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Background. The invasiveness of surgical approaches for hip surgeries is primarily determined by the severity of
the muscle injury. To date, surgeons use from one to three surgical approaches for osteotomy of the pelvic bones
and acetabulum reorientation. An analysis of the scientific literature showed the lack of studies comparing the
muscle trauma at different surgical approaches for triple pelvic osteotomy in children.

The aim of the study — to evaluate the degree of muscle injury during triple pelvic osteotomy through various
surgical approaches in patients with developmental dysplasia of the hip (DDH).

Methods. The study included 70 patients (70 hip joints) aged 12-18 years (15.2+1.4) with Crowe type I DDH
treated between 2020 and 2021. All children were divided into two groups: group I consisted of 35 patients (35
hip joints) who underwent triple pelvic osteotomy using an anterolateral approach, group II — 35 patients (35
hip joints) who underwent triple pelvic osteotomy through two approaches (medial and bikini). In addition
to standard radiometry of hip joints, pain severity based on the visual analog scale (VAS) and blood markers
levels of muscle injury (lactate dehydrogenase, creatine phosphokinase, aspartate aminotransferase and
C-reactive protein) were evaluated before and at 3" and 7t days after surgery.

Results. Pain severity assessment by VAS was more pronounced (p<0.05) in patients who underwent surgery
using an anterolateral access. Values of CPK and C-reactive protein significantly (p<0.05) exceeded those in
patients who underwent triple pelvic osteotomy through two surgical approaches. The results of the study
indicate greater hip muscles trauma during the anterolateral approach for triple pelvic osteotomy.

Conslusion. The use of anterior-lateral approach when performing triple pelvic osteotomy in children with
Crowe type I DDH causes more (p<0.05) muscle tissue trauma compared to two surgical approaches (medial and
bikini). This is evidenced by a significant increase of creatine phosphokinase and C-reactive protein, as well as
a more severe pain syndrome in the immediate postoperative period.
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biochemical markers of muscle trauma.
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OueHka TpaBMaTUYHOCTU XUPYPrMYeCcKMX AOCTYNoB
NP1 BbINOJIHEHWUM TPOMHOM OCTEOTOMMM TA3a Y AeTel C AUCMNACTUYECKON
HeCTabunbHOCTbIO Ta306eApPEHHOro CycTaBa

I1.1. boprynés, T.B. backaesa, [I.b. bapcykos, U.10. [To3gHuKMH

OI'BY «HayuoHanwbHwlli MeduyuHckuii uccredosamenvckuii yeHmp 0emckoti mpasmamosiozuu u opmoneduu
um. I 1. Typrepa» Mun3zdpasa Poccuu, 2. Cankm-ITemep6ype, Poccus

AxmyanvHocms. VIHBa3¥BHOCTb U TPABMaTUYHOCTb XMPYPIrUUECKUX JOCTYIIOB IIpU NIPOBEEHMUM OnepaLuii Ha
Ta300eIpeHHOM CyCTaBe B IIEPBYIO Ouepedb ONpeaesieTcsl BeIMUMHON MbIIIEUHOI TpaBMbl. Ha ceromHsrHmit
JleHb JJIS1 OCYILECTBIEHMSI OCTeOTOMMIA KOCTel Ta3a M peopueHTal My BepTIYy)KHOI BHagVMHbl OPTOIefaMu UC-
IOIb3YyeTCs OT OAHOTO 0 TPeX XUPYPruyeckKux JOCTYIIOB. AHa/IN3 MUPOBOI M OTEUeCTBEHHON Hay4YHOI 1uTe-
paTypsl 1oKasaja OTCYyTCTBME UCCIeLOBaHUIA, MMOCBSILEHHBIX CPABHEHUIO TPABMAaTUYHOCTY Pa3/IMUHBIX XUPYP-
rMYeCKUX JOCTYIOB [JIsI BBIIIOJTHEHMS TPOMHO OCTeOTOMMM Ta3a y JeTeil.

Llenws uccnedosanus — onpenenuTb CTelleHb MbIILIEYHOM TpaBMaTMU3al U IIPU BHIIOTHEHMUM TPOMHOI OCTEOTO-
MMU Ta3a pasIMYHbIMU AOCTYIIAMM Y MAIVEHTOB C AUCILIa3Mell Ta306eIPeHHbIX CYCTaBOB.

Mamepuan u memodst. B uiccnenoanue Bomwu 70 mauyeHToB (70 Ta300eIpeHHBIX CYCTaBOB) B BO3pacTe OT
12 mo 18 ner (15,2%1,4) ¢ mucruiasueit Ta306eApPeHHBIX CYCTaBOB I cTermeHu mo kiaccudurauuyu Crowe, moy-
yaBIIMX JjeueHue B mepuom ¢ 2020 o 2021 r. Bce meTut 66111 pasaeeHbl Ha Be TPYIIIbI: I TPyIITy cocTaBuUIn 35
nauyeHToB (35 Ta306eAPEHHBIX CYCTaBOB), KOTOPHIM TPOIHYI0 OCTEOTOMMIO Ta3a BBITIOTHSIIN U3 TIepeJHe60KO-
BOro gocryta, II rpymmy — 35 naiueHToB (35 Ta306eApeHHBIX CYCTABOB), KOTOPBIM TPOIHASI OCTEOTOMMUS Ta3a
6bUIa BBITIOTHEHA U3 ABYX JOCTYIIOB — MeAVAIbHOTO TPAHCAALyKTOPHOTO U «OMKMHM». [[OMUMO CTaHIAPTHOIA
PEHTTEHOMETPUY Ta300eJpeHHBIX CYCTABOB, IO OMepalun U Ha 3-U, 7-e CYTKU TOC/Ie ee BbITIOTHEHUS OlleHU-
BaJIM BbIPasKEHHOCTH 601eBOTO cuHApoMa 1o BAIIl u ypoBeHb MapKepOB MbIIIEUHON TpaBMaTU3aI[UK: acrap-
taramuHoTpaHcdepassl (ACT), kpeatnndochokuHasel (KOK), nakratnernnporenasst (JIIAT) u C-peakTMBHOIO
6enka (CPB).

Pesynsmamet. IHTeHCUBHOCTH 6osieBoro cunapoma 1o BAII 6bu1a 60ee BbipaskeHHOIT (p<0,05) y manmueHTOB,
KOTOPBIM OTIEPALIVS BBITIOTHSIIACH U3 TIEpeJHE60KOBOTO IOCTYTIA, a 3HaueHus rmokasaresneiit KOK u CPB 3Hauu-
TenbHO (p<0,05) mpeBbIlIaaM aHAJIOTMYHbIE Y HAI[MeHTOB, KOTOPBIM TPOJHAsI OCTeOTOMMSI Ta3a ObLIa BBITION-
HEHa U3 ABYX XUPYPTUUYECKUX AOCTYIOB. [ToyyeHHbIe JaHHbIE CBUIETEIBCTBYIOT O GOMIbIIEN TpaBMaTU3AIUN
MBIIIILL 0671aCTH Ta306€IPEHHOTO CYCTaBa B XOZIe BLITIOTHEHMS ITepeHe-60KOBOTO JTOCTYIIA JJIs OCYIIeCTBIEHMS
TPOVHO OCTEOTOMMM Ta3a.

3axnrouenue. CpaBHUTENBHBIN aHAAM3 TPAaBMAaTUYHOCTY XUPYPrUIeCKUX AOCTYIIOB, OCHOBAaHHBIN Ha OLIEHKe
OGMOXMMUYECKUX [TOKa3aTeleil MapKepOB MbIIIEUHO TPAaBMbI M MHTEHCUBHOCTM 6OJIEBOTO CMHAPOMA B IOC/IE-
OTIEPAIIIOHHOM ITePUO/Ie MIO0KA3aJI, YTO IepeaHe-00KOBO TOCTYII IIPU BHITTOJIHEHUY TPOITHOI OCTEOTOMUY Ta3a
y JleTeii ¢ qucIuiasueii Tazo6eqpeHHbIX cycTaBoB I crernenu mo Crowe NMPUBOAUT K OOJbIIEN TpaBMaTHU3AIUK
MbliIeuHoit TKaHu (p<0,05), uem IpuMeHeHMe ABYX XUPYPTUUECKUX JOCTYIIOB (MeAUaIbHOTO TPaHCALOYKTOPD-
HOTO U «OMKMHM»), O YEM CBUJIETETbCTBYIOT 3HAUMTENbHOE ToBbieHe KOK u CPB B KpoBH, a Takke Gosee
BbIPasKEHHbIV 60JIEBOIT CMHIPOM B GiMsKalilieM Mocjie orepalyioOHHOM TIEPUOJE.

KiaroueBbie c1oBa: AMCIuiasus TaBO6e,ZLpeHHbIX CyCTaBOB, OeTHU, XUpypruyecKkmue nocCTyIibl, TpOﬁHaﬂ OCTeO0TO-
Mus Ta3a, 60/1eBOI1 CMHOPOM, OMOXMMUYECKIIe MapKepbI MBbIILLIEUHO TpaBMaTuU3allnUN.

Boprynés I1.1., Backaesa T.B., Bapcykos [I.B., ITo3guuxkuua WN.1I0. OueHka TpaBMaTUMUYHOCTU XUPYPTUUECKUX TOCTYIIOB
TPV BBITIOTHEHUM TPOIHOI OCTEOTOMUM Tasa y JAeTeil ¢ OUCIIIaCTUYecKOoi HeCcTabMIbHOCTHIO Ta306eqpeHHOro
cycraBa. Tpasmamonozus u opmonedus Poccuu. 2022;28(4):79-89. https://doi.org/10.17816/2311-2905-1981.

DX Bopmynée IMasen Heopesuu; e-mail: pavel.bortulev@yandex.ru
Pykomnuch nonmydyeHa: 10.08.2022. Pykonuch ogo6pena: 30.09.2022. CtaTbsi onybnukoBaHa oHmaiH: 12.10.2022.

© Boprynés I1.11., Backaesa T.B., Bapcykos [I.B., ITo3guukun 1.10., 2022

80 2022;28(4) TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CLINICAL STUDIES

BACKGROUND

The incidence of DDH does not tend to decrease
over time and, despite the modern possibilities
of its earliest possible detection, the percentage
of underdiagnosis remains at a fairly high level
[1, 2, 3, 4]. Underdevelopment of the acetabulum
arch creates conditions for cranial displacement
of the femoral head with the formation of hip
subluxation, and its first clinical symptoms ap-
pear already in adolescence due to the presence
of a site of local pathological load on hyaline car-
tilage [5, 6, 7].

Many domestic and foreign authors have
scientifically proven the high effectiveness of
triple pelvic osteotomy in the complex treat-
ment of DDH and coxarthrosis in children, ado-
lescents and young adults [8, 9, 10, 11, 12, 13].
Orthopedic surgeons use from one to three sur-
gical approaches to perform osteotomies of the
pelvic bones and to reorient the acetabulum [14,
15, 16, 17]. In addition, there are works devoted
to the implementation of triple osteotomy from
minimally invasive approaches [18, 19, 20, 21].
However, it should be noted that today there are
contradictions in the concept of "minimally in-
vasive approach". Thus, number of authors have
formed the opinion that approach with a cut of
the skin up to 10 cm is minimally invasive or
minimally traumatic, even if there is significant
injury to the periarticular muscles [22, 23, 24, 25].
In contrast to this opinion, other authors believe
that the term "minimally invasive/minimally
traumatic approach" means surgical approach,
in which no dissection of muscles and tendons
is performed, and the length of the skin inci-
sion does not matter much [26, 27]. In addition,
number of authors who perform triple pelvic os-
teotomy from more than one skin incision, insig-
nificant in length, also consider this technique
minimally invasive [28]. At the same time, the
invasiveness and traumaticity of approach is pri-
marily determined by the magnitude of muscle
injury, one of the ways to determine which is the
assessment of biochemical markers of muscle in-
jury: aspartate aminotransferase (AST), creatine
phosphokinase (CPK), lactate dehydrogenase
(LDH) and C-reactive protein (CRP) [29].

We conducted an analysis of foreign and do-
mestic scientific literature on the comparison of
the traumaticity of various surgical approaches
for performing triple pelvic osteotomy, which

showed the absence of such studies, which em-
phasizes the relevance of its implementation.

The aim of the study was to assess the degree
of muscle injury during triple pelvic osteotomy
using various approaches in patients with hip
dysplasia.

METHODS

Design of the study

A monocenter cohort prospective comparative
controlled study was performed.

The study is based on the results of clinical and
laboratory examination in the pre- and postop-
erative periods of 70 patients (70 hip joints) with
Crowe type I DDH aged 12 to 18 years (15.2%1.4),
who underwent triple pelvic osteotomy in the
period from 2020 to 2021. All patients, depend-
ing on the surgical approach used, were divided
into two equivalent groups. Group I consisted of
35 patients (35 hip joints) to whom triple pel-
vic osteotomy was performed by the generally
accepted in the Center anterolateral approach.
There were 30 female and 5 male patients. Group
IT included 35 patients (35 hip joints) who used
two surgical approaches: medial transadductor
and bikini approach. There were 28 female and 7
male patients.

Criteria for inclusion in the study:

- the presence of hip instability in the form
of hip subluxation (type I according to the Crowe
classification);

- no need to the proximal femur correction
surgery;

- absence of neurological, systemic and ge-
netic diseases;

- consent of the patient or his legal represent-
ative to participate in the study.

Exclusion criteria from the study:

- the presence of hip instability in the form
of marginal, supraacetabular and iliac hip dis-
location (types II-IV according to the Crowe
classification);

- the need to perform intra-articular manipu-
lations and osteotomy of the femur;

- the presence of neurological, systemic and
genetic diseases;

- refusal to fill out an informed consent to
participate in the study;

- the occurrence of surgical site infections in
the postoperative period.
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Surgical technique

Anterolateral approach. The patient's position on
the table is lying on the contralateral side of the
affected joint. An angular incision of the skin and
subcutaneous fat is performed from the anterior
superior iliac spine to the border of the femur
diaphysis upper thirds 15-20 cm long. Dissection
of tensor fascia lata repeats the incision of the
skin with an additional cross section posteriorly
at the level of the greater trochanter in order to
perform manipulations on the sciatic bone. After
dissection of the gap between M. gluteus medius
and M. tensor fascia lata and the iliac wing isola-
tion dissection of the cartilaginous apophysis of
the iliac crest is performed, followed by subperio-
stal isolation of the iliac bone body, into which a
jiggly saw is carried out. The next stage is per-
formed subperiostal isolation and osteotomy of
the pubic bone medial to the Y-shaped cartilage
or crest-shaped tubercle as close as possible to
the acetabulum. After dissection of n. ischiadicus
subperiostal isolation and periacetabular oste-
otomy of the sciatic bone cranial to the attach-
ment site of lig. sacrotuberosus are performed.

After that, an osteotomy of the iliac bone body is
performed, followed by reorientation of the liber-
alized acetabulum (Fig. 1).

Medial transadductor approach and bikini
approach. The patient's position on the table
is supine. On the lower limb, in the flexion and
abduction position on the affected side, a trans-
verse incision of the skin and subcutaneous fat
is performed in the projection of the tendon m.
adductor longus up to 4 cm long. A channel to the
sciatic bone is formed bluntly in the intermus-
cular space. After subperiostal isolation with an
osteotome, its periacetabular osteotomy is per-
formed. The next step is an incision of the skin
and subcutaneous fat 1 cm below the iliac wing
along the inguinal fold up to 15 cm long. After the
fascia dissection the n. sutaneous femoris later-
alis is visualized, isolated widely and displaced.
In the interval between m. tensor facia lata and
m. sartorius, the iliac wing is isolated, followed
by dissection of its cartilaginous apophysis, sub-
periostal isolation of the iliac body and the jiggly
saw insertion into the sciatic notch. Further ma-
nipulations did not differ from similar ones per-
formed from an anterolateral approach (Fig. 2).

Fig. 1. A triple pelvic osteotomy through an anterolateral surgical approach:

a — X-ray of patient 12 y.o. with Crowe type I developmental dysplasia of the hip before surgery;
b — X-ray after restoring the correct ratios between the pelvic and femoral hip components by
reorientation triple pelvic osteotomy;
¢ — surgical access after suturing

82 2022;28(4)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CLINICAL STUDIES

Fig. 2. A triple pelvic osteotomy from two surgical approaches:

a — X-ray of patient 16 y.o. with Crowe type I developmental dysplasia of the hip before surgery;

b - X-ray after restoring the correct ratios between the pelvic and femoral components by reorientation
triple pelvic osteotomy;

¢ - surgical access after suturing

Research methods

In addition to the generally accepted clinical ex-
amination with the filling out of the VAS ques-
tionnaire and radiological research methods,
which included radiography in anteroposterior
and axial projections and computed tomography
of the hip joints, all patients were analyzed for
biochemical markers of muscle injury before sur-
gery and on the 3 and 7" days of the postopera-
tive period: LDH, CPK, AST, CRP. In addition, the
analysis of the surgery duration and the volume
of intraoperative blood loss was carried out.

Statistical analysis

Statistical analysis was carried out using the IBM
SPSS v 26 software package. The analysis of in-
dicators during treatment within groups of pa-
tients was carried out using the nonparametric
Wilcoxon criterion, comparison of indicators in
groups with different surgical approaches was
carried out using the nonparametric Mann—
Whitney U-test with an error probability of the
first kind less than 5% (p<0.05).

RESULTS

Patients of both groups, upon admission to the clin-
ic, presented complaints of pain with an intensity
of 4.5%0.8 points according to VAS, typical for DDH.
Gait disorder in the form of lameness was noted
in 100% of patients, and the average shortening
of the lower extremities was 1.4+0.3 cm. Excessive
rotational movements, a positive impingement test

(FADIR) was detected in 29 (83%) patients in the
first group and in 30 (85%) patients in the second.

The main indicators of the pelvic and femoral
joint components state obtained after radiometry,
as well as their ratios, are presented in Table 1.

The X-ray anatomical structure of the hip
joint in patients of both groups was character-
ized by changes typical of the dysplastic nature
of pathology and had no statistically significant
(p>0.05) intergroup difference [13, 30].

A biochemical study of the above-mentioned
markers of muscle injury, the results of which are
presented in Table 2, showed that their values
before surgery were within the reference interval
and had no statistically significant differences
(p>0.05) between the groups of patients.

All surgical interventions were performed by
experienced surgeons.

The average surgery time and the amount of
blood loss in group I were 93+10 minutes and
200.4£36.2 ml; in group II — 92#8 minutes and
166.7£38.0 ml, respectively. The average sur-
gery duration had no differences (p>0.05). At the
same time, the volume of intraoperative blood
loss in patients who underwent triple pelvic os-
teotomy from two approaches was statistically
significantly lower (p<0.05) than in the group of
patients who underwent a similar intervention
from an anterolateral surgical approach. There
were no neurocirculatory complications.

As a result of surgical treatment, hip joint sta-
bility was achieved in all patients of both study
groups (Table 3).
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Table 1

The values of the main radiometric parameters characterizing the anatomical structure
and spatial orientation of the acetabulum and proximal femur before surgery

Parameter

Group I
M=SD (min-max); Me (25-75%)

Group II
M=SD (min-max); Me (25-75%)

Sharp angle, deg.
Tonnis angle, deg.

Wiberg angle, deg.

53+3 (50-58); 52 (51-57)
22.4%2.6 (18-27); 22 (20-25)
5.042.6 (1-9); 5 (3-7)

53.6%3.5 (50-57); 54 (50-57)
23.1£2.5 (20-28); 23 (21-25)
4.6£2.7 (2-11); 4 (2-6)

Degree of bone 52.4+4.1 (45-59); 52 (50-56) 50.6+3.8 (46-53); 51 (46-53)
coverage, %
Cranial . .
displacement, mm 8+4 (2-16); 7 (5.0-10.5) 8.0+3.7 (3*15); 7.5 (5.0-11.8)
CDA, deg. 138.5%5.8 (125-150); 140 (135.0-141.8) 139.4%6.4 (125-150); 140 (135-142)
AA, deg. 35.5+3.7 (24-40); 36.7 (32.7-38.0) 36*4 (24-42); 36.8 (33.0-38.6)
CDA — cervical diaphyseal angle; AA — antetorsion angle.
Table 2
Values of biochemical markers of muscle traumatization before surgery
Parameter Group I Group II

M=SD (min-max); Me (25-75%) M=SD (min-max); Me (25-75%)
LDH, Unit/] 244%15 (189-272); 242 (236-258) 247.0%12.8 (226-276); 247 (238-257)
CPK, Unit/1 98.4%£30.4 (62—-169); 87 (78-114) 97.0£28.3 (68—-172); 89 (74-104)

Creatinine, mmol/1
AST, Unit/1
CRP, Mg/l

61.0£7.8 (61-169); 61 (54-67)
20.9+5.8 (11-32); 21 (15-25)
0.8+0.3 (0.3-1.2); 0.9 (0.5-1.0)

60.1£9 (45-78); 59 (53-67)
19.8+5.6 (10-32); 19 (15-24)
0.7+0.3 (0.2-1.3); 0.8 (0.5-1.0)

Table 3

The values of the main radiometric parameters characterizing the anatomical structure
and spatial orientation of the acetabulum and proximal femur after surgery

Parameter

Group I
M+SD (min-max); Me (25-75%)

Group II
M#SD (min-max); Me (25-75%)

Sharp angle, deg.

Tonnis angle, deg.

Wiberg angle, deg.

Degree of bone coverage, %
Cranial displacement, mm
CDA, deg.

AA, deg.

35.3+4.9 (28-45); 35 (31-38)
6.1£1.9 (3-9); 6 (5-8)
31.4+7.0 (18-40); 31 (27-39)
93.3+5.9 (80-100); 95 (90-100)

138.5+5.8 (125-150); 140 (135.0-141.8)
35.5%3.7 (24-40); 36.7 (32.7-38.0)

36.2+4.8 (30-45); 36 (32-40)
5.4+2.1 (2-9); 5 (4-7)
32.7%3.9 (28-40); 33 (30-35)
94.7+5.2 (85-100); 95 (90-100)

139.4%6.4 (125-150);140 (135-142)
36+4 (24-42); 36.8 (33.0-38.6)

CDA — cervical diaphyseal angle; AA — antetorsion angle.
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As aresult of surgical treatment in all patients
in both groups, the stability of the hip joint was
achieved with the values of the main radiometric
indices reflecting the anatomical structure and
spatial orientation of the acetabulum, as well as
its ratio to the femur, which are located within
the normative reference intervals. This, in our
opinion, is extremely important in terms of both
the possible further development of femoroac-

VAS on 3"day
===Group I patients

VAS on 7" day
=== Group II patients

VAS before surgery

etabular impingement of the “pincer” type, and
the complexity of positioning and implantation
of the endoprosthesis cup when it is necessary to
perform total hip arthroplasty in adulthood as a
result of hypercorrection of the acetabular frag-
ment position [13, 31].

The analysis of the pain syndrome severity
according to VAS in the postoperative period, as
well as the dynamics of its change, showed the
presence of statistically significant differences
(p<0.05) between the groups of patients (Fig. 3).

So, patients of group I on the 3" day after sur-
gery noted severe pain, while patients of group II
had moderate pain. On the 7" day after surgery,
pain gradually stopped, but statistically signifi-
cant differences in the severity of pain syndrome
between patients of groups I and II (p<0.05)
remained.

Changes in the markers of muscle injury are
presented in Table 4.

Fig. 3. Dynamics of pain syndrome in the
postoperative period in patients of study groups

Table 4

Dynamics of changes in biochemical markers of muscle traumatization
in the postoperative period

Parameter Group I Group II
M+SD (min-max); Me (25-75%) M#SD (min-max); Me (25-75%)
34 day
LDH, Unit/1 266.0£14.7(240-291); 267 (254-278) 262%12 (241-282); 264 (253-273)
CPK, Unit/1 753.0£123.2 (540-1012)*; 751 (657-845) 358.0+82.6 (180-493)*; 368 (321-413)

Creatinine, mmol/1

59.049.9 (42-81); 57 (53-64)

58.610.9 (39-85); 57 (51-67)

AST, Unit/l 34.7+6.8 (20-46); 35 (29-41) 345 (23-42); 34 (31-39)
CRP, Mg/1 177.0£17.6 (146-222)*; 178 (164-187) 67+24 (20-112)*; 69 (46-84)
7" day
LDH, Unit/1 248.0£22.8 (151-285); 251 (243-261) 253+14 (226-282); 254 (245-264)
CPK, Unit/] 193.3£50.6 (75-278)%; 198 (163-234) 164.4+31.6 (75-234)*; 1649 (143-186)

Creatinine, mmol/1
AST, Unit/1
CRP, Mg/1

58.7+11.7 (41-81); 56 (49-69)
23.0£7.2 (11-42); 22 (17-26)
29.0£13.6 (8-51)*; 29 (16-39)

60.8%10.0 (39-81); 62 (53-69)
21.6%5.4 (11-30); 22 (18-26)
16.5+8.0 (1.3-32.1)*; 14.6 (10.2-23.4)

Statistically significant values are highlighted in bold; *p<0.05.
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The analysis of the data presented in Table 4
showed that in patients who had triple pelvic os-
teotomy performed from an anterolateral surgical
approach, there was a significant (p<0.05) increase
in the values of CPK and CRP compared with pa-
tients who had triple pelvic osteotomy performed
from two approaches. This fact allows us to con-
clude that during all surgical manipulations on
the pelvic bones from the anterolateral approach,
there is a significantly greater traumatization of
the muscles, which can have a negative impact on
static-dynamic function in the long-term post-
operative period. For the remaining biochemical
markers of traumatization, we did not reveal sta-
tistically significant differences (p>0.05).

DISCUSSION

In 1981, D. Tonnis first described his modifica-
tion of triple pelvic osteotomy, which has gained
great popularity around the world for the treat-
ment of children with DDH and Perthes' disease,
for which three separate approaches were used
and there was need to change the patient's posi-
tion on the table during the surgery [32]. Since
then, this surgical technique has received nu-
merous modifications, which primarily relate to
the number of approaches to the pelvic bones
[14, 15, 16, 17]. To date, publications on the use
of minimally invasive surgical methods for per-
forming triple pelvic osteotomy are increasingly
appearing [18, 19, 20, 21].

Thus, B. Balakumar et al. describe the per-
formance of triple pelvic osteotomy from bikini
approach with an incision length of 5-7 cm, and
W.B. Lehman et al. perform this type of surgery
from two "almost percutaneous’ cosmetic ap-
proaches [18, 19]. At the same time, it should
be noted that the effectiveness of triple pelvic
osteotomy performed from minimally invasive
approaches is judged only by the degree of cor-
rection achieved and the length of the skin inci-
sion. The analysis of the inflicted muscle injury
was not carried out in any of the publications we
studied. At the same time, such studies are not
uncommon comparing standard and minimally
invasive approaches during primary and revision
hip arthroplasty in adult patients [29, 33, 34, 35,
36, 37]. However, the results of these studies are
quite contradictory, since some authors claim to
cause less injury to the muscles performing mini-
mally invasive approaches compared to standard
ones. Other authors, conducting a similar bio-

chemical analysis, do not find significant differ-
ences in the indicators of muscle injury markers.
H.Y. Zhao et al., after comparing anterior and
posterolateral surgical approaches to the hip
joint, came to the conclusion that performing
anterior approach is associated with less mus-
cle injury, as evidenced by differences in both
biochemical blood analysis data and less intense
postoperative pain syndrome and, as a result, less
need for painkillers [35]. A team of authors from
Romania, having studied the traumatism of the
anterior and lateral approaches, did not find sig-
nificant differences in the biochemical analysis,
but proved less traumatism of the anterior ap-
proach in terms of the severity of pain syndrome
after surgery and the need for narcotic painkill-
ers [36]. Orthopedic surgeons from the NMIC of
Traumatology and Orthopedics named after R.R.
Vreden, having conducted a large-scale study of
the traumaticity of various minimally invasive
and standard approaches during primary and re-
vision hip replacement, came to the conclusion
that despite the absence of statistically signifi-
cant differences in the biochemical markers of
muscle injury, minimally invasive anterolateral
approach is a priority for young people due to the
least intense pain syndrome in the postoperative
period. In addition, the authors conclude that the
magnitude of intraoperative muscle injury de-
pends, first of all, not on the possible cutting off
with subsequent refixation of the hip joint area
muscles, but on the pressure of instruments on
these muscles to ensure adequate visualization
of the surgical wound [29].

Despite the fact, that many orthopedic sur-
geons in our country have the opinion that the
traumatism of triple pelvic osteotomy depends
primarily on the number of surgical approaches,
the results obtained in our study indicate the op-
posite. Thus, in patients who had an anterolater-
al approach made from a single skin incision, the
values of the CPK index, which has a high speci-
ficity for any changes in human muscle tissue, on
the 3" and 7™ days. after surgery, the CPK values
were 2 times higher than similar values in the
group of patients who had a triple pelvic osteoto-
my performed from two surgical approaches. The
values of CRP in group I patients exceeded those
in group II by 2.6 times on the 3 day after sur-
gery and by 1.8 times on the 7™ day. In addition,
the intensity of pain syndrome in patients un-
derwent surgery with an anterolateral approach
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was significantly more pronounced compared to
patients who used two approaches. The results
of the study are comparable with the data of H.Y.
Zhao et al. and D.V. Nistor et al. [35, 36], since, in
our opinion, direct approach and bikini approach,
despite the different direction of skin incisions,
are largely identical in terms of work in the in-
termuscular spaces. Besides, we believe that, in
addition to the pressure of instruments on the
muscles, which effects on the magnitude of mus-
cle traumatization is concluded by A.D. Sineokii
et al. [29], the traumaticity of approach also de-
pends on the extent and localization of the dis-
section of non-vascular intermuscular spaces. So,
with an anterolateral approach, the gap between
the volumetric and important for static-dynamic
function middle gluteal muscle and the tensor
fascia lata muscle is dissected for a sufficiently
long distance (from the greater trochanter to the
anterior superior iliac spine), and with the bikini
approach, separation of the gap between the sar-
torius muscle and the tensor fascia lata muscle
is performed for a relatively short length — up to
10 cm, the abductor muscle group remains intact
during this approach.

CONCLUSION

A comparative analysis of the traumaticity of
surgical approaches during triple pelvic osteoto-
my in children with Crowe type I DDH, based on
the assessment of biochemical markers of mus-
cle injury and the intensity of pain syndrome in
the postoperative period, showed that the use of
anterolateral approach is statistically significant
(p<0.05) has a greater injury to muscle tissue
than the use of two surgical approaches (medial
transadductor and "bikini"), as evidenced by a
significant increase in the level of CPK and CRP
in the blood, as well as a more pronounced pain
syndrome in the immediate postoperative peri-
od. In our opinion, to perform triple osteotomy in
patients with Crowe type I DDH, it is preferable
to perform surgery from medial transadductor
approach and bikini approach.
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