOOBIX ITOCTPaHaBIINX
[32] mo 83% y nuL, cpengHero M MOKUIOTO BO3PacTOB
[29]. IIporpeccupoBaHue roHapTPO3a TaKXkKe CBSI3aHO
C TIOC/IeONepanyOHHbIMU WHOEKIIMOHHBIMY OCIOK-
HeHusiMH [28].

PenTreHonoruyeckue TIpU3HaKM TOHApPTpO3a
B uHTepBaie 42—130 mec. 6bUIM BBISIBJIEHBI ¥ 73,34%
MalyeHTOB, U3 KOTOPBIX Yy 56,67% ObUI TroHap-
Tpo3 1-71 u 2-¥ CcTeleHei, yacToTa rOHapTpo3a 3-i
u 4-7i crerneHeli cocraBuiaa 11,66% u 5,00% coorBeT-
cTBeHHO [30].

B Hamem ucciiefoBaHUM pa3BUTHEM MOCTTPaBMa-
TUYECKOTO TOHAPTPO3a CUMUTAIOCh OOpalleHue I0-
CTpafaBIIMX C peructpaumein koga M17.2 B TedeHue

* Knmaccudukaniyst CTaTUCTUYECKMX JAHHBIX O COCTaBe pabouel CTbl, SKOHOMMYUECKO aKTUBHOCTH U CTATYCy B 3aHATOCTHU
[OnexTpoHHbIit pecypc]. Pesxum goctyna: https://www.gks.ru/bgd/free/b99_10/isswww.exe/stg/d000/i000080r.htm.
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repuopa HabomeHns. BepoaTHOCTb pa3sBUTHS apT-
posa coctaBuna 0,0161 ¢ cOOTHOILIEHMEM MYKUMHBI/
SKeHIIVHBI = 1/3.

HeT ocHOBaHMI1 yTBEpXAaThb, YTO BCE MalM€H-
ThI, MOJYUYMBIINME II€PEIOMBI IIIaTO OONbIIEGEPIIO-
BOJ KOCTM, OOpaIla/IiCh ISl MOCIEIYIONEro Habmo-
neHus. Kpome TOro, uUcCKia4YeHUe U3 pacCMOTpPeHUs
525 maumeHTOB C nepesoMamyu S82.1, He MMeEBIIUX
CHMIJIC, Takke MOIJIO IMOBJMSITh HA KOHEUHbIE OLI€H-
K. BO3MOXHO, C 3TMM CBSI3aHa HM3Kas pacyeTHasi
BEPOSITHOCTb Ppa3BUTKSI TOHApPTPO3a, OKasaBllas-
Cs1 MeHbIIIell, 4eM B 3apyOeXHBIX MHOTOIIEHTPOBBIX
UCC/IeI0BaHUSIX.

BosbIIMHCTBO AereHepaTMBHBIX M3MEHEHU MTPO-
MUCXOOUT B TIEPBOE JecITUaeTHe Mociie IepBoHavYalb-
HOJ TpaBMbl. BepOSITHOCTDb X 3HAUMTEIBHO BO3pac-
TaeT C yBeJlMueHMeM BO3pacTa Ha MOMEHT TPaBMBbI.
HecmoTtps Ha reTeporeHHOCTb (aKTOpPOB, TMPUBOIS-
IMX K IPOTPeccMpoBaHMI0 TOHAPTPO3a, IMepeoMbl
IU1IaTo GOJbIIE6EepPIOBOM KOCTM OCTAIOTCSI BasKHOI
MPUYMHOI 3a6oreBaeMocTy. OYHKIIMOHAIbHBINA UC-
XOJ], TPaBMbl ¥ BO3HMKHOBEHME TTOCTTPaBMaTUYeCKO-
ro TOHapTPO3a HAMpPSIMYyIO CBSI3aHbl C AOCTUTHYTOM
KOHTPYSHTHOCTBIO CyCTaBOB M aHATOMMUYECKUM BbI-

JOIIOTHUTEJIbHASI THO®OPMALI VIS

3aseneHHblii 6K1A0 a8Mopos

Tony6es T.III. — KOHUEMUMS WUCCIEMOBAHMUS, MPOEKT
00pabOTKM JaHHBIX M UX TpaduUUecKkoro IpencTaBIeHMs],
HamycaHue TeKCTa CTaTh.

AHOpuenko C.I. — cO6Op ¥ MHTepIIpeTauus JaHHBIX,
HaIcaHue ¥ pelaKTUPOBaHME TEKCTa CTATbM U €ro Kpu-
TUYECKUIA aHalInu3, yTBepXKIeHMe OKOHYATEeIbHON Bepcumn
C TIPVHSATMEM OTBETCTBEHHOCTH 32 BCE ACITEKThI IyOIMKALIAN.

Xadu P.A. — paspaboTKa aJrOpuTMOB 0OpabOTKM OaH-
HBIX, TPOEKTMPOBAHME Y HAMMCAHMeE KOMa, PeAaKTUpPOBaHue
CTaTbU.

Bce aBTOpBI mpowtut U omo6pwiy GUHAIBHYIO BEPCUIO
PYKOITCY CTaThy. Bce aBTOPBI COMIACHBI HECTU OTBETCTBEH-
HOCTb 3a BCe acIeKThbl paboThl, YUTOOBI 06ECIeUNTh Haf TIexKa-
Iee pacCMOTPeHMe U pellleHe BCeX BO3MOKHBIX BOITPOCOB,
CBSI3aHHBIX C KOPPEKTHOCTBIO ¥ HAMIEXKHOCTHIO JTH060IT YacTu
PpaboThL.

Hcmounuxk  ¢uHaHcupoeanust. ABTOPbI  3asIBJISIIOT
06 OTCYTCTBMM BHeNTHero hbMHAHCUPOBAHMS MPY MPOBeJIe-
HUM UCCITEOBAHMS.

Bo3moscHbIli KOH(AUKIM UHMepecos. ABTOPBI AeKiIa-
PUPYIOT OTCYTCTBME SIBHBIX U TIOTEHIIMATbHBIX KOH(DIMKTOB
MHTEPEeCOB, CBSI3aHHBIX C MyOIMKaIIMeil HaCTOSIIEN CTAThH.

Amuueckasn 3xkcnepmu3a. He nnpymeHuma.

HUngopmupoeanHoe coenacue Ha
He TpebyeTcs.

nyéauxkayuio.

paBHMBaHMEM KOHEUHOCTEN, a TaKKe C MpeJoTBpa-
HmieHueM MHQEeKIUY 0671acTy XUPYPIUIECKOro BMe-
niaTenbCcTBa [31, 32].

3AK/TIIOYEHHE

B PocToBCKOJi 06/1acTH pacIpoOCTPaHEHHOCTD Ie-
peoMoB IIaTO 60bIIE6ePIOBOI KOCTY COCTABJISIET
24 nHa 100 TbIC. HaceneHus B rof. B oCHOBHOM CcTpana-
10T MY>KUMHBI TPYIOCIIOCOOHOTrO Bo3pacTa. OTMeueHO
CHUKeHME AOJM MOCTPaJaBIIMX IMOKMIOTO BO3pacTa
B 2019-2021 rT., 06bSICHEHMEM Y€MY MOTLYT CITYKUTb
YMeHbIIIeHVEe KOTMYECTBA MOKWIIBIX B ITOITY/ISILIVN pe-
TVMOHA U PSIT 0COOEHHOCTE, CBSI3aHHBIX C TaHAeMuye-
CKMMM OTpaHNYeHUSIMU. [I0JIsI OTKPBITHIX ITePeIOMOB
cocrassier 1,9%, nHdexuys o61acTy XUpPypruecko-
r0 BMeIIaTeabCTBA OCIOKHMIIA MOCTTPaBMaTUUECKIIA
repuon y 5,3% mocTpamgaBIInX.

BHyTpucycraBHbIe IepeoMbl IIJIaTO Gosble6ep-
IIOBOI KOCTM, UX JieUeHMe B CHEIMATU3UPOBAHHBIX
TPaBMaTONIOTMUECKUX IEHTPAaxX MOKHBI paccMaTpu-
BaThCSI C TOYKM 3peHMs BIOOpA METOHOB, TapaHTUPY-
IOIIYX BOCCTAHOBJIEHME KOHTPYIHTHOCTM CYCTaBHOI
MTOBEPXHOCTH, a TAaKKe BO3MOXKHOCTD Hayuaaa paHHUX
OBVKEHUI B CyCTaBe.
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The Effect of Nationwide Lockdown in India on the Epidemiology
of Injuries During the First Wave of COVID-19
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Abstract

Background. The pattern of hospital admissions and medical care changed during the COVID pandemic.

The aim of the study — to describe the nature of patients attending the orthopedic emergency department of a level 1 trauma
center in terms of number and proportion based on demographic characteristics and the nature of the injury before the
lockdown, during the lockdown, and during the unlocking period of the nationwide lockdown for controlling the COVID-19
pandemic in India.

Methods. We conducted a longitudinal study from 01.01.2020 to 31.12.2020. Patients attending the orthopedic
emergency were grouped based on cause, type, and site of injury. The median number observed each day with IQR.
The distribution of the same was compared between the prelockdown with lockdown period and the lockdown period
with a phased unlocking period.

Results. A total of 10513 patients were included. There was a statistically significant reduction in the proportion of
patients needing inpatient care between the prelockdown phase and lockdown phase (p = 0.008). However, this was not
seen between lockdown and postlockdown periods (p = 0.47). The proportion of road traffic accidents dropped from 26%
to 15% during this time (p<0.001). The proportion of contusions was reduced and that of soft tissue injuries increased
(p<0.001). The proportion of lower limb injuries decreased from the prelockdown phase to the lockdown phase, and that
of spinal injury patients increased (p = 0.007). The proportion of patients with contusions increased and soft tissue injuries
decreased during this period (p<0.001). Lower limb injuries and road traffic accidents increased, and spinal injuries were
reduced (p<0.001).

Conclusion. The lockdown for controlling the spread of the pandemic affected the demographic and epidemiological
aspects of injuries attending the orthopedic emergency department of a level 1 trauma center in a developing country.
There was a decrease in the proportion of females and children attending the ED during the lockdown. The number of
road traffic accedents s decreased during the lockdown. The number of patients with contusions attending the trauma
center during the lockdown decreased, but there was an increase in the number of patients with spine injuries. We suggest
that improvement in triage facilities, wider use of telemedicine, and increasing the stock of PPEs are essential for tackling
such situations in the future.

Keywords: COVID-19, SARS-CoV-2 infection, pandemic, epidemiology of injury, orthopedic emergency department.
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BnansHue HauMOHaNbLHOroO IOKAAYHa HAa ANMAEMMUOIONUIO TPAaBM
BO Bpems nepsoi BosiHbI COVID-19 B UHauK

banamxu 3axapusi, XapmmTtxa XasBagaHa yaymna, Paxyn Yanapan, ApyH [Ipakac

TocydapcmeerHwili meduyuHckuii konnedxc, Kosuxod, Kepana, Hous

Pedepar

Beedenue. Bo Bpems rmanaeMuyt COVID-19 usmeHmIach CTPYKTypa FOCIIUTAIN3AIMIi M OKa3aHUSI MEAUIIMHCKO ITOMOIIN.
Ilens — MpoaHAIM3UPOBATH SMUAEMMUONIOTUIO M TUIT TPABM, TIOTYUYEHHbIX MMalyieHTaMM, O6PATUBIIMMUCS B TPAaBMOLIEHT]
1-ro ypOoBHS BO BpeMsl MaHAEeMUM M JIOKZayHa B UHauu.

Mamepuan u memoodst. Mbl TIpOBeIN JIOHTUTIONHOE uccieqoBanye ¢ 01.01.2020 mo 31.12.2020 r. IMaieHTsI, 06paTUBILA-
ecsl 32 HEOTVIOSKHOI TPaBMaTOIOTMUECKOM MOMOIIbI0, ObUTM CTPYIIIMPOBAHbI B 3aBMCUMOCTY OT MPUYMHBI, TUIIA U MeCTa
rnoBpexkaeHus. CpegHee YncIo eXXkeIHEHbIX 00pallleHuit 6bUIO pacuMTaHO ¢ MOMOIIbI0 IQR (MHTEpKBAapTUILHOTO pa3Maxa).
BbUTO IpOBEEeHO CpaBHEHME pacIIpene/ieHNii CpeIHero umciaa HabmiogeHnii Meskay meproIaMy 10 ¥ BO BpeMs JIOKIAYHa,
a Takke BO BpeMsl JIOKAAyHa U MOC/Ie ero CHATUS.

Pesynvmamelt. Bcero B ucciaenoBanye 6110 BKIUeHo 10513 mauneHnToB. Habmomanoch CTaTUCTUYECKY 3HAUMMOE CHU-
>KeHMe oAU MalMeHTOB, HYKOAIMXCS B rOCIUTaAN3alun, MeXIy Iepuogamu A0 1 BO Bpems jokaayHa (p = 0,008).
OnHako 3TOTo He Ha6/IIaa/I0Ch MEKAY IepuogaMu JIOKAayHa U noctiaokgayHa (p = 0,47). Ionst BOpOXKHO-TPaHCIIOPTHBIX
MIPOMCIIECTBUI CHU3MUJIACH C 26% 1m0 15% mMexkay repuomamu 10 U BO BpeMs JokaayHa (p<0,001). Toss yiimO0B yMeHbIIN-
JlaCh, @ MSTKOTKAaHHbBIX MOBpexaeHui1 yBenanunnach (p<0,001). Jonst TpaBM HMOKHUX KOHEYHOCTEH YMEHBIINIACh MEXIY
nepuogamMu A0 1 BO BpeMs JIOKayHa, a 0/ TpaBM IM03BOHOYHMKA yBeanumiaach (p = 0,007).

3axnouenue. HallMoHAIbHBIN JTOKIAYH MOBJIMS HA AeMorpaduyeckye 1 S1MIeMUOIOTMYecKie IoKa3aTeay TPaBM B TPaB-
MoleHTpe 1-ro ypoBHS B ViHauu. Habimoganoch CHMKEHYE TOIN SKEHIIVH U JeTeii, 06paTUBIINXCS B OTHEIeHNEe HEOTIOXK-
Hoii momouiu. KommuectBo OTII cokpaTUaoch BO BpeMs JioKgayHa. KonnuecTBO MaiMeHTOB C yiuMbaMu, 00paTUBIIMXCS
B TPaBMAaTOJOTMYECKMIT LIEHTP BO BpeMs JIOKJayHa YMEeHbIINJIOCh, & KOJIMYeCTBO MalieHTOB C TpaBMaMy IT03BOHOYHMKA
YBEIMUYUIOCh. Mbl peKOMeHIyeM YIyULIUTb MEAUIMHCKYIO COPTUPOBKY, PACIIMPUTH MICIIOb30BaHNE TeJleMeAVIIMHbBI U YBe-
JIMUUTD 3aI1aChl CPEICTB MHAMBUIYATbHOI 3aIITHI AJ1s1 60pbOBI C TOAOGHBIMM CUTYAIUSIMY B OYOYIIEM.

KmwoueBbie cimoBa: COVID-19, mudekius SARS-CoV-2, maHmemus, 3MUOEMMOSOTUS TpaBM, TPaBMaTOJIOTMYECKOe
OTIesleHM e CKOPOii TOMOLIN.

Jns uutupoBaHus: banamku 3axapus, Xapumurxa XassagaHa Yayia, Paxyn Yangpas, ApyH [Ipakac. Bausinue Ha-
LIMOHAJBHOTIO JIOKJAayHa Ha 3MUAEMMOJIOTUIO TpaBM BO Bpems mepBoit BosHbl COVID-19 B Unguu. Tpasmamosnozus
u opmonedus Poccuu. 2023;29(2):88-98. (Auru.). https://doi.org/10.17816/2311-2905-7994.

D<] Banadxcu 3axapus; e-mail: balaji.zacharia@gmail.com

Pykomuch romydena: 18.03.2023. Pykomvich ogo6pena: 11.04.2023. CtaThs ony6imkoBaHa oHaifH: 05.05.2023.
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INTRODUCTION

The COVID-19 pandemic has greatly burdened the
healthcare system. It has emerged as a medical threat
to mankind, with a serious disruption of lifestyle in
2020-2021. This has not only changed the way we live
and work but has also changed the pattern of hospital
admissions and medical care [1]. The majority
of patients with SARS-CoV-2 infection require
hospitalization. The care of trauma patients in our
region is mainly performed by a network of hospitals.
Our hospital is a level 1 trauma center in our region.
During the pandemic, many healthcare workers from
the orthopedic department were reassigned to care for
COVID patients. Moreover, some of them were posted
exclusively for the care of orthopedic patients with
SARS-CoV-2 infections. Many peripheral hospitals
were unable to admit orthopedic patients due to the
burden of COVID-19 patients. Our department has
150 beds for orthopedic patients. The majority of
our beds, including beds in intensive care units, were
taken over for the care of COVID-19 patients. The
nonemergency admissions were stopped. There were
no elective or nonemergency surgeries performed in
the orthopedics department.

Many pandemics have affected mankind. They are
rare occasions to study various aspects of health care
delivery. Increased global travel and integration,
urbanization, and greater exploitation of the natural
environment have increased the likelihood of
pandemics over the past century [2]. The nationwide
lockdown to control the COVID-19 pandemic was a
new experience for us. The fear of contracting the
disease, fewer outpatient and inpatient facilities
for non-COVID patients, and the lack of transport
facilities prevented many patients from attending
orthopedic clinics. People are urged to stay at home
and only seek medical services if they experience an
emergency [3, 4]. A reduction in public mobility and
outdoor activities during lockdown led to a decrease
in motor vehicle accidents, sport-related traumas,
and work-related traumas. The number, demography,
and type of injuries sustained by the patients
attending the orthopedic emergency department
can vary during the pandemic and lockdown.
There can be many waves of COVID-19 before it
can be controlled. Universal immunization and the
development of effective treatment take a long time
[5]. There is a dearth of literature reporting the
effect of lockdown on the epidemiology of patients
attending the orthopedic emergency department
(ED) during lockdown.

The aim of the study — to describe the nature
of patients attending the orthopedic emergency
department of a level 1 trauma center in terms of
number and proportion based on demographic
characteristics and the nature of the injury before

the lockdown, during the lockdown, and during the
unlocking period of the nationwide lockdown for
controlling the COVID-19 pandemic in India.

METHODS

We conducted a longitudinal study. All patients
attending the orthopedic emergency department (ED)
of our institution from 1 January 2020 to 31 December
2020 were included in the study. Our institution is a
tertiary care teaching institution with a level 1 trauma
center. We have not included those patients referred
to our ED from other departments for consultations.
Patients attending the COVID section with orthopedic
injuries were also excluded.

We collected the demographic characteristics of
all the patients. The patients were divided into three
groups based on their ages: <20 years, 20 to 50 years,
and >50 years. The modes of injuries were divided
into falls, road traffic accidents, assault, and other
causes. The injuries were categorized as contusions,
closed fractures, soft tissue injuries, open fractures,
and others. The injuries were recorded according to
the region and site. Upper limb injuries, lower limb
injuries, and spine and pelvic injuries. The total
number of patients attending the ED was collected.
The number of patients treated as outpatients and
inpatients was recorded separately.

Statistical analysis

The data collected were entered into Microsoft
Excel software 2013 version. The entered data were
rechecked for any errors by adding up the subgroups
and checking whether the sums matched.

The total number of patients presenting to the ED
and each subgroup of patients based on sex, nature of
treatment provided, and age group were summarized
as the median number per day with interquartile
range (IQR) in each period. Injuries were grouped
based on cause, type, and site and summarized as
the median number observed each day with IQR. For
comparison between different times, the total number
of patients and injuries of the subgroups were added
up, and proportions were calculated in each period.
Thedistribution of the same was compared between the
prelockdown with lockdown period and the lockdown
period with the phased unlocking period with the
chi-square test. The significance was calculated with a
95% confidence level and a power of 80%.

RESULTS

A total of 10513 patients attended the orthopedic
emergency department during the study period.
A total of 1194 patients attended during the lock-
down. The maximum number of patients attended
during the unlocking period (Fig. 1). Male patients
predominate in ED attendance during this period.
The proportion of females attending the ED was
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27%, 31%, and 29% during the prelockdown, lock-
down, and unlocking periods, respectively. There
was no significant difference in the proportion
of female patients attending the ED between the
lockdown period and the unlocking period (Fig. 2).
The age group of the patients attending the emer-
gency department varied significantly during the
prelockdown, lockdown, and postlockdown peri-
ods. The proportion of patients in the age group
<20 years decreased from 20% to 17%, and those

' Lockdown Initiated
I Unlocking started

———7 Day Moving Average

Number of Patients

Fig. 1. Line chart of the total number of patients presented
each day with a 7-day moving average
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Fig. 2. Component area chart of a 7-day moving average
of males and females presenting to casualty each day
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Fig. 3. Component area chart of the proportion

of the 7-day moving average of the number of patients

of different age groups presenting to casualty each day

between 20 and 50 years increased from 52% to
55% from the prelockdown to lockdown period
(p = 0.008). During the unlocking phase, the propor-
tion of patients <20 years increased from 17% to 18%,
and the proportion of patients >50 years decreased
from 28% to 27%, but these changes were not statis-
tically significant (p = 0.44) (Fig. 3).

There was a statistically significant reduction in
the proportion of patients needing inpatient care be-
tween the prelockdown phase and lockdown phase
(p = 0.008). Comparing the proportion of patients re-
quiring inpatient care between lockdown and post-
lockdown periods did not vary significantly (p = 0.47)
(Fig. 4). There were significant changes in the pro-
portion of various modes/causes of injury between
the prelockdown and lockdown periods. The propor-
tion of road traffic accidents (RTAs) dropped from
26% to 15% during this time (p<0.001). The propor-
tion of contusions decreased from 32% to 26%, and
that of soft tissue injuries increased from 12% to 17%
(p = <0.001) (Fig. 5). The sites of injury also varied
significantly during these three phases. The propor-
tion of lower limb injuries decreased from 45% to 41%
during the prelockdown phase to the lockdown phase,
and the proportion of spinal injury patients increased
from 9% to 12% (p = 0.007) (Fig. 6).
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Fig. 4. Component area chart of the 7-day moving
average of the proportion of patients needing OP/IP care
each day
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Fig. 5. Component area chart of the 7-day moving
average of the proportion of different causes of injuries
encountered each day
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Fig. 6. Component area chart of the 7-day moving
average of the proportion of different sites of injuries
encountered each day

There was a significant alteration in the modes
of injuries of patients attending the ED between the
lockdown phase and the unlocking phase. The propor-
tion of RTAs significantly increased from 15% to 22%
between the lockdown period and the unlocking pe-
riod (p<0.001). The proportion of patients with contu-
sions increased from 26% to 33%, and those with soft
tissue injuries decreased from 17% to 14% during this
period (p<0.001). There was a significant difference
in the proportion of the sites of injury of patients at-
tending the ED between the lockdown phase and the
unlocking phase.

The proportion of patients with lower limb injuries
increased from 41% to 43%. The proportion of spinal
injuries decreased from 12% to 8% during this time.
Both of these differences were statistically significant
(p<0.001).

When we checked the association of the total
number of outpatients and inpatients during the

0~

L

aan i sor 3030 3020 o203
Date

first wave of the pandemic with the total number of
COVID-19 patients in a day in our district and dif-
ferent phases of lockdown in our country, the num-
ber of COVID cases did not affect the outpatient
and inpatient admission of emergency patients, but
during the lockdown, there was a reduction in cases
and a gradual increase during the unlocking period

(Fig. 7).
DISCUSSION

The first case of a COVID patient in our country was
reported on 27 January 2020. The WHO declared
coronavirus infection a global health emergency and
called for a combined international effort to sup-
press the outbreak. Various countries have adopted
aggressive mitigation and containment measures
such as a complete lockdown. We tried to contain it
by quarantine, contact tracing, screening, and iso-
lation. However, that was ineffective. The number
of cases started to rise exponentially in different
parts of the country. To curtail the rapid spread of
the coronavirus and to buy time for the healthcare
system to assimilate the necessary infrastructure for
fighting the pandemic, a strict nationwide lockdown
was enforced from 25 March 2020 by the government
of India. There was a complete lockdown until May
31, 2020. Resumption of services in a phased man-
ner was declared from 1 June, which has been termed
“unlock”. This process was completed by October 30,
2020 (Table 1). On 25 March 2020, our government
legalized telemedicine practice in our country in the
wake of the COVID pandemic. Many patients might
have utilized this facility to avoid attending hospi-
tals [6].

1000

Fig. 7. The association of the total

§  number of outpatients and inpatients
during the first wave of the pandemic
with the total number of COVID-19
patients in a day in our district and
different phases of lockdown in our
country. The red line chart is the new
COVID cases reported in a day in our
district. blackline — total patients,
orange — outpatients, blue — inpatients.
vertical lines — red — lockdown phases,
green — unlock phases

-500

Jan 3021
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Table 1
Different phases and durations of nationwide lockdown and lockdown in India
Lockdown Dates and days Unlocking Dates and days
Phase 1 25-3-2020 - 14-4-2020 (21 days) Phase 1 1-6-2020 - 30-6-2020 (30 days)
Phase 2 15-4-2020 — 3-5-2020 (19 days) Phase 2 1-7-2020 - 31-7-2020 (31 days)
Phase 3 4-5-2020 - 17-5-2020 (14 days) Phase 3 1-8-2020 - 31-8-2020 (31 days)
Phase 4 18-5-2020 — 31-5- 2020 (14 days) Phase 4 1-9-2020 - 30-9-2020 (30 days)
Phase 5 1-10-2020 - 31-10-2020 (31 days)

From our study, we found that the daily number of
COVID-19 patients in our district did not have much
effect on either outpatient or inpatient attendance at
the orthopedic ED. The nationwide lockdown and its
lockdown had a definite effect on patients attending
orthopedic EDs. The fewest patients (1194) attended
the ED during the lockdown (68 days). There were
3728 patients before the lockdown (83 days), and the
number rose to 5591 during the unlocking period (153
days). The proportion of female patients increased
during the lockdown period and remained the same
throughout the unlocking phase compared to the pre-
lockdown period. The proportion of patients requiring
inpatient care increased from the prelockdown period
to the lockdown and remained the same during the
unlocking phase. These demographic variations are
due to the unavailability of emergency facilities in
the primary and secondary centers; hence, they were
forced to attend the tertiary care center. As expected,
the proportion of road traffic accidents decreased dur-
ing the lockdown and increased during the unlocking
phase. There was no significant alteration in other

modes of injuries. There was a significant drop in the
proportion of patients attending the ED with contu-
sions during the lockdown. We think the economic
factors and fear of contracting coronavirus from the
hospital and lack of transport facilities might prevent
patients from attending the hospital during the peak
of coronavirus infection. The reduction in motor vehi-
cle accidents caused a reduction in lower limb injuries
during the lockdown. However, the nonavailability of
beds in the peripheral hospital caused an increase in
spine injury patients during the lockdown. The clo-
sure of schools and confinement to home led to a re-
duction in the proportion of the pediatric population
attending the orthopedic ED during the lockdown.

We have compared the results of our study with
similar studies conducted in different parts of the
world. There is not much difference in the epidemi-
ology of patients attending the emergency depart-
ment during the COVID pandemic. However, the lack
of strict implementation and regional differences in
lockdown have changed the modes and patterns of in-
juries in different countries (Table 2).

Table 2
A comparison of the results of our study with similar studies conducted in different parts
of the world
No. Reference Conclusion Comparison with our study

1 Giudici R. et al., 2021 [7]

2 Kuo L. et al., 2021 [8]

The COVID-19 outbreak affected the
epidemiology of severe trauma patients.
An increase in trauma patient admissions
to a few designated facilities with a high
level of care obtained satisfactory results,
while COVID-19 patients overwhelmed the
resources of most other hospitals

The limited COVID-19 outbreak in Taiwan
has led to a decreased incidence of trauma
patients, and the reduction is mostly
attributed to the decline in workplace injuries

The majority of the
peripheral hospitals were
designated for the care

of COVID patients.

So trauma centers like our
hospital had to manage most
of the injured patients

We had a major outbreak
in our country leading to
lockdown it affects the
number of patients with
trauma, especially motor
vehicle accidents
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End of table 1
No. Reference Conclusion Comparison with our study
3 Khak M.et al., 2020 [9] The cessation of sports activities resulted The majority of patients who
in a reduction in ligamentous injuries of attended the ED were males.
sports origin. Women better implemented There was an increase in the
the stay-at-home strategies shown by a number of female patients
sudden increase in the men to women ratio of | attending the ED during the
risk-taking traumatic injuries. The decreased | lockdown period.
number of patients with soft-tissue injuries
and a high rate of self-discharge must inform
the authorities of the fear of in-hospital
contamination
4 Johnson M.A. et al., 2021 [10] We observed an over fivefold reduction We also observed a reduction
in presentation for common pediatric in the number of injured
musculoskeletal injuries typically associated patients <20 years during the
with sports lockdown period
5 Sabbagh R.S et al., 2022 [11] ED visits in the United States for injuries There was a reduction
sustained while participating in an organized | in sports-related injuries
team or individual sport underwent a during the lockdown
decrease after the beginning of the COVID-19
pandemic in 2020, especially during the
lockdown period
6 Huang W. et al., 2021 [12] Under the impact of COVID-19, the total There was reduction in the
number of RTIs in Suzhou from January to injuries due to motor vehicle
May 2020 decreased accidents
7 Nabian M.H. et al., 2020 [13] In Iran, overall trend of pediatric trauma has We did not observed an
been decreasing during the outbreak; but the | increase in motor vehicle
lack of reduction in proportion of accidents accidents as we have a strict
may pose an alarm that an effective lock-down | lockdown
has not been imposed
8 Rajput K. et al., 2021 [14] Trauma continues during lockdown, our Situations were similar
MTC has continued to provide a full service in our place also
during lockdown. However, trauma patterns
have changed and departments should adapt
to balance these alongside the COVID-19
pandemic. As the U.K. starts its cautious
transition out of lockdown, trauma services
are required to be flexible during changes
in national social restrictions and changing
trauma patterns. COVID-19 and lockdown
state were found to have no significant impact
on survival outcomes for trauma
9 Abhilash K.P.P. et al., 2021 [15] A significant reduction in the incidence Our results are comparable
rate of trauma victims, especially RTA and
geriatric trauma was seen during the gruelling
lockdown period of the COVID 19 pandemic
10 | WongJ.S.H. et al., 2020 [16] Demand for orthopedic care remains, We also noticed that there
despite weekly reductions of 351 orthopedic were not much changes in
operations, 974 hospital admissions, and 3,432 | the outpatient and inpatient
clinic attendances attendance of patients in ED
during COVID
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On 13 March 2020, the American College of
Surgeons recommended either postponing or can-
celing all elective surgeries. The British Orthopedic
Association and NHS England issued guidelines to
manage urgent orthopedic and trauma conditions.
Many orthopedic emergencies are managed nonop-
eratively if surgery is avoidable [17]. The pandemic
has affected emergency management in orthopedic
and trauma cases. Reduced supply of surgical ma-
terials, limited availability of recommended opera-
tion theatres, redeployment of staff for the care of
COVID patients, coronavirus infection among staff
members, lack of ICU facilities, and trained anes-
thesiologists are some reasons for this [18]. To prac-
tice safely in the ED, it is essential to prevent noso-
comial infection with coronavirus [19]. The changes
in clinical patterns in an orthopedic entry in Milan,
Italy, showed that elective surgeries declined to
zero, outpatient admissions were restricted only to
cases that could not be postponed, and the number
of emergencies increased during the pandemic [20].
There was an overall decline in pediatric orthope-
dic cases, but the emergency admissions for mus-
culoskeletal conditions in children did not change
[21]. A nationwide web-based survey conducted in
the US among people above 18 showed that an over-
all 40.9% of adults avoided medical care during the
pandemic. Of these, 12% avoided emergency care,
and 31.5% avoided routine medical care [22]. The
deployment of human and material resources for
fighting the pandemic has resulted in the cancella-
tion, delay, and postponement of nonessential and
emergency surgical management in low- and mid-
dle-income countries. These factors lead to higher
morbidity and mortality in these countries in ad-
dition to the COVID-19 toll [23]. Many orthopedic
procedures are either limb-saving or lifesaving. A
classification system for performing medically nec-
essary surgical procedures during the COVID-19
pandemic with recommendations for the safety
measures to be taken was developed by C. Benjamin
et al. [24]. Healthcare workers are organized in such
a manner that a high standard and quality of care
should be provided to trauma and orthopedic pa-
tients during the pandemic [25].

The first case of novel coronavirus infection was
reported in Wuhan, China, in December 2019. Later,
the spread of the virus across the globe grew into
a pandemic. On 23 March 2020, the government of
Britain implemented a national curfew (lockdown)
to contain the spread of the virus. Many countries
followed this lockdown policy to curtail the spread.
This resulted in a reduction in face-to-face consul-
tations with doctors, increasing telemedicine con-
sultations [26]. A nationwide survey among oph-
thalmologists in India during the lockdown showed
that there were no face-to-face consultations and

complete cessation of elective surgeries, and 27.5%
were attending emergencies [27]. Ninety percent of
patients underwent major surgery during the lock-
down compared to 47% in the nonlockdown period
for bone sarcoma [28]. A single-center observation-
al cohort study to investigate a possible ‘lockdown’
effect on the volume and severity of surgical admis-
sions showed fewer surgical admissions and only
acutely ill patients attending the ED [29]. People
with serious surgical pathologies remained in their
homes untreated or were treated in the community
during the pandemic [30]. There was a reduction in
RTA to 42.6% from 46.6% with more accidents in-
volving bikes and a reduction in all trauma-related
injuries from 37.6% to 30% during the lockdown
in northwest England [31].

An observational analysis of 17591 ED access
from 3 trauma centers in Italy to assess the effect
of lockdown on the patient characteristics and inci-
dence of traumatological emergencies showed 3163
trauma visits. There was a 59.8% reduction in ED
trauma visits. There was a reduction in road traffic
accidents and sports-related injuries [32]. A com-
parative study to assess the demographic data, injury
type, location, mechanism of injury, and surgical lo-
gistics during social restriction and lockdown dur-
ing the same period in the previous year in a level
1 trauma center in Sydney found a 30.8% reduction
in orthopedic admissions and a 15.6% reduction in
emergency operations. Road accidents remain the
same, but bicycle injuries have increased [33]. Acute
referral of trauma patients was reduced to 50%,
and there was a reduction in isolated limb injuries
and emergency operations compared to the previous
year in the golden month of the pandemic in a trauma
center in London [34]. There was a 30% reduction in
operations due to a reduction in RTA and sports-re-
lated injuries during the early phase of the lockdown
in the UK. The number of hip fractures and minor
injuries remains the same [35]. An experience from
a hospital in Nepal showed a total of 1077 trauma
patients in the ED. There was an 82.21% reduction
in outpatient consultations and a 56% reduction in
surgeries during the lockdown [36]. During the first
12 weeks of lockdown, there was a 35.3% reduction
in the number of referrals received. There was an
increase in the proportion of pushbike-related in-
juries and a reduction in operations. The proportion
of fractures of the neck femur and ankle injuries re-
mained similar to that in the previous year [37].

This was a rare opportunity for us to learn about
the epidemiological changes occurring in the hospital
visits of emergency and trauma patients to orthopedic
EDs. The black death of the plague in Europe (1347 to
1670) and the Spanish flu (1918) were some of the pre-
vious pandemics [38, 39]. However, similar data were
not available. The lack of vaccines, unhygienic envi-
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ronment, and scarcity of sanitization and disinfec-
tion to prevent the transmission of the disease during
those days were the major reasons for higher mortal-
ity during those days [40]. Our study is unique in that
no previous study had performed a complete survey
comparing prelockdown patient status with the lock-
down and unlocking phases. The majority of previous
studies were either for a short duration or a compari-
son between COVID time and a similar period in the
past. Our study is the first longitudinal study compar-
ing the pre-COVID and COVID periods over a year.
It covers the entire first wave of the COVID pandemic
in developing countries.

Our results will help healthcare workers and
officials plan and mobilize resources adequately
during further waves of the COVID pandemic and
other epidemic calamities requiring lockdowns.
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Tenosynovitis of the Flexor Digitorum and Flexor Carpi
Caused by Mycobacterium Tuberculosis:
Case Report and Review

Nino V. Abdiba, Lyubov A. Rodomanova, Inna Yu. Zolotukhina

Vreden National Medical Research Center of Traumatology and Orthopedics, St. Petersburg, Russia

Abstract

Background. Mycobacterial tenosynovitis of the hand and forearm is an extremely rare form of extrapulmonary
tuberculosis, which can lead to permanent disability of patients.

Case presentation. We present a rare clinical case of generalized tenosynovitis of the tendons of all hand and
finger flexors of the right upper extremity caused by Mycobacterium tuberculosis. Patient complained of a lump
on the palmar surface of the right hand with periodic spontaneous discharge in the form of rice grains. MRI
revealed a peritendinal synovial cystic mass on the volar surface of the hand and wrist joint with the presence
of multiple chondromal bodies, tendinitis and tenosynovitis of the flexor of IV and V fingers. Removal of the
neoplasm, pathological tissues, and total synovectomy were performed. Intraoperative material was tested
using PCR. DNA of Mycobacterium tuberculosis complex was detected.

Conclusion. Presented case report demonstrates the importance of preoperative MRI examination in
tenosynovitis of unknown etiology and the necessity of histological and bacteriological examination of
intraoperative material. Transportation of obtained tissues for examination should be performed without
the use of formalin in order to exclude false negative results. One should be vigilant against nonspecific
infections, including Mycobacterium tuberculosis, when treating patients with immunocompromising
diseases. The presence of limb neuropathy, instrumental signs of the second or the third stage of tuberculous
tenosynovitis according to Kanavel classification are indications for surgical treatment.

Keywords: mycobacterial tenosynovitis, Mycobacterium tuberculosis, carpal tunnel syndrome, synovectomy,
synovial hypertrophy, tendinitis.
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TeHOCMHOBMT crubaTenei NanbLeB U KUCTU, BbISBAHHDIM
Mycobacterium tuberculosis: KNMHU4ECKNIA CnyYaid
u 0630p NnUTEpaTypbl

H.B. A6nub6a, JI.A. PonomanoBa, 1.10. 3onoryxnHa
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Pedepar

AkmyansHocme. TEHOCMHOBUT KUCTY U TIPEIUIEYbs MUKOOAKTEpUAIbHOM STUOJIOTUN SIBJISIETCS KpaiiHe pefi-
Kot (hOpMO¥t BHEIETOUHOTO TyOepKy/e3a 1 MOKeT IMIPUBOAUTD K CTOMKOV MHBAMUAN3AIMY TTallIeHTOB.
Onucanue cayuas. TlpencraBisieM peOKUii KIMHMUYECKUIA CIydail paclpOCTPaHEHHOrO0 TEHOCUMHOBUTA CY-
XOKMJIMI BCceX crubaresieil KUCTM M TaJbIEB IpaBOii BepxHeil KOHEUHOCTH, BbI3BAaHHOTrO Mycobacterium
tuberculosis. TTauyeHT 06paTHICS € skamobamu Ha HaM4re 06pa3oBaHus 110 JIaJIOHHOW TTOBEPXHOCTH MPaBoOit
KUCTU, U3 KOTOPOTO MEPUOLMUECKY CAMOIIPOM3BOJIbHO BO3HUMKAJIO OTAE/NsIEMOe B BUle pUCOBBIX 3epeH. [1o
pesynbraTam MPT BbISIBIIeHA KapTMHA MEePUTEHIMHAIBHOTO CMHOBMATBHOTO KMCTO3HOTO 0O6pa30BaHMS IO
BOJISIDHOV MTOBEPXHOCTU KUCTHU U JIy4e3ansICTHOTO CyCTaBa C HAIMYMEM MHOXECTBEHHBIX XOHIPOMHBIX TeJl,
TEeHIVHUT Y TEeHOCMHOBUT crubatesneii IV 1 V nanbiieB KMCTU. BhIMOMHEHO yaaleHe HOBOOOpa3oBaHusl, a-
TOJIOTUYECKUX TKaHEM U TOTaJbHAsA CMHOBIKTOMMS. HTpaonepanMOHHbI MaTepuan oTnpasjiaeH Ha IILIP-
uccinegoBanne, BeisiaeHa JJHK Muko6akTeprasbHOTO TyOEpKy/Ie3HOr0 KOMILIEKCa.

3aknrouenue. IIpencraBiieHHbIV KIMHUYECKUI CTydail eMOHCTPUPYET BaXKHOCTD BbiTnnoiHeHuss MPT ucciieno-
BAHMUS TIPU TEHOCUMHOBUTE HESICHOW 3TUOJIOTUY A0 ONepanuy U Heo6X0AMMOCTb I'MCTOIOTUUECKOTO U 6aKTe-
PMOJOTUYECKOTO MUCCAeA0BaHNSI MHTPAOIlepalOHHOTO MaTepuana. TpaHCIIOPTUPOBKA MOMyUYeHHbIX TKaHel
IJIST VICCIelOBaHM AO/KHA OCYIIECTBIISIThCS 6e3 MCIoMb30BaHusI GopMannHa C IeIbl0 UCKIIUEeHUS JIOXK-
HOOTPUIIATENbHBIX Pe3yabTaToB. [Ipy TeyeHnN MaMeHTOB ¢ UMYHHOKOIIPOMETHUPYIOUIMMU 3a60/1eBAaHUSIMU
JIOJKHA OBITh HACTOPOXKEHHOCTHh B OTHOIIEHUM HecIelubuieckux nH@ekuit, B Tom uncie Mycobacterium
tuberculosis. Hanmuune y manyeHTa HeipomaTuy KOHEYHOCTU, MHCTPYMEHTAIbHBIX MMPU3HAKOB BTOPON MU
TpeTeit cTaauu Ty6epKy/Ie3HOT0 TeHOCUMHOBMTA 10 Kiaccudukanuy Kanavel siByisieTcs mokasaHmeMm K XUpyp-
rMYeckoMy JIeueHUIO.

KiroueBble c/10Ba: TEHOCMHOBUT MUKOOAKTepUaIbHOM 3THONorum, Mycobacterium tuberculosis, MMKOOGaKTepHSsI
Ty6epKy/e3a, CMHIPOM KapIiaJbHOIO KaHajia, CMHOBIKTOMMUS, TUTIepTPOdUS CMHOBUAIbHBIX 060/I0U€EK, TEHAV -
HUT.
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BACKGROUND

Despite the advances in public healthcare, tu-
berculosis remains one of the top ten causes of
death worldwide [1]. In 2018, there were about
7 million new and recurrent cases of tuberculo-
sis. Extrapulmonary forms of tuberculosis occur
in 15% of 7.0 million reported cases [1].

Tuberculosis of bones and joints accounts for
up to 10% of all forms of extrapulmonary tuber-
culosis and can lead to sustained disability of
patients [1]. Mycobacterial tenosynovitis of the
hand and forearm is an extremely rare form of
extrapulmonary tuberculosis. This nosology oc-
curs in 5% of cases of musculoskeletal tubercu-
losis [2].

Patients with tenosynovitis of the upper ex-
tremity of mycobacterial etiology suffer from in-
creasing pain, swelling, limited range of active
and passive motions in the joints of the affected
extremity, further joined by symptoms of neu-
ropathy, such as hyperesthesia, hypoesthesia, par-
esthesia. Instrumental methods of examination
(ultrasound, MRI) reveal the presence of hyper-
trophied synovia, increased tendon volume com-
pared with the healthy side. Rice body symptom
can also be visualized. However, these data are
typical for dozens of other diseases, such as seron-
egative arthritis, rheumatoid arthritis, systemic
lupus erythematosus, oncological diseases, etc.
[3]. Thus, the clinical manifestation of disease is
not specific, which leads to errors in diagnosis and
subsequently to wrong treatment tactics [4].

Original study on a relatively large group of pa-
tients was conducted by M. Yushan et al. Authors
studied clinical features and functional outcomes
of the upper extremity tuberculosis in 84 patients
[3]. Other publications of different authors mainly
describe single clinical cases of this disease. In the
Russian literature, there are no studies on teno-
synovitis of mycobacterial etiology.

Identification of mycobacterial tenosynovitis
represents a diagnostic problem, taking into ac-
count its low incidence, latent onset, and lack of
specific signs of disease.

Aim of the study — to demonstrate and ana-
lyze a rare clinical case of generalized teno-
synovitis of the tendons of all hand and finger
flexors of the right upper extremity caused by
Mycobacterium tuberculosis (Mtb).

Case presentation

Patient (45 years old, height 163, weight 69,
BMI 25), first contacted the consulting and di-
agnostic department of the Vreden National
Medical Research Center of Traumatology and
Orthopedics on 15.06.2022 complaining of
a lump on the palmar surface of the right hand
with periodic spontaneous discharge in the form
of “rice grains”. Limb swelling had been observed
since 2014, and the patient attributed the swell-
ing to an injury caused by repeated blows on
a glass door with his right hand. He did not seek
medical care and did not receive conservative or
surgical treatment. Since April 2022 the above
mentioned symptoms began to bother him,
so that the patient applied to the City Clinical
Oncology Center, from which he was referred
with the diagnosis of a synovial cyst of the right
hand for further examination and consultation
to the Vreden National Medical Research Center
of Traumatology and Orthopedics, where he was
routinely admitted and treated from 20.09.2022
to 03.10.2022.

Main diagnosis according to ICD-10: D 21.1
Benign neoplasm of connective and other soft
tissue of upper limb, including shoulder. Soft tis-
sue neoplasm of the right hand and right forearm.

From his life history it is known that the pa-
tient had a long period of intravenous drug abuse
(heroin) at a young age. Since 1998, he has been
diagnosed with HIV infection and chronic hepa-
titis C infection, that is why he is registered at
the Center on Prevention and Control of AIDS
and Infectious Diseases. Currently, the patient
has stage 4B HIV infection (remission with
ART). Since 2014, he has been receiving continu-
ous specific antiretroviral therapy and has been
undergoing regular examinations (once every
6 months). At the time of examination, he was
receiving the following therapy: elpida 20 mg,
1 tablet once a day; lamivudine-advansd 150 mg,
2 tablets 2 times a day; virfoten 300 mg, 1 tab-
let once a day. At admission the patient had the
following comorbidities in addition to the above
mentioned: mild thrombocytopenia, moderate
neutropenia, non-acute chronic bronchitis, RF 0.
Analysis of lung X-rays revealed no pathological
changes typical for tuberculosis, including calci-
nates of the Ghon's focus type.
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On examination, the right hand, fingers, and
lower third of the forearm were significantly en-
larged compared with the healthy left upper ex-
tremity (+3.0 cm). Volar surface was lumpy, skin
was thin and mulberry (Fig. 1). In addition, there
was a pronounced subcutaneous oval neoplasm
on the palmar surface of the hand, 3.0 x 2.0 cm
in size, over which the skin was tense, shiny, hy-
peremic. In the center there was a 0.5 cm diam-
eter wound under a scab. No discharge from the
wound was observed (Fig. 1).

On palpation, the segments are densely elastic
on the palmar surface, the skin is slightly displace-
able, the palpation is insignificantly painful. Blood
supply to fingers is compensated, innervation is
not impaired. Range of motions in finger joints: in
[ finger IPJ (interphalangeal joint) flexion is 30°,
extension corresponds to the norm; in II finger
MP] (metacarpophalangeal joint) flexion is 60°,
PIP] (proximal interphalangeal joint) flexion is
40°, DIPJ (distal interphalangeal joint) flexion cor-
responds to the norm; In II-V fingers, MP] flexion

is 60°, PIP], DIPJ flexions are in full volume; op-
posing of I finger is preserved. Range of motions
in the wrist joint is in full volume, extension of the
hand is slightly painful in extreme position.

MRI was performed on June 26, 2022
(Magnetom Skyra 3T, examination protocol: T2
COR, T1 COR, T1 COR FS, PD COR FD, PD TRA
FS, PD SAGFS). Detected: MR image of peritendi-
nous, synovial, cystic formation along the palmar
surface of the hand, wrist joint with the presence
of multiple cartilage flaps. The above mentioned
changes were most typical for the manifestation
of synovial chondromatosis. Edematous changes
in the surrounding soft tissues, tendinitis, teno-
synovitis of the flexors of IV, V fingers of the
hand were also observed. In addition, peritendi-
nous synovial cyst of the hand was found, located
subcutaneously, in the area of IV finger, commu-
nicating with the synovial sheath (Fig. 2).

The patient underwent standard preoperative
examination, was consulted by a therapist, under-
went echocardiography, laboratory blood tests.

Fig. 1. Volar surface of the hand

and forearm:

a — “draining sinus” in the projection
of the IV ray;

b — dorsal surface of both upper
extremities, increased right hand

and forearm circumference

Fig. 2. MRI scans of right upper extremity:

a — masses on the volar surface of the hand and wrist
joint with multiple chondromal bodies, “rice grains”
inclusions;

b — peritendinal synovial cyst, located subcutaneously
in the IV ray area, communicating with the flexor
channels
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In a dressing room, the scab was removed from
the surface of the wound on the palmar surface of
the right hand, the wound edges were expanded,
observing aseptic measures. When pressing on
the wound, a dense liquid transparent content of
yellowish tinge with solid masses similar to rice
- small (up to 0.4 cm long and 0.2 ¢cm in diame-
ter), oval and spindle-shaped with a smooth sur-
face, white in color, transparent, in an amount of
8 pieces was discharged from the wound. Wound
discharge (2.0 ml in volume) was sent for inocula-
tion to detect deep mycosis, identify the bacterial
pathogen, and determine antibiotic sensitivity.
Bacteriological examination of biopsy samples
on 25.09.2022 revealed the following pathologi-
cal flora: Enterococcus faecalis, Staphylococcus
epidermidis.

No contraindications for surgical treatment
were found. Surgical intervention was performed
on September 28, 2022 and consisted of removal
of a soft tissue neoplasm of the right forearm
and hand, excision of II finger superficial flex-
or, dissection of the transverse carpal ligament,
fasciotomy of the anterior and lateral muscle
compartment.

The surgery was performed in supine posi-
tion with the right upper extremity abducted and
placed on a side table. After standard treatment
of the operative field with antiseptic solutions
under a tourniquet, a shaped incision was made
along the volar surface of the right forearm and
a Y-shaped incision along the palmar surface of
the right hand. The antebrachial fascia and the

ligament of the carpal tunnel were dissected.
Revision surgery revealed the following changes:
the superficial flexor muscles of the fingers and
hand were hypertrophied, pale pink and gray with
yellow flecks, the median nerve was flattened, its
sheaths were pale, local narrowing was revealed,
being a sign of chronic nerve compression men-
tioned in modern literature as a phenomenon of
focal median nerve hourglass-like constriction.

Synovial sheaths of the finger flexors are hy-
pertrophied, thickened, gray, and there are saccu-
lar thickenings filled with transparent yellowish
fluid (Fig. 3). Suspended structures in the form of
yellow and white grains with a smooth surface are
visualized in the fluid in large numbers, varying
in size from 5.0 mm to 2.0 cm in length (Fig. 3).
On palpation, white formations are stiff and elas-
tic, yellow formations are soft, and all are homo-
geneous on section. Sheaths of flexor tendons are
changed throughout. Vascular and nerve bundles
are intact, not fused with the formation and un-
derlying tissues. The superficial flexor tendon of
the second finger is altered, and there is a rupture
with a defect of up to 3 cm. Taking into account
the extent of the process and complexity of the
segment anatomy, the formation was removed
fragmentarily within healthy tissues, the altered
tendon of the superficial flexor of the second fin-
ger was resected, and total synovectomy was per-
formed. After tourniquet removal, thorough he-
mostasis was performed, the wound was sutured
with interrupted sutures and drained with passive
drains (polyethylene half-tubes).

Fig. 3. View of the limb after fasciotomy of the anterior and lateral muscle compartments (a);
removed abnormal tissues — hypertrophic synovial sheath, grain-like structures of various sizes in large
numbers (b)
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Removed soft tissues were placed in physi-
ological solution (NaCl 0.9%) and sent for his-
tological examination to the AP department of
the Vreden National Medical Research Center of
Traumatology and Orthopedics, for Mtb detec-
tion — to the St. Petersburg Research Institute
of Phthisiopulmonology. On 03.10.2022 the re-
sult from the St. Petersburg Research Institute
of Phthisiopulmonology was received: DNA
of Mycobacterium tuberculosis complex was
detected.

On 07.10.2022 the results of histological ex-
amination were obtained. Macrodescription:
soft tissue fragments of 100 cm? of whitish color,
densely elastic consistency. Eight histological
specimens stained with hematoxylin and eosin
revealed the following changes: multiple foci of
hyalinosis with caseous necrosis surrounded by
a bank of lymphocytes with rare multinucleated
giant cells. In places, cell-free foci of hyalinosis,
located in loose areolar connective tissue, richly
infiltrated by lymphocytes, plasma xanthocytic
cells, histiocytes, macrophages. Fibrosis of ne-
crosis foci and their localized infiltration can be
seen periodically (in some places). Fibrous tissue
of different density, rich in cells of the described
composition was detected in the rest of the area.
Conclusion: inflammatory process of a specific
nature (tuberculosis?), combined with chronic
soft tissue inflammation (Fig. 4).

After surgery, the patient received the fol-
lowing therapy: ampicillin + sulbactam 1500 mg
(3.0 g) intravenously 3 times a day for 5 days;
ketonal 2.0 intramuscularly 2 times a day for

2 days; tramadol 2.0 intramuscularly once. For
5 days, daily dressings were administered, and
laboratory tests were performed according to in-
ternally approved protocols.

Dynamics in the early postoperative pe-
riod: analgesics were required for two postop-
erative days; part of the drains were removed in
24 hours, completely — on the second day after
surgery; the wounds healed by primary intention.
There were no neurogenic complaints, range of
motions in the fingers of the right hand and wrist
joint corresponded to the initial ones before sur-
gery, with no negative dynamics.

At the outpatient stage, the patient followed
the following recommendations: immobilization
of the right upper extremity with a splint for two
weeks after surgery; compression underwear of
class 1 compression for 6 months after surgery
for the right upper extremity from the distal pha-
langes to the upper third of the shoulder; amoxi-
cillin + clavulanic acid 1000 mg 1 tablet 2 times
a day for 2 months after discharge from the hos-
pital; ciprofloxacin 500 mg 1 tablet 2 times a day
for 2 months after discharge from the hospital.

When examined 2.5 months later, the patient
had no complaints. The function of the left hand
almost corresponded to the healthy side (Fig. 5).
When measured with a tape measure, the circumfer-
ence of the right upper extremity decreased by 2 cm
compared with the preoperative values. The patient
continued rehabilitation treatment under the super-
vision of a physiotherapist, underwent examination
at the Research Institute of Phthisiopulmonology,
where the diagnosis was confirmed.

Fig. 4. Histological specimens of soft tissue fragments:
a — cell-free foci of hyalinosis are located in loose areolar tissue richly infiltrated by lymphocytes;

b — multiple foci of hyalinosis with caseous necrosis surrounded by a bank of lymphocytes with rare
multinucleated giant cells. Hematoxylin and eosin staining. Mag. x280
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Fig. 5. Results 2.5 months after surgical treatment: a — maximal range of flexion in the finger joints of both
hands, sagittal view; b — maximal range of extension in the finger joints of both hands; ¢ — maximal range of
flexion in the finger joints of both hands, frontal view

DISCUSSION

Mycobacterium tuberculosis is a facultative in-
tracellular parasite and has the appearance of a
thin, straight or slightly curved bacillus, measur-
ing 1-10 x 0.2-0.6 um. Despite its simple prokar-
yotic structure, the microorganism has plasmids
that ensure its autonomous replication, genome
variability, and as a consequence commitment to
mutation. Specific properties of the bacterium
have evolutionarily resulted in a variety of mo-
lecular mechanisms that allow it to evade de-
tection by host immune system and eventually
multiply, causing persistent, difficult-to-treat
disease [5, 6].

Risk factors for disease development include:
older age, low social standing of a patient, nutri-
tional deficiency, a history of tuberculosis or con-
tact, immunosuppression, alcohol abuse, perma-
nent residence in endemic areas, and injections
of steroids [7]. Our case report illustrates several
risk factors for diseases of tuberculosis etiology,
namely, a history of intravenous drug injection,
presence of immunocompromising diseases such
as stage 4B HIV infection and chronic hepatitis
C. However, the patient denied any contact with
tuberculosis patients and use of steroids.

Mycobacterium tuberculosis is mainly aer-
osol-transmitted pathogen and has a discern-
ible tropism to lung tissue. Penetration into the
musculoskeletal system is possible in several
ways. During primary infection, bacteremia (ba-
cillemia) can occur, which is normally inhibited
by cell-mediated immunity. In patients with he-
reditary and acquired immunodeficiency states,
cell-mediated immunity is dysfunctional, and

bacillemia leads to hematogenous spread of the
microorganisms. Lymphogenous dissemination
of the bacteria into the musculoskeletal system
is also possible [8].

The absence of a primary focus in the body does
not exclude the possibility of extrapulmonary tu-
berculosis. Contact way of transmission of the
pathogen is realized through injury, when the mi-
croorganism gets on the damaged skin with soil or
water contaminated with the bacterium. Similarly,
vector-borne transmission is also possible. Cases
of extrapulmonary musculoskeletal tuberculo-
sis following the injection of intravenous forms
of drugs have been reported in the literature [9].
There are also cases of iatrogenic infection, the
number of which is increasing due to the spread of
medical tourism [10, 11]. I. Cheung et al. report a
clinical case of extrapulmonary tuberculosis after
total knee arthroplasty [12]. K.L. Winthrop et al.
identified an outbreak of mycobacterial infection
among clients of a nail salon [13].

In our clinical case, at the stage of preopera-
tive preparation, X-rays analysis did not reveal
calcinates of the Ghon's focus type in the lungs
(primary tuberculosis complex), which excludes
the presence of a primary lesion in the lungs and
hematogenous and/or lymphogenous dissemina-
tion of the bacteria. Thus, the contact mechanism
of infection is more likely.

After Mtb penetration into the patient's body,
tendon sheaths are affected with the formation
of a cold abscess, which extends to the surround-
ing anatomical structures (joint capsule, mus-
cles, tendons and synovial membranes) through
the interstitial spaces. Then the hypertrophy of
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synovial membranes, formation of granulomas
and zones of focal necrosis of periarticular soft
tissues occur [3].

Histological and clinical changes in the tis-
sues are dynamic and correspond to the three
stages described by A.B. Kanavel in 1923 [14].
The first stage is characterized by the production
of serous exudate with thickening of synovial
sheaths, at the second stage granulation tissue
is formed, consisting of "rice bodies", then at the
third stage of the disease massive caseous necro-
sis occurs along with adhesion of tendons and
their synovial sheaths with formation of drain-
ing sinuses (fistulous tracts) and "cold" abscess
[15, 16, 17]. All of the above stages occur without
causing pronounced clinical symptoms, as Mtb
do not produce endo- and exotoxins. Only as Mtb
multiplies and the tissues become hypersensitive
to tuberculoproteins do the first signs of infec-
tion appear (positive reaction to tuberculin). This
makes it difficult to diagnose tuberculous teno-
synovitis at the early stages of the disease [18].

In our clinical observation, disease course was
unobvious and slow. The patient first came to the
medical institution already at the third stage of
the disease according to Kanavel classification.
By this time, a draining sinus had formed on the
palmar surface of the hand, and an increase in
the hand circumference and tendon adhesion re-
stricted full range of fingers' motion.

There are several classic manifestations of tu-
berculous tenosynovitis: hygroma (ganglion) on
the palmar surface of the hand and lower third of
the forearm, carpal tunnel syndrome, and isolat-
ed tenosynovitis of one finger (the term "Sausage
finger" often appears in the literature) [19, 20,
21, 22].

Initially, patients with tuberculous tenosyn-
ovitis complained on a painless increase in the
volume of the fingers or hand compared to the
contralateral limb. Classical symptoms of inflam-
mation (erythema, hyperthermia, tenderness) of
the affected segment are not observed, and there
are no general symptoms of the infectious pro-
cess (increased body temperature, hypodynamia,
etc.). As tenosynovitis progresses and the space
for the neurovascular bundles decreases, the first
signs of neuropathy appear [7, 23].

Patients most often refer to a doctor with the
clinical picture of compression neuropathy of the
median nerve [7]. S. Hassanpour et al. reported 12
cases of tuberculous tenosynovitis of the flexor

tendons out of 1180 patients operated for carpal
tunnel syndrome. Large "rice bodies" in the hyper-
trophic synovial membranes were observed intra-
operatively in 10 cases, in 2 patients the affected
synovial membranes were filled with yellow exu-
date, no direct involvement of the median nerve
was noted in any of the cases. Full recovery was
achieved in all patients after surgical treatment in
combination with anti-tuberculosis therapy [24].

The nature of "rice bodies" is still a subject of
discussion. Some authors consider this phenom-
enon as a result of chronic tissue inflammation.
There is also a theory according to which "rice
bodies" are formed as a result of fragmentation
and disjunction of the synovial membrane due
to repeated local microinfarcts along its length
[3, 25, 26, 27].

It takes about two years from the contami-
nation to the development of above-mentioned
morphological changes in the tissues. On aver-
age, after three years, damage to the tendons oc-
curs, leading to their degenerative rupture with
clinical manifestations in the form of impaired
joint function in the fingers of the hand. One of
the symptoms of the third stage of the disease
is the formation of a "draining sinus", which is a
slit-shaped opening in the skin of the limb (often
on the palm surface of the hand), communicat-
ing with the tendon sheath, through which the
contents of synovial membranes ("rice bodies”,
synovial fluid) are spontaneously evacuated. In
the absence of treatment, the process spreads to
the bones of the extremity with the development
of secondary osteomyelitis [23].

Clinical and biochemical blood tests for diag-
nosis of this disease are often non-specific: the
parameters may be normal, in some cases there
is leukopenia, a moderate increase of erythrocyte
sedimentation rate (ESR) [20, 28].

X-ray, CT, MRI examinations, and ultrasound
of the limb are most commonly used to clarify
the diagnosis. The first two instrumental meth-
ods are most effective in case of bone tuber-
culosis, but X-rays can reveal indirect signs of
tenosynovitis in the form of increased soft tis-
sue volume. The most informative in the diagno-
sis of this pathology is MRI examination, which
confirms hypertrophy of synovial membranes,
granulomatous changes of tendons in the inter-
mediate signal of T1 weighted tomograms with
contrast enhancement of gadolinium drugs and
hyperintense signal of T2 weighted tomograms.
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Abscess and destruction of the underlying bone
can also be detected, as well as the symptom of
"rice bodies" [20, 28].

The presented clinical case, apart from being
extremely rare, is also interesting because de-
scribed clinical manifestations are not typical for
any of the above mentioned classical forms of the
disease (hygroma, carpal tunnel syndrome, sau-
sage finger). Upper extremity disease involved
all finger and hand flexor channels from the dis-
tal phalanges to the upper third of the forearm,
but did not manifest itself as a striking picture
of median or ulnar neuropathy, even despite the
already existing area of focal hourglass-like con-
striction of the median nerve, which was found
intraoperatively. Rice body symptom was the only
indirect sign of tuberculous tenosynovitis, which
was detected by MRI at the preoperative examina-
tion stage. Despite the involvement and complete
damage along the length of the superficial flexor
tendon of the second finger, the patient did not
complain of its dysfunction, apparently due to the
preservation of the deep flexor tendon.

Tenosynovitis of tuberculous etiology can
only be confirmed by microbiological and his-
tological examination. The material is obtained
by fine-needle aspiration biopsy, targeted biopsy
of the affected area, and intraoperative excision
of altered tissue. Acid-fast bacilli test, inocula-
tion, as well as molecular genetic testing (PCR),
histological examination, and determination
of adenosine deaminase levels in synovial fluid
are performed using the obtained sample [5].
Difficulties in diagnosis are the following: histo-
logical examination reveals non-caseous granu-
loma, which can be wrongly interpreted as sar-
coidosis. Transportation of biopsy material for
inoculation in formalin almost excludes the pos-
sibility of detecting bacilli in the sample [5, 23].

In addition, the diagnosis of tuberculous ten-
osynovitis is complicated by the presence of nu-
merous differential diagnoses, including: other
atypical mycobacterial infections, syphilis, sys-
temic lupus erythematosus, pyogenic infections,
brucellosis, osteoarthritis and rheumatoid ar-
thritis, etc. [2].

The most dangerous is the misinterpretation
of tuberculous tenosynovitis as a rheumatologic
disease whose therapy protocols include steroid
drugs. Administration of corticosteroids accel-
erates the process of soft tissue damage due to
Mycobacterium tuberculosis infection [17, 29].

Our clinical case demonstrates the diagnostic
value of PCR, with the help of which the causa-
tive agent was identified and the final diagnosis
was made. At the same time, the results of his-
tological examination confirmed the pattern of
chronic tissue inflammation, which can be in-
terpreted as a manifestation of several dozens of
other diseases.

Treatment of patients with tenosynovitis of
tuberculosis etiology includes thorough radical
synovectomy of all altered synovial membranes.
If tendons are involved, they must be excised.
Immediately after the surgical treatment the fol-
lowing combination of drugs should be taken,
corresponding to the standard antituberculosis
therapy: isoniazid, rifampicin, ethambutol and
pyrazinamide for 2 months, then isoniazid and
rifampicin for 4 months [19]. A number of stud-
ies recommend a longer course of drug therapy,
which sometimes lasts up to 18 months from the
time of surgery [6, 30].

P.P. Kotwal et al. reported on the successful
isolated conservative treatment without surgical
intervention of 75% of patients and their return
to full activity in an average of 5 months after the
start of the therapy [31]. Treatment of tuberculosis
of rare localization remains a controversial issue.
Predominantly, the authors recommend surgical
treatment if conservative treatment is ineffec-
tive, as well as at the second or the third stage of
the disease according to Kanavel classification.
[15,19]. Some studies demonstrate that the com-
bination of surgical treatment with antitubercu-
losis therapy guarantees persistent remission and
satisfactory clinical outcome [5, 19, 23].
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CONCLUSION

Tenosynovitis caused by Mtb is a rare disease that
requires careful perioperative management for
timely diagnosis and selection of proper treat-
ment tactics for the patient.

This clinical case demonstrates the need to be
cautious regarding extrapulmonary tuberculosis.
Identification of risk factors in the patient's medi-
cal history (presence of immunocompromising
diseases, long-term immunosuppression, unfa-
vorable social standing, drug and alcohol abuse)
should alert orthopedic surgeons when detecting
tenosynovitis of unknown etiology.

At the stage of clinical data collection, if teno-
synovitis of unknown etiology is detected, an
MRI examination should be prescribed. Detection
of rice body symptom is an indication for biop-
sy in order to identify the causative agent be-
fore surgical treatment. If tuberculosis etiology
of the disease is suspected, the patient should be
consulted and examined by a phthisiatrician. In
addition to lung X-rays, CT examination of the
chest should be performed to analyze the con-
dition of the lymph nodes, to detect or exclude
primary tuberculosis complex in the lungs and
lymph nodes. The presence of the limb neuropa-
thy in patient, instrumental signs of the second
or the third stage of tuberculous tenosynovitis
according to Kanavel classification are indica-
tions for surgical treatment.
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Abstract

Background. Calcific tendinitis (CT) is a common disease characterized by the presence of calcific deposits in
the tendons of the rotator cuff. CT has a wave-like course, and the formed calcification tends to be resorbed.
The lysis of the calcium deposits is characterized by a strong pain syndrome, and the site of the calcification is
replaced by collagen.

The aim — to demonstrate clinical observations in which the deposited calcification in the rotator cuff did not
resorb but increased over time.

Cases presentation. We report on two rare clinical cases of an increase in calcification of the rotator cuff in
patients aged 51 and 50 years old. Calcific tendinitis occurred with periods of remission and exacerbation.
During exacerbations, conservative treatment was carried out, including courses of massage, physiotherapy,
and pain relief therapy. In one case, a single injection of a hormonal drug was performed. Control X-rays
and MRI during one of the exacerbations showed an increase in the size of the calcifications. Due to the
lack of effect from conservative treatment and the detected increase in calcifications, a decision was made
to perform surgical treatment. Arthroscopic removal of calcifications with re-fixation of the supraspinatus
tendon and elimination of internal damage was performed on both patients. Good results were noted on the
follow-up examination according to the ASES orthopedic score, as well as clinical examination data.
Conclusion. The presented case reports illustrate the possible increase in calcification, unlike the standard
course of the disease, in which the calcification is resorbed. Further study of this pathology is necessary to
establish the causes and mechanisms of calcification increase over time and its dependence on the phase of the
disease.

Keywords: calcific tendinitis, rotator cuff, calcification of the rotator cuff.
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YBenuueHue KanbuuHaTta CyXoXxXunusa HaAOCTHOM MbILWLbI:
ABa KJIMHUYECKUX cny4dyaan
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Pedepar

Axmyansnocms. KanpuyHupytomuii TeHauauT (KT) saBiasieTcsl paciipocTpaHeHHbIM 3a60/ieBaHMeM, XapaKTe-
PU3YIOIIMMCS OT/IO)KeHMEM [IeTll0 KalIblMSl B CYXOKMUIMSIX BpallaTesibHOM MaHeTbl TiedeBoro cycrasa. KT
CBOJMCTBEHHO BOJTHOOOPA3HOE TeueHue, a ChOPMUPOBAHHBIN KAJIbIIMHAT MMeeT TEHIEHIMIO K PacCachbIBAHUIO.
JIU3ucC Jerno KaabIMsl XapaKTepu3yeTcsl CUIbHBIM 0O0JIEBBIM CHMHAPOMOM, 8 MECTO Ka/JbIIMHATA 3aMeNaeTCs
KOJJIaTeHOM.

Ilenvto maHHOI pabOTHI OBUIO MPOAEMOHCTPUPOBATH KIMHNYECKIME HAOTIONEeHNS, B KOTOPBIX JeTTOHUPOBAHHbBIN
KaJIbIIMHAT BpalllaTe/JIbHOI MaH)XeTbl He paccachIBaJICs, @ YBEMUMUBAJICS CO BpeMeHeM.

Onucanue ciyuaee. B paboTre nmpuBeAeHbI IBa PeIKMX KIMHUUECKUX CJTydast YBeIMUEHNUS KalIbI[MHATA Bpa-
IIATEeJIbHOV MaHKeThl Y MauueHToK 51 u 50 jpeT. KabUMHUPYIOIINIA TEHAMHUT IIPOTEKas C IepUogaMu pe-
Myccuu 1 obocTpeHmnii. Bo BpeMst o60cTpeHnit MpoBoaMIOCh KOHCEPBATUBHOE JieueHe, KOTOPOe BKIIIOYAIO
KypChbl Maccaxka, husuorepannuy, 06e3601MBaIOIIYIO Tepanuio. B omHOM cirydyae OJHOKPATHO BBITTOIHSIIACH
MHDBEKLVS TOPMOHAILHOTO ITpernapara. Ha KOHTpo/IbHBIX peHTreHorpaMmMax 1 MPT Bo BpeMs OgHOT0 13 060-
CTpeHM ObIJI0O OTMEUEHO YBeIMUEeHMEe pa3sMepPOB KaTbIMHATOB. BBUAY OTCyTCTBMS 3(PdeKkTa OT KOHCEpBa-
TUBHOM Tepanuy, a Takke BbISIBJI€EHHOTO yBeJMUYeHUsI KaJIbLIMHATOB MPUHSTO pellleHMe O XUPYPruueckom
neueHun. O60MM MaIMEeHTKaM BBIIIOJTHEHO apTPOCKONMUECKOe yAajeH)e KaablIMHATOB ¢ peduKkcaimein cy-
XOKWJIMST BpalllaTelbHO MaHKeThl ¥ yCTpaHeHMeM BHYTpeHHUX MOBpexaeHuit. Ha KOHTPOAbHOM OCMOTpeE
OTMeueHbI XOpOoIlINe Pe3yabTaThl 10 opToneanveckon mkane ASES, a Takske JTaHHBIM KIMHUYECKOTO OCMOTPA.
3axntouenue. TlpefcTaBieHHble KIMHMYECKME CTydau WTIOCTPUPYIOT BO3MOKHOE YBeTMUeHMsl KaJbliMHATa B
OT/IMYME OT CTAaHIAPTHOTO TeUeHMs 3a060IeBaHMsI, ITPY KOTOPOM KasIbIIMHAT paccachiBaeTcst. Heobxommumo mpo-
IOJDKUTh U3ydeHMe TaHHO MaToJIOrUu AJisl YCTAHOBJIEHMS IPUUMH M MeXaHU3MOB yBelMueHMs KaabliHaTa C
TeueHMeM BpeMEeHM U er0 3aBUCUMOCTH OT (a3bl 3a601€BaHMSI.

KnioueBbie c/I0Ba: KaJIbIMHUPYIOIIMII TEeHAVHUT, BpallaTeNbHAs MamkeTa, KaJbIMHAT BpallaTelbHON
MAaHXeThl.
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BACKGROUND

Calcific tendinitis (CT) is a common disease
characterized by the presence of calcific deposits
in the tendons of the rotator cuff of the shoulder
joint [1]. CT is more common in women (up to
79%) at an average age of 55 years (range 31-87
years) [2].

Calcific deposition predominantly occurs in
the supraspinatus tendon (51-90%) [2, 3], but can
also occur in other tendons of the rotator cuff.
Histological analysis of the deposits has revealed
carbonate apatite [4, 5]. Complications of CT in-
clude adhesive capsulitis, rotator cuff tear, and
humeral head osteolysis [2, 6].

CT is the most common cause of acute shoul-
der pain without preceding trauma [1, 6]. Three
stages of CT are recognized. The first stage is the
precalcific stage, where cellular changes predis-
pose tissues to calcium deposition. The second
stage is the calcific stage, where calcium is ex-
truded from cells and then consolidated into de-
posits. Following the formation of calcification,
a resting phase begins, which can last for dif-
ferent periods and is painless. The most pain-
ful phase follows the resting phase, which
is the resorptive phase. The third stage is the
postcalcific stage, where calcium deposits are
resorbed and replaced by connective tissue [1].

The duration of clinical symptoms varies con-
siderably, as the duration of the disease cannot
be predicted. Some patients suffer from recur-
ring symptoms, sometimes for many years, while
others experience spontaneous recovery after
a single episode of pain [7, 8].

CT is a self-limiting condition [5, 7, 9]. A sys-
tematic review by M. Loew et al. showed that
deposited calcium tends to dissolve within 1-3
years [7]. Cases of migration of calcification to
muscle and the humeral head, as well as progres-
sion of humeral head degeneration against the
background of calcification, have been described
[10, 11]. At present, there is no single concept for
treating patients with this pathology, and both
conservative and surgical methods are used [12].

The aim of this study was to present clinical
examples in which deposited calcification in
the rotator cuff did not dissolve over time, but
increased.

Case 1

In 2016, a 51-year-old female patient presented
to the European Clinic of Sports Traumatology
and Orthopedics (ECSTO) with pain syndrome in
her right shoulder joint. After examination by a
trauma and orthopedic surgeon, she was referred
for further tests. CT of the supraspinatus tendon
was detected. Conservative treatment was rec-
ommended: rehabilitation therapy, NSAIDs, and
orthopedic regime. During the treatment, the
patient reported improvement with a decrease
in pain from 0-1 points on the VAS. The next ex-
acerbation occurred in May 2022, with a gradual
progression of pain up to 7-8 points on the VAS.

After clinical examination and analysis of the
results of control studies due to an increase in
calcium deposition and progression of clinical
symptoms, the patient was recommended for
surgical treatment.

The dynamics of the increase in calcinate in
patient 1 is shown in Figure 1.

The size of the calcinate according to X-ray
datain 2016 was 9.2 x 2.7 x 10.0 mm, and in 2022,
it was 31.4 x 6.3 x 10.1 mm. According to MRI
data in 2016, it was 10.1 x 4.2 x 9.6 mm, and in
2022, it was 25.1 x 3.0 x 1.1 mm.

According to the X-ray classification of
B.M. Bosworth [13], the calcinate increased from
medium size (up to 1.5 cm) to large (> 1.5 cm).
According to the X-ray classification of J. Gartner
and A. Heyer [14], the calcinate correspond-
ed to type 1, which is limited, dense calcinate.
According to the MRI classification of M. Loew
et al. [15], the CT corresponded to type B — dense,
separated, with clean contours.

In May 2022, under general anesthesia, the pa-
tient was placed on her nonoperative side, and ar-
throscopic examination of the shoulder joint was
performed through standard portals. Narrowing
of the subacromial space, rupture of the upper
fibers of the subscapularis tendon, subluxation of
the long head of the biceps tendon, and osteo-
phyte of the humeral head were detected.

Thorough bursectomy was performed with visu-
alization of the tendinous-muscular transition of
the rotator cuff. Under visual control, signs of the
presence of calcinate in the supraspinatus tendon
were determined. The location of the calcinate was
confirmed under the control of the C-arc.
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In the area of the calcinate, incision of the fibers
of the supraspinatus tendon was performed from
the subacromial space over a length of 10 mm. A
cluster of white, paste-like substance was visual-
ized. Aspiration was performed, and the removed
material was sent for histological and biochemical
analysis. In addition, the lesion was treated with a
laser. According to the results of histological and
biochemical studies, a degenerative-destructive
calcifying tendinosis of the supraspinatus tendon
was diagnosed. During the postoperative period,
the patient underwent a course of physiotherapy,
massage, and rehabilitation exercises. Calcific de-
posit removal was performed. The residual deficit

10.2016 05.2022

(3 (b

of the tendon measured 15x10 mm. Tendon refix-
ation was carried out using a single-row suture. Due
to additional joint changes detected, subluxation
decompression, coracoplasty, subscapularis tendon
refixation, biceps tendon tenodesis, subacromial
decompression, acromioplasty, and tuberoplasty of
the right shoulder joint were performed (Fig. 2).

In the postoperative period, the patient used
an abduction brace for 6 weeks. Passive shoulder
joint range of motion exercises were allowed start-
ing from the 4" week.

The dynamics of the shoulder joint condition
according to the validated ASES scale [16] are pre-
sented in Figure 3.

07.2022

(c)

Fig. 1. Case 1. Dynamics of the increase in calcification of the rotator cuff according to X-ray and MRI

in the PD mode:

a — initial visit: calcification of the supraspinatus tendon; b — increase in calcification after 6 years;
¢ — shoulder joint after removal of the calcium deposit and refixation of the rotator cuff.

Red circle — location of the calcification

Fig. 2. Case 1. Arthroscopic removal of calcification with subsequent refixation of the rotator cuff;
a — calcium deposit in the supraspinatus tendon; b — calcium deposit removed, partial tear of the
supraspinatus tendon; c — installation of a fixing anchor
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ASES scores
w1
o

20
0

Initial visit
(2016)

Exacerbation
(2022)

6 months after
operation (2023)

1.5 months
of conservative
treatment (2016)

Fig. 3. Case 1. Dynamics of indicators according
to the ASES

Case 2

A 50-year-old female patient presented to the
European Clinic of Sports Traumatology and
Orthopedics (ECSTO) in 2016 with complaints of
pain (8 points according to the VAS) in the right
shoulder joint. A positive effect was observed for
6 months against the background of conserva-
tive treatment (rehabilitation therapy, NSAIDs).

05.2018 .

02.2016

A recurrent exacerbation and the reappearance
of pain occurred in May 2018. A positive effect
was achieved with repeated conservative treat-
ment and the intra-articular and subacromial
injection of Diprophos, which lasted for 4 years.
The dynamics of the calcification progression are
shown in Figure 4. The calcinate's dimensions ac-
cording to the X-ray in 2016 were 7.9x5.3x9.6 mm;
in 2018, 9.6x4.2x10.5 mm; and in 2022,
16.5x6.1x17.9 mm.

According to the X-ray classification of
B.M. Bosworth, the calcinate's size increased
from medium (up to 1.5 cm) to large (>1.5 cm).
According to the X-ray classification of J. Gartner
and A. Heyer, the calcinate corresponded to type
1 — limited and dense calcinate. According to
the MR-classification of M. Loew et al., it corre-
sponded to type B — dense, separated, with clear
contours. The calcinate's dimensions according
to the MRI in 2016 were 9.7x3.8x8.2 mm; in 2018,
12.4x4.7x7.7 mm; and in 2022, 17.3x4.1x16.4 mm.

Due to the recurrence of pain and the increas-
ing calcium deposit, the patient was recommend-
ed for surgical treatment.

03.2022

Fig. 4. Case 2. Dynamics of the increase in calcification of the rotator cuff according to X-ray

and MRI in the PD mode:

a — at the initial visit (calcification of the supraspinatus tendon);

b, c — increase in calcification;

d — X-ray of the shoulder joint after removal of the calcium deposit.

Red circle — location of the calcification
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Under general anesthesia, the patient was
placed on her nonoperative side, and arthroscop-
ic revision of the right shoulder joint was per-
formed. Subluxation of the long head of the bi-
ceps tendon and a rupture of the upper fibers of
the subscapularis muscle were detected. Removal
of the calcinate and its visualization were per-
formed using the method described in the previ-
ous clinical case. Due to the incomplete layer de-
fect of the rotator cuff after the calcium deposit
removal, the supraspinatus tendon was refixed

ASES scores
wu
o

IS
oS

20
0

Initial visit
(2016)

Second 6 months Third 6 months
exacerbation  after conservative  exacerbation after operation
treatment (2022)

Fig. 6. Case 2. Dynamics of indicators according to
the ASES

DISCUSSION

Calcific tendinitis (CT) of the rotator cuff is a
common disease and is the main cause of shoul-
der pain without a preceding traumatic factor
[1, 2, 3, 7]. For example, the incidence of rota-
tor cuff tear with CT in Korean residents is up
to 15% [2]. The mechanism and causes of CT are
currently unknown [17]. Several possible causes
are identified, such as microtrauma to the tendon
and various metabolic disorders.

In the world literature, there is a lot of data
indicating that CT has a wavy course and the

with a single-row suture. Due to the additional
changes found in the joint, a tenodesis of the long
head of the biceps tendon of the shoulder was per-
formed in the proximal areas of the intertubercu-
lar sulcus, refixation of the subscapularis tendon
(one P-shaped suture), and subacromial decom-
pression of the right shoulder joint (Figure 5).

The postoperative protocol was similar to the
one described in the first clinical case. The dy-
namics of ASES score indicators in patient 2 are
shown in Figure 6.

Fig. 5. Case 2. Calcific tendinitis

of the supraspinatus tendon:

a — calcification;

b — refixed supraspinatus tendon after
removal of the calcium deposit

formed calcification tends to dissolve [1, 5, 7,
8,9, 17]. Calcium deposit lysis is characterized by
severe pain syndrome, and the site of calcifica-
tion is replaced by collagen [5].

In our report, we present two clinical cases of
increased calcification of the rotator cuff. The
disease progressed with periods of exacerbation
and pronounced pain syndrome. According to the
literature, some patients with CT require surgical
treatment due to a pronounced pain syndrome
and a lack of effect from conservative treatment
[7, 8]. Perhaps, it is the increase in calcification
over time that leads to exacerbation of pain
sensations.

Arthroscopic removal of calcification is the
optimal treatment method in the absence of
effect from conservative treatment [18, 19].
Surgical treatment of CT within 1 to 5 years of
observation shows good long-term results with a
low number of complications [20].

In both clinical cases described by us, after the
removal of calcification, a partial-thickness tear
of the supraspinatus tendon was revealed, which
was then repaired.

The long-term results of treatment of patients
in the clinical cases described by us are similar
to those published in the literature. For exam-
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ple, in the study by C.H. Cho et al., ASES scores
increased by more than 75% after 6 months of
treatment [18]. In the work of ].J. Ernat et al., an
improvement in ASES scores from 59.4 to 88.0
points was noted during the observation period
of at least 2 years [21].

CONCLUSION

Calcific tendinitis is a multifactorial disease with
a phase character of the course. We presented two
clinical cases of an increase in the calcification
of the rotator cuff. In the absence of effect from
conservative treatment, surgical removal of the
calcification is recommended, which shows good
results. Further study of this pathology is neces-
sary to establish the causes and mechanisms of
an increase in calcification over time and depen-
dence on the phase of the disease.
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Migration of a Kirschner Wire Into the Urinary Bladder:
A Case Report
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Abstract

Background. Migration of Kirschner wires is a dangerous complication of osteosynthesis, especially when
they displace into adjacent anatomical areas. Preventive measures do not eliminate the possibility of this
complication.

Aim of the study — to draw physicians’ attention to the possibility of asymptomatic migration of a Kirschner
wire into the bladder after osteosynthesis of a femoral neck fracture with a bundle of wires

Case presentation. We present a case report of a 70-year-old patient with asymptomatic migration of
Kirschner wires into the bladder and hip joint cavity, which occurred 5 years after the primary surgery for the
fracture of the left femoral neck. To manage the complication, a combination of endoscopic removal of the
foreign body from the bladder and open removal from the hip joint followed by total hip replacement were
used simultaneously. The surgical intervention was performed without any complications. The patient began
rehabilitation the next day after the surgery.

Conclusion. Osteosynthesis should be supplemented with preventive measures against the fracture of fixator
and its migration. The patient must be dynamically followed up during the treatment period with all necessary
monitoring methods (X-ray, CT scan, ultrasound, etc.). In case of wire fracture and/or migration, it must be
removed immediately. Once the fracture has healed or the period of fixation of the dislocation is over, the
wires should also be removed. Preventive measures can avoid the migration of Kirschner wires and related
complications.

Keywords: femoral neck osteosynthesis, Kirschner wires, migration of wires, pseudoarthrosis of the femoral
neck.
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Murpaumsa cnmubl KupliHepa B MOYeBOM Ny3bipb:
KJIMHUYECKUI Cnyyan

A.O. @apiton !, P.B. ITacbkoB 12, [1.B. Iymnu 2, A.}0. bazapos !, A.H. [IpokoribeB !

' TBY3 TO «O6nacmHas kauHuueckas 6onvHuya N2 2», 2. TromeHw, Poccus

2 000 «Ypanwvckuti KnuHU4ecKuti 1eueOHo-peaburumayuoHHsili ueHmp um. B.B. TemwoxuHa,
2. HuxcHuti Tazun, Poccus

Pedepar

AxkmyansHocme. Murpaius crimil, KupirHepa sIB/sieTcs OracHbIM OC/IOKHEHMEM OCTeOCHHTEe3a, 0COOEHHO TPy
MX CMEIeHUM B CMeXKHbIe aHATOMMYeCKye 30HbI. [IpeanpuHuMaemMbie Mepbl TPODMIAKTUKM He UCKITIOUAIOT
BO3HMKHOBEHUS 3TOTO OCJIOKHEHMSI.

Ilensv uccnedosanHus — oOGpPaTUTb BHMMAaHME Bpadeil Ha BO3MOXHOCTh 6€CCMMITTOMHOM MDAy CIIMLIBI
KupniHepa B MOu€BO# y3bIpb [OC/IE OCTEOCUHTE3A ITepeioMa ek 6eIPEeHHOI KOCTY ITYYKOM CITHII.
Onucanue cnyuas. Mbl IpefcTaBIsseM KJIMHUYECKUIA cTydaii jedeHus: 70-JieTHel MayeHTKM ¢ 6eCCUMITTOM-
HOVi Murparyei crmi KupiiHepa B MOU€BOI Iy3bIPb M MOJIOCTh Ta300eIPEHHOr0 CYyCTaBa, HACTYIMBILIEN ye-
pes 5 JjieT mociie MepBUYHOI OIepaluy Mo MOBOIY IepejioMa LIeiKy JeBoVi 6eApeHHOI KOCTH. IS TeueHust
OCJIOKHEHMS] CUMYJIbTAHHO MCITOb30BaIM KOMOMHAIIMIO SHIOCKOITMYECKOTO yAaJeHUsI MHOPOSHOTO Tejia U3
MOYEBOTO ITy3bIPSI ¥ OTKPBITOTO YAATEHUS 13 Ta300€eIpeHHOT0 CYCTaBa C IOCIeIYIONMM TOTAIbHBIM 3H/IOMPO-
TesupoBaHueM. OnepaTBHOE BMEIIATEIbCTBO MPOILIO 6e3 ocToskHeHMi. Ha cemyronme CyTKy OCIe orepa-
MY MAIMEeHTKA IPUCTYITUIIA K PeabUIUTAIIOHHBIM MEPOTIPUSTHUSIM.

3akaioueHue. BbITIOIHEHME OCTEOCHHTE3a HEOOXOAMMO 3aBepIIaTh MepaMu TPOGUIAKTUKY ITePeIOMOB QUK-
caropa u ero murpanuu. TpebyeTcs quHaMUYecKoe HabMogeHye 3a Mal[MeHTOM B TeueHMe Tepuoza JedeHmst
C TIpOBeJleHMEM BCeX HeOOXOIMMBIX MeTOAO0B KOHTpos (peHTreHorpadus, KT, ynibTpasByKoBoe uccieqoBa-
HMe ¥ T.74.). B ciyyae repesioMa Cuiibl /MU €e MUTpaIMy HeO6X0OMMO He3aMeAINTeTbHO YAAIUTD CITUITY.
[Tocte cparmeHus mepesoMa Wiy OKOHUaHMS CPOKOB (MKCAIIMY BBIBMXA TaKKe CIIUITbI CJIeTyeT YAAISATh. IIpo-
dbwrakTHYecKue MepONPUSITHUS MMO3BOJISIOT PEAYIIPEeIUTb MUrpannio crvi KupiiHepa u cBSI3aHHbBIE C Helt
OCJIOXKHEHUS.

KiioueBbie CJIOBa: OCTEOCHHTE3 MIEKM OeqpeHHO! KOCTH, chuilbl KupiiHepa, MUrpauysi CIIMII, JIOKHbBI
CyCTaB 1Ieiiku 6egpeHHO KOCTHU.

s outupoBanusa: ®apiion A.O., ITacbkos P.B., ymun [.B., Baszapos A.lO., IIpokonbeB A.H. Murpauusi cumubl
KupiuiHepa B MOUeBO¥i Iy3bIpb: KIAMHUYeCKUit ciaydait. Tpasmamonozus u opmonedus Poccuu. 2023;29(2):118-125.
https://doi.org/10.17816/2311-2905-6610.
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BACKGROUND

Kirschner wires are widely used in modern trau-
ma surgery for fixation of fractures of various lo-
calizations. They are used both as independent
fixators and as an auxiliary tool: guide wire, tem-
porary fixation, etc. Due to their technical prop-
erties (small diameter and smooth surface), wires
are easy to use, but fatigue fractures and migra-
tion often occur. Cases of K-wires migration after
osteosynthesis of the clavicle [1, 2], humerus [3],
sternum [4], femur [5, 6], and reconstruction of
the acromioclavicular joint [7, 8, 9, 10, 11] are de-
scribed in the literature. Localization of displaced
fixator varies from the subarachnoid space to the
abdominal cavity: migrations to the heart, lungs,
mediastinum, aorta, spinal canal, and bladder
have been described [12, 13, 14, 15, 16, 17]. Often
a displaced foreign body resulted in fatal injuries
of internal organs.

We also have some experience in managing
this complication. In our case report, migrated
wire has not disturbed the patient for many years
and has been detected accidentally.

Aim of study — to draw physicians' attention
to the possibility of asymptomatic migration of a
Kirschner wire into the bladder after osteosynthesis
of the femoral neck fracture with a bundle of wires.

Case presentation

A 70-year-old patient presented to the Ural
Clinical Therapeutic and Rehabilitation Center
named after V.V. Tetyukhin (Nizhnii Tagil) with
complaints of pain and limited movements in the
left hip joint. Her medical history showed that

five years ago she had undergone osteosynthe-
sis of the neck of the left femur with a bundle of
wires at the local central district hospital in Perm
region. Three years later, a progressive pain syn-
drome in the area of intervention occurred. On
presentation to the health care facility where
the primary surgery had been performed, femo-
ral neck pseudarthrosis and K-wire fracture and
migration were diagnosed. Patient was admitted
to the hospital, and elective surgery for removal
of fixators was performed. However, the broken
wire could not be removed for technical reasons.
Wound having been healed, the patient was dis-
charged for outpatient treatment. During the
next two years, a mild pain syndrome persisted,
but the patient was not followed up by an ortho-
pedic traumatologist. Over the past 6 months, the
pain increased, which was the reason for the pa-
tient's reapplication for medical care. Plain X-ray
of the pelvis was performed and showed wire mi-
gration into the abdominal cavity (Fig. 1 a). At the
time of examination, there was no evidence of ab-
dominal organ damage. The patient was urgently
referred to the admission department of the Ural
Clinical Therapeutic and Rehabilitation Center
named after V.V. Tetyukhin, where a CT scan of
the abdomen was performed and the localiza-
tion of the foreign body was determined (Fig. 1b).
The wire was located in the bladder. After pre-
operative planning, it was decided to perform a
two-stage surgery to remove two foreign bodies
simultaneously: the first stage was cystoscopy
and removal of the wire fragment from the blad-
der; the second stage was K-wire removal from
the hip joint and total hip arthroplasty.

Fig. 1. Plain X-ray of the pelvis (a) and CT scan (b) at admission to hospital: fracture and K-wire migration
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With the patient in supine position under en-
dotracheal anesthesia, the operative field was
treated with antiseptic solutions. No leakage of
the contrast agent from the bladder cavity was
registered (Fig. 2 a, b). Cystoscopy revealed mi-
grated K-wire in the bladder cavity. The foreign

body was removed using endoscopic forceps
(Fig. 2 ¢, d). Control contrast-enhanced fluo-
rography showed no contrast leakage (Fig. 2 e).
Control X-ray was performed, in which a remain-
der of the wire was visible in the hip joint area
(Fig. 3 a, b).

Fig. 2. C-arm fluoroscopic images:

a — wire in the bladder area; b — results of cystography;

¢ — forceps in the bladder; d — endoscopic removal of the wire;
e — control image after wire removal from the bladder

Fig. 3. X-rays of the pelvis in AP (a) and axial (b) views;
K-wire is located in the area of left femoral head and acetabulum; the wire is removed from the joint cavity (c);
removed foreign bodies 4 and 10 cm long (d)
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The patient was put on the right side, the ope-
rative field was treated, and Harding approach to
the left hip joint was performed. After removal of
the femoral head, the wire fragment was found
in the joint cavity and was removed (Fig. 3 c, d).
Cemented left hip arthroplasty was performed
(Fig. 4).

Rehabilitation procedures started on the se-
cond day after the surgery. The wound healed
with primary intention, and there were no com-
plaints at the time of discharge. At 3-month
follow-up examination and subsequent check-
ups the patient could walk without additional
support and had no complaints.

Fig. 4. X-rays of the pelvis in AP (a) and axial (b) views after wire removal and total left hip replacement

DISCUSSION

Despite a large number of modern implants,
Kirschner wires are still widely used in trauma
surgery for fracture fixation. This is primarily
due to their ease of use, no need for special in-
struments, and low cost of implants. However,
this apparent simplicity hides serious compli-
cations. H. Matsumoto et al. reported on the
damage of the intestine caused by a K-wire lo-
cated in the pelvic cavity [13]. The literature
also presents data on bladder and ureter per-
foration [14], perforation of abdominal aorta
and iliac arteries [15], of descending vena cava
[16,17], as well as heart [18], lung [19] and spi-
nal cord [20] damage.

In 1977, M. Cohen et al. reported on the
treatment of a 57-year-old man with bladder
perforation with a Knowles pin after osteosyn-
thesis of the femoral neck fracture. Similarly to
our case, the patient had no clinical manifes-
tations, but there was microhematuria in the
common urine analysis. Laparotomy, cystoto-
my, bladder revision, verification and removal
of the broken pin were performed under endo-

tracheal anesthesia. Postoperative period was
without complications [5].

Hardware migration can lead to severe com-
plications, up to lethal outcome [21], and occur
years after the surgical treatment [21, 22, 23].
S.V. Sivakon’ et al. observed a case of iatrogenic
foreign body migration 12 years after the surgery
[24].

There is a large number of theories of wire
migration. M.D. Romanov et al. consider the lack
of reliable fixation of the distal part of a wire, as
well as untimely fixator removal to be the main
causes of wire migration [2]. Some authors asso-
ciate the development of complications with con-
stant movements in the joints and muscle work;
others associate it with bone resorption [20, 25].

To determine the localization of migrated
wire fragment, the most frequently used ra-
diological methods are X-ray and CT, including
contrast-enhanced [1, 14, 17, 23]. Once the lo-
calization of displaced wire is determined, the
problem of its removal arises. In most cases,
both open [2, 5, 9] and endoscopic interven-
tions were equally used [26]. Thus, M. Cohen
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et al. used laparotomic approach to remove a
wire from the bladder [5]. A number of authors
discuss in their studies the advantages of en-
doscopic methods [14, 26, 27].

The possibility of K-wire migration, as well as
its severe consequences, prompted us to study
this complication and the ways of its prevention
[2, 6,9].First of all, it is necessary to limit the use
of Kirschner wires as a definitive fixation meth-
od and give preference to modern implants with
minimal probability of migration. In cases when
the wires are indispensable to perform the sur-
gery, it is necessary to use threaded ones [26], or
bend their end, which will significantly decrease
the possibility of migration [1]. D.B. Tuliaganov
et al. consider that in the postoperative period
it is obligatory to use external immobilization
to reduce joint mobility [20]. When the time of
bone union is reached and the fracture consoli-
dation is confirmed radiologically, K-wires must
be removed [3, 7]. According to W. Mamane et
al., periodic radiological monitoring enables
early detection of fixator migration and, if this
occurs, its immediate removal [28]. B. Zacharia
et al. also emphasize that if migration of wire is
revealed, it must be removed immediately even
if there are no clinical manifestations [29].

In our study, the patient suffered only from the
hip joint pain, and the wire migration was diag-
nosed during elective preoperative examination.
We used a combination of open and endoscopic
methods to remove the migrated fixators depend-
ing on their localization and planned surgical
volume.

CONCLUSION

This case has taught us to be cautious when per-
forming osteosynthesis of bone fractures with
K-wires due to their frequent fatigue fractures
and migration. Osteosynthesis should be supple-
mented with preventive measures against frac-
tures and migration of fixators. The patient must
be dynamically followed up during the treatment
period using all necessary monitoring methods
(X-ray, CT, ultrasound, etc.). In case of wire frac-
ture and/or migration, it must be removed imme-
diately. Once the fracture has healed or the fixa-
tion period of the dislocation is over, the wires
should also be removed. Preventive measures al-
low to avoid migration of K-wires and associated
complications.
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Abstract

The article “Migration of a Kirschner Wire into the Bladder: Case Report” describes a rather rare but serious
complication after osteosynthesis of a medial femoral neck fracture performed with wires, that is a fatigue fracture
of a Kirschner wire with migration of its proximal fragment into the bladder. It is stated in the commentary that
such complications do occur and the results of their successful treatment have been published in the modern
scientific literature. The author of the commentary draws attention to the tactical and organizational aspects
of treating patients with femoral neck fractures related to this case. It is pointed out that there are standard
replicable osteosynthesis techniques for fractures of a number of localizations that provide good clinical results.
Proximal femur is one of these localizations, and the methods of surgical treatment of its fractures are described
in details in current clinical guidelines. Possible reasons for the long-term persistence of pseudarthrosis of the
femoral neck are also analyzed. Conclusions: when choosing a method of surgical treatment, it is necessary to
follow the approved clinical guidelines to reduce the risks of nonunion of femoral neck fractures. Hip arthroplasty
should be performed without delay in cases of fracture nonunion after osteosynthesis.

Keywords: osteosynthesis, K-wire, migration of wires, failure of osteosynthesis, femoral neck fracture.
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Pedepar

B xommeHTapuu K cratbe «Murpauusi cnuilpl KupiiHepa B MOY€BOI My3bIpb: KIMHUYECKUI CTydaii», ONUCHI-
Balolleli JOCTaTOYHO Peikoe, HO cepbe3HOe OCI0KHEeHMe M10C/Ie OCTeOCMHTe3a MeIMalbHOro IepeaoMa eiku
6eIpeHHOI KOCTH, BHITTOJIHEHHOTO CITUIIAMM: YCTaJIOCTHBIN ITepeioM CIiuilbl KupirHepa ¢ Murpauyeit mpokcu-
MaJIBHOTO ee ¢parMeHTa B MOUEBOI ITy3bIPh, KOHCTATUPYETCS HaMUMe MOgO0OHbBIX OCIOKHEHMIA C ITyOIMKay-
eif pe3y/IbTaTOB YCITENTHOTO UX JIEYEHNs B COBPEMEHHO HAyIHO IuTepaType. ABTOp KOMMEHTapus obpaimaer
BHMMaHMe Ha CBSI3aHHbBIE C 3TUM CJlyyaeM TaKTuUueckiue U OpraHu3alOHHbIe acleKThl OKa3aHus IOMOIIU Ma-
LIMeHTaM C IlepejIoMaMU IeiKy 6eIpeHHoi KocTu. OTMeuaeTcsl, YTO Py MepeoMax psaaa JoKaJIu3alluii cyuie-
CTBYIOT CTaHAAPTHbIE TUPAKMPyeMble METOIMKM OCTEOCHMHTE3a, latolllyie XOpoliye KIMHNYeCKe pe3yabTaThl.
K uncry Takux TIoKanu3auyii OTHOCUTCS U ITPOKCUMAJIbHBIN OTIeN 6epeHHO KOCTY, METOAVKY OTIepaTUBHOTO
JIe4eHMsI TIeEPEIOMOB KOTOPOTO IMOAPOOHO M3JIOKEHBI B JEMCTBYIOIIMX KIMHUYECKUX PEKOMeHAAIMUIX. AHATA-
3UPYIOTCS TAKKE BO3MOXKHbIE IIPUYMHBI IFINTEIHHOTO CYIeCTBOBAHMS JIOKHOTO CYCTaBa IIeiiKky 6eIpeHHOI KO-
CTY. BBIBOIBI: IJISI CHYDKEHMSI PMCKa HecpalleHuii IepejioMoB IIejiku 6eIpeHHO0l KOCTY IIpU BbIOOpe MeToaa
OTIEPATMBHOTO JIEUeHMST HEOOXOIMMO CJIEIOBATh YTBEPKAEHHBIM KIVMHUYECKMM PEKOMEHIAIUSM, a B CIIyJasx
HecpalieHus IepeioMOB IIOC/Ie OCTeOCHHTe3a 6e3 3a[epPsKeK BBITTOMHSTL SHIOMPOTE3MPOBaHMe Ta300eapeH-
HOTO CYyCTaBa.

KiroueBble CJIOBa: OCTEOCHMHTE3, ClMLbI KupurHepa, Murpaums CIUL, HECOCTOSITENIbHOCTh OCTEOCUMHTE3A,
repesioM etk 6eApeHHO KOCTH.

Onsa putupoBaHus: Benenbkuit W.I. PepakimoHHbIVi KOoMMeHTapuii K crtatbe A.O. dapiioHa C coaBTOpamMm
«Murpanus crimipl KupirHepa B MOYEBOM ITy3bIpb: KIMHUYECKUH ciaydait». Tpasmamosnozus u opmonedust Poccuu.
2023;29(2):126-129.
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Certainly, presented case is quite interesting
from the clinical point of view. Nevertheless, we
would like to draw attention to the tactical and
organizational aspects of treating patients with
femoral neck fractures.

Osteosynthesis with wires as a method of de-
finitive fixation is currently most commonly used
as a part of the tension band with a wire loop for
patella fractures [4], olecranon fractures [5] and
less frequently for fractures of other localizations
as an independent fixator, in particular for frac-
tures of the proximal humerus [6] and the distal
radius [7]. Not long ago, different types of wire
osteosynthesis were also used for femoral neck
fractures. However, there were cases of wire mi-
gration. To improve the quality of fixation and
prevent wire migration, in 1997, a method of os-
teosynthesis of the proximal femur was proposed
using three bundles of mutually orthogonal wires
in the form of pins (Method of surgical treatment
of fractures of the proximal femur. Patent of in-
vention RU 2139002 C1, 10.10.1999). However,
later, the same authors who proposed this tech-
nique did not even mention it when analyzing
the results of treatment of patients with femoral
neck fractures [8].

When using wires as guides for insertion
of cannulated constructs as well as when per-
forming definitive osteosynthesis with wires
to prevent their migration, it is common to use
threaded wires (Method of surgical treatment of
fractures of the pubic ring bones via osteosyn-
thesis with a threaded fixing wire. Patent of in-
vention 2727895 C1, 24.07.2020).

When discussing the tactics of surgical treat-
ment of proximal femur fractures, we should say
that in case of intracapsular fractures (type B
fractures according to the AO classification), we
can choose between osteosynthesis or arthro-
plasty. When deciding to perform arthroplasty,
one can debate the choice between different
modifications and methods of fixation of pros-
thetic components. The situation is completely
different when deciding upon performing osteo-
synthesis of a femoral neck fracture. Considering
the choice of osteosynthesis technique, we should
note that there are standard replicable tech-
niques for fractures of several localizations that
give good clinical results. Proximal femur is one
of these localizations. Most of unsolved issues
related to osteosynthesis of these fractures today

are organizational ones [9]. Technically, in case
of femoral neck fractures, osteosynthesis can be
performed with parallel cannulated screws, dy-
namic hip screw system, or dynamic parallelly
inserted screws locked in a plate. These methods
are approved in the current clinical guidelines for
the treatment of proximal femur fractures. It also
states there that the methods of osteosynthesis
with a three-blade nail and angled blade plate,
which have been widely used not so long ago, are
not recommended [10]. The lack of even a men-
tion of osteosynthesis with wires in the clinical
guidelines demonstrates that this technique is
extremely rare nowadays.

There is another fact in the article that cannot
be overlooked. The patient sought hospital care
only three years after the osteosynthesis and had
the wires removed. Obviously, at that time there
were all indications for arthroplasty, which was
performed only two years afterwards. We can only
theorize about the reasons. Perhaps, there were
some organizational problems related to the pa-
perwork associated with performing a high-tech
surgical intervention. However, it is most likely
that the patient was fine with the decrease in
her quality of life and decided to undergo arthro-
plasty only when her pain syndrome increased.
Nevertheless, after reviewing this article, the fol-
lowing conclusions can be made: when choos-
ing a method of surgical treatment, it is neces-
sary to follow the approved clinical guidelines
to reduce the risks of nonunion of femoral neck
fractures. Hip arthroplasty should be performed
without delay in cases of fracture nonunion after
osteosynthesis.
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Abstract

Background. Patellar instability is one of the most common pathologies of the musculoskeletal system,
predominantly observed in physically active young individuals. It ranks third in the structure of knee joint
injuries after anterior cruciate ligament and meniscal injuries.

The aim of this review — to present modern perspectives on the diagnosis, principles, and surgical treatment
techniques for patients with patellar instability based on an analysis of the literature.

Methods. Publications were searched in the PubMed/MedLine and eLIBRARY databases. A total of 112
foreign articles published between 1984 and 2023 and 12 domestic publications from 2011 to 2022 were
found. During the analysis, 68 articles were selected, which had full texts or abstracts containing sufficient
information on diagnostic methods, commonly used standard and modified surgical correction methods for
patellar instability, and treatment protocols considering patient age structure, instability characteristics, and
functional demands.

Results. A qualitatively new stage in the reconstructive and restorative surgery of patellar instability is
the in-depth examination of patients to determine the extent of damage to the medial retinaculum and
the presence of dysplastic changes in anatomical structures that provide normal biomechanics of the knee
extensor apparatus. A strictly individual approach to the selection of surgical treatment methods considering
risk factors contributing to the development of chronic patellar instability becomes of particular importance.
Conclusion. Precise restoration of the medial patellofemoral ligament, supplemented by the correction of
identified dysplastic changes in anatomical formations of the knee joint area, allows for better functional
outcomes in patients with acute and chronic patellar instability.

Keywords: patellar dislocation, patellar instability, medial patellofemoral ligament reconstruction, trochlear
dysplasia.
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CoBpeMeHHble NOAX0Abl K AUArHOCTUKE U JIeYEeHUI0 HeCTabunbHOCTU
HaAKONEeHHUKA: 0630p nuTepaTypbl

B.B. Xomunern, [I.A. KonokotuH, O.B. PukyH, A.O. ®enotos, A.C. 'paHKMH,
A.C. BopobbeB

@I'BBOY BO «BoeHHo-MeduyuHckaa akademus um. C.M. Kuposa» MuHo6opoHs Poccuu,
2. Canxm-ITemep6ype, Poccus

Pedepar

AxmyanbHocms. HecTaGMIbHOCTb HAJKOMEHHMKA — OJHA M3 Hauboslee YacTO BCTPEYAIOIIMXCS TATOMOTMIA
OIOPHO-IBUTATEIbHOIO allllapaTa, HaG/IomaioIascs MpeuMyIlecTBeHHO Y (PU3MUYeCKM aKTUBHBIX MOJIOIBIX
JIIofeit, KoTopas 3aHMMaeT TPeThe MeCTO B CTPYKTYpe MOBPeKIeHMIT 06/1acTi KOJIEHHOTO CYCTaBa Iocjie TPaBM
repeHei KpecToo6pa3HoOI CBA3KM M MEHVCKOB.

Ilens 0630pa — Ha OCHOBAHMM aHaIM3a JaHHBIX JUTEPATyphl IIPEICTaBUTh COBpeMeHHbIe B3IJISIAbI Ha Iua-
THOCTMUKY, IPUHIIUIIBI M METOAMKM XUPYPIUUECKOTO JIeUeHMs MMal[ieHTOB C HeCTabMIbHOCThIO HAIKOJIEHHUKA.
Mamepuan u memoodst. ITouck MyOGIMKaIIMii OCYIIeCcTBISICS B 6a3ax maHHbIX PubMed/MedLine n eLIBRARY.
Bcero 6but0 HajimeHo 112 MHOCTpaHHBIX CTaTei, OMy6IMKOBAHHBIX B repuom ¢ 1984 mo 2023 r., u 12 oTeve-
CTBeHHbIX Iy6nmKanmii 3a 2011-2022 rr. B Xome aHanm3a myoaMKaluii 6bI10 0TO6paHo 68 cTaTeid, Iysh KOTOPBIX
OBLIM JOCTYITHBI ITOJTHbIE TEKCTHI UM pedepatsl, comepsKallye TOCTaTOUYHYI0 MHGOPMALMIO IT0 MeTofaM aya-
THOCTMKY ¥ HauboJiee YacTo IPUMEeHSeMbIM CTAHIAPTHBIM M MOAUMUIIMPOBAHHBIM CIIOCO6AM XUPYPIUUECKOii
KOppPeKIM HecTabMIbHOCTY HAAKOJIEHHMKA, a TaKKe MPOTOKOJbI JeUeHUs pacCMaTpUBAeMOii TaTOMOTUM C
YU4eTOM XapaKTepa HeCTabMIbHOCTH, BO3PACTHO CTPYKTYPhI M GYHKIIMOHAIbHBIX 3aTIPOCOB MallEHTOB.
Pesynomamui. KauecTBEHHO HOBBIM 3TaIllOM Pa3BUTHUS PEKOHCTPYKTMBHO-BOCCTAHOBUTENbHOM XUPYPIUM He-
CTaOMIBHOCTY HAJKOJMIEHHMKA SIBJISIETCS YITy6/IeHHOe 06¢c/eqoBaHMe MOCTpaJaBIInX C ONpeneieHeM CTeleHn
TIOBpEXKIEeHNUIT MeIMaTbHOTO PETUHAKY/IIOMA U OUCIUIACTUYECKUX M3MEeHeHNU T aHaTOMUYECKUX CTPYKTYp, obe-
CIIeYMBAIOIIMX HOPMAaJIbHYIO 6MIOMeXaHMKY pasrubaTeIbHOrOo amapara KoJIeHHOTo cyctaBa. Ocoboe 3HaUeHme
MpMoOpeTaeT CTPOTO UHAMBUAYAIbHbINM MMOAXO K BBIGOPY METOIA XMPYPIrUUECKOTO JeUeHMs C yIeTOM (aKTo-
POB pMCKa, CIOCOGCTBYIONIMX PA3BUTUIO XPOHMUECKOI HECTaOMIbHOCTY HaJKOJIEeHHMKA.

3axntouenue. TIpeli3MOHHOE BOCCTAHOB/IEHME MeIMaIbHO MaTesio-heMopaabHOM CBSI3KM, TOTIOTHEHHOE 110
TTOKa3aHMSIM KOppeKI[Meii BhISIBJIEHHBIX AUCIIACTUYECKMX M3MEHEeHMIT aHaTOMUYeCKMX 06pa3oBaHmii o6macTu
KOJIEHHOTO CYCTaBa, [O3BOJISIET MOMYUUTD JIyulie GyHKIMOHATbHbIE Pe3YIbTAThl Y OOJBHBIX C OCTPOIi U XPO-
HMYECKOii HeCTaOMIbHOCTbIO HaJKOIEHHMKA.

KiioueBble CJIOBa: BbIBMX HAIKOJEHHNKA, HECTAOMIBHOCTh HAAKOMEHHMKA, PEKOHCTPYKIINS MeauaabHOI Ia-
TeJu10-(peMopasbHOM CBSI3KM, AUCIIIa3ys 6;10Ka 6eApeHHO KOCTH.

IOna uurupoBaums: Xomuuern, B.B., Konokotun [.A., Pukyn O.B., ®emotoB A.O., I'pankuu A.C., Bopobber A.C.
CoBpeMeHHbIe TIOAXOAbl K IOMAarHOCTMKE W JIEYEHUI0 HeCTaGMIbHOCTY HAAKOIEHHUKA: 0030p JUTEPATYPHI.
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BACKGROUND

Patellar instability is one of the most common pa-
thologies of the musculoskeletal system, primar-
ily observed in physically active young individu-
als [1]. It ranks third in the incidence of knee joint
injuries after meniscal tears and anterior cruciate
ligament ruptures, accounting for 3.3% [2].

Primary patellar dislocation mostly occurs as
a result of acute trauma. According to M. Moiz
et al., conservative treatment of traumatic pa-
tellar dislocations leads to the development of
chronic instability in one-third of the affected
patients (31%) [3]. A study by R.A. Magnussen
et al. showed that only 26.4% of patients regain
knee joint function to the level of their previous
physical activity after conservative treatment [4].
L.S. Huntington et al. confirmed that conserva-
tive treatment of primary patellar dislocations
is accompanied by recurrence of instability in
33.6% of cases, significantly affecting the pa-
tients' quality of life [5]. E.E. Salonen et al. dem-
onstrated that chronic patellar instability is as-
sociated with a high risk of early development of
patellofemoral joint osteoarthritis due to con-
stant cartilage trauma in the patellar joint and
the femoral block [6]. A.K. Orletsky et al. reported
a lower risk of patellar dislocation recurrence af-
ter operative treatment compared to conserva-
tive treatment, but a higher risk of developing
osteoarthritis of the patellofemoral joint follow-
ing surgery [7].

Currently, the question of selecting indica-
tions for operative treatment in patients with pri-
mary patellar dislocation remains debatable. In
the last decade, special attention has been given
to the biomechanical aspect of instability devel-
opment [8]. The conducted studies have demon-
strated that anatomical features of the knee joint
extensor apparatus, such as tibial tuberosity dys-
plasia, lateralization of the tibial tuberosity, high
patellar position, excessive femoral anteversion,
and torsion of the tibia, significantly influence
the biomechanics of the patellofemoral joint.
These factors should be taken into account when
choosing treatment strategies for both acute and
chronic instability [9, 10, 11, 12].

The aim of this review is to present contem-
porary views on the diagnosis, principles, and
surgical treatment techniques for patients with
patellar instability based on an analysis of the
literature.

METHODS

The search for publications was conducted in
the PubMed/MedLine and eLIBRARY databases.
The search keywords and phrases included: pa-
tellar dislocation, patellar instability, medial
patellofemoral ligament, tibial tuberosity dys-
plasia, medial patellar retinaculum, tibial tuber-
cle, trochleoplasty, patellar instability, recurrent
patellar instability, patellar dislocation, medial
patellofemoral ligament reconstruction, MPFL,
tibial tubercle osteotomy, trochlear dysplasia,
femoral osteotomy, trochleoplasty.

A total of 112 foreign articles published from
1984 to 2023 and 12 domestic publications from
2011 to 2022 were found. During the analysis of
the publications, 68 articles with full texts or ab-
stracts containing sufficient information about
diagnostic methods, commonly used standard
and modified surgical correction techniques for
patellar instability, as well as treatment protocols
considering patient age, type of instability, and
functional demands were selected.

RESULTS

Diagnostic features

The diagnosis of patellar instability, in addition
to clinical examination, is based on determin-
ing numerous indicators that characterize the
individual anatomical features of the knee joint
extensor apparatus. The characteristics of the
morphology of the femoral block and patella, the
height of the patella relative to the femur, and
the lateralization of the tibial tuberosity are the
main interrelated signs that define the diagnosis
of "patellar instability." In addition to their di-
agnostic value, indicators such as the tibial tu-
berosity-trochlear groove distance (TT-TG), the
angle of the femoral trochlear groove, and the
height ratios of the patella and the type of femo-
ral block structure assist in choosing the surgical
treatment approach [13].

Assessment of patella height

The most straightforward and surgically cor-
rectable anatomical anomaly of the knee joint is
the high patella position relative to the femoral
block. The higher the patella is positioned, the
greater the flexion angle at which it engages with
the femoral trochlear groove, and the less sta-
ble the patella becomes. According to Ch. Huber
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et al., if the patella fails to engage with the
trochlear groove at a flexion angle greater
than 30°, it indicates a potentially high risk of
instability [14]. Usually, the assessment of patel-
la height is performed using a lateral radiograph
of the knee joint at a 30° flexion position [9, 15].

According to most authors, the Caton-
Deschamps index is the most informative, with
a normal range of 0.6-1.3 [13, 14, 15] (Fig. 1).
R. Neyret et al. found this anomaly in 48% of
patients with patellar instability and only 12%
of individuals in the control group without a his-
tory of patellar dislocation [16].

Different opinions on the magnitude of the
Caton-Deschamps index can be found in the li-
terature. An index range of 1.2-1.3 is considered
mild, while 1.3-1.4 is considered severe. Until
now, most authors have followed the recommen-
dations of H. Dejour et al. and performed surgical
correction when the index exceeds 1.2 [9]. In the
last decade, publications have emerged suggest-
ing that surgery is indicated when the index is
above 1.4 or 1.3 [13, 17, 18]. However, the patella
height index alone, increased to 1.2 or even 1.3,
is not a direct indication for surgical correction

CDI = HA/AT

Fig. 1. Calculation of the Caton-Deschamps index:
AT — line connecting the lower edge of the patellar
articular facet to the anterior edge of the tibial
plateau; HA — line corresponding to the articular
surface of the patella; CDI — Caton-Deschamps
index, the ratio of the length of the AT line to the
HA line

since patella lowering in cases of instability is
rarely considered as an isolated procedure and is
usually performed in combination with correc-
tion of other extensor apparatus anomalies that
can affect this indicator's change.

Lateralization of the tibial tuberosity

The distance from the center of the femoral block
to the attachment site of the patellar ligament
on the tibial tuberosity in the frontal plane sig-
nificantly influences the magnitude of lateral-
izing forces on the patella during flexion-exten-
sion movements of the knee joint. Lateralization
of the tibial tuberosity is an external, easily de-
tectable sign of excessive rotation of the proximal
portion of the tibial tuberosity. This anomaly has
long been known, but it was only with the wide-
spread clinical use of CT and MRI that precise
measurements and discussions of the quantitative
aspect of this indicator became possible. These
measurements are performed on axial MRI and CT
scans and are referred to as the TT-TG (tibial tu-
bercle-trochlear groove) distance or index. A com-
monly accepted indication for surgical correction
is a distance of 20 mm or more [19] (Fig. 2).

Fig. 2. Scheme for calculating the TT-TG index in

the axial plane: AB — tangent line to the femoral
condyles; CD — perpendicular from the center of the
tibial tuberosity to the line of the femoral condyles;
EF — perpendicular from the center of the articular
surface of the femoral block to the line of the femoral
condyles; GH — distance between the center of the
articular surface of the femoral block and the center
of the tibial tuberosity
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According to S. Tan et al., the measurement of
the TT-TG index significantly differs between CT
and MRI. Their analysis showed that for the same
patients with patellar instability, the average
index measured on MRI was 15.3 mm, while on
CT, it was 18.3 mm. However, measurements per-
formed on CT are considered more reliable [20].

Objective measurement of the TT-TG distance
is an important step in diagnosing and planning
the surgical correction of patellar instability.
However, this method presents significant chal-
lenges in cases of block dysplasia, especially type
D, when determining the position of the tibial tu-
bercle on its flat or asymmetrically convex surface.

To improve the accuracy of this measurement,
G. Seitlinger et al. proposed using the attach-
ment point of the posterior cruciate ligament on
the lateral wall of the medial femoral condyle as a
more constant reference point on the distal fem-
oral epiphysis, which is independent of the de-
gree of block dysplasia. They named this indica-
tor the TT-PCL (tibial tubercle-posterior cruciate
ligament) index and established its upper normal
limit at 24 mm [21].

Z. Xu et al. recommended a different modifi-
cation of this indicator, replacing the point of the
trochlear groove with a point located at the apex
of the "Roman arch" on the posterior surface of
the intercondylar fossa of the femur. This yields
the TT-RA index, with a normal value of less than
26 mm [22].

A comparative analysis conducted by T.J. Kim
et al. found that the accuracy of calculations for
the TT-TG and TT-PCL indices is influenced by the
consideration of femoral anteversion, medializa-
tion of the intercondylar groove, and the specific
anatomical structure of the proximal tibial tuber-
osity, which is not always taken into account in
their determination. The authors noted that the
parameters of the TT-RA index are not affected
by anatomical variations of the tibial tuberosity,
thereby minimizing the margin of error, and this
method can be an alternative for assessing later-
alization of the tibial tuberosity, especially when
TT-TG measurement is inconclusive [23]. However,
Z.Xu et al. argue that, compared to other parame-

ters, the TT-TG distance still has the greatest diag-
nostic value when considering all the anatomical
features of the knee joint extensor apparatus [24].

Diagnosis of types of femoral block
dysplasia

The most important and commonly observed
manifestation of knee joint dysplasia, which pre-
disposes to patellar instability and creates diffi-
culties in its correction, is the anomalous shape
of the articular surface of the femoral block. This
pathology is specifically understood as "knee
joint dysplasia" in the narrow sense. The diag-
nosis of this anatomical feature is based on the
analysis of knee joint X-rays in the strictly lateral
projection [9, 16, 25, 26] (Fig. 3).

In 2010, D. Dejour and P. Saggin proposed a
classification of femoral block dysplasia, which is
an improved version of N. Dejour's classification
and forms the basis of modern surgical treatment
schemes for patients with patellar instability.
The classification identifies four main types of
block dysplasia, characterized by deformations of
its articular surface [27] (Fig. 4).

S i

Fig. 3. X-ray of the knee with signs of trochlear
dysplasia in the lateral projection:

blue line — «crossing sign», representing the
deepest point of the trochlear groove crossing the
anterior border of the femoral condyles; red line

— «supratrochlear spur», the prominence of the
trochlea on the anterior side of the femoral cortex;
green line — «double contour», hypoplastic medial
facet located behind the lateral facet
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Type C

Fig. 4. D. Dejour classification of trochlear dysplasia

Type D

In practice, D. Dejour's classification places
the main emphasis on the analysis of tomograms
in the axial plane, which can be easily obtained
during standard CT or MRI scans, unlike X-rays
in the strictly lateral projection. However, these
tomograms do not have such clear quantitative
criteria, making it difficult to objectively analyze
the results of surgical patellar stabilization. The
presence of severe dysplasia types B, C, and D
complicates the surgical correction of patellar in-
stability due to the pathological biomechanics in
the femoral-patellar joint of the knee [28, 29, 30].

The severity of the dysplasia type also influ-
ences the condition of the patellar cartilage.
Progressive hypoplasia of the lateral femoral
condyle, together with the incompetence of the
medial retinaculum, leads to more pronounced
traumatic damage to the patellar articular facet
and, consequently, the development of early pa-
tellofemoral arthritis [31].

Risk factors and specifics of surgical
correction

Restoration of the Medial Patellofemoral
Ligament (MPFL)

The leading anatomical factor contributing to
the development of chronic patellar instabil-
ity is the functional insufficiency of the medial
patellofemoral ligament (MPFL), which provides
more than 60% resistance against lateral dislo-
cation of the patella during stress loads within
a limited range of knee joint motion. Currently,

the restoration of the MPFL, which contributes to
the elimination of frontal patellar instability, is
the goal of surgical treatment for this condition
[32, 33, 34].

According to anatomical and biomechanical
studies, the knee joint's medial retinaculum, in
addition to the MPFL, has another capsular liga-
ment called the medial patellotibial ligament
(MPTL). The MPTL acts as an auxiliary static sta-
bilizer of the patella when the leg is flexed be-
yond 30°, where the influence of the MPFL physi-
ologically weakens. Combined reconstruction of
these two ligaments is considered an option for
additional reinforcement during MPFL restora-
tion in cases of increased risk of patellar insta-
bility recurrence, caused by high patellar posi-
tioning and abnormal lateralization of the tibial
tubercle, and as an alternative to tibial tubercle
transposition [35, 36, 37].

Anatomical ligament reconstruction has an
undeniable priority over primary suture or local
tissue plastic repair [38, 39, 40]. The success lies
in the anatomical placement of the graft [39].
The key aspect of the reconstruction is the cor-
rect selection of the fixation point on the medial
surface of the medial femoral condyle, located in
the posterior-upper segment of the area where
the damaged native ligament was attached.
Such positioning, while maintaining normal
knee joint range of motion, results in less than
4% change in graft length. The resulting graft
anisometry ensures proper biomechanics and
reliable stabilization of the patella at its most
vulnerable position during the initial flexion of
the leg, when the graft experiences maximum
traction forces, serving as the only structure
preventing lateral dislocation until it enters the
femoral trochlear groove [15, 38]. Typical ana-
tomical anomalies of the knee joint, based on its
dysplasia, as well as incorrect placement of the
fixation point on the femoral condyle, hinder
the proper functioning of the graft and greatly
increase the load on it, creating conditions for
the formation of persistent contractures and re-
current instability.

Currently, the Schottle method is used for in-
traoperative X-ray video control to determine
the fixation point of the graft in the area of the
medial femoral condyle. This technique signifi-
cantly improves accuracy, reduces invasiveness,
and shortens the operation time [41] (Fig. 5).
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Fig. 5. Scheme of tunnel formation for fixation
of the MPFL graft in the femoral condyle:

A — satisfactory tunnel positioning;

B — correct tunnel location

For severe degrees of femoral block dysplasia
(Types C and D according to D. Dejour), the use of
X-ray methods may alter the spatial positioning
of landmarks and lead to serious errors in calcu-
lations. To avoid this, it is advisable to combine
radiographic and traditional anatomical land-
marks, complementing them with a functional
test aimed at evaluating the tension of the MPFL
graft at different angles of knee joint flexion [30].

Meticulous calculations for the correct selec-
tion of the graft fixation point in the femoral
tunnel, which make up the majority of techni-
cal errors in MPFL reconstructions, can result in
changes in graft tension in different knee joint
positions and anomalies in the patellar motion
trajectory [34]. Typical deviations from the ana-
tomical attachment point of the MPFL on the
medial femoral condyle (Schottle point) proxi-
mally and anteriorly during flexion beyond 50-
60° lead to significant graft tension and the
formation of persistent extension contracture.
During rehabilitation, with the forced restoration
of motion amplitude through aggressive physical
therapy, chondromalacia of the patella and femo-
ral trochlea can occur, ultimately leading to graft
damage, plastic elongation, or complete rupture
with recurrent instability [39, 42, 43]. According
to Th. Neri et al., errors in femoral tunnel place-
ment during MPFL reconstructions can reach up
to 33% [44].

The anatomical fixation of the graft on the
proximal half of the medial border of the patella
restores its ability to simultaneously act on the
quadriceps tendon. There are two main methods
of fixation: placing the graft in bony tunnels or
in a bone trough along the edge of the patella,
secured with interference screws, anchors, or
transosseous sutures. The main requirements
in this regard are the strength of graft fixation
in the early postoperative period and minimiz-
ing the risk of fractures of the patella at the tun-
nel sites in the future [35]. V.A. Raoulis et al. did
not find significant differences among the three
aforementioned methods of graft fixation in the
patellar area, although the use of interference
screws showed a higher degree of graft fixation
stiffness, and patients reported less pronounced
pain in the anterior aspect of the knee joint when
using anchor or suture-button fixators [45].

Failures in restoring the proper trajectory of
patellar motion during MPFL reconstruction can
also be associated with excessive graft tension,
leading to medial subluxation. In most cases, the
occurrence of this complication is provoked by
an extensive release of the lateral retinaculum
with resection of the lateral patellofemoral liga-
ment and detachment of a portion of the lateral
quadriceps tendon [46]. In cases of isolated MPFL
reconstruction, it is generally recommended to
avoid this procedure. If it is not possible to avoid
lateral release due to persistent contracture of
the lateral retinaculum, it is advisable to perform
an elongation plasty of the lateral patellofemoral
ligament rather than simple resection [47, 48].

The stability and normal kinematics of the
patella are the result of the complex interaction
between muscles, the capsuloligamentous appa-
ratus, normal bone geometry of the femorotibial
joint surfaces, and a stable supportive limb bal-
ance. However, a significant factor that influenc-
es the outcomes of patellar instability treatment,
even with impeccable MPFL reconstruction, is
the frequently encountered anatomical anomaly
of the femoral block and the knee extensor appa-
ratus, which have a dysplastic nature [49].

Currently, it is widely accepted that anatomi-
cal MPFL reconstruction generally leads to good
anatomical and functional results with a rela-
tively low rate of complications, especially for
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patients with low functional demands [18, 29, 50,
51, 52]. However, the outcomes of such surgeries
largely depend on the correct positioning of the
graft and, most importantly, on risk factors as-
sociated with anatomical anomalies of dysplastic
origin. Several authors note that without consid-
ering these factors, simple isolated MPFL recon-
struction provides acceptable restoration of knee
joint function in less than 40% of cases, with a
recurrence rate of patellar instability ranging
from 30% to 35% [43, 49, 53, 54]. M.]. Feucht et
al. reported that after isolated MPFL reconstruc-
tion, the main complications leading to revision
surgery were recurrent instability (35.6%) and
persistent joint contracture (22.2%) [55].

Bone plastic surgeries

In 1994, N. Dejour et al. identified four risk fac-
tors for the development of patellar instability:
femoral trochlear dysplasia, quadriceps dysplasia
with a lateral tilt of the patella greater than 20°, a
high-riding patella with a Caton-Deschamps in-
dex greater than 1.2, and excessive lateralization
of the tibial tubercle with a TT-TG index greater
than 20 mm. They classified femoral trochlear
dysplasia based on lateral radiographic signs,
including "crossing sign," "trochlear spur,” which
protrudes more than 3 mm above the anterior
surface of the femoral diaphysis, and shallow
trochlear groove with a depth reduction of 4 mm
or more (see Figure 3). They also associated ana-
tomical anomalies predisposing to lateral patel-
lar instability with changes in the rotational pro-
file of the lower limbs, such as excessive internal
rotation of the femoral condyles more than 25°
and external torsion of the tibia more than 35°
[8,9, 28, 56].

The complexity of assessing the degree of vari-
ous dysplastic manifestations in the structures of
the knee extensor apparatus and their impact on
surgical outcomes arises from the fact that some
authors consider Type A dysplasia as pathology,
while others classify it as a borderline condition
or even a conditional norm. R.N. Steensen et al.
found that dysplastic anomalies of the knee joint
were present in 58.3% of patients with patellar
instability, compared to only 1.7% in the control
group. Femoral trochlear dysplasia was observed
in 68.3% of patients and 5.8% of individuals in
the control group, high-riding patella in 60% and
20.8%, and increased TT-TG distance in 42% and

3.2%, respectively. They emphasized the signifi-
cance of spatial deformations of the lower limb
at the knee joint level in the frontal plane (val-
gus deviation of the tibia) and horizontal plane
(internal torsion of the femur, external torsion of
the tibia) [57].

Some authors note that typically, patients
present a combination of these two types of ana-
tomical lower limb changes, and an increased
TT-TG index, pronounced valgus deformity of the
lower limb, and dysplasia of types B, C, and D cor-
relate with an increased risk of "hidden" torsional
deformations of the limb [55, 58].

Correction of lateralization of the tibial
tubercle

Surgical treatment of patients with an increased
TT-TG index involves its reduction through me-
dial transposition of the tibial tubercle along
with the attachment site of the patellar ligament,
according to the Elmslie-Trillat procedure [59]
(see Figure 6).

Fig. 6. Scheme of medializing transposition of the
tibial tuberosity according to Elmslie-Trillat

The technical simplicity and biomechanical
effect of tibial tubercle transposition in cases of
increased TT-TG index in correcting dysplastic
patellar instability explain the popularity of this
versatile surgical method in modern comprehen-
sive treatment of this pathology. C.E. Franciozi et
al. suggest that in addition to MPFL reconstruc-
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tion, medialization or anteromedialization of the
tibial tubercle according to Fulkerson should be
performed when the TT-TG index exceeds 17 mm,
achieving a tubercle position of 10-12 mm [60].

Usually, not only medialization but also me-
dialization with distalization is performed, as
excessive lateralization of the tubercle is often
associated with a high-riding patella. In the con-
text of pronounced dysplasia of types B, C, and
D, the possibility of accompanying rotational
and frontal deformations at the knee joint level,
which can influence the true value of the TT-TG
index, should be considered [48]. According to L.
Jud et al., during high tibial tubercle derotational
osteotomy, each degree of internal detorsion is
accompanied by a decrease in the TT-TG index by
0.68 mm [61].

It is believed that additional surgical proce-
dures, primarily tibial tubercle transposition, in-
crease the duration of the rehabilitation period
and may impact the final outcomes [39]. One
challenging combination for choosing the surgi-
cal treatment approach is type D dysplasia com-
bined with a TT-TG index greater than 20 mm
[62]. L. Hiemstra et al. explain the increased risk
of recurrence associated with type B and espe-
cially type D dysplasias, characterized by a pro-
nounced trochlear bump exceeding 5 mm [63]. In
such cases, trochleoplasty is recommended, and
an alternative option is medialization-distaliza-
tion transposition of the tibial tubercle, which al-
lows restoring the anatomical and biomechanical
relationship between the patella and the femoral
trochlea without directly correcting the femur
[30, 64] (see Figure 7).

[ . .| ‘\\\‘\‘\“‘“[ i,

Fig. 7. Scheme of distalization and medialization
of the tibial tuberosity (DMTT)

Correction of femoral bone anatomical
changes

Data on the frequency of femoral trochlear dys-
plasia of different types are quite inconsistent,
which is likely due to the subjective nature of
their assessment. According to several authors,
through detailed CT and MRI examinations, fem-
oral trochlear dysplasia is detected in 65-85%
of patients with symptomatic patellar instabil-
ity and in 2-10% of individuals in control groups
[5, 16]. A study by ]J.N. Liu et al. showed that 92%
of patients undergoing surgery for patellar in-
stability exhibited signs of trochlear dysplasia,
including type A (8%), B (23%), C (26%), and D
(43%) [50]. In 2020, a group of authors from the
Technical University of Munich reported that all
examined patients with patellar instability (151
patients) had anatomical signs of trochlear dys-
plasia. Mild type A dysplasia was observed in 33%
of cases, while severe dysplasia of types B, C, and
D was present in 67% [58].

According to A. Geierlehner et al., the major-
ity of orthopedic surgeons, including those spe-
cializing in general reconstructive knee surgery,
avoid patients with complex dysplastic anoma-
lies or limit their treatment to a set of simpler
and typical procedures such as MPFL reconstruc-
tion combined with lateral retinaculum length-
ening and tibial tubercle transposition [51].

Modern pathogenetically justified surgi-
cal treatment of trochlear dysplasia involves
a subchondral reconstruction of the deepened
femoral trochlea (trochleoplasty), which is tech-
nically complex and invasive, thus having limited
indications primarily for severe dysplasia (types
B and D) with an abnormal trajectory of the un-
stable patella. Therefore, in practice, these pro-
cedures are mostly indicated for severe dysplasia,
especially in revision stabilizations of the knee
joints. The main goal of such surgeries is the re-
section of the wedge-shaped prominence char-
acteristic of the most severe form of trochlear
dysplasia (type D), resulting in the formation of
an anatomically concave surface that normalizes
the patellar trajectory and stabilizes the patella
[28, 64, 65] (see Figure 8).
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Fig. 8. Scheme of trochleoplasty according
to D. Dejour (2010)

According to several authors, for patients with
patellar instability rarely accompanied by sig-
nificant femoral trochlear dysplasia, it is more
reasonable to limit the treatment to MPFL recon-
struction combined with tibial tubercle transpo-
sition. In cases of pronounced valgus deformity
of the limb at the knee joint level, varus osteot-
omy of the femur or derotational osteotomy may
be performed. In cases of rigid lateral retinacu-
lum, this combination can be supplemented with
lengthening plastic surgery of the lateral patel-
lofemoral ligament, eliminating rotational stress
on the extensor apparatus of the knee joint. If
this condition is not feasible, additional external
fixation of the patella with a special brace can be
considered [66, 67, 68].

S. Zaffagnini et al. also note that performing
unjustified trochleoplasty in cases of relatively
simple dysplasia types A and C does not lead to
a significant reduction in the recurrence of in-
stability. For such patients, traditional MPFL
reconstruction, either in isolation or combined
with tibial tubercle transposition, is appropri-
ate. However, for severe forms of dysplasia (types
B and D), a combination of trochleoplasty with
MPFL reconstruction contributes to real im-
provements in outcomes in both revision and
primary surgeries [66].

CONCLUSION

The foundation of modern organ-preserving
surgery for patellar instability, regardless of the
timing of the procedure, lies in an individualized
approach to selecting the method and extent of
intervention. In all cases, the restoration of the
integrity of the MPFL as a key element of the me-
dial retinaculum is mandatory. The indications
for additional correction of anatomical features
of the extensor apparatus of the joint are deter-

mined by the degree of dysplasia and associated
biomechanical abnormalities, patient age, and
functional demands.
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AHaToMO-6uomMexaHu4yeckne 0Co06eHHOCTH JlaTepasibHOro otaena
KOJIEHHOro CyCtaBa U CBA3aHHblI€e C HUMU TEXHUYECKHUE aCneKTbl
OAHOMDBILWENTIKOBOIo 3HAOMNPOTE3UPOBAHUA: eKLUA

I.B. Yyraes, E.]I. KpaBiios, H.H. Kopauios, T.A. Kyns6a

QOI'BY «HayuoHanbHblli MeQUYUHCKULl ucciedosamensckuli yeHmp mpasmamosnozuu u opmoneduu um. P.P. Bpedena»
Munsdpasa Poccuu, 2. Cankm-Ilemep6ype, Poccus

Pedepar

YacToTa BBITIOIHEHMSI JIATEPATBHOTO OJHOMBIIIEIKOBOTO SHAOIPOTE3MPOBAHUS KOJEHHOTO CYCTaBa OLIEHWBAETCS, IO
JMaHHBIM COBPEMEHHOI TUTepaTyphl, B 1% OT Bcero o6bemMa apTPOIIACTUK KOJIEHHOTO cycTaBa. COBpeMeHHbIe UCCie-
JIOBaHMS TTOKA3bIBAIOT, UTO, €C/IM TaHHASI OTlepalys BBIMOJHEHA 0 TIOKa3aHMUSIM U TeXHUUYECKM KOPPEKTHO, OHA CTOJIb
ke ¢ deKkTMBHA 1 6e30MacHa, KaK ¥ TOTaJbHOe SHIOMpOoTe3upoBaHye. [I0TeHIMaTbHBIMY TPEMMYIIEeCTBAMIU YaCTUUHO-
rO 3aMeIlleHNsT CyCTaBa SIBASIOTCS MeHbIas TPaBMATUUYHOCTh TI0 CPAaBHEHMIO C TOTAJIbHBIM, MeHbIIIas TepuoIepanyioH-
Hasl KpOBOIOTeps, 60jee GbICTpast peabuUaUTAIMS TMalMeHTa ¥ BO3MOKHOCTb COXPaHUTh HATUBHYIO MPOIMPUOPEIEITIINIO
cycraBa. B To ske BpeMst BaXKHO ITIOMHUTD, YTO [IJIS YCIIEUTHOTO ITPOBeIEHNSI JAHHOTO BUAA YACTUYHOTO SHAOIIPOTE3UPO-
BaHMs KOJIEHHOTO CYCTaBa, KpOMe KOPPEKTHOTO OT6Opa MaleHTOB, HeOOXOAMMO YUUTHIBATh TEXHUUECKYIO CIOKHOCTh
BBITTOJIHEHYSI JAHHOTO BMEIlaTeIbCTBA, BICOKME TPe6GOBaHMS K MaTepUaTbHOM OCHAIIIEHHOCTY OTlepaliiOHHO 1 K mpe-
LIM3MOHHO XMPYPrUUeCKoii TEXHUKE, OCYIIECTBISIEMOI OMTBITHBIM XMpPyprom. HecobimiofeHne 3TUX yClaoBuit 6ymeT HuBe-
JIUPOBATDb BCE TIOTEHIMAIbHbIE TPEUMYIIECTBA U CIIOCOGHO MPUBECTM TMAllMEHTa K PEBU3MOHHOMY BMEIIATe/bCTBY YKe
B KPaTKOCPOUHO¥ mepcrekTve. OJHOMBIIIEIKOBOE 3HAOIPOTE3MPOBAHME He SIBJISIETCS TTOJIOBMHOI OIepaiuy TOTalb-
HOTO 3aMellleHNs CyCTaBa, a mapiaabHas apTPoIIacTMKa JaTepaJTbHOTO OTIe/Ia KOJIEHHOTO CYCTaBa MMeeT JIUIITh 061iee
CXOJICTBO C ropaszo 6osiee MOMYISIPHOI ¥ OTPAOOTAaHHOIT oTepalueii MeaaJabHOTO OTHOMBIIIETKOBOTO SHIOIPOTE3UPO-
BaHMs. J/ITaHHbIE Pa3/IMuMst KPOIOTCS B MEPBYIO OUepelb B CIOKHOI aHATOMMUM U GMOMeXaHMKe JaTepaJbHOTO OTaesa KO-
JIEHHOTO CyCTaBa, UMUTUPOBAThH KOTOPbIE aske C MCIOIb30BaHMEM aHATOMUYHBIX COBPeMEHHBIX MMIIAHTATOB SIBJISIETCS
HempocCToit 3amaveit. PasBuTye po60TU3MPOBAHHOM XUPYPTUM, UCIIONb30BaHMe TIePCOHUMUIIMPOBAHHBIX MMIUIAHTATOB
TTOMOJKET PEIINTh 3Ty 3ajauy 6oee 3¢GGheKTUBHO, HO B HACTOSIIee BpeMsI B PYTMHHOI MPaKTMUKe Mbl MOKEM PaCCUUTHI-
BaTh JIUIIb HA KOHBEHIIMOHATbHbIE MHCTPYMEHTHI U ONMTUMMU3UPOBATh CBOIO PabOTy ¢ HMMU. [lepes; aBTOpamMu JaHHO
CTaTbM CTOSIIA 3ajaua cHOpMYIMPOBATh OCHOBHbIE COBPeMEHHbIE TIPeCTaBIeHNsI 06 aHaTOMMUM U GMOMexaHUKe JlaTe-
PaIbHOTO OT/Iesia KOJIEHHOIO CYCTaBa M CBSI3AHHBIX C HUMM Y3KOCTEIMGUUHBIX TEXHUUECKUX aCMIeKTaX XUPYPruyeckoi
TEXHUKM TapLUMaIbHOI JIaTepalbHOI apTPOIIaCTUKM C MCIIOJb30BaHMEM MMIUIaHTaTa ¢ GUKCUPOBAHHOM TUOMATbHO
m1aThopMOit.

KiioueBble C/10Ba: IaTepabHbIN OTIEN KOJIEHHOTO CYCTaBa, OMHOMBIIIETKOBOE SHIOMTPOTE3MPOBAaHME KOJIEHHOTO CYyCTaBa,
aHaTOMMsI KOJIEHHOTO CyCTaBa, 6MoMexXaHMKa KOJIEHHOTO CyCTaBa.

IOna uutupoBauus: Uyraes [.B., Kpasuos E.[I., Kopumnos H.H., Kyns6a T.A. AHaToMO-6MOMeXaHUYeCKUe
0COOEHHOCTM JIATEPAJTbHOTO OTHAeNa KOJEHHOTO CYyCTaBa M CBSI3aHHbIE C HUMU TEeXHUYECKME aCIeKThl OIHO-
MBIIIEJIKOBOTO SHAOIPOTE3MPOBAHUS: JieKuus. Tpasmamonozus u opmoneduss Poccuu. 2023;29(2):144-158.
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Anatomical and Biomechanical Features of the Lateral Compartment
of the Knee and Associated Technical Aspects of Unicompartmental
Knee Arthroplasty: Lecture

Dmitrii V. Chugaev, Evgeniy D. Kravtsov, Nikolai N. Kornilov, Taras A. Kuliaba
Vreden National Medical Research Center of Traumatology and Orthopedics, St. Petersburg, Russia

Abstract

The frequency of lateral unicompartmental knee arthroplastyisestimated at 1% of the total volume of knee arthroplasties,
according to contemporary literature. Recent studies analyzing this type of surgical intervention indicate that when
performed with proper indications and technical accuracy, it is equally effective and safe as total knee arthroplasty.
Potential advantages of partial knee replacement include reduced invasiveness compared to total knee arthroplasty,
lower perioperative blood loss, faster patient rehabilitation, and preservation of native joint proprioception. However,
it is important to consider that successful implementation of lateral unicompartmental knee arthroplasty requires not
only appropriate patient selection but also technical proficiency, advanced operating room equipment, and precise
surgical techniques performed by experienced surgeons. Failure to meet these conditions can negate the potential
benefits and may lead to early revision surgery. It is evident that unicompartmental knee arthroplasty is not simply
a half-operation of total joint replacement, and the lateral compartment’s partial arthroplasty only shares general
similarities with the more popular and established medial unicompartmental knee arthroplasty. The differences lie
primarily in the complex anatomy and biomechanics of the lateral compartment, which present a challenging task even
with the use of modern anatomically designed implants. The development of robotic surgery and personalized joint
implants may help overcome these challenges more effectively. However, in our current routine practice, we rely on
conventional instruments and strive to optimize our techniques. The authors of this article aim to provide an overview
of the contemporary understanding of the anatomy and biomechanics of the lateral compartment of the knee and the
specific technical aspects related to partial lateral arthroplasty using a fixed tibial platform implant.

Keywords: lateral unicompartmental knee arthroplasty, knee anatomy, knee biomechanics.
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BBEJEHUE

«Bcs aTa KHUTra 06 OJHOM TOJIBKO MPOTe3e KOJIeHHO-
ro CycTaBa, 1 6oJiee TOTO, TOMBKO O TTOJIOBMHE TIPOTe-
3a...», — mucanu P.R. Aldinger c coaBTOpamu B cBOEM
PYKOBOZCTBE IO OJHOMBIIIEJIKOBOMY 3HIOIpPOTE3N-
POBaHMIO, HECKOJIBKO MPOHM3UPYS HaZ, BbICOKOJ CTe-
TIeHbI0 Crlelann3anyuy CoBpeMeHHo opTonenumu [1].
B To e BpeMmsI, ecnu Kakoe-TO creluduyeckoe Xu-
pypruueckoe BMeIIATeNbCTBO SIBseTCsS 3¢ deKTuB-
HBbIM ¥ 6€30I1acHBIM, ITYCTh U JIJI1 HEOOIbILION I'PYTIITBI
MalMeHTOB, CTOUT JIM OT HETO OTKa3bIBAThCS?

Tax, B HacTosilee BpeMsl B CTPYKType apTpoILiac-
TUKM KOJIEHHOTO CyCTaBa B Pa3HbIX OPTOINEINYECKUX
KIMHMKAX 4YacTUYHasg apTPOIUIacTMKa COCTaBJISET
oT 5 mo 40%. Ho ecnu oTmesbHO ITPOaHAIN3UPOBATH
KOIMYEeCTBO OIlepanuii Mo 3aMelleHUI0 JaTepasb-
HOTO OTHe/la KOJeHHOTO CYCTaBa, TO OKasKeTCs, YTO
MX YUCIO He TpeBbIliaeT 1% oT ob6Ilero umcia Bme-
MIaTeNbCTB JaHHOro mpoduis [2]. ITO 06YCIOBIEHO
pSIIOM TIPUYMH, U3 KOTOPbIX Haubosiee BAXKHBIMMU SIB-
JISTIOTCSI MeHblIIee YKCII0 MalMeHTOB C BaJIbIYCHOJ Jie-
dbopmatueit B OMy/sINUK, 60/bIIAasT Pa3HOPOTHOCTh
YaCTOThI BBIMOJHEHUS YACTUYHOTO SHIOMPOTE3UPO-
BaHMS B MMpe OT CTPaHbl K CTpaHe, IPOTUBOPEUYMBbIE
pes3yabTaThl PaHHUX UCCIENOBaHMM, OLlEHMBABILUX
abderTnBHOCT ¥ 6€30MacHOCTb HAHHON oOIepa-
LIMM, & TaKKe TeXHUUYeCKMe TPYLHOCTY, CBS3aHHbIE
C XUPYPTUUYECKUM BMEIIaTeNbCTBOM M OOYC/IOBJIEH-
Hble YHUKAJIbHOCTBIO aHATOMO-(PYHKIVMOHATHHOTO
CTPOEHMS JaTepajJbHOTO OTHena KOJEeHHOIO CycCTa-
Ba. OcBelIeHNI0 TEXHUUYECKUX ITyTel MpeonoeHus
npob6seM, crielu@UUHBIX IS YaCTUYHOTO 3aMele-
HMUS JIaTepaIbHOTO OTAe/la KOJIEeHHOro CyCcTaBa, U Mo-
CBSIl€HA JaHHAs CTaThs.

AHaToMMUuecKue u 61MoMexaHIecKue
0CO0EHHOCTU JIaTepaJIbHOro oTaenaa
KOJIEHHOTO CyCTaBa

C TOUKM 3peHUs] aHaTOMUU U GUOMEXaHUKU Jia-
TepaabHbI OTJEN KOJEHHOTO CYCTaBa 3HAYUTETHHO
OT/IMYAETCS OT MEeIUATbHOTO, UTO MeNaeT XUpyp-
TMUYECKYI0 TEXHUKY €ro MmapuuaabHOrO 3aMeIeHus
MCKYCCTBEHHBIM CYCTABOM  BBICOKOCITEIMMDUUHOIA.
AHaToMuueckue pasTMuus MeauaTbHOrO U JjaTe-
pPaIbHOTO OT/EN0B KOJEHHOTO0 CYCTaBa BKJIIOUAIOT
DS/l BOKHBIX aCMEKTOB: PasiMuus B 3aHUX HAKIO-
HaX (slope) aTepasbHOTO ¥ MeAMaTbHOTO MbIIIETIKOB
60bIIe6EPIIOBOI KOCTH, & TAKKe Pa3HYI0 BETMUMHY
¥X IepegHesanHero pasmepa [3, 4]. Hecmortps Ha To,
YTO KOCTHBIE OPUEHTUPBI JIATEPATIBHOTO U MEUATbHO-
T'O OTHENIOB 6ONbINEOePIIOBOI KOCT BO (GPOHTATBHOM
MIOCKOCTY PACIIONIOKeHbI TIPUMEPHO Ha OJHOM YPOB-
He, 3a CUeT XPSAIIeBOi TKaHM JaTepabHOe TUIATO MMe-
eT 6osiee BBITYKITYIO (GOPMY ¥ PACITONOKEHO HECKOIb-
KO MpOKCUMaJibHEe, YeM MeauanbHOe TiaTo. Takke
HEMAIOBaKHO OTMETUTh, UTO JIaTepaTbHbIl MEHMUCK
umeet O-o6pasHyi0 opmy, 6osee MOABIKEH, IUpe

n Tonme C-o6pa3sHOro MeguMaabHOTO MeHMCKa [5].
Ob6pamiasi BHMMAaHME Ha [JAHHYI0O OCOOEHHOCTb,
O.C. Brantigan u A.F. Voshell nucanu: «MeamaabHbIi
MBIIIEJIOK OeApPEeHHO KOCTM SIBJISIETCS OCbIO Bpa-
LIeHMsI KOJIeHHOro cycrtaBa» [6]. Ilog sTuM aBTODHI,
OYEeBUIHO, MIOHMMAJM TO, YTO IPU CTUOAHUU MeIu-
AJIbHBIN MBIIIENIOK OeAPEHHOI KOCTY, MMes BBIIYK-
JyI0 GOPMY UM MPAKTUUECKM HE CMeNasiCh, CKOIb3UT
B YIIyOJeHUM MeAuaJibHOTO MbIIeaKa OobIiiebep-
1I0BOJ KOCTM, B TO BpeMs Kak JiaTepa/ibHble MbIIIIeN-
K1 OelpeHHOV ¥ OONbIIe6epIoBOii KOCTel MMEIT
BBIITYKITYIO (DOPMY, B CBSI3U C UeM CMEIIEHUSI HapyK-
HBIX MbIIIEIKOB KOCTei, 00pasyroIIyX KOJIEHHBbII CyC-
TaB, IPYT OTHOCUTEIbHO Apyra, 6omee 3HAUUTEIbHBI.
Taxke BaskKHO OTMETUTh, UTO IPU CIrUMOAHUM MeIu-
aJIbHBIM MEHUCK MPAKTUUEeCKM HeOBMKUM, B TO Bpe-
MSI Kak JIaTepajbHbIli MEHUCK, OCOOEHHO B KpaitHUX
yraax crubaHusl, 3SHAUUTEIbHO TPAHCIMUPYETCS K3aau

[7] (puc. 1).

Puc. 1. Pasnuunust B MOGMIIBHOCTH JIaTEPaIbHOTO (a)
1 MeayanbHoro (b) MeHMCKOB KOJIEHHOTO CyCTaBa

Fig. 1. Differences in mobility of the lateral (a)
and medial (b) menisci
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IBUsKEeHME MbIIIEIKOB OeIpeHHOl U 6obIiebep-
LIOBOJ KOCTEi SBJISIeTCS CIOKHBIM OyomMexaHudye-
CKMM IIPOII€CCOM, B OCHOBE KOTOPOTO JIEXXaT KaueHue
U cKoyibkeHue. IIpyu crubaHmuy HUKHEN KOHEUHOCTU
B KOJIEHHOM CYCTaBe CYyCTaBHbIE ITOBEPXHOCTU Oef-
PEHHOJ U 60JbIIEe6EPIIOBOII KOCTEN B MHepemHesa-
HEM HaIlpaBJIeHUM OBVDKYTCS HEPaBHOMEpPHO: U3
MTOJIOKEHMST TIONIHOTO pas3rubaHus B mepBble 10-15°
CcrubaHus MPOUCXOAUT KaueHNe MbIIIEIKOB GelpeH-
HOJ KOCTY II0 MBIIIEIKaM OOJIbIIe6epIOBOii KOCTH,
Jajee B MeIMaJIbHOM OTJe/ie HauMHAeTCs CKOJIbKe-
HMe, B TO BpeMs Kak B JlaTepaibHOM OTHAEIe IIPOm0-
’KaeTcsl KaueHue rmpumepHo 1o 20° crubanus. laHHOe
00CTOSITEIBCTBO OOBSICHSIET, TIOUEMY PACCTOSIHUE,
IMPOXOAMMOE JIaTePaIbHbIM MbIIIETKOM, O0JIbIIIE, UEM
MeOVaIbHBIM (pUC. 2).

Anterior

Medial Lateral

Posterior

Puc. 2. Pasuuiia B JjIMHe TPEKOB MBIIIEIKOB 6eIpeHHOI
KOCTY OTHOCUTEJIbHO IIaTO 60JbIIe6epIioBOif KOCTHU

Ha Pa3IMYHbBIX YPOBHSX CTMOAHMS/Pa3rnubaHms KOIEHHOTO
cycTaBa

Fig. 2. The difference in track lengths of the femoral
condyles relative to the tibial plateau at different levels

of knee flexion/extension

ITpu manbHeiiemM crubaHuUy COOTHOILIEHME Kaue-
HUS U CKOJIBK€HUSI 3HAUMUTEIbHO MEHSETCS, TaK YTO
MpY MaKCUMaJIbHOM CTrUMOaHUM HPOUCXOIUT TOJIBKO
ckonbkeHue. Kauenue mpu mepBbix 20° crubaHus
obecrieurBaeT KOJIEHHOMY CYCTaBy MaKCUMaJIbHYIO
CTabUIBHOCTD, B TO BpeMsI KaK JajbHelilIee CKOIbKe-
HMe JelaeT CycTaB 60jiee MOOVIIBHBIM U JaeT Gosbliie
BO3MOXHOCTM [JIs1 poTaiuu. JaHHbIe 0COOEHHOCTHU
OOBSICHSIIOT HaMOOJBIIYIO0 HOABVKHOCTD JIATEPATbHO-
ro oTAena.

Eme omHa BaxkHas OCOGEHHOCTH JIaTePaJIbHOTO
otmena KC cOCTOUT B TOM, UTO MBIILIEIKY 6eqpeHHOl
KOCTM aCMMMETPUYHBI ¥ PA3HOBEJIMKI: MeIaTbHbIiA
MBIIIEIOK MpuMepHo Ha 1,3-1,5 ¢cM JjinHHee B Tiepef-
He3agHeM HarpaB/IeHMM, YeM jaTepanbHblil. Ho, He-

CMOTDPSI Ha 3TO, IUIOIIAAb KOHTaKTa apTUKYIMPYIO-
X TIOBEPXHOCTE MBIIIEIKOB JIaTePATbHOTO OTHeIa
6osbIlle, YeM MeIVATbHOTO, BBUAY OIMMCAHHBIX paHee
AHATOMMYECKUX Y OMOMEXaHNUYECKUX 0COOEHHOCTEIA.
Korpma 6enpeHHast KOCTh IBVIKETCS 10 OOIbIIEOEPIO-
BOi mpu nocyiequux 20° pasrubaHmst, OCYILEeCTBISIETCS
peanu3anyus Tak Ha3piBaeMmoro screw home mechanism
(screw locking mechanism), mau «mexaHusma mo-
BOpauMBaHMUsI BUHTa». Ero cyTh 3aK/II0YAETCS B TOM,
yTOo Ipu nocjieguux 15-20° pasrubaHus B KOJIEHHOM
CycTaBe IPOMCXOOUT «IOBOpauMBaHMe» TOJEHM, T.e.
ee HapyKHasl poTalys, CTAHOBSIIASICI MaKCUMAalb-
HOJ TIpM TIOJTHOM pa3rubaHuy TOJNIEHM 3a CUeT Ha-
TSDKEHMS TIepeaHeli KpecTooopasHoii CBSI3KM U BEK-
TOpa HEeCTBMUSI UeThIPEXIIaBOi MbIIIIIbI Oenpa [8].
HapyskHast poranus rojieHy MPUBOOUT K HATSKEHUIO
repenHeli KpecTooopasHoii CBI3KM U TITyOOKOI mop-
MM TIOBEPXHOCTHOM MeOMaJbHOM KOJaaTepasbHOM
CBSI3KM, YTO OOpasyeT «3aMOK KOJIEHHOIO CycTa-
Ba», obecreunBasi eMy POTAIMIOHHYIO YCTOMUYMBOCTH
[9, 10, 11]. IlonMMaHMe DAHHOV OCOOEHHOCTV (PYHK-
[IMOHMPOBAHUS KOJIEHHOTO CyCTaBa OUYE€Hb BAaKHO
IJIS JIATEPAIbHOTO OJHOMBIIIEIKOBOTO YHAOMPOTE-
3upoBaHusg. UTo6bl JOOUTHCS MAaKCUMAJIbHO IIpU-
O/IVDKeHHOM K HaTMBHOM OMOMEXaHMKM IBVKEHMSI,
XUPYPry HEOOXOAMMO COXPAHUTh ITOT MEXaHMU3M, OPU-
E€HTUPOBaB GegpeHHbI/I KOMIIOHEHT OIHOMBIIIEIKO-
BOT'0 9HOIMPOTE3a B TIOJIOKeHMEe HAPYKHOI POTaINN,
a 60J1bIIe6ePIOBbI i KOMIIOHEHT — B ITOJIOSKEHME BHY-
TpeHHel poTanuu, YTOObI TPU peanusaluu SCrew
home mechanism He NpoMCXOAMIO MMIMIKMEHTA
MeXAy KOMIIOHEHTAMM M COXPAHSIACh JOCTATOUHAS
paboyast IIOMAAb IJISI APTUKY/ISLMY KOMIIOHEHTOB
(CM. HIDKe OMMCaHMe XUPYPTrUIeCKO TEXHUKN).

IMokazaHMS ¥ IPOTUBONOKA3aAHMS
K JIaTepaJIbHOMY OJHOMBbIIIEIKOBOMY
3HAOIPOTE3UPOBAHUIO
IloxasaHus:

e M30JMPOBAHHBIN UAMOTATUYECKUIT TOHAPTPO3
C TIOJIHOCJIOMHO IOoTepeil Xpsllia B JaTepalbHOM OT-
Jeje CyCTaBa, MOATBEPKIEHHBIN ¢ tomollbo MPT u
pEeHTreHorpaMm (B T.U. C Harpy3Kkom) (puc. 3);

* acenTUUeCKUii HEKPO3 JaTepaJbHOTO MbIIIeIKa
6empeHHOt uIu 60/bIIe6ePIIOBOI KOCTH;

e TIOCTTPaBMAaTUYECKUIi JaTepabHbII TOHAPTPO3
BC/Ie[ICTBYE BHYTPUCYCTABHbBIX I€PEIOMOB HapY>KHBIX
MBILIEIKOB 6eqpeHHOI MM 60/1bIIe6epIioBoii KOCTeIl.

Kpumepuu ombopa nayueHmos:

e MHTaKTHble MeIMalbHbIl U NaTennodemopanb-
HBIV OTIe/IbI KOJIGHHOTI'O CYyCTaBa;

¢ (GYHKIMOHAIBHO COCTOSTENbHblE KpecToobpas-
HbIe U KOJlJIaTepabHble CBSI3KM KOJIEHHOI'O CyCTaBa;

e MaHyaJbHO KOppUTMpyeMasi [0 HeNTpabHOM
ocu BanbrycHas gjedbopmanus.
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Puc. 3. [IpM3HaKY JIOKQTLHOTO TTOPAsKEHMS CYCTaBHOTO XPSIIIA JIATEPATLHOTO OTIEJIa KOJIEHHOTO CyCTaBa:
a — MarHUTHO-Pe30HaHCHAs TOMOTpaMMa JIaTepaabHOTO OT/Ie/Ia KOJIEHHOTO CYCTaBa;
b — peHTreHOTpaMMbI KOJIEHHOTO CYCTaBa B IIPSIMO# 1 6GOKOBOJT ITPOEKITMSIX

Fig. 3. Signs of local cartilage damage in the lateral knee compartment:

a — MRI images;

b — X-rays images in anterior-posterior and lateral projections

Ilpomusonokasaxus

O6111e TPOTUBOMNOKA3aHMS IJIS1 BHITOJTHEHMS Yac-
TUYHOTO SHIOIPOTE3MPOBAHMS SIBJISIIOTCSI CXOTHBIMM
s 1060r0 IJIAaHOBOTO OPTOIEOMYECKOro BMella-
TeJIbCTBA: HA/IMYME aKTMBHOT'O BOCIIAJIUTEIBHOTO IIPO-
mmecca, Kak JIOKQJIbHOTO, TaK ¥ TeHepaJ30BaHHOTO,
6O OCTPhIX MM JEKOMIIEHCHMPOBAHHBIX XPOHMUE-
CKMX 3a060/1€BaHMIL.

Cpeny 4acTHbBIX MMPOTUBOIIOKA3aHUIT HEOOXOIUMO
BBIJIEJIATD CJIeyIoIie:

* pacCIpOCTpaHEHHbI/I TOHAPTPO3 C MOpaKeHMEeM
MeAuaJbHOTO ¥/VIN HaTe/IopeMOopalbHOIO OTHAeI0B
KOJIEHHOTO CyCTaBa;

Puc. 4. TenepeHTreHOrpamMma
MalyMeHTa ¢ JaTepaabHbIM
TOHAPTPO30M Iepef
BBITIOJIHEHMEM MapIMaaIbHOMN
apTpPOIUIaCTUKU

Fig. 4. Full-length X-ray

of a patient with lateral knee
osteoarthritis prior to partial
arthroplasty

* HECOCTOSITEJIbHOCTh KPeCTOO6pasHbIX MM KOJI-
JlaTepaibHbIX CBSI30K KOJIEHHOTO CyCTaBa;

» (uKcHMpoBaHHas cTubaTeIbHast/pa3TubaTebHast
KOHTPAKTypa M/ BajibrycHas medopmarimus.

IIpenomnepanoHHoOe 06CIeI0OBaHME MAIMEeHTOB
ITapamempol, oyeHusaemole 8 Xo0e KNUHUUECKOZ20
06cnedosanus nauueHma:

* CTeIeHb BHIPAXKEHHOCTM XPOMOTHI;

* MOTPEOHOCTh B MCIOMb30BAHUM JOTIOTHUTEID-
HOJi OITOPBI ITPU X0 b0E;

e TSDKeCTb JedopManuy HIDKHEe KOHEYHOCTM Ha
YPOBHE KOJIEHHOTO CyCTaBa BO GPOHTANIBHOI M CaTUT-
TaJIbHOM IIJIOCKOCTSIX ;

e aMIUIUTYAA MACCUBHBIX ¥ aKTUBHBIX ABVMKEHWIA,

 cTerneHb QPOHTAIbHON ¥ CAaTUTTAIbHOI CBSI30U-
HO¥1 HeCcTabMIbHOCTH;

e HaJMMUMe KOHTPAKTYphbl KOJIEHHOTO CyCTaBa, ee
TUII ¥ BBIPAXKEHHOCTD;

e BO3MOXXHOCTb ITaCCMBHOI KOppeKuuyu QpoH-
TaJIbHOJ TedopMalum.

Penmeenonozuteckue uccnedo8aHusl, 8bIN0JIHIEMblE
8 npedonepayuoHHoM nepuode:

e peHTreHorpadusi KOJEHHOTO CyCTaBa B JIBYX
MIPOEKIMSIX B OJIOKEHWN JIEXa;

e peHTreHorpadust KOJIEHHOTO CyCTaBa B MPSIMOIt
MIPOEKLIMY C Harpy3Koii (B MOJIOSKEHUM CTOSI CO Cruba-
HMEeM Ha YPOBHE KOJIeHHOro cycraBa 20-30°);

» TejepeHTreHorpadus (IaHOPAMHBIN CHUMOK)
06eux HIKHUX KOHEUHOCTei (puc. 4).

Iapamempeol, oyeHusaemvie
8 npedonepayuoHHOM nepuooe:

 cragus e opMUPYIOIIETO apTPO3a;

e XapakTep IeCTPYKTMBHBIX U3MEHEHUI KOCTeM,
bopMUPYIOUINX KOJIEHHBIN CYCTaB;

* BBIPAXKEHHOCTb (POHTATBHOI AedhopMalum Ko-
HEUYHOCTM M JIOKaau3auys ee BepmnHsI [11].
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OCO0EeHHOCTY OTHOMBIIIETKOBOIO
3HIOIMPOTE3MPOBAHMS JIATEPATTbHOTO OTAEIa
KOJIEHHOTO CyCTaBa Ha MpUMEpe MMILIAHTaTa
¢ GUKCHMPOBAHHBIM HOJIUITUIEHOBBIM
BKJIaAbIIIeM

Yknaoka nayuenma

Ormepanuio BBIMOJHSIOT B MOJOXKEHUM TMAllMEHTa Ha
CIIMHE, OTepupyeMasl HVDKHSS KOHEYHOCTb (PUKCU-
pyeTcs nepskaTtesneM. VCMOab3yIOT MHEBMOTYPHUKET
¢ naByieHreM B Mawxkerte 250-300 MM pT. CT. B 3aBU-
CUMOCTH OT 06beMa MSTKUX TKaHei 6empa ambo C uc-
MOJIb30BaHMEM (POPMYJIBI: CUCTONIMYECKOE NTaBJieHME
nanyeHTa + 150 MM prT. CT.

AHecme3uoJiozuueckoe nocooue

BBINOTHSAETCS CIIMHHOMO3IOBAsI aHECTE3MSI C BHYTPM-
BEHHOM cepjalMel, ecauM COMAaTUUECKOe COCTOSHUE
MalyeHTa He TpebyeT MHOTO Buaa 06e360IMBaHM.

Tpombonpogunakmuka

¢ HU3KOMOJIEKY/ISIDHBIM TrenapuH (JO3UPOBKY IIOA-
OGUPAIOT C YUeTOM BO3pacTa, Beca ¥ KOMOPOUIHOCTH
naumeHTa) 3a 12 4 10 onepauuy;

¢ KOMIIPECCUOHHBIN 571acTU4yeckuil Tpukorax I cre-
TIeHY KOMIIPECCUN;

¢ HU3KOMOJIEKY/ISIDHBIM TelapuH C IepeBONOM Ha
repopajibHble aHTUKOATYJISTHTHI 0O 21-TO AHS MOcie-
OTIEPALIIOHHOTO TePUOAa MO0 MepopabHble aHTU-
KOAry/IsIHThI C TIepBOro [HS I0C/e onepauuy B 3aBU-
CUMOCTHU OT YPOBHS PUCKOB MalMeHTa.

ITocne IIPOBEOAEHHOI0 KIMHNYECKOTO M PEHTIreHO-
JIOTNM4YeCKoro OGC)’Ie,E[OBaHMfI JOJDKHbBI OBITH YTOYHEHDI
IIOKa3aHMs U IPOTUBOIIOKA3aHMS, 4 TAK)Ke BO3MOXK-

-

A (Y

HOCTb BBITIOJTHEHMSI OTEpaluy OTHOMBIIIETKOBOTO
SHIOIPOTE3UPOBAHMS Y JAHHOTO MalyeHTa. B To ke
BpeMsI HeoOXOOMMO ITPemgyCMOTPETbh BO3MOKHOCTD
MHTPAOIEPAIMOHHOTO ITepexoia Ha CUCTEMY JIJIS TO-
TaJbHOM apTPOIIACTUKA.

[TanmeHTaM BBINOMHSIOT MepegHenaTepaabHbIN
MMWHM-MHBA3UBHBIN HOCTYII K KOJIEHHOMY CYCTaBy
(puc. 5).

Kosknpiit paspe3 minHOi 7-10 ¢cM OCyIeCTBIISI-
0T T10 Kpal HAJKOJEHHMKA OT €r0 BepXHero Kpas 0
JIaTepaJbHOM ITOBEPXHOCTU OYrpuCTOCTH Gosblie-
0ep1oBOii KOCTU. B 3TUX 3Ke Ipemenax MPOU3BOOST
JIaTepaJbHYI0 apTPOTOMMIO, OOXOHSI HAAKOMIEHHUK
CHapYXu 1 GopMupyst IIpU 3TOM HECBOOOIHBIN KUPO-
BO1 JIOCKYT M3 Testa F'odda. IIpy 3TOM HOKKA JKUPOBO-
r'0 JIOCKyTa OCTaeTcs (GMKCUMPOBAHHOI K IepenHesa-
TepaJbHOM YaCTy KaIICYJIbl CYCTaBa, YTO ITO3BOJISIET HE
HapymaTh KPOBOCHAOKEHME JIOCKYTa 3a CYeT coxXpa-
HEeHWSI TaTepaIbHOM HUKHEN apTepun (puc. 6).

Bo BpeMst BBITIOTHEHUST XUPYPIUUIECKOTO AOCTYIIA
Py HEOOXOAMMOCTY MOKET ObITh BBIIIOJIHEHA Map-
IMaTbHAS Pe3eKUMs jaTepanbHOi (aceTky HaOKO-
JIeHHUMKA. [ITaHHBIV XUPYPTrUUECKUIi TPUeM yaydllaeT
BU3YaIM3aIMIO0 JIATePATbHOIO OT/e/a KOJIEHHOTO CyC-
TaBa M YCTPaHSIEeT JIaTepajbHblii ocTeoduTt, hopmMu-
PYIOMIVI TUIIEPIIPECCUI0 HAMKOIEHHNKA M MBIIIEIKa
6eIpeHHOoI KOCTH.

B xome orepaTuBHOTO IOCTYyIIA CyOIIepUOCTATBHO
OTCJIaMBAIOT YaCTh BOJIOKOH OOJbIIE6EPIIOBOI MBbIIII-
bl ¥ MepegHMil Kpali MpUKpeIIeHUs MOAB3I0IIHO-
60/IbIIE6EPIIOBOIO TPaKTa K 6O0JbIIe6epLiOBOi KOCTHU
B 06beMe, TOCTATOYHOM [JISI aJleKBAaTHOTO ITO3UIINO-
HUPOBaHMUs OGOJbIIE6EPIIOBOTO PE3EKTOPHOTO 6yI0Ka

(puc. 7).

Puc. 5. IIpenomnepanyoHHast pa3MeTka
aHATOMMYECKUX OPUEHTUPOB U CXeMa
JOCTYIIa K KOJIEHHOMY CYCTaBY

Fig. 5. Preoperative marking of anatomical
landmarks and access scheme to the knee

Puc. 6. Bup KoneHHOTro cycTaBa I10c/Ie BbIIIOJTHEHMS JIaTepaalbHOM
aprporomun. [IMHIIETOM OTBEZEH XMUPOBOIL JIOCKYT, KOTOPbIN OymeT
UCTIO/Ib30BaH JJ14 YKPBITUS AedekTa B Karcyle CycTaBa, GOpMUPYIOIIErocs
MocJle KOppeKLMM BaJIbIyCHOI gedopmanmn

Fig. 6. View of the knee joint after a lateral arthrotomy.

joint The fatty flap is retracted with forceps and will be used to cover the capsule
defect that occurs after correction of valgus deformity
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Pe3ennpyoT KpaeBbie 0CTEOMUTSI C IaTEPaTbHOTO
MBIIIe/IKa 60bIe6epI[0BOi KOCTH, TIPM ITOM OCTaB-
JISIT KpaeBble KOCTHO-XPsIeBbie pa3pacTaHius Ha Jia-
TepaJbHOM MbIIIeNKe GeIPeHHO) KOCTH, KOTOpbIE
B MOCIEYIOIIEM MOCTYKAT OMOPOit sl 6eIpeHHOro
KOMITOHEHTA SH/IOTIPOTEe3a BBUIY HEOGXOAMMOCT €T0
natepanusarymu. OCyIIeCTBISIOT PEBU3UIO TOMOCTU
KOJIEHHOTO CyCTaBa, YOeXKIasiCh B M30JMPOBAHHOCTH
rOHapTPO3a, OIEHMBAIOT IYOMHY U XapaKTep M3HOCA
CYCTaBHBIX MMOBEPXHOCTEN JIaTePaTbHbIX MBIIIETKOB
GenpeHHO 1 60/IbIIe6epIIOBOIT KOCTe, COXPaHHOCTh
MeIaJbHOTO OTJea, B TOM UMCie MEHMCKa; COCTO-
SITEILHOCTD ITepeqHeli KpecTooO0pasHoit CBIA3KM; CO-
CTOsIHME TaTe/UI0heMOpaNbHOTO COWIEHeHNUs; Ha-
au4re ocTeoMUTOB HAa HAIKOJEHHUKE; COXPAaHHOCTh
XPSIIIEBOTO MOKPOBA Ha €ro CyCTaBHO MTOBEPXHOCTH.
V6eauBIICh B TOM, UTO MaIllME€HT COOTBETCTBYET KPU-
TepPUSIM UMIUIAHTALMY OJHOMBIILEIKOBOIO SHIOIIPO-
Te3a, MPUCTYIAOT K BHIIIOHEHUIO OTUIOB 6OJblile-
6ep110BOit KocT. OTIMITBI JIaTePaTbHOTO OT/eJIa IIaTOo
OCYIIECTBJISIOT, paciioiarasi pe3eKTOPHbI GI0K TaKUM

Anterior 54

Medial Lateral

 Posterior

Puc. 8. Cxema, [eMOHCTpUPYIOLLAsl HallpaBlieHne
KOPPEKTHOTO BHITIOJIHEHUSI CAaTUTTAIbHOTO ONMjIa
60J1b1Ie6EPIIOBOI KOCTM Yepe3 CBSA3KY HaJKOMeHHMUKA

Fig. 8. The correct direction for performing the sagittal cut
of the tibial plateau through the patellar ligament

Puc. 7. [To3uuMoHupoBaHue
60/Tb11IEGEPIIOBOTO
PEe3eKTOPHOTO 6/10Ka

Fig. 7. Positioning of the tibial
resection block

06pa3oM, yTOOBI CarUTTANbHbIN OMUJI CO3/IaBaJl BHY-
TPEHHIOIO POTALVIO (POPMUPYEMOTO JIOKA IJIsT GOJTb-
111e6€pI10BOr0 KOMIIOHEHTA OTHOCUTEIBHO OCY FOJIEHU
(puc. 8).

BHyTpeHHsIsT poTalus O0JblIe6epioBOr0 KOM-
[IOHEHTa TMO3BOJISIET OIpefeluTb ero aneKkBaTHBIN
pasmep, KOTODbIII NIpU SHAONPOTE3UPOBAHUMU JIaTe-
pajibHOro OTHe/a KOJIEHHOro CyCTaBa, Kak MpaBUIIo,
BBIOMPAIOT M3 TIEPBBIX IBYX pasMepoOB B JIMHENIKe.
IIpM BBIMOJIHEHUM CATUTTAJIBHOTO OMWIa GoJblle-
6epLIoBOi KOCTY IO Kpaw CBSI3KM HAJKOJEHHUKA U
MTO3UIIMOHUPOBAHUM GONbIIEGEPIIOBOTO KOMITOHEH-
Ta C BHYTPeHHel poTauyeil Iaxe HayajbHble pas-
Mepbl TUOMATBHBIX KOMIIOHEHTOB OYOYT BEJIMKMU.
st obecrieueHnst KOPPEKTHOCTU JAHHOTO OIMUJIA €T
HEeOOXOMMMO BBIMOJNIHATh Yepe3 CBS3KY HaIKOJIEH-
HMKAa, IpefBapuUTeIbHO pacCIOUB €e BOJIOKHA Ipo-
IONbHO. JIe3BMe pelMIIPOKHOM MWIbl paconaraeTcs
TaKuUM 06pa3oM, UTOObI IIOCKOCTh PE3EKIUU TTPOXO0-
[ijIa yepes JaTepaabHblii 6YTOPOK MEKMBbIIIETKOBO-
ro BO3BblllIeHUs (puUC. 9).

Puc. 9. BoirnosiHeHMe CaruTTaJIbHOT'O OMuIa
601bIIIe6EPIIOBOI KOCTM Yepe3 CBSI3KY HaJKOJMIEHHMUKA

Fig. 9. Performing the sagittal cut of the tibial plateau
through the patellar ligament
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B ropusoHTanbHOM MJIOCKOCTU TO3ULVOHUPYIOT
PEe3eKTOPHbIN TUOMATbHBINA 6GJIOK TakMM 06pasom,
YyTOOBI TIyOMHA pe3eKUuyy ObLIa MUHMMAJIbHOM, He
BBIXOZSI 3a Ipeiesibl «<KOCTHOV 9PO3UM» MbIIIeJIKa, He
npeBblliajia 1 MM B LIEHTPAJIbHOM 4YaCTU MBbIIENIKa
60JbIIE6EPIIOBOI KOCTM, YTOOBI OBbLI COXpaHEH Ha-
TUBHBIV HAKJIOH CYCTaBHON MTOBEPXHOCTU K3a1u, CO-
CTaBJSIONINIA [IJIS JIATEPaJbHOTO MBINIEIKa 6OoJbIe-
6ep110Boit KocTu ycimoBHbIe 0° (puc. 10).

.
N

Puc. 10. BoinonHeHe omuia 60/1bie6epiioBoro miaTo
B TOPM30HTAIbHOI TNIOCKOCTI

Fig. 10. The horizontal cut of the tibial plateau

ITocsie BBIIOMHEHUSI OIMWIOB O60JbIIE6EPIIOBOrO
IJ1IaTO B OBYX IVIOCKOCTAX HEO6XO,Z[I/IMO MU3BJIeYb KOCT-
HbIVi QparMeHT, KejaTelbHO He (GparMeHTUPYs ero,
YTOOBI OLIEHUTh pasMepbl KOMIIOHEHTA M JIOKaau3a-
LMo M3Hoca (puc. 11, 12).

J. Weidow ¢ coaBTOpaMu, MOgUEPKMUBAST PA3TIAUMS
dHAaTOMHUUYECKUX n 6MOMexaHI/I‘~IeCKI/IX OCOGEHHOCTeﬁ
MeAuaIbHOTO ¥ JiIaTepajJbHOTO OT/AENIOB KOJIEHHOTO
CycTaBa, YCTAaHOBWIM, UTO TIPM M30JMPOBAHHOM Me-
IMaIbHOM apTpo3e M3HaIIMBaHye Xpsia Ha 60sblie-
6epIoBOil KOCTY JIOKAJIM30BaHO IPEMMYIIECTBEHHO
B IIepeJHMX OTAesIaX, B TO BpeMs KakK IIpM J1aTepaib-

Puc. 11. Mopdosnoruueckast KapTMHa OIuJja JaTepaabHOTO
MBbIIIEeIKa 60JbIIe6ePIIOBO KOCTY IIPY JIaTepaaIbHOM
UOMOTIATMYECKOM TOHAPTPO3e

Fig. 11. Morphological image of the lateral tibial plateau
cut in lateral idiopathic

HOM TOHapTpO3e M3HOC OOJIbIlle B I[EHTPAJIbHON U
3aJlHei 4acTsIxX Hapy>KHOTO Mbliesnka [13].

ITocie BBIMOMHEHUSI pe3eKIUM OoJblIe6epIo-
BOJ KOCTM OIIpeAessIioT MpeaBapuUTeIbHbII pasMep
chOpMMUPOBAHHBIX Pa3rMbaTeNIbHOTO U CrubaTesb-
HOTO IIPOMEXYTKOB: YOEXKIAIOTCSI B TOM, YTO MMU-
HUMMAJIbHBI 10 TOJIIMHE CIleiicep-0JI0K He IPUBO-
IUT K TUIIEPKOPPEKIMM BaJIbTyCHOM Aedopmanyn.
Ho mpm sToM creiicep-670K TYyro BBOOUTCS B ITOJIO-
SKEHMM TIOTHOTO pasrmbaHuss KOHEUHOCTU B KOJIeH-
HOM CYCTaBe, a B TTOJIOKEHNUY CIMOaHUS B KOJIEHHOM
cycraBe 20° MmpuM OCYIIECTBIEHUM BapU3UPYIOILETO
YCUIINSI OTKPBIBAETCS 11enb B 2—3 MM. B nonoskeHun
JIETKOTO CrMOaHMs HUBEIUPYETCS HATSDREHYE 3aHei
KarCy/Ibl KOJIEHHOTO CyCTaBa MeXOy Ccrieiicep-6i0-
KOM M 6eIpeHHOI KocTbio. [Ipy cobIoneHny JaHHO-
IO YCJIOBUS OLIEHUBAIOT OPUEHTUPOBOUHYIO TOMIIUHY
MIPMMEPOYHOTO BKIAbIIIA. 3a1aB BHIOPAHHBIM BKJIa-
IpIeM, GMKCMPOBAHHBIM B Pe3eKTOPHOM OJI0Ke [IJIsT
IVCTAJIbHOTO ONujia 6epeHHO KOCTU Heo6X0aMoe
HaTSDKeHMe pa3rubaTeIbHOTO MPOMEXKYTKa, IPOM3BO-
IaT ¢ukcauuio 6;oka. Yepes mpopesb pe3eKTOPHOI0
6/710Ka TTPOMU3BOIST IUCTATBHYIO PE3eKUMIO JTaTepaib-
HOTO MbIIleJIKa 6eqpeHHOo KocTu (puc. 13).

VOansiioT OCTaTKU JIaTepaJibHOTO MEHMUCKA U BbI-
MOMHSIIOT OKOHYATENbHYIO OLIEHKY BeJIMYMHBI pa3ru-
6aTebHOTO ITPOMEKYTKA U MTPeIBAPUTETbHYIO OIIEHKY
BEJTMYMHBI CIOATEBHOTO IMTPOMEKYTKA B TTOIOSKEHUU
90° crubaHMs B KOJIEHHOM CcycTaBe (puc. 14).

Puc. 12. Mopdonoruueckast KapT1Ha OIWIA JIaTePATIbHOTO
MBIILEJIKA 60TbLIe6EPIIOBOI KOCTH TTPU JIATEPATbHOM
MOCTTpaBMaTM4YeCKOM FOHapTpo3e:

a — BUJ cBepxy; b — Buz, cHu3y. KoHCOMMaMpoBaHHbI

¢ nedopmaliyeit mepesoM JiaTepaJbHOTO MbIIIEIKa
60b11e6epI[0BOI KOCTH

Fig. 12. Morphological image of the lateral tibial plateau
cut in lateral post-traumatic knee osteoarthritis:

a — view from above;

b — view from below.

Consolidated lateral tibial plateau fracture with deformity

151 2023;29(2)

TPABMATONOIMA U OPTOMNEAMNA POCCUN / TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



NEKUWMW / LECTURES

Puc. 13. YcTaHOBKA AMCTAIBHOTO PE3eKTOPHOTO 610Ka
Y OCYIIEeCTBIEHME pe3eKIyy 6eJpeHHO KOCTU

Fig. 13. Installation of the distal resection block
and resection of the femur

Puc. 14. OneHka pasrub6aTeIbHOrO IIPOMEXKYTKA
crieiicep-610KOM

Fig. 14. Assessment of the extension gap using a spacer
block

[Mpn obecrieyeHMM ameKBATHOTO MSATKOTKaHHOTO
GaylaHca MPUCTYIIAIOT K 3aBepUIA0NIVIM OIMIaM jiaTe-
PaJIbHOTO MbIIETKA OeIpeHHO KOCTM: MMO3ULIMOHN-
PYIOT pe3eKTOPHbIN 610K 10 mepudepnyt coxpaHeH-
HOT'0 KpaeBOTO 0CcTeohnTa, CMENast ero MakKCMMaIbHO
JlaTepajbHO, TIOBTOPSS TIOJIOKEHME JIaTePaTbHOTO
MBIIIe/IKa, aHaTOMUUYEeCKM OTKJIOHeHHoro Ha 10-20°
OTHOCUTEJIbHO MeOuaJbHOTO. B 3aJaHHOM ITOJIOKe-
HUU HAPY>KHO POTAIMY BBITIOIHSIOT KOCOM U 3aHUI
OIMJIbI 6eIPEHHOI KOCTH (puc. 15).

[MonokeHue HApPYKHOM poTaiyyu 6GeqpeHHOrO U
BHYTPEHHE poTanyuy 601bIIe6epIioBOro KOMIIOHEH-
TOB SHJIONIPOTE3a 06YC/IOBIEHO CJIOKHOM O1IOMeXaHy-
KOV JIaTepaJIbHOTO OTIesIa KOJIEHHOTO CYCTaBa U I0-
3BOJISIET PeaaM30BaTh MEXaHU3M IOIUIIEHTPUIECKOI
poTaIuu JIaTepaIbHOTO MBbIIIe/Ka 6eJpeHHO KOCTU
OTHOCUTEJIbHO JIATEPATIbHOTO MbIIIEeNIKa Oobiie6ep-
110BOJ KOCTH. Takoe MO3UIMOHUPOBaHME KOMIIOHEH-
TOB II03BOJIIET OOECIEUYNTh MAKCHMMAaIbHO BO3MOXK-

HYIO IIOIIa Ib IJIS1 MX OTIOPbI HA KOCTH Y IIPEMSTCTBYET
VMIIMHIKMEHTY KOMITOHEHTOB APYT O ApyTa.

IMoce BhInmOMHEHMS! (GDMHATBHBIX OMUIIOB OeIpeH-
HOV ¥ 60JbIIE6EPIIOBOII KOCTe U (OPMUPOBAHUS
OTBEPCTHMI IO, HOXXKYM KOMIIOHEHTOB 3HJIOIPOTE-
3a OCYIIECTBJISIIOT MPOOHYIO COOPKY SHAOIMPOTE3a U

OLIEHMBAIOT KMHEMAaTUKY IIPOTe3MPOBAHHOTO CyCcTaBa
(puc. 16).

Puc. 15. ITo3uunoHupoBaHe 6eIpeHHOr0 Pe3eKTOPHOTo

610Ka repen BBINTOJTHEHMEM OIINJIOB

Fig. 15. Positioning of the femoral resection block prior to
performing the cuts

-

Puc. 16. Bup xoneHHOro cycTaBa nocjie MMIIaHTalun
TIPUMEPOYHBIX TMOMATBHOTO U 6€IPeHHOT0 KOMITOHEHTOB
SHIOIpOTE3a

Fig. 16. View of the knee joint after implantation
of the trial tibial and femoral components
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[Tocie mpo6HOT cOOPKM OIpeHesioT CTEIIEHb BOC-
CTAHOBJIEHUS OCY KOHEUYHOCTH (HEIOITyCTMMOI SIBJISI-
eTCs TUIIePKOPPeKUMST BajabIyCHOV Aedopmanyn),
OTCYTCTBYME UMIIMH/IKMEHTa 6epeHHOr0 KOMITOHEeH-
Ta O Kpail CaruTTaJbHOrO Omuja O6obIIe6epIoBOi
KOCTM U MEXMBIIIEJIKOBOTO BO3BBIIIEHUS, COOCHOCTD
CKOJIbXKeHUsT GeApeHHOTr0 KOMIIOHEHTa IO ITOBepX-
HOCTM 60JbIIIe6ePIIOBOTO KOMITOHEHTA C BOCCTAHOB-
JleHueM screw-home mexaHu3Ma, BOCCTaHOBJIEHMUE
HATMBHOTO HATSKEHUSI JiaTepajabHbIX CBSI30YHBIX
CTPYKTYpP Ha MPOTSDKEHUM BCet aMIUIUTYObl OBU-
SKEHUI B KOJIEHHOM CYCTaBe (KOPPEKTHBIM CUMTAIOT
bopMupyroieecs mpy BapyCHOM CTpecc-TecTe KoleH-
HOTO CyCTaBa IPOCTPAHCTBO MeXAY KOMITOHEHTaMu
SHAOMNpPOTE3a B 2—3 MM).

[Ipy ajgekBaTHOM TTO3UMLIMOHMPOBAHUM KOMIIO-
HEHTOB 3HIOIPOTe3a BBIMOIHIIOT OKOHYATETbHYIO
UMIUIaHTauo (puc. 17).

OnepanyoHHYI0 paHy VIIMBaKOT IOCIOMHO 6e3
IpeHMPOBaHMS MOJOCTY KOJIEHHOTO CycTaBa, Ha cje-
OYIOIIUIA [eHb BBIMMOJHSIIOT PEHTTE€HOJOTMYEeCKUA
KOHTPOJIb TIOJIOK€HUSI KOMIIOHEHTOB 3HIOIpOTe3a
(puc. 18).

IMocneomnepaliOHHOEe BeAeHMEe ¥ peaduIuTamm-
OHHAas IMporpamMma IIallMeHTOB II0C/Ie JaTepaabHO-
rO OFHOMBIIIEIKOBOTO 3SHAOIPOTE3MPOBAHMUS He
OTJIMYAETCSI OT peaduauTalMy II0CTIe YaCTUIHOM
apTPOIUIaCTUKM MeAMaJIbHOTO OTHela. BHeNrHss
MMMOOUIM3aus (TUIICOBasl IOBSI3Ka, TYTOp, Iap-
HUPHBIA Opeiic) He MPUMEHSIETCS, HalVEeHTbl Haul-
HaIOT XOAUTD C TOTIOTHUTEIBbHONM OMOPOV Ha KOCTBLINU
¢ 1-ro gH4 mocne omepanuu. B 3TO ke BpeMsl HauM-
HaeTcsT pa3paboTKa ABVSKEHMI B ITPOOIIEPUPOBAHHOM
KOJIGHHOM CyCTaBe B IIpefesiax, JUMUTUPOBAHHBIX
6071eBBIMY OILYIIEHUSIMMA.

OBCY>XIEHUE

B Hacrosiee BpeMsi OJHOMBIILEIKOBOE SHAOIPOTE-
3MpOBaHMe JIaTePATIbHOTO OTAe/a KOJIEHHOTO CyCTaBa
B CTPYKType COBpPEMEHHOI apTpOIIaCTUKM BbITIOIN-
HsieTcs npuMepHO B 10 pa3 pexe, ueM 35HAOIPOTeE-
3UPOBaHME MeAMaIbHOrO OTaena [14]. 9TO MOXKHO
OOBSICHUTh T€M, UTO M3O0JMPOBAHHBIN JaTepalbHbIN
TOHApTPO3 SBJSIETCS AOBOJBHO pENKOi CUTyalu-
eil, BCTpeyvawlencs nmpuMmepHo y 1% mwogein ¢ nge-
dbopMupyoIIMM apTpPO30M KOJEHHOTO CycTaBa [14].
HecmoTpss Ha MHOgO6HYIO «3KCK/IO3MBHOCTH», TeMa
napiMajbHO 3aMeHbl KOJIEHHOTO CyCTaBa OCTaeTCs
MpeJMeTOM MOBBIIIEHHOTO MHTepeca B COBpeMeHHOM
OpToneanyecKoi turepaTtype. I3BeCTHO, UTO paHHME
MCCIeI0BaHMsI, M3yJaBIIMe JaHHYIO ITpobiemy, IoKa-
3a1M GOJBIIIOE KOJMYECTBO HEYIOBJIETBOPUTEIbHBIX
pe3yabTaToOB OaHHON omepauyyu. OgHAKO M3MEHUB-
MIMICSL TIOOXOA K OTOOpY IalyueHToB, 6oee CoBep-

Puc. 17. Bup KoseHHOTO CycTaBa Moc/ie MMILIaHTaluKu
KOMIIOHEHTOB 3HIOIMpOTe3a

Fig. 17. View of the knee joint after implantation
of the endoprosthesis components

Puc. 18. PeHTreHOrpaMMbI
TIOCJ/Ie BBITIOTHEHHOTO
OHOMBIIIETKOBOTO
SHZOMPOTE3UPOBAHUS
JIaTEPAILHOTO OTAeNa
KOJIEHHOTO CyCTaBa B IIPSIMO1
(a) 1 60k0BOI1 (b) IPOEKIINSX;
TeJlepeHTreHorpaMmma (C)
Fig. 18. X-ray images

after performing lateral
unicompartmental knee
arthroplasty in anterior-
posterior (a) and lateral (b)
projections;

full-length X-ray (c)
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LIeHHasl XUPpypruyeckas TEXHNUKa, a TakkKe KOHCTPYK-
LISI COBpEMEHHBIX MMIIAHTATOB MTO3BOJIVJIN CHEeaTh
JaHHOe BMEIIATeJbCTBO 0Ojiee ITPOTHO3UPYEMBIM U
ycnemssim [15, 16, 17, 18, 19].

[MocnepHue uccaenoBaHus, M3ydyaroliye YacTUy-
HO€ 3H0NPOTe3MpPOBaHMe KOJIEHHOTO CyCcTaBa, IToKa-
3aJI psiJi ero PeuMYyILeCTB Iepe]] TOTaAbHbIM: MeHee
MHBA3MBHbIN JOCTYTI, MEHbIIIME 110 00beMY Pe3eKLN
KOCTel 1 MATKOTKaHHbIe pen3bl, Majias KpOBOIOTe-
ps U cOXpaHeHMe HaTUBHOI Mponpuopelenium mpo-
ornepupoBaHHoOro cycrasa [20, 21, 22, 23, 24]. Kpome
TOTO, COKpauiaeTcs MpOLEHT C/lyyaeB paHHeN mepu-
MPOTe3HOI MHPEeKIMM U PUCK TpoMOGOIMOOIMUIE-
CKUX OCJIOKHEHMIA, YMEeHbIIIaeTcss 60JIeBOii CUHIPOM
B paHHeEM ITOC/IeoNepalOHHOM Iepuoje, a aMIUIn-
Ty[la OBUKEHUI B KOJIEHHOM CYCTaBe YBeJTMUMBAETCS
[22, 24]. CTOUT TaKKe OTMETUTD O0jIee KOPOTKMIA CPOK
MpebbIBaHMSI OOTbHBIX B CTAIlMIOHAPE M 3HAUUTENb-
HO 60jiee PaHHIOI AKTMBM3AIMIO TAIMEHTOB, Tepe-
HeCIlIUX OLHOMBIIIETKOBOE SHIAONPOTEe3UPOBAHME T10
CpaBHEHMIO C TOTATbHOM apTPOIIACTUKOM [25, 26].

HecMmoTpss Ha Bblllleyka3aHHble MpeUMYyIeCcTBa
MaJIOMHBa3MBHOM XUPYPrUM, B CIydasix, KOrga MmoKa-
3aHO BBITIOJIHEHME JINIIb OJHOMBIIEIKOBOTO 3H/0-
MPOTEe3UPOBaHUS JIaTePAIbHOIO OTAea KOJIEHHOTO
cycTaBa IpU COXPAaHHOM MeOuaJbHOM OTHese, 60ib-
UIMHCTBO OIEPUPYIOUIMX TPaBMaTOJIOTOB-OpPTOIe-
JIOB TIPENNOUYMUTAIOT BBITIOJIHEHME TOTAIbHOTO 3HJO-
MPOTe3UPOBaHMUS KOJIEHHOTO cycTaBa. Tak, S. Campi
C COaBTOpaMM OTMEYaloT, UTO TOJbKO 10% XUpypros,
3aHMMAIOIINXCS SHIOMPOTe3MPOBaHMEM KOJEHHOTO
CyCTaBa, BJaAeI0T TEXHMKOM MapiuaabHOi apTporia-
cTuky [27].

W3y4asi UCTOPUIO OZHOMBIIIEIKOBOTO 3HAOMIPOTE-
3MPOBaHMSI KOJIEHHOTO CyCTaBa, S. Johal ¢ coaBTOpamu
OTMEYaloT, YTO OJHOMBIIIETKOBOE 3HIONPOTE3UPOBA-
HMe JIaTepaJIbHOTO OTesla KOJIEHHOTO CyCTaBa BbITON-
HsieTcsa npuMepHO B 10 pas peske, yeM MeauaabHOE,
OOBSICHSIST 3TO HEIOCTATOUHOCTBIO MMEIOIINXCS JINTe-
paTypHbIX JaHHBIX O JAHHOM THUIIE apTPOIIACTUKMU,
YTO TaKXkKe SIBJSIETCS BECOMbIM apTyMeHTOM J,1sl TTpaK-
TUKYIOILIIETO OpTOIena, KOTOPbIii CTOUT Mepes BOIpOo-
COM: KaKo¥ TUIT BMeNIaTeNbCTBA OyIeT ONTUMAaIbHbIM
IJISI JAHHOTO MalyeHTa? AHaIU3UPYsT UCTOPUYECKNe
ycrexu ¥ Heyauu JaHHOI orlepaliym, aBTOPbI Moguep-
KUBAIOT, YTO [1J151 OLHOMBIIIIETKOBOTO SHAOIPOTE3UPO-
BaHMS TIIATETbHBIV OTOOP MALVIEHTOB U OIBIT XUPYP-
ra UMeloT BakHelillee 3HavyeHue [14]. XoTsa B pamKax
IUCKYCCUY MOKHO 3aMeTUTh, UYTO JaHHbIE (HaKTOPBI
SIBJISIIOTCST @OCOTIOTHO 6a30BbIMU M OOIMTaTHBIMU [IJIST
JI060T0 OPTOTEeIMYECKOTO BMENIATeTbCTBA.

T. Bonanzinga c coaBTOpamMM, MpoaHAJIM3UPOBaB
47 HayyHBIX PaAbOT Ha TeMy MapIMAIbHON apTpo-
IUIACTUKM JIaTePaJIbHOTO OTHe/la KOJIEHHOTO CYCTaBa,
MPUIIIA K BBIBOZY, UTO BbDKMBAEMOCTb MMILJIAHTATOB
TIpY NSITWJIETHEM HaOTI0IeHUY U YI0BJIeTBOPEHHOCTD
MalMeHTOB pe3yJabTaTaMM Olepauuyu CpaBHUMBbI

C TaKOBBIMM TIpU YACTUUHOM 3SHIOINPOTE3UPOBAHUM
MeAuaJbHOTO OTAena M TOTaJbHOM 3HIOMPOTE3N-
pOBaHMM KOJIEHHOTO cycTaBa. TeM He MeHee aBTODbI
OTMEUalT HeJOCTATOYHOE KOJIMYECTBO M KauecTBO
MCClleJOBaHMI, TOCBSIIEHHBIX JAHHOMY TUITY ITaplu-
aJIbHOV apTpOIUIacTuKy [28].

E. Deroche ¢ coaBTOpammu, OLIEHUB B CBOEM METa-
aHaiM3e 268 IyyaeB OOHOMBILIEIKOBOIO 3HIO-
MPOTE3UPOBAHUS JIATEPATIBHOTO OTAeNa KOJeHHOTO
CycTaBa, MPUILIM K BBIBOLLY, UTO JaHHBIN TUIT BMellla-
TeNbCTBA MOKa3ajJ OTIMYHbIE Pe3yabTaThl BbDKMBae-
MOCTM UMIUJIAHTATOB U YIOBJIETBOPEHHOCTU TalMeH-
TOB IPU CpoKax HabmomeHus ot 5 1o 23 yseT. CTOUT
OTMETUTb, YTO OCHOBHOJ IPUUMHONM PEBU3MOHHBIX
BMeIIaTe/NbCTB aBTOPbl CUYMTAIOT MPOrPeccUupoBaHNe
apTpo3a B APYTUX OTAeaxX KOJeHHOTO CycTaBa, Moj-
YepKMUBAas BAXKHOCTb COOJTIOAEHNS CTPOTUX TTOKa3aHMit
K TaHHOJ oIepanuy 1 TpeboBaHMIi K IIPenM3UOHHOM
XUPYPTUYECKOi TexHUKe [29].

0630p S.D. Buzin ¢ coaBTOpamy TakyKe ITOKa3bIBaET,
YTO OFHOMBIIIIEJIKOBOE 3HIOIMpPOTE3UPOBaHMeE JaTe-
paJbHOTO OTAENa KOJIEHHOTO CyCcTaBa JeMOHCTpUpYeT
MPeBOCXOJIHbIE IOJTOCPOYHbIE KIMHUYECKME Pe3Yiib-
TaTbhl ¥ BbDKMBAEMOCTb MMILJIAHTATOB IIPU BBIMOTHE-
HUM TaHHOTO TUIIA SHIOIMIPOTE3UPOBAHMS Y TIATETbHO
OTOOpaHHBIX MAIMEHTOB. [IpyuueM, 3T BBHIBOIbBI IIPU-
MeHMMBI KO BCEM TUIIaM MMIUIAHTATOB: C MOOMJIbHBIM
" (PUKCUMPOBAHHBIM BKJIAABIIIEM, & TAKKe K MPOTE3aM
C METaJUTMYECKMM THOVATbHBIM KOMIIOHEHTOM (metal-
backed tibial component) mIu ITOJIHOCTBIO ITOTUITUIIE-
HoBbIX (all-poly tibial component). Takue ITPUUMHBI
peBM3MiL, KaK repesioM 6eIpeHHOr0 KOMITOHEHTa, I1e-
pesioM 6oJbIIE6EPIIOBOr0 KOMITOHEHTA M OCTATOYHAST
BaJIbTyCHAsI Meopmalius KOJIEHHOTO CycTaBa, OTMeYa-
JIUCh B GoJylee paHHMX paboTax U Ijis1 6osiee «CTapbix»
TUIIOB UMIUIAHTOB [30]. OCHOBHBIMM IPUYMHAMMU Dpe-
BU3MOHHOTO BMeIlIaTeabCTBA IOC/Ie MMapiyaJIbHOTO
JlaTepajJbHOTO 3HIOIMPOTE3UPOBAHUS SIBSIOTCS MPO-
rpeccupoBaHMe OCTeoapTpuUTa IOPYIUX OTHENO0B KO-
JIEHHOTO CyCTaBa (MeOuaIbHOTO U MaTe/utoheMopasTb-
HOT0) M acelTuYeckoe paclllaTbiBaHMe KOMIIOHEHTOB
3HJoIMpoTesa. U Bce ke, HECMOTPS Ha pefKue ciaydau
HeOOXOOMMOCTY PEBM3MOHHOTO BMeIIaTeIbCTBa, Ya-
CTOTa PEeBMU3UIT NPU OFHOMBIILETKOBOM 3HIOIPOTe-
3MPOBaHMUM JIATEPAIbHOTO OTAe/a KOJIEHHOTO CycTaBa
BITOJIHE CpaBHMMA C MaplMaIbHON apTPOIUIACTUKONM
MeAaTbHOTO KOMIIAPTMEHTAa U TOTaJIbHbIM 3HIOIPO-
Te3MpOBaHMeM KOJIEeHHOro cycTasa [30].

OnHako He BCe aBTOPBI COITIACHBI C MHEHUEM, UTO
pasHble TUIIBI AM3aiiHa OFHOMBILIETKOBOTO 3HIO0-
NpoTe3a OAMHAKOBO xopoliu. Tak, Harpumep, roBo-
ps 0 cucTeMax ¢ MOGMIbHBIM BKIambiiiem, T. Walker
C coaBTOpaMM B CBOEM MeTaaHaliu3e OTMEeUaroT, UTO
ero UCIoab30BaHMe MIPU MapinajbHOM JIaTepaJbHOM
SHIOIPOTE3UPOBAHUM KOJIEHHOTO CyCTaBa y O0Jb-
IOV TPYIIbI IAIMeHTOB B 15% «iIydyaeB MHpPUBENO
K PEBU3MOHHOMY BMeNIaTeIbCTBY B TeUeHME MePBBIX
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MSITU JIET TIOC/IEe MEPBUYHOTO 3HAOMPOTE3UPOBAHMS,
PV STOM OCHOBHO IIPUYMHOI CTa BBIBUX MOOWIIb-
HOTO BKiazpima [31].

J.A. Kennedy c coaBTOpamMu Takske OTMETWUJIN, UTO
YacToTa BbIBMXA MOABVKHOTO BKJIaAbIIIA ITPU OFHO-
MBIIIIEJIKOBOM 3HJOMNPOTE3UPOBAHMUM JaTePaTbHOTO
KOMMAapTMEHTa CIy4aeTcsl MpUMepPHO B 4% ciiyyaes.
ABTOpBI COBETYIOT MHTpPaOIlepaliiOHHO OlLIEHUBATh
CTaGMIBLHOCTD MOOWJIBHOTO BKJIQbIIIA B MCKYC-
CTBEHHOM CyCTaBe U MpPU HEBO3MOXHOCTU CO3[aTh
JIOCTaTOUHOE HaTSKeHMe JiaTepabHbIX CBSI30UHBIX
CTPYKTYP — MCITOJIb30BAaTh TMOMATbHBIN KOMIIOHEHT
¢ GUKCHMPOBAHHBIM BKIaAbIeM.OTHOCUTEIBHO MO-
JIOIOV BO3pacT, Bbicokuit UMT, n3HoC xpsina B na-
Temno-heMOpabHOM OTAENe U BBICOKMI YpOBEHb
(usnueckoil aKTMBHOCTM He NO/KHBI paccMaTpu-
BaTbCsA Kak abCOMIOTHBIE TPOTUBOITOKA3AHMS MJIST
MapumuaabHOTO 3HAONPOTE3UPOBAHMS JaTEPATIbHOTO
OTZeJla KOJIeHHOTO cycTaBa [32].

[oBopsi 06 OTHOMBIIIENKOBBIX SHIOMPOTE3axX
¢ GUKCHMPOBAHHBIM BKJIAIBIIIEM, CTOUT YIIOMSIHYTb 00
MMIUIQHTATaX C IOJHOCTBIO TOIUITUIEHOBBIM 6OJTb-
1re6epIioBbIM KOMITOHEHTOM. [lepBbie Momenu 3HIO-
MpOTEe30B ObIIM ITpeAcTaBieHs all-poly TMOMaIbHBIMU
KOMITOHEHTaMM, U Pl McCleloBaTesieil paccMaTpu-
Ba/IM TAKOW BapMaHT OM3aiiHa KaK 30JI0TOV CTaHAAPT
mapumanbHOil  aprporuvtactukyu  [33]. E. Deroche
C COaBTOPaMU B CBOEM aHA/IM3e, PACCMOTPEB 54 cryJast
MapLyMaabHOTO 3HIOIPOTE3UPOBAHMS JIaTepaJbHOTO
OT[ena KOJMeHHOrO CYCTaBa, TakKe IMPUIUIM K BbIBO-
Iy, YTO UCIOTb30BaHMeE MMOTHOCTbIO MOIUITUIEHOBOTO
60JIbIIIEOEPITOBOTO KOMITOHEHTA TIOKA3aJI0 OT/INYHbIE
pesynbraThl. CTereHb M3HOCA MOJMITUIEHA, YaCTOTa
peBU3uit U YIOBIETBOPEHHOCTDb MallEHTOB OIepaly-
el 6bLTM COTIOCTaBMMBI C YHAOIMPOTE3aMM C METAJIIN-
YyecKoli raTdopmoit 1 PUKCUPOBAHHBIM UM MOOUITb-
HbBIM BKJIafbIleM [34].

OpHako TocyeqHMe 0030pPbI, MOCBSIIIIEHHbIE 3H-
JOTPOTE3UPOBAHUIO JIATEPATBHOTO OTAesa KOJIeHHO-
ro CcycraBa, JeMOHCTPUPYIOT, UTO 4YacTOTa PeBU3UIL
MPU UCTOAb30BaHMUM SHAOMPOTE3A C META/NINYECKOT
iaTdopMoii M GuKcupoBaHHBIM BKiaabieM (0,8%)
ropasio MeHbllle 110 CPaBHEHUIO C MOAEISIMU IpPO-
TE€30B C ITOJHOCTHIO TOJMITUIEHOBBIM OObIe6ep-
1IOBBIM KOMIIOHEHTOM (8,6%) ¥ OJHOMBIILETKOBBIMU
SHIOIPOTE3aMM C MOOMJIBHBIM BKjIambieM (7,1%)
[27]. [IporpeccupoBaHye apTpo3a B CMEXKHbBIX OTHeax
KOJIEHHOTO CyCTaBa, HEKOppPeKTHOe BbIpaBHMBaHME
MexXaHN4YeCKOl OCU HVKHEN KOHEYHOCTU U acenTuyie-
CKOe paclliaTbiBaHMe SBWINCh OCHOBHBIMU MPUYMHA-
MU PEBMU3MOHHBIX BMENIATeIbCTB [OC/Ie OLHOMBbIIIEN-
KOBOTO 3HIOIPOTE3MPOBAHMS JIaTEPATbHOIO OTHesa
KOJIEHHOTO cycTtaBa [35]. [losyueHHbIe JaHHBIE B OUe-
penHoii pa3 MOATBEPKIAIOT, UTO TOYHASI KOppeKUMs
MeXaHN4YeCKOl) OCU HUKHEN KOHEYHOCTH, COXpaHe-
HMe 6ajaHca crubaTeIbHOIO M PasrmbaTeaIbHOro IPo-
MEKYTKOB BO BpeMsI OTlepaluiu, TIIATeNbHbI OTOOD

MalMeHTOB U UCI0/Nb30BaHMe MMPOBEPEHHBIX BpeMe-
HEM MMIUIAHTATOB IO3BOJISIT 3HAYUTE/NbHO YMEHb-
IINTH PUCK BBIMIEYTIOMSIHYTBIX OCJIOKHEHM [27, 35].

Wcnonb30BaHMe KOMITBIOTEPHOM HaBUTALIUU U PO-
00T-aCCUCTUMPOBAHHOM XUPYPrMM Ha CEromHSIIIHNIA
JleHb SIBJISIIOTCS TepCIeKTUBHBIMU HaIlpaBIeHUSIMMU.
TexHO/MOTMYECKNUIA TIPOTPECC B OJHOMBIIIEIKOBOM
3HJIOMPOTE3UPOBAHUM B HACTOSIee Bpemsl Hampas-
JleH Ha ONTUMM3ALMI0 TOYHOCTM MeXaHUYeCcKoro
BBIPDABHMBAHMSI OCM HIDKHEH KOHEUYHOCTH, OamaHca
MPOMEXYTKOB U TO3UIIMOHUPOBAHUS KOMIIOHEHTOB
3HJIONPOTEe3a, KOHTPOIUPYEMBIX B TpagMUIMOHHOM
XUPYPIUYECKOi TeXHUKEe OpraHaMy UyBCTB XMUpPypra
Y 3aMeTHO BAMSIONIMX Ha pPe3y/bTaT — CPOK BbDKMBA-
eMOCTHU 5HA0IpoTe3a [36].

Tax, psii aBTOPOB, TOBOPSI B CBOUX MCC/IENOBAHUSIX
06 OJHOMBIIIETKOBOM SHIOMPOTE3UPOBAHNY KOJIEH-
HOTO CyCTaBa, OTMeYaloT, UTO KaK Py MeaualbHO,
Tak M OpU JlaTepaJbHOM YaCTUYHOM apTPOIUIACTUKE
KOJIEHHOT'O CyCTaBa, BBITIOJIHEHHO! C MTOMOIIbI0 PO-
60TU3MPOBAHHON CUCTEMBI, OTMEUAIOTCS JIydIlIye
pe3y/ibTaThl MO CPaBHEHUIO CO CTAaHAAPTHOM Tex-
HMKOI orepauyuu (IpeuMyIleCTBEHHO Kacarlyuecs
MO3UILIMOHUPOBAHMSI KOMIIOHEHTOB 3HAOIPOTE3a).
Po6oTMu3upoBaHHOE OJHOMBIIIETKOBOE 3SHIOIPO-
Te3UpPOBaHME TO3BOJISIET AOOUTHCS BbIPABHMBAHMS
MeXaHMYeCKOM OCU HVOKHEel KOHEUHOCTM, MaKCU-
MaJIbHO NPUOIMKEHHOJ K HATUBHOI, 60j1ee TOUYHOTO
OpPMEHTUPOBaHMSI KOMIIOHEHTOB 3HJOMPOTE3a, UTo,
B CBOIO Ouepellb, CHMUXAeT YacTOTy PeBU3UOHHBIX
BMeIllaTebCTB IOC/Ie TEePBUYHOM apTPOIIaCTUKU
[37, 38, 39, 40].

F. Zambianchi ¢ coaBTopammu, ucciemysi poboT-
aCCUCTUPOBAHHYI0 XMPYPIUIO JIaTepalbHOTO OTHesna
KOJIEHHOTO cycTaBa, Iokaszanu 100% TpexneTHIOn
BbDKMBAEMOCTb Y 67 MAIMEHTOB MOC/Ie TPOBEIEHHOM
po6oTom omepauyu [41]. R. Canetti ¢ coaBTOpamu
B CBOEM DpETPOCHEKTMBHOM MCCIeNOBAaHUM TIPO-
IeMOHCTPUPOBAIM, UTO pPOBOT-aCCUCTUPOBAHHOE
OIHOMBIIIIEIKOBOE 3HIOIPOTE3MPOBAHME JaTepalib-
HOTO OTAe/Nia KOJEeHHOTO CcycTaBa obecrieumBaeT 6o-
Jlee OBICTPOE BO3BpAIlleHME K CIIOPTY B CpaBHEHUU
CO CTaHIAPTHOM XUPYPrU4YeCKOil TeXHUKOM (4,2 mec.
n 10,5 mec. cOOTBETCTBEHHO) [42].

KomrbioTepHast HaBuranys, mo Maenuio D. Chona
C COAaBTOpaMM, TakK ke, Kak ¥ poboTMUecKast CUCTeMA,
TTO3BOJISIIOT TOOUTHCS 60jIee TOYHOTO MO3UIMOHUPO-
BaHMSI KOMIIOHEHTOB OZHOMBIIEIKOBOTO 3HAOMPO-
Te3a, UTO 0COGEHHO aKTyaIbHO JJISI XUPYProB, TOTHKO
HauMHAWIINX OCBaMBaTh MapLUMaIbHYI apTpoIlia-
cTuKy [43]. [Io pe3dynpTraTamMm NMOCIegHUX UCCIEN0BA-
HUI, TPOTe3MpOBaHMe JaTepaIbHOTO OTea KOoJeH-
HOT'O CyCcTaBa C MCIOAb30BaHMEM BCIIOMOTATETbHBIX
KOMITBIOTEPHBIX TEXHOJIOTUIi TOKa3blBaeT COIMOCTa-
BMMbI€ PE3Y/IbTAaThl CO CTAHIAPTHOM XUPYPrUIeCKOi
texHukoii. Tak, C.N. Carender c coaBTOpaMu B CBOEM
MeTaaHa/M3e YCTAaHOBWIM, UTO OJHOMBIIIENIKOBOE
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3HJIONPOTE3UPOBaHMe JaTepaibHOTO OTAesa KOJeH-
HOTO CyCTaBa C MCI0Ab30BaHMeM KOMIIbIOTEPHOI Ha-
BUTALIMM B CpeAHEM IJIUTCS Ha 8§ MUH. 1OJbllle, UeM
6e3 Hee. OgHAKO He OBUIO OOHAPYKEHO AOCTOBEP-
HBIX pa3jNuuii B 4aCTOTe KPATKOCPOUHBIX IOC/IE0-
MepalnMoOHHbIX OCIOKHEHUI, YACTOTe PEeBU3MOHHBIX
BMEIIATENbCTB U CpeJHEM BpEeMEeHM IMpeObIBaHMS
MaluMeHTOB B CTallMOHape MeXIy IMapuuaabHO
apTPOIUIACTMKON C KOMIIbIOTEPHOJ HaBuUraluein
U IPeU3UOHHON XUPYPIUUeCKOol TeXHUKOV [44].
BaxkHO TMOHMMAaTb, YTO, HECMOTpPSI Ha BbIllIEyKa-
3aHHbIE TIPEMMYINECTBa, POOOT-aCCUCTUPOBAHHBIE
TEXHOJIOTUM, UCIIONb3yeMble [Ji1 OLHOMBIIIETKOBOTO
3HJOIPOTE3UPOBAaHMS IaTepaJIbHOI0 OTAe1a KOJIeHHO-
IO CycTaBa, OCTAlOTCSI JOCTATOUHO IOPOTOCTOSIIIMMMU,
MMEIOT 6OJIbIIIOe KOMMYECTBO TEXHUUECKMX Y OPTaHU-
3alMOHHBIX OTPaHUNYEHMUIA, UCTIONb3YIOTCSI B KPYITHBIX

OJOIIOJIHUTEJIbHAS NTH®OPMALIVA
Baazodaprocmsb
ABTOpBI  BBIp@KAlOT  OarOmapHOCTb  XYHOOKHUKY

W.B. OHIOIIKMHOI 3a CO3[IaHMe WTIOCTPalnii.

3asenenHslii 6K1a0 asmopos

Bce aBTOpBI cHenany 3KBMBAJIEHTHBIN BKIAM B TOATO-
TOBKY MyOIMKAIVA.

Bce aBTOpBI Mpowin U omoOpwiu GUHATBHYIO BEPCUIO
PYKOITNCH CTaThy. Bce aBTOPBI COT/IACHBI HECTM OTBETCTBEH -
HOCTb 3a BCe acCIeKThbl paboThl, YTOOBI 0OECITEUNTh HaJljIe-
Kalee pacCMOTPEHME U pellleH) e BCeX BO3MOXKHBIX BOIPO-
COB, CBSI3aHHBIX C KOPPEKTHOCTBIO M HAZEXHOCTHIO JII000I
YyacTu paboThI.

Hcmounuk  ¢unaucupoeanus.  ABTOpbI  3aSIBJISIOT
06 OTCYTCTBUM BHEIIHETO (PMHAHCUPOBAHMS IIPU MpOBee-
HUU UCC/IeOBaHMS.

Bo3mosicHblli KOH(pAUKM uHmepecos. ABTOPHI JeKiia-
PUPYIOT OTCYTCTBME SIBHBIX U IMOTEHIIMATbHBIX KOHMIMKTOB
MHTEPECOB, CBI3aHHBIX C MyOIMKaIMeii HaCTOSIIEN CTaTh.

Imuueckas skcnepmu3a. He npumeHnma.

Hngopmupoeantoe coznacue Ha  nyouKayuro.
He TpebyeTcs.
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