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YBakaemblie unrartenn!

[IpencrasinsieM ouepeHO BBIITYCK XypHaa, B KO-
TOPOM HAIIUIM OTPasKEHUE CaMble Pa3HbIe MPOBIEMbI
Halllell M CMEeXXHBIX C Hell CIlelIMaIbHOCTEN.

TpaguuyoHHas [OJi Halllero >KypHaja Tema 3H-
JIOMPOTE3UPOBaHMSI B 3TOM BBIITYCKE MpeNCTaBIeHa
pabotoii A.H. liena ¢ coaBTOopamu, B KOTOPOJi aHa/IN-
3UPYIOTCSI OCOOEHHOCTY BBITIOJIHEHUST 3TOI OMEepanyu
y MalMEHTOB C TIEPBUYHOI UAMOIATUIECKOI TPOMOO-
I[UTOTIEHMEI, 3aKTIoYaoNIecs B Gosee IJIUTENTbHOM
NpefonepauMOHHON MOATOTOBKE, YBeIMUEHUM MHTPA-
OIepaIMOHHOM KPOBOMOTEPY U 00beMa TIepeTMBaHMUS
reMOKOMIIOHEHTOB.

CBoii MeTOp, yCTpaHeHMsI MOCTTpaBMaTUUeCKO
KOHTPAKTypbl KOJIEHHOTO CyCTaBa C MCIIONIb30Ba-
HMEM OPTOINEANYECKOr0 TeKcaroja MOpeacTaBUIn
C.A. PoxoeB c coaBTOpaMu.

IeTckasi TpaBMaTOIOTMS U OPTOIEenus MpenCcTaB-
JIeHa B 3TOM BBIIyCKe paboTamMu HAIIUX KOJIJIET U3
Llentpa um. I'U. TypHepa. IL.1. boprynes ¢ coaBTO-
pamMu OpeacTaBUIM Pe3ylbTaTbl CDABHUTEIBHOTO WUC-
cinenoBaHusi 3P GeKTUBHOCTU NIBYX BUIOB OCTEOTO-
MUY TIPU AUCIIA3UM Ta306€IPEHHOr0 CyCTaBa — IO
Salter u mo Pemberton. C.IO. CemeHOB ¢ coaBTOpammu
BBISIBWINM M3MEHEHUS pEHTreHOMEeTpMUUeCcKMUX Iia-
paMeTpoB TpM HECTaOWJIBHOCTU IUCTAJIBHOTO JIy-
YeJIOKTEBOTO CyCTaBa y JETell, a Takoke UX BIUSHUE
Ha IUIAaHUPOBAHME XMPYPTUUECKOTO BMeLIaTeabCTBa
M TPOTHO3MPOBaHME BOCCTAHOBJIEHMS aHaTOMUU
" GYHKIMM TIpeIieybs.

B paspmene «Jlyckyccum» TIpefCTaBlIeHbl pas3iny-
Hble B3IVISIIbI U TOAXOAbI K BBIITOJIHEHUIO SKCTPEHHBIX
M IJIAaHOBBIX OIepauuii OCTEeOCHMHTe3a NalyeHTaM
C MepejioMaMy JJIMHHBIX KOCTeN B KPYITHBIX TOPOJax
Poccuiickoit @enepanym. IlpurnamaemM HallInX KOJier
MIPUCOEIVHUTHCS K OOCYKAEHUIO 3TOV aKTyaabHOIA
MPOGIEMBI.

Hamte u3gaHue siBisieTcss HAyYHO-TIPAKTUYECKUM,
M Mbl CTapaeMcsi YAENSTb AOCTaTOYHO BHUMaHUS
9KCMEPUMEHTATBHBIM UM TEOPETUYECKMM paboTam,
KOTOpbIE SIBSIIOTCS 6a30i OYymyluMX KIMHUYECKUX

uccaeqoBaHuii. B 3TOM BbIMyCcKe 3KCIIEePUMEHTAJb-
Hble MCCIelOBaHMS MpeiCTaBAeHbl ABYMS CTaTbIMMU.
A.B. TleTpsiiikvH C COaBTOpaMU MPeACTaBUIN Pe3yib-
TaTbl CpaBHEHMUS 4YeThIpexX AeHCUTOMETPOB pPa3HOI
reomeTpun M GUPM-IPOU3BOAUTENEN TIPU MOJEIN-
pOBaHUM PA3IUYHOTO BOAHO-KMPOBOTO OKPYKEHUS.
M.B. Croros ¢ coaBTOpamMu TpPOBEIU UCCIeIOBaAHUE
Ha KMBOTHBIX, TIOKa3aBliiee, YTO IpMMeHeHMe Harpy-
30K B 30He UMIUIAHTAIMM YPECKOXKHBIX MMIUIAHTATOB
TIOJIOKUTEbHO CKa3bIBAeTCSl HA UX MPUKUBAEMOCTU
" CHIDKaeT 06CeMeHEeHHOCTh TOi 06/1acT.

Kak Bcergma, Mbl OTOOpanu Haubojee MHTepec-
Hble ¥ pefKye KIMHMYeCKHe HaOIIomeHMs, a TaKKe
MpeACTaB/IsieM BallleMy BHMMaHUIO MHTEPECHbBI 00-
30p JIUTEpATyphl MO Ipo6eMe JeueHusT MaleHTOB
C KOHTpakTypoit [omtonTpeHa.

VYBakaemble KOJIJIeTM, HECMOTPSI Ha TO, YTO
MuHMCcTepcTBO 00pa3soBaHus U HayKu Poccuut B CJio-
SKUBIIMXCS YCIOBUSIX TIPMOCTAHOBWIO OO HeKabps
2022 roma y4yeT MHAEKCALMM MyOaMKaluii oTede-
CTBEHHBIX YYEHBIX B MEXKIYHApOOHbIX 6a3zax maH-
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HbBIX, B TOM uncie u B Web of Science, kyma Bxogur
Hall >XypHa/l, Mbl MPUHSUIM pellleHMe COXPaHUTb
MMPUHSITbIE B JKypHa/le MeXKIyHapOIHble KpUTepuu
OLIEHKM KadecTBa MOCTymawiux crareit. Celiuac
B Poccuiickoit @emepanny co3maeTcss HOBas cucrtemMa
OLIEHKM Pe3yabTaTUMBHOCTY HAYUYHBIX MCCAeIOBaHMIA
U pa3paboTOK, B KOTOPOi 6YIYT YUUTHIBATHCS ITy6/IM-
KallM B BbICOKOPEMTUMHIOBBIX OTEUECTBEHHBIX W3-

maHusx, Bxomsmiux B sapo PUHIL un Russian Science
Citation Index. Haur sxypHas BXOOUT B 006e 3TU 6a3bl,
" 3a/1a9a peIakIyyu ¥ PeOKOJIJIETUY — COXPaHUTD BbI-
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Bymem pajbl yBUIETDb Balu paboThl HAa CTPAHUIIAX
HaIllero KypHaJa.
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Treatment of Extension Knee Contractures with Ilizarov Apparatus
Versus Orthopedic Hexapod Ortho-SUV Frame

Saigidula A. Rokhoev, Dmitrii V. Chugaev, Leonid N. Solomin

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

Background. In case if it is impossible to eliminate the knee contracture by soft tissue release, external fixation is additionally
used. Most often, the Ilizarov apparatus with a uniaxial hinge is used for this purpose. Orthopedic hexapods, unlike the
Ilizarov frame, are able to reproduce the kinematics of movements in the knee joint.

Aim of the study — to evaluate the effectiveness of orthopedic hexapod for the treatment of patients with knee extension
contractures in comparison with the Ilizarov apparatus.

Methods. We analyzed 64 cases of combined treatment of extension knee contractures, which were divided into two groups.
In the 1%t group (31 patients) in addition to the soft tissue release, the orthopedic hexapod Ortho-SUV Frame (OSF) was used.
In the 2" group (33 patients) the Ilizarov apparatus with an uniaxial hinge was used. In a comparative analysis between
groups, the number of flexion-extension cycles, the time required to complete them, and the time needed for complete knee
range of motion (ROM) restoration were evaluated. Functional results were assessed using specialized scales-questionnaires
KSS, Lysholm, LEFS in 2 days, 6 and 12 mon. after frame dismantling.

Results. Comparing the total external fixation period, as well as the time needed for ROM restoration, no significant difference
between groups was found (p>0.05). When using the orthopedic hexapod, in comparison with the Ilizarov apparatus, fewer
flexion-extension cycles were required. When assessing the amplitude of movements in 12 mon. in the first group, excellent
results were found in 27 patients and good results in 4. In the second group, in all 33 patients good ROM was evaluated. On
average, the ROM in the 1t group was 20° more than in the 2™ group. The knee function in 12 mon. was 16 points higher on
the KSS in the 1%t group, 5 points higher on the Lysholm scale, and 15 points higher on the LEFS scale than in the 2" group.
When analyzing the frequency of complications, no significant differences were found (p>0.05).

Conclusions. The results obtained indicate the effectiveness of the orthopedic hexapod in the treatment of patients with
knee extension contractures.

Keywords: knee joint stiffness, knee joint contracture, quadricepsplasty, external fixation, Ilizarov apparatus, orthopedic
hexapod.
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CpaBHUTENbHASA OL,EHKA pe3y/bTaToB UCMOJb30BaHMUA annaparta
Unusaposa u oproneauyeckoro rekcanoga Opro-CYB npu neyeHum
pasrubaTenbHbIX KOHTPAKTYP KOJIEHHOr0 CycTaBa

C.A. Poxoes, [I.B. Uyraes, JI.H. Conomuux

@I'BY «HayuoHanvHsili MeOUYUHCKULI Uccnedosamensckuil yenmp mpasmamonozuu u opmoneouu
um. P.P. Bpedena» MuH3dpasa Poccuu,
2. Canxm-ITemep6ype, Poccus

AxkmyansHocms. IIpy HEBO3MOKHOCTY OMHOMOMEHTHO YCTPaHUTh KOHTPAKTYPY KOJEHHOTO CYCTaBa IMyTeM MSITKOTKAaH-
HOTO pe/u3a JOMOJTHUTEIbHO MCITONb3YIOTCS anrmapaTsl BHelIHe dukcanumu (AB®D), Hanbonee yacTo — anmnapat Wnnsa-
pOBa C OJJHOOCEBBIM ITaPHMPOM. Takske MOTYT IPUMEHSITHCS OPTOTIeANUecKye TeKcarnobl, KOTOpbie, B OT/IMYME OT arla-
pata MnusapoBa, ClIOCOGHBI BOCIIPOM3BECTM KMHEMATHUKY ABMKEHUIT B KOIEHHOM CyCTaBe.

Llens uccnedosarus — oueHUTb 3G (HEKTUBHOCTh MPUMEHEHMSI OPTONEeAMUYeCKOr0 TeKCaroa s Je4eHus MalleHTOB C
pa3rubaTeabHBIMM KOHTPAKTYpPaMM KOJIEHHOTO CYCTaBa B CPaBHEHMM C UCIIOb30BaHMEM amnmapaTa Mnusaposa.

Mamepuan u memodsi. IIpoaHanM3UPOBaHO 64 ciryuyasi KOMOVMHUPOBAHHOTO JIEYEHNST Pa3rUOATENbHBIX KOHTPAKTYD
KOJIEHHOTO CYCTaBa, CHOpMUPOBABIINXCS BCIEICTBME BHECYCTABHBIX MePeIOMOB 6eIpeHHO# KOCTH. [TaeHThl 6N
paszesieHbl Ha JBe TPYMIbl. B mepBoii rpymnme npu jeyeHuu 31 mauyueHTa B IOMOJHEHME K MSTKOTKAHHOMY pelu3y
NpUMeHSIN opTorneguueckuii rekcamnos Opro-CYB. Bo BTopoii rpyrrie npu JiedeHUn 33 nalyeHTOB UCII0/JIb30BaaN am-
napat MimnsapoBa c 0O4HOOCEBBIM MIapHUPOM. [Ipy cpaBHUTENbHOM aHalM3€e MeXIY IPYIIaMiu OlleHMBaIMU KOJTMUECTBO
LIMKJIOB CrM6GaHUSI-pa3rubaHms; BpeMs, Heo6X0oMMoe Ha UX BBIMTOJHEHNE; 001ee BpeMs BOCCTAHOBIEHUS IBUKEHUI
B AB®. OyHKIMOHANbHbBIE PE3YIbTAaThl OLEHUBAIYM 10 aMIIUTY/le IBVOKEHMI B KOJIEHHOM CyCTaBe U Cleluanu3upo-
BaHHBIM IKajgamM-omnpocHukaM KSS, Lysholm, LEFS 1o mpoirecTBuu 2 gHei, a Takxke uepe3 6 1 12 Mec. ¢ MOMeHTa
nemMoHTaxka AB®.

Pe3ynvmamet. IIpy cpaBHeHUM OOl AJIUTEILHOCTU MCITONb30BaHMsI AB®, a Takke BpeMeHM, HeOOXOIMMOro IJIs pas-
paboTKM IBMKEHMIA, 3HAUMMOJ pa3HULIbl He BbissBIeHO (p>0,05). IIpy MCII0/Ib30BaHUM OPTOIEAMUYECKOTO reKcaroaa Imo-
TpeboBaoCh BHITIOTHEHME MEHbBIIEro KOMMYeCTBa YK/IOB CrubaHusI-pa3srubaHysl Mo CPaBHEHMIO C IPYMMEHeHMeM arra-
para Wnusaposa. [Ipu oueHke aMIUVIMTYbl OBVKEHNI yepe3 12 Mec. B IIepBOJ TPyIIIe OTAMYHbIE pe3y/IbTaThl I10Ty4YeHbl
B 27 cryuasx u xopoliune — B 4 ¢ryuasx. Bo BTopoii rpyrie Bo Bcex 33 ciaydasx Obljla OTMeUeHa X0poliasi aMIUIUTYAa JBU-
SKEHUIA. B cpeqHeM aMILIMTya ABMKEHUIT B MepBOii rpymme 6puia Ha 20° Bbillle, YeM BO BTOpOIi rpyirie. OlieHKa QyHK-
LMY KOJIEHHOTO cycTaBa yepe3 12 mec. no mkane KSS B mepBoii rpyriie 6bu1a Bbilie Ha 16 6aioB, mmo mikaiae Lysholm —
Ha 5 6asu10B, o mKaje LEFS — Ha 15 6a/1oB, yeM BO BTOpPOI1 rpyiiie. IIpy aHaaM3e 4acTOThI OCJIOKHEHUI 3HAaUMMBble pas3-
JIMuys He ObLIM BbISIBJIEHBI (p>0,05).

3axntouerue. TTomydeHHbIE Pe3YIbTAThI CBUAETEIbCTBYIOT 06 3G deKTUBHOCTY UCITOIb30BaAHMS OPTOIEANYECKOTO TeKCcarno-
Jla TIpM JIeYeHU U MAIMeHTOB ¢ pa3rnbaTeTbHbIMM KOHTPAKTypaMM KOJIEHHOTO CyCTaBa.

KirroueBbie c/10Ba: KOJIE€HHBIN CyCTaB, KOHTPAKTypa, apTpoJIn3, TEHO/IN3, MMUOJIN3, KBaJAPULEIICIUIaCTHKA, allliapaTbl BHEII-
Hel (l)I/IKcaLU/II/I, alfrmapart HJ’[I/ISapOBa, OpTOHe,ELI/I‘IECKI/II‘/JI rekcarion.

Poxoes C.A., Yyraes [I.B., ConomuHn JI.H. CpaBHUTe/IbHAs OLleHKa Pe3yJbTaTOB UCIIOAb30BaHM arnnapara Mnnsaposa
" opromeauveckoro rekcamoga Opto-CYB mnpu JiedeHUM pas3rubaTeNbHbIX KOHTPAKTYpP KOJMEHHOTO CyCTaBa.
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BACKGROUND

The formation of extensor contracture of the
knee joint after a fracture of the femur has
been registered in 20-38% of all relevant cases
[1, 2, 3, 4]. The resulting restriction of flexion in
the knee joint significantly impairs the quality-
of-life of patients [5, 6, 7]. Quadricepsplasty, a
soft tissue intervention aimed at eliminating
scars and adhesions with the restoration of the
sliding properties of the quadriceps muscle (QM)
is the most commonly used surgery to eliminate
extensor contractures [8, 9, 10, 11]. However,
long-term contractures lead to persistent sec-
ondary changes in the soft tissues, their contrac-
tion, and partial cicatricial degeneration [12, 13].
In such cases, attempts at acute elimination of
contracture to achieve the required range of mo-
tion (ROM) are deemed dangerous considering
the possible damage to the QM tendon, avulsion
fracture of the patella, or tibial tuberosity [14, 15,
16, 17]. To avoid these complications, the soft tis-
sue stage of the surgery is generally supplement-
ed with the use of an external fixation (ExFix),
most often the Ilizarov apparatus [18, 19, 20, 21].
Moreover, a single-axis hinged mechanism not
only enables the reproduction of the kinemat-
ics of movements in the knee joint [22, 23, 24].
However, this is possible when using an orthope-
dic hexapods [25, 26, 27, 28].

Based on these results, the present study
aimed to evaluate the efficiency of an orthopedic

hexapod for the treatment of patients with ex-
tensor contractures of the knee joint in compari-
son with the Ilizarov apparatus.

METHODS
Study design

A retro- and prospective cohort non-random-
ized study was performed.

Patients

All patients included in this study were treated
at the Vreden National Medical Research Center
of Traumatology and Orthopedics from 2003 to
2021. A total of 64 cases of combined (soft tis-
sue release and ExFix ) treatment of the extensor
contractures of the knee joint resulting from ex-
tra-articular fractures of the femur was analyzed
in this study.

Group 1 (main) consisted of 31 patients who un-
derwent treatment with the orthopedic hexapod
Ortho-SUV for contracture, after the soft tissue
stage of the surgery [29]. A total of 19 patients were
analyzed retrospectively and 12 prospectively.
Group 2 (comparison group) included 33 patients
in whom the Ilizarov apparatus with a single-axis
hinged system was employed after the soft tissue
release. Both the groups were compared in terms
of gender, age, fracture location, treatment meth-
od, duration of the contracture, and the preopera-
tive range of motion (p > 0.05) (Table 1).

Table 1
Characteristics of patients in the study groups (Me [Q25; Q75])
Indicator Group 1 (Ortho-SUV) Group 2 (Ilizarov apparatus)

Number of patients. n 31 33
Age. years 33[18;55] 35[19;57]
Gender, m/f 21 (67.8%) / 10 (32.2%) 20 (60.6%) /13 (39.9%)
Classification of fractures according AO/OTA:
32- 10 (32.3%) 14 (42.4%)
33-A2 and A3 21 (67.7%) 19 (57.6%)

Conservative treatment 12 (38.7%) 14 (42.4%)
v & < | MOSplate 9 (29.0%) 7 (21.2%)
=]
g % g ExFix 4(12.9%) 6 (18.1%)
=] BIOS 2 (6.5%) 4(12.1%)

SO 4(12.9%) 2 (6.1%)
Duration of the contracture
2 years 12 (38.7%) 15 (45.4%)
3 years 15 (48.3%) 15 (45.4%)
4 years 4 (12.9%) 3(9.1%)
Range of movement before surgery. deg. 20 [15; 35] 30 [20; 35]

MOS — metal osteosynthesis; BIOS — blockable intramedullary osteosynthesis; SO — sequential osteosynthesis.
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Fig. 1. Soft tissue procedure: a — after soft tissue release; b — maximal flexion 65°

Unfortunately, it was not possible to detail
the types and the groups of diaphyseal and the
subgroups of extra-articular fractures that con-
sequently led to the contracture.

Surgical technique

In both the groups, stage 1 was Thompson
quadricepsplasty, as modified by S.B. Hanh
et al. [30]. Through a linear incision along
the anterolateral surface, access was made
to the heads, the QM tendon, and the patella
(Fig. 1 a). The joint cavity and the ligament of
the patella were freed from adhesions from the
fibrous Hoffa’s pad, after which the rectus femo-
ris was mobilized along the entire length up to
the upper third of the thigh. The intermediate
muscle, as a rule, represents a hypotrophic cica-
tricial-degenerate cord, which is always excised.
Only if, after the soft tissue stage of the surgery,
the required ROM is not achieved (Fig. 1 b), that
is, the main cause of the contracture is the QM
retraction, applying ExFix frame to the knee joint
was used.

In both the groups, when applying ExFix, two
supports on the femur (sector and ring) and one
ring support on the lower leg were mounted.
Bone components, wires, and threaded pins were
inserted into the projections of the so-called
“Recommended positions (RP)” [31].

The Ortho-SUV Frame (OSF) hexapod assem-
bly, specially designed for the treatment of knee
joint contractures, was adopted [32]. Its peculi-
arities involved the fact that the base ring was in-
stalled in the sagittal plane at an angle of 60° to
the anatomical axis of the femur, while the mo-
bile ring was mounted at an angle of 120° to the

anatomical axis of the tibia. An additional “dum-
my” sector was used to fix the strut # 1 (Fig. 2 a).

On the next day of the surgery, an X-ray of the
knee joint was performed in 2 projections. Using
the Adobe Photoshop 2020 (Adobe Systems, Inc.),
a specially designed template was superimposed
on the lateral radiograph with marked instanta-
neous centers of rotation of the knee joint and
the angles of rotation (Fig. 2 b). When calculat-
ing in the computer program SUV-Software v.7.2,
a distraction of 5-7 mm was set, and the “multi
total residual” software option was used to calcu-
late the flexion up to an angle of 120° at intervals
of 10° (Fig. 2 c). In addition, when calculating, the
internal rotation of the tibia was added at flexion
angles of 10°, 30°, 60°, 90°, and 120°. The flex-
ion rate of 2.5° per day for 4 cycles was selected,
as a result of which the program calculated the
change in the strut length to provide 10° flexion
in 4 days.

Distraction was started on days 3-7, followed
by a period of passive-active development of
movements. The passive-active development of
movements included the cycles of passive flex-
ion-extension of the lower leg using an ortho-
pedic hexapod. Simultaneously, active exercises
were started after the complete cycle 1 of passive
flexion-extension with the use of an OSF ortho-
pedic hexapod. To develop active movements,
struts ## 2, 4, and 6 were temporarily detached
from the mobile ring. Having fixed the struts
again, the patients were recommended exercises
that involved touching the tips of the toes with
their fingers and lifting the weight of the lower
limb, first with the help of a cable, and subse-
quently without it. Active exercises for the lower
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leg flexors were performed daily for 30-40 min
at an interval of 5-6 h. The cycles were repeated
until the amplitude of active movements in the
knee joint reached an angle of 90°. The initial
rate of flexion, depending on the pain syndrome,
could be accelerated or slowed down. As a rule,
the rate of flexion-extension for each subsequent
cycle was greater than that of the previous one.

To prevent the rebound effect (decrease in the
range of motion due to soft tissue retraction) in
the postoperative period, upon reaching an ac-
tive range of motion of 70-80°, the fixation of
the knee joint for the night in the position of the
maximum possible flexion and extension was al-
ternated daily. The frame was dismantled after
the patient could independently flex the knee
joint to a 90° flexion angle.

In group 2 (Ilizarov apparatus), the frame as-
sembly included base ring applied in distal third

Fig. 2. Usage of Ortho-SUV Frame (OSF) hexapod:
a — after frame applying;
b — the template, in wich accordance the movements in the knee joint were modelled,;

¢ — OSF software window;
d — maximal flexion achieved

of the femur, while mobile ring was mounted in
the proximal third of the lower leg. In the fron-
tal plane, the rings were oriented perpendicular
to the common mechanical axis. In the sagittal
plane, the base and mobile rings were oriented
perpendicular to the anatomical axes of the fe-
mur and tibia. The axial hinges were placed un-
der the C-arm control in the projection of the
flexion-extension axis of the knee joint [33].
Passive movements were performed using swivel
hinge (“motor”) (Fig. 3).

Postoperative management did not differ from
that used for group 1. To perform active exercis-
es, the axial hinges were disconnected.

After the frame dismantling, patients of
both groups continued complex rehabilita-
tion treatment that included exercise therapy,
low-frequency magnetic therapy, massage, and
mechanotherapy.

Angles
of internal

Flexion
angles
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Fig. 3. Usage of Ilizarov apparatus:
a — after frame applying; b — X-ray during treatment;
¢ — axial and swivel hinges; d — ring-to-ring collision

Comparison of results

In a comparative analysis between groups, the
duration of the movement development period
(MDP) using ExFix was evaluated, along with
the number of flexion-extension cycles, the time
spent on their implementation (cycle duration),
and the range of motion in the joint. The final
ROM was assessed as excellent at >110°, good at
90-109°, satisfactory at 60-89°, and unsatisfacto-
ry at <60°. The classification of Caton (1991) [34]
was used to assess the relationship between com-
plications and treatment outcomes. The KSS [35],
Lysholm, and LEFS questionnaires were used to
assess the function of the knee joint and the low-
er limb in general. The evaluation was performed
at the stages before the surgery, on day 2 after
the ExFix dismantling, and at 6 and 12 months
after the ExFix frame dismantling. In 12 prospec-
tive patients from the main group, an additional
assessment was performed at 3 and 9 months af-
ter the ExFix dismantling.

Statistical analysis

The data obtained were recorded in Microsoft
Excel spreadsheets. Statistical data analysis
was performed using the Statistica v.10 soft-
ware. The analysis of the normality of distri-
bution was performed using the Shapiro-Wilk
test. The distribution of most of the studied nu-
merical variables differed from the normal one;
therefore, nonparametric methods of statistical
analysis were applied. To assess the quantita-
tive parameters in 2 independent groups, the
Mann-Whitney U-test was used. As is customary
when using nonparametric methods, quantita-
tive data were presented as a median as well as
lower and upper quartiles. To calculate the re-
lationship between quantitative parameters, the
Spearman correlation coefficient was adopted.
The comparison of the frequency characteris-
tics of nominal data was performed using the y?
test (with the Yates correction for small cohorts)
and Fisher’s test. The assessment of the depen-
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dent samples in the same group and the study of
the indicators in dynamics after surgical treat-
ment were performed using the Wilcoxon and
Friedman criteria.

RESULTS

When comparing the period of development of
movements and the period of use of ExFix in both
the groups, no statistically significant difference
was noted (p>0.05) (Table 2).

In group 1, where the Ortho-SUV orthope-
dic hexapod was used, an active flexion angle of
90° was achieved in 5 (16.2%) cases in 4 cycles,
24 (77.4%) cases in 5 cycles, and 2 (6.4%) cases
in 6 cycles. In group 2, in 12 (36.4%) cases, to
achieve an active flexion angle of 90°, 6 cycles
were required, and in 21 (63.6%) cases, 7 flexion-
extension cycles were necessary (Table 3). When
comparing the duration of cycles, a statistically
significant difference was recorded in cycles 1,
2, and 3 (p<0.05). According to Table 3, less time
was spent on the first 3 cycles of group 2 than
that of group 1. At the end of cycle 4, the aver-
age duration in both the groups became equal
(p > 0.05), while the average active range of mo-
tion in group 1 remained statistically signifi-
cantly greater (p<0.05) than that in group 2. At
the end of cycle 5, the average time in group 1
was less (p<0.05), and the average active range of
motion was also statistically significantly greater
than that in group 2 (p < 0.05).

The maximum value of the achieved flexion
angle when using the orthopedic hexapod on
each cycle averaged 115° (110;115), which is 25°
more than that in the comparison group, where
the maximum flexion angle averaged 90° (90;90)
(p<0.05). The amplitudes of movements on day
2 and at 12 months after ExFix dismantling were
statistically significantly less in the Ilizarov ap-
paratus group (p<0.05). At 12 months after ExFix
dismantling, an excellent range of motion was

recorded in group 1 in 27 (87.1%) patients and a
good one in 4 (12.9%) cases. In group 2, in all 33
(100%) cases, the range of motion was assessed
to be good (Table 4).

In group 1, the correlation analysis re-
vealed a direct strong relationship between
the maximum achieved frame-based flex-
ion and the range of motion achieved af-
ter 12 months (p < 0.05; r = 0.877). In group
2, a direct moderate relationship was noted
(p <0.05; r=0.715).

The mean scores on the KSS and Lysholm
scales on day 2 after the frame dismantling
were statistically significantly lower in group 2
(p<0.05), while no significant difference was
noted on the LEFS scale (p>0.05). At 6 and 12
months after the frame dismantling, the mean
scores on the KSS, Lysholm, and LEFS scales
were statistically significantly lower in group 2
(p<0.05) (Table 5).

After 12 months in group 1 on the KSS scale,
excellent results were recorded for all patients.
In group 2, excellent results were registered in 10
(30.3%) patients and good results in 23 (69.7%)
patients. According to the Lysholm scale, in group
1, an excellent function was noted in 29 (93.5%)
cases and good function in 2 (6.4%) cases, while,
in the group 2, excellent results were recorded in 9
(27.2%) patients and good results in 24 (72.8%) cas-
es. According to the LEFS scale, in group 1, a slight
limitation of the lower limb function was noted in
all cases, and, in group 2, a similar result was noted
in 15 (45.4%) patients, while a moderate limitation
of function was noted in 18 (54.6%) cases.

Indicators of the dynamics of the average
range of motion and the average score in pro-
spective patients of group 1 are presented in
Table 6. When assessing the dynamics of the av-
erage ROM in group 1, since the surgery, its in-
crease and the achievement of excellent results
were noted 9 months after the frame dismantling.

Table 2

Time characteristics of both the study groups, days (Me [Q25; Q75])

Period Group 1 (Ortho-SUV) Group 2 (Ilizarov apparatus)
Latent 31(2; 4] 312; 3]
Distraction 413; 4] 5[4;5]
Movement development 99[91; 107] 110[88; 119]
ExFix use period 108 [99; 120] 109 [98; 114]
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Table 3
Quantitative data of flexion-extension cycles in the study groups (Me [Q25; Q75])
Cycle Group 1 (Ortho-SUV) Group 2 (Ilizarov apparatus) p
number n, % CD, days MA]J, deg. n, % CD, days MA]J, deg. CD, days MA]J, deg.
1 31/100 39 [37; 41] 40[25; 50] 33/100 32[30;34] | 30[20;35] <0.05 <0.05
2 31/100 28 [26; 30] 55 [45; 60] 33/100 25[22;26] | 45 [40;45] <0.05 <0.05
3 31/100 19 [16; 23] 65 [55; 70] 33/100 17[16;18] | 55[50;60] <0.05 <0.05
4 31/100 11[9; 13] 80 [70; 85] 33/100 11[10;13] | 65[60;70] >0.05 <0.05
5 24/774 4[4; 5] 92 [90; 95] 33/100 716;8] 75 [75; 85] <0.05 <0.05
6 2/6.4 2.5[2; 3] 92 [90; 95] 33/100 5[3; 7] 85 [85; 90] - -
7 - - - 21/63.6 3[3; 4] 90 [90; 90] - -
n — number of patients; CD — cycle duration, days; MA] — movement amplitude in the joint.
Table 4
Range of knee motion at various times, deg. (Me[Q25; Q75])
Follow-up period Group 1 (Ortho-SUV) Group 2 (Ilizarov apparatus) p
Before surgery 20[15; 35] 30 [20; 35] >0.05
After release 55[50; 70] 60 [55; 70] >0.05
Before dismantling the ExFix 115[110; 115] 90 [90; 90] <0.05
On the day 2 after dismantling 90 [90; 95] 90 [90; 90] <0.05
After 6 months 105[100; 110] 95 [90; 95] <0.05
After 12 months 115[110; 120] 95 [90; 95] <0.05
Table 5
Results of assessment the knee function on scales, score (Me [Q25; Q75])
KSS Lysholm LEES
Follow-up
G 2 G 2
period Group 1 (Ilrizgll')ov Group 1 (Ilri(;l;rpov Group 1 Group 2
(Ortho-SUV) (Ortho-SUV) (Ortho-SUV) (Ilizarov apparatus)
apparatus) apparatus)
Before 58 [48; 62] 60 [54; 63] 47 [44; 53] 50 [42; 55] 28 [24; 30] 27 [24; 31]
surgery
p>0.05 p>0.05 p>0.05
On the 74[71; 76] 68 [67; 70] 81[76; 81] 77 [75; 81] 50 [48; 54] 51[47; 53]
day 2 after
dismantling p<0.05 p<0.05 p>0.05
After 6 85 [82; 86] 78 [76; 81] 88[88; 91] 86 [79; 86] 66 [64; 70] 58 [57; 61]
months
p<0.05 p<0.05 p<0.05
After 12 95 [94; 97] 79 [77; 83] 95[92; 99] 90 [86; 91] 74 [72; 75] 59 [58; 64]
months
p<0.05 p<0.05 p<0.05
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When evaluating the dynamics of changes in the
average scores on the KSS scale 6 months after
the ExFix dismantling, excellent functions of the
knee joint were noted. According to the Lysholm
score, excellent functions of the knee joint were
achieved 9 months after the frame removal.
According to the LEFS scale, the limitation of the
lower limb function was noted to be insignificant
6 months after the external device dismantling.

In group 1, complications developed in 14
(45.1%) patients, 12 (38.7%) of whom showed
superficial pin-site infection (category 1). In 1
(3.2%) female patient, limited skin necrosis oc-
curred in the postoperative period (category 2);
therefore, the development of movements was
temporarily suspended for the debridement.
After the secondary healing of the wound, the
development was continued. In another (3.2%)
patient, the development was suspended due to
infection in the surgical area (category 2), which
necessitated revision, sanitation, and drainage of
the infectious focus. As a result, the purulent-in-
flammatory process was discontinued, while the
development was continued.

In group 2, the complications were detected in
17 (51.4%) patients; 16 (48.4%) of whom experi-
enced superficial pin-site infection (category 1),
which was stopped through conservative treat-
ment. In 1 (3%) case, a threaded pin breaching
occurred due to a fall of the patient. This case re-
quired repeated bone component insertion (cat-
egory 2), after which the development of move-
ments was continued. A comparative analysis of
complications in both the groups showed no sta-
tistically significant difference (p>0.05).

DISCUSSION

Fractures of the femur were accompanied by
varying degrees of damage to the intermediate
head of the QM [11, 13]. The scar tissue formed as
a result of damage, tightly soldered to the peri-
osteal regenerate, prevented the QM sliding, and
was one of the most significant causes of con-
tracture [10]. It can be assumed that the more
severe the type and group of a fracture, the more
the QM is damaged. We deliberately excluded pa-
tients with intra-articular fractures (types 33-B
and 33-C) from the study in order to exclude
the influence of the “articular” component of
contractures. Unfortunately, it was not possible
to detail the types of fractures 32- and the sub-
groups of fractures 33-A2 and 33-A3, because,

at the time of hospitalization, there were signs
of complete consolidation of the fragments with
bone tissue remodeling. Available extracts from
case histories did not provide sufficient informa-
tion. Therefore, based on the available data, we
can only state that in both the groups, mostly,
contracture occurred after extra-articular frac-
tures in the supracondylar region (33-A2 and 33-
A3 according to the AO/OTA classification) (see
Table 1). The formation of knee joint stiffness
in patients of both groups occurred more often
after conservative treatment and plate osteosyn-
thesis. This finding is consistent with the litera-
ture data. In the study by Mousavi et al.,in 11 out
of 27 treated patients (40.7%), extensor stiffness
was preceded by a fracture in the diaphyseal por-
tion, at the interface of the diaphysis and the su-
pracondylar region in 6 (22.3%) cases and in the
supracondylar region of the femur in 10 (37%)
cases. In 13 (48%) cases, a simple type of fracture
was noted, and, in 14 (51.9%) cases, a fragmen-
tary type was registered. When mentioning past
surgical interventions, the authors noted that the
formation of contracture was preceded by plate
osteosynthesis in 19 (70.3%), intramedullary os-
teosynthesis in 5 (18.5%), and external fixation
in 2 (7.4%) patients [36].

In group 1 (orthopedic hexapod), the maxi-
mum passive flexion achieved with ExFix was,
on an average, 25° greater than that in group 2
(Ilizarov apparatus) (see Table 4). Although the
frame was dismantled after reaching 90° of ac-
tive flexion, continued rehabilitation enabled
the achievement of the same amplitude that was
achieved in the ExFix device by month 9 after its
dismantling (Table 6).

A comparison of the groups revealed that the
maximum flexion in the frame did not exceed 90-
95°, as, at these angles, the length of the thread-
ed rod on the swivel hinge end. In the compari-
son group, the frame was also dismantled after
reaching 90° of active flexion. However, despite
the continuation of rehabilitation treatment, the
ROM remained the same or exceeded it by <5°.
After 12 months, the ROM in group 1 was, on an
average 20°, greater than that in group 2. Thus,
it can be assumed that the higher range of mo-
tion in group 1 was directly related to the higher
maximum flexion value achieved in the frame.

When analyzing the literature, we did not find
any studies on the use of an orthopedic hexapod
for the treatment of the knee joint extensor con-
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tractures. For comparison, we could find only two
papers that reported the treatment of extensor
contracture using soft tissue release in addition
to the use of the Ilizarov apparatus [21, 22].

Thus, Lee et al. reported the treatment of 10
patients with extensor contractures of the knee
joint and found the preoperative range of motion
in them averaged 25° (5-35°) [20]. As a result of
the treatment, the average range of motion re-
corded by the authors in the last cases (without
specifying the exact period of follow-up) was 93°
(85-105°) [21]. The authors noted that the range
of motion was the same as that at the time of dis-
mantling the apparatus or higher in all patients,
except one. The average values of the amplitude
of movements obtained by the authors were simi-
lar to the present results in group 2 for 12 months
after the frame dismantling.

Liu et al. reported a combination of soft tis-
sue release with the use of the Ilizarov appara-
tus for the treatment of 36 patients with exten-
sion knee joints stiffness. The mean ROM before
surgery was 13.8° (8-19°), after treatment, it was
102.9° (78-115°). On the other hand, the period
for evaluating the result was not specified [21].
When compared with group 1 of our study, the
indicator of the average range of motion was
higher than that recorded by Liu et al., but, in
group 2, the same indicator was lower. The high-
er performance noted by Liu et al. was probably
associated with the use of special spring pusher
hinges attached to the supports along the front
side, which enabled the achievement of a larger
flexion angle in the frame.

The analysis of the flexion-extension cycles
showed that, in group 1, after each cycle, the am-
plitude of active movements was greater than
that in group 2. At the same time, in group 2, less
time was spent completing the first 3 cycles than
that in group 2. To achieve an active ROM of 90°
in group 1, fewer cycles were required than that
in the comparison group. This is probably the
reason why the mean values of the MDP and the
ExFix period did not differ significantly.

The number of days of the flexion-extension
cycles 1, 2, and 3 was significantly greater in
group 1, as a greater flexion angle was achieved
in the ExFix device, which needed more time.
However, by cycle 4, this indicator equalized. It
took less time to complete cycle 5 in group 1 than
that in group 2. At the same time, 5 patients from
group 1 after cycle 4 had already achieved the ac-
tive flexion of 90°. The cycles 6 could not be com-
pared due to the large difference in the number
of patients (2 in group 1 and 33 in group 2). Six
cycles were required for 2 patients from group 1
due to a temporary suspension of the develop-
ment of movements from complications. In group
2, in 12 patients, the required amplitude was
achieved after cycle 6. The remaining patients
achieved an active flexion angle of 90° after cycle
7. When a larger flexion angle was reached in the
frame, a greater stretching of the QM and hence a
better function was achieved. This was probably
the reason why it took fewer cycles in the main
group to achieve active amplitude of 90°.

When compared with the data of both the
groups of our study, Lee et al. employed ExFix for

T

Dynamics of changes in the average ROM amplitude and scores (Me [Q25; Q75]) ables
Follow-up period mﬁ\%ﬂggg ? ggg_ KSS, score Lysholm, score LEFS, score
Before surgery 27.5[17.5; 40.0] 58.0[56.0; 62.0] 50.0 [45.5; 63.0] 28.0[24.0; 29.5]
After release 55.0[47.5; 67.5] - - -
After dismantling | o [95.0; 95.0] 74.0 [72.0; 76.5] 79.0 [76.0; 81.0] 51.5[47.5; 55.5]
the ExFix
After 3 months 100.0 [97.5; 102.5] | 80.0[79.5;81.5] | 84.5[83.0;86.0] 55.0 [58.0; 59.5]
After 6 months 110.0[105.0; 112.0] | 84.0[82.5;86.0] | 91.0[88.0;91.0] 67.5[62.5; 71.0]
After 9 months 115.0[115.0; 120.0] | 93.0[92.0; 95.0] 97.0 [95.0; 99.0] 71.5[70.5; 72.5]
After 12 months | 115.0[115.0;125.0] | 95.0[95.0; 96.5] 99.0 [97.0; 99.0] 73.5[72.5; 75.0]
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longer (average 125 days). At the same time, the
authors did not provide any description of the
flexion-extension cycles and the assessment on
functional scales [20].

Liu et al. did not describe the aspects of the
flexion-extension cycles, except for the men-
tion that the amplitude of active movements
of 60° was achieved on an average of 28.5 + 4.3
days. These data indicated higher temporal and
functional characteristics than the character-
istics of cycle 1 of both the groups of our study.
Meanwhile, it should be noted that the values of
the amplitude achieved after the soft tissue stage
of surgery by Liu et al. were higher than that in
both the present study groups. Data on the pe-
riod of use of the Ilizarov apparatus were not pro-
vided by the authors [21].

After the frame dismantling in both the
groups, an increase in the mean scores on the
KSS and Lysholm functional scales was noted,
however, in group 2, the corresponding mean
scores were significantly lower. Based on the re-
sults of filling in the KSS questionnaire by the
patients themselves and the attending physician,
the causes of the lower average score in group 2
were determined. The difference was mainly at-
tributable to a smaller range of motion and the
signs of overstretching of the capsular-ligamen-
tous structures of the knee joint. The lower limb
function according to the LEFS scale at the time
of the ExFix device dismantling in both groups
did not differ. However, after 6 and 12 months,
the difference was significantly lower in group 2,
probably owing to the causes mentioned earlier.

We obtained a higher complication rate in both
the groups when compared to those reported by
Lee et al., who recorded inflammation of the soft
tissues around the wires and pins (complication
category 1) in 2 (20%) of 10 patients. This differ-
ence can be attributed to insignificant statistics
owing to the small number of cases.

CONCLUSIONS

The improvement of the knee joint ROM using an
orthopedic hexapod enables the achievement of a
greater angle of flexion and requires fewer flexion-
extension cycles. However, a comparative analysis
of the periods of movement development and the
total ExFix time in both groups indicated that the
hexapod had no significant advantages over the
Ilizarov apparatus. The values of the parameters

of the knee joint function when using the ortho-
pedic hexapod were greater than those when us-
ing the Ilizarov apparatus, possibly due to the
ability of the hexapod to provide a greater range of
motion in accordance with its natural kinematics.
The present results suggest that the use of an or-
thopedic hexapod to improve the knee joint ROM
is an effective approach for the treatment of its ex-
tension stiffness, in terms of wide application of
this technique in clinical practice.
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Total Hip Arthroplasty in Patients with Idiopathic Thrombocytopenic
Purpura

Alexander N. Tsed, Nikita E. Mushtin, Alexander K. Dulaev
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Background. There are no national clinical guidelines for the perioperative management of patients with idiopathic
thrombocytopenia in hip arthroplasty. Most of the publications are presented in the context of general surgery, the
distinguishing feature of which is the good achievement of hemostasis. However, it is impossible to achieve such a level of
hemostasis with hip arthroplasty.

The aim of the study was to evaluate the mid-term results of total hip arthroplasty in patients with primary idiopathic
thrombocytopenia.

Methods. Randomized monocenter clinical trial of 38 patients with idiopathic thrombocytopenia hip arthroplasty
was performed. These patients was include in group I. As a control group, the outcomes of surgical treatment of 40
patients without thrombocytopenia over the same observation period were analyzed (group II). The mean follow-up
period was 4.3 years. Exclusion criteria for the study were heparin-induced thrombocytopenia, a severe form of idiopathic
thrombocytopenia in the acute stage with platelet counts less than 25x10°%/L.

Results. The average length of hospitalization was longer in patients with idiopathic thrombocytopenia (11.1 days).
The results indicate a longer preoperative preparation, including the transfusion of hemocomponents with repeated
monitoring of the parameters of the clinical blood test and coagulogram. There was no significant difference in the
duration of the surgical intervention, but there were differences in the amount of intraoperative blood loss and the volume
of blood transfusion. Among the patients of the group II, only 3 patients required intraoperative transfusion of one dose of
erythrocyte suspension, patients of the group I more often underwent blood transfusion. In the group I, complications were
noted in 5 patients, in the group II — in one patient (p = 0.067), but the relative risk of complications was 5.2. Functional
results 12 months after surgery didn’t differ.

Conclusions. The mid-term results of hip arthroplasty in patients with idiopathic thrombocytopenia are comparable to
the results in patients of the general population. A distinctive feature of surgical intervention is an increase in the average
volume of intraoperative blood loss and the need for a significantly larger transfusion of hemocomponents not only during
the operation, but also in the preoperative period, which increases the duration of hospitalization.

Keywords: total hip arthroplasty, idiopathic thrombocytopenia, blood transfusion.
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JHAonpoTe3MpoBaHUe Ta30b6eaApeHHOro CycTaBa y nauneHToB
C NepBMYHOMN MANONATUUYECKOK TPOMOBOLMTONEHUEN

A.H.Ilen, H.E. Mymitus, A.K. [lynaes

@I'BOY BO «Ilepesuiti Cankm-ITemepOypzckuti 2z0ocydapcmeeHHblii meduyuHckuti yHusepcumem um. akad. H.I1. ITaenosa»
Munsdpasa Poccuu, 2. CaHkm-Ilemep6ype, Poccus

AxkmyanbHocms. B HacTos1lee BpeMsl OTCYTCTBYIOT HallMOHAIbHbIe KIMHNYECKMEe PEKOMeHIalMy O TepuorepauyoH-
HOM BeJIeHUM MMaLMeHTOB C UAMOIaTUYeCcKoii TpomboiuTonenueit (UIIT) mpu sHAONIPOTE3UPOBAHMM Ta300eIPeHHOIO
cyctaBa. BombIIMHCTBO My6GIMKAINIA, TOCBSIIEHHBIX BHITIOTHEHNIO aPTPOIVIACTUKY Y TaHHOI KaTeropuy MamyueHTOB
TpeICTABJIEHO B KOHTEKCTE 00IIeil XUPYypTruy, OTIMIUTETbHO 0COOEHHOCTBIO KOTOPBIX SIBJISIETCSI XOpolee JOCTYXKe-
Hue remocrtasa. OmHAKO IIPU IHAOIPOTE3UPOBAHNYM Ta306€PEHHOTO CYCTaBa AOCTUYb TAKOTO YPOBHS reMoCTasa He-
BO3MOXHO.

Ilenv uccnedosaHus — OUEHUTb CPETHECPOUYHBbIE DPE3YIbTAaThl TOTAJIBHOTO SHAOMPOTE3UPOBAHMS Ta300eqpeHHOTrO
CycTaBa y MaIMeHTOB C MePBUYHON MIAMOMATUIECKOI TPOMOOIIUTOTIEHUEI.

Mamepuan u memodsl. BbITIOIHEHO PaHAOMM3MPOBAHHOE MOHOIIEHTPOBOE KIMHMYECKOe MCCIeqoBaHyue 38 MaieHTOB C
WIIT, kotopsiM B mepuop, ¢ 2015 mo 2021 r. 6bl7a BIIOJHEHA apTPOILIACTYKA Ta300eIpEeHHOr0 CycTaBa. TU MalieHThI
COCTaBWIM IpyITy I ccremoBaHusl. B KauecTBe KOHTPOJIBLHO IPYIIBI GBIV MTPOAHATM3UPOBAHBI MICXOMIbI SHIOPOTE3UPO-
BaHMS Ta306eApeHHOro cycrasa 40 mamyeHToB 6e3 TPOMOOLMTOIIEHUM 38 AHAJIOTMYHBIN mepuop HabmogeHus (rpymnma II).
Cpenuwuii mepuop HabM0meHUsT cocTaBui 4,3 roga. KputepusiMiu HEBKIIIOUEHMSI B MCC/IeAOBaHMe ObIIM rerapuH-MHIYLMPO-
BaHHAsl TPOMOOIMTOIIEHNS, TsDKeas hopMa UAMOTIATUYECKO TPOMOOIIMTOIIEHUY B CTaaUM OOOCTPEHMS C KOIUUECTBOM
TpoM6OLTOB MeHee 25x10%/11.

Pesynomamepi. CpegHyue CpOKM TOCIUTaAM3aunuu ObLIM Oosbine B rpymme I — 11,1 Ko¥Ko-IHEl 10 CpaBHEHUIO
¢ 7,7 B rpymme II. Pe3ynbTaThl CBUIETENBCTBYIOT O 6ojee AJIUTENbHON MpenonepanMoOHHOl MMOATOTOBKE, BKIIIOYAIO-
et TpaHcdy3uo reMOKOMIIOHEHTOB C MIOBTOPHBIM BBITTOJTHEHVEM KJIMHUYECKOTO aHa/IN3a KPOBU M KOATYIOTPAMMBI.
He mosyyeHO CTaTUCTMUYECKM 3HAUMMONM PasHUIBI B IPOLO/DKUTENIbHOCTY XMPYPTrUUECKOTO BMeIIaTeNnbCTBA, OJHA-
KO MEXAY TPYIIaMy UMENIUCh OTIMYMS B BeMUYMHE MHTPAOMEPAIMOHHON KPOBOIMOTEPU U 06beMe reMOTpaHChy3Un.
B rpynme II TonpKo 3 maiueHTaM MOTPeOGOBANIOCh MHTPAOIIEPALIIOHHOE TIepeMBaHME OTHONM A03bI 3PUTPOLUTAPHON
B3BeCH, MaIMeHTaM IPyTIbI [ yarie mpousBoguiaack reMotpaHcdysus. OcIokHeHMs B rpymie [ oTMeueHbl y 5 MalyeHToB,
BO rpymnie Il — y ofHOTO nanmeHTa, 4To He SIBJISIETCS] CTaTUYeCKy 3HaUMMbIM oTinumeM (p = 0,067), 0ofHAKO OTHOCUTEIb-
HBIl PUCK Pa3BUTUS OCTOKHEHMIT cOCTAaBUII 5,2. DYHKIIMOHATbHbIE PE3YJIbTAThI Yyepe3 12 Mec. Mocje onepauny Mexay
IPyNIamMu He OTINYaINUCh.

3axntouerue. CpeHECPOUHbIE PE3YIbTAThI SHAOIPOTE3MPOBAHMS Ta306eJPEHHOr0 CycTaBa y naiueHToB ¢ UIIT como-
CTAaBMMBI C Pe3yJIbTaTaMy SHIOMPOTE3VPOBAHMS AMEHTOB 0011l TOMyIanyu. OTAMIUTENIbHO 0CO6EHHOCTBIO XUPYP-
IMYEeCKOTO BMeIaTeabCTBA SIBJSIETCS YBeanyeHe 06beMa MHTPAOTIePaIIOHHOM KPOBOTIOTEPU M HEOOXOAMMOCTD 3HAYUM-
MO 64/IbIIero rmepenBaHus TeMOKOIIOHEHTOB He TOJbKO BO BpPeMsI OTIepalvi, HO U B IIPeIOIepaliOHHOM IepUoje, UTO
YBeJIMUMBaeT MPOIOIKUTETbHOCTb TOCIIUTATN3ALNNA.

KiioueBbie ¢J10Ba: YHIOMPOTE3MPOBAHNE Ta306eAPEeHHOrO CYCTaBa, MAMONATIYeCKas TPOMOOIUTOTIeH NS, TeMOTpaHCchy-
3USL.

Ilem A.H., Mymrun H.E., [ynaeB A.K. OHpmompoTe3upoBaHMe Ta300eIpeHHOTO CycTaBa Yy MalMeHTOB
C TEpPBMYHOIM WMOMOIMATUYECKON TpombouuTonenueir. Tpasmamonozuss u opmonedus Poccuu. 2022;28(2):20-26.
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BACKGROUND

Idiopathic thrombocytopenia (IT) is an immune
disease characterized by a transient or constant
decrease in platelet count, accompanied by an
increased risk of hemorrhage. According to the
criteria of the International Working Group of
Experts, IT is defined as an autoimmune dis-
ease characterized by isolated thrombocyto-
penia (platelet count less than 100x10°L) in
the absence of other causes or diseases that
may be accompanied by thrombocytopenia [1].
Glucocorticosteroids are widely used as first-
line therapy for IT [2]. Moreover, the number
of steroid-induced avascular necrosis of bones
ranges 9-40% with a predominant lesion of the
femoral head [3]. Patients with IT requiring
surgical interventions need blood transfusion
of a larger amount of blood components, espe-
cially if the surgery is performed for emergency
indications.

Given the increased blood loss, more com-
plications should be expected during total hip
arthroplasty (THA) in patients with IT, such as
periprosthetic infection, acute renal failure, sep-
ticemia, or pneumonia [4].

In this regard, special perioperative manage-
ment of patients is necessary to prevent com-
plications when planning hip THA; however,
the available literature presents only a few re-
ports on its results. Nezu et al. described a case
of arthroplasty in a patient with refractory IT
under the colchicine cover [5]. Kim et al. pre-
sented a case series of patients with IT who had
undergone THA arthroplasty. In the study, the
authors indicated a higher need for hemotrans-
fusion of erythrocyte mass and platelet suspen-
sion. Moreover, the time of surgery, length of
hospital stay, and levels of complications were
not different from those in patients without IT
[6]. Singhal et al. reported on the treatment of a
61-year-old patient with IT who underwent re-
placement of the knee joint. The authors noted
a significant increase in the preoperative pe-
riod, during which immunoglobulin transfusion
was performed until the platelet level reached
280x10%L. In the course of treatment, antico-
agulants and antiplatelet agents were not ad-
ministered because of bleeding risk, and non-
steroidal anti-inflammatory analgesics were
not used, as they reduce platelet function. The
patient was discharged on day 8 after the sur-

gery; however, he was under the supervision
of hematologists for another 3 days. When the
platelet count is greater than 80x10%/L, the risk
of bleeding is low. At a platelet count lower than
50x10%/L, bleeding should be expected during or
after surgery, and at a level lower than 25x10%/L,
bleeding can occur spontaneously; therefore,
the surgery cannot be performed [7].

Currently, there are no national clinical
guidelines for the perioperative management
of patients with IT in THA. A systematic review
of publications on the aspects of surgical in-
terventions in patients with IT indicates the
need to achieve good hemostasis during surgi-
cal interventions. Many publications are cited
in the context of general surgery. With THA, it
is impossible to achieve such a level of hemo-
stasis. In this regard, Kojouri et al. warned of
an increase in the expected perioperative blood
loss [8]. Thus, to date, many issues related to
THA remain unresolved, and there are no al-
gorithms for perioperative management of pa-
tients with IT.

The study aimed to evaluate the mid-term re-
sults of total THA in patients with primary IT.

METHODS

Study design

The authors conducted a randomized monocent-
er clinical trial of 38 patients with IT, who un-
derwent THA between 2015 and 2021. These pa-
tients constituted group I of the study. For group
IT (control), we analyzed the outcomes of hip ar-
throplasty in 40 patients without thrombocyto-
penia over the same period. The mean follow-up
period was 4.3 (min 3; max 6) years in group I and
4.1 (min 3; max 6) years in group II.

For the representativeness of the analysis re-
sults, the patients of both groups were compara-
ble in age, scope of the preoperative examination,
nature of the THA pathology (Table 1), surgical in-
terventions performed, type of hip endoprosthesis
components, and postoperative management. All
surgeries in both groups were performed by the
same surgical and anesthetic teams.

The exclusion criteria for the study were hep-
arin-induced thrombocytopenia, history of sple-
nectomy, severe form of IT in the exacerbation
phase, and platelet count less than 25x10%L in
the blood serum in the preoperative period.
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Table 1
General characteristics of the patients in both groups
Parameter Group I Group II p

Number of patients 38 40
Mean age, Me (min/max) 47.24 (19/84) 45.38 (20/81) 0.430
Sex, M/F 9/29 19/21
Body mass index, Me (min/max) 23.33 (14.5/32.7) 28.5(23.2/31.7) <0.001
Diagnosis

— avascular necrosis of the femoral head 30 (79%) 21 (53%)

- dysplasia 1(3%) 9 (23%)

— coxarthrosis 7 (18%) 10 (24%)
Follow-up period, Me (min/max) 4.3 (3/6) 4.1 (3/6) 0.284

Standard cementless acetabular press-fit
components were implanted in both groups,
with the use of only cross-linked polyethyl-
ene liners of 32 mm in diameter and standard
cementless femoral components of proximal
fixation.

Avascular necrosis of the femoral head pre-
vailed among the indications for total hip ar-
throplasty, whereas idiopathic and dysplastic
coxarthrosis were less common. The average
body mass index was significantly lower in group
I (ME 23.3; min 14.5; max 32.7) than in group
II (ME 28.5; min 23.2; max 31.7).

Assessment of result

The surgery duration, volume of intraoperative
blood loss, and the transfused components of
erythrocyte suspension, fresh frozen plasma, and
platelet suspension were evaluated. The frequen-
cy and structure of general somatic and ortho-
pedic complications were also assessed in both
groups. Functional results were assessed using
the 48-point Oxford Hip Score (OHS) scale.

Statistical analysis

Statistical processing of the research results
was performed using the IBM SPSS Statistics for
Windows, version 20 (IBM Corp., Armonk, NY,
USA). The normality of quantitative values was
tested based on the Shapiro-Wilk test as modified
by Royston [9]. To identify significant differenc-
es in normally distributed indicators, Student’s
t-test was used for related and unrelated samples
and the Mann-Whitney test for non-normally

distributed indicators. The criterion 2 was used
to evaluate the qualitative indicators.

RESULTS

The mean length of hospital stay was significant-
ly longer in group I than in group II. In a more de-
tailed study of the reasons for such a long period
of hospitalization, significant differences were
noted in the indicators of preoperative bed-days
(Table 2). Such results indicate the need for long-
er preoperative preparation, including transfu-
sion of hemocomponents with repeated clini-
cal blood tests, coagulogram, and production of
platelet concentrate for each patient.

When evaluating intraoperative parameters,
no significant difference was found in the dura-
tion of surgery; however, significant differences
were found in the amounts of intraoperative
blood loss and blood transfusion (Table 3).

Table 2
Length of hospital stay, bed-dayj,
Me (min/max)

Parameter Group I Group II p
. 11.10 7.70
Length of hospital stay 6/17) (4/12) <0.001
Preoperative period (31?;‘) (11'/2??) <0.001
Postoperative period 7.16 6.80 0.144

(3/14) (4/10)
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Table 3
Intraoperative parameters in patients of the study groups
Parameter Group I Group I1 p

Surgery time, min (min/max) 95 (45/100) 100 (55/110) 0.124
Intraoperative blood loss, mL (min/max) 339.7 (200/1300) 213.0 (100/350) 0.001
Blood transfusion, mean volume in mL 11 patients, 140 3 patients, 220

Platelet suspension, average volume in mL 5 patients, 350 0

Fresh frozen plasma, mean volume in mL 3 patients, m 420 0

Platelet count before surgery, x10°%/L 8513 168+38 0.001

Functional outcomes

When evaluating functional results on a 48-point
OHS scale, no significant difference in indices
was found 12 months after the surgery. In group
I, the average statistical indicators improved from
25.4%7.3t042.1+6.1 points, while in group II, these
changed from 26.2+5.3 to 43+4.3 points (Fig. 1).

ZZ = -

30 P=0.899

Fig. 1. Functional results on the Oxford Hip Score
(48 points)

Complications

Complications were registered in five patients in
group I and in one patient in group II, which is
not significantly different (p = 0.067). The rela-
tive risk (RR) for complications was 5.2 (95% con-
fidence interval 0.64-43) in the IT group. Three
(7.9%) patients in group I had intraoperative
bleeding, two (5.27%) had postoperative hema-
toma, and one had superficial periprosthetic in-
fection secondary to a postoperative hematoma,
which did not require two-stage revision arthro-
plasty and was stopped by secondary surgical
treatment of the wound. No complications as-
sociated with hip arthroplasty were recorded in
group II.

As a result of the analysis of postoperative ra-
diographs, no signs of aseptic loosening of the

endoprosthesis components, osteolysis, or sig-
nificant wear of the polyethylene liner in the av-
erage follow-up period of more than 4 years were
found in both groups. Moreover, there were no
cases of periprosthetic fractures and dislocations
of the endoprosthesis. Thus, none of the patients
in both groups underwent revision interventions
for THA.

DISCUSSION

Currently, insufficient attention is paid to the
problems of surgical treatment of patients
with IT in Russian and international literature.
According to Wang et al., the incidence of throm-
bocytopenia among patients undergoing hip ar-
throplasty is 1.43% and increases annually [10].
Several authors report an increase in the num-
ber of complications and postoperative mortality
among patients who undergo hip arthroplasty in
the presence of thrombocytopenia. For example,
in their major population meta-analysis, Chang
et al. reported an increase in 30-day mortality up
to 1.89% after surgery in patients with thrombo-
cytopenia [11]. Monreal et al. argued that platelet
count correction before hip arthroplasty reduces
significantly the risk of postoperative blood loss
[12].

Our results are comparable with the mid-term
results of shoulder and elbow arthroplasty in 25
patients with clotting disorders and secondary
thrombocytopenia [13]. Zorenko et al. reported
one infectious complication, one intraoperative
periprosthetic fracture of the humeral condyle,
and one case of aseptic instability of the elbow
arthroplasty in the period up to 9 years after
surgery.

Wang et al. presented interesting data on
the characteristics of patients with thrombo-
cytopenia undergoing joint replacement. They
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reported that IT is more common in older men
and is associated with several somatic diseases.
In our study, middle-aged women predominated
(Me 47.24 years; min 19 years, max 84 years),
which indirectly indicates different epidemio-
logical indicators of the prevalence of IT in the
population. The average length of hospital stay
of patients with IT undergoing THA increases by
26% [10]. In our study, the average length of hos-
pital stay in group I was 14.5% longer than that
in group II, but significantly lower than the data
presented in the literature. Such low rates of the
average number of bed-days in patients with IT
who undergo hip arthroplasty are due to the phar-
macological correction of drugs and preparation
of patients for surgery, which is performed in the
R.M. Gorbacheva Research Institute of Pediatric
Oncology, Hematology and Transfusiology, which
is part of the structure of the Pavlov State Medical
University (Saint Petersburg).

The literature reports a higher incidence of
complications in large joint arthroplasty in pa-
tients with IT, both general somatic (pneumo-
nia, infection of the urinary system, postopera-
tive shock, and sepsis) and surgical (hemorrhagic
anemia, hematoma and seroma of the postop-
erative wound, wound infection, and instability
of endoprosthesis components) complications.
Specifically, Malpani et al. provided data on a
twofold increase in the risk of complications dur-
ing THA in patients with IT [14]. According to our
data, the RR of all complications in patients with
thrombocytopenia was 5.2 times higher. Such a
significant increase in risks may be due to the
small number of cases; therefore, cohort multi-
center studies are needed.

Study limitations

The main limitation of the study was the small
number of patients in group I, which was due to
a rather rare combination of IT with deforming
coxarthrosis requiring surgical interventions.
Multicenter studies are necessary for more accu-
rate study representativeness. Further prospects
are associated with the formation of flows of such
patients to specialized multidisciplinary centers.

CONCLUSIONS

The mid-term outcomes of hip arthroplasty in
patients with IT are comparable with the results

of THA in the general population. A character-
istic aspect of surgical intervention in patients
with IT is an increase in the average volume of
intraoperative blood loss and the need for a sig-
nificantly larger amount of transfusion of blood
components not only during arthroplasty but
also in the preoperative period, which increases
the length of hospital stay
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Salter vs Pemberton: Comparative Radiologic Analysis of Changes
in the Acetabulum and Pelvis After Surgical Correction in Children
with Hip Dysplasia
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Background. Hip dysplasia, characterized by pronounced anatomical changes, continues to be one of the leading positions
in the structure of all congenital malformations of the musculoskeletal system. Late diagnosis or ineffective conservative
treatment leads to the need for surgical correction of congenital deformities of the proximal femur and acetabulum. The
choice of the method of operational reconstruction of the latter remains a subject of discussion over the past decades.

Aim of the study — a comparative X-ray analysis of surgical treatment outcomes of children with hip dysplasia type IHDI
III-IV after Salter and Pemberton pelvic osteotomies.

Methods. The study included 80 patients (80 hip joints) aged 2 to 4 years (3.1 + 0.45) with hip dysplasia of the III-IV degree
according to the IHDI. Patients were divided into two groups: group I consisted of 40 patients who underwent modified Salter
osteotomy, group II — 40 patients who underwent Pemberton pericapsular acetabuloplasty. Radiometry of the following
parameters was performed: acetabular index (AI), Wiberg angle, neck-shaft angle, anteversion angle of the proximal femur,
degree of bone coverage, the depth of the acetabulum (AD) and pelvic height (PH)

Results. The values of AI and Wiberg angle in patients in I group indicate that a greater correction was achieved (p<0.05)
in contrast to patients who underwent Pemberton pericapsular acetabuloplasty. At the same time, the values of AD and PH
in I group patients had pronounced differences (p<0.05) from those in II group patients, whose values were close to similar
indicators in the contralateral hip joint.

Conslusions. In the treatment of children with hip dysplasia IHDI III-IV degree performing a modified Salter osteotomy
leads to a significant decrease in the values of Al and an increase in the values of the Wiberg angle, which corresponds
to hypercorrection of the position of the acetabulum, does not affect the AD and contributes to the elongation of the
hemipelvis by an average of 13.8 mm. Pemberton acetabuloplasty allows to achieve values of Al and Wiberg angle close to
the age-related indicators of the norm, leads to an increase AD, approaching the contralateral joint in its value and does not
significantly affect the PH.

Keywords: hip dysplasia, children, modified Salter’s procedure, Pemberton’s pelvic osteotomy.
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Salter vs Pemberton: cpaBHUTENbHbIN PEHTIEHONOrMYECKUA aHaNu3
U3MEHEHUSA BEePTIYXXHOM BMNaAUHbI U Ta3a NOC/e XMPYPruyecKkon
KOppeKuun y aeTei ¢ BpOXXAEHHbIM BbIBUXOM bepapa

[1.1. boptynés!, T.B. backaena', C.B. Buccapuonos 2, [I.b. BapcykoB !,
N.I0. TTospaukuH !, B.B. KoskeBHMKOB *

I @I'BY «HayuoHansHblii MeOUYUHCKUL uccnedosamesnbCkuli yeHmp demckoii mpasmamonozuu u opmoneduu
um. I . Typuepa» Munzdpaea Poccuu, 2. Cankm-Ilemep6ype, Poccus

2 @IrbOY BO «Cesepo-3anadHsiii 20cyoapcmeaeHHsili MeduyuHckuii ynusepcumem um. U.1. Meunukosa» Mun3dpasa Poccuu,
2. Cankm-ITemep0ype, Poccus

3 @I'BY «DedepanvHblli yeHmp mpasmamonozuu, opmoneduu u s3Hdonpome3suposarus (2. bapnayn)» Munsdpasa Poccuu,
2. Bapuayn, Poccus

AkmyansHocmp. [Jyicriia3us Ta300eJpeHHbIX CYCTABOB, XapaKTePU3YIOIIAsICS BIPASKEHHBIMY aHATOMMYECKVIMY U3MeHe-
HMSIMM, IPOA0/DKAET OCTAaBaTbCsl HA OAHOM U3 MUAMPYIOIIVX ITO3ULMI B CTPYKTYPe BCeX BPOXXIEHHBIX IOPOKOB Pa3BUTUS
KOCTHO-MBIIIEUHO cucTeMbL. [T030HSIS [uarHoCcTyKa Uiy HeahheKTMBHOe KOHCEPBATUBHOE JIeUeHMe IPUBOIST K HE0OX0-
IUMOCTY XUPYPTUUECKOI KOPPEKUMM BPOKIEHHBIX AedopManyii MpoOKCUMAaIbHOTO OTAeIa 6eAPeHHOI KOCTU U BEPTITYXK-
HO1 BIIagyHbI. BRIGOP MeToza OrepaTuBHOM PEKOHCTPYKLMM TOCTIeIHE OCTAeTCs MPeaMEeTOM IUCKYCCUY Ha MPOTSKEHUU
TIOCJIENHUX OeCATUIeTUIA.

Liens uccnedoéanus — MpoOBECTM CPAaBHUTEIbHBI PEHTTeHOMOIMYeCKIit aHa/IN3 M3MeHeHMsI CTPOeHMST BepT/Iy>KHOM BITaJVHbI
¥ Tasay JeTeii ¢ BpOKAeHHbIM BbIBUXOM Oenpa (III-1V crenenu mo ITHDI) mocie ocreoTromuu Tasa no Salter u Pemberton.
Mamepuan u memodsi. B uccnegopanue Bouutu 80 nmanmeHToB (80 Ta306eJpeHHBIX CYCTaBOB) B BO3pacTe OT 2 A0 4 jeT
(3,1%0,5) c mucrasueit Ta3o6enpeHHbIX cycTaBoB III-1V cremenu no kinaccudukanyuu IHDI, monyuaBimx ieueHue B Ie-
puog ¢ 2020 mo 2021 r. Bece meTu 6buTM pa3esneHsl Ha ABe rpynmbl: [ rpynmy coctaBmiu 40 mauyeHToB (40 Ta306eApeHHbBIX
CYCTaBOB), KOTOPBIM BBIIIOIHSIIN MOAMGUIIVPOBAHHYIO TOJB3IOMIHYI0O OCTeOTOMMIO Tasa 1o Salter, II rpynny — 40 nauu-
eHTOB (40 Ta306eIpPeHHBIX CYCTABOB), KOTOPBIM BBITIOIHSIIU ITEePUKATICYISIPHYIO alleTabylIomiacTuky no Pemberton. IIpo-
BOIM/IY PEHTTEHOMETPUIO CIEAYIONIMX ITOKa3aTeseii: anetabynsipHblit uHaekc (AN), yron Wiberg, meeuno-guabusapHblit
YTOJ, YTOJI aHTEBEPCUU TPOKCUMAIBHOTO OTAea 6eAPEHHON KOCTH, CTelleHb KOCTHOTO TIOKPBITHS, IITy6MHA BEPTITYKHOIA
Briaauuel (AD) u Beicota Ta3a (PH).

Pesynsmamet. Bivixkaiile pe3yabTaTbl OLleHMBAINUCDH Yepe3 6 Mec. 3HaueHus AU u yrina Wiberg y naimeHTOB, KOTOPbIM
6bUIa BBIIOTHEHA MoAU(UIMPOBaHHAS OCTEOTOMMS Tasa 1o Salter, TOBOPSIT 0 BoCTUReHMM Gombieit koppekuyn (p<0,05)
B OT/IMYME OT MAI[MEHTOB, KOTOPHIM ObLiIa BBITIONIHEHA ITePUKAIICY/ISIpHas aljeTabynoriacTika no Pemberton. Bmecre ¢ Tem
3HaueHust AD u PH y mauuenToB [ rpymnmnsl uMmenu BeipaxkeHHbIe oTanuust (p<0,05) OT TaKOBbIX y MauueHTOB II rpynmsl,
3HAUYEHMS] KOTOPBIX GbUIM TPUOIVOKEHBI K aHATIOTMYHBIM [T0KA3aTeISIM B KOHTPAJIaTePaTbHOM MHTaKTHOM Ta300epeHHOM
cycTasBe.

3akntouenue. Tpy ieueHnH feTeii ¢ IuUcIUIa3ueil Ta3o6eqpeHHbIX cyctaBoB III-1V crenenn no knaccuduranyy IHDI BbI-
ro/HeHKe MOLM(UIMPOBAHHOI OCTEOTOMMM Ta3a Mo Salter MpMBOAUT K 3HAUMUTETbHOMY YMeHbIIeHMIO 3HaUeHuit AU u
yBeJIMUYeHNIo 3HaueHui yrna Wiberg, 4To COOTBETCTBYeT IMIIePKOPPEKLIMM TION0KEHST BEPTIY>KHO BIIAAVHBI, He BAUSIET
Ha ITyOMHY BEPTITYKHOM BIAAMHBI U CIIOCOOCTBYET YIIMHEHNIO TeMUITIeNbBICa B cpenHeM Ha 13,8 mm. [lepukrancynspHas
ocreoroMust Taza Mo Pemberton mo3BossT goctuub 3HaueHuit AU u yrma Wiberg, 6M3KuxX K BO3PaCTHBIM ITOKa3aTessIM
HOPMbI, IPUBOIUT K YBETMUEHUIO TTYOMHBI BEPTITYKHOM BIAIMHBI, IPUOIVMIKAIOIIECS IO CBOEMY 3HAUEHUIO K KOHTpasa-
TepajJbHOMY CYCTaBy, I He OKa3blBaeT OTPULIATENBHOTO BIAMSHMS Ha BBICOTY Tas3a.

KimoueBble cjIoBa: IMCIIasus Ta306eIpeHHBIX CYCTaBOB, ATy, MomuduiMpoBaHHas orepanus Salter, ocTeoToMust
o Pemberton.

Boptynés I1.1., BackaeBa T.B., Buccapmonosn C.B., Bapcykos [I.B., [To3guukun W.10., KoskeBHnkoB B.B. Salter vs Pemberton:
CPaBHUTEIbHBII PEHTIeHOJIOIMUeCKUit aHaJiu3 W3MEeHeHMS BEePTIYKHOM BHaAMHBI UM Tasa I[OCIe XUPYyprudeckoi
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BACKGROUND

Hip dysplasia, characterized by pronounced ana-
tomical changes that occurred during the ante-
and postnatal periods of development, remains
one of the most significant congenital malfor-
mations of the musculoskeletal system [1, 2].
Late diagnosis or inadequate use of conservative
treatment methods results in the need for surgi-
cal correction of congenital deformities of both
the proximal femur and acetabulum. The choice
of methods for the surgical reconstruction of the
latter has been the subject of discussion over the
past decades.

To date, all pelvic osteotomies used in glob-
al and Russian orthopedic practice, aimed at
achieving adequate stability of the hip joint and
congruence of the articular surfaces of the femo-
ral head and acetabulum, can be conditionally
divided into two groups, namely, those accompa-
nied by complete damage to the ilium and those
without it. The former group of surgical methods
includes osteotomies of the pelvis such as iliac
(R. Salter), double (D. Sutherland, Yu.I. Pozdnikin,
and M.M. Kamosko), and triple (H. Carlioz, H.
Steel, D. Tonnis, and modifications by other au-
thors). Essentially, these technologies involve
the change in the spatial position of the acetabu-
lar fragment [3, 4, 5, 6]. The latter group of pelvic
osteotomies includes acetabuloplasty (W. Dega,
P. Pemberton, San Diego, E.S. Tikhonenkov, V.P.
Melnikov, and modifications of other authors),
which are mainly aimed at the change in the ac-
etabulum shape [7, 8,9, 10, 11].

Despite the widespread application of triple
pelvic osteotomy in clinical practice and the ex-
pansion of the age criteria for its implementa-
tion [12, 13], in pediatric patients aged <6 years
with hip dysplasia of varying severities and func-
tioning Y-shaped cartilage, currently, the most
common treatment methods for dysplastic ac-
etabulum is iliac pelvic osteotomy according to
Salter, pericapsular acetabuloplasty according
to Pemberton, and acetabuloplasty according to
Dega. Moreover, Dega acetabuloplasty includes
complete damage to the posterior pelvic column
and, therefore, in our opinion, cannot be fully
classified as true acetabuloplasty.

To date, the choice of a pelvic osteotomy tech-
nique for hip dysplasia in pediatric patients de-
pends on the preferences of the operating sur-
geon, and modern Russian literature provides

almost no comprehensive analysis of the surgical
treatment results.

This study aimed to perform a comparative
X-ray analysis of structural changes of the ac-
etabulum and pelvis in pediatric patients with
congenital hip dislocation (IHDI grades III
and IV) following Salter and Pemberton pelvic
osteotomy.

METHODS

Study design

A two-center cohort comparative controlled ret-
rospective—prospective study was performed.

The inclusion criteria were as follows:

— Aged 2-4 years;

— unilateral dislocation of the hip (grades III
and IV according to the IHDI classification [14]);

— absence of surgical interventions on the hip
joint in history;

— absence of signs of aseptic necrosis of the
femoral head according to the Tonnis classifica-
tion [15];

— absence of confirmed neurological diseases;

— absence of genetic diseases and systemic
skeletal dysplasia;

- consent of the patient’s legal representa-
tives to participate in the study;

The exclusion criteria were as follows:

- age of <2 years and >4 years;

— subluxation of the hip (grade II according to
the THDI classification).

- hip bilateral lesions;

- history of surgeries on the hip joint;

emerging or formed multiplanar deformity of
the proximal femur;

- neurological, systemic, and genetic diseases;

- refusal to fill out informed consent to partici-
pate in the study.

The study included 80 patients (80 hip joints)
aged 2-4 years (3.1 £0.5) with grade II-IV hip dys-
plasia according to the IHDI classification, who
received treatment at the clinic of the H.I. Turner
National Medical Research Center for Children’s
Orthopedics and Trauma Surgery and the Federal
Center for Traumatology, Orthopedics, and
Endoprosthetics (Barnaul) during the period
from 2020 to 2021.

Patients were distributed into two groups
depending on the technique used for pelvic os-
teotomy to correct the abnormal acetabulum.

29 2022;28(2)
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Group I consisted of 40 patients (40 hip joints)
who underwent the modified Salter iliac pelvic
osteotomy. This pelvic osteotomy differed from
the classical one by the rotation vector of the ac-
etabular fragment, i.e., not isolated anteriorly,
but more laterally, which enabled to increase the
coverage of the femoral head and minimize the
risk of acetabular retroversion. Group II also con-
sisted of 40 patients (40 hip joints) who under-
went Pemberton pericapsular acetabuloplasty,
following the author’s surgical technique. In both
groups, tenotomy of the m. iliopsoas at the lower
aperture of the acetabulum followed by capsul-
otomy and revision of the acetabulum was com-
pulsory, and depending on the angular values of
the proximal femur, intertrochanteric corrective
osteotomy was also performed [16].

Patients of both groups underwent a clinical
examination, typical for this orthopedic disease
of the hip joint, and an X-ray examination, which
consisted of performing radiography of the hip
joints in the frontal view, Lauenstein position,
and abduction and internal rotation of the lower
extremities before and after surgical treatment.
In this study, we focused on the assessment of the
X-ray anatomical structure of the acetabulum af-
ter surgical correction. X-ray measurements were
used to assess the acetabular index (Al), Wiberg
angle, caput-collum-diaphyseal angle (CCDA),

anteversion angle of the proximal femur (AA),
bone coverage degree, acetabular depth (AD),
and pelvic height (PH) (Fig. 1).

Surgery technique

All patients underwent reconstructive surgery
through the anterolateral approach. After per-
forming intra-articular manipulations, osteoto-
my of the femur with excision of the bone auto-
graft, and additional shortening of the femur in
group I, a subperiosteal approach and osteotomy
of the ilium body were performed. Thereafter, the
acetabular fragment was rotated outward and
anteriorly using a tenaculum. In the position of
the achieved correction, an autograft from the fe-
mur was placed in the diastasis between the frag-
ments of the ilium and fixed with 3-4 Kirschner
wires (Fig. 2).

In group I, after identical manipulations both
inside the joint and on the femur and a similar
exposure of the ilium, an angular pericapsular
section of the inner and outer cortical layers of
the ilium was performed with chisels so that the
vertical part of the section passed at a distance of
at least 0.5 cm from the posterior column of the
pelvis and strictly parallel to it. Subsequently, us-
ing spreaders, the acetabular hood was “folded”
outward and anteriorly, whereas the posterior
pelvic column remained intact (Fig. 3).

Fig. 1. Calculation of indicators in a patient with hip dysplasia IHDI type IV:

a — acetabular depth: yellow line — the inner contour of the acetabulum; black — the line connecting
the lateral edge of the acetabulum with the lower edge of the “tear drop figure”; blue (the depth of the
acetabulum) — perpendicular from the medial part of the acetabulum to the black line;

b — the pelvic height

30 2022;28(2)
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Fig. 2. X-rays of hip joints of patient born in 2018 with hip dysplasia IHDI type IV

in an anterior-posterior projection:
a — before surgery;
b — after surgical treatment using Salter’s osteotomy

ey

Fig. 3. X-rays of hip joints in an anterior-posterior projection of patient born

in 2018 with hip dysplasia IHDI type III:
a — before surgery;

b — after surgical treatment using the Pemberton pelvic osteotomy

Statistical analysis

Statistical analyses were performed using the
IBM SPSS Statistics for Windows, Version 26
(IBM Corp. Armonk, NY, USA). Arithmetic mean
values (M), standard deviation (SD), and median
(Me) with quartiles (25%; 75%) were calculated.
The analysis between the groups was performed
according to the non-parametric Mann-Whitney
U-test. The intragroup analysis was performed
according to the Wilcoxon test. The result was
considered significant at p < 0.05.

RESULTS

Upon hospital admission, the legal representa-
tives of the patients in both study groups com-
plained of lameness. The relative shortening
of the lower limb was 1.3+0.5 cm. In the course
of goniometry, changes in the amplitude of

hip joint movements, typical for the dysplas-
tic nature of the disease, were observed, which
consisted of moderate limitation of abduction
(34%6°) and excessive internal (60+10°) and ex-
ternal rotation (50£10°) (Table 1).

As shown in Table 1, both groups exhibited
pronounced underdevelopment of the acetabu-
lar hood with a decrease in its depth, decrease in
the PH on the disease side, and increase in the
CCDA and AA of the proximal femur. Negative
values of the Wiberg angle and bone coverage
coefficient are due to hip dislocation (grades III-
IV according to IHDI). The values of the above
indicators of the X-ray anatomical structure of
the hip joint and its stability, confirmed by sta-
tistical data, allowed further comparative analy-
sis of the surgical treatment results, which were
evaluated 6 months after the reconstructive
intervention.
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During the examination, all patients followed
a strict orthopedic regimen, which excluded the
possibility of axial load on the lower limbs. As a
result, gait was not assessed. Goniometric data
are presented in Table 2.

As shown in Table 2, 6 months after the sur-
gical intervention, the amplitude of movements
in the operated hip joint in three planes in both
groups almost reached physiological values.
Indicators of internal and external rotation were
significantly changed in comparison with pre-
operative values (p < 0.05) because of the correc-
tion of the angle of anteversion of the proximal
femur.

The results of the radiological methods of ex-
amination of both groups 6 months after surgery
are presented in Table 3.

As presented in Table 3, in both groups, the
parameters characterizing the X-ray anatomi-
cal structure of both the acetabulum and proxi-
mal femur underwent significant changes com-
pared with the values before surgery (p < 0.05).
This indicates the restoration of hip joint sta-
bility. Moreover, the Al and Wiberg angle in
patients who underwent the modified Salter
pelvic osteotomy indicate a greater correction
(p < 0.05) than those in patients who underwent

Pemberton pericapsular acetabuloplasty.

The assessment of the AD and PH should
receive special attention. Thus, in group I, no
significant change was found (p > 0.05) in the
AD indicator, both in comparison with the base-
line and postoperative indicators, which is not
related to the PH, which increased significantly
(p <0.05). Moreover, the AD and PH of group I had
pronounced differences (p < 0.05) from those of
group II, the values of which were close to those
in the contralateral intact hip joint. Thus, Salter
pelvic osteotomy in the above modification has
a high corrective potential, but with the risk
of hypercorrection of the acetabulum position
compared with pericapsular acetabuloplasty,
does not affect the shape of the pelvic compo-
nent of the hip joint, and leads to an increase in
the height of the hemipelvis. Pemberton pelvic
osteotomy is an effective technique for achiev-
ing adequate correction of the dysplastic ac-
etabulum, changes its shape by increasing the
depth, and does not significantly affect the PH.

Complications such as aseptic necrosis of the
femoral head, reluxation, or emergence of an-
other type of instability in the operated joint,
and malposition of the position of the surgical
hardware were not noted in both groups.

Table 1
Indicators of X-ray structure and stability of the hip joint before surgery,
M % SD, Me (25%, 75%)
Parameter Group I Group II Contralateral joint
Al, deg. 41.6+3.2 42.3+3.1 20.6%2.0
41.5 (40.0; 42.8) 42.0 (40.0; 44.0) 20.5 (19.0; 22.8)
Wiberg angle, deg. Negative values Negative values 29.02?2';'%2;'20' 5)
AD, mm 6.0%0.6 5.5%0.5 9.6%1.0
6.0 (5.6; 6.3) 5.5(5.2; 5.8) 9.5 (9.0; 10.4)
PH, mm 56.5+4.8 55.1%£6.8 55.9+5.8
56.0 (52.8; 59.0) 56.9 (50.0; 60.3) 56.1 (51.3; 60.2)
CCDA, deg. 142.5%4.3 141.9+4.0 142.2+4.1
142.5 (140.3; 144.8) 142.0 (140.0; 144.0) 142.0 (140.0; 144.0)
AA, deg. 46.0%5.6 46.7+5.8 40.3%3.6
45.5 (40.3; 50.8) 47.1 (41.5; 52.0) 40.0 (37.9; 42.3)
BCD, % 90.0%+6.0

0

0

90.0 (85.0; 95.0)
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Table 2
Range of motion of the hip joints in both groups after surgery,
M # SD, Me (25%, 75%)
Motion Group I Group 11
Flexion. de 112.8%6.2 115.0+3.7
» des- 112.5 (110.0; 120.0) 115.0 (115.0; 120.0)
. 36.0£3.9 36.5+2.9
Abduction, deg. 35.0 (35.0; 45.0) 35.0 (35.0; 40.0)
Internal rotation, de 18.5¢4.5 18.524.3
» 4€8- 20.0 (15.0; 20.0) 20.0 (15.0; 20.0)
. 40.8+5.4 41.0%+5.2
External rotation, deg. 40.0 (35.0; 45.0) 42.5 (35.0; 45.0)
Table 3

Indicators of X-ray structure and stability of the hip joint in both groups 6 months
after surgery, M £ SD, Me (25%; 75%)

Parameter Group I Group I1 Contralateral joint
AL de 12.6%1.6 15.4%1.9 20.6%2.0
» €8 12.0 (11.8; 14.0) 16.0 (14.0; 17.0) 20.5 (19.0; 22.8)
Wibere anele. de 38.1£3.5 31.0%2.6 28.7£2.0
§ angle, deg. 39.0 (37.0; 40.0) 31.0 (28.5; 33.0) 29.0 (27.0; 30.5)
AD. mm 6.4x1.3 9.8+0.8 9.6%1.0
’ 6.1(5.7;6.7) 9.9 (9.4; 10.4) 9.5 (9.0; 10.4)
PH. mm 69.7%5.3 57.9%6.7 55.9+5.8
’ 70.0 (66.3; 72.6) 59.0 (52.6; 64.0) 56.1(51.3; 60.2)
128.1%#4.8 128.5+4.4 142.2%#4 .1
CCDA, deg. 128.0 (124.5; 132.3) 129.0 (124.5; 132.0) 142 (140; 144)
AA. de 14.9£3.3 15.9+2.5 40.3%3.6
» €8 15.0 (12.8; 18.0) 16.0 (14.5; 17.5) 40.0 (37.9; 42.3)
BCD. % 101.6%5.2 98.6%3.2 90.0%6.0
» 100.0 (98.6; 105.0) 100.0 (95.0; 100.0) 90.0 (85.0; 95.0)
DISCUSSION

Late diagnostics, non-compliance with the basic
therapeutic principles, and inadequate use of con-
servative methods of hip dysplasia in pediatric pa-
tients lead inevitably to the need for radical recon-
structive plastic surgery aimed at achieving stable
concentric reduction and retention of the femoral
head in the acetabulum by changing the anatomi-
cal structure of the pelvic and femoral components
of the joint. All this is necessary for further normal
development of the hip joint and reduction of the
risk of early coxarthrosis [17, 18, 19].

Nowadays, in the global orthopedic practice
in young patients, the most common methods
of surgical correction of the dysplastic acetabu-
lum are pelvic osteotomies according to Salter
in various modifications ad those according to
Pemberton and Dega. Scientific publications re-
veal the high efficiency of these surgical treat-
ment methods in the medium and long-term
follow-up periods [21, 22, 23, 24]. Moreover,
studies have focused on a comparative analysis
of changes in the X-ray anatomical state of the
hip joint after Salter and Pemberton pelvic oste-
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otomies, despite their widespread use [25, 26, 27,
28]. For example, Dello Russo and Candia Tapia
conducted a comparative analysis of the treat-
ment of pediatric patients with grade II-IV hip
dysplasia according to the Tonnis classification,
which showed that Al correction was greater af-
ter Pemberton’s pericapsular acetabuloplasty
than after classical Salter osteotomy (24° and
13°, respectively). This led to a more significant
increase in the Wiberg angle in the Pemberton
acetabuloplasty group than in the Salter oste-
otomy group (35° and 27°, respectively) [25].
N. Ezirmik and K. Yildiz [28] presented similar
data. In their study, the mean Al corrections for
Pemberton and Salter pelvic osteotomies were
25.78° and 18.33°, respectively, and the Wiberg
angles were 43.11° and 37.15°. Gharanizadeh et
al. analyzed Al changes in patients who under-
went Salter surgery in the Kalamchi modification
and Pemberton acetabuloplasty and did not re-
veal significant differences in both groups. They
concluded the identical efficiency of these two
surgical methods for the correction of a dysplastic
acetabulum [29]. In our study, we obtained a dif-
ferent result, that is, the average value of Al cor-
rection in patients who underwent the modified
Salter pelvic osteotomy was 29.0° versus 26.9° in
patients who underwent Pemberton pericapsular
acetabuloplasty, and the postoperative values of
the Wiberg angle were 39° and 31°, respectively.
This fact can be due to the peculiarities of our
modification of the Salter pelvic osteotomy, that
is, the predominance of the lateral tilt of the ace-
tabular fragment over the anterior rotation typi-
cal of the author’s technique [30].

Moreover, hypercorrection may have nega-
tive consequences in the long-term due to the
risk of femoroacetabular impingement [31, 32,
33]. Thus, pericapsular acetabuloplasty enables
bringing the Al and Wiberg angle values closer to
the age norm [34]. In our study, AD changes were
detected only in patients with Pemberton pelvic
osteotomy, which corresponds to literature data
[25, 35]. Several authors analyzed changes in the
length of the lower extremities after Salter and
Pemberton pelvic osteotomies [28, 36]. Ezirmik
and Yildiz analyzed the results of surgical treat-
ment of 57 patients with bilateral hip dysplasia,
who underwent classical Salter pelvic osteotomy
on one joint, and Pemberton acetabuloplasty on

the other joint, and revealed that on the side of
Salter surgery, the lower limb was longer on av-
erage by 0.5 cm [28]. Moreover, radiometry of the
PH and CCDA was not performed, which limits
the value of this study. A group of surgeons from
Taiwan performed a comparative analysis of the
hemipelvis height in two groups of pediatric pa-
tients treated with the above surgical techniques
and concluded that the PH increased in all pa-
tients on the intervention side, but with Salter
pelvic osteotomy, it was two times greater than
that with acetabuloplasty [36]. In our study, we
did not reveal a significant change in this indica-
tor in patients who underwent Pemberton pelvic
osteotomy, whereas in group I, the PH increased
by an average of 13.8 mm. In our opinion, this is
caused by the acetabular fragment bringing down
during the lateral tilt during the modified Salter
pelvic osteotomy. This can lead to excessive com-
pression of the articular surfaces, which, in turn,
can lead to hip joint stiffness, and hemipelvis de-
formity can lead to biomechanical and structural
disorders in both lower limb joints and lumbar
spine. Moreover, Pemberton pericapsular acetab-
uloplasty does not cause changes in the anatomy
of the pelvic ring and birth canal and does not
require repeated surgical intervention to remove
internal fixation devices, unlike Salter pelvic os-
teotomy, as confirmed by literature data [27, 28].
In addition, Pemberton pericapsular acetabulo-
plasty is a technically more complex surgery, and
inappropriate technique can cause iatrogenic
fracture of the posterior pelvic column, which
will affect the primary fixation of the autograft
with its possible migration and loss of surgical
correction, as well as damage to the Y-shaped
cartilage and its preterm closure [37, 38]. All this
may require repeated reconstructive surgeries on
the hip joint and negatively affect both the hip
joint condition and the child’s lifestyle.

Study limitations

This study is limited by the follow-up period and
by only performing X-ray assessment of the pa-
rameters of the pelvic and femoral components
of the joint. Thus, further studies should examine
the long-term treatment results of patients with
a comprehensive clinical and radiological study
of the state of the hip joint and spinal-pelvic
ratios.
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CONCLUSIONS

In the treatment of pediatric patients with grade
I[II-1V hip dysplasia according to the IHDI clas-
sification, Salter modified pelvic osteotomy leads
to a significant decrease in Al values and an in-
crease in the Wiberg angle, which correspond to
hypercorrection of the acetabulum position, do
not affect the AD, and contribute to hemipel-
vis lengthening by an average of 13.8 mm.
Pemberton pericapsular osteotomy of the pelvis
helps achieve Al and Wiberg angle values close
to age norms, leads to an increase in the AD, ap-
proaching the contralateral joint in value, and
does not significantly affect the PH.

The absence of an “ideal” pelvic osteotomy
for the treatment of hip dysplasia of varying se-
verities requires further comprehensive analysis
of the results of surgical interventions in these
patients; consequently, it will be possible to de-
velop an algorithm for a differentiated approach
to choosing a method for surgical correction of a
dysplastic acetabulum.
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Background. Infection of percutaneous implants in patients with limb amputation is the most common complication.
This study aimed to evaluate the microbiological contamination of the implantation zone depending on the implant
mechanical compression under the conditions of the additional external fixation.

Methods. The study was performed on 36 male rabbits. The tibia of all the rabbits was sawn at the border of the upper and
middle parts. The medullary canal was reamed and a percutaneous implant was placed in the tibial stump. The segment and
the implant were fixed with an Ilizarov apparatus. An additional compression device was installed in 30 animals. We used
5 compression modes, accordingly, 6 experimental groups were formed, 6 animals in each: group 1 — without compression,
group 2 — compression on the implant with force of 0.053 N/mm?, group 3 — compression on the implant with force of
0.105 N/mm?, group 4 — compression on the implant with force of 0.158 N/mm?, group 5 — compression on the implant
with force of 0.211 N/mm?, group 6 — compression on the implant with force of 0.263 N/mm?. The restraint was removed
6 weeks after implantation for a total follow-up of 26 weeks. The microflora of the place where the implant enters the skin
(the implant / skin interface) was investigated, the level of blood leukocytes and the level of C-reactive protein in blood
serum were determined.

Results. On days 9-10 after implantation, significant differences in the microbial landscape were found at the site of the
exit of the metal implant in animals of different groups. The largest number of strains was found in animals of groups 1, 5
and 6, the smallest in groups 2 and 3. The most frequently detected strains: S. saprophyticus and Enterococcus spp. It was
found that the greatest statistically significant increase in the level of CRP in the blood serum was observed in animals of
group 6. The level of leukocytes in animals of all groups did not change statistically significantly relative to preoperative
values. Animals with better osseointegration (groups 2 and 3 — no cases of implant loss) showed a minimal number
of growing strains.

Conclusions. The microbiological profile of the implantation zone of percutaneous implants changes depending on the
amount of mechanical compression. The optimal mode is 0.053-0.105 N/mm?.
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Mukpo6uonornueckui npoduab 30HbI UMMIIAHTALUK
B YC/IOBUSIX Pa3/IMMHOM MEXaHUYECKON KOMMPEeCCUU YPECKOXKHbIX
UMMNNIAHTaTOB

M.B. CroroB!, A.A. EmanoB !, H.B. TogoBbix !, E.H. OBunuHukoB !, H.B. TyminHa !,
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L @IBY «HayuoHanvHwtli MeOQUUUHCKULI UCCIe008AMeIbCKULE UEHMP MPasmamaosiozuu u opmoneduu
um. akad. I A. Mnuzaposa» Mun3adpasa Poccuu, 2. KypeaH, Poccus
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AKmyaanocmb. I/IHCI)I/ILU/II)OBB.HI/IE YPEeCKOXHLIX MMIIVIAHTATOB Y IMAalMEHTOB C aMITyTalOMsIMMU KOHEUHOCTeN SIBJISIeTCS
HaunboJsIee YacThIM OCJIOXKHEHMEM. Ilens uccnedosaHust — olleHKa MI/IKpOGI/IOJ'IOI‘I/I‘leCKOI‘O obcemMeHeHMs 30HbI MMILIAHTA-
LMY B 3aBMCUMOCTU OT MEXaHUUYECKOM KOMIIpeCcCuM MMIIZIaHTaTa B YCJIOBUSX €ro IOTIOJIHUTEIbHOM BHEIIHe! (1)I/IKC&I.U/II/I.

Mamepuan u memoOdel. ViccrnenoBaHue BbIIIOTHEHO Ha 36 caMilax KPOIMKOB. BceM sKMBOTHBIM OCYILIeCTBIISIM Pacinii 60JIb-
me6epIi0BOT KOCTM Ha TPaHMIIe BEPXHEl U cpefiHeli TpeTeil. 3aTeM pacCBepPIMBaIM KOCTHOMO3TOBO KaHAaI U YCTaHABIN-
BaJIM UPECKOKHBIN MMIUIAHTAT B KYJIbTIO 60JbIIe6epIi0BOit KocTu. CEerMeHT U UMIUIAHTAT GUKCUPOBAIIM ammnapaToM Mnn-
3apoBa. TpuaLuaT JKMBOTHBIM JIOMOJHUTENBHO YCTaHABIMBAIY KOMIIPECCMOHHOE YCTPOCTBO. Viconb30Banm 5 pexxnmMoB
KOMITPECCUU, COOTBETCTBEHHO 3TOMY 6bLIO CHOPMUPOBAHO 6 HKCIEPUMEHTANTBHBIX TPYII MO 6 XKUBOTHBIX B KaXKIOIi:
rpymmna 1 — 6e3 KOMIIpeccuu; rpymma 2 — KOMIpeccust Ha uMmIuianrar cuwioit 0,053 H/mm?; rpynna 3 — koMmpeccus Ha
umrianTat cwioii 0,105 H/mMm?; rpynina 4 — kommpeccust Ha umriantat cuioii 0,158 H/mMm?; rpyrimna 5 — komIipeccust Ha
umrianTar cuitoi 0,211 H/mm?; rpyrinma 6 — KoMIpeccust Ha MMIutanTat cuioit 0,263 H/mMm?. YaepskuBamwiiee yCTpOCTBO
IEMOHTUPOBAIY Yepe3 6 HeJl. OC/Iie MUMIUIAHTAlY, 00UV Tepuoj, HaGogeHMs cocTaBui 26 Hen. VccienoBaay MUKpPO-
dnopy MecTa BXOKIeHMSI MMIUIAHTATa B KOXY (MHTepdeiic MMILIaHTaT/KoXka), OIpellesisiiv YpOBeHb JefKOLIUTOB B KPOBU
" ypoBeHb C-peakTUBHOTO 6ejka B CbIBOPOTKE KPOBM.

Pe3synvmamet. Ha 9-10-e cyT. moc/ie MMIUIAHTALMM B MECTe BbIXOJA META//IMYECKOTO MMILIAHTATa Y JKMBOTHBIX pas-
HbIX TPYIN OOGHAPYKMBAIMUCh CYIIECTBEHHbIE OTIMUMS MUKPOOHOTO Mefi3aka. Hamubobillee KOMMUECTBO MITAMMOB 00-
HapyXeHO Y KMBOTHBIX TPYIII 1, 5 1 6; HauMeHbIllee — B rpynmnax 2 u 3. Haub6osnee yacTo o6HapyKMBaeMble ITaMMbI —
S. saprophyticus v Enterococcus spp. Haub6osnbliiee CTaTUCTUUECKM 3HAUMMOE TMOBbIIIeHNe YPOBHS C-peakTUMBHOTO 6eika
B CBIBOPOTKE KPOBYM OTMEUAIOCh Y KMBOTHBIX TPYIIbI 6. YPOBEHD JIEMKOIIMTOB Y JXKMBOTHBIX BCEX TPYIII CTATUCTUYUECKU
3HAYMMO He M3MEHSICSI OTHOCUTENIbHO JOOMePalMOHHbIX 3HAUEHM 1. Y JKMBOTHBIX C JIyUIlIeif OCTeOMHTerpailuei (B rpyr-
max 2 1 3 He 6bUIO CTyvaeB BbIMafeHMs MMIUIAHTATOB) HAGII0]aI0Ch MUHUMAIbHOE YMCIO PACTYIIUX [ITAMMOB.

3axnrouerHue. MUKPOOMOIOrMYECKUii MPOdUIb 30HBI UMIUIAHTAIIMM B YCIOBUSAX PA3IMYHON MeXaHUYECKO KOMITpec-
CUM YPECKOXKHBIX MMIUIAHTATOB M3MEHSIeTCSI B 3aBMCUMOCTH OT BeIMUYMHBI Harpy3ok. [IpyMeHeHMe Harpy3oK B IIpefenax
0,053-0,105 H/MMm? y4irie CKa3bIBaeTCs Ha MPUKMBAEMOCTY MMIIAHTATOB U 06CEMEHEHHOCTY 30HbI MMIUIAHTAIIUY, UeM
OTCYTCTBYE KOMITPECCUN.

KiioueBbie C710Ba: MPOTE3MPOBAHME, OCTEOMHTETPAIsI, MMIUIAHTAT, MUKPOOMOIOTMYECKoe 06ceMeHeHNe, KOMITPECCHsI,
anmnapat Unmusaposa.
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BACKGROUND

Osseointegration technology is recently widely
used in clinical practice in patients with limb
amputation, when a percutaneous implant inte-
grated into the bone provides a direct mechani-
cal connection between the bone and the exter-
nal prosthesis [1]. The clinical application of this
technology is increasing [2, 3, 4, 5]. In this case,
the most frequent complications are implant in-
stability and infection [6,7, 8].

Many authors regard a comprehensive solu-
tion to these problems mainly as an improvement
of the characteristics of the implant primarily in
surface modification to improve its biocompati-
bility and provide antibacterial characteristics [9,
10, 11, 12]. A certain solution to these problems
can be an improvement of the implantation pro-
cedure, particularly by the transition from a two-
stage technology that is currently the most rec-
ognized [13] to a one-stage one that has recently
started to be developed [14]. In this field, we have
developed a one-stage implantation technol-
ogy with additional fixation of the implant hav-
ing an external fixation device and the ability
to perform compression (Utility Model Patent
No. 185647, Invention Patent No. 2631631).

This study aimed to evaluate the microbiologi-
cal contamination of the implantation zone de-
pending on the implant mechanical compression
under the conditions of the additional external
fixation.

METHODS

The experiment was performed on 36 male chin-
chilla rabbits aged 6-11 months, with an aver-
age weight of 3.6 + 0.4 kg. Animals were received
from a nursery. They were conventional animals
according to their microbiological status.

The study was performed in accordance with
GOST R ISO 10993-1-2011, GOST 33215-2014,
and GOST 33216-2014.

In all rabbits, the tibia was cut at the interface
of the upper and middle thirds using a Gigli saw
in the operating room. Then, the medullary ca-
nal was reamed to 4.0 or 4.5 mm, and the implant
(RF Patent No. 152558) with a diameter of 4.5 or
5.0 mm (depending on the diameter of the med-
ullary canal), respectively, was screwed into the
tibial stump (Fig. 1). Soft tissues were sutured
in layers. An incision was made in the skin flap
to remove the outer part of the implant, and a

stump was formed. Then, the Ilizarov appara-
tus was mounted. For this purpose, wires were
passed at an angle of 90° through the proximal
tibia and the distal part of the abutment, which
comprised a thrust platform. Then, a compres-
sion device (Patent No. 2631631) was installed on
the bone and prosthesis (30 rabbits). Five com-
pression modes were used.

Fig. 1. Postoperative X-rays. Tibial implant:
a — without compression device (group 1);
b — with compression device

In total, six experimental groups were formed,
with six rabbits in each group: group 1 without
compression, group 2 with compression on the
implant with a force of 0.053 N/mm?, group 3
with compression on the implant with a force of
0.105 N/mm?, group 4 with compression on the
implant with a force of 0.158 N/mm?, group 5
with compression on the implant with a force of
0.211 N/mm?, and group 6 with compression on
the implant with a force of 0.263 N/mm?. Before
the surgery, the animals were randomized into

groups.

Postoperative follow-up and
maintenance of animals

The retainer was removed 6 weeks after implan-
tation. The total follow-up period was 26 weeks.
In the first 3 days, all animals received antibiot-
ics (Enroxil 5 mg/kg); additionally, in the first 5
days after the surgery, antiseptic treatment was
performed through the hole in the implant with
3 ml of 1% chlorhexidine solution. The wound
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was treated with 0.05% chlorhexidine solution
for 10 days. The exit sites of the retainer wire
were treated with a 3% hydrogen peroxide solu-
tion for 10-14 days.

During the study, the animals were kept in a
specialized vivarium of the research center. The
rabbits were kept in cages, with one animal in
each cage. The cages were equipped with contain-
ers for food and water. The flooring was sawdust
of coniferous trees. Wet cleaning of the cages was
performed daily. Food was given once a day, and
drinking water was given without restrictions.
Before the experiment, the animals were quaran-
tined for 21 days.

Planned euthanasia of animals was performed
26 weeks after implantation by introducing re-
peatedly excess doses of barbiturates. If the
implant fell out, the animals were sacrificed un-
scheduled, immediately after the fallout detection.

Evaluation of results

The implant survival rate was assessed by the ab-
sence of its loss at the final follow-up period, i.e.,
at week 26 after implantation. X-ray control was
performed at weeks 3, 6,9, 12, 15, 18, 21, and 26
of implantation. After removing the compression
device, a daily clinical test was performed to as-
sess the implant mobility.

Laboratory studies included bacteriological ex-
amination of the site of the implant entry into the
skin (implant/skin interface), counts of leukocytes
in the blood, and blood serum level of C-reactive
protein (CRP) at the time of the experiment.

Samples for microbiological examination were
collected from wounds intraoperatively in com-
pliance with asepsis rules and on days 9-10 after
device implantation, from the site of the implant
entering the skin. The samples selected were im-
mediately delivered to the laboratory. To isolate
aerobic and facultative anaerobic bacteria, in-
oculation was performed on the nutrient media
of nutrient agar containing 5% blood, yolk-salt
agar, Levin medium, and Sabouraud’s medium.
The inoculations were incubated at 37°C for 24—
48 h. To determine the degree of contamination,
the inoculation was divided into sectors. After
incubation, the number of colonies of each type
in sectors was counted, and the result was ex-
pressed in terms of the decimal logarithm of the

size of the grown colonies (CFU/ml). Generic and
species identification of isolated bacterial cul-
tures was performed by the traditional method by
studying their tinctorial, cultural, and biochemi-
cal properties. The antibiotic susceptibility of the
isolated strains was determined by the disk dif-
fusion method on the Muller-Hinton broth. The
tested drugs were chosen according to clinical
guidelines®. The tested drugs included cefoxitin,
gentamicin, clindamycin, erythromycin, cipro-
floxacin, and vancomycin for gram-positive mi-
croorganisms; ampicillin, amoxicillin/claulanate,
ceftazidime, ceftriaxone, meropenem, ciproflox-
acin, and gentamicin for Enterobacteriaceae; and
cefepime, imipenem, meropenem, ciprofloxacin,
amikacin, gentamicin, and ceftazidime for non-
fermenting gram-negative bacteria.

Leukocyte counts were determined on a
ProCyte Dx automatic hematological analyzer
(IDEXX Lab., Netherlands). CRP concentra-
tion was determined on a Hitachi/BM 902 au-
tomatic biochemical analyzer (F. Hoffmann-La
Roche Ltd., Italy) using reagent kits from Vital
Diagnostic (Russia).

Statistical analysis

The results of quantitative analyses are presented
as a median and 1-3 quartiles (Me; Q1-Q3). The
normality of the samples was determined using
the Shapiro-Wilk test. The statistical assessment
of the significance of differences among param-
eters during the experiment with preoperative
values was performed using the Wilcoxon W-test.
The significance of intergroup differences was as-
sessed using the nonparametric Kruskal-Wallis
test. The minimum significance level (p) was equal
to 0.05. Statistical analysis was performed using
the AtteStat 13.1 add-in for Excel spreadsheets.

RESULTS

In this study, a single growth of microorganisms
in wound samples was taken intraoperatively
(Table 1). In four animals of groups 1, 4, 5, and
6, single bacterial cells were found in the sam-
ples, which were representatives of the nor-
mal microflora of the skin of animals, belong-
ing to Staphylococcus epidermidis (n = 2) and
Enterococcus spp. (n = 2). Microbial content for
these strains was less than 10° CFU/ml.

* Clinical guidelines. Determination of the sensitivity of microorganisms to antimicrobial drugs. Version 2021-01:225.
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On days 9-10 after implantation, at the metal
implant exit site, animals of different groups showed
significant differences in the microbial landscape
(Table 2). The largest number of strains was detected
in groups 1, 5, and 6, whereas the smallest number
was registered in groups 2 and 3. The most com-
mon strains were Staphylococcus saprophyticus and
Enterococcus spp. When analyzing the antibiograms
of bacteria isolated from the wounds of experimen-
tal animals, the predominance of several resistant

isolates of gram-positive microorganisms was es-
tablished. In group 6 on days 9-10 after implanta-
tion, the microbial landscape was the most specific
compared with other groups. Four strains were
not detected in animals of other groups, namely,
Staphylococcus warneri, Staphylococcus haemolyticus,
Enterobacter spp., and Acinetobacter spp. This pat-
tern indicated that high values of compression, as
well as its absence, were associated with an increase
in the infection of the implant exit zone.

Table 1
Species composition of bacteria isolated intraoperatively from animal wounds
Rangl;eacégii();ated Group 1 Group 2 Group 3 Group 4 Group 5 Group 6
hyl
epidermidis (1 - - - <103 - <108
Enterococcus spp. (+) <103 - - - <103 -
Total
Number of strains 1 0 0 1 1 1
Number of animals 1 0 0 1 1 1
(+) Gram-positive bacteria.
Table 2
Species composition of bacteria isolated from animal wounds
on days 9-10 after implantation
Range of isolated bacteria Group 1 Group 2 Group3 | Group4 Group 5 Group 6
Staphylococcus aureus (+) 4 (10%* - - - 2 (10%) 1(10°)
Staphylococcus saprophyticus (+) 3 (10%) 1(10%) 2(10% - 1(10% 1 (109
Staphylococcus epidermidis (+) 2%* (10%) - - - 2%* (10%) 1% (10%)
Staphylococcus warneri (+) - - - - - 4(10%
Staphylococcus haemolyticus (+) - - - - - 1(109)
Streptococcus spp. (+) 1(10% - - - 1(10% -
Corynebacterium spp. (+) 1(10% - - - 1(10% -
Enterococcus spp. (+) 2 (105 - - 2 (10% 1(10% 2 (109
Enterobacter spp. (-) - - - - - 1 (109
Enterobacter cloacae (-) 1 (109 - - 1(10% 1 (109 -
Acinetobacter spp. (--) - - - - - 1 (109
Pseudomonas aeruginosa (-) - - - 1 (106) - 1(10%
Proteus mirabillis (-) 1(10% - - - 1(10% -
Citrobacter spp. (-) 1 (109 - - - 1 (109 -
Escherichia coli (-) 1 (107 1(10% - - 1(107) -
Total
Number of strains 10 2 1 3 10 9
Number of animals 4 1 2 2 4 5
Loss of implants 1 0 0 1 2 4
Purulent inflammation of the
tissues around the implant 1 0 0 0 1 1

* Here and below: 4 is the number of animals with the strain detected; 105 the average value of bacterial contamination for this strain;
** presence of methicillin-resistant Staphylococcus epidermidis (MRSE) strains; (+), (-) gram-positive and gram-negative bacteria,

respectively.
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The determination of antibiotic sensitivity
showed that some strains of Staphylococcus spp.
were resistant to the action of B-lactam drugs.
Specifically, our study revealed methicillin-re-
sistant S. epidermidis resistant to cefoxitin and,
consequently, to all antibiotics belonging to the
B-lactam group (groups 1, 5, and 6). Ciprofloxacin
and clindamycin had pronounced activity against
staphylococci. Strains of Enterococcus spp.
were sensitive to gentamicin and ciprofloxa-
cin. Vancomycin-resistant enterococci were not
detected. Ceftriaxone and gentamicin showed
maximum activity in relation to representatives
of the Enterobacteriaceae family. Ciprofloxacin
was the most effective drug for non-fermenting
gram-negative bacteria.

In two animals of group 5 and four animals of
group 6, signs of the implant instability (loosen-
ing) were noted immediately after the removal of
the retainer, and on days 3—-4, the implant fell out.
In one animal each of groups 1 and group 4, signs
of instability were recorded on days 8-9 after the
retainer was removed; in these cases, implants fell
out on days 13-14 after the retainer removal.

We separately analyzed the microbiocenosis
of animal wounds after the implant loss (eight
cases in all groups). The microbial landscape of
samples taken from these animals intraopera-

tively was similar to other experimental groups.
Gram-negative microorganisms Proteus mirabil-
lis, Enterobacter cloacae, Citrobacter spp., and
Escherichia coli were detected in the species
composition after the implant loss, and microbial
content was 10° CFU/ml. Purulent discharge dur-
ing implant loss was not detected.

The largest significant increase in the blood
serum level of CRP was revealed in animals of
group 6 (Table 3). For other groups, no obvious
relationship was found between the magnitude
of compression with an increase in CRP level.
This finding probably indicates the absence of
development of systemic infection in groups 1-5
because the leukocyte count in all groups did
not change significantly relative to preoperative
values.

Nevertheless, acute purulent inflammation of
the soft tissues around the implant was detected
in one animal each of groups 1, 5, and 6 on days
12-16 after implantation. Purulent inflamma-
tion was stopped by antibiotic therapy for 7-10
days (cefazolin 0.05 g/kg). In addition, in six rab-
bits (2 from group 1 and one each from groups
2, 4, 5, and 6), inflammation of the soft tissues
around the wires of the external fixation device
was noted, which disappeared following treat-
ment with antiseptic agents.

Table 3
Dynamics of C-reactive protein (mg/L) in the blood serum of rabbits
during the experiment, Me (Q1-Q3)

\T/ig(lé Group 1 Group 2 Group 3 Group 4 Group 5 Group 6

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

1 15% (9-20) 7* (4-11) 13* (6-22) 20% (17-30) | 12%(5-18) 33* (22-38)

2 21* (10-28) 11% (8-22) 10* (4-17) 12* (5-16) 12% (9-14) 36* (23-44)

6 19(9-24) 2 (0-17) 2 (0-3) 18* (9-23) 9% (7-19) 8% (6-10)

20 7* (5-11) 7* (4-15) 10* (6-19) 10* (5-24) 11% (7-14) 8* (7-12)

26 7* (4-10) 11* (7-30) 4* (2-21) 18* (6-27) 8* (7-10) 5% (4-6)

* Significantly different from preoperative (term 0) values at p < 0.05;
bold type indicates significant differences between the groups (p < 0.05).
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DISCUSSION

The study demonstrated varying degrees of
growth of microbial flora around the percutane-
ous implant in all experimental groups. These
data are quite consistent with clinical cases when
the growth of microbial flora around percutane-
ous implants, despite antimicrobial measures, is
observed in more than half of the patients [8, 15].

The species composition of the microorgan-
isms detected in the implantation site indicates
that the landscape was formed due to the growth
of opportunistic microflora, which is also noted
in the clinical presentation after surgery [16].
Although the increase in the number of bacteria
on the skin near the implant is not equivalent
to the clinical manifestation of infection (in our
case, an increase in contamination was found in
18 of 30 animals, while a purulent-inflammatory
process developed in 3 animals), the high fre-
quency of microbial colonization, providing a
high bacterial load, can potentially provoke the
development of not only a superficial infectious
process but also deep infection [17]. The latter is
also contributed by the formation of bacterial bi-
ofilms on the implant surface, which ensures the
dissemination of pathogens into the soft tissues
and the bone [18, 19, 20].

In our study, we did not observe substantial
signs of a systemic reaction in experimental ani-
mals, associated with the release of bacteria into
the blood, as evidenced by a relatively low lev-
el of CRP; a significant increase in this marker
indicates the presence of bacteria in the blood
[21]. All processes were localized in the vicinity
near the contact zone, and the absence of cases
of deep infection in animals supports the fact
that the implant was not a source/gateway for
the penetration of microorganisms from outside.
Indeed, in clinical practice, deep infection, in-
cluding osteomyelitis, develops rarely in patients
with percutaneous implants [22, 23].

Based on the comparison results of these data,
we can conclude that the presence or absence of
implant compression is not associated with the
development of deep infection. However, the as-
sociation of the implant mechanical compres-
sion with the growth of microbiological contami-
nation at the implant-skin interface is obvious.
Specifically, our results indicate that both the
absence and presence of implant compression in

the range of 0.158-0.211 N/mm? were accompa-
nied by a significant increase in the contact zone
contamination. The minimal compressive loads
studied in the range of 0.053-0.105 N/mm? were
accompanied by minimal contamination.

If the causes of changes in the contamination
of the implantation zone and on the implant sur-
face are described and confirmed in the literature
[24], then the relationship we detected between
the implant compression value and the contami-
nation of the implant-skin interface has not been
previously described.

This phenomenon can be explained by
the concept described by A. G. Gristina [25].
According to this concept, during implantation
into living tissues, competition between bacte-
ria and tissue cells for adhesion occurs on the
implant surface. Moreover, if osteoblasts are
the first to colonize the surface of the product,
then implant integration occurs; if tissue cells
cannot displace bacterial colonies, implant inte-
gration decreased and infection developed. Sub-
sequently, the applicability of this concept was
confirmed by several works. Specifically, experi-
mental models confirmed that early osseointe-
gration of the implant into the tissue prevents
the attachment of bacteria and, consequently,
the formation of biofilms [25, 26, 27, 28]. This
concept is complemented by the possibility of
direct interaction between osteoblasts and mi-
crobial flora [29, 30]. Consequently, the adhesion
process between osteoblasts and microbial flora
is competitive in nature, which determines not
only further osseointegration but also the possi-
bility of implant infection.

This concept can explain our results as well. No
implant loss occurred in animals with better os-
seointegration (groups 2 and 3), and the minimum
amount of growing strains at the implant-skin
interface was noted. The positive effects of com-
pression in stimulating osteogenesis are described
in detail in the literature [31, 32, 33]. These data
suggest that the minimal compression of per-
cutaneous implants under the conditions of the
experimental model studied stimulates the dif-
ferentiation of osteoblasts, which creates a com-
petitive advantage for them in the implant surface
adhesion. This not only promotes better device in-
tegration but also prevents the formation of bio-
films and a significant increase in microbiological
contamination in the implantation site.
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The implantation technology, which includes
additional fixation of the implant with an exter-
nal fixation device, also implies the presence of
a new adverse response, namely, an inflamma-
tory reaction near the retainer wires. This is the
most common reaction in the application of the
Ilizarov apparatus, and the methods of its relief
are described and are not difficult [34].

CONCLUSIONS

Thus, the results of this study demonstrated
that the microbiological profile of the implanta-
tion site under conditions of various mechanical
compressions of percutaneous implants chang-
es depending on the magnitude of the loads.
The optimal modes of mechanical compression
of the percutaneous implants under additional
fixation can be identified. The discovery of a
relationship between the implant survival rate
and the growth of microbiological contamina-
tion is related to the fact that loads ranging
from 0.053 to 0.105 N/mm? have better effects
on the implant survival rate and implantation
site contamination than the absence of com-
pression. The latter finding suggests that percu-
taneous implant integration is more effective in
the presence of a certain level of compression.
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Different Models of Dual-Energy Bone DXA Scanners:
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Background. Dual-energy X-ray absorptiometry (DXA) is an effective method for bone mineral density (BMD) and
subcutaneous fat percentage estimation. The constant development of new densitometry techniques, the demographic
change and the higher potential of artificial intelligence in healthcare enhance requirements for the high-quality
measurements in DXA.

This study aimed to develop a quality control method for DXA scanners and compare four DXA systems with different X-ray
geometries and manufacturers when simulating fat-water environments.

Methods. We evaluated the accuracy (relative error (¢%) and precision (CV%)) of the bone mineral density (BMD)
measurements, performed by the four DXA scanners: 2 with narrow-angle fan beam (64- and 16-channel detectors
(DXA-1, DXA-2)); 1 with wide-angle fan beam (DXA-3); 1 with pencil beam (DXA-4). We used a PHK (PHantom Kalium)
designed to imitate spine. The PHK contained four vertebras filled with a K;HPO, solution in various concentrations
(50-200 mg/ml). The PHK also included paraffin patches (thickness 40 mm) to simulate the fat layer.

Results. DXA-1 and DXA-2 demonstrated the best CV% ranged from 0.56% to 1.05%. The least €% was observed when
scanning PHK with fat layer on DXA-1 and DXA-2 (1.74% and 0.85%) and DXA-4 (1.47%). DXA-3 produced significantly
lower BMD (¢ = -14.56%, p = 0.000). After removing the fat layer, we observed reduction (p = 0.000) of BMD for DXA- 1
and DXA-2 (¢ =-5.11% and -6.12% respectively) and weak deviation (p = 0.80) for DXA-4 (0.87%). For DXA-3, removal
of the fat layer also resulted in a significant reduction in BMD (¢ = -16.44%, p = 0.000). The subcutaneous fat modeling
showed that all these DXA systems automatically determine the percentage of fat in the scanned area with weak
underestimation: for DXA-1, DXA-2 and DXA-4 the ¢% were -5,9%, -6,3% and -2,3% respectively. CV% were 0.15%;
0.39%; 1.6%, respectively.

Conclusions. We proved a significant underestimation of the BMD measurements across the entire range of simulated
parameters for the DXA scanners when the model did not include the subcutaneous fat layer. All models demonstrated
high accuracy in measuring the fat layer, with the exception of the DXA-3 model, which was not assessed in these
studies.

Keywords: DXA, dual-energy X-ray absorptiometry, densitometry, bone mineral density, osteoporosis, precision,
relative error.
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CpaBHeHMe aBYX3HepreTMYecKuX AeHCUTOMETPOB
pasnnyHbIX MoAaenen

A.B.Ilerpsitkun!, E.C. Axman?, II.C. Cemenos!, 3.P. ApriokoBal, H.[I. KynpsiBiies!,
®.A. IMerpsiikun?, JI.A. HusoBuoBa'

I TBY3 «HayuHo-npakmuuecKuti KIuHu4eckuii ueHmp ouazHoCmuKu u meaemeouyuHCKUX mexHoJ102uti
Zenapmamenma 30pasooxparerus 2. Mockewl», 2. Mocksa, Poccus
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AxmyanvHocme. JIByXaHepreTHueckasi peHTreHoBcKast abcopbimometpus (IPA) — 3170 3 GeKTUBHBIN MeTO, OIleHKK
MMHepaabHO MA0THOCTU KOCTHOI TKkaHu (MIIK) n mogkosxkHo-kupoBoit kinetuaTku (IIDKK). [TocTossHHOE pa3BuUTHE HO-
BBIX METOA0B IEHCUTOMETPUHU, CTapeHNe Hace/leHUsI ¥ BbICOKMIA MOTeHLMal MPpUMeHeHUsI TEXHOJIOT U MUCKYCCTBEHHO-
rO MHTEJJIEKTA B 3IpaBOOXPAaHEHUN YCUIMBAIOT TOTPEOGHOCTH B TTOJYUYEHUM BICOKOKAaUeCTBEHHBIX M3MepeHnit MIIK B
IOPA.

Llens uccnedosanus — paspaboTaTh CPeCTBA M METOABI KOHTPOJIST JIPA ckaHepOB U IIPOBECTM CPAaBHEHNME YeThIpeX TeH-
CUTOMETPOB Pa3HOii reoMeTpun 1 GUPM-ITPOU3BOAUTENEN ITPU MOJAETMPOBAHUN PA3IMUHOTO BOJHO-KMPOBOTO OKPYXKe-
HUS.

Mamepuan u memodsi. B xome paboThl TTpoBeieHa OlleHKa TOYHOCTM (OTHOCUTENIbHOM MOTPEIHOCTH (£%) ¥ BOCIIPO-
usBogumoctu (CV%)) msmepennit MIIK deTbipex peHTreHOBCKUX HEHCUTOMETPOB: [IBA — C Y3KOBEEPHBIM ITYYKOM
PEHTTreHOBCKOTro u3nyueHusi ¢ 64- u 16 psgamu getektopoB (DXA-1, DXA-2), oiMH — C MIMPOKOBEEPHBIM ITyYKOM
(DXA-3); onuH — ¢ myykom kapaHpamuoro tuna (DXA-4). [lns cpaBHeHust ucnonab3opancs dantom PHK (PHantom
Kalium), mogenupyiomuiuit MITK MossCHUYHO 06/71aCTH: YeThIpe MO MO3BOHKOB OT HOPMbI 10 OCTE0I0p0o3a, comep-
kamue TuapodocdaT Kanusl B pasnuaHoi KoHueHTpauun — 50-200 mr/miu. PHK Takske BkiIouan mapacdhuHOBbIe Ha-
knaaxku (TonmuHoi 40 Mm), umutupytomue IDKK.

Pesynomamet. DXA-1 1 DXA-2 umeror Hawnyuiryio CV%, onpefeneHHyo B guamnasose ot 0,56% no 1,05%. HauMenbias
€% otmeueHa npu ckanuposanuyu PHK c¢ IDKK gns DXA-1 u DXA-2 (1,74% u 0,85%) u DXA-4 (1,47%). [Ipu uckioueHUn
IDKK Ha6miomatorcst cHokeHne MITK mist DXA-1 u DXA-2 (e = -5,11% u -6,12% COOTBETCTBEHHO) U HEBGOJBIIOE OTKIIO-
Henue (p = 0,80) mig DXA-4 (e = 0,87%). DXA-3 neMOHCTpUpPYeET CYLIeCTBEHHO 3aHMKEHHbIe NaHHble u3mepeHHO MIIK
(e =-14,56%; p = 0,000) mpu ckanmpoBanuy PHK c IDKK. Ognako uckimouenne IDKK Takske MpUBOAUT K 3HAUUTETHHOMY
(p = 0,000) cumwkenuto MIIK (g = -16,44%; p = 0,000). [Ipy aHanM3e TOYHOCTU OIpeneNeHNUs KUPOBOTO caos ajst DXA-1,
DXA-2, DXA-4 otmevuasiach He3HAUMUTEIbHAS HEIOOLIEHKA 3aJaHHbIX ITOKasartesiei Ha -5,9%, -6,3% 1 -2,3% COOTBETCTBEHHO.
ITpu stom CV pesynbraTos cocraBmia 0,15%; 0,39%; 1,6%.

3axnoueHue. Pe3ynbTaTbhl MUCCAOOBAHMSI TOATBEPAUIM 3HAUMUTENbHYI0 HeZoolleHKy MIIK nnas Bcero namama3oHa
BO3MOSKHBIX 3HaUeHM npu ckauupoBaumy PHK 6e3 TDKK. Mogeny pogeMOHCTPUPOBAIN BbICOKYIO TOUHOCTh M3MepEHMSI
SKMPOBOTO €104 3a uckiaodeHneMm DXA-3 ckaHepa, AJ151 KOTOPOTO 9TOT apaMeTp B UCCIeSOBAaHUM He OLleHUBAJICS.
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BACKGROUND

Dual-energy X-ray absorptiometry (DXA) is an
effective method for bone mineral density (BMD)
and subcutaneous fat percentage estimation. High-
accuracy measurement of BMD is considered an
important criterion to diagnose osteoporosis and to
monitor the treatment progress [1]. The International
Society for Clinical Densitometry (ISCD 2019) suggests
assessing the precision in volunteer studies by
calculating the least significant change (LSC) using the
ISCD calculator [2]. A similar approach (involving the
LSC calculation) was suggested for cross-calibration
of various scanner models. The suggestions also
addressed phantom studies, recommending to assess
the stability of the scanner performance in general
and when replacing scanners with similar models. Fat
layer measurements are relevant for body composition
estimation that is recommended for children, the
diagnosis of sarcopenia, and other diseases [3].

The comparison of DXA scanners about the
measurement accuracy and phantom studies
designed to assess various scanner models has been
conducted during the entire DXA history [2, 4, 5, 6].
However, recently, there has been growing interest
in precision assessment. Firstly, it is associated with
the constant development of new densitometry
techniques that requires providing comparisons
with previous methods [7]. Secondly, the population
becomes older, and with that, the distribution of this
technique and its application rise [8]. The suggested
resupply of the DXA equipment to meet the European
targets (1 scanner per 100 thous. people) would secure
population coverage with the screening measures
based on the risk factors and treatment monitoring
needs [9]. Thirdly, the higher potential of artificial
intelligence in healthcare requires receiving robust

medical data for using it in a decision support system,
to provide patient-oriented medicine [10, 11], and for
providing the population studies by osteoporosis.

Following the European Union initiative, the
Committee d’Actions Concertes — BioMedical
Engineering (COMAC-BME) developed a procedure
to improve cross-calibration and enhance the
BMD measurement standards that utilize semi-
anthropomorphic phantoms (ESP — European Spine
Phantom) [12, 13]. Some phantoms contain as well
as test objects for BMD modelling, a permanent fat
layer. For example, the standard ESP configuration is
designed to simulate a 9% fat layer [14], whereas Bona
Fide Phantom, BFP simulates a 26% fat layer [15].
However, the embedded fat layer of these phantoms
cannot be modified. Although this phantom was
presented in many studies, its construction doesn’t
allow adding or deleting a fat layer. The above makes it
reasonable to compare the measurement technique of
various DXA scanners to assess the impact produced
by the fat layer and to obtain data on CV precision and
accuracy when modelling fat-water environments.

Our study aimed to compare the accuracy and
precision parameters for BMD and fat percentage
measures acquired by four DXA scanners using a self-
developed phantom solving the describing above
limitations. During our study, the alternative phantom
was presented and the precision and accuracy
parameters of four DXA scanners were measured and
compared.

METHODS
PHK phantom

A detailed description of the PHK (Phantom
Kalium) is available in the previous paper [7]

(Fig. 1).

Fig. 1. PHK design:

1 — vertebrae section made of a cylinder that simulates
the vertebra body, and a parallelepiped imitating

a cortical layer;

2 — during the w/ fat scan the ‘vertebrae’ were placed
inside a cylinder with a diameter of 190 mm filled with
water;

3 — around the cylinder walls it was possible to place
40 mm thick paraffin patches to simulate the fat layer
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The phantom is designed to simulate the lower back
region. Depending on the configuration, the phantom
body can be made of polypropylene or polymethyl
methacrylate (to results presented in this paper
were obtained using a polypropylene phantom. The
phantom is cylinder in shape with an internal diameter
of d = 190 mm and length 230 mm. Wall thickness —
5 mm. Using high-precision milling on ultra-high-
molecular-weight polyethylene fiber we made
4 vertebra models consisting of a cylinder (a vertebra
body) and a parallelepiped (a cortical layer).

The vertebrae sections are filled with a
dipotassium phosphate solution (K,HPO,) in various
concentrations. Table 1 contains set values of
volumetric BMD and projected areal density (cylinder +
cortical layer). The “vertebra” area of 17.5 cm? is

defined by the area of a parallelogram pertaining to
a denser cortical layer. According to the evaluation of
the expanded uncertainty for the set values the error
for the set volumetric BMD is * 0.21%; projected areal
density — +0.9%. The highest difference between the
volumetric and set BMD values for both L1 sections
is 0.26%. The accuracy of the set BMD values for this
phantom is as good as that for ESP phantoms. The
PHK phantom can be used both for DXA measurement
accuracy evaluation and for QCT. To simulate the fat
layer, we used 40 mm thick circular paraffin patches
that covered completely the phantom outer side (See
Fig. 1). During the imaging with fat condition, the fat
percentage was 32.14%; for scanning without fat, it
was 5%, due to consideration of the thickness of the
polypropylene wall in the fat percentage.

Table 1
The PHK features for set volumetric and projected BMD
. Set volumetric .
Set volumetric BMD . Set projected BMD, Set T-score

Vertebra (cylinder), mg/mL BMD (Crzrg/tl;iill. layer), g/cm? for Lunar DXA, SD

L1 50.13 250.65 0.586 -5.08 (osteoporosis)

L2 100.19 350.79 0.886 -2.58 (osteoporosis)

L3 150.38 450.10 1.177 -0.16 (normal)

14 200.49 551.21 1.475 2.33 (normal)
Scanning technique is described in previous studies [4, 16]. Each

The phantom study was performed using DXA scanners
with four different types of fan beam:

- two DXA scanners with narrow-angle beam
and a detector array: 64-channel detector Lunar
iDXA (hereinafter — DXA-1) (GE HealthCare, USA);
16-channel detector (DXA-2) (Lunar Prodigy,
GE HealthCare, USA);

— one DXA scanner with wide-angle beam (DXA-3)
(Discovery, Hologic Inc., USA);

- one DXA scanner with pencil beam (DXA-4)
(DEXXUM-3, OsteoSys Co., Ltd., Republic of Korea).

The imaging was performed using the standard
clinical protocol. The phantom scanning technique

phantom scan was repeated five times for each of
the two configurations: with (w/) and without (w/0)
fat layer.

During the image processing, the automated
segmentation was corrected manually (since there
was no high X-ray density layer, the automated
segmentation showed lower reliability) which
eliminated the possible bias [7]. The rectangular
configuration of the cortical block allowed to perform
the correction effectively (Fig. 2). In addition, as per
the DXA scanning procedures, we have been recording
the results of the fat percentage estimation in the
regions that imitated soft tissues.

Fig. 2. The images were obtained from

a PHK phantom w/o fat using the following
DXA scanners:

a— DXA-1;b— DXA-2;

¢ —DXA-3;d — DXA-4
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Evaluation of accuracy

(precision and relative error)

When comparing the DXA scanners, we analyzed
the following results of the DXA study: the area, the
bone mineral composition (BMC), and the derived
areal BMD (calculated as the ratio between BMC and
the object area). The measurement was performed
for each vertebra section and the average scores for
L1-14.

Following the results of the five-fold scanning, we
calculated an average value (BMD,, ,) and a standard
deviation (SD,, ,) that were later used to access the
study accuracy scores: precision (CV%, formula 1)
and relative error (¢%, formula 2):

SD
CV= ——x100%, )
BMD,, ,
where:
SD,, ,— standard deviation,

BMD,, ,— average BMD values for L1-4;

_BMD, -BMD, )
=~ BMp, " @)

where:
BMD, — average BMD values for L1-4 set during
the making of the phantom;

BMD, | , — average BMD values for L1-4.

Considering that the measured BMD, BMC, and
the area values are linearly dependent from the set
values, to compare the measurements from different
DXA scanners we analyzed the corresponding linear
approximation parameters. The comparison was
performed using the generalized linear model (GLM)

BMD measurements
Narrow-angle fan beam densitometer, 64 rows (DXA-1)

Measored BMD fgfom2)

BMD measurements,
Pancil beam densitomaeter (DXA-8)

©

Vaasared SO tefemz)

BMD measurements,
Narrow-angle fan beam densitometer, 16 rows (DXA-2)

method for w/ and w/o fat conditions. A significance
level was set to <0.05.

RESULTS

Figure 2 shows images, obtained from a PHK
phantom w/o fat. The borders that surround the BMD
measurement area were corrected manually.

Figure 3 shows graphs of BMD measured with
different DXA scanners using the PHK phantom in w/
and w/o fat configurations. It shows the mean values,
which are # 2 SD for each L1-4 vertebra model.

For the Lunar DXA scanners (DXA-1 and DXA-2), the
CV,% during the scanning w/ fat was 0.68% and 1.0%,
and 0.56% and 1.05% w/o fat, respectively. The mean
¢,% for the DXA-1 and DXA-2 w/ fat was 1.74% and
0.85% (Table 2). The measured BMD values were lower
wy/o fat and the average ¢ values were -5.11% and -6.12%
for the DXA-1 and DXA-2, respectively. The lower BMD
for the DXA-1 and DXA-2 were significant (p = 0.000 for
both models), as determined by the multiple regression
for w/ fat scans. This underestimation was caused by a
significant decrease in BMC measurements (p = 0.000
for both models), while no significant differences in the
area measurements were observed (p = 0.430 for the
DXA-1 and p = 0.360 for the DXA-2).

The Hologic DXA scanner (DXA-3) generated
reproducible data during w/o fat scans (CV = 0.91%)
and less precise data for w/ fat scans (CV = 2.60%)
(See Table 2). Assessment of the relative error for the
DXA-3 indicates a significantly lower BMD across the
entire range of values: the mean £% were (-16.44%)
wy/o fat and (-14.56%) w/ fat (See Fig. 3c). This model
showed a significantly lower BMD (p = 0.000) w/o
fat, due to a significant decrease in BMC (p = 0.000),
without a significant underestimation of the measured
area (p = 0.220).

BMD measurements,
Wide-angle fan beam densitometer (DXA-3)

Fig. 3. Bone mineral density BMD measured by DXA scanners of different types:
a — DXA-1; b — DXA-2; c — DXA-3; d — DXA-4.

— m m i Average BMD values #* 2 SD are shown
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Table 2

Specified values, precision (coefficient of variation CV), accuracy (relative error €) of BMD, BMC,
and areas for various models of DXA scanners (mean values for L.1-4), calculated using
the formulas 1, 2

Measured mean values Precision, CV% L1-4, Accuracy, relative error (g),
Set values sc?iﬁr?er (L1-4) % %
W/o fat W/ fat W/o fat W/ fat W/o fat W/ fat
DXA-1 0.978 1.049 0.56 0.68 -5.11 1.74
BMD, g/cm’ DXA-2 0.968 1.039 1.00 1.05 -6.12 0.85
1.051 DXA-3 0.861 0.881 0.91 2.60 -16.44 -14.56
DXA-4 1.038 1.040 2.10 1.47 0.71 0.87
DXA-1 67.73 72.86 0.34 0.85 -6.16 0.95
BMC, g DXA-2 66.11 71.47 0.47 0.87 -8.40 -0.97
72.17 DXA-3 58.21 60.91 1.33 1.31 -19.35 -15.6
DXA-4 67.64 67.88 0.86 0.57 -6.29 -5.95
DXA-1 69.18 69.45 0.44 0.97 -1.16 -0.78
Area, cm? DXA-2 68.51 68.74 0.70 0.67 -1.01 -1.78
70 DXA-3 67.57 69.17 1.26 2.90 -2.5 -1.18
DXA-4 65.18 65.29 2.37 1.40 -6.90 -6.73
DISCUSSION

The OsteoSys DXA scanner (DXA-4) produced
fairly low-reproducible results. The CV was 2.10% for
wy/o fat, and 1.47% for w/ fat condition. At the same
time, the measured BMD values closely corresponded
with the set values (See Fig. 2d) for L1-L4: the
relative error (¢%) was 0.71% and 0.87% w/o fat and
w/ fat, respectively. It should be noted that these
scanning modes showed no significant differences in
BMD measurements (p = 0.800). Also, no differences
were observed in BMC values (p = 0.48), and in the
vertebrae area (p = 0.870).

At the same time, both the measured area (on
average) and BMC values (6.8%) were underestimated
for both scanning options (see Table 1), while the
calculated BMD value was close to the set one.

The accuracy of the fat percentage estimation
was compared for three devices. The subcutaneous
fat modeling showed that all these DXA systems
automatically determine the percentage of fat in the
scanned area quite well: 30.24 +0.05% for the DXA-1;
30.53+0.12% for the DXA-2 and 31.4 + 0.54% for the
DXA-4 (CV% were 0.15%; 0.39%; 1.6%, respectively)
for a given 32.14% fat environment, including the
paraffin patches and the polypropylene casing. We
obtained identical results by scanning the phantom
without the patches for all three DXA scanners: 4%
with a relative error of 20%.

Analysis of the precision (CV%) showed that the
lowest CV values (the best reproducibility) were
observed for both Lunar DXA scanners: from 0.56%
(for the DXA-1 w/o fat) to 1.05% (the DXA-2 w/ fat).
The presence of the fat layer simulant contributed to
lower precision for the DXA-1 and the DXA-2, an even
more significant decrease for the DXA-3 DXA scanner,
and a decrease for the DXA-4 DXA scanner (Table 2).
Previously we obtained comparable results. Scanning
an ESP phantom with similar DXA scanners produced:
0.78% for the DXA-3 (80 measurements, 10 DXA
scanners); 2.46% for the DXA-4 (50 measurements,
10 DXA scanners) [4].

According to other data, when scanning the
ESP phantom with the DXA-1 and the DXA-2, we
obtained the coefficients of variation of 0.42% and
0.50%, respectively [15], which also matches well
with our data. In-vivo measurements (30 patients) by
Krueger D. et al. produced slightly larger coefficients
of variation for these DXA scanner models: 1.81% for
the DXA-1 and 1.41% for the DXA-2 [5].

Scanning of the PHK phantom using various DXA
scanners showed that the BMD parameters correspond
the most with the set values when measured using the
DXA-1 and the DXA-2 in the w/ fat mode. According
to the scientific papers, scanning of the ESP phantom
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produced overestimated BMD values in comparison
to the set values for the Lunar DXA scanners, so
according to different authors, the BMD value was
11.75% [4], 4.08% [17] in the L1- L3 section. We noted
a slight relative overestimation of the measured
BMD values (by 0.85% w/o fat and 1.01% w/fat) for
the measurements using the DXA-1 DXA scanner
compared to the DXA-2 DXA scanner. A similar
overestimation by 1.5% was observed for the DXA-1
compared to the DXA-2 in the study in phantoms and
in patients earlier [3].

The DXA-3 DXA scanner also showed a significant
underestimation of the BMD measurements
compared to the set values, both when scanning
with and without subcutaneous fat (See Fig. 3c).
Without subcutaneous fat, the measured BMD values
were slightly lower (-1.9%) compared to the Lunar
DXA scanners. According to the scientific papers,
the average relative error for the ESP phantom was
-3.91% in the L1-L3 section [4].

We obtained relatively elevated (13.71%) BMD
measurements for the DXA-2 DXA scanner in
comparison to the DXA-3 DXA scanner in the L1-14
sections. This is in good agreement with the 15.66%
difference [4] in the results for similar DXA scanners.

The difference in relative errors for the DXA-1,
the DXA-2 and the DXA-3 may be caused by different
technologies for bone structure contouring [4].
According to our data, this discrepancy is largely
caused by different methods for BMC measurements
(See Table 2): the MSC values for the Hologic DXA
scanner are lower by 10.9% (without subcutaneous
fat) and 14.6% (with subcutaneous fat) compared to
the Lunar DXA scanners, although the difference in
the determined area is insignificant.

According to our data, the Osteosys DXA scanners
ensure the most accurate BMD measurements,
regardless of whether the fat simulant was there.
However, this was achieved by a systematic decrease
both of the area and the BMC values by about 6%
with manual adjustments (Table 2). Without an
automated adjustment of the area measurements, the
ESP scanning with this DXA scanner model produced
lower BMC values (by 7%) for the L1-L3 section [2].
This can be explained by an increased area of objects
with automatic segmentation and lower BMC values.

A study of 102 patients showed a relative
underestimation of the BMD values measured using
the DXA-4 DXA scanner compared to the DXA-2 DXA
scanner (the same models) [18].

Elevated measured BMD values with an increased
fat environment were recorded for DXA scanners
when scanning the phantoms [19]. We observed
a significant decrease in BMD in patients after
different types of weight reduction surgeries [20].
A true decrease in BMD, which may cause fractures as

a complication from the obesity treatment, must be
differentiated from an artifact decrease in BMD when
measuring the volume of fat tissue [21]. Therefore,
it is important to determine the relative error when
modeling the fat environment.

The study showed that all DXA scanners determine
the percentage of fat in the scanned area quite well.
When scanning with subcutaneous fat, the volume
of adipose tissue is slightly lower by -5.9%, -6.3%,
and -2.3% when using the DXA-1, the DXA-2 and the
DXA-3 DXA scanners, respectively. When scanning
without subcutaneous fat the results were the same
across all the devices and studies, therefore the
underestimation is 20%. These studies are relevant
for estimating the human body composition accuracy
(fat, muscles, bones) using modern DXA scanners [14].
This technology is used in paediatrics [22, 23], and the
diagnosis of sarcopenia [24]. Cross-calibration of DXA
scanners when determining the composition of the
human body [25] may be feasible when using a special
phantom that simulates the shape of the human body.

The results of this study are perspective also
for providing ex-vivo samples experiments based
on DXA [26]. On the other hand, the high-accuracy
measurements of BMD and fat percentage are seemed
tobe applied in the decision-making systems including
systems based on the artificial intelligence. Robust
data develop the prognosis accuracy that is actually in
the situation of the life duration increasement.

The developed PHK phantom is limited by its
inability to correctly outline the edges of vertebra
modelsinanautomatic mode when using the phantom,
which calls for manual adjustment. A promising idea is
adding high- density boundary inserts to the cortical
block models. The study is also limited to four devices.
Different devices of these models are required for a
more comprehensive understanding of the observed
differences.

CONCLUSIONS

The study showed the effectiveness of the developed
PHK phantom based on vertebra models using
potassium hydrogen phosphate and modeled
subcutaneous fat for determining the accuracy of the
densitometry studies.

The impact of the fat environment on the DXA
studies was evaluated for four DXA scanners (various
models and manufacturers). We proved a significant
underestimation of the BMD measurements across
the entire range of simulated parameters for the
iDXA, Prodigy (Lunar GE), and Discovery (Hologic)
DXA scanners when the model did not include the
subcutaneous fat layer. The Discovery model (Hologic)
underestimates BMD compared to the iDXA and
Prodigy (Lunar GE) models, which is consistent with

54 2022;28(2)

TPABMATONOIMNA U OPTONEANA POCCUN / TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



THEORETICAL AND EXPERIMENTAL STUDIES / TEOPETUYECKWE M SKCNEPUMEHTAJIbHbIE NCCJTEQOBAHMNA

the results of other studies. The BMD values obtained
using the Dexxum 3 DXA scanner (Osteosys) showed
they were close to the standard, while the BMC and
the area were systematically underestimated.

All models demonstrated high accuracy in
measuring the fat layer, with the exception of the
Discovery (Hologic) model, which was not assessed in
these studies.

The best precision was demonstrated by the iDXA
and Prodigy (Lunar GE) models (below 1%).
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Pathomorphological Changes in Vater-Pacinian Corpuscles
in Palmar Fascial Fibromatosis Depending on the Dupuytren’s
Contracture Degree

Nathalia A. Shchudlo, Tatyana N. Varsegova, Tatyana A. Stupina

National Ilizarov Medical Research Centre for Traumatology and Orthopedics, Kurgan, Russia

Background. World literature data indicate the involvement of Vater-Pacinian corpuscles in the pathogenesis of
palmar fascial fibromatosis, but the information about their pathomorphological changes and histomorphometric
characteristics is contradictory.

Purpose — a comparative analysis of qualitative and quantitative changes in Vater-Pacinian corpuscles in
patients with Dupuytren’s contracture of varying degrees.

Methods. The analysis of case histories and material resected during operations from 100 patients with
Dupuytren’s contracture, was made. The patients were divided into two groups: group 1 — those with degree
I-II contracture (n = 31), group 2 — those with degree III-IV (n = 69). Histomorphometry of 122 Vater-Pacinian
corpuscles, in which the cut plane passed through the central nucleus, was performed in paraffin and semi-thin
sections of the patients’ surgical material.

Results. At the time of the disease onset, the difference in age medians in the groups was not statistically
significant. The age median at the time of surgery (group 1 — 56.0 years; group 2 — 61.0 years, p = 0.001) and
the median of the disease duration (group 1 — 5.0 years; group 2 — 9.0 years, p = 0.006) were higher in group 2,
the variability in the disease duration was comparable. As it has been established, Vater-Pacinian corpuscles
undergo successive reactive-destructive changes in the form of death of the central axon, stratification of the
capsule, inflammation, fibrosis, deformation and destruction. The number of corpuscles is greater (p = 0.040)
in group 1 — 1 (0; 3) than in group 2 — 0 (0; 6). In group 2, the corpuscles have larger diameters (group 1 — 0.85
mm; group 2 — 0.96 mm, p = 0.072), more layers of the outer capsule (group 1 -17; group 2 — 20, p = 0.032).
Conclusions. In patients with Dupuytren’s contracture, along with compensatory and adaptive changes in Vater-
Pacinian corpuscles (hyperplasia and hypertrophy), their irreversible destructive changes develop, which, when
the disease progresses to grade 3-4, lead to a loss in the number of bodies.
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MatoMopdonoruueckue usmeHeHuns tenew, Martep-MaunHu
npu nagoHHoM dacunanbHoM pubpomaTose B 3aBUCUMOCTH
OT CTeneHu KOHTPaKTypbl JionouTpeHa

H.A. lynio, T.H. Bapcerosa, T.A. CtynnHa

QOIBY «HayuoHanvHblli MeAuyuHcKuli uccnedosamensckuil yeHmp mpasmamosnozuu u opmoneduu um. akao. I.A. Unuszaposa»
Munsdpasa Poccuu, 2. KypeaH, Poccus

Beedenue. [TaHHble MMPOBOI JMUTEPATYpbl CBUIETENbCTBYIOT O BOBJeueHuM Tesel] @Parep-IlauMHM B maToreHe3
nagoHHoro dacuuanbHOro hubpomarosa, HO cBeleHUsI 06 UX MATOMOPGOIOTMIECKUX M3MEHEeHUSIX U TucTomMopdome-
TPUYECKUX XapaKTEPUCTUKAX ITPOTUBOPEUNBEI.

Llens uccnedosanuss — CpaBHUTENIbHBIN aHAMN3 KaueCTBEHHbIX M KOIMYECTBEHHbIX M3MeHeHMit Tenen Parep-Ilaumuu y
MaleHTOB C KOHTPAaKTypoii [I10nonTpeHa pa3Hoii CTeleHN.

Mamepuan u memodsi. IIpoBelleH aHa/IMU3 UCTOpPUIL GOME3HM M pPe3eLMPOBAHHOTO BO BpeMs OIepaluii MaTepua-
jga ot 100 mauMeHTOB ¢ KOHTPaKTypoi [II0MoMUTpeHa, paclpeieeHHbIX Ha JBe TPYMIIbl: Tpynmna 1 — ¢ KOHTPaKTypoii
I-1I cT. (n = 31), rpynma 2 — II-1V cT. (n = 69). B mapadMHOBBIX U MOTYTOHKUX Cpe3ax ONepalMOHHOr0 MaTepuana
ManueHTOB NpoBeneHa rucromopdomerpus 122 tenen datep-IlaunMHy, B KOTOPBIX IIOCKOCTh Cpe3a Ipolia yepes
LIEHTPaJIbHOE ST PO.

Pesynsmamet. Ha MoMeHT Hauasa 3a6omeBaHMs pasanyye MeJuaH BO3pacTa B IPYIax CTAaTUCTUUEeCKM He3Hauumo. Me-
IaHa BO3pacTa Ha MOMEHT orepanuu (rpymma 1 — 56,0 jet; rpynmna 2 — 61,0 rox; p = 0,001) 1 MemuaHa JaBHOCTY 3a60-
neBanus (rpynmna 1 — 5,0 net; rpynmna 2 — 9,0 siet; p = 0,006) Gosbliie B rpyIiie 2, BApMaTMBHOCTb JaBHOCTM 3a601€BaHMS
corocTaBuMa. YCTaHOBJIEHO, UTO Tenblia @arep-IlaunMHy npeTepreBaloT MOC/Ie0BaTe/lbHble peakTUBHO-eCTPYKTYBHbIE
M3MeHeHUs B Bujie rubesiu LieHTPaIbHOrO aKCOHA, PACC/IOeHMST KallCyibl, BocnaneHusi, Gubpo3sa, sedopmManyy u 1ecTpyk-
uun. Konmuectso Ttesner; 6ombite (p = 0,040) B rpynme 1 — 1 (0; 3), uem B rpymiie 2 — 0 (0; 6). B rpyrme 2 Tejnblia MMEIOT
6ombive nuamMeTpsl (rpyrmra 1 — 0,85 mm; rpyrma 2 — 0,96 mm; p = 0,072) v 60/1bI1IEE KOJIMUECTBO CJIOEB HAPYSKHO KaTICYITbl
(rpynna 1 — 17; rpynna 2 — 20; p = 0,032).

3akntouenue. Y IAIMEHTOB C KOHTPaKTypoit Ji0MoUTpeHa HapsiLy ¢ KOMIIEHCAaTOPHO-TIPUCIIOCOOUTEIbHBIMM M3MEHEeHMSI-
MM Tesiell (TUITepIIasus U rureptTpodust) pa3BUBAIOTCS MX HEOOpaTUMbIe TeCTPYKTVBHbBIE M3MEHEHMSI, KOTOPbIE MPU Mpo-
rpeccupoBanuy 3a6oneBanus o [11-IV CT. MpUBOJAT K MTOTEPE UMCIEHHOCTU TeJIEll,.

KiroueBbie ¢JIoBa: KOHTpakTypa JiononTpeHa, Tenbiia @arep-Ilaunmum, mopdosnorus, mophomeTpus.

IlTynsio H.A., Bapcerosa T.H., Crynuua T.A. IlaToMmopdosnornueckue usMeHeHus tesel @arep-Tlaumym mpu 1afOHHOM
dacumanpHoM pubpomarose B 3aBUCUMOCTYM OT CTENEHM KOHTPAKTYphl JiomonTpeHa. Tpasmamonozus u opmoneoust
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BACKGROUND

Palmar fascial fibromatosis is a connective tissue
disease [1, 2]. It is characterized by a predominant
lesion of the palmar aponeurosis in the projection
of rays IV-V of the hand, starting with the emer-
gence of nodules and strands [3, 4], which even-
tually cause limited extension of the fingers and
subsequent flexion deformity of the hand [5, 6, 7].
Mikusev recognized the polyetiological nature
of the disease due to the interaction of exogenous
and endogenous factors [8, 9, 10] and suggested
that microcirculation disorders in Vater-Pacinian
corpuscles are the primary link in its pathogen-
esis [11]. Vater-Pacinian corpuscles are sensitive
receptors for vibration and deep pressure, impor-
tant for proprioception, and located in all parts
of the human body, but are most numerous on
the hand [12, 13, 14]. The ulnar edge of the hand
of healthy people contains the largest counts of
Vater-Pacinian corpuscles, which are character-
ized by a major variability in size; the largest cor-
puscles (up to 5 mm in diameter) are localized in
the superficial layers of the aponeurosis, where
the capillaries form a denser network. Already
at the initial stages of Dupuytren’s contracture,
deformity and degenerative-dystrophic changes
in Vater-Pacinian corpuscles can be detected,
and in the most severe cases, contractures of the
Vater-Pacinian corpuscles are absent [11].
Subsequent studies have increased the uncer-
tainty of ideas about the morphological character-
istics of the Vater-Pacinian corpuscles in healthy
people and in patients with Dupuytren’s contrac-
ture. Data on the size of the Vater-Pacinian cor-
puscles in the fingers of healthy people are con-
tradictory. Thus, according some authors, they
had a length of 1.5 mm and widths of 0.78 mm
[15], 1.0-2.5 mm, and 0.2-0.5 mm [16], and the
sizes varied from 2x1 to 5x5 mm [17]. According
to other authors, the diameters of the corpuscles
varied from 1.0 to 5.0 mm [14] and from 0.8 to 2.2
mm (average transverse diameter of 1.40+0.23
mm) [18]. Jézsa et al. described hypertrophy of
Vater-Pacinian corpuscles and an increase in
collagen deposits around them in Dupuytren’s
contracture [19]. Akyurek et al. and Yenidunya et
al., in isolated clinical cases of Dupuytren’s con-
tracture, revealed hyperplasia of corpuscles, i.e.,
the formation of corpuscle clusters with size that
did not differ from normal ones [20, 21]. Campe
et al. examined the histological correlates of the

pain form of Dupuytren’s contracture in samples
from 10 patients and revealed enlarged Vater-
Pacinian corpuscles in only one patient [22].
Ehrmantant et al. compared the counts of the
Vater-Pacinian corpuscles in five patients with
Dupuytren’s contracture and in 17 healthy in-
dividuals and revealed that in Dupuytren’s con-
tracture, Vater-Pacinian corpuscles are more nu-
merous than normal, have larger sizes due to an
increase in the number of layers, and have more
intense reaction with nerve growth factor [15].

Qualitative and quantitative immunohisto-
chemical studies of the topography and density
of nerve structures (using antibodies to the S100
protein and tubulin) of normal palmar aponeuro-
sis and in patients with Dupuytren’s contracture
also demonstrated a higher density of free nerve
endings in pathological samples, which indicates
the involvement of nerve structures in enhanced
fibrosis in this pathology [23].

Contradictory data on the histomorphomet-
ric characteristics of Vater-Pacinian corpus-
cles under normal conditions, direction of their
changes in Dupuytren’s contracture, and opin-
ions of the authors concerning the key role of
Vater-Pacinian corpuscles in the pathogenesis of
fascial fibromatosis indicate the need for further
relevant studies of these structures using more
clinical materials.

The study aimed to perform a comparative
analysis of qualitative and quantitative changes
in the Vater-Pacinian corpuscles in patients with
Dupuytren’s contracture of various grades.

METHODS

An analysis was made of case histories and mate-
rial resected during surgeries from 100 patients
with Dupuytren’s contracture, operated on in the
period from 2015 to 2020. The age of patients
varied from 22 to 70 years.

The inclusion criteria were Dupuytren’s con-
tracture, histologically confirmed palmar fascial
fibromatosis. The exclusion criteria were con-
comitant injuries and a history of hand injuries
in patients with Dupuytren’s contracture.

Two comparison groups were distinguished,
namely, patients with disease grades I-II (n=31)
and disease grades III-IV (n=69).

The criteria for comparison were the recentness
of palmar fascial fibromatosis (from the moment
of the emergence of areas of the palm skin com-
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paction), age at disease onset, age at the time of
surgery, grade of Dupuytren’s contracture accord-
ing to the Tubiana classification [24], counts of the
Vater-Pacinian corpuscles in the surgical material,
and their histomorphometric characteristics.
Fragments of the pathologically altered palmar
aponeurosis with adjacent areas of subcutane-
ous adipose tissue and superficial fascia, resected
during partial fasciectomy surgeries, were fixed
in 4% formalin and embedded in paraffin blocks
according to the standard method. Longitudinal
and transverse sections (5-7 um) were obtained
on a microtome (Reichert Technologies, Buffalo,
NY, USA) and stained with hematoxylin and eo-
sin and Masson’s three-color method. A part of
the material was fixed in a mixture of solutions of
glutaric aldehyde and paraformaldehyde and then
in a solution of osmium (VIII) oxide, poured into
araldite. Semi-thin sections were obtained on a
Nova ultramicrotome (LKB, Sweden), and stained
with methylene blue and basic fuchsin. Images
of micropreparations for morphometric stud-
ies were obtained using an AxioScope.Al micro-
scope and an AxioCam digital camera (Carl Zeiss
Microlmaging GmbH, Germany). In the program
“VideoTesT Master-Morphology, 4.0” (Russia), a
histomorphometric study of 122 Vater-Pacinian
corpuscles was performed, in which the cut plane
passed through the central nucleus. Their average
diameter, average number of layers of the outer
capsule, and shape factor were determined.

Statistical analysis

Quantitative data were processed in Microsoft
Excel using the Attestat program (version 9.3.1).
The nonparametric Wilcoxon test (significance

level p<0.05) was used to calculate significant dif-
ferences, since the distribution of data in some
samples differed from normal. Tabular data were
presented as medians (Me) and quartiles (Q1; Q3).

RESULTS

An analysis of the main clinical and demographic
characteristics of the comparison groups present-
ed that at disease onset, the groups were com-
parable in age, and the difference in median age
was not significant (Table 1). The median age at
the time of surgery and the median disease dura-
tion were greater in group 2 than in group 1 by 5
(p=0.001) and 4 (p=0.006) years, respectively,but the
variability in the disease duration was comparable.

A morphological study of the fragments of
the palmar aponeurosis resected during a partial
fasciectomy revealed the presence of encapsu-
lated nerve endings of complex structure (Vater-
Pacinian corpuscles) in many samples.

Patients with Dupuytren’s contracture rarely
have Vater-Pacinian corpuscles of normal struc-
ture. In group 1, there are clusters of corpuscles
surrounded by a common perineurium, which in-
clude corpuscles with varying degrees of severity
of perineuritis (Fig. 1).

Pronounced reactive-destructive changes are
detected not only in the corpuscles but also in the
nerves and arteries located in their immediate vi-
cinity. In nerve stems, perineuritis naturally ac-
companies axonal and Wallerian degeneration of
myelinated nerve fibers (Fig. 2 a). In most blood
vessels (arterioles and capillaries), obliteration of
the lumen, wall thickening, and necrobiotic chang-
es in the cellular elements of the vascular walls are
noted (Fig. 2 b).

Table 1

Main clinical and demographic characteristics
of the studied groups of patients, Me (Q1; Q3)

Group 1 Group 2
Parameter (grade I-II contracture) (grade III-1V Wilcoxon’s test
n=31 contracture) n = 69

. 32-68 22-70
Age at disease onset, years 49.0 (45.5; 54.0) 53.5 (47.0; 59.0) 0.079
Age at the time of surgery, 39-71 37-77 0.001*
years 56.0 (51.0; 58.0) 61.0 (56.0; 67.0) :

. . 1-30 0.5-30 *

Disease duration, years 5.0 (2.0; 9.5) 9.0 (5.0; 15.0) 0.006

* Intergroup differences are significant.
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Fig. 1. Vater-Pacinian corpuscles in paraffin sections of the palmar aponeurosis of patients with grade II
Dupuytren’s contracture. Cluster of two corpuscles with uneven corrugation of layers of perineural cells and
with uneven distances between layers. Stained with hematoxylin and eosin. Mag.: a — x50; b — x400

Table 2

Histomorphometric characteristics of the Vater-Pacinian corpuscles of the palmar
aponeurosis in patients with Dupuytren’s contracture, Me (Q1; Q3)

Parameter Group 1 Group 2 p
(grade I-II contracture) n =53 (grade III-IV contracture) n = 69 Wilcoxon’s test

Number of 0-5 0-6
corpuscles 1(0;3) 0(0; 6) 0.040
Corpuscle 0.05-2.29 0.32-1.76 0.072
diameter, mm 0.85 (0.54; 0.97) 0.96 (0.63; 1.29) ’
Number of outer 9-29 10-38 0.032*
capsule layers 17 (14; 21) 20 (16; 26) :
Corpuscle shape 0.590-0.980 0.370-0.990 0.016*
factor 0.820 (0.770; 0.920) 0.800 (0.680; 0.870) )

* Intergroup differences are significant.

Moreover, a cascade of successive reactive-
destructive changes can be detected in Vater-
Pacinian corpuscles. Thus, at first the corpuscle,
the central part becomes empty because of the
destruction of the nerve terminal (Fig. 2 ¢, d). The
circular regularity of the lamellar layers of the in-
ner nucleus and outer capsule begins to deterio-
rate, pronounced waviness appears, and corpus-
cle contours start to deform (Fig. 2 c, d).

Further, local discontinuities in the individual
layers of the outer capsule are noted, but the la-
mellar structure of the outer capsule and inner
nucleus remains intact, and the nuclei of the
cells forming lamellae are clearly visible. In sites
with impaired integrity of the layers of the outer
capsule in the interlamellar spaces, macrophages
migrating into the corpuscles and penetrating

to the inner nucleus are detected (Fig. 3 a). They
have a very dark, often vacuolated cytoplasm, and
some become racket-shaped. The outer capsule is
delaminated, and the layers become looser.
Subsequently, the signs of the inflamma-
tory reaction intensify; capillaries grow into
Vater-Pacinian corpuscles up to the inner bulb.
Fibroblast-like cells of the outer capsule start ac-
tive production of collagen in the interlamellar
spaces (Fig. 3 b), the corpuscles become fibrotic
(Fig. 3 b, c), their contours begin to deform and
wrinkled (Fig. 3 c), some of them acquire a tortu-
ous shape, and finally, they are destroyed (Fig. 3 d).
Histomorphometric studies of the Vater-
Pacinian corpuscles of the palmar aponeurosis of
patients with Dupuytren’s contracture revealed
that the counts of corpuscles in the group with
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Fig. 2. Nerves (a), blood vessels (b) and Vater-Pacinian corpuscles (c, d) in semi-thin sections of the palmar
aponeurosis of patients with grade III Dupuytren’s contracture. Stained with methylene blue and basic
fuchsin. Mag.: a, ¢ — x400; b, d — x1000

disease grades I-1I were higher (p=0.040) than that
of patients with grades III-IV (Table 2). The shift
in the dimensional characteristics toward larger
diameters in group 2 is expressed at the tendency
level (p=0.072). In group 2, the corpuscles have nu-
merous outer capsule layers (p=0.032) and lower
values of the shape factor (0.016), which indicates
greater fibrosis and deformation.

DISCUSSION

In patients with Dupuytren’s contracture, the
Vater-Pacinian corpuscles in palmar aponeu-
rosis undergo successive reactive and destruc-
tive changes in the form of central axon death,
capsular delamination, inflammation, fibrosis,
deformation, wrinkling and, ultimately, necro-
biosis, which confirms the results of Mikusev
who revealed their degenerative and dystrophic
changes and subsequent disappearance in this

pathology [11]. The reactive and destructive
changes in Vater-Pacinian corpuscles are appar-
ently caused by not only microcirculatory disor-
ders [11, 25] but also denervation due to patho-
morphological changes in nerves [26, 27]. Similar
changes in Vater-Pacinian corpuscles were reg-
istered in an experimental model of rat sciatic
nerve transaction, where within a week after the
nerve transection, axon terminals are destroyed,
and after 8 weeks, the lamellae of perineural cells
became wavy, their circularity was disturbed, and
over time, the production of collagen fibrils in-
creased [28].

The discovery of a clustered arrangement of
corpuscles in the analyzed materials is consistent
with literature data on Vater-Pacinian corpuscle
hyperplasia, which can occur in various diseases,
including Dupuytren’s contracture. The patho-
genesis of hyperplasia has not been elucidated,
but hand trauma is thought to be a potential un-
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Fig. 3. Vater-Pacinian corpuscles in paraffin sections of the palmar aponeurosis of patients with grade
I Dupuytren’s contracture (a, b), grade III (c) and grade III-1V (d): a — macrophages in the interlamellar
spaces of the outer capsule;
b, ¢ — fibrosis and deformation of the contours; d — destruction of the corpuscles.
Stained with hematoxylin and eosin (a, ¢, d), Masson’s trichromic method (b).
Mag.: a — x400; b, d — x40; ¢ — x100

derlying cause [29]. Apparently, the hyperplasia of
Vater-Pacinian corpuscles compensates to some
extent for their dysfunctions, destruction, and de-
crease in counts. In our study of the surgical ma-
terial of patients with Dupuytren’s contracture,
clusters of corpuscles were detected already at the
initial disease stages; however, in patients with
grade III-IV contracture, the counts of corpuscles
was significantly less than in grades I-II.

The tendency identified toward an increase in
the diameter of the corpuscles and a significant
increase in the number of outer capsule layers
in patients with Dupuytren’s contracture grades
[II-IV compared with those with grades I-II is
consistent with the findings of Ehrmantant et
al. who revealed an increase in similar param-
eters in patients with Dupuytren’s contracture

compared with healthy individuals [15]. These
changes can also be classified as compensatory-
adaptive, as an increase in the number of layers
of perineural cells increases the barrier proper-
ties of the perineurium [30]. On the contrary, ac-
cording to Ehrmantant et al., excess cell growth
of the fibrous capsules of Vater-Pacinian corpus-
cles generates cells that develop into fibroma-
tous nodules [15]. This concept is indirectly con-
firmed by the fact that clusters of Vater-Pacinian
corpuscles are localized at the level of the meta-
carpophalangeal joints in the same place where
fibromatous nodules are most often formed [14].
However, in our study, the registered increase
in the number of outer capsule layers of Vater-
Pacinian corpuscles can be considered moderate,
since the number of layers is normally 13-15, and
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with their hypertrophy in an elderly patient who
has worked as a mechanic for many years, it is
35-60 [31].

Our study also established that the pro-
gression of Dupuytren’s contracture to grades
I[II-IV accompanied by a significant decrease in
the shape factor of Vater-Pacinian corpuscles
and complete destruction. These data are con-
sistent with the results of sensitivity studies in
patients. According to Engstrand et al., in pa-
tients with Dupuytren’s contracture with exten-
sion deficiency of 60, the normal level of sensi-
tivity before surgery was registered only in 28%
of cases, tactile sensitivity disorders were noted
in 66%, and those of protective sensitivity were
revealed in 6% [32].

CONCLUSIONS

For the first time, a study of qualitative and quan-
titative changes in Vater-Pacinian corpuscles in
patients with Dupuytren’s contracture was per-
formed on a large clinical material, depending
on the disease grade. Along with compensatory-
adaptive changes (hyperplasia and hypertrophy
of corpuscles), their reactive and destructive
changes occur, which, with the disease progres-
sion to grades III-1V, lead to the irreversible loss
of corpuscle counts. The new data obtained erad-
icate the contradictions in the global literature
about the direction of changes in lamellated cor-
puscles and represent the actual confirmation of
the role of these changes in the pathogenesis of
palmar fascial fibromatosis.
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Background. At present, the literature describes in sufficient detail the use of various methods of X-ray examination of
the bones of the forearm in the diagnosis of distal radioulnar joint instability (DRUJI), but there are no data on radiometric
parameters for DRUJI of traumatic origin in children. Quantitative diagnostics becomes mandatory for determining the
tactics of treating DRUJI of traumatic origin in children.

The purpose of study — to analyze the radiometric parameters of the distal forearm in case of DRUJI of traumatic origin
in children to plan the method of surgical treatment.

Methods. The paper presents an analysis of the results of X-ray examination of 23 children with instability of the
distal radioulnar joint of traumatic origin aged 9 to 17 years (mean age — 14.21#2.5 years) — the main group. For
comparison, radiographs of the contralateral forearms of the same patients were analyzed — the comparison group
(23 children), and radiographs of the forearm of 69 pediatric patients without signs of DRUJI (control group).
On radiographs in the anteroposterior and lateral projections, the following radiometric parameters were evaluated:
radioulnar and volar angles, radioulnar index, radioulnar distance, and the difference between the radioulnar distances
of both forearms.

Results. In 19 patients of the main group, a «positive variant» of the radioulnar index with dislocation of the head
of the ulna was revealed, while the indicators of the radioulnar and volar angle were characterized by variability in values.
The average values of radiometric parameters of DRU]JI in children without bone-traumatic changes of the forearm are
comparable to normal values in adults.

Conclusions. In children with DRUJI of traumatic origin, various changes were revealed radiometric indicators of the
distal parts of the bones of the forearm, which depend on the type of forearm fracture. In a particular pediatric patient
with DRUJI of traumatic origin, these indicators reflect the biomechanical features of the wrist joint, which must be
taken into account when planning surgical intervention and predicting the recovery of the anatomy and function of
the forearm.

Key words: distal radioulnar joint, children, instability, trauma, radiography.
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OueHKa peHTreHOMeTpUUYeCKMX NoKa3saTtesieil KocTei npeannieybs
npu TpaBMaTUUYECKOM HECTaBUNbHOCTU AUCTANIbHOIO
NYYeNIOKTEBOro CycTaBa y AeTen
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I @I'BY «HayuoHansHolli MeduyuHcKull ucciedosamensckuii yeHmp demckoii mpasmamonozuu u opmoneouu
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AxmyansHoCcme. B HacTOsIIee BpeMsI B IUTEpAType LOCTATOUHO MOAPOOHO OMMCAHO IIPUMeHeHMe Pa3INYHbIX METOOUK
PEHTTeHOMOTUYECKOTO MCCIIeNOBAaHMS KOCTel MpeIieuybsl Mpy AMArHOCTUKe HeCTAaOWIbHOCTU OUCTATbHOTO JIyYesIoK-
TeBoro cycrana (JJIJIC), HO OTCYTCTBYIOT CBeEHMUS O PEHTITeHOMEeTPUUIECKMX MTOKa3aTeNsax npu HectabuabHocTy JJIJIC
TPaBMaTMUECKOTO reHesa y gereii. KBaHTUTATMBHAS AMATHOCTUKA IIpMOOpeTaeT 06s13aTeNbHbII XapakTep JJIs1 onpezerne-
HUS TAKTUKY JIedeHusT HecTabwibHOCTY [IJIJIC TpaBMaTUUECKOTO TeHe3a Y IeTelt.

Llens uccnedosaHus — IIpOaHa/IM3MPOBATb PEHTreHoOMeTpnuYeCKne 1oxkasaTejin JuCTaJbHbIX OTAE/IOB KOCTe npenruie-
Ubd IIpU HeCTabWIbHOCTYU IJIIC TpaBMaTUUYE€CKOI'O reHesa y neteit ISt IJIAaHUPOBAHMA XUPYPTUUYECKOTO JICUEeHU .

Mamepuan u memodst. B paboTe npefcTaBieH aHalIN3 Pe3yabTaTOB PeHTTeHOMIOTMUeCKOro ucciieqoBaHus 23 neTeii ¢ He-
cTabuibHOCThIO [IJIJIC TpaBMaTHUECKOTO reHe3a B Bo3pacTe oT 9 fo 17 neT (cpeguunit Bo3pacT — 14,2+2,5 roma) — OCHOB-
Hag rpynna. [Ijisi cpaBHeHMsI aHaIU3UPOBAIM PEHTTeHOrpaMMbl KOHTpanaTepaabHbIX MpeaIieuniti 3TUX ke Tal[MeHTOB
— TpyIna cpaBHeHus (23 pe6eHKa) ¥ peHTreHOTpaMMbl KOCTel MpeATieubs 69 MaluyeHToB JeTCKOro Bo3pacTa 6e3 mpu-
3HaKkoB HecTabmabHoCcTH [JIJIC (KOHTpO/MbHAS TpyIina). Ha peHTreHOrpaMMax B epemHe-3agHelt 1 60KOBOI MTPOEKINUIX
OLIeHMBAaIM CJieAylollie peHTreHoOMeTpuUecKye moKa3aTeln: Jy4eJ0KTeBO U BOMSPHBIN YI/Ibl, JIy4eT0KTeBO MHIEKC,
paguoyabHapHOE PacCTOSTHME M PA3HUILY MEXIY pPaiMOyIbHAPHBIMY PACCTOSIHUSAMM 000MX TIpeATIIeynii.

Pesynemamet. Y 19 nanyeHToB ¢ HecTabuibHOCTbIO [IJIJIC TpaBMaTHUECKOTO reHe3a ObUT BBISIBJIEH TIOTIOKUTETbHbII Bapy-
aHT JIYYeIOKTEBOTO MH/IEKCA C BLIBMXOM T'OJIOBKY JIOKTEBO/ KOCTM, B TO BpeMsI KaK [TOKa3aTe/y JIy4eIOKTEBOTO M BOJISIPHOTO
yIJIa XapaKTep130BalMiCh BapuabeabHOCThIo 3HaUeHmit. CpeHue peHTreHoMeTpuueckue napamerpst [IJIJIC y geTeit 6e3 KOCT-
HO-TPaBMaTUUYECKMX M3MEHEHM KOCTeli MPeATIeUbsl COTOCTABMMbI C HOPMAaJIbHBIMU 3HAUEHUSIMU Y B3POCITBIX.

3axaroueHue. Y feteii ¢ HecTabuabHOCThIO [IJIJIC TpaBMaTHUECKOTO reHe3a BbISIBJIEHbI pa3IMuyHble M3MEHEeHMs peHTTeHO-
MeTPUYECKNX IOKa3aTeel IUCTATbHbBIX OTOEI0B KOCTel IMPeAIliedbsi, KOTOpbIe 3aBUCST OT TUIIA ITepesioMa. Y KOHKPETHOTO
naieHTa JeTCKOro Bo3pacTa ¢ HecTabuabHOCThI0 IJIJIC TpaBMaTHUeCKOrO reHesa 3TY IMoKa3aTely OTPaskaloT O1oMeXaHy-
YyecKue 0COOEHHOCTY KUCTEBOTO CYCTaBa, YTO HEOOXOAMMO YUMTHIBATh IIPU TUVIAHUPOBAHUM XMPYPIUUECKOTO BMEIIATeNh-
CTBA ¥ MTPOTHO3MPOBAHMY BOCCTAHOBJIEHNST aHATOMUY U QYHKIIVY MPEATIIeYbS.

KiioueBbie C10Ba: AVCTATbHBIN JIyUeTOKTEBOI CyCTaB, ETH, TOCTTPaBMaTUUeCKasT HECTAOMIIbHOCTh, PEHTTeHOMETPUSI.
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BACKGROUND

Fractures of the distal forearm bones is one of the
most common causes of post-traumatic instabil-
ity of the distal radioulnar joint (DRUJ) [1, 2, 3, 4].
Before the completion of the ossification process
in traumatic injury, the distal epiphysis of the
radius and/or ulna is displaced along the growth
zone relative to the metaphysis, which is associ-
ated with greater elasticity and strength of the
capsular-ligamentous apparatus compared with
that of the growth cartilage [5].

The greatest potential for the remodeling of
the residual deformity was noted in younger chil-
dren with fractures of the forearm bones in the
distal third. This determines the values of the al-
lowable displacement depending on the patient’s
age and fracture location [6]. The values of these
parameters are controversial and vary widely in
the literature [7]. The critical age at which only a
small corrective potential can be expected ranges
from 9 to 12 years. With the inaccurate predic-
tion of this potential, partial remodeling can lead
to incorrect fracture consolidation with deform-
ity formation [8]. An improperly consolidated
fracture of one or both forearm bones causes a
disorder of the ratio of bone structures in the
DRUJ, resulting in the restriction of the forearm
rotation [1, 3, 4]. Nevertheless, the soft tissue
stabilizers of the DRU]J have a certain elasticity
that can compensate for the residual displace-
ment of the radius in the distal third. However,
after repeated minor trauma, the function of the
stabilizers becomes insufficient, resulting in the
subluxation or dislocation of the ulnar head in
the DRUJ.

With the same mechanism of damage in ado-
lescents who have reached bone maturity and in
adult patients, a distal radius fracture occurs in
combination with a traumatic dislocation of the
ulnar head in the DRUJ following damage to the
soft tissue stabilizers of the joint (Galeazzi frac-
ture dislocation). An accurate assessment of the
damage is necessary to detect such injuries and
minimize any dysplasia of the radius and ulna [9].

DRUJ instability of traumatic origin is clini-
cally determined in the presence of a history of
trauma, including fractures of the forearm bones,
wrist joint pain, subluxation or dislocation of the
ulnar head, and limited forearm rotational func-
tion [10]. Examinations of patients with DRU]J
instability of traumatic origin include diagnostic

tests such as a stress test and a press test [4, 11,
12].

The main method of radiodiagnostics for trau-
matic DRUJ instability in pediatric patients is
standard radiography of the forearm bones with
the capture of the elbow joints and hands in two
views [2, 13]. In adult patients, the radioulnar
angle, volar inclination of the radius, radioulnar
index (RUI), and radioulnar distance are assessed
on radiographs to objectify the radiological data
obtained in case of instability of traumatic DRUJ
[14].

Currently, no information is available in the
literature about the radiometric parameters of the
distal structures of the forearm bones in pediatric
patients with DRUJ instability of traumatic origin
and the anatomical and physiological aspects of
the forearm bones during the growth period.

This study aimed to evaluate radiometric pa-
rameters of the forearm bones in traumatic DRU]J
instability in pediatric patients to plan surgical
treatment.

METHODS

Study design

This prospective and retrospective cohort study
was performed based on the X-ray examina-
tion data of 23 pediatric patients (11 boys and
12 girls) with traumatic DRU]J instability, who
were examined and treated at the H.I. Turner
National Medical Research Center for Children’s
Orthopedics and Trauma Surgery in the period
from 2009 to 2021. These patients constituted
the main study group.

In the main group, patients aged 18 years
with DRUJ instability after fractures of the fore-
arm bones were included. Pediatric patients with
DRUJ instability of non-traumatic origin (con-
genital, infectious, or tumor) were excluded.

Patients aged 9-17 (mean age 14.2+2.5) years
were examined. All patients had a history of trau-
matic injuries in the distal forearm. Patients com-
plained of wrist joint pain during movement and/
or physical activity. The clinical examination re-
vealed signs of subluxation/dislocation of the ul-
nar head and limited forearm rotational function.

To compare the radiological parameters, we
analyzed similar radiometric parameters of the
contralateral forearms of the same 23 patients
included in the comparison group.
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In the control group, frontal (anteroposterior)
and lateral radiographs were analyzed in 69 pa-
tients who were examined in 2021 for various rea-
sons, including suspected traumatic injuries of the
forearm bones. The patients were 9-17 years old
(mean 13.7£2.5 years) at the time of examination.

By the age of 12 years, the ossification pro-
cess of the ulnar head is completed, and the de-

velopment of the carpal articular surface of the
radius terminates, which enables the assess-
ment of all radiometric parameters of the ana-
tomical structure of this section of the osteoar-
ticular system [15, 16]. Considering account the
age characteristics of the wrist joint structure,
all study groups were distributed into subgroups

(Fig. 1).

/ N 7

Patients with DRUJ instability,
main group (n = 23)

Patients with DRUJ instability, contralateral
forearms, comparison group (n = 23)

N M\

Patients without traumatic changes in the
forearm bones, control group (n = 69)

AN
Y Y Y

Subgroup aged
9-11years (n = 4)

Subgroup aged
12-17 years (n =19)

Subgroup aged
9-11years (n=4)

(S AN

" ¥
4
Subgroup aged
12-17 years (n = 19)

Subgroup aged
9-11 years (n = 27)

Subgroup aged
12-17 years (n =42

AN )

Fig. 1. Study flowchart

Research technique

X-ray examination was performed using Philips
X-ray diagnostic devices at the H.I. Turner
National Medical Research Center for Children’s
Orthopedics and Trauma Surgery of the Ministry
of Health of Russia and on a Samsung device at the
K.A. Rauhfus Children’s City Multidisciplinary
Clinical Center for High Medical Technologies.
Images in the anteroposterior and lateral views
were obtained. In the main group, a functional
radiographic examination of the wrist joint with
instability at the site of the ulnar head disloca-
tion was also performed.

Digital and analog X-ray images were ana-
lyzed, and linear indicators were determined us-
ing measuring tools in Sectra version 16.2.4.2112,
Radiant DICOM Viewer version 2021.1, station-
ary ruler, and angle protractor.

Frontal images were obtained with the patient
sitting or standing facing a table. The forearm
was bent at the elbow joint up to 90°, the hand
and forearm were adjacent to the table with the
palmar surface, and the axes of the fingers II-V
were a continuation of the forearm axis. The
X-ray tube was centered at the ulnar head (pro-
jection of the wrist joint), with a focal distance to
the joint of 100 cm perpendicular to the long axis
of the forearm.

On a lateral radiograph, the child was posi-
tioned sideways to the table in a sitting position
or facing the table in a standing position. The
forearm and hand were adjacent to the table with
the ulnar surface. The X-ray beam centering and
focal length were set in the same way as when
performing radiography in the anteroposterior
projection [17].

The functional X-ray examination at the site
of the ulna dislocation was performed with the
child’s limbs at the same position as for the later-
al projection. The difference was that the forearm
was placed in pronation or supination, depend-
ing on the dislocation direction.

In the analysis of radiographs, the following
parameters were calculated to characterize the
spatial position of the distal parts of the forearm
bones:

1. The radioulnar angle (inclination of the ra-
dius in the frontal plane) is formed by two in-
tersecting lines, namely, a line perpendicular to
the long axis of the radius and a line drawn from
the top of the radial styloid process to the ulnar
edge of the articular surface of the radius, which
were measured on images in frontal view (Fig. 2).
According to the literature, the value varies from
13° to 30° and averages 22—-24° [17]. The spread
of values is largely due to the choice for measur-
ing the surfaces of the radius (dorsal or palmar).
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2. The volar angle (inclination of the radius in
the sagittal plane) is measured on lateral radio-
graphs. This angle is formed by two lines, namely,
a line perpendicular to the long axis of the radius
and a line drawn between the two edges (dorsal
and palmar) of the articular surface of the radius
(Fig. 3 a). According to the literature, this indica-
tor is normally 10-12° [3, 18].

3. The radioulnar distance is the distance be-
tween the dorsal contours of the epiphyzes of
the radius and ulna on radiographs in the lat-
eral view. It is measured in millimeters; accord-
ing to the literature, it averages -2 to +17 mm in
the adult population [19]. A negative radioulnar
distance value indicates that the ulna is located
dorsal to the radius (Fig. 3 b).

4. The RUI enables the correlation to the length
of the ulna and radius bones on radiographs in
the frontal view. It is measured as the distance
between two lines drawn in parallel, with one of
them along the articular surface of the ulna, and
the other at the level of the proximal surface of
the sigmoid notch of the radius in the images in

Fig. 2. X-ray of the wrist joint in direct projection.
The radioulnar angle (£/AOB) is formed by line
BO, perpendicular to the long axis of the radius,
and line AO, drawn from the apex of the styloid
process of the radius to the ulnar edge of the
articular surface of the radius

the frontal view (Fig. 4). On average, this indica-
tor ranges from -2.5 mm to +3.1 mm [14].

Zero variant, or neutral variant (the levels of
the distal articular surfaces of the radius and ulna
coincide); positive variant, or “ulna-plus’ (the ar-
ticular surface of the ulna is located distal to the
radius); negative variant, or “ulna-minus” (the
articular surface of the ulna is located proximal
to the radius), were used.

In pediatric patients aged 9-11 years, we
measured the Hafner RUI [20], and in pediatric
patients aged 12-17 years, the measurement was
performed as in the adult population (Fig. 5).

Statistical analysis

Statistical processes were performed in Microsoft
Office Excel 2019 and IBM SPSS Statistics for
Windows, version 23 (IBM Corp., Armonk, NY,
USA). Using descriptive statistics, arithmetic
means (M), standard deviations (c), and median
(Me) with the 25™ and 75" percentiles (Q1; Q3)
were calculated. Differences were assessed using
the nonparametric Mann-Whitney test.

Fig. 3. X-ray of the wrist joint in lateral
projection: a — volar angle (#/BOC)
formed by line CO, perpendicular

to the long axis of the radius, and line
BO, connecting the two edges (dorsal
and volar) of the articular surface of the
radius; b — radioulnar distance between
the dorsal contours of the epiphyses

of the radius and ulna
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Fig. 4. X-ray of the wrist joint in direct projection. Radioulnar index — the ratio of the lengths

of the ulna and radius:

a — the negative version of the index (normal version);
b — neutral variant of the index (norm variant); ¢ — positive version of the index

Fig. 5. X-ray of the wrist joint in direct projection. Radial-ulnar index
(measurement according to Hafner):
a — distance from the most proximal point of the metaphysis of the ulna
to the most proximal point of the metaphysis of the radius;

b — distance from the most distal point of the metaphysis of the ulna

to the most distal point of the metaphysis of the radius

RESULTS

All patients with traumatic DRUJ instability had
a history of various injuries to the forearm distal
structures; as a result, the radiometric parame-
ters were characterized by pronounced variabil-
ity in values owing to the types of post-traumatic
deformity of the distal epimetaphyzes of the ra-
dial and ulnar bones.

Table 1 presents the radiometric parameters
of the structures of the DRUJ in pediatric patients
of the control group, comparison group, and av-
erage values of these parameters in the adult
group according to the literature.

Intergroup differences in the radioulnar angle,
volar angle, RUI, and radioulnar distance were
determined using the Mann-Whitney U-test in
the comparison and control groups.

The radioulnar angle in the control group in-
creased significantly with age (p < 0.001 for 9-11
years old vs. 12-17 years old). A tendency of an
age-related increase in this indicator was noted
in the comparison group (p > 0.05). However, no
significant differences were found between the
comparison group and the control group within
the age groups (Fig. 6).

Regarding the volar angle, an insignificant in-
crease was found with age in the control and com-
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parison groups, which did not reach significance.
In patients aged 12-17 years, a significant de-
crease in the volar angle was observed in the com-
parison group compared with the control group
(p <0.01) (Fig. 7).

In our study, standard values of the radioulnar
distance were determined in all 69 patients of the
control group. The difference between the radi-
oulnar distances in both limbs was determined
only in eight patients of the control group owing
to the lack of clinical material (absence of lateral
radiographs of both limbs in 61 patients).

No significant differences were noted between
the control and comparison groups in terms of
the RUI and radioulnar distance (Fig. 8).

40

N%E.E%

0 | T | |
9-11 12-17 9-11 12-17
years old

Radioulnar angle, degrees

yearsold  yearsold years old

Control  Comparison group

Fig. 6. Box plot: radioulnar angle.
Data are presented as min-max. * — p<0.001

Table 1

Average values of the radiometric parameters of the distal forearm bones in healthy
pediatric patients (control group), contralateral forearms of patients with DRUJ instability
(comparison group), and adult population

Adult Comparison group Control group
patients (n=23) n=69)
(according
Indicator _tothe 9-11yearsold | 12-17yearsold (n | 9-11yearsold (n | 12-17 years old (n
lltel‘ature) (n - 4) — 19) — 27) — 42)
[18, 24] M#*o/Me* | M*o/Me(Ql;Q3) | M*o/Me(Ql;Q3) | M#o/Me (Ql; Q3)
Radioulnar angle 21.63%2.79/
’ . 18.69%3.30/ 21.41%2.29/
degrees 2224 20.73+2.89/19.50 21’%%(38)'00’ 19.3 (16.0;20.6) | 21.45(19.80; 23.10)
Volar angle, B 9.79£1.79/ 10.30+3.09/ 11.21+1.52/
degrees 10-12 9-2551.03/9.25 | 14 00/(9.00; 11.00) | 11.00 (7.30; 11.70) | 11.00 (7.30; 11.70)
Radioulnar -2.23%£3.57/ -2.45%3.40/ -2.65%3.86/-2.95
distance, mm 2417 1325219130 1 ) 467 5.20; 2.00) | -2.90 (-4.70; 0.90) (-5.40; 0)
Radioulnar index, B 1.25%1.86/ -0.19+1.09/ B .
mm 2.5...+3.1 1.08+1.99/1.95 1.5 (0; 2.5) 0(-0.82; 0) 0.13%1.25/0 (0; 0)
Difference
between
radioulnar 2.0+1.7 - - 2.09+1.67/1.75%* 1.42+0.53/1.25%*
distances in both
limbs, mm

* The quartile interval in this column is not indicated because of the small sample of this age group.
** Calculated in four patients from the control subgroup aged 9—-11 years and in four patients from the subgroup aged 12-17 years.

In this study, when measuring the radioulnar
angle and volar angle in patients aged 9—-11 years,
difficulties arose due to the incompletely formed
bone model of the radial epiphysis. The indices
of the difference between radioulnar distances
in both limbs in four pediatric patients from the
control group corresponded to those in adults.

In this study, most patients with DRUJ instabil-
ity had an altered radioulnar angle, that is, it de-
creased in five patients and increased in 15 patients.
In three patients, the radioulnar angle was within
the range of the values obtained in the analysis of
the contralateral forearm (comparison groups) and
healthy limbs in the control group (Table 2).
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A decrease in the volar angle was noted in the
majority of patients (18% or 78.3%), including the
presence of negative values, which indicates a dor-
sal inclination of the distal articular surface of the
radius because of post-traumatic deformity. In 2
(8.7%) patients, no change was found in the volar
angle, and in 3 (13%) pediatric patients, the value of

20

10

Volar angle, degrees

T T T T
9-11 12-17 9-11 12-17
yearsold  yearsold  yearsold  years old

Control Comparison group

Fig. 7. Box plot: volary angle.
Data are presented as min-max. * — p<0.01

(=]

6

-0

Radioulnar index, mm

1T
171

9-11

Control

12-17 9-11 12-17
yearsold  yearsold  years old

Comparison group

this radiometric indicator was higher than the av-
erage values of patients from the control and com-
parison groups (an increase in the palmar inclina-
tion of the articular surface of the radius) (Table 3).

The measurement of the RUI helped establish
that the positive variant prevailed over the neu-
tral and negative ones. The positive RUI in the
comparison and control groups was within the
reference values, whereas in the DRU]J traumatic
instability group, this indicator was beyond the
normal range (>3.1 mm).

A null variant was detected in 2 (8.7%) pedi-
atric patients, and a negative variant without a
decrease in the RUI in comparison with healthy
children was noted in another 2 (8.7%) patients.

In the analysis of standard indicators of the ra-
dioulnar distance in the affected limbs in pediatric
patients with DRU]J instability, negative values of
this parameter were detected in 18 (78.3%) pediat-
ric patients, which ranged from —4.2 mm to -12.8
mm, whereas 5 (21.7%) pediatric patients had posi-
tive values, which ranged from 2 mm to 12 mm.

TET
—

Radioulnar distance, mm

-15 T T T T

9-11 12-17 9-11
years old

12-17
yearsold  yearsold  years old

®

Control Comparison group

Fig. 8. Box plots: a — radioulnar index, mm; b — radioulnar distance. Data are presented as min-max

Table 2

Radioulnar angle in patients with traumatic instability of the distal radioulnar joint

Number of patients

Radioulnar angle value, deg.

W 0 I W N

8-12
13-17
18-22
23-24
25-29
30-45
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Table 3

Volar angle in patients with traumatic instability of the distal radioulnar joint

Number of patients Volar angle value, deg.
7 -18.7-0
6 1.0-5.0
5 6.0-9.0
2 10.0-12.0
3 13.0-18.5
When assessing the difference between the DISCUSSION

radioulnar distances in both limbs, the value in
15 (65.2%) patients increased from 4.7 mm to
12.7 mm, and in 8 (34.8%) pediatric patients, this
indicator was within the normal range.

Considering the predominance of the nega-
tive values of the standard indicator of the ra-
dioulnar distance in most pediatric patients with
DRU]J instability, the results indicate the preva-
lence of the dorsal dislocation of the ulnar head,
which is comparable to findings of the clinical
examination.

An X-ray functional study (radiography in the
site of the ulnar head dislocation) enabled analy-
sis of the change in the position of the ulna in
the case of a clinically detectable subluxation/
dislocation of the ulnar head, whereas on stan-
dard radiographs in the lateral projection, we did
not reveal significant changes in the radioulnar
distance in the affected limb (Fig. 9).

Clinical examination is of paramount importance
for the functional evaluation of DRUJ and its sta-
bility. Moreover, X-ray examination with the de-
termination of radiometric indicators is the most
objective method for determining the relation-
ship between the bone structures of the DRU]J.
According to many authors, a change in any ra-
diometric indicator can lead to a change in the
functional state of the wrist joint and hand [18,
21, 22].

According to the literature, a decrease in the
radioulnar angle is observed in patients with
fractures of the distal metaepiphysis of the ra-
dius, whereas radial deviation of the hand may
occur with limitations in the range of motion in
the wrist joint [18, 23].

Changes in the volar angle in patients with
DRUJ instability of traumatic origin were caused
by the deformity of the distal epimetaphysis of
the radius. According to Medoff and Koehler, a
change in the volar angle in adult patients leads
to an impairment in the congruence of the dis-
tal articular surfaces of the forearm bones and,
consequently, DRUJ instability with a decrease in
the amplitude of rotational movements, mainly
supination of the forearm, and limited dorsal and
palmar flexion of the hand [18].

Fig. 9. X-ray of the wrist joint of a 13-year-old patient
with a diagnosis of posttraumatic dislocation of the
ulnar head. Instability of the distal radioulnar joint:

a — lateral projection; b — X-ray functional examination
in the position of dislocation of the head of the ulna
(volar type)
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Normally, 80% of the axial load in the wrist
joint accounts for the radial bone and 20% for the
ulnar bone. The load distribution varies depend-
ing on the relative position of the distal sections
of the radius and ulna [24]. However, as the posi-
tive version of the RUI increases, the load on the
distal ulna increases, which leads to impinge-
ment syndrome of the ulna with carpal bones
(semilunar and triquetral) and infringement,
thinning, and degeneration of the triangular fi-
brocartilaginous complex [25, 26, 27]. The op-
posite option, when the RUI decreases, leads to
a decrease in the ulnar load, increasing it to the
“radial” side. In such patients, ulnar deviation of
the hand develops, and pain occurs following the
discongruence of the ulnar head with the radial
bone proximal to the level of its sigmoid notch,
followed by a decrease in the fist-grip strength
[28]. Both options for changing the RUI ultimate-
ly lead to a limitation of the pronation-supina-
tion function of the forearm and early formation
of the wrist joint arthrosis [2].

Hafner et al. proposed a method for deter-
mining the RUI in pediatric patients aged 1.5-15
years by measuring the distance between the
most proximal and most distal points of the
growth zones of the distal forearm bones. This
measurement method is ideal for children with-
out epiphyseal ossification, but has limitations in
older pediatric patients [20].

Goldfarb et al. stated that the method of mea-
suring the RUI in adolescents aged >12 years us-
ing the standard adult technique is accurate and
reliable, and the mean readings are close to those
in adult patients [29].

Clinical examination to determine ulnar head
dislocation is of paramount importance in the
evaluation of DRU]J in patients with traumatic
instability. The measurement of the radioulnar
distance in patients with DRUJ instability en-
ables confirmation of the severity of the patho-
logical changes in DRUJ. However, Nakamura et
al. showed that a more accurate estimate of the
radioulnar distance is obtained through a com-
parison of this indicator of both limbs in one pa-
tient than using one standard value. On average,
the difference between radioulnar distances on
both limbs is 2.0+1.7 mm. The authors indicate
the need for the most accurate position of the
forearm in the lateral projection, for which they

recommend using special retaining devices that
fix the hand [19].

Back in 1983, Mino et al. first reported the im-
portance of radiography of the wrist joint in the
lateral view to detect dislocation or subluxation
of the ulnar head, emphasizing the need for ac-
curate positioning of the forearm to perform this
projection. However, the authors emphasized that
the correct position of the limb for obtaining im-
ages in the lateral view is not always possible, in-
cluding that caused by pain syndrome [30]. These
reasons may have led to the very variable range
of the radioulnar distance index in different au-
thors. Thus, the measurement of the radioulnar
distance in patients with DRUJ instability only in
the affected limb is not appropriate for assess-
ing the severity of changes. It is worth agreeing
with the recommendations of Schachinger et al.,
who indicated the need to calculate precisely the
difference between radioulnar distances in two
limbs [31].

To objectify a clinically detected dislocation
in the DRUJ, X-ray functional examination of the
forearm bones at the site of the ulnar head dislo-
cation should be performed in pediatric patients.

CONCLUSIONS

The analysis of the radiometric parameters of the
distal structures of the forearm bones without
traumatic changes in pediatric patients allowed
us to confirm the comparability of values with
the adult population, except for the radioulnar
angle indicators in pediatric patients aged 9-11
years, which is due to the anatomical aspects of
the epiphysis shape in patients of this age group.
X-ray diagnostics of DRUJ instability of traumat-
ic origin allows for an objective assessment of
structural changes, taking into account the dis-
ease etiopathogenesis. The radiometric param-
eters described should be used when planning
surgical treatment. Knowledge of the anatomical,
physiological, clinical, and radiological aspects of
the distal structures of the forearm bones in case
of DRUJ instability of traumatic origin in pediat-
ric patients is the basis for correct X-ray diagnos-
tics. The interaction between the radiologist and
the orthopedic traumatologist plays a decisive
role in the correct interpretation of radiographic
findings, which must be evaluated in conjunction
with clinical results.
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Background. Urgent osteosynthesis requires number of organizational, material, technical and staff resources.

Aim of the study — to determine advantages and disadvantages of existing strategies for osteosynthesis basing
on literature data and comparative analysis of organization of osteosynthesis on the first day after injury and at
a later time.

Methods. Data were collected through review of medical records from first half of 2021 calendar year and consist of
the patients have been treated by different types of osteosynthesis on the first day after admission to the hospital
and later. Average length of hospital stay (LOS) for surgical procedures and duration of the operative time were
compared.

Results. In total 266 osteosynthesis of the extremities immediately after admission to the hospital were performed
in the first half of 2021 in 260 patients. The most frequently performed ankle fractures fixation (20.7%) and
clavicle fractures surgical repairment (13.9%). Cases of early infections complications and no revision surgeries
required due to unstable fixation after urgent osteosynthesis were excluded. In the same period 659 delayed
osteosynthesis were performed. Mean value of inpatient day in patients, who underwent urgent surgery, was
8.40%16.67 days, while patients, who underwent delayed surgery, spent significantly greater (p<0.05) amount of
time in the hospital — 12.98+6.28 days in average.

Discussion. Three strategies of osteosynthesis exist: urgent surgeries, delayed surgeries in daytime in operating
rooms for planned surgeries and combination of these approaches. Urgent osteosynthesis surgeries do not lead to
infectious complications or unstable fixation, what makes them viable option while choosing treatment tactics in
case of some injuries. Precise determination of patient groups according to fracture pattern and its localization,
that can be operated on in urgent manner, is necessary. Moreover, introduction of urgent osteosynthesis requires
serious organizational measures. It is also necessary to perform economical assessment of described approach. Only
after solving these questions, it will be possible to make final conclusions about optimal strategy for performing
osteosynthesis.

Keywords: osteosynthesis, urgent osteosynthesis, urgent surgeries, planned surgeries, delayed surgeries.
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CTpaTerMSI BbIMOJIHEHUA OCTEOCHUHTE3Aa: I'IpOGﬂEMbI U nepcneKTuBbl
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AxkmyansHocme. [17151 BBITIONIHEHMSI OTIepaluii OCTEOCUHTE3a IIePeIOMOB B HEOTIIOXKHOM TOPsIAKe HeOOXOOVIMO BBI-
TIOJTHEHME PsiIa OPTaHN3aIMOHHBIX, MATePUATbHO- TEXHUUECKIX U KaIPOBIX TPEOOBaHUIA.

Ilens uccnedosanus — Ha OCHOBAHMY CPaBHUTEIbHOIO aHAIM3a CTPYKTYPhI OTIepalinii OCTEOCHHTE3a, TPOM3BeLeHHBIX
B IIepBbIe CYTKM ITOC/Ie TPABMbI U B 60JIee MO3IHee BpeMsl, a TAKKe M3yUeHMs JaHHbBIX JIMTePaTypPbl OTIPeIeIUTh IIpe-
MMYILLECTBA ¥ HEAOCTATKM CYLECTBYIOIIMX CTPAaTeruii BoINIOJIHEHNS OIlepaluii OCTeOCUHTe3a.

Mamepuan u memodel. [lo MaTepuanam NePBUYHON MEIUIIMHCKON JOKYMEHTAI[MM, OIePallIOHHBIM JKypHajaaM U
6a3e PEHTTEeHOJNIOTUUYECKUX VCCIeNOBAaHMII OMpee/ieHbl MalMeHTbl, KOTOPbIM B repBoM moiayrogmuu 2021 r. 6bun
BBITIOJIHEHBI OIepalyy OCTEOCHMHTE3a B TeUueHMe MEPBbIX 24 4. MOC/Ie MOCTYIUIEHMS B CTallMOHAap, M MalMeHThI C
aHaAJIOTMYHOM TaTOoJIOrMel, OCTEOCMHTEe3 KOTOPbIM BBIMIOJIHEH B OTCPOUYEHHOM IOpSIIKE C OMpefAeeHueM CpegHero
BpeMeHM HaxXOXIeHMs MalleHTa B CTallMOHape ¢ MOMEHTA MOCTYIUIEHUS 4O U IOC/e oepalyu, a TakKke cpeqHeit
JIJIATETBbHOCTY XUPYPrUUeCKOro BMeIlaTeabCTBRa.

Pesynbsmamet. Bcero 3a repBoe nosyroaye 2021 . 6bIIO BBITIOTHEHO 266 omepanyii 0CTeOCHMHTEe3a KOCTel KOHEUHO-
CTei HermocpeACTBEHHO IIPU MOCTYIUIEHUY B cTalMoHap y 260 naieHTOB. Hanbosee 4acTo BBIOIHSIICS OCTEOCHH-
Te3 nepeyiomMmoB JiogabbkekK (20,7%) u kmouniibl (13,9%). [Tocie BeINTOMHEHS OTlepaluii OCTEOCMHTE3a B HEOTIOKHOM
Topsiike CyiydyaeB paHHel MHMEeKUUM W/ Wi PeBU3MOHHBIX orepaliuit Mo mMpuuMHe HeKaueCTBEHHOTO BBITTOMTHEHMS
TIePBUYHOTO OCTEOCUMHTE3a B TIEPUOJ, TOCITUTAIMU3ALNY He ObUIO. 32 TOT 5Ke Mepyog, ObIII0 BBITIOTHEHO 659 oTCpoUeH-
HbBIX oIlepauuit ocreocuHTesa. CpeIHMIT KOVMKO-IeHb Y NalMeHTOB, IPOONePUPOBAHHBIX B HEOTIOXKHOM MOPSIIKE,
cocraBui 8,40+16,67 nHei, B TO BpeMs KaK MaleHTbl, IepeHECIIEe OTCPOUYEHHOE XUPYPruuyeckoe BMelaTe/lIbCTBO,
HaxXoOMJIUCh B CTaIlMOHape B cpenHeM 12,98+6,28 nueit (p<0,05).

O6cyncdeHue. CyliecTByeT TPY CTPATETUM BBITIOJIHEHYST OTIEPAIMIA OCTEOCHHTE3a: HEOT/IOKHbBIE OTIepalMi, OTCPOUYEeH-
Hble oTiepalyi B JHEBHOE BPeMSI B IJIAHOBBIX OTIEPAI[MOHHBIX M KOMOMHAIMS 3TUX ITOAX0A0B. OTiepalu OCTe0OCMHTe3a
B HEOTJIOKHOM TIOPSIJIKE TIPU OTIpe/ieJIeHHbIX MOBPEXIeHMSIX 6e30MacHbl B TVIaHe KAUeCcTBa MX BbITIOTHEHWS U VH-
(beKLMOHHBIX OCIIOKHEHMI ¥ MUMEIOT ITPaBo Ha k13Hb. He06X0AMMO UeTKoe omnpee/ieHye TPYII 60JbHbBIX B 3aBU-
CMMOCTHM OT XapaKTepa U JOKaJMU3aluu IepeoMa, KOTOPhIM 11e7ecoob6pa3HO BhITIOTHEHME TTOJ00HBIX OTlepanuii.
Kpome ToTO, BHEZpEHME TTPAKTUKY BbITTOJIHEHMS OCTEOCHMHTE3a B HEOTIIOKHOM IOpsifKe TpebyeT MpoBeIeHus ce-
Pbe3HBIX OPTaHM3ALUVOHHBIX MepOoMpusITHii. KpaifHe BaskHO Takke IIPOBECTY IKOHOMMYECKOe 0O00CHOBaHMe 1ieJie-
€006pa3HOCTH U3JIOKEHHOTO MoAx0a. TOIBKO IMOoc/Ie pelieHus: BceX 3TUX BOIIPOCOB MOXKHO OyIeT caenaTh OKOHYA-
TeJIbHbIE BBIBOABI O IIPEATIOUTUTENBHOI CTpaTery BhINIOTHEHNS Olepaliuii OCTeOCHMHTE3a.

KiaroueBbie cj10Ba: 0CTEOCHMHTE3, OCTEOCMHTE3 B HEOTIOXKHOM IopdaakKe, HeOT/IOKHbI€ Oorepanyu, IjiaHOBbIe OIlepa-
VN, OTCPOYEHHbIE OIlepaunmn.
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BACKGROUND

The relevance of the problem of providing spe-
cialized inpatient care to patients with trauma
is beyond doubt. Thus, in each first-level trauma
center in St. Petersburg, more than 800 surger-
ies are performed per year for limb fractures.
Moreover, over time, in the absence of significant
changes in the number of patients in need of hos-
pital care, the share of those with multisystem
and concomitant injuries increases, as well as the
severity of polytrauma and both the total propor-
tion of open fractures of the long bones and de-
gree of damage to the soft tissues of the extremi-
ties [1]. These changes also affect the structure
of surgical interventions. Specifically, analysis
of the structure of surgeries shows a significant
increase in the proportion of surgeries for near-
and intra-articular fractures in 2010 compared
with the beginning of the first decade of the XXI
century. Moreover, the share of minimally inva-
sive osteosynthesis surgeries increased, which
was accompanied by a decrease in the number of
preoperative bed-days and, consequently, the to-
tal hospital stay after such surgeries [2].
Theoretically, to improve the work of a trau-
ma hospital, all patients with trauma requiring
surgical treatment, should undergo definitive
osteosynthesis surgeries immediately upon ad-
mission to the hospital, except for patients with
severe polytrauma, open fractures, high-energy
peri- and intra-articular fractures, and other
fractures accompanied by significant closed soft
tissue injuries. In such cases, primary extrafo-
cal osteosynthesis with external fixation devices
should be performed [3]. However, to organize
work in accordance with these principles, several
requirements must be observed. First, a team of
traumatologists should be on duty around the
clock, which can physically form a surgical team
without disrupting the reception of patients en-
tering the admission and diagnostic department.
Second, this team should have a high-level trau-
matologist on a 24-h basis, who cannot only per-
form complex surgeries but can also make deci-
sions about treatment approach and the choice of
the osteosynthesis technique. In addition, a 24-h
trauma operating room equipped with a basic set
of instruments for performing trauma surgeries,
necessary supply of sterile consumables for oste-
osynthesis, and an X-ray electron-optical image

intensifier (EOII) should be available. Finally, an
on-duty team is required, consisting of an anes-
thesiologist, a nurse anesthesiologist, a surgical
nurse, and an aide, who will ensure the work of
the trauma team. Therefore, ensuring adequate
work of the inpatient trauma service in accord-
ance with modern standards for the provision of
specialized trauma care requires significant addi-
tional costs for the hospital to increase the staff
schedule, equip additional operating rooms, and
purchase additional consumables for osteosyn-
thesis. This is a complex problem and cannot be
fully resolved in a single hospital without revising
the standards for staffing and financing trauma
care in the system of compulsory medical insur-
ance. Nevertheless, this problem can be solved to
a large extent even under these conditions.

The experience of international hospitals
demonstrates the possibilities and prospects of
emergency surgery with the competent organiza-
tion of the process of providing emergency medi-
cal care and clear patient routing [4, 5, 6, 7, 8].
However, most first-level Russian trauma centers
do not have algorithms for providing emergency
trauma care, particularly for performing emer-
gency osteosynthesis surgeries. On the contrary,
the delayed performance of osteosynthesis sur-
geries in elective operating rooms during day-
time and a combination of emergency and de-
layed options for surgical treatment of fractures
are possible.

This study aimed to determine the advantag-
es and disadvantages of existing strategies for
performing osteosynthesis surgeries based on a
comparative analysis of the structure of osteo-
synthesis surgeries performed on day 1 after in-
jury and at a later time. Literature data were also
analyzed.

METHODS

According to the primary medical documenta-
tion, dictated procedure reports, and X-ray data-
base of the I.I. Dzhanelidze Research Institute of
Emergency Medicine, patients who underwent
osteosynthesis surgeries within the first 24 h after
admission to the hospital in the first half of 2021
were identified. Surgical interventions were per-
formed in an antishock operating room equipped
with an orthopedic table and an X-ray EOII and in
an emergency operating room of the operating unit
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equipped with a surgical table without an X-ray
EOII. Accordingly, surgeries that required an ortho-
pedic table and/or direct intraoperative radiologi-
cal control could only be performed in an antishock
operating room. Surgeries were grouped according
to the localization of injuries and type of osteo-
synthesis. Surgeries in patients with multiple and
concomitant traumas were singled out separately.
Using the same method, patients with a similar pa-
thology, whose osteosynthesis was performed on a
delayed basis for the same period, were identified.
We determined the average hospital stay from
the time of admission and after the surgery and
the average duration of the surgical intervention,
presence or absence of revision surgeries, and
early infectious complications of osteosynthesis.

Statistical analysis

Statistical processing of quantitative data was
performed using Excel and basic statistics/tables
modules of the Statistica for Windows software
package. The nature of the distribution of the
studied data was determined using the Shapiro-
Wilk test. In the statistical analysis of changes
in the studied parameters, the nonparametric
Mann-Whitney test was used. Differences in indi-
cators were considered significant at p<0.05. The
frequency of the studied phenomena was ana-
lyzed by calculating the relative values expressed
as a percentage. Moreover, using the above pro-
grams, the average indices were calculated, in-
cluding their standard deviation, median, quar-
tiles, and maximum and minimum values.

RESULTS

In total, for the first half of 2021, at the
I.I. Dzhanelidze Research Institute of Emergency
Medicine, 266 osteosynthesis surgeries of the
limbs immediately were performed on 260 pa-
tients upon admission to the hospital. During
236 surgical interventions (88.7%), internal os-
teosynthesis was performed, whereas in the re-
maining 32 (11.3%) cases, an external fixation
apparatus was applied. Surgical stabilization of
the fracture was performed in 114 and 152 cases
in the antishock operating room and emergency
operating room, respectively. Data for individual
locations and segments are presented in Table 1.

For patients who underwent osteosynthesis
surgeries in the antishock operating room of the
trauma center, the osteosynthesis surgery was

performed after an average of 6 h 56 min+3 h 52
min from the time of hospital admission. The av-
erage duration of surgical intervention was 1 h
28 min+47 min.Moreover, patients with multisys-
tem and concomitant injuries underwent surgery
in the same operating room after an average of
3 h 20 min*1 h 43 min, and their average dura-
tion was 1 h 24 min#51 min.

Patients who underwent osteosynthesis sur-
geries in the emergency operating room of the
surgery unit stayed in the hospital for an average
of 6 h 27 min*3 h 01 min from the time of admis-
sion to the start of the surgery. The duration of
surgery in this group was 2 h 11 min*41 min.

During the study period, osteosynthesis sur-
gery was performed on 18 patients with multi-
system and concomitant injuries upon admission
to the hospital, including those with fractures
of the bones of the extremities. Moreover, in 14
(77.8%) patients with an injury severity of <25
points on the ISS scale, primary internal osteo-
synthesis was performed in accordance with the
protocol of early total care. In 4 (22.2%) patients
with more severe injuries, the fractures were im-
mobilized with external fixation apparatus in ac-
cordance with the damage control protocol and
Yu.N. Tsibin — A.N. Keyer medical approach-tac-
tical prediction method [9].

An analysis of the surgeries performed re-
vealed that osteosynthesis of fractures of the an-
kles (20.7%) and collarbone (13.9%) was most of-
ten performed. After emergency osteosynthesis
surgeries, there were no cases of early infection
and/or revision surgeries because of poor quality
of primary osteosynthesis during hospitalization.

In the first half of 2021, 659 elective osteosyn-
thesis surgeries were performed, along with 266
emergency ones, on patients who were not oper-
ated on urgently (925 surgeries in total). Moreover,
the average number of bed-days in patients who
underwent emergency surgery was 8.40%£16.67
days, whereas patients who underwent delayed
surgery had a longer hospital stay (p=0.025) for
an average of 12.98+6.28 days. The distribution
of two independent data samples does not corre-
spond to the normal one; therefore, the nonpara-
metric Mann-Whitney test was used to assess the
significance of differences. For individual locali-
zations, the sample sizes of bed-day values (with
non-normal distribution) enabled statistical anal-
ysis using the nonparametric Mann-Whitney test.
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Table 1
Number, type, and location of emergency surgical interventions depending
on the fracture location
Anti.shock Emergency Total
Segment Osteosynthesis | Operatingroom | operating room
n n n %

Collarbone Internal 1 36 37 13.9
Humerus Internal 6 5 11 4.1
]_30r1es .of the foyearm,
gllggg;?g;?;g i)sft ?}lle radial Internal 6 20 26 9-8
bone
Proximal femur Internal 16 0 16 6.0
Diaphysis and distal segment Internal 11 2 13 49

External fixation 4 5 9 34
Patella Internal 0 2 0.8
Lower leg bones Internal 24 3 27 10.2

External fixation 5 8 13 4.9
Ankle Internal 5 50 55 20.7
Foot bones Internal 1 2 3 1.1
Hand bones Internal 6 19 25 9.4
Polytrauma Combined 18 0 18 6.8
Pelvis Internal 8 8 3.0

External fixation 3 0 3 1.1
Total 114 152 266 100.0

The calculated p values in all cases were less than
the accepted significance level of 0.05.

The shortest hospital stay was registered for
patients who underwent osteosynthesis of the
foot bones, and it averaged 2.66*2.52 days. The
highest indicator of the average number of bed-
days was expectedly noted in patients with pelvic
fractures and polytrauma (30.07+39.92 days). The
maximum number of bed-days among patients
in this group was 136 days, which was explained
by the development of postoperative infectious
complications in a patient with polytrauma,
which required multiple repeated surgical in-
terventions. If we consider the average hospital
stay in all patients who underwent osteosynthe-
sis, then this value was 11.80+10.70 bed-days
(Table 2). Thus, we can state a significant de-
crease in the hospital stay of patients with the

injuries under study in the case of emergency os-
teosynthesis surgeries upon admission.

DISCUSSION

The problem of organizing surgeries for osteo-
synthesis of bone fractures in an emergency hos-
pital is long overdue. Unfortunately, the transi-
tion to modern standards of specialized trauma
care is hindered by several factors. First, most
hospitals were designed and built more than
20-30 years ago and are oriented toward the
extensive model of care that was implemented
at that time; these hospitals do not have the
number of operating rooms necessary to work
in the new conditions. Second, the current pro-
cedures for providing specialized trauma care
to patients with both isolated and multisystem
and concomitant injuries do not provide a suffi-
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Table 2

Number of surgical interventions and average number of bed-days depending
on the fracture location

Emergency surgery Elective surgery Total

Fracture location Number Bed-days Number Bed-days p Number Bed-days
Collarbone 21 2.40%1.14 50 10.88+£7.33 | 2.4x10-10 71 8.46%7.31
Collarbone— 16 3.81£2.59 0 0 - 16 3.8142.59
Proximal humerus 2.40%1.34 67 10.95%4.47 - 72 10.30+4.83
Humeral diaphysis 6 8.67%£10.52 39 13.10+5.34 - 45 12.50%6.29
Olecranon 16 4.81+6.10 37 10.59+5.93 | 0.00054 53 8.85%6.56
Bones of the forearm,
g‘ggggg}f;‘;ffft;lle 10 4.70+5.60 53 10.576.51 - 63 9.63+6.69
radial bone
Femoral neck 0 0 130 15.11%6.57 - 130 15.11+6.57
Pertrochanteric
fracture of the 16 10.63+4.44 149 | 14.67+5.98 | 0.000798 | 165 14.30+5.96
femoral bone
Subtrochanteric
fracture of the 0 0 20 14.85+5.67 - 20 14.85+5.67
femoral bone
Femoral shaft 4 11.50+8.39 8 9.50%2.62 - 12 10.20+4.95
Distal femur 18 6.78+6.84 15 13.47+7.09 0.00179 33 9.82+7.64
Patella 1.00+1.41 14 11.36%3.71 - 16 10.10%4.96
Proximal tibia 0 0 21 15.14%6.19 - 21 15.14%6.19
Diaphysis and Jower 40 7.95£9.28 6 16.50+12.86 - 46 9.09+10.10
Ankles 55 5.16%9.11 50 10.16%£3.59 | 4.9x10-15 105 7.5247.43
Foot 3 2.66%2.52 0 - 3 2.66%2.52
Hand 25 5.48+11.50 0 - 25 5.48+11.50
Pelvis and polytrauma 29 30.07£39.92 0 0 - 29 30.07+39.92
Total 266 8.40+16.67 659 12.98+6.28 | 1x10-17 925 11.80%10.70
min/max - 0/136 - 3/46 - - 0/136
Q1/Me/Q3 - 2/3/8.75 - 9/12/15 - - 6/10/15

min — minimum value, max — maximum value, Q1 - first quartile, Me — median, Q3 - third quartile.

This is a global problem and has not yet been

cient number of personnel to perform surgeries
at night. To ensure such work, the heads of hos-
pitals are forced to search out reserves and in-
crease the staff schedule with the introduction
of additional doctors and operating nurses®.

resolved even in developed countries.

Van der Wee et al. reviewed the provision of
emergency surgical care in different countries
and indicated great heterogeneity in the struc-

* The procedure for providing medical care to the population in the field of Traumatology and Orthopedics (approved
by order of the Ministry of Health of the Russian Federation of November 12, 2012, No. 901n) and the procedure for provid-
ing medical care to patients with concomitant, multiple, and isolated injuries accompanied by shock (approved by order
Ministry of Health of the Russian Federation dated November 15, 2012, No. 927n).
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ture and components of the acute care surgery
system worldwide [8]. Indeed, undoubtedly, high-
quality osteosynthesis, upon admission of a pa-
tient to a hospital, reduces significantly the du-
ration of hospital stay and thereby helps reduce
the number of beds without reducing surgical
activity. On the contrary, this practice requires
the availability of round-the-clock specialized
operating rooms with qualified personnel and
therefore a significant increase in funding, which
is not offset by a decrease in the bedspace capac-
ity of the trauma service.

Thus, various trauma pathologies and the
unpredictability of the number of patients with
fractures of varying severity who will be ad-
mitted to the clinic should be considered. All
these patients are traditionally hospitalized to
await surgery. This means that during periods
of significant workload, the expectation of sur-
gery lasts for several days, the duration of the
patient’s hospital stay increases, the excessive
burden falls on the operating room staff, and
the satisfaction of patients with the availabil-
ity (efficiency) and quality of medical care de-
creases. The problem is solved by introducing
additional surgical teams and even working at
night. Moreover, in recent years, surgeries per-
formed at night have increased the risk of com-
plications, treatment costs, and risks of loss of
health by hospital staff [10].

Furthermore, the vast majority of traumato-
logical surgeries can be performed on a delayed
basis without compromising their quality. For
example, in Finland, performing surgeries has
four categories of urgency, namely, extremely ur-
gent surgeries must be performed immediately,
category 1 surgeries must be performed within 3
h, category 2 must be performed within 8 h, and
category 3 must be performed within 24 h. In ad-
dition, in the range of osteosynthesis surgeries,
only fixation of femoral fractures is included in
category 3; therefore, other osteosynthesis sur-
geries are not performed on an emergency basis.
According to Oulu Level 1 Trauma Center, ex-
tremely urgent surgeries (4.5% of all surgeries)
were started in an average of 26 min after admis-
sion, and category 1 surgeries (9.7%) were started
after 59 min. Moreover, the target indicator was
achieved in 93% of cases. Category 2 surgeries
(23.3%) were started after an average of 337 min
with the achievement of the target value in 86%

of cases, and category 3 surgeries (62.5%) were
started in an average of 830 min after admis-
sion to the hospital with the achievement of the
target value in 62.5% of cases. As the urgency of
surgeries decreases, the proportion of interven-
tions performed in compliance with the target
indicators decreases. Furthermore, as the urgen-
cy decreases, surgeons choose the most suitable
patients for themselves, and haste often has a
negative effect. This leads to the postponement
of surgeries at the lowest category of urgency,
which include most osteosynthesis surgeries.
These patients often expect surgery at home [4,
6].

FitzPatrick et al. also reported the need for
gradation of surgeries depending on the urgency
of performing them. They provide data on the in-
troduction in 2003 of the concept of “emergency
surgical patient” at the level 1 trauma center of
the University of Pennsylvania. This patient needs
surgery within 24 h. Moreover, courses in trau-
matology for general surgeons were organized,
subsequently, the Trauma Case Management
Team was created. When comparing 1999 and
2003, the number of patients remained approxi-
mately the same, but the proportion of older pa-
tients increased. The severity of injuries on the
ISS scale slightly increased, amounting to more
than 13 points. The duration of hospital stay var-
ied from 5.5 to 6.9 days. The rate of refusal to pay
for treatment decreased from 4.6% in 1998 to
2.8% in 1999 after the Trauma Case Management
Team was established. This figure continued to
decrease and reached 0.5% in 2004. In 2004, the
rehospitalization rate was 1.8% compared with
4.0% in 1998 [5].

Among the systems that take into account
the priority categories of patients expecting
surgeries, the so-called traffic-light coding sys-
tem is noteworthy [6]. According to this system,
emergency surgeries are coded red and must be
performed within the first 8 h. Surgeries coded
orange are performed within 8-24 h, and those
in the yellow code must be performed within
24-48 h. Other interventions, which include most
osteosynthesis surgeries for isolated fractures,
are coded green and can be delayed for a longer
time. These patients, after first aid and examina-
tion, are discharged home to wait for the surgery
that is scheduled for a certain time. Given the
limited resources of operating rooms, the wait-
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ing time is often longer than previously planned
because of injuries that need to be treated first,
such as femoral fractures. This causes dissatis-
faction among the patients and staff, overloads
the wards, and forces surgeries to be performed
at night. The results of surgeries for proximal fe-
mur fractures are significantly worse when they
are performed later than 48 h after the injury;
however, there are no reliable data on the deteri-
oration of the treatment results of patients with
other traumatological pathologies requiring sur-
gical treatment, when the surgery is performed
later than 48 h. This is true for fractures of the
upper limbs. Outcomes of surgeries performed
beyond the working hours, including at night, are
the subject of long-lasting discussions. However,
night-time surgeons make more mistakes than
daytime surgeons. The risks of complications af-
ter surgeries performed on weekends are higher
than on weekdays [11]. The quality and safety of
surgical treatment performed by on-duty per-
sonnel are lower than those of interventions per-
formed during the daytime by surgeons who were
not on duty the previous night [12, 13]. In this
regard, the traffic-light coding system enables
distinguishing priority surgeries (proximal fe-
mur) and less urgent surgeries that are included
in the operating plan and performed during the
daytime in specialized operating rooms by expe-
rienced surgeons [10].

In this aspect, the experience of Sweden is
interesting, where the model of emergency as-
sistance ensures its high level for all citizens.
However, even there, the greatest organization-
al difficulties are caused by emergency surger-
ies that cannot be planned. Consequently, emer-
gency surgeries may be performed in an elective
operating room and conflict with elective sur-
geries when the operating room capabilities are
limited. This is true for very urgent surgeries. In
some cases, the postponement of the surgery
leads to additional patient suffering, a longer
rehabilitation period, and a deterioration in the
final functional result. Moreover, studies on the
cancellation or postponement of surgeries re-
veal suboptimal use of hospital resources and a
decrease in its income [7].

When analyzing the experience of Sweden,
Bhattacharyya et al. stated that despite the im-
provement of the material base and resources of
clinics and the introduction of new technologies,

delays in surgeries in trauma departments occur
every day. They are usually explained by a large
flow of patients with a wide range of injuries in
need of emergency care [14]. However, the real
emergency conditions in traumatology requiring
immediate intervention are acute compartment
syndrome, such as fractures, dislocations, and
other injuries accompanied by vascular damage.
Most other surgeries can be postponed without
harm; however, they should be performed as
quickly, as the patient’s condition is stabilized
and the hospital resources enable them to do it
[15]. Thus, emergency osteosynthesis surgeries
should be performed depending on the sever-
ity of injuries, general status of the patient, and
availability of the operating room. Moreover, in
some cases, elective orthopedic surgeries can be
postponed to perform emergency ones.

All reasons for delaying surgeries can be divid-
ed into patient-related and organizational ones.
A study of one of the centers in Sweden, which
included 9,500 traumatological and orthopedic
surgeries (46% elective and 54% emergency),
revealed that the priority in surgical treatment
was distributed as follows: fractures of the fe-
mur (osteosynthesis in the first 24 h), emergency
patients admitted to the hospital and awaiting
surgery, and patients who received primary care
and awaited a call for surgery (home pathway
surgery). The system of registration for the op-
erating room and calling patients from home was
organized well; however, a large number of de-
lays in performing osteosynthesis surgeries were
identified, which can be divided into organiza-
tional and medical ones.

The organizational causes of the delays are as
follows:

— Admission of patients with severe trauma,
who have priority in surgical treatment.

— An increase in the time of the previous sur-
gery relative to that planned previously.

- Change or cancellation of indications for
surgery.

— A decrease in the number of available inten-
sive care beds or departments.

— Lack of staff in the operating room and in-
tensive care unit, surgeons, or anesthesiologists.

In addition, organizational problems include
refusal of treatment in the clinic and transfer of
the patient to another hospital. Medical causes of
delays in surgical treatment are the aggravation
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of the patient’s condition, development of infec-
tious complications, and desire of the patient to
undergo the surgery later or refuse it.
Consequently, surgery was postponed once in
18% of patients, twice in 4%, three times in 1%,
and four times in less than 1%. In addition, the
proportion of surgeries postponed and performed
on time did not change for 7 years; 21% of all
postponed surgeries were performed within 24 h
after cancellation, 41% of patients waited up to 3
days, 17% waited from 3 days to a week or longer,
and 6% of patients refused surgery in this clinic.
Specifically, 80% of causes of cancellations and
delays of surgeries were organizational, whereas
only 20% were due to medical reasons [7].
Another problem is that trauma clinics tradi-
tionally face a shortage of operating rooms for
osteosynthesis of fractures. Thus, such surger-
ies are often postponed and performed at night.
Moreover, the proportion of complications in pa-
tients operated on during non-working hours is
significantly higher than that in patients whose
surgery was performed in daytime, and the du-
ration of the same surgeries performed at night
is significantly longer than that performed dur-
ing the day. The solution can be the organiza-
tion of the work of one operating room reserved
for performing trauma surgeries. This was im-
plemented in 1999 at Massachusetts Hospital
where this operating room is open from Monday
to Saturday from 7:45 to 17:00 and is under the
supervision of traumatologists who determine
the sequence of surgeries depending on their
urgency. Other types of surgical and orthopedic
surgeries are not performed there. The priority
indications for the use of this operating room
are fractures of the ankles, lower leg, femur, and
hip joint, as well as open fractures. As a result,
the proportion of night surgeries decreased
from 28% to 9%. Moreover, the waiting list for
representatives of other subspecialties has sig-
nificantly decreased [14]. The desire to post-
pone the majority of surgeries for fractures to
working hours is understandable; however, an-
other important aspect of this problem should
be considered. The inability to perform surger-
ies reduces the job satisfaction of a surgeon who
deals with non-surgical treatment of closed
blunt injuries. To increase job satisfaction, a ra-
tional combination of surgical and non-surgical
treatment of fractures is required, but this re-

quires extensive skills in the personnel [16].

The international community has also not re-
solved the issue of who should provide emergency
trauma care to patients with fractures. In differ-
ent countries of the European Union, to provide
care to patients with skeletal trauma, different
training is required and appropriate certificates
obtained, namely, orthopedic surgery (Finland,
France, Italy, Norway, Portugal, Romania, Spain,
Turkey, Great Britain, Czech Republic, and
Germany), trauma surgery (Croatia, Luxembourg,
Netherlands, Czech Republic, and Germany),
and general surgery (Croatia, Luxembourg,
Netherlands, Greece, and Switzerland) [17]. The
modern trend in surgery is an increase in the
number of subspecialties and, accordingly, a de-
crease in the number of surgeries and manipula-
tions performed by doctors providing emergency
care. The more highly specialized the surgeon,
the less competent he/she is in issues of emer-
gency care, while emergency surgery and trauma-
tology require constant training [18]. Moreover,
there is a steady increase in the age of patients,
financial problems of hospitals, decrease in the
number of trained doctors, increase in speciali-
zation, and unavailability of consultants 24/7.
Physicians do not have enough opportunities for
training, which leads to a lack of specialists with
a certificate in traumatology. Duty traumatolo-
gists usually have a large amount of night work
while experiencing a shortage of elective surgery.
Therefore, in recent years, the problem of cen-
tralization of trauma care and subspecialization
of emergency trauma and surgical care has be-
come relevant [17, 18].

Thus, three strategies of osteosynthesis sur-
geries can be distinguished, namely, emergency
surgeries upon hospital admission, delayed sur-
geries in elective operating rooms during day-
time, and a combination of these two strategies.

Performing urgent surgeries of osteosynthesis
of fractures has benefits and drawbacks. Analysis
of the results of the L.I. Dzhanelidze Research
Institute of Emergency Medicine showed that
the practice of emergency osteosynthesis of iso-
lated fractures leads to a significant decrease
in hospital stay. Contrary to literature data, we
have not registered an increase in the number of
early osteosynthesis complications associated
with emergency surgery. Nevertheless, it appears
theoretically more adequate to perform surgeries
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during working hours when all the most experi-
enced surgeons are in the clinic, and in case of
intraoperative complications or unforeseen situ-
ations, they can be fully involved, and all clinic
resources are available. This is a global problem
and consists in the lack of operating rooms. The
desire of surgeons to operate should not be dis-
regarded, as it can be fully actualized during duty
hours. This is true for young surgeons.

Some fractures are quite difficult for osteosyn-
thesis, which is impossible to perform or can be
performed with inadequate quality by the team
of on-duty traumatologists. To avoid such situ-
ations, we have defined a list of osteosynthesis
surgeries that can be performed on an urgent ba-
sis. According to this list, internal osteosynthesis
is indicated in isolated and combined cases with
a favorable prognosis for the surgical treatment
of fractures and dislocations of the clavicle ac-
cording to Yu.N. Tsibin — A.N. Keyer, as well as
two-part fractures of the surgical neck of the
humerus, fractures of the olecranon, diaphyseal
fractures of the forearm bones, extra-articular
fractures of the distal radius, medial fractures of
the femoral neck (in case of indications for os-
teosynthesis), transtrochanteric, subtrochanter-
ic, and diaphyseal fractures of the femoral bone,
low-energy fractures of the tibial shaft, fractures
of the ankles (in the absence of pronounced soft
tissue edema), fractures of the patella, bones of
the hand and foot, fractures and dislocations of
the talus bone. Primary immobilization of the
fracture with an external fixation apparatus is in-
dicated in all cases with unstable hemodynamics
(systolic blood pressure <90 mm Hg), unfavora-
ble prognosis of surgical treatment according to
Yu.N. Tsibin — A.N. Keyer for fractures of the knee
and ankle joints, diaphyseal part of the lower leg
due to high-energy trauma, with open fractures
G2-G3 (according to the Gustillo-Andersen clas-
sification), fractures of the long bones of the low-
er extremities with polytrauma (ISS > 17) when
internal fixation is impossible, and unstable
damage to the pelvic ring (if it is impossible to
perform primary internal osteosynthesis of the
pelvic bones and stabilize the fracture).

The material presented herein is only the be-
ginning of a large work on the analysis of the
results and duration of inpatient treatment of
patients, depending on the timing of osteosyn-

thesis surgeries. The data obtained indicate that
emergency osteosynthesis surgeries with certain
injuries are safe in terms of the quality of their
performance and infectious complications and
deserve to be used. On the contrary, the optimi-
zation of the hospital operation during daytime
can decrease the need for emergency osteosyn-
thesis surgeries and reduce the load on the bed
capacity, making the problem of emergency os-
teosynthesis less urgent.

Regarding urgent osteosynthesis surgeries, it
is necessary to define clearly the groups of pa-
tients depending on the nature and location of
the fracture, that is, who should undergo such
surgeries, with the creation of adequate algo-
rithms for choosing a treatment method and
strict adherence to them. In addition, the in-
troduction of performing urgent osteosynthesis
requires serious organizational measures. Not
all trauma centers, even if they wish, can pres-
ently shift to such a practice of providing assis-
tance due to the peculiarities of the staffing and
organizational structure. Thus, conducting an
economic justification for the expediency of the
approach outlined is extremely important.

CONCLUSIONS

Nowadays, the trauma community lacks the una-
nimity of views on the optimal strategy for os-
teosynthesis surgeries. The lack of consensus is
due to the multifactorial nature of the problem,
which affects the organization of the provision
of specialized trauma care, financing, staffing
of the hospital, and professional training of the
personnel.

The conclusions about which strategy of os-
teosynthesis surgery is optimal can be made af-
ter an extensive discussion of this problem and a
deeper analysis of it.
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Editorial
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Fracture fixation strategy: experience and recommendations

Editorial Comment on the Article by Belenkiy I.G. et al.
“Strategies of Osteosynthesis: Problems and Perspectives”
https://doi.org/10.17816/2311-2905-1693

Vadim E. Dubrov

Lomonosov Moscow State University, Moscow, Russia

The commentary critically analyzes the strategy proposed by the authors of the article for performing osteosynthesis and
describes the system of care for patients with fractures in Moscow. Operating rooms are divided into planned and emergency.
And they, in turn, are divided into conventional and hybrid, in which it is simultaneously possible to perform endoscopic,
endovascular, and open surgery. Surgeries are performed in order of priority. Highest priority: extra-focal fixation of limb
bones and/or pelvis with ex-fix devices; surgery on extremities with impaired blood supply in the distal parts; decompressive
fasciotomies with simultaneous external fixation of fragments in ex-fix devices with suspected formation of compartment
syndrome; surgeries performed in patients with severe combined or multiple trauma. High priority: open fractures of type
3A and 3B according to the Gustillo classification, requiring primary surgical treatment of wounds and external fixation;
closed unstable fractures.

Keywords: osteosynthesis, emergency trauma care, healthcare organization.
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CTpaTeI'Mﬂ BbIMOJIHEHUA OCTEOCHHTE3A: ONbIT U peKoOMeHAaUunuun

PenakumnoHHbIM KOMMeHTapui K ctaTbe W.I. beneHbkoro ¢ coaBTopamu
«CTpaTterus BbINONHEHMS OCTEOCMHTE3a: NPobeMbl U NePCNEKTUBBI»
https://doi.org/10.17816/2311-2905-1693

B.2. [lybpos

@I'BOY BO «Mockosckuii 2ocyoapcmeaeHHaiii yHusepcumem um. M.B. JlomoHocosa», 2. Mockea, Poccus

B KOMMeHTapuy KpUTUUECKM aHATU3UPYETCS TTPeJIOKEHHAsI aBTOPAaMM CTaThy CTPATETHS BBITIOTHEHMS OTIepalyii 0CTeo-
CUHTE3a ¥ OMMChIBAETCS CUCTEMA OKa3aHMs MOMOIIM MAlMEeHTaM C repeioMaMu B T. MockBe. OTiepariioHHble IesTCS Ha
TIJIAHOBBIE Y SKCTPEHHbBIE. A OHM, B CBOIO OYEPEIb, TOPA3IESIOTCS HA OObIUHbIE M TMOPU/IHbIE, B KOTOPBIX OTHOBPEMEHHO
BO3MOSKHO BBITIONHSITh M 9HAOCKOTIMYECKVE, M SHAOBACKY/SIPHBIE, ¥ OTKPBIThIE BMeNIaTeNbCTBa. Omepauny BHITOMHSIOTCS
B ITOPSIIKE MMPYOpUTETA. Bricouaiimii IpMopuTeT: BHEoUaroBast Gukcalms KoCTeit KOHEUHOCTE 1/ Ta3a CTeP)KHEBbIMMU
armapataMu; orepanuy Ha KOHEYHOCTSIX IIPY HapyIIeHUM KPOBOCHAOKEHUST B OUCTATbHBIX OTHENAX; JeKOMITPECCUBHbBIE
dacumoToMuu ¢ ogHOBpeMEHHOIT BHellIHel GhUKcalleil OTIOMKOB B CTePKHEBBIX arlliapaTax Ipy Mof03peHny Ha Gopmu-
pOBaHME KOMIIAPTMEHT-CUHAPOMA; OTIePAIVY, BbITIOTHSIEMbIE TMAIIMEHTAM C TSKEIO0 COYeTaHHOI MY MHOKECTBEHHO
TpaBMOJi. BbICOKMIT IPMOPUTET: OTKPBITHIE TIEpesioMbl TUIa 3A 1 3B mo kinaccudukanum Gustillo, Tpe6yroliye mpoBeaeHus
TIePBUYHO XUPYPTUUIECKOIT 06pabOTKY paH ¥ BHeNTHEN GUKCcAIM; 3aKPbIThbIe HECTAOUIbHbIE TTEPETOMBI.

KimroueBbie ¢/10Ba: OCTEOCUHTE3, HEOTIOKHAS TpaBMaTOJIOTM4YeCKas ITOMOIIb, OpraHm3auns 34paBOOXpaHeHNM .

After reviewing the manuscript of the article
by L.G. Belenkiy et al. “Strategy of Osteosynthesis:
Problems and Perspectives,” I could not resist
polemics.

Certainly, we (and only jointly!) must create a
system for providing care to patients with fractures,
but I suppose that the different level of equipment
of medical organizations and their provision of per-

sonnel in the regions is unlikely to enable this sys-
tem to become equally effective in the near future.
Nevertheless, it is possible to analyze the work of
trauma hospitals in megacities, isolate a rational
kernel, and evaluate the method of transfer of the
knowledge and experience gained to various levels of
care. Moreover, in cities such as Moscow, any hospi-
tal in terms of its equipment represents practically a
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first-level trauma center. However, even in the capi-
tal, it is impossible to provide equal assistance in all
these hospitals due to the discrepancy between the
number of surgical and anesthetic teams. Therefore,
a patient routing system was created in accordance
with the capabilities of a medical organization. For
example, only six and four hospitals have been sub-
specialized for the treatment of patients with severe
pelvic trauma and patients with isolated injuries of
the hand and upper limb, respectively. Thus, even in
the capital, uniform rules cannot be formulated for
everyone, especially since many attempts at organi-
zational and staff changes are limited by the order
of the Ministry of Health of the Russian Federation
of November 12, 2012 No. 901n “On approval of the
Procedure for providing medical care to the popula-
tion in the trauma and orthopedics specializations.”
Therefore, it has not yet been possible to provide
medical organizations in Moscow with full-fledged
traumatology and anesthesiology teams on duty to
ensure surgical care in accordance with the number
of non-specialized hospital beds, but with the num-
ber, for example, of operating rooms.

In addition, the concepts differ. For example,
medical organizations in Moscow lack units such
as an anti-shock operating room. We subdivide op-
erating rooms into elective and emergency ones,
which, in turn, are subdivided into conventional
and hybrid ones, where endoscopic, endovascular,
and open interventions can be performed simulta-
neously. In some hospitals, there is no division at
all into emergency and elective operating rooms
due to the possibility of full-fledged processing of
the premises between interventions. Indeed, sur-
geries such as external fixation, hemostasis, and
emergency tracheostomy are (and should be) per-
formed in an intensive care unit that is not an oper-
ating room but allows various procedures to be per-
formed simultaneously for several patients without
violating sanitary and epidemiological rules.

Therefore, I do not understand the desire to
perform urgent surgical interventions in rooms

that are not adapted for this. It is unclear why it is
impossible to place a full-fledged orthopedic table
together with an electron-optical image intensifier
in an emergency operating room, and it is unclear
why an orthopedic table is needed when conduct-
ing anti-shock measures.

In Moscow, an approach has been adopted,
somewhat different when compared with the L.I.
Dzhanelidze Research Institute of Emergency
Medicine, to the distribution of the emergency of
osteosynthesis.

Surgeries of the highest priority

1. Osteosynthesis surgeries performed in the
resuscitation room of the intensive care unit as a
resuscitation aid without bringing the patient to
the operating room. These include only extrafo-
cal fixation of the bones of the extremities and/or
pelvis with the use of rod devices (Table 1).

2. Surgeries on extremities in the case of im-
paired blood supply in the distal sections are not
only surgeries of simultaneous revascularization
and osteosynthesis of bone fragments in fractures
with impaired main blood flow but also surgeries of
osteosynthesis in the replantation of disconnected
segments or the imposition of rod devices in severe
soft tissue injuries.

3. Decompressive fasciotomy with simultaneous
external fixation of fragments in rod-type appara-
tus in the case of suspected formation of a compart-
ment syndrome.

4. Surgeries performed on patients with severe
concomitant or multiple traumas simultaneously
(or sequentially) with surgical or neurosurgical
interventions.

High priority surgeries

1. Open fractures of type 3A and 3B according to
the Gustillo classification that require primary de-
bridement and external fixation.

2. Closed unstable fractures (most often of the
ankles and distal metaepiphyzes of the forearm

Table 1
Number of extrafocal fixations using external fixation device,
performed upon admission
. Year
Localization
2017 2018 2019 2020 2021
Upper limb 378 365 363 335 494
Lower limb 865 1028 1170 1158 1527
Pelvis 332 325 392 268 346

92 2022;28(2) TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



DISCUSSIONS / OUCKYCCUMN

bones), especially in the case of a threat to the via-
bility or integrity of the skin. In this case, either sta-
ble internal osteosynthesis is performed at any time
of the day or (with a shortage of personnel, mass
admissions, etc.) external fixation of the segment
is performed using rod devices, followed by conver-
sion of the fragment fixation method. Despite a sig-
nificant annual increase in cases of surgical treat-
ment of fractures of the distal metaepiphysis of the
radial bone, there was a clear tendency to perform
this type of treatment in the first 48 h after injury,
but not on an emergency basis (Table 2).

Thus, it is necessary to emphasize that diaphy-
seal fractures and some epimetaphyseal fractures
of the lower extremities in Moscow in cases where
emergency surgery is not possible upon admis-
sion are an indication not for skeletal traction but
for external fixation with rod devices, including
bridge-like ones. In cases where the surgery on the
lower limb is planned to be performed only a few
hours after admission, immobilization at this time
is implemented using external fixation devices,
vacuum splints or mattresses, or in extreme cases,
plaster casts or plastic adaptive splints, but not
with skeletal traction. It is of fundamental impor-
tance that the duration of osteosynthesis surgery
of fragments of diaphyseal fractures is determined
in accordance with the concepts of Early Total Care,

Damage Control Orthopedics, or Early Appropriate
Care, depending on objective indicators of the se-
verity of the patient’s condition. Therefore, for us,
it is incomprehensible and surprising that the pro-
portion of the use of external fixation devices in the
L.I. Dzhanelidze Research Institute of Emergency
Medicine is extremely low in comparison with in-
ternal osteosynthesis.

3. On the day of admission, we strive to perform
surgeries for fractures of the proximal femur in el-
derly patients. As shown in Tables 3 and 4, there
is an annual increase in the amount of surgeries
performed in the first 48 h from the moment of
admission.

If the patient’s condition is satisfactory, espe-
cially if osteosynthesis is possible, we strive to per-
form the surgery within the next few hours from
the moment of admission. Moreover, there is not a
single medical organization in Moscow that could
not use an electron-optical image intensifier and
an orthopedic table 24 h straight.

4. We also include interventions for injuries
of the extensor apparatus of the knee and elbow
joints, metacarpal bones, and phalanges of the fin-
gers to urgent surgeries within the first hours from
the moment of admission, since progressing edema
worsens inevitably the results of late interventions,
with number also increasing every year (Table 5).

Table 2
Number of emergency and elective osteosynthesis surgeries of the distal radius,
performed in Moscow
Year
Surgery time
2017 2018 2019 2020 2021
Emergency osteosynthesis 228 287 215 184 189
Elective osteosynthesis 1237 1374 2755 1349 1835
Table 3
Distribution of surgeries for proximal femur fractures by time intervals
from the moment of admission
Osteosynthesis Endoprosthetics
Year
upto6h | 6-12h | 12-24h | 24-48h >48h |upto6h| 6-12h | 12-24h | 24-48h >48 h
2019 224 705 1310 1282 960 13 56 321 938 1446
2020 281 530 835 826 569 5 24 250 940 1310
2021 409 588 997 1093 539 19 89 436 1097 1467
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Table 4
Proportion of surgeries for proximal femur fractures depending
on the timing of surgical treatment, %
v Osteosynthesis Endoprosthetics
ear
up to 48 h >48 h up to 48 h >48 h
2019 79.0 21.0 47.9 52.1
2020 81.3 18.7 48.2 51.8
2021 85.2 14.8 52.8 47.2
Table 5
Number of emergency surgeries performed for extensor apparatus of the knee,
elbow joints, and hand injuries
Year
Surgery type
ey P 2018 2019 2020 2021

Olecranon osteosynthesis 603 549 513 661
Surgeries for injuries of the extensor apparatus of the
knee joint:

—Injury of the quadriceps 59 87 58 73

—Fracture of the patella 374 398 333 440

—Patella ligament rupture 62 64 46 5%
Surgeries for injuries of the hand tendons 386 668 845 1860
Osteosynthesis of hand bones 916 1270 1257 2397

Injuries in which internal osteosynthesis surger-
ies are not recommended for emergency indications
(but only external fixation of the segment is allowed)
include peri-implant fractures of any location, trans-
acetabular fractures, calcaneal bone fractures, and
intra-articular fractures of the elbow joint.

Surgeries, such as osteosynthesis of fragments of
the clavicle, ankles, foot bones, distal metaepiphysis
of the radial bone, and proximal metaepiphysis of
the humerus, are performed according to emergency
indications only if there are free operating rooms,
teams of anesthesiologists and orthopedic trauma-
tologists, and only at a time sufficiently comfortable
for surgeons and anesthesiologists. Indeed, perform-
ing these surgeries on an emergency basis reduces
significantly the duration of the patient’s hospital
stay, but the desire to comply with the economic in-
terests of the healthcare system does not always lead

to an increase in the quality of care provided at night
by a tired surgeon, not to mention the possibility of
free choice and selection of hardware in this time of
the day. In these cases, we try to prioritize the or-
der of surgeries to elderly patients first. For exam-
ple, with the simultaneous admission of an elderly
patient with a fracture type 32 A, B, and C according
to AO-Miiller/Orthopaedic Trauma Association clas-
sification and a young patient with a multi-fragmen-
tary fracture of the patella, assistance will be provid-
ed first to that elderly patient. However, if a young
patient with an open fracture of the ankles of type
44-B3 is admitted along with such an elderly patient,
priority is given to the patient with a fracture in the
ankle joint.

It took decades to create this system, since from
our point of view; it is not the number of surgeries
that should be evaluated, but their long-term results.
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Is early fixation of the fracture promising?

Editorial Comment on the Article by Belenkiy I.G. et al.
“Strategies of Osteosynthesis: Problems and Perspectives”

https://doi.org/10.17816/2311-2905-1693

Viadimir V. Khominets

Kirov Military Medical Academy, St. Petersburg, Russia

The commentary discusses the advantages and disadvantages of the model proposed by the authors of the article for
performing osteosynthesis for urgent indications within 24 hours after the patient’s admission to the hospital, and also
focuses on the need for comprehensive assessment of treatment outcomes and financial costs of the healthcare system.
The determination of indications for emergency osteosynthesis and the identification of patients groups depending on
the pattern and localization of the fracture are also important issues in justifying the shortening of the time before
surgery. It is necessary to justify the priority localization of fractures for urgent fixation based on the analysis of the
authors’ own experience and literature data. Changes in the system of emergency trauma care will require a revision
of the standards of staffing and financing in the system of compulsory medical insurance. Therefore, the commentary
emphasizes the expediency of a preliminary assessment of the new model effectiveness in some medical institutions by
comparing it with the traditional system.

Keywords: osteosynthesis, urgent trauma care, healthcare organization.
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K BOMPOCY O NepcneKTMBHOCTU 3KCTPEHHOro BbiMOJIHEHUA OCTEOCUHTE3A

PenakuMOHHbIM KOMMeHTapui K ctatbe W.I. beneHbkoro ¢ coaBTopamu
«CTpaTterns BbINONHEHMS OCTEOCMHTE3a: NpobaeMbl U NepPCneKTUBbI»

https://doi.org/10.17816/2311-2905-1693
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B KOMMeHTapuy 06CY)KHAIOTCS MPEMMYIIEeCTBa ¥ HEeJOCTATKM MPEeAJIOKEeHHOV aBTOpaMM CTaTby MOMEIM BBITIOTHEHUS
OCTEOCMHTEe3a 10 HEOTVIOXKHBIM ITOKa3aHMSIM B TeueHue 24 4. 1ocsie MOCTyIUIeHUS MMalieHTa B CTal[MoHap, a TakKe aKIeH-
TUPYETCS] BHUMaHMe Ha HeO6GXOMMMOCTY KOMITJIEKCHOI OLIEHKM MCXOMOB JieueHMs ¥ (DMHAHCOBBIX 3aTPAT CUCTEMBI 3/Ipa-
BooxpaHeHus1. OTipesiesieHe TIOKa3aHUi K HEOTIIOKHOMY OCTE@OCHHTEe3y U BbIJieJIeHNe TPYII MalyeHTOB B 3aBUCUMOCTHU
OT XapakTepa U JIOKalIu3aluu mepeoMa TakKe SIBJISIOTCS BaskHbIMM BOIIpOCamMu Ipy 060CHOBAHMM COKpPAILleHMsI CPOKOB
omepauuy. Heo6xomumo 060CHOBATh IIPMOPUTETHBIE JIOKAIMU3aLMM [TepeJIOMOB I/ HEOTVIOXKHOI (pMKcaluy Ha OCHOBA-
HMM aHaA/TM3a COOCTBEHHOTO OTbITA aBTOPOB CTAThU U JAHHBIX JIUTEPATYPhl. VI3MeHeHMe CUCTEMbI OKa3aHMs SKCTPEHHOI
TPaBMaTOJIOTMYECKOI TIOMOIIIY TOTpeGyeT MmepecMoTpa HOpMaTUBOB KaJpoBOro obecrneuenyst U GMHAHCUPOBAHUS B CUCTE-
Me 06s13aTeJIbHOT0 MeIMUIIMHCKOTO CTpaxoBaHMs. B KOMMeHTapuu IMOgUYepKMBAEeTCs 11eJ1IeC000pasHOCTh MpeBapUTeIbHOI
oreHKM 3G GEKTUBHOCTY HOBOJ MOMEIM B HEKOTOPBIX JeUeOHBIX YUPEKIEHUSIX MTyTeM CPAaBHEHMS C TPAIULIVMOHHONM Heii-
CTBYIOLIEI CUCTEMOA.

KiroueBbie ¢/10Ba: OCTEOCUHTE3, HEOT/IOKHAS TpaBMaTOJIOTM4YeCKasd IMMIOMOIIb, OpraHM3anys 34paBOOXpaHEeHMsI.

Improving the organization of medical care for
patients with bone fractures is an essential task
of our specialty, and the health and working ca-
pacity of individuals with injuries depend on this
solution. The economic component of the prob-
lem and the increase in the incidence of multi-

ple and multisystem injuries, open fractures, and
soft tissue injuries determined the need to search
for ways to shorten the preoperative period.
Improving the methods of assessing the condi-
tion of the patients, osteosynthesis technologies,
and postoperative rehabilitation determines the
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possibility of solving this problem at the modern
level without negative consequences on the qual-
ity of interventions and treatment results.

The work under discussion focused on de-
termining the advantages and disadvantages
of osteosynthesis for urgent indications within
24 h after admission to the hospital. The authors
describe the structure of the patient population
according to the location of fractures in a medical
institution, which is a first-level trauma center,
and evaluate the duration of inpatient treatment
depending on the timing of osteosynthesis.

The large-scale task set to determine the ad-
vantages and disadvantages of existing strategies
for performing osteosynthesis is solved only par-
tially and mainly by the analysis of international
publications. The absence of re-osteosynthesis
cases and early infectious complications dur-
ing hospitalization of patients who underwent
osteosynthesis in the first 24 h characterizes
positively the chosen approach of emergency os-
teosynthesis, but does not take into account the
treatment results, frequency of unsatisfactory
outcomes, and complications. Determining the
advantages and disadvantages of the strategies
under consideration implies conducting a com-
prehensive assessment of treatment outcomes
and the financial costs of the healthcare system.
The apparent reduction in the hospitalization
stay of patients with osteosynthesis upon admis-
sion is not necessarily accompanied by a decrease
in financial costs, as it requires expenses associ-
ated with the involvement of qualified personnel
at night, postponing elective surgeries scheduled

for the next day, or use of additional equipment
in the operating room. The measures necessary
for the organization of emergency osteosynthe-
sis require an economic justification. In addition,
it may not be possible to allocate an additional
operating room for emergency osteosynthesis in
hospitals designed more than 30 years ago, which
complicates the extrapolation of successful inter-
national experience under conditions in Russia.

The determination of indications for emer-
gency osteosynthesis and the selection of pa-
tients depending on the nature and location of
the fracture are important issues in justifying the
reduction of surgery time. A more detailed analy-
sis of our experience and literature on the study of
complications and outcomes of osteosynthesis of
various segments of the musculoskeletal system,
performed at different times after injury, would
justify the choice of priority fracture locations
for emergency fixation. Moreover, it is necessary
to determine the degree of subspecialization and
education requirements of surgeons providing
emergency and urgent trauma care, including
those at night, and to evaluate the feasibility of
the centralization of emergency trauma care and
in-depth specialization of employees involved.

Since the organization of the emergency
trauma care system will require a revision of the
staffing and financing standards in the compul-
sory medical insurance system, it is advisable to
evaluate first its efficiency, including the eco-
nomic one, on the model of a medical institu-
tion by comparison with the traditional current
system.
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Reccurence of Heterotopic Ossification as the Result
of Total Hip Endoprosthesis Dislocation:
A Case Report

Gleb A. Efimov, Magomed A. Cherkasov, Maksim Yu. Goncharov,
Nicolay N. Efimov

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

Background. Heterotopic ossification (HO) is the formation of mature bone in soft tissues. HO in the hip area can be
a consequence of both injury to the nervous system and local trauma. After total hip arthroplasty HO develops in 30%
of cases.

The aim of the study is to demonstrate a rare clinical case of a recurrence of HO in patient after a primary total hip
arthroplasty, accompanied by ankylosing.

Case presentation. A 32-year-old patient was admitted to the clinic for revision hip arthroplasty with a diagnosis «long-
standing dislocation of the right hip joint endoprosthesis head, heterotopic ossification» 3 years after dislocation. During
the surgery, there were difficulties with the sciatic nerve dissection, as well as the structures of the endoprosthesis.
We removed all the ossifications that obstructed the dislocation of the endoprosthesis. The patient had sciatic nerve
neuropathy on the right lower limb with lesions of the fibular and tibial nerves on the background of edema. The patient
was discharged on the 21st day. The presented clinical case is interesting because the patient’s relapse could be caused by
a combination of various risk factors. Taking into account the fact that the injury was received as a result of an accident
and the patient had a fracture of the bones of the contralateral shin, it could be the effect of a local hip injury that
aggravated the process.

Conclusions. This clinical observation highlights the importance of preventing possible complications after surgery and
maintaining feedback with patients, especially those belonging to the high-risk group. It is likely that with adequate
prevention of the HO formation and timely reduction of dislocation, the problems described in the article after primary total
hip arthroplasty could have been avoided.

Keywords: heterotopic ossification, hip arthroplasty, endoprosthesis dislocation.
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Peunaus rerepotonuuyeckom occupukaumm B pesynbraTte BbiBMXA
JHAONpoTesa Ta3obeapeHHOro cycTaBa:
KMHUYECKUI Cnyyan

I.A. Ebumos, M.A. Yepkacos, M.10. T'onuapos, H.H. EbumoB

DI'BY «HauuoHanbHwili MeduyuHckuii uccnedosamensckuii yeHmp mpasmamosozuu u opmoneouu
um. P.P. Bpedena» Munsdpaea Poccuu, 2. Cankm-Ilemep6ype, Poccus

AxkmyansHocms. Teteporonuueckas occudukaius (I'O) — 310 QGopMupoBaHME 3peyiofi KOCTM B MSITKMX TKaHSIX.
I'O B 06sacTy Ta306€IPEHHOTO CYCTaBa MOKET ObITh CIeICTBMEM KaK MOBPEKIEHMSI HEPBHO CUCTEMBI, TaK U TOKATbHOM
TpaBMbl. [Toc/ie TOTaJIbHOTO SHAOIPOTE3MPOBaHMS Ta306eapeHHOro cyctaBa 'O pasBuBaeTcs B 30% HaGIOoeHNIA.

Llenvto y6GmKaUMY SIBISIETCSI NEMOHCTPAIMS PEAKOTO KIMHMYECKOTO HabMogeHus maiueHTa ¢ peryuauBom 'O mocie
CJIOKHOTO TIEPBUYHOTO SHAOIIPOTE3MPOBAHMS TA300€IPEHHOTO CYCTaBa, CONTPOBOKAAIOIIMMCSI aHKMIO3MPOBAHUEM.

OnucaHue cayuas. TlauyeHT 32 JIeT MOCTYMWI B KIVHKUKY JIJIS1 PEBU3MOHHOTO HIONPOTE3MPOBAHMS Ta306€IPEHHOrO0 Cy-
CTaBa C AMarHo30M «3aCTapesblil BBIBUX OJIOBKM 3HJOIIPOTE3a IIPABOro Ta300epeHHOr0 CYCTaBa, reTepoTOIMYecKast oc-
cuduKaus» CIycTs 3 rofa mnocie BoIBMXa. Bo BpeMs omepauuu GbUIM CIOKHOCTM C BbIIEIEHUEM CeIaMUITHOTO HEPBA, a
TaKKe CTPYKTyp SHAomnpoTesa. Hamu 6blay yoaneHsl Bce occuduKaThl, KOTOPbIe MPEMsSTCTBOBAIM BbIBUXY SHIOMPOTE3a.
V nanyenTa Ha6/0AaIach HeBpONaTHS CeAAINIIHOTO HepBa CIIpaBa C MopakeHueM Mano6epIioBoro 1 60sblie6eprioBoro
HepBOB Ha (oHe oTeka. [TauyeHT 6bUT BbIMIMCAH Ha 21-71 NeHb. [IpeacTaBieHHbI KIMHUYECKUI CTydailt MHTepeceH TeM, YTO
y nauyenTta peryaus 'O MOT GbITh 0GYCIOBIEH KOMOMHALIMEN Pa3IMUHbIX (aKTOPOB pucka. C yIeToM TOro, 4YTO TpaBMa
6bL1a oyveHa B pedynbraTe [ITII 1 y mauyueHTa MMeJcs ITepesioM KOCTel KOHTpalaTepaabHO rOJIeHU, Helb3s UCKIIOUUTh
3 dexT MecTHOI TpaBMbI Ta300eAPEHHOr0 CYCTaBa, yCyryouBIieit mpoiiecc.

3axnioueHue. JlTaHHOe KIVHUYECKOe HAGITIOIeHNe TTOTYePKIBAET BasKHOCTh MTPOMUIAKTUKY BEPOSITHBIX OCIOSKHEH I TTOC/Ie
omepanyu 1 moaaepkaHusi 06paTHOI CBSI3Y C MalMeHTaMM, 0COGEHHO OTHOCSIIMMMCS K TPYIIIe BbICOKOTO pucKa. BromHe
BEpOSITHO, UTO MPY aieKBaTHOI mpoduaakTike dopmupoBanus 'O 1 cBoeBpeMeHHOM BITpaBIeHUY BbIBMXA OMMCAHHBIX B
cTaThe Mpo6JieM IoC/Ie IEPBMYHOTO SHIOMPOTE3UPOBAHMS YIATIOCh ObI 130€KaTh.

KirioueBble cl10Ba: reTepoToNMueckast occuduKkanys, SHA0MPOTEe3MPOBAHNE, BBIBUX SHIOIPOTE3A.

Edumos I'A., YepkacoB M.A., T'onuapos M.IO., Ebumos H.H. Peliuins rerepotomnmnyeckoit occudmkanum B pesyibraTte
BbIBMXa 3HJONpOTe3a Ta300eIpeHHOT0 CyCcTaBa: KIMHUYeCKMit cirydait. Tpaemamonozus u opmonedus Poccuu.
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BACKGROUND

Heterotopic ossification (HO) is defined as the
formation of mature lamellar bone in soft tissues,
usually between the muscles and the joint cap-
sule [1]. Neurogenic HO occurs following trauma
to the brain and/or spinal cord. Specifically, af-
ter a craniocerebral injury, the appearance of foci
of ectopic bone formation in areas around large
joints is recorded in 10-23% of cases and in 40—
50% of cases after spinal cord injury. This path-
ological condition is detected in men 2.5 times
more often than in women [2]. HO in the area of
the hip joint can result from damage to the nerv-
ous system and local trauma [3, 4].

From 1980 to 1990, the incidence of HO
reached 80%. Studies have reported the need for
prophylactic treatment in the postoperative pe-
riod with nonsteroidal anti-inflammatory drugs
(NSAIDs) [5, 6].

The anatomical and morphological classifica-
tion of HO, proposed by Brooker et al. [7], is the
most popular in the world:

Class 1 implies islets of bone in the soft tis-
sues around the thigh.

Class 2 implies bone spurs originating from
the pelvis or proximal femur, with at least 1 cm
between opposite surfaces of the bones.

Class 3 implies bone spurs originating from
the pelvis or proximal femur, reducing the dis-
tance between opposite surfaces of the bone to
less than 1 cm.

Class 4 implies obvious ankylosis of the hip
bones.

The case described herein belongs to class 4
according to this classification.

This study aimed to demonstrate a rare clini-
cal case of a patient with recurrent HO following

complex primary hip arthroplasty, accompanied
by ankylosis.

Case report

A 32-year-old man (weight, 76 kg; height, 176
cm; BMI, 24) was admitted to the clinic in March
2021 for a scheduled surgical treatment and com-
plaints of recurrent pain in the right hip joint,
lameness, and severely limited joint range of
motion.

The anamnesis revealed that in 2008, the pa-
tient sustained multiple injuries during a traffic
accident, namely, an open fracture of both bones
of the left lower leg and an open craniocerebral
injury. At the primary healthcare facility, cranial
trepanation, primary surgical treatment of the
left leg wound, plaster casting of the fracture
were performed. The patient was in a coma for
1 month. After regaining consciousness, the pa-
tient demonstrated limited mobility in the right
hip joint and a general decrease in sensitivity ac-
cording to the hemitype in the right half of the
body. Within 10 years, the pain syndrome and
limited range of motion in the right hip joint pro-
gressed. Figure la presents a radiograph of the
right hip joint, performed in 2018, in a state of
ankylosis in presence of HO.

In August 2018, the patient underwent to-
tal right hip arthroplasty (Zimmer Trilogy IT/
CLS-Spotorno), with a sliding pairing of metal-
crosslink polyethylene, head 36/-3 mm) (Fig. 1b).

The patient was discharged from the clinic
without complications, but within 10 days after
the intervention, when sitting down on a bench,
he noted a painful displacement in the joint area,
which led to the impaired support ability of the
extremity. The patient did not seek medical help
and continued to walk with elbow crutches. Later,
in a scheduled follow-up, he visited a traumatol-
ogist-orthopedist at the primary healthcare fa-
cility where a long-standing dislocation of the
endoprosthesis head was detected, and revision
arthroplasty was recommended.

Fig. 1. X-rays of the right hip joint: a — before the
first total hip arthroplasty; b — after surgery
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In March 2021, the patient was admitted to the
clinic of the Vreden Center of Traumatology and
Orthopedics. Upon admission, the patient walked
using a one-elbow crutch and had severe lameness
on the right lower limb. Movements in the right
hip joint were minimal (reciprocating) and pain-
less; the right hip was in a fixed external rotation
of approximately 35°. The relative shortening of
the right lower limb was 2.5 cm, and the axial load
was not painful. The right hip function scored 27
of 48 points according to the Oxford Hip Score
(OHS). The patient also noted a gradual decrease
in the sensitivity of the skin of the right lower limb
in comparison with the opposite side during the
last 6 months. Before the surgery, a neurologist in
the hospital diagnosed the patient with post-trau-
matic encephalopathy, which was a consequence
of a polytrauma from 2008, craniotomy without
convulsive readiness, right-sided moderate hemi-
paresis, and more severe states of the lower limb.
The patient’s expectations from surgical treat-
ment corresponded to 43 points according to the
hip replacement expectation survey.

Additional clinical examination based on ra-
diographs revealed dislocation of the endopros-
thesis head with the formation of a bone bed of
heterotopic ossificates at the anterosuperior edge
of the acetabular component, and no signs of loos-
ening of the components were noted (Fig. 2).

According to computed tomography (CT), the
acetabular component orientation was 47° of the
frontal inclination and 20° of anteversion, the
femoral component anteversion was 54°, and the
combined version of the components was 101°.

After ruling out the infectious process, the
patient underwent re-endoprosthetics. During

the access, the femoral abduction apparatus was
moderately thinned, with signs of partial cicatri-
cial degeneration of the musculus gluteus me-
dius, but without significant defects. A combi-
nation of transgluteal and posterior approaches
was used to resect the heterotopic ossificates.
When performing a transgluteal approach, a
bone bed was exposed around the endoprosthesis
head located at the anterior-superior edge of the
acetabulum. The bone bed was opened to mobi-
lize the endoprosthesis head (Fig. 3 a,b). Then,
through the posterior approach, the ossificates
protruding above the posterior edge of the ace-
tabulum and in the area of the sciatic nerve were
visualized (Fig. 3c).

The sciatic nerve was also ossified. Resection
of the ossificates around the nerve, extended re-
lease of the proximal femur, and resection of het-
erotopic ossificates capable of causing bone-to-
bone or component-to-bone impingement were
performed.

After the detection of the cavity edges, the an-
ti-luxation visor of the liner was oriented posteri-
orly, despite the excessive combined anteversion
of the components. The initial plan of the surgery
included the implantation of a dual-mobility com-
ponent in a well-fixed cup using bone cement;
however, this approach was discarded due to the
excessive tension on the soft tissues, which caused
difficulties in repositioning the 36-mm provision-
al heads. After the implantation of a new Zimmer
Continuum Longevity liner into the cup-locking
mechanism with anti-luxation visor orientation
anterosuperiorly and implantation of the Zimmer
VerSys 36/+0 mm head (next size compared with
the removed head), a sufficient joint range of

Fig. 2. X-ray of the pelvis at admission: dislocation

of the endoprosthesis head the with the formation of a bone
bed of heterotopic ossifications at the anterosuperior edge
of the acetabulum component, no signs of loosening

of the endoprosthesis components
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motion was obtained before impingement. Hip
joint flexion was achieved at 60°, and the patient
retained the soft tissue component of the con-
tracture. Dislocation of the endoprosthesis after
reduction was not observed (Fig. 4). The interven-
tion duration was 4 h and 5 min, and the intraop-
erative blood loss was 700 ml.

After the surgery, the patient noted the ab-
sence of the active dorsiflexion of the right foot
and impaired sensation along the anterolateral
surface of the thigh. According to the neurolo-
gist, there was neuropathy of the sciatic nerve on
the right foot and damage to the peroneal nerve
and tibial nerve associated with edema. The pa-

Fig. 4. X-ray of the pelvis after revision surgery

Fig. 3. Stages of the surgery:

a — dissection of ossifications around the head

of the endoprosthesis;

b — removal of ossifications around the dislocated
head of the endoprosthesis;

¢ — visualization of ossifications

tient received drug therapy and physiotherapy
(myorhythm stimulation and magnetotherapy).
During the hospitalization, an improvement was
achieved in the form of paresthesias in the right
foot. The patient was verticalized on day 2 after
surgery.

The postoperative wound healed by primary
intention. The patient was discharged for out-
patient treatment on day 21 with recommenda-
tions to measure the load on the operated limb
and to use crutches for 6 weeks and then for up
to 6 months with the help of a cane. Antibiotic
prophylaxis and thromboprophylaxis were per-
formed according to local protocols. As a medical
prevention of HO, the patient received celecoxib
200 mg orally two times a day from the day of
surgery for 4 weeks.

After 5 months, the patient was interviewed
remotely. The OHS functional status of the joint
was assessed as 39 of 48 points. Over the past
period, the patient had an unexpressed improve-
ment in the state of the sciatic nerve, and active
dorsiflexion of the foot is possible to a limited
extent. The patient is generally satisfied with the
treatment; at the time of the survey, he walked
without additional support and did not experi-
ence significant difficulties in walking and taking
care of himself.
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DISCUSSION

In patients with a history of spinal cord injury,
HO usually develops distal to the injury level,
most commonly around the hip joint. HO in small
joints is rare [8]. Patients with cognitive impair-
ment, tracheostomy, pneumonia, and/or urinary
tract infections are at higher risk of HO [9].

The clinical presentation of HO in the initial
stages is nonspecific. Many HO cases are asymp-
tomatic, and patients may complain of inflamma-
tion, including pain, edema, erythema, and fever,
and limited joint range of motion, which appears
at any time, for a period of 3-12 weeks, after the
triggering event; and in the future, ankylosis of
the joint may form [10, 11].

Radiation studies, mainly radiography and
CT, are the gold standard for diagnosing HO [12].
However, their disadvantage is the inability to de-
tect calcifications earlier than 6 weeks after a trig-
gering injury [8]. Clinicians often perform standard
radiography followed by a tree-phase bone scan
to confirm the diagnosis of HO and establish the
extent and metabolic activity of this ossifying le-
sion. A three-phase bone scintigraphy is the most
sensitive method for detecting HO, and diagnos-
tics is already possible 2.5 weeks after the injury
[8, 13]. The method is also effective for monitoring
the progression of HO and determining the appro-
priate time for surgical intervention. Bone activity
during scanning usually reaches its maximum sev-
eral months after the triggering event and returns
to baseline after 12 months. Differential diagnos-
tics of HO implies ruling out of conditions such as
tumor calcification, osteosarcoma, or dystrophic
calcification [10].

Two main approaches are recommended to
the treatment of HO in the hip area: isolated re-
section of ossifications and resection in combi-
nation with arthroplasty. The choice of a method
depends on the location and size of the ossifi-
cations and extent of joint damage. Most often,
the treatment approach is determined intraop-
eratively. If possible, resection of ossificates is
performed. If the main sources of blood supply
to the femoral head are affected, total hip arthro-
plasty is performed [14].

When choosing resection, the technique dif-
fers from oncological one, as only ossificates
that cause limitation of mobility and compres-
sion of blood vessels or nerves should be re-

moved. Exhaustive resection may increase the
risk of recurrence and injury rate of the surgery.
Arthroplasty is highly effective; however, even
for experienced surgeons, these patients require
experience, knowledge of the pathology charac-
teristics, possibilities of additional diagnostics
and technical support for surgeries, and an indi-
vidualized program of rehabilitation and relapse
prevention.

The presented clinical case is interesting in
that the HO recurrence could be due to a combi-
nation of various risk factors. Moreover, consid-
ering the injury was sustained following a road
traffic incident and the patient had a fracture of
the contralateral tibia, the effect of a local injury
of the hip joint, which aggravated the process,
cannot be excluded. Total hip arthroplasty per-
formed on the patient in 2018 was also associated
with a high risk of HO recurrence. The incidence
of HO after hip arthroplasty according to the lit-
erature is 30% [3]. However, circumstances such
as joint ankylosis and history of HO are consid-
ered high risk factors for the formation of ossifi-
cates [18]. In addition, in the early postoperative
period, the patient had a dislocation of the endo-
prosthesis head, which in itself is a significant in-
jury and is accompanied by hematoma formation.
Finally, according to the patient, no HO prophy-
laxis was performed at that moment, despite the
high risk of its formation. On the contrary, the
formation of a supporting bone bed around the
endoprosthesis head allowed the patient to walk
with a load on the operated limb in the presence
of dislocation. As for the development of the en-
doprosthesis head dislocation, the patient also
belonged to the high risk group because of nerv-
ous system pathology.

Notably, primary arthroplasty was performed
for the hip joint ankylosis that existed for 10
years. In this situation, the risk of joint instabil-
ity increases due to inadequate tension of the
soft tissues and dysfunction of the abductor ap-
paratus of the thigh, which is the main soft tissue
stabilizer [15].

To prevent dislocations during primary ar-
throplasty, two of the available options for me-
chanical stabilization were used, namely, a large-
diameter sliding pair (36 mm) and an insert with
an anti-luxation roller. However, the posterior
orientation of the anti-luxation ridge, despite
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the achieved excessive combined anteversion of
the components (i.e., in the zone of potential im-
pingement of the neck-liner), indicates technical
difficulties in arthroplasty, specifically a disori-
entation of the acetabular component in pres-
ence of HO along the acetabulum perimeter. At
the time of re-endoprosthetics, the priority tasks
were the prevention of HO recurrence and relapse
of instability. Initially, we did not aim to remove
all ossificates; however, to achieve joint mobility,
almost everything had to be excised.

For HO prevention, localized radiation
therapy is generally used [11], as well as drug
therapy using corticosteroids (prednisone and
dexamethasone) and NSAIDs (aspirin, indometh-
acin, a specific COX-2 inhibitor, and celecoxib).
Bisphosphonates are often the drug of choice in
the later stages of HO, when dense bone forma-
tion has already started [16]. In this case, celecox-
ib was prescribed to the patient, as it has similar
efficacy to indomethacin with less side effects
during the long-term intake [17]. Further, in the
hospital stage, joint punctures were repeatedly
performed to evacuate the hematoma.

Regarding joint stability, re-arthroplasty for
dislocations is associated with a high risk of re-
currence if the components, particularly the ac-
etabular component, are preserved [18]. In the
presented case, an attempt to revise the acetabu-
lar or femoral component would be associated
with a greater injury rate of the intervention,
which would aggravate the risk of HO recurrence
and introduce additional risks of loosening the
newly installed components. The installation of a
dual-mobility cup using the cement technique in
a well-fixed acetabular component is described
as an effective technique that not only prevents
dislocation due to the diameter of the sliding pair
but also changes partially the mutual arrange-
ment of the components [19, 20]. However, in the
present case, tissue tension after bringing the
hip down did not allow the reduction of a large-
diameter system, and additional releases would
be associated with the risk of detachment of key
structures and the formation of an even larger
cavity filled with hematoma. On the contrary,
the limitation of the joint range of motion due
to the soft tissue component of the contracture
prevented the patient from performing danger-
ous movements until the formation of a dense
pseudocapsule, which could lead to dislocation.

CONCLUSIONS

This clinical case emphasizes the importance of
preventing possible complications of surgery and
maintaining feedback with patients, especially
those in the high risk group. Adequate preven-
tion of HO formation and timely reduction of
the dislocation could avoid the aforementioned
problems after primary arthroplasty.
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Successful Prosthetics for Traumatic Femoral Vascular Injury:
A Case Report
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Background. Injury to the main vessels is often accompanied by life-threatening bleeding, permanent disability or death.
In the modern literature, only isolated cases of reconstructive surgery for major vein injury are described, their long-term
results are insufficiently studied, there is little information about the introduction of telemedicine technologies into the
practice of emergency angiosurgical care.

The aim of the study is to demonstrate the immediate and long-term results of the joint work of trauma surgeons and
angiosurgeons in helping a patient with injury to the main femoral vessels.

Case presentation. The results of treatment of the patient with the diagnosis: laceration of the upper third of the right
thigh with rupture of the common femoral vein and superficial femoral artery and the development of threatening ischemia
of the right lower limb; severe blood loss; hemorrhagic shock IV; severity of injury: VPH SP 33; MESS 7. Treatment of the
patient took place in several stages. At the first of them, hemostasis was performed, the hemorrhagic shock was resolved.
Further, the patient was consulted by an angiosurgeon through telecommunication technologies, after which it was decided
to include an angiosurgeon in the surgical team. The prosthetics of femoral vessels was performed: the main venous and
arterial blood flow was restored in the affected limb. The patient was discharged in a satisfactory condition with no signs of
thrombosis.

Conclusions. Compliance with consistent actions in helping a patient with a vascular injury prevents the development of a
«deadly triad» and a fatal outcome. The use of telemedicine consultations provides the angiosurgeon with the opportunity to
remotely assess the clinical picture, the severity of the injury, discuss the sequence and volume of necessary medical care at
the place of primary hospitalization. Performing reconstructive surgeries using various types of grafts allows you to restore
the main blood flow through damaged vessels with good immediate and long-term results.
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YcnewHoe npotesupoBaHue Npu TpaBMaTUYECKOM MOBPEXAEHUN
6eapeHHbIX COCYAOB: KNIMHUYECKUNA CyYaid

C.A. Yepusgpen', A.I0. Jlemuuckas 2, B.C. Boueros?

I ®IBOY BO «Ypansckuii 2ocydapcmeeHHbili MeQuyuHcKuii yHusepcumem» Munzdpasa Poccuu,
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AxkmyansHocme. TIoBpeskaeHe MarucTpaabHbIX COCYI0B HEPeKO COITPOBOXKAAETCS KM3HEYTPOXKAIOUMM KPOBOTeUeHMEM,
CTOJIKO} yTPaTOii TPYAOCIIOCOOHOCTH WJIM JIETAJIbHBIM MCXOIOM. B COBpeMeHHOII IMTepaType OMMCAaHbI JUIIb eAVHUYHbIE
CJy4ay peKOHCTPYKTUBHBIX BMeIIaTebCTB IPY TPaBMe MarucTpaabHbIX BeH, HeOCTaTOUHO U3yUeHbl UX OTHaJeHHbIe pe-
3y/IbTaThl, MaJIO MHPOpPMAIMK O BHEAPEHUM TeIEeMEOULIVTHCKUX TEXHOJIOTHUI B MPAKTUKY HEOTIIOXKHOV aHTMOXUPYprude-
CKOJ1 TIOMOILIN.

Onucatue cnyuas. IIpefcTaBieHbl pe3yabTaThl OKa3aHUs aHTMOXMUPYPTrUUECKOi ITOMOIM TOCTPafaBIIeMy C IMarHo30M:
pBaHas paHa BepxHeii TpeTy IpaBoro 6eapa ¢ pa3pbiBOM 0011eii 6eIpeHHO BEHbI ¥ [TOBEPXHOCTHOV OeIpeHHO apTepuy,
pasBuUTHe yrpoxkalolieii UilleMuUy IPaBoii HYDKHEe KOHEUHOCTH; KPOBOIIOTEPS TSIKeIOi CTeleHN; TeMopparnyeckuii Mok
IV crenenu. Tsxkectsb TpaBmbl: BIIX CIT 33; MESS 7. Oka3aHue MOMOIIM MTOCTpafaBiieMy MPOXOAMI0 B HECKOIbKO 3TAIl0B.
Ha repBom 3Tarie 6bu1a BBITTOJIHEHA OCTAHOBKA KPOBOTEUEHMS, MAI[MEHT BbIBEJEH M3 reMOPParmyeckoro moka. 3arem 6oi1a
MpOBeleHa TeJIeMeANIIMHCKAs KOHCY/IbTAIVsI, TIOC/Ie Yero ObIJIO IPUHSTO PEllleH)e O BKITIOUEHUY B Opuragy aHrMoxXupypra.
Bbuta BBINOJTHEHA PEKOHCTPYKTMBHASI OINepalusl — MpoTe3MpoBaHye 6eqpeHHbIX COCYI0B. B mocTpagaBileii KOHEYHOCTU
BOCCTaHOBJIEH MaruCTPaIbHbI/ BEHO3HBIN M apTepUaIbHbIi KPOBOTOK. [TallMeHT B yIOBIETBOPUTEILHOM COCTOSTHUM GbLT
BbIMVCAH 6€3 MpU3HAKOB TpoM6O03a.

3axntouenue. CobnomeHMe MOC/IeNOBATENbHbBIX IeMCTBUI MPY OKA3aHUM IMOMOIIM IMaIMeHTy C TPAaBMOW COCYIOB I10-
3BOJISIET He HONMYCTUTh Pa3BUTHE «CMEPTEJNbHOI Tpuagbl» M (QaTaJbHOTO ¥Mcxoma. IIpuMeHeHMe TeleMeqUIIMHCKAX
KOHCYJIbTAlLUI MPeNOoCTaB/sIeT aHTMOXUPYPTy BO3MOXKHOCTb AUCTAHIIMOHHO OLIEHUTh KIMHUYECKYI0 KapTUHY, TSIXKEeCTb
MMOBPEXIEHMS, 06CYIUTH TIOCAEA0BATENBHOCTh M 00beM HEOOXOAMMO MEAUIIMHCKOM ITIOMOIIY IO MECTY ITEPBUYHOI ro-
cnuTanu3anum. BelllonHeHMe peKOHCTPYKTUBHBIX OTlepalinii ¢ MCIIOIb30BaHMEM Pa3aMUHbIX BU0B TPaHCIIAHTATOB MO-
3BOJISIET BOCCTAHOBUTH MaruCTPaIbHbIN KPOBOTOK IO ITOBPEKAEHHBIM COCYAAM C XOPOIIMMMU GIVKANIINM U OTAATIEHHBIM
pesyabTaTaMum.

KiroueBsbie ciioBa: IMOBpeXaeHne CoOCyaoB, TpaBMa MarMCTpaJbHbBIX COCYyoOB, pBaHAsd paHa 6enpa, crienqain3MpoBaHHAS
IIOMOIIb, TeJIEeMeAULIMHCKME KOHCY/IbTallUN.
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BACKGROUND

According to the literature, the incidence of open
traumatic vascular injuries ranges from 2.0%
to 25.5% [1, 2, 3, 4]. According to Quan et al.,
they are caused by injuries in 95% of cases [5].
Szaniewski et al. noted an increase in the inci-
dence of damage to the main vessels due to the
impact of firearms, sharp and piercing objects,
and traffic accidents [4]. Injuries resulting from
occupational accidents are considered important
among the causes of injury. Annually, 340 million
such accidents of varying severity are recorded
worldwide, and the mortality rate is 2.3 million
people per year [6].

Damage to two or more great vessels is accom-
panied by massive bleeding, often leading to the
development of refractory hemorrhagic shock,
lethal outcomes, and amputation due to the de-
velopment of irreversible limb ischemia [5, 7, 8].

Until now, the question of the expediency of
restoring the main venous blood flow, especially
with massive severe injuries, remains unresolved.
The lateral suture of the vessel is the main type
of surgery for vein injuries in 90% of cases [8, 9].
Total damage to a vein requires a reconstructive
intervention, and the absence of the necessary
graft sometimes ends with ligation.

The modern literature describes isolated cases
of reconstructive interventions for injuries of the
major veins, their long-term results are insuf-
ficiently studied, and there is little information
on the introduction of telemedicine technologies
into the practice of emergency angiosurgical care.

Herein, we present a rare clinical case of the
formation of an autovenous conduit for prosthet-
ics of a damaged vein.

CLINICAL CASE

A 56-year-old patient was transferred to the
trauma department of the Central City Clinical
Hospital No. 24 in Yekaterinburg by an ambu-
lance team on 04/09/2020 in a terminal condition
due to stage IV hemorrhagic shock according to
the Advanced Trauma Life Support classification.
Forty minutes before admission, during the in-
stallation of a metal constructional timber, the
patient received a blow with the end of an iron
beam (weighing 30 kg) on the upper third of the
right thigh, followed by loss of consciousness. At
the pre-hospital stage, a tight pressure aseptic
bandage was applied to the patient in the wound

area, anesthesia was performed with narcotic
analgesics, and an infusion of crystalloids and
colloids was started with the administration of
direct-acting adrenomimetics (norepinephrine)
at a rate of 1 pg/kg/min. The total volume of in-
fusion therapy by the ambulance team was 1000
mL.

During the physical examination in the ad-
mission department of a trauma hospital, the
level of consciousness on the Glasgow scale was
estimated at 10 points (sopor). The skin was pale,
breathing was spontaneous, and the respiratory
rate was 28 per minute. Hemodynamic parame-
ters were unstable, with a pulse of 90-120 beats/
min and blood pressure of 40/0 mm Hg. In the
upper third of the right thigh, in the projection of
the neurovascular bundle, there was a lacerated
wound sized 30x20 mm with signs of continuing
bleeding, and the blood loss volume was 2500 mL
(Fig. 1). The right lower limb was cyanotic and
cooler than the left one. Pulsation was not de-
tected distal to the wound, and there was no con-
tracture in the ankle joint.

Fig. 1. Wound with
_ * ongoing venous
 Dbleeding

Indicators of the general blood test showed
hemoglobin of 78 g/L, erythrocytes of 2.6x1012/L,
and hematocrit of 19%. Given the severity of the
condition due to continuing bleeding, the pa-
tient was transported immediately to the oper-
ating room. The trauma team performed a revi-
sion of the femoral vessels under endotracheal
anesthesia and revealed a rupture of the vascular
bundle of the right inguinal region. Bleeding was
stopped by applying hemostatic clamps to the
proximal and distal ends of the vessels (Fig. 2).

Intensive therapy was continued with 1500 mL
of crystalloids, 705 mL of erythrocyte suspension,
and 400 mL of fresh frozen plasma. The vascu-
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lar surgeon on duty at the Territorial Center for
Disaster Medicine consulted the patient via a secure
videoconferencing channel with a further decision
on the urgent inclusion of a vascular surgeon in
the operating team. At the time of the arrival of the
vascular surgeon (1.5 h from the moment of injury),
the patient’s condition was stabilized, blood pres-
sure was 110-130/90 mm Hg with minimal doses of
vasopressor support, the HR was 80-90 bpm, and
anuria resolved. Ischemia of the right lower limb
was assessed as threatening, the skin of the right
lower limb remained pale, the foot and lower leg
were hypothermic, and the saphenous veins were
empty, but there was no contracture. Specialized
care was started for the patient. After the excision
and mobilization of the ends of the damaged ves-
sels, diastasis was determined for 5 cm between the
arterial ends and 4 cm between the venous ends.
To restore the main arterial blood flow and
to arrest acute ischemia of the injured limb, re-
placement of the superficial femoral artery was
performed first, followed by the replacement of
the common femoral vein. During the revision
of the great saphenous vein on the left thigh, its
small diameter was revealed; therefore, a blood
vessel prosthesis was used. The defect of the su-
perficial femoral artery was replaced with a pol-

Fig. 2. Revision
of the wound
and stopping the
bleeding

vein:

ytetrafluoroethylene explant with end-to-end
anastomoses. The main pulsatile blood flow was
restored at all levels of the injured limb. To form
an autovenous conduit of the common femoral
vein of a suitable diameter, two parts of the great
saphenous vein of the contralateral limb were
used, which were collected over a distance of 12
cm. Subsequently, both sections of the great sa-
phenous vein were dissected longitudinally and
then, without reversion, sutured together on a
5-mL syringe barrel (Fig. 3).

Then, the graft was hydraulically dilated, and
end-to-end anastomoses were formed with the
common femoral vein (Fig. 4).

By the end of the surgical treatment, the is-
chemia of the right lower limb regressed, without
impairments in arterial and venous hemodynam-
ics. The time of ischemia of the injured limb from
the moment of injury to the complete restoration
ofblood flow was 3.5 h. During the surgery, the to-
tal volumes of transfusion of erythrocyte suspen-
sion, fresh frozen plasma, and crystalloids were
2081 mL, 1010 mL, and 1750 mL, respectively.

In the postoperative period, in addition to
infusion therapy, compression therapy was per-
formed, therapeutic doses of anticoagulants
were used, and antibacterial prophylaxis was also
conducted.

On postoperative day 10, against the symp-
toms of infection of the postoperative wound of
the left thigh, a phlegmon occurred accompanied
by febrile hyperthermia, bright hyperemia of
the wound edges of the left inguinal region with
propagation to the womb area, and serous puru-
lent discharge. In the general blood test, leuko-
cytes reached the level of 15.0x109/L. The wound
on the right thigh remained without signs of in-
flammation. The patient was transferred from
the traumatological hospital to the department

Fig. 3. Stages of an autovenous graft formation from a great saphenous

1 — division of great saphenous vein into two fragments;
2 — dissection of two fragments of great saphenous vein along;
3 — formation of a venous conduit on a syringe cylinder

108 2022;28(2)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CASE REPORTS / CZIYYAU U3 NMPAKTUKN

of purulent surgery. The left thigh wound was
successfully drained, and a pus leak was opened
in the womb region.

Bacteriological studies of the wound discharge
revealed the growth of gram-negative flora with
Klebsiella pneumoniae and Proteus mirabilis.
Taking into account the sensitivity of microor-
ganisms, antibiotic therapy with a broad-spec-
trum drug Amoxiclav 1200 mg given three times
a day intravenously was continued.

Fig. 4. Prosthetics of the common femoral vein with
the formed autovenous conduit and the superficial
femoral artery with an explant

After another 10 days, the patient was dis-
charged in a satisfactory condition; the left thigh
wound healed with secondary intention, with-
out suturing. The right thigh wound remained
without signs of infection; according to clinical

[2D] G50 125dB FAD P90 H/

1516505 50kHz FAB F1 10 B K 00g 168 mm *

and ultrasound data, the main arterial and ve-
nous blood flow was preserved. At the outpatient
stage, a regimen of elastic limb compression and
intake of therapeutic doses of direct anticoagu-
lant rivaroxaban 20 mg once a day was recom-
mended. The patient was examined by a vascular
surgeon after 3, 6, and 12 months.

Three months after the discharge, the rivar-
oxaban dose was reduced to 10 mg/day, and af-
ter 6 months, the drug was discontinued; low
doses of acetylsalicylic acid (50 mg/day) were
prescribed. Data from repeated clinical exami-
nations and control ultrasound studies demon-
strated the preservation of the main blood flow
through the damaged vessels (Fig. 5).

No recurrences of the infectious process were
registered. The patient gained full recovery of the
ability to work.

DISCUSSION

The results of treatment of combined injuries
of arteries and veins are not often discussed in
modern literature. Thus, in PubMed, from 2016
to 2022, we found only eight publications on this
subject. The keywords used for the search were
combined injury veins, arteries; injury veins and
arteries extremities; autovenous graft, telemedicine
[8,9,10,11, 12,13, 14, 15].

The principles of care for patients with vein
and artery injuries have been developed and im-
proved over the centuries. Until the 1960s and
1970s, the main type of surgical intervention was
ligation of the vessel, especially in the case of
damage to the venous vessel. On this occasion,

[2D] G50 125dB FAQ P90 HAR FSI 1

€1 G501.00kHZFAT F1.10 [PW] G55 F1 6.00 kHz 1.00@19.35 mm 0°

Fig. 5. Ultrasound duplex scanning (control study after 12 months):
a — superficial femoral artery; b — common femoral vein
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N.I. Pirogov wrote during the Crimean War: “The
wounded after ligation of major vessels mostly
die.” The famous surgeon himself had the great-
est experience in such surgeries, performing
more than 80 of them, while 46% of patients re-
covered [16].

For a long time, such an approach was consid-
ered appropriate in military field surgery. Thus,
the frequency of ligature surgeries during World
War II reached 97.5% of cases, and the propor-
tion of amputations exceeded 40% [17, 18, 19].
Evidence also presents that not only ligation of
arteries can lead to impaired limb viability, but
also ligation of large main veins can cause the
development of ischemic venous thrombosis [1].
Vein ligation still accounts for a high proportion
of cases and reaches 57%, and the lateral suture
prevails in the range of restorative surgeries [8].

To date, arterial prosthesis techniques have
been developed and are widely used in practice.
An autovein is the optimal plastic material for
restoring the integrity of the main vessels, espe-
cially in the initial microbial contamination of
the wound at a young age. The use of the great
and small saphenous veins of the lower extremi-
ties, as well as the cephalic and main veins of the
upper extremities as an autograft, has been de-
scribed [1, 4, 7]. Vascular prostheses can be used
in the case of damage to the aorta or the absence
of an autovein of the required diameter in cases
of injury to other vessels.

Severe trauma is not a simple clinical situa-
tion, and standard solutions are often not suit-
able for it. Many factors depend on the surgeon’s
experience. The variant of the main vein replace-
ment with an autograft we presented was first
described in 1952 by Hurwitt and Kantarowitz
[20]. In 1979, Vedensky studied in detail the tech-
nical aspects of this and other techniques of re-
constructive vein surgery. The author also noted
several disadvantages, namely, the surgery dura-
tion and the need for the application a longitu-
dinal suture, explaining the rare practical use of
the described technique in injury [21].

Unfortunately, the desire to restore only the
main arterial blood flow, without taking into ac-
count the role of the venous system in limb hemo-
dynamics, does not always lead to the desired
result. Thus, cases of the development of phleg-
masia cerulea during ligation of the main veins
were described. Al-Ganadi pointed out the im-
portant role of the restoration of major damaged

venous trunks of the extremities in trauma. The
author performed such interventions in 77% of
cases with combined damage to veins and arter-
ies, reaching a frequency of limb amputations of
no more than 5% [1]. The time of limb ischemia
is also significant in the restoration of the main
arterial blood flow; a period of 6-8 h from the mo-
ment of injury is considered critical, while no data
in the literature provide the acceptable period for
the restoration of venous vessels [7, 8, 22, 23]. In
our patient, the time from the moment of injury to
the restoration of arterial and venous blood flow
was 3.5 h. The absence of venous thromboembolic
complications during the intake of therapeutic
doses of anticoagulants helped avoid post-throm-
botic disease in the future.

Continuing bleeding and unstable hemody-
namics are indicative of damage to the main ves-
sel and significant blood loss, which can lead to
the deadly triad [7].

The current principles of injury surgery are
formulated in the concept of “damage control,”
which is the control of bleeding, intensive thera-
py of life-threatening conditions, normalization
and stabilization of the physiological parameters
of the patient, and provision of specialized sur-
gical intervention. In the case of vessel injury,
this concept can be implemented, including us-
ing temporary prosthetics for the main vessels
[7, 24, 25].

In the clinical case presented, a set of meas-
ures aimed at arresting the hemorrhage and
quick resolving of hemorrhagic shock enabled
the prevention of a lethal outcome. Soft vascu-
lar clamps were used during the surgical treat-
ment of the wound. Temporary shunts were not
used in this case because of the possibility of
performing reconstructive surgery in a trauma
hospital. Feliciano noted that with the correct
provision of primary care, timely hospitalization
of the patient in a specialized trauma hospital,
and performing all the possibilities of contempo-
rary surgery, anesthesiology, and intensive care,
the number of amputations for vascular injury in
peacetime does not exceed 7.8% [19].

Diagnostics of vascular injury is based on the
patient’s complaints, anamnesis data, physical
examination, and various instrumental research
methods. Computed angiography is recognized
as the gold standard for examining an individual
with wounds [7, 22, 23]. In the terminal state of
the patient, every second counts, the level, lo-
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cation, and nature of the damage should be as-
sessed intraoperatively.

In the Sverdlovsk Region, vascular surgeons
from the Territorial Center for Disaster Medicine
are involved in assisting patients in trauma hos-
pitals in the case of damage to the main vessels.
In the period from 2015 to 2020, in cooperation
with traumatologists, 240 surgical interventions
were performed in patients with main vessel in-
juries. Since 2020, remote consultations using
telemedicine technologies have been introduced
into the practical activities of the angiosurgical
service. The use of imaging techniques in emer-
gencies enables the collection of the most com-
plete amount of information, assessment of the
real condition of the patient, discussion of the
technical capabilities of the medical institution,
and decision on the need and timing of high-tech
intervention. The evolvement of videoconferenc-
ing allows for initial consultations, postoperative
examinations, case follow-up, and advising of
the operating team by highly specialized doctors.
Telemedicine consultations are widely used in
abdominal and endocrine surgery, traumatology,
and urological practice [26]. However, the availa-
ble literature provides no information on the use
of telemedicine consultations in the treatment of
patients with great vessel injuries.

Any purulent complication is naturally a
cause for concern for doctors due to the risk of
thrombosis, arrosive bleeding, and generaliza-
tion of the infectious process. Mortality in the
event of the development of such complications
can reach 60% [25]. The developed suppuration
of the postoperative wound of the left thigh after
the autovenous graft sampling was diagnosed on
day 10. The focus was drained, and the patient
was treated with a broad-spectrum antibacte-
rial drug, taking into account the microflora
sensitivity.

The clinical case presented once again dem-
onstrates that quality medical care for a patient
with main vessel injury is important at every stage
of treatment, namely, at the injury site, stage of
transportation, and hospital stage. Adequate pri-
mary surgical treatment of the wound; activities
of the competent anesthetic team; use of stand-
ard and nonstandard methods of prosthetics of
the main vessels; prevention, timely diagnostics,
and treatment of complications; and the pa-
tient’s adherence to the treatment prescribed en-

able not only to save lives but also achieve good
long-term results and restore working capacity
after severe damage to the main vessels.

CONCLUSIONS

Awareness of the clinical presentation in the case
of damage to the main vessels and adequate as-
sessment of the severity of the patient’s condi-
tion allow for the selection of the most appropri-
ate surgical approach within the contemporary
scientific ideas about vascular injuries. Thanks to
real-time telemedicine consultations, it is pos-
sible to obtain the most complete information
about the patient, coordinate the management
of the patient before the arrival of the vascular
surgeon, and make a consensus decision on the
required amount of surgical treatment at this
stage. A multidisciplinary approach to providing
care to patients with injuries of the great ves-
sels contributes to the use of a wider range of
reconstructive interventions. When the general
condition of the patient is stabilized, the use of
nonstandard methods for the formation of an au-
tovenous conduit can be considered an alterna-
tive to ligature interventions.
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One of the significant problems of surgical treatment of Dupuytren’s contracture is skin deficiency after
subtotal aponeurectomy. There are many options for skin grafting after subtotal aponeurectomy. However,
there is no consensus on surgical approach to an altered palmar aponeurosis and on the choice of method for
replacing soft tissue defects, taking into account the severity of the disease and the number of rays involved
in the pathological process. The aim of the study was a comparative analysis of skin plasty methods after
subtotal aponeurectomy in patients with Dupuytren’s contracture stages III-IV. The review analyzes various
treatment tactics, including preliminary distraction elimination of contracture in the external fixation
devices followed by aponeurectomy, as well as various methods of skin plasty methods formed after excision
of altered areas of palmar aponeurosis and elimination of contracture. In the early stages of the disease, Z-
and V-Y plasty are sufficient. In patients with severe degree of the disease, more complex techniques have
to be used due to large skin defects that cannot be covered with local tissues. Each of the proposed methods
of surgical treatment has its advantages and disadvantages. An analysis of the literature has shown that the
most common method of soft tissue plasty after aponeurectomy is Z-plasty. However, as the severity of the
disease increases, its effectiveness decreases. To date, there is no consensus regarding surgical approach to an
altered palmar aponeurosis and the choice of technique for soft tissue plasty in the Dupuytren’s contracture
stages III-1V.
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BocnonHeHune peduumta KOXKHOro NOKpoBa nocse Cy6roTaNibHOM
AnoOHEeBP3KTOMUU NPU KOHTpaKType [LoniouTpeHa TSHKeNoM CTeNeHu:
0630p nuTEpaTypbl

X.K. Unpucos!, JI.A. PomomaHoBa 12

L @I'BY «HayuoHanbHuili MeOQUUUHCKUL UCC1ed08amensckuli yeHmp mpasmamosnozuu u opmoneduu
um. P.P. Bpedena» Mun3sdpasa Poccuu, 2. Cankm-ITemep6ype, Poccus

2 @BI'OY BO «Ilepsbiti Cankm-Ilemepbypzckuti 20cy0apcmeeHHbili MeOUUUHCKULL yHUsepcumem
um. HLIT. ITasnosa» Muwn3dpasa Poccuu, 2. Cankm-ITemep6ype, Poccus

OpHOIt M3 CYIIECTBEHHBIX MPOOJEM XUPYPTUUECKOTO JieyeHMs] KOHTPAKTypbl [[IOMIONTpeHa SBIISIET-
csl meuIMT KOXHOTO TIOKpOBAa TMpM VIIMBAHMM paHbl IOCAe CYOTOTaabHOI amoHeBpaKToMuu. Cylie-
CTBYeT MHOXECTBO BapMaHTOB IUIACTUKM KOXM, OJHAKO HET eAVMHOr0 MHEHMSI O AOCTylle K M3MeHEeH-
HOMY JIaJIJOHHOMY arlOHEBPO3y M O BbIOOpe criocoba 3aMelneHus] NedeKTOB MSITKMX TKaHel C Y4eToM
TSDKECTY 3a00/IeBaHMSI M KOJMMUYECTBA JIydelf, BOBJEUeHHBIX B IATOMOTMUeCKMit mporecc. Llenpio o630pa sB-
JIIeTCSI CPAaBHUTENIbHBIN aHAIM3 METOMAOB IJIACTMYECKOTO BOCIIOMHEHMS Me@UIUTa KOXKM IOocIe CyOTOTab-
HOJVi altOHEeBPIKTOMMUM Y TainyeHToB ¢ III-IV cTerenbio 3aboseBanus. B 0630pe aHAIM3UPYIOTCST pasaMUHbIe
TaKTUKM JieueHusl, BKJIYas IpeJBapuUTe/bHOE OMCTPAaKLMOHHOE YCTpaHeHMe KOHTPaKTypbl B ammapare
BHeIIHel duKcanmuy ¢ MOCaeayIolleil alloHeBPIKTOMMEN, a TaKKe pasauyHble CIIOCOObI MIACTUYECKOro 3a-
MellleHusT TeGeKTOB KOKM, 06pa3yIoNIMXCs TIOC/Ie MCCeUeHNST U3MEHEHHBIX YYaCTKOB JTafOHHOTO alloHeBPO3a
M yCTpaHeHMs] KOHTPaKTypbl. Ha paHHUX cTamusx 3abojeBaHMSI JOCTATOUYHO Z- U V-Y-TlacTuku. Y MaiueH-
TOB C TSDKEJION CTeIeHbI0 3a00/1eBaHMS MPUXOOUTCS UCIIONb30BaTh 60jIee CJIOKHbIE METOAVKM U3-3a GOJbIINX
IedeKToB KOXM, KOTOpPble HEBO3MOKHO YKPBITh MECTHBIMM TKaHSIMM. Kaskablii U3 mpeajaraeMbIX CIIOCOO0B
XUPYPrUUYECKOro JeueHusI MMeeT CBOM MPeMMYIecTBa M HeA0CTaTKU. AHAIM3 TUTePaTyphl MOKa3asl, YTO CaMoit
pacIIpoCTpaHeHHO! MeTOAMKONM BOCIIOMHEHMS AedUIMTa MITKMUX TKAHEe) TOoc/ie allOHEBPIKTOMUM SIBJISIETCS
Z-mmactuka. OmHAKO 0 Mepe YBeIMUueHUsI CTEeTIeHY TsKecTy 3aboeBanust ee 9¢GGeKTUBHOCTb CHIKAETCS.

KiroueBbie cjioBa: JaJoHHbBI GU6pOMaTos, KOHTpaKkTypa [lomontpena, 601e3Hb JII0MOUTPEeHa, TIaCTUKa
KOXM, Cy6TOTaIbHASK allOHEBPIKTOMMSI.
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BACKGROUND

The treatment of Dupuytren’s contracture stages
III-1V is a difficult task for specialists, since after
aponeurectomy and elimination of the contrac-
ture of the joints of the fingers, significant skin
defects are formed that require plastic replace-
ment [1]. There are many options for skin plastic
surgery after subtotal aponeurectomy. However,
there is no consensus on the access to the altered
palmar aponeurosis and the choice of a method
for replacing soft tissue defects, taking into ac-
count the disease severity and the number of rays
involved in the pathological process [2].

According to international and Russian ex-
perts, subtotal aponeurectomy is the gold stand-
ard for the treatment of Dupuytren’s contracture
[3, 4]. Despite this, in recent decades, more and
more articles have focused on minimally invasive
treatment methods (needle aponeurotomy and
enzymatic aponeurotomy) [5, 6]. First of all, this
is due to a large number of early and late post-
operative complications that range from 3.6% to
46.0% and the complexity of the plastic stage of
the surgery for large skin defects [7, 8, 9]. Despite
the low number (1-2%) of complications of mini-
mally invasive methods of treatment, the recur-
rence rate with their use is 80-90% during the
first 3 years after manipulation, while the recur-
rence rate with subtotal aponeurectomy reaches
34% (5,6, 7,8, 9].

Taking into account the contracture dura-
tion with a pronounced disease stage, which can
reach 10-15 years from the appearance of the
first signs until the patient seeks help, the skin
on the palmar surface of the hand shrinks inevi-
tably, which determines the need to compensate
for its deficiency after the contracture is elimi-
nated. When planning the surgical intervention,
the surgeon must consider the solution of sev-
eral questions, namely, 1) which access to choose,
2) how to avoid skin necrosis during its detach-
ment, and 3) how to replace the skin defect formed?

To date, there is no consensus among special-
ists on the method of replacing defects in the
skin of the hand after aponeurectomy in stages
[II-1V of the disease. This review aimed to con-
duct a comparative analysis of various methods
of plastic replacement of skin deficiency after
subtotal aponeurectomy in patients with stages
[TI-1V of the disease.

EPIDEMIOLOGY AND SOCIAL
SIGNIFICANCE

To date, the prevalence of Dupuytren’s disease
varies greatly. Its incidence data varied in different
countries [10]. According to the UK hand surgery
centers, the prevalence of Dupuytren’s contrac-
ture is 32.5 per 100.000 populations per year [11],
it is 20% of all hand diseases in Germany, 11.8%
in Russia, 8.8% in France, and only 2-3% in the
USA [12]. The highest prevalence of this pathol-
ogy is registered in Scandinavia, where it reaches
46% in people aged >60 years [13], and the lowest
incidence was revealed among people of African
and Asian origins [13, 14, 15, 16, 17]. Such a wide
range of values depends mainly on the ethnicity,
sex, and age of the patients. In the vast majority of
cases (92-96%), middle- and old-age men are af-
fected by palmar fibromatosis [18, 19].

In 67% of patients engaged in manual labor,
the rapid progressive course of this disease leads
to severe impairment of professional activity and,
in 3% of cases, to a sustained disability, which
is not only a medical but also a socioeconomic
problem [20, 21].

In addition to the most common form of
Dupuytren’s contracture, many experts distin-
guish a special type of this pathology, known
as fibrous diathesis, or Dupuytren’s diathesis.
This disease is characterized by a more aggres-
sive course, manifests itself at a young age, af-
fects several fingers and the radial side of the
hand, and occurs bilaterally. It is characterized
by the presence of nodules on the dorsal surface
of the interphalangeal joints (often proximal in-
terphalangeal joints, PIP), the so-called Garrod
pads; positive family history (the presence of
this disease in close relatives, such as the father,
mother, etc.); combination with Peyronie’s and
Ledderhose’s diseases; and tendency to recur-
rence and progression [22, 23].

CLASSIFICATIONS

The main criteria for the classification of palmar
fibromatosis are the localization of the patho-
logical process on the hand and the severity of
flexion contracture of the metacarpophalangeal
and interphalangeal joints of the fingers involved
in the pathological process [24].
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In 1993, Volkova proposed her classification of
Dupuytren’s contracture according to the follow-
ing parameters:

1. By prevalence

- finger shape, which is characterized by flex-
ion contracture of the PIP and extensor contrac-
ture in the distal interphalangeal joint (DIP);

- palmar form, which is characterized by flex-
ion contracture of the metacarpophalangeal joint
(MCP);

- a mixed form (palmar-finger), when changes
are registered on both the palm and fingers.

2. According to the flexion contracture stage,
where stage I corresponds to 0-70°; stage II,
71-139°; and stage III, >140°.

3. According to the clinical course (primary
form, secondary (relapse) form, mixed (relapse
and progression) form) [25].

However, the classification proposed by
Tubiana is more often used as the most accept-
able and convenient [26]. In this classification,
five disease stages are distinguished:

— Stage 0: presence of clinical signs of the dis-
ease in the form of nodules in the palm without
contracture of the fingers.

— Stage I: total flexion contracture of the fin-
gers of 0—45°.

— Stage II: total flexion contracture of the fin-
gers of 45-90°.

— Stage III: total flexion contracture of the fin-
gers of 90-135°.

— Stage IV: total flexion contracture of fingers
of >135° [26, 27].

Both classifications are similar and take into
account only the total contracture of the joints
of the fingers, whereas neither of them takes into
account the number of rays involved, which also
determines the disease severity.

Zhigalo et al. proposed a classification of
Dupuytren’s contracture, which takes into ac-
count all the aspects of this disease, i.e., stage,
shape, and number of affected rays [28]. The au-
thors divided the classification into the following
parameters:

1) According to the localization of the patho-
logical process: right hand, left hand, and both
hands.

2) By damage to the rays of the palmar aponeu-
rosis: rays 1, 2, 3,4, and ray 5.

3) According to the finger joints involved
in the contracture: MCP as palmar form (pal-

ma); PIP or DIP as dactylar form (digitus);
MCP+PIP or DIP as palmar-dactylar form (PD);
MCP+PIP+ DIP as total form (total).

4) According to the contracture severity, where
0 corresponds to nodules/strands on the palm,;
01, restriction of overextension; stage I, 0-45°;
stage II, 45-90°; stage III, 90-135°; and stage IV,
135-180°.

To explain this classification, the authors cit-
ed a clinical example with a standard formula-
tion of the diagnosis and coding according to the
proposed option, namely, stage III Dupuytren’s
contracture of the left hand with a predominant
lesion of ray 5 and palmar-dactylar form of stage
III Dupuytren’s contracture of the left hand (L5C-
PD-III). According to the authors, the use of the
proposed coding for the diagnosis of Dupuytren’s
contracture saves time when filling out medical
documentation and makes the diagnosis under-
standable in any language, which simplifies the
communication between specialists from differ-
ent countries [28]. However, this classification has
not yet been widely used.

TREATMENT OF DUPUYTREN’S
CONTRACTURE

The treatment of extremely severe Dupuytren’s
contracture is a difficult task. Various approach-
es for the treatment of this category have been
proposed. In general, all treatment options for
Dupuytren’s contracture can be divided into sur-
gical (open) interventions, minimally invasive
(closed) techniques, and conservative methods.
However, since our review focused on methods of
replacing skin defects after aponeurectomy, we
analyzed only surgical techniques. In the range
of the surgical methods for the treatment of
Dupuytren’s contracture, there are radical (total),
segmental, and subtotal (partial) aponeurectomy
[7,29].

Radical aponeurectomy is the only method that
has only historical significance. This method
was used in the 1950s-1960s. The essence of the
method consisted of the complete removal of the
entire palmar aponeurosis (normal and altered)
on the hand and fingers to prevent disease recur-
rence and progression. However, this surgery has
not become widely used because of its compli-
cations, such as postoperative hematoma, pro-
longed wound healing, complex regional pain
syndrome, which prolonged the rehabilitation.
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With segmental aponeurectomy, a small frag-
ment (up to 1 cm) of the altered tissue is excised
through a C-shaped or linear skin incision along
the pathological strand. This enables the forma-
tion of a defect between the strand ends, which
excludes the possibility of their fusion and sub-
sequent contraction. This technique is indicated
for stage I-1I Dupuytren’s contracture with a pre-
dominant lesion of the MCP, which eliminates
the need for skin plastic surgery after aponeurec-
tomy. Moreover, contracture can be eliminated
with minimal postoperative risks with a short
recovery period [30].

Subtotal aponeurectomy is currently the most
common surgical treatment for Dupuytren’s con-
tracture. Access to the altered areas of the apo-
neurosis is performed through skin incisions of
various shapes and lengths [3, 4, 6]. In most cases,
specialists strive to suture the wounds primar-
ily, but in the presence of skin deficiency, some
authors leave separate areas of wounds open for
secondary healing [31, 32, 33], particularly when
performing aponeurectomy using McCash’s
method proposed in 1964 [34]. The authors who
prefer this approach note decreased complica-
tions associated with postoperative hematoma
and wound infection. However, these patients
require long-term follow-up and frequent dress-
ings; in addition, the rehabilitation process is
prolonged due to the long-lasting healing of
wounds on the hand [35].

The incidence of complications after subtotal
aponeurectomy ranges from 6% to 46% (dam-
age to nerves, arteries, infectious complications,
postoperative hematoma, complex regional pain
syndrome, etc.) [36]. One of the causes of the com-
plications, in addition to age and comorbidities,
is seeking medical help by patients at a late dis-
ease stage, when there is a significant limitation
of hand function [37]. In their study, Bulstrode et
al. showed a direct correlation between the num-
ber of complications and disease stage, with the
largest number of them in patients with stages
11-1V [38].

Given all of the above, specialists should solve
the following problems:

1) Skin deficiency that occurs after the elimi-
nation of severe contracture.

2) Correction of PIP contracture caused by
secondary changes in para-articular tissues.

3) Prevention of postoperative complications.

Taking into account the problems that arise
during subtotal aponeurectomy with a pro-
nounced stage of the disease, two options for
solving these problems are described:

1) Distraction method for eliminating con-
tracture followed by aponeurectomy.

2) Simultaneous elimination of the contrac-
ture of the joints of the fingers, followed by the
replacement of the skin defects of the hand.

Staged treatment of severe Dupuytren’s
contracture (stages I1I-1V)

The two-stage technique is based on the elimi-
nation of the contracture of the finger joints by
the distraction method in the external fixation
apparatus. Gradual distraction reduces the stage
of contracture by stretching the skin and para-
articular structures. The next stage is an aponeu-
rectomy. Numerous options for external fixation
apparatus have been proposed; this approach
helps avoid the need for plastic replacement and
avoid joint arthrolysis [39, 40].

This technique has some advantages, such
as the gradual lengthening of the skin and pa-
ra-articular tissues, which facilitates the per-
formance of subtotal aponeurectomy, but does
not eliminate the need for plastic repair. Despite
this, prolonged distraction in the external fixa-
tion apparatus is associated with the risk of
complications, such as infectious (wire and rod
osteomyelitis), limitation of mobility in the PIP,
and skin ruptures. In addition, treatment takes a
long time, which increases the costs and reduces
patient satisfaction. At present, this technique
has not yet been widely used.

One-stage treatment of Dupuytren’s
contracture

Methods for replacing hand skin defects af-
ter aponeurectomy can be divided into several
types, namely, the use of a free full-thickness
skin graft, local skin grafting, and regional grafts
[41, 42,43, 44, 45].

Plastic repair with a full-thickness skin graft

In the case of recurrence of contracture or
Dupuytren’s diathesis in young patients, some
experts prefer to use a full-thickness skin graft
(FTSG) to compensate for skin deficiency after
the contracture of the finger joint has been elimi-
nated. Several international studies have shown

118 2022;28(2)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



REVIEWS / OB30PbI

that the skin from another part of the body, free
of myofibroblasts, involved in the formation of
pathological changes in the aponeurosis, pre-
vents disease progression, creating a kind of bar-
rier, known as a “firebreak” [46, 47, 48].

Ullah et al. conducted a prospective random-
ized study to evaluate the number of relapses
of PIP contracture after dermofasciectomy and
skin defect replacement with FTSG. The study
included 79 patients. PIP contracture averaged
59° and MCP contracture averaged 21°. The pa-
tients were distributed into two groups: Group
1 included 39 patients who underwent Z-plasty
after aponeurectomy and Group 2 included 40
patients who received FTSG after dermofasci-
ectomy. Subjective and objective assessment of
hand function was performed at months 3, 6, 12,
24, and 36. Wound healing and functional recov-
ery in both groups were approximately the same.
However, in one patient with Z-plasty, marginal
necrosis of the graft was detected, and in four
patients with FTSG, an insignificant separation
of the wound edges was revealed. None of the
cases required re-intervention. The mean move-
ment amplitude in the PIP joints improved to 65°
(from 2° to 98°) over 3 years in both groups of
patients. At 36 months after surgery, no signifi-
cant difference was found in the number of dis-
ease recurrences in the groups analyzed (11 cases
in total with 5 patients in Group 1 and 6 patients
in Group 2). The technique described is not free
from shortcomings, such as the risk of graft re-
jection and the need for an additional incision to
harvest the graft [46].

Plastic surgery with local tissues

Uemura et al. conducted a retrospective analysis
of the postoperative results of treatment of 23
patients with stage I-III Dupuytren’s contrac-
ture (25 hands and 29 fingers), who underwent
subtotal aponeurectomy, and Y-V- and Z-plasty
were used to compensate for skin deficiency. The
postoperative follow-up period ranged from 6
to 32 (average, 12) months. Clinical results were
assessed by improving the extension in each
joint in accordance with the Tubiana classifica-
tion [27]. The authors reported that the wounds
were sutured primarily in all cases. There were
no postoperative complications, except for one
patient who developed complex regional pain
syndrome. His symptoms were arrested using

oral steroids, which eventually led to a good
outcome. Contracture was reduced on average
from 46.5° preoperatively to 4.2° postoperatively
for MCP and from 43.9° to 22.4° for PIP, with a
mean percentage improvement of 92% for MCP
and 56% for PIP. In 83% of cases, it was possible
to achieve positive results and reduce the num-
ber of early and late postoperative complications
[49]. Considering that the study included patients
only with disease stages I-III, the method pro-
posed by the authors does not cover completely
the defect in the severe disease stage, which is
one of the most difficult issues for specialists, be-
cause the complexity of the plastic stage of the
surgery increases.

The advantages of Z-plasty were also dem-
onstrated by Magomedov et al. in a study on the
replacement of hand skin defects after subtotal
aponeurectomy in the treatment of 86 patients.
A zigzag incision and cutting out opposing trian-
gular grafts provide good visualization of patho-
logically altered segments of aponeurosis and
neurovascular bundles and eliminate flexion con-
tracture of the fingers. In all cases, it was possi-
ble to close the wounds primarily, which reduced
significantly the proportion of early postopera-
tive complications to 0.9-1.0% [50]. However, the
study lacks data on the magnitude of MCP and
PIP contracture before surgery, and there is no
information on the nature of complications or
data on the stage of contracture correction.

Le Gall and Dautel proposed an original tech-
nique for filling the skin deficiency of the proxi-
mal phalanx in severe Dupuytren’s contracture
with localization mainly on the fifth finger. This
method was initially tested on cadaveric mate-
rial (12 upper limbs). The authors artificially
formed a skin defect in the region of the proxi-
mal phalanx of the fifth finger, corresponding to
the skin deficiency after the elimination of con-
tracture in stages III-IV of the disease. This tech-
nique included variants of local grafts, namely,
the Houston, Coulson, and wide-based grafts
(the methods are known and described in the lit-
erature regarding the replacement of hand skin
defects). The clinical study included 10 patients
with stage II-IV Dupuytren’s contracture and
predominant lesion of PIP. In all cases, after apo-
neurectomy and elimination of the vicious posi-
tion of the fingers, the skin defect was replaced
according to the proposed method. In all pa-

119 2022;28(2)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



REVIEWS / OB30PbI

tients, the wounds healed by primary intention,
and there were no cases of skin necrosis of the
grafts, separation of the wound edges, infectious
complications, or other complications associated
with the healing process. In the postoperative pe-
riod, it was possible to achieve the correction of
MCP contracture up to 4.2° on average and up to
22.4° for the PIP joint. The average follow-up pe-
riod was 9.5 months. In 83% of cases, successful
results were achieved. The authors believe that
the use of the proposed technique helps obtain
a larger tissue volume than did Y-V- and Z-plasty
and thus achieve fewer complications associated
with wound healing and more satisfactory aes-
thetic and functional results in the long-term [2].
Although the authors achieved optimal results, a
study on a larger group of patients is required to
obtain significant statistical data.

Regional grafts

An alternative option for filling skin defects in the
region of the main phalanx is cross-skin grafting
(cross-plasty) from the adjacent finger or using
an islet graft on the dorsal metacarpal artery.
Spindler et al. presented a clinical case of the use
of cross-plasty to fill the deficiency of the skin
of the proximal phalanx after aponeurectomy on
the fifth finger in a recurrent form of the disease.
Before surgery, the MCP contracture was 15° and
that of PIP was 100°. After excision of the altered
aponeurosis, the lack of skin of the main phalanx
was 3.5 x 2.5 ¢cm. To eliminate it, a fasciocutane-
ous cross graft was cut from the adjacent finger
according to the defect size, and a FTSG taken
from the inner surface of the shoulder was used
to close the donor area. According to the authors,
after 4 months, excellent functional and aesthet-
ic results have been achieved [37].

Large skin defects of the proximal phalanx can
also be replaced with an islet graft on the dor-
sal metacarpal artery. Ekerot operated on 15 pa-
tients with a recurrent disease, who underwent
replacement of the skin defect using this meth-
od after the removal of pathological strands. All
patients in this group previously underwent the
surgery repeatedly (the number of surgeries in
history was 1.6 on average). Before surgery, the
total contracture averaged 77°. Some patients re-
quired PIP joint release and additional transar-
ticular wire fixation to maintain the joint exten-
sion. The rehabilitation period ranged from 3 to 5

months. According to the author, there was not a
single case of complete loss of the graft; however,
in four cases, marginal necrosis of the distal part
of the graft was noted, which did not require ad-
ditional intervention. One patient had subtotal
graft necrosis due to venous insufficiency, which
was the reason for repeated surgery. A graft on
the dorsal metacarpal artery was also used to re-
place the defect. In 15 patients, it was possible to
achieve correction of PIP contracture by an aver-
age of 15° [51].

The problem of replacing soft tissue defects
during surgery for contracture recurrence, when
the skin in the intervention site is scarred, is of
greatest interest. According to Spindler et al., to
obtain good esthetic and functional results in
skin defects of the proximal phalanx, it is more
expedient to use blood-supplying tissue com-
plexes, particularly a wide-based graft from the
adjacent finger (cross-plasty) [37]. The disad-
vantage of this method consists in damage to
the adjacent finger and the need to collect FTSG
to replace the donor defect. In this case, a more
preferred option is an islet graft on the dorsal
metacarpal artery, since in this case, an addi-
tional graft is not needed, and the donor wound
is sutured in line. This method enables obtain-
ing excellent aesthetic and functional results, as
demonstrated by Ekerot [51].

In Dupuytren’s contracture, the fourth—fifth
fingers are more often affected. Methods for
plastic replacement of defects on these fingers
were presented above. Areas of the palmar apo-
neurosis are affected less commonly along rays
1-3. The literature describes a limited number of
cases of replacement of skin defects of the pal-
mar surface of the hand and the first, second,
and third fingers after aponeurectomy. With this
disease localization, careful preoperative plan-
ning is required to determine the expected skin
defect size and choose the method of its replace-
ment after the contracture has been eliminated.
Interestingly, Seyhan focused on filling the defi-
cit of soft tissues in the palm with an islet revers-
ible perforant thenar graft after aponeurectomy
in seven patients. The blood flow to this graft is
supplied by the perforating vessel of the super-
ficial palmar arch or the radial branch of the su-
perficial palmar arch. Using this graft, a defect of
2.5%6.5 cm can be replaced with primary suturing
of the donor wound without any consequences,
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for example, adduction contracture of the first
finger or the formation of a rough scar. The av-
erage follow-up period for patients was 12.6
months. In one case, due to venous stasis, mar-
ginal necrosis of the graft developed, which did
not affect the final result. The author managed to
obtain excellent cosmetic and functional results
in all patients who underwent surgery. According
to the author, the indication for the use of this
graft is a defect located on the palm, the palmar
surface of the main phalanx of the first, second,
or third finger, in the area of the first interdigital
space [52].

CONCLUSIONS

The literature analysis showed that despite the
achievements of modern medicine, the treat-
ment of patients with stage III-IV Dupuytren’s
contracture remains an urgent problem. The
elimination of the malposition of the fingers in
a severe disease stage is always accompanied by
the formation of a skin defect with the size deter-
mined by the stage of contracture. Currently, one
of the demands that patients make is to reduce
the duration of the disability. An important con-
dition for fulfilling this requirement is the prima-
ry healing of hand wounds, which can be achieved
only by plastic replacement of defects that have
formed after the elimination of the contracture
of fingers. Since all formed defects are deep, i.e.,
with exposure of the flexors and neurovascular
bundles, the only possible way to replace them is
plastic surgery with a blood-supplying complex
of tissues, the choice of which is determined by
the defect size. Nevertheless, Z-plasty remains
the most common technique for filling soft tis-
sue deficiency after aponeurectomy. However, its
efficiency decreases with the increase in the dis-
ease severity. To date, there is no consensus on
access to the altered area of the aponeurosis and
the choice of methods for filling the tissue defi-
ciency in stages III-IV of the disease.
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JIMHHUK CTAHUCJIAB AHTOHOBHMY
K 70-netuio co aHA poxXpeHuUs

7 mast 2022 r. otmeTut 70-71eTHUIT 10611€ii JOKTOP
MeAULIMHCKUX Hayk, ITpodeccop, 3acTy>KeHHbI Bpay
P® CranuciaB AHTOHOBMY JIMHHUK.

CranuciaB AHTOHOBUY poauiicsi B 1952 1. B MHOTO-
IeTHOV ceMbe B ceiie HemoneBuunu bapaHOBUUCKOIA
ob6mactu. B 1968 r. C.A. JIMHHUK OKOHYMJI CPEIHION0
HIKOJTy. B TOM 3Ke rofy OH moCTymnui B JIeHMHTpaaCKuit
CAaHUTAPHO-TUTMEHNYECKUIT MEIULIMHCKUI MHCTU-
TyT. Bo Bpemst yue6n1 CTaHMcIaB AHTOHOBUY TIPU-
HMMaJl aKTUBHOE ydacTue B paboTe CTYZeHUYECKOTO
HAy4YHOTO KpYy’kKKa Ha Kadeape, HEOTHOKPATHO BbIC-
TyIaJj C JOKJIaAaMM Ha CTyJeHUeCKMX HayUYHbIX KOH-
depeniusax. B teuenne 10 jeT oH ObLI IpeacemaTe-
JileM coBeTa Bcecoio3HOro o6iecTBa usobperaTeneit
u paunoHanuszatopoB B JICTMMU, exxerogHoO Npu3Ha-
BaJICS JIYYIIUM M300peTaTesieM MHCTUTYTA.

B 1975 r. C.A. JIMHHUK OKOHUMJI MHCTUTYT U
ocrasics paboTaTh Ha Kadeape U B KIMHUKE TPaB-
MaTOJIOTUU U OpTONeauu, Toe U TPYAUTCS A0 Ha-
cTosiero BpemeHn. B 1979 r. oH cTal acCUCTEHTOM,
B 1987 r. — mouieHToM, a B 1991 r. — nmpodeccopom Ka-
(denpsl TpaBMaTOIOTUM, OPTOIIEAVU U BOEHHO-IT0JIe-
Boit xupypruu. B 1980 r. C.A. JIMHHUK 3aU[UTUI KaH-
IUIATCKYI0 OuccepTrauui «JleueHue TOBpesKIeHUI
axXmMJIJIOBa CYXOKWiusi», a B 1988 1. — MOKTOPCKYIO
nuccepranuio «IlocmeonepaniOHHbBIN OCTEOMUEINT,
ero npoduaakTuKa, IMarHocTuKa U jedeHue», B KO-
TOPOIJi TTOKa3aJsl, 4YTO 3TO TsKeaoe ocaoxkHeHre B 90%
CJIydyaeB HOCUT SITPOTE€HHBIV XapaKTep U BO3HUKAET
BC/IEICTBME OIIMOOK, MOMYIIEHHBIX BpadyaMy IIpu
XUPYPTUUECKOM JIeUeHUY TPaBM U OPTOIEeANYECKUX
3a60J1eBaHMIA.

B 2006 r. mpodeccopy C.A. JIMHHUKY ObLIO JOBEpe-
HO BO3IVIaBUTH Kadelpy TpaBMaTOJIOI UM, OPTOTIEANN
U BOEHHO-TIONIeBOI XUPYPIUM C KYpCOM CTOMATOJIO-
TMK, KOTOpPOii OH pyKoBoaua n0 2012 r. OCHOBHBIM
HampaB/JieHMeM Hay4Hoii paGoThl Kadeapbl U Kiu-
HUKU y3Ke 6osee 30 JieT sBIseTCsT mpobieMa AyarHo-
CTUKM, JIeUeHUST U peabuauTauuyu OOJbHBIX C XPO-
HuJeckumu (popmammu ocreomuennta. B mocienume
TOAbl C TMpUMEHeHUEeM MUKPOCOCYAUCTON TeXHUKU
B KJIMHMKE YCIEITHO M3/IeUMBAIOTCS He TOJIbKO OOIIMP-
Hble SI3BeHHbIe Je(deKThbI TOJIEHN U CTOMIbI, HO U ITy00-
KMe TPOJIESKHY TIPU OCTeOMMENTMTe 06IacTu KpecTiia
1 GOJIBIIIOrO BepTejia y CIIMHAIbHBIX O0TbHBIX.

C 2012 r. CrauuciaB AHTOHOBUY paboTaeT IMpo-
(deccopom Kadenpsl TpaBMAaTOJIOIMM, OPTONEINN U
BOEHHO-TI0/eBOi xupypruu CeBepo-3anagHoOTO Me-
OULMHCKOrO yHuBepcurtera um. U.M. MeuHMKOBa,
YCIIeNTHO coueTast KIMHUYECKYI0, HAay4HYI0 U TTeiaro-

TMYeCKyI0 paboty. OH SIB/ISIeTCs WieHOM Accoliuaiium
TPaBMaToJIOTOB-OpTOTeN0B Poccuu, yjeHOM Mpas-
JieHuss  Accoumanuu  TPaBMaTOJIOTOB-OPTOIENOB
CaukTt-IleTepbypra u JIeHMHIpaACKOil 0067acTH,
YJIeHOM OObeIMHEHHOr0 IMCCEePTALIOHHOTO CO-
Beta nmpu HMUII TO um. P.P. Bpegena u BMenA nm.
C.M. KupoBa, 3amecTuTesieM NpefcenaTens aTTecTa-
IIMOHHOI KOMMCCUM TI0 TPaBMaTOJIOTUU U OpPTOIIe-
muu CaHkTt-ITeTepbypra.

ITpodeccop C.A. JIMHHUK BHEC CYII€CTBEHHBIA
BKJIa[ B pa3paboTKy CIIOCOOOB JIeueHUsI XPOHUUECKO-
ro OCTEOMMENUTA, XPOHUUECKUX U HelipoTpoduue-
CKMX SI3B, @ TAKKe CITIOCOO0B aJ/NIOTEHIOTIACTUKM IIPU
MTOBPEKAEHUSIX U 3a60JIeBAHUSIX OTTIOPHO-ABUTATEb-
HOI cucTeMbl. B pe3y/ibTaTe HayYHbIX UCCIeA0BaAHNI
VM OBLI 060011[eH MHOT'OJICTHUI OIIBIT IMAarHOCTUKA U
JieueHMsI TTIepUIpoTe3HOV MHMEKLIMM KPYITHBIX CyCTa-
BOB, BK/IIOUasi pa3paboTKy aHTUMMMUKPOOHBIX KOMIIO-
3ULUI TIPOJIOHTUPOBAHHOIO JIEMCTBUS U CIIeiCepPOB
Ta306€eIPeHHOTO U KOJIEHHOTO CycTaBoB. B 1983 1. oH
BIepBbie B Poccum [ijist 3aMellieHMsT KOCTHOTO nedek-
Ta OPU XPOHUUYECKOM OCTEOMMUENUTe MCIOIb30Ball
IeMUHepan30BaHHble KOCTHbIe TPAaHCIUIAHTAThI.
B HacTosiliiee BpeMsi U3y4yaroTCs BO3SMOXXHOCTU TIpU-
MeHeHUs] 6MOKOMITO3UTHBIX MaTepUalOB U CTEKJIO-
KPUCTA/ZIMYECKOTO OCTeo3aMellaililero Marepuana
B KJIMHMKeE.

B mocnemHue rompl ero HaydyHble UCCIeAOBAHUS
MTOCBSILIEHBI JIEUEHMIO TSDKeTbIX (popM 3aboneBaHMit
KPYITHBIX CYCTaBOB, KOMIVIEKCHOMY JIEYeHUIO OCIOK-
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IOBUNEWN /JUBILEES

HEHHBIX (POPM XPOHMUUECKOTO OCTEOMMENTA C [TPUMe-
HEHMEM MMMYHOMOJYJISITOPOB, pa3spaboTKe SHIOIIPO-
TE30B U CITOCOOOB UX IIPUMEHEHMS, B TOM YMCIIe TIpU
OHKOJIOTMYECKMUX 3aboneBaHusIX. PaspabaTbhiBaeTcst
U VCIIONb3yeTCS] METOH, YPeCKOCTHOTO OCTEeOCHHTe-
3a amnrmapaTtamMy BHeIIHei (urcanumu Mpu JedeHumn
HeCpOCIIMXCSl TepeioMOB, JIOKHBIX CYCTaBOB, OC-
JIO)KHEHHBIX OCTEOMMUENIUTOM. B sKcnepumeHTe 060-
CHOBaHbI, pa3paboTaHbl ¥ 3alMIIEHbl MAaTEeHTAMU
IOCTYITbI ¥ CITOCOGBI MBILIEYHOJ IUIACTUKY IIJIEUEBOIA
KOCTU ¥ KJTIOUUIIBI.

C.A. JIuHHuK — aBTOp OGosnee 500 Hay4YHBIX pa-
60ot1, BKIOYass 13 moHorpadwmit U pyKoBOACTB, 14
MeTOAMYECKNX pPeKOMeHaluii, 76 MaTeHTOB U aB-
TOPCKUX CBUAETENLCTB, 12 y4eOHO-METOAMUYECKUX
ocoouit s CTYHEHTOB U 148 paumpeniokeHuii.
Hanbonee 3sHAUMMBIMM MOHOTPAGUIMU SIBJISIIOTCS
«AJJIOTEHAOIUIACTUKA TIPU JIEYEeHUM ITOBPEKIEHMI
MBIIIIIT, CYXOKMUJIN U CBSI30K» (1994) 1 «XpoHMUEeCKIIi
octeommerut»  (1990), «Xupypruueckoe jede-

Hue ocreomuenuta» (2000), «IlmacTuueckast Xu-
PYPIUsST XPOHMYECKUX U HEHpPOTPOPUUECKUX SI3B»
(2001), «OcTeoMuenuT Tasa, OCTEOAPTPUT Ta300e[-
PEHHOTO CycTaBa M MX OpToneguuecKkue Iocie-
cTBUsL. Xupyprudeckoe jeuenue» (2007). ITpodeccop
C.A. JIMHHUK — aBTOp YeThIpEX IVIaB MHOTOTOMHOTIO
HaIlMOHA/IbHOTO PYKOBOACTBA «TpaBMaTOIOTUSI U OpP-
tonieausi» (2004-2006). Ilom ero pyKOBOACTBOM 3a-
HMUIIEeHBbl 32 KaHOAUAATCKME U 3 JOKTOPCKUE auccep-
Tallu, B HACTOSIIIIee BPeMs BBITTOJTHSIIOTCS ellle OJHa
OOKTOpCKasi M 4 KaHaupgatckue mucceprauum. OH
IOATOTOBMUJI GOJIBIIIOE KOJIMUYECTBO BhICOKOKBAIMU(U-
LM POBAaHHBIX TPAaBMAaTOJIOrOB-OPTOIEN0B, paboTao-
mux B Poccun 1 3a py6eskom.

C.A.JIuHHMKA OT/INYAET OVUCHUIIMHUPOBAHHOCTb,
VICIIOJTHUTEIBHOCTh, BBICOKAsI PabOTOCIIOCOOHOCTbD.
3a MHOTOJIeTHMIT BKJIad, B pa3BUTHME MeOUIIVHbBI
C.A.JIvHHUK HarpaxnaeH Mmenanbio «B mamsats 300-m1e-
tust CaHkT-ITetep6ypra», a B 2009 1. 6bIT yIOCTOEH
TMOYETHOTO 3BaHMS «3aCTy>KeHHbI Bpad PD».

Konnexmue C3IMY um H.H. Meunukosa u pedakyusi xcypHana no3dpasnsiom CmaHuciasa AHmMoHosuua
C 00uneem u xceaarm emy Kpenkozo 300poewsi, 00/12ux jem naodomeopHoli desmenvHocmu, 61azonoyqusl.
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PETPAKL MW / RETRACTION

CoobweHune o perpakuun: «CoBpeMeHHbI MeToa 6MOMexaHUYeCKoi OLLeHKM PaLMOHaNbHOCTU
U3roTOB/IEHMS MPUEMHbBIX MMJ1b3 NPOTE30B HMKHUX KOHEYHOCTEN,
XXypHan «TpaBMmatonorusa u oproneaus Poccum». 2007, N2 3, C. 36-43.

CraTbst «COBpeMEHHbIN MeToH, 61OMeXaHMUeCKOM OIeHKM PalOHaJIbHOCTY M3TOTOBIEHMS IPUEMHBIX TMJIb3 MIPOTE-
30B HMKHMX KOHEUHOCTE», OMyOaAMKOBaHHAas B kypHasie «TpaBMaTosorust u opromnenust Poccum» (2007, N2 3), aBTopaMu
Kotopoii sBistioTcst M.I. T'yces, A.C. MansixuH, K.K. [llep6uHa, npeacrasisieT co60i gy6nukaT ctaTby «COBpEMEHHBbI Me-
TOJ, 6IOMeXaHMYeCKOii OI€HKM PAIIMOHATBHOCTM M3TOTOBIEHNUS IIPMEMHBIX TMU/Ib3 MPOTE30B HIDKHMX KOHEUHOCTEN» Tex
K€ aBTOPOB, OIYOJIMKOBAHHOJ B KypHase «BecTHUK CaHKT-IleTep6yprcKoii rocyiapCcTBEHHOM MeAMLIMHCKON akageMumn
um. N.U. MeunmukoBa». 2007, N2 3, C. 186—189. B cBsI3u C 3TMM yKa3aHHasl CTaThsl OTO3BaHa C MyOIMKALIVNA.

Breisisneno 20/04/22 penkoiuierueii sxypHasia.

KiioueBble c10Ba: IPOTe3MpOBaHye HIDKHUX KOHEUHOCTel, 6110MexaHuyecKast OLleHKa.
DOI: 10.17816/2311-2905-1795

Retraction notice: “Modern method of biomechanical estimation of the rational lower
extremities prosthetic sockets production”. Traumatology and Orthopedics of Russia.
2007;(3):36-43.

The article “Modern method of biomechanical estimation of the rational lower extremities prosthetic sockets production”
published in “Traumatology and Orthopedics of Russia” (2007, N 3) by M.G. Gusev, A.S. Malykhin, K.K. Shcherbina is a
duplicate of the article “Modern method of biomechanical estimation of the rational lower extremities prosthetic sockets
production” published in the “Bulletin of Mechnikov Saint Petersburg State Medical Academy”. 2007;(3):186-189. That was
the reason for retraction.

Revealed April 20, 2022 by the Editorial Board.

Keywords: lower extremity prosthetics, biomechanical estimation.
DOI: 10.17816/2311-2905-1795

CoobuieHue o peTpakumn: «OLEeHKa pe3ynbTaToB XMPYPruueckoro Ie4eHus NoBpeXAeHUi
CeAa/IMLLHOrO HepBax», XXypHan «TpaBmatonorua u optoneaus Poccuns.
2009,N2 1,C.96-98

Crarbst «OIleHKa Pe3yJbTATOB XMUPYPTUUYECKOTO JIEUeHUS] TMOBPEXIEHUI CeNAIMUITHOTO HepBa», OIMyOJMKOBaHHAS
B XypHasie «TpaBmatosorusi u oproneamuss Poccum» (2009, N2 1), aBTopamm KoTopoii ssistootcs P.M. Xam3saes,
B.II. BepcHes, I0.11. Bopona, nmpencrasiseT co6oit Iy6auKaT CTaTbM TeX K€ aBTOPOB «Pe3yIbTaThl SIIMHEBPATBHOTO IIIBA
ceIauIIHOTO HepBa», OMy6IMKOBaHHOI B JXypHase «BecTHUK xupypruu um. N.U. I'pekoBa». 2009, N2 1, C. 61-63. B cBsi3u
C 9TMM YKa3aHHAS CTAThsI OTO3BaHA C MyOIMKALIAMA.
Brisisiieno 20/04/22 penxosuiernesi skypHana.
KnroueBsble ci10Ba: ceJainIIHbII HEPB, TpaBMa.
DOI: 10.17816/2311-2905-1789

Retraction Notice: “Assessment Results of Surgical Treatment of Sciatic Nerve Injuries”.
Traumatology and Orthopedics of Russia. 2009;(1):96-98

The article “Assessment results of surgical treatment of sciatic nerve injuries” published in “Traumatology and
Orthopedics of Russia” (2009, No 1) by R.A. Khamzaev, V.P. Bersnev, Y.I. Boroda is a duplicate of the article “Results of the
epineural suture of the sciatic nerve” by the same authors published in the “Grekov’s Bulletin of Surgery”. 2009;(1):61-63.
That was the reason for retraction.

Revealed April 20, 2022 by the Editorial Board.

Keywords: sciatic nerve, injury.

DOI: 10.17816/2311-2905-1789
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PETPAKL MW / RETRACTION

CoobuieHue o peTpakumun: «<MMMyHoNnorMueckue KpuTepmumn NPorHo3MpoBaHUsA 3aMeaIeHHOM
KOHCONMAALMM KOCTHOM TKAHU», XXypHan «TpaBMaTtonorus u optoneaus Poccum».
2009, N2 2,C.59-66

Cratbst «/IMMYHOJIOTMYECKME KPUTEPUM IIPOTHO3UPOBAHMS 3aMeAJIEHHO KOHCOMMAALIMY KOCTHOI TKaHM», OITy6BIMKO-
BaHHas B XypHaye «TpaBmartonorus u oproneaust Poccun» (2009, N2 2), aBTropamu Kotopoit siBasitoTcss O.B. bepatoruna,
K.A. BepmioruH, npeacrasisieT coboii mybnukat cratby O.B. BepmiornHoit «MIMMYHOIOTMYECKT MOHUTOPYUHT 3aMe/IJIeH-
HOT'O OCTEeOTreHe3a», OIy6IMKOBAHHO B skKypHaie «MeaumyHcKas MMMyHosorus». 2008, T. 10, N2 4-5, C. 371-378. B cBs3u
C 9TMM YKa3aHHasl CTaThsl OTO3BaHA C ITyOIMKaLIVIN.

Broisisneno 20/04/22 penkosuierueit sxypHania.

KiroueBsle ciioBa: HapylLIeHNs OCTEOTeHe3a, MMMYHOJIOTMYeCKye MCCIeJoOBaHms.
DOI: 10.17816/2311-2905-1794

Retraction Notice: “Immunologic Criteria of Prediction of Bone Delayed Union”.
Traumatology and Orthopedics of Russia. 2009;(2):59-66

The article “Immunologic criteria of prediction of bone delayed union” published in “Traumatology and
Orthopedics of Russia” (2009, N 2) by O.V. Berdyugina, K.A. Berdyugin is a duplicate of the article “Immunological
monitoring of slow down ostheogenesis” published in “Medical Immunology”. 2009;(3-4):371-378. That was the reason
for retraction.

Revealed April 20, 2022 by the Editorial Board.

Keywords: delayed union, immunologic researches.
DOI: 10.17816/2311-2905-1794

CoobweHune o perpakumun: «CuHApoM XarnyHaa: UCTOpUYECKAs CNpaBKa M CUCTEMaTUYECKUA
0630p», XXypHan «TpaBmartonorusa u oproneaus Poccun».
2014,N21,C.122-132

Cratbst «CuHApOM XarayHJa: MCTOpUYecKas CIIpaBKa M CUCTeMaTUuecKuit 0630p», OMyOIMKOBAaHHAS B SKypHase
«TpaBmaronorus u opronenus Poccun» (2014, N2 1), aBTropamu kotopoit sBastorcs A.Il. Cepena, [.M. KaBanepckuii,
MpecTaBsieT cCo00i AYyOMMKAT CTaThbU TeX Ke aBTOpOB «JIedopmaniust XamyHga. Mcropmuyueckas CripaBKa U CUCTEMAaTH-
YeCcKuii 0630p JIUTEPATYPbI», OITyOIMKOBAHHOI B skKypHasie «CeueHOBCKMI BeCTHUK». 2014, N2 1, C. 30—39. B cBS3M C 3TUM
yKa3aHHas CTaThsl OTO3BaHa C MyOIMKAINN.

BrigBneno 20/02/20 PegakiimoHHO KOJIJIETMETA.

KiroueBble cnoBa: cuHIpoM XarnyHna, Aedopmanys XamTyHAa, TeHONATHsI aXUIJI0Ba CyXOKWINS, KOHCepBaTUBHOE
U XUPYPrudecKoe jeyeHue.
DOI: 10.17816/2311-2905-1793

Retraction Notice: “Haglund Syndrome: Historical and Systematic Review”.
Traumatology and Orthopedics of Russia. 2014;(1):122-132

The article “Haglund syndrome: Historical and systematic review” published in “Traumatology and Orthopedics
of Russia” (2014, No 1) by A.P. Sereda, G.M Kavalersky, is a duplicate of the article “Haglund syndrome: Historical and
systematic review” published by the same authors in “The Sechenov Medical Journal”. 2014;(1):30-39. That was the reason
for retraction.

Revealed April 20, 2022 by the Editorial Board.

Keywords: Haglund syndrome, Haglund”’s deformity, achilles tendon tenopathy, conservative treatment, surgical
correction.
DOI: 10.17816/2311-2905-1793
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PETPAKL MW / RETRACTION

CoobLeHune 0 peTpakumun: «JHAONPOTE3UPOBAHUE CYCTAaBHOM NOBEPXHOCTU HAAKOIEHHUKA
NpU TOTaNbHOM apTPONIACTUKE KOJIEHHOTO CyCTaBa: aHa/IMTUYECKUIA 0630p nuTepaTypbi»,
XXypHan «TpaBmatonorusa u oproneamus Poccum» 2014, N2 3,C. 128-141.
DOI:10.21823/2311-2905-2014-0-3-128-141

CraTpsi «DHAOMIPOTE3MPOBAHNE CYCTABHON MOBEPXHOCTM HAJKOJIEHHMKA TPY TOTAJIbHOV apTPOIUIaCTMKe KOJTEHHOTO
CycTaBa: aHATUTUUYECKUIT 0630D INTEpaTyphl», OMyGIMKOBAHHAS B sKypHasie «TpaBMaTonorus u optorenust Poccum» (2014,
N¢ 3) aBTopamu KoTpoii siBsiioTcst .M. KaBanepckuii, A.IT. Cepena, A.B. JIbruaruu, C.M. CMeTaHMH, TIpeCTaBsIeT co60it ay-
6IMKAT CTaThby «JHIOMPOTE3UPOBAHME CYCTaBHOI TTOBEPXHOCTM HAIKOJIEHHYKA ITPY TOTAILHO apTPOTIaCTVKE KOJIEHHOTO
cycraBa» aBTopoB A.II. Cepenpl, A.C. CarpazsiHa, A.B. JIbiuaruua, ormy6aMKoBaHHOI B skypHase «Kadempa TpaBmMaTomoruu
u opromnenuu». 2012, N2 3, C. 18-28. B ¢BsI3M C 3TUM yKa3aHHAas CTaThsI OTO3BaHa C IMyGIMKAIIVN.

BoersiBieno 20/02/20 PenakiiMoOHHOJ KOJIJIETME.

KnroueBbie ¢JI0Ba: 3HIOMPOTE3MpOBaHMe KOJIEHHOTO CYyCTaBa, 3aMellleHye CyCTaBHOM IMTOBEPXHOCTM HaIKOJIeHHMKA.

DOI: 10.17816/2311-2905-1796

Retraction Notice: “Patellar Resurfacing of Total Knee Arthroplasty: Analytical Review”.
Traumatology and Orthopedics of Russia. 2014;(3):128-141
DOI:10.21823/2311-2905-2014-0-3-128-141

The article “Patellar resurfacing of total knee arthroplasty: Analytical review” published in “Traumatology and
Orthopedics of Russia” (2014, N 3) by G.M. Kavalersky, A.P. Sereda, A.V. Lychagin, S.M. Smetanin is a duplicate of the article
“Patellar resurfacing of total knee arthroplasty” by A.P. Sereda, A.S. Sagradyan, A.V. Lychagin published in “The Department
of Traumatology and Orthopedics”. 2014;(3):18-28. That was the reason for retraction.

Revealed April 20, 2022 by the Editorial Board.

Keywords: knee replacement, patellar resurfacing.
DOI: 10.17816/2311-2905-1796

CoobweHune o peTpakuun: «DyHKLUSA KOJIEHHOIO CycTaBa BO BpeMs X0Ab6bl y 60/1bHbIX

C pa3pbIiBOM NepeaHen KpecTtoobpasHoi CBA3KM KOJIEHHOTO CycTaBa A0 U NOC/1e OnepaTMBHOIO
neyveHuna», XypHan «TpaBmaronorus u optoneausa Poccuu». 2016, T. 22, N2 2, C. 15-24.

DOI: 10.21823/2311-2905-2016-0-2-15-24

CraTbst «@YHKIIMSI KOJIEHHOTO CYCTaBa BO BpeMsl XOAbObI Y GOMBHBIX C pa3pblBOM IepefHell KpecTooOpas3Hoii CBSI3-
KM KOJIEHHOT'O CyCTaBa JI0 U IOCJIe OMepaTUBHOIO JIeYeHNsI», OITyOIMKOBaHHAs B JKypHasie «TpaBMaTOOTUS M OPTOTIeANST
Poccum» (2016, T. 22, N2 2), aBTopamu KoTopoit siBasitorcs A.A. Axmames, H.B. 3aropoguuii, A.C. Kanaes, C.H. Kaypxkus,
I.B. CKBOPIIOB, MpezcTaBisieT co60it Ay6nukart craTby «DYHKIUSI XOAbObI Y GOMBHBIX C pa3pbIBOM IepefHell KpecTo-
00pa3HOIi CBSI3KM KOJIEHHOTO CyCTaBa A0 U IOC/Ee OIepaTMBHOTO jieueHus» aBTOpoB A.A. AxmaimieBa, H.B. 3aroponHero,
C.H. KaypkuHa, [I.B. CKBOpI1IOBa, OITy6JIMKOBAHHOI B XypHasie «KnnHnuyeckas mpaktukar». 2015, N2 3-4, C. 30-38. B cBs13u
C 9TMM YKa3aHHasl CTaThsl OTO3BaHa C MyOAMKaALIUN.

BoisiBieno 20/04/22 penxosierueii sKypHaa.

KitioueBble ctoBa: KOJIEHHbBIN CyCTaB, pa3pbiB MepeaHeli KpecTo06pa3Hol CBSI3KM, OMOMeXaHKa X0 bObI.

DOI: 10.17816/2311-2905-1790

Retraction Notice: “Knee Joint Gait Function in Patients with ACL Rupture Before and After
the Surgery”. Traumatology and Orthopedics of Russia. 2016;22(2):15-24.
DOI:10.21823/2311-2905-2016-0-2-15-24

The article “Knee joint gait function in patients with ACL rupture before and after the surgery” published in “Traumatology
and Orthopedics of Russia” (2016, Vol. 22, N 1) by A.A. Akhpashev, N.V. Zagorodniy, A.S. Kanaev, S.N. Kaurkin, D.V. Skvortsov
is a duplicate of the article by A.A. Akhpashev, N.V. Zagorodniy, S.N. Kaurkin, D.V. Skvortsov “Knee joint gait function in
patients with ACL rupture before and after the surgery” published in “Clinical Practice”. 2009;(3-4):30-38. That was the
reason for retraction.

Revealed April 20, 2022 by the Editorial Board.

Keywords: knee joint, anterior cruciate ligament, gait biomechanics.
DOI: 10.17816/2311-2905-1790
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