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BACKGROUND: Treatment of high congenital hip dislocation in older children remains controversial in terms of the choice
of the method of reducing the femoral head to the level of the acetabulum. In most cases, significant shortening of the hip is
performed to eliminate dislocation, which leads to secondary deformities.

AIM: This study aimed to evaluate the results of treatment of high hip dislocation in older children, in which pre-reduction
skeletal traction and economical shortening of the femoral segment are rationally combined to lower the femoral head.

MATERIALS AND METHODS: From 2011 to 2021, we observed 13 patients aged 5-13 years with grade 4 high unilateral
congenital hip dislocation according to the international Tonnis classification.

RESULTS: The treatment results were traced for 1-9 years. When assessing hip joint function according to McKay cri-
teria, excellent and good results were obtained in 84.6% of the patients. X-ray evaluation by Severin also included 84.6% in
groups 1 and 2. Signs of avascular necrosis of the femoral head according to the criteria of Kalamchi and MacEwen were
detected in four patients (group 1, n=2; group 2, n=1; group 3, n = 1). The difference in the length of the n/limbs in eight
patients was 1.5 cm on average, and in the remaining children, a clinically insignificant asymmetry was observed in the length
of the n/limbs, i.e., 0.5-0.7 cm.

CONCLUSIONS: The choice of the method of surgical correction of high hip dislocation largely depends on the age of the
child. In children aged >5 years, with a significant displacement of the femoral head and limb shortening, a combination of
reduction methods is rational, i.e., use of preoperative skeletal traction with economical shortening of the femoral segment,
open reduction, and correction of the acetabulum. The optimal combination of the distraction method and surgical correction
makes it possible to achieve successful reduction and a good functional result.

Keywords: high congenital hip dislocation; older children; adolescents; lower limb length inequality; limb shortening; pre-
reduction traction; shortening osteotomy.
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Opl/II'I/IHaﬂbHO(-Zl ncenenosaHme

K Bonpocy o neyeHuun BbICOKOro 0AHOCTOPOHHErO
BPOXXAEHHOro BbiBUXa 6eppa y AeTeu

CTapluero Bo3pacta: MUHUMMU3aLMA HEepaBeHCTBA
ANIMHDbI KOHEYHOCTEH

0.B. KoxxeBHukos, C.3. Kpanuna, A.C. KysHeuos, W.B. [puboBa

HauuoHanbHbIN MeAVLMHCKUIA UccneaoBaTeNbCKUiA LIeHTp TpaBMartonorim u optonegun uM. H.H. Mpuroposa, Mocksa, Poccus

06ocHoeaHue. JleyeHne BbICOKOIO BPOXLEHHOMO BbiBMXa Oeapa y [eTel CTapLuero BO3pacTa OCTAeTCs CMOPHLIM B OTHO-
LeHn Bbibopa MeTofia HU3BEAEHMS TONOBKM DeApEHHON KOCTW [0 YPOBHS BEPTNYXHOW BaauHbl. B GonblumHcTBe cnyyaes
ANS YCTpaHeHWs BbiBUXa NPUOEratT K 3HaYMTeNIbHOMY YKOpOUeHMIo 6eApeHHOI KOCTH, YTO NPUBOAMT K Pa3BUTUI0 BTOPUYHBIX
aedopMaumi.

Llenb — 06MeH OMLITOM M OLEHKa Pe3ynbTaToB JIeYeHWUs BLICOKOTO BPOXAEHHOTO BbiBUXa Defpa y AeTeid cTapLuero
BO3pacTa C MUCMONb30BaHWeM [BYXITanHOro MeTofa, NpW KOTOPOM AS HU3BEAEHUS FOIOBKW BefpeHHON KOCTW BbIMOMHAIOT
paumoHanbHoe yKopoueHune befpeHHOro cerMeHTa ¢ NocneayloLen AUCTpaKLmMen KOHEYHOCTM B annapare.

Mamepuanel u Memodel. MNog Hawmum HabnoaeHveM ¢ 2011 no 2021 r. Haxoamnuck 13 naureHToB B Bo3pacTe OT 5 o 13 net
C BbICOKMM O[JHOCTOPOHHUM BpPOX[JEHHbIM BbIBUXOM beppa IV cTeneHu no MexayHapogHoi Knaccudmkaumm Tonnis grade.

Pe3ynemamel. Pe3ynbTathl fieveHnsa npocnexeHbl B cpokn ot 1 ao 9 net. Npu oueHKke dyHKUMM TasobenpeHHOro Cy-
cTaBa no KputepuaM McKay oTnMuyHble M Xopolume pesynbTathl nosydeHbl y 84,6 % naumeHToB. Mpu peHTreHoNorMYecKom
oueHKe no Severin K | v Ko Il rpynne otHeceHbl Takxke 84,6 %. Mpu3HaKM aBacKyNAPHOro HEKPO3a rofioBKW bespeHHon KocTy
no kputepuam Kalamchi/MacEwen otMeuenbl y 4 nauventos (I rpynna — 2, Il rpynna — 1, lll rpynna — 1). PasHuua fnmHbl
HVXKHUX KOHEYHoCTel y 8 nauueHToB B cpefHeM coctaBuna 1,5 cM (1,2—1,8 ¢M), y ocTanbHbIX ieTeit 3aperncTpupoBaHa Kim-
HUYECKM He3HauMMas pasHuua — okono 0,5-0,7 cMm.

3akntoyerue. Bolbop MeToaa onepaTMBHON KOPPEKLIMU BbICOKOTO BbiBUXa befipa BO MHOMOM 3aBMCWT OT Bo3pacTa pebeH-
Ka. Y neten cTaplue 5 fIeT NpW 3HaUMTENBHOM CMELLLEHWUW TONoBKU 6epeHHON KOCTU U YKOPOUEHUM KOHEYHOCTW PaLMOHasbHO
COYeTaHWe MeTOL0B HU3BEAEHMS, @ UMEHHO UCMO/b30BaHWe NPefonepaLyroHHON CKENETHOM TPaKLMK C 3KOHOMHBIM yKOpoYe-
HueM beapeHHoro cerMeHTa. ONTUManbHOe COBMELLIEHWE AWUCTPAKLMOHHOM0 METOfA C YKOPOUEHUEM CErMeHTa NpU BbICOKUX
3anyLUeHHBbIX BbIBUXax befpa no3sonseT LOCTMYb YCMELLHOMO BMPABMEHUS U XOPOLUEro (YHKLUMOHANBHOMO pesyrbTata.

KntoueBble cnoBa: BbICOKMI BpO)'K,D,EHHbIl)'I BbIBUX 6e,upa; 0EeTK CTapLuero Bo3pacta; NoApPOCTKU; HePpaBeHCTBO AJINHbI HUXHUX
KOHEYHOoCTeM; YKOpO4Y€eHMe KOHEeYHOCTU; npepenykumMoHHaa Tpakuua; yKopadmeatollasa 0CTe0TOMUA.
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CLINICAL STUDIES

BACKGROUND

High congenital hip dislocation is a severe form of hip
dysplasia. The treatment of high dislocation in children older
than 5 years is quite a difficult task for a pediatric orthopedist.
Under the influence of the load on the limb and in the absence
of bone support for the femoral head, the proximal femur is
displaced cranially into the iliac region. Owing to the lack of
contact between the articular surfaces, the head and cavity
grow and develop without close interaction, which further
exacerbates the impairment of the spatial orientation of
the proximal femur and underdevelopment of the acetabular
roof. The longer the hip dislocation exists, the more
the constriction of muscles and neurovascular formations
increases, and the soft tissues become rigid and difficult to
stretch, which complicates the restoration of the relationship
between the femoral head and the cavity. The choice of
approach depends directly on the age, previous treatment,
and degree of hip dysplasia.

Most orthopedists suggested that in older pediatric
patients, the elimination of dislocation should be accompanied
by simultaneous surgical correction, including reduction
and correction of the femoral segment and acetabulum.
However, many controversial and unresolved issues remain,
for example, there is no unequivocal opinion on the method
of achieving the most rational and less traumatic reduction of
the femoral head to the level of the acetabulum in the case
of high dislocation.

Some orthopedists believe that the femoral segment
must be shortened for the reduction of the femoral head
when excessive force is required to reposition the hip joint.
The length of femur shortening depends on the degree of
the head displacement and is determined by the amount of
overlap between the osteotomized fragments of the femur
after reduction; in some cases, resection can be 4-5 cm or
longer [1-3].

Traction is another technique of reducing the femoral head
to the acetabulum in high dislocation. Traction is performed in
various ways. Some orthopedists use a distraction apparatus
for this [4, 5], whereas others consider it sufficient to perform
longitudinal traction of the limb on the plane with the use of
weights [6]. For the treatment of high hip dislocation, several
authors combine preoperative traction and shortening of
the femoral segment [7, 8].

Following a literature review, extremely few studies have
focused on the treatment of high hip dislocation in older
children. Moreover, no approach has been established for
the treatment of this pathology, and the choice of the method
of reducing the femoral head is the subject of discussion and
debate.

The work aimed to exchange experience and evaluate
the treatment results of high congenital hip dislocation
in older children using a two-stage method, in which
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rational shortening of the femoral segment is performed
to reduce the femoral head, followed by limb distraction in
the apparatus.

MATERIALS AND METHODS

From 2011 to 2021, 13 patients aged 5-13 years who has
high unilateral congenital hip dislocation were monitored.

According to the international Tonnis grade classi-
fication [9], all patients had grade IV dislocation, where
the femoral head was located above the upper lateral edge
of the cavity. However, the height of the femoral head dis-
placement varied significantly, and the head cranial displace-
ment was more significant in older children than in those
aged 5-7 years (Table 1). Thus, the height of the displace-
ment of the femoral head from the cavity and the Russian
classification of Volkov, Ter-Egiazarov, and Yukina [10] must
be considered. According to this classification, depending
on the location of the femoral head, high dislocation is di-
vided into supra-acetabular (the head is located at the level
of the iliac body) and iliac (the head is located at the level
of the iliac wing). In our patients, supra-acetabular disloca-
tion was found in eight hip joints and iliac dislocation in five
cases.

All patients underwent a clinical and radiological
examination with standard functional tests, radiographs,
and computed tomography and functional radiographs
with a traction test. The degree of soft tissue stiffness and
the possibility of femoral head reduction due to traction
were assessed using an X-ray with a traction test. During
the traction test, the proximal femur was simultaneously
displaced by 1.0-1.5 ¢cm caudally in comparison with its
position on the radiograph without traction. Then, when
planning for the surgical intervention, the required angle
of correction of the caput—collum-diaphyseal angle was
calculated. Most patients required 20°-25° femoral neck
varization. When the femoral neck is varized by 20°-25°,
the head moves around the circumference [11]. Thus, when
the caput—collum-diaphyseal angle is varized by 25°
the femoral head is displaced down by 1.2 cm, thereby
approaching the acetabulum.

Moreover, the amount of the required shortening
of the femoral segment was calculated. The amount of
discontinuity in the Shenton line was deducted by the value

Table 1. Degree of femoral head displacement depending on age

Age, years
Parameter
5-7 8-10 1-13
Quantity 6 2 5
Shenton’s line 3.83+0.98 45+07 5.8 +0.45

discontinuity, cm
M+SD
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Fig. 1. Radiographs of patient T., 13 years old, with high congenital dislocation of the left hip: a, before the treatment of iliac dislocation,
the head of the left femur is located at the iliac wing level, with discontinuity of the Shenton line of 6 cm, acetabular index of 60°, angle
of vertical inclination of the cavity 68°, caput-collum—diaphyseal angle of 125°, and anteversion of the femoral neck of 50°; b, stage 1 of
surgical treatment included shortening detorsion osteotomy of the femur with the imposition of a distraction apparatus on the pelvis and
left thigh. The resected bone fragment (2.5 cm) is located in the subcutaneous tissue in the acetabular zone; ¢, X-ray image 2 weeks after
the distraction start. The head of the left femur was reduced to the level of the lower edge of the acetabulum; d, in stage 2 of surgical
treatment, the distraction apparatus was dismantled, and open reduction of the femoral head into the acetabulum and triple osteotomy of

the pelvis on the left with transposition of the acetabulum were performed

of possible head reduction obtained during the traction test
and by the value of downward displacement of the head
during the caput-collum—diaphyseal angle varization. For
example, if the femoral head is displaced cranially with
the Shenton line discontinuity of 5 cm, when the femoral
neck is varized by 25°, a reduction of 1.2 cm will be added,
and muscle relaxation during gradual traction was also
considered, which will slightly increase the reduction rate
due to traction (on average, no more than 0.5 cm was added).
As a result, the size of the femoral segment resection was
2.0 cm. Thus, in eight patients, the resection of the femur
was 13.8 + 2.7 mm (10-18 mm), and in five pediatric patients,
it was 32.5 + 5.0 mm (20-35 mm).

All patients underwent surgery, which consisted of
two stages. At stage 1, a rational shortening detorsion-
varus osteotomy of the femur was performed with
the imposition of a distraction apparatus, which was used to
eliminate the residual displacement of the femoral head in
the postoperative period. At stage 2, when the femoral head
was opposed to the acetabulum, open reduction and pelvic
osteotomy with correction of the acetabulum were performed
(Fig. 1).

Fig. 2. Patient's appearance at the stage of treatment with the MKC
wire-rod distraction apparatus

Detorsion or detorsion—varus osteotomy of the femur
was the standard. The iliopsoas muscle was dissected
compulsorily from the place of attachment to the lesser
trochanter. Femoral shortening was performed by resecting
the distal bone fragment. The bone fragments were fixed with
an L-shaped or reconstructive plate. The resected fragment
of the femur was placed in a pocket in the subcutaneous
tissue in the projection of the body of the ilium, and it was
saved for subsequent use in stage 2 of surgical treatment.
Then, a distraction system was applied to the pelvis and
thigh. The distraction apparatus consisted of a module of
the MKC apparatus [12], located on the pelvic bones, and
a ring of the Ilizarov apparatus installed in the lower third of
the thigh (Fig. 2).

In the postoperative period, usually starting from day three
after the surgery, distraction in the apparatus was started.
The degree of distraction was 3-5 mm per day. The design of
the device enabled the activity of the child using crutches with
support on the contralateral limb. At the distraction stage,
physiotherapy was performed using paraffin and ozocerite
and magnetic therapy. The duration of the distraction period
averaged 10-14 days. During this time, the femoral head was
reduced to the level of the acetabulum, which was recorded
on the radiograph. Then, stage 2 of surgical treatment was
started.

At stage 2, the apparatus was dismantled, and open
reduction was performed with the reconstruction of
the acetabulum. For open reduction, an anterior longitudinal
approach from the anterosuperior iliac spine down, 7-8 cm
long, was used. Pelvic osteotomy was performed from
the same approach. To access the joint cavity, a Z-shaped
capsulotomy was performed. The fibrous fat pad was removed
from the cavity, and the round ligament was dissected. In
some older children (10-13 years) with iliac dislocation,
the round ligament of the head was absent; it most probably
ruptured during head migration and restructured into
a fibrous fat pad in the bottom of the cavity. The transverse
ligament of the cavity, which prevented sufficient immersion

DOI: hitps://doi.org/10.17816/ PTORS 107945



CLINICAL STUDIES

of the head, was dissected. The deformed limbus, which
was thickened, was turned inside or hung down, covering
a part of the entrance to the cavity. It was transversely
incised in 2-3 places and bent outward using a levator.
The constriction of the capsule in the inferomedial part of
the joint always prevented reduction, although the iliopsoas
muscle was already dissected from the lesser trochanter
at stage 1, which in turn influences the formation of this
constriction. We can assume that the prolonged existence
of this bending of the joint capsule due to muscle tension
led to irreversible changes in this zone, and the stricture of
the capsule persisted even after the muscle dissection. This
stricture was dissected under strict control and protection of
the neurovascular formations in this zone.

After the cavity was released, the head was reduced.
No modeling resections of the femoral head were performed;
the head was freely placed in the cavity. Even in cases where
the femoral head slightly exceeded the cavity dimensions,
the underdevelopment of the anterior and posterior margins,
presence of a free lower part of the cavity, and absence of
constriction of the para-articular tissues due to pre-reduction
traction enabled positioning the head in place without effort.
The femoral head was fixed in the cavity with two wires.
The joint capsule was sutured with the displacement of
the leaflets, and the excess flap of the capsule was sutured
to create a duplicate of the anterior part of the capsule.
The stretched capsular sac in the supra-acetabular zone was
also tightly sutured.

Then, the acetabulum was corrected. Pediatric patients
aged <7 years underwent Salter pelvic osteotomy. Children
aged >8 years underwent triple pelvic osteotomy with
the transposition of the entire acetabulum. Salter pelvic
osteotomy was performed according to the classical
technique of the author [13], where an autograft, previously
extracted from the subcutaneous tissue, was placed in
the area of osteotomized fragments of the ilium after tilting
the cavity roof. Triple pelvic osteotomy was performed using
two approaches. Osteotomy of the ischial and pubic bones
was performed through the medial adductor approach. In
the projection of the adductor muscles, the long and slender
muscles were preliminarily dissected for more convenient
access to the ischium. From the same approach, an osteotomy

Vol. 10 (£) 2022

Pediatric Traumatology. Orthopaedics
and Reconstructive Surgery

of the pubic bone was performed. Iliac osteotomy was
performed from the anterior approach, from which open
reduction was performed. After the transsection of all
three bones, the fragment with the acetabulum was turned
outward and downward until the femoral head overlapped.
The transposed fragments of the ilium were fixed with
threaded wires, and an autograft was placed in the diastasis
zone in advance. Additional fixation was performed in a coxite
plaster cast with the lower limb in moderate abduction.

The duration of immobilization was 5-6 weeks. Sub-
sequently, the wires fixing the femoral head in the cavity
were removed, and restorative treatment was prescribed.
Walking with a load on the operated lower limb was al-
lowed after 4-5 months, after the consolidation of the os-
teotomy of the femur and ilium. The fixing hardware was
removed 8-9 months after the surgical treatment, generally
4-5 months after weight bearing on the limb was allowed.

The treatment results of patients were followed up
for 1-9 (mean follow-up time, 6.2 years). The function
was assessed according to the McKay classification [14].
The Severin system was used for the radiological assessment
of hip joint stability [15]. Postoperative indicators of the head
shape as a sign of avascular necrosis were considered in
accordance with the Kalamchi/MacEwen classification [16].

Statistical analysis was performed using the IBM SPSS
Statistics version 26 (IBM Corp., Armonk, NY, USA). Quanti-
tative data were analyzed using descriptive statistics meth-
ods after preliminary testing for normal distribution using
the Shapiro-Wilk test. Paired t-test for related populations
was used to evaluate the before—after results with two com-
parisons. Arithmetic means (M), standard deviation (+SD),
and confidence interval (95% CI) were calculated. The result
was considered significant at p < 0.05.

RESULTS

In all 13 hip joints, Tonnis grade IV dislocation was
recorded before treatment. After treatment, according to
McKay's criteria for assessing hip function (Table 2), function
was assessed as excellent in four hip joints, good in seven hip
joints, and satisfactory in two hip joints. According to Table 2,
four patients fully recovered their hip joint function (Fig. 3).

Table 2. Functional outcome of treatment according to McKay's criteria

Score Criteria Number of patients

Excellent Stable, painless hip, no lameness, negative Trendelenburg sign, and full 4
range of motion

Good Stable, painless hip, mild lameness, negative Trendelenburg sign, 7
functionally sufficient range of joint motion

Satisfactory Stable, painless hip, lameness, positive Trendelenburg sign, restriction of 2
joint movement

Poor Unstable or tender hip, or both, positive Trendelenburg sign -
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Fig. 3. Patient S. with high congenital dislocation of the left femur at the stages of treatment: a, radiograph at the age of 7 years before
treatment revealed iliac dislocation of the left femur, the femoral head is located at the level of the iliac wing, and the discontinuity of the
Shenton line is 5 cm; b, radiograph immediately after the staged treatment with the restoration of ratios in the left hip joint; c, X-ray result
of treatment at the age of 15 years: grade IA according to the Severin classification; d, functional result of treatment (age 15 years): group
“excellent” according to McKay's criteria

In seven pediatric patients, some limitations in joint rotational
movements were noted, which practically did not affect limb
function, and the lower limb lengths differed by 0.5-1.5 cm,
causing mild lameness (Fig. 4). In two patients, limited hip
joint movements were reflected as a limitation of flexion
and rotational abduction. The Trendelenburg symptom
was positive, and lameness occurred due to a limb-length
discrepancy of 2 cm (Fig. 5).

X-ray assessment of the hip joints before and after
treatment (Table 3) revealed that all indicators characterizing
the hip joint development underwent statistically significant
(p < 0.05) changes in comparison with their values before
surgery. This indicates the restoration of the joint ratios and
its stability.

Table 4 presents the results of assessing the anatomical
and radiological ratios in the joint after treatment according
to the Severin classification.

As shown in Table 4, 11 patients achieved a stable
reduction with the restoration of the normal parameters
of the bone covering of the femoral head with the roof of
the acetabulum (Fig. 3c). Four of these patients had a slight
deformity of the femoral head with the preservation of
the normative index of joint stability (Wiberg angle) (Fig. 4).
Two patients had residual signs of hip dysplasia with
a decrease in the Wiberg angle (<20°) (Fig. 5d). In general,

excellent and good development of the hip joint was achieved
in 11 of 13 (84.6%) patients.

Signs of the development of aseptic necrosis of
the femoral head were detected in four patients (Table 5).

According to the Kalamchi/MacEwen classification, head
deformity corresponding to grade | was diagnosed in two
patients, grade Il in one patient, and grade IIl in one patient.
All patients were treated at the age >8 years and had a very
high location of the femoral head (iliac dislocation). In two
patients with grade 1 according to the Kalamchi/MacEwen
classification, aseptic necrosis was manifested as structural
post-repositional changes, which subsequently regressed,
persistent residual deformity, and spherical femoral head.
Clinically and radiologically, 4-5 years after the treatment,
the hip joint function was satisfactory, there was no
lameness or pain syndrome, a slight limb-length discrepancy
(up to 2 cm) was compensated by a lining for shoes, and
the femoral head remained spherical and was congruent
to the cavity. These patients were at grade Il according to
Severin and McKay's (Fig. 4).

A complicated course with the development of aseptic
necrosis of the femoral head (grade Il according to
the Kalamchi/MacEwen classification) in a patient with high
iliac hip dislocation, who was treated at the age of 12 years, is
presented in Fig. 5. Three years after treatment, a deformity
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Fig. 4. Patient T. with high congenital dislocation of the right hip, grade | according to the Kalamchi/MacEwen classification: g, b, ra-
diographs at the age of 8 years, showing iliac dislocation of the head of the right femur and discontinuity of the Shenton line 6 cm;
¢, radiograph at the stage of surgical treatment, immediately after the femoral head reduction, with fixation in the distraction apparatus;
d, radiograph 6 months after reduction, the femoral head is centered in the cavity, its structure is heterogeneous, and its sphericity is
preserved; e, radiograph 2 years after treatment (age 10 years); f, radiograph 5 years after treatment (age 13 years), grade | according
to the Kalamchi/MacEwen classification, grade Il according to the Severin classification; g, functional result of treatment (age 13 years),

“good” group according to McKay's criteria

of the proximal femur with a heterogeneous structure was
detected; however, with the preservation of the femoral head
sphericity, its centering in the cavity did not cause instability.
Clinically, the range of motion in the hip joint was reduced,
and the limb function was moderately limited.

DISCUSSION

Treatment for congenital hip dislocation aimed at
achieving a stable and concentric reduction of the head with
good subsequent development of the joint. The treatment
complexity and its outcome are inversely proportional to
the patient's age when reduction is performed. Dislocations
of the hip, detected or not treated at the age of >5 years,
are very severe, and sometimes insurmountable difficulties
arise in their treatment. Given the high risk of complications

and uncertainty, many surgeons refuse to eliminate such
dislocations and, at best, refer patients to highly specialized
hospitals and sometimes recommend doing nothing. Thus,
adolescents aged 11-13 years with high hip dislocation,
which was diagnosed at the age of 3-4 years, but was never
treated, still seek medical help. If patients with bilateral hip
dislocation are compensated for a long time and their joints
function well (indications for their treatment after the age
of 4-5 years are still being discussed), then unilateral hip
dislocation leads to significant limb dysfunction, asymmetric
and incorrect formation of the entire musculoskeletal
system, rapid decompensation, and development of pain
syndrome. In this regard, the issue of eliminating unilateral
hip dislocation, even in pediatric patients of senior school
age, should always be resolved positively, unless there are
any serious contraindications for surgical treatment.
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Fig. 5. Patient K. with high congenital dislocation of the left hip, grade Il according to the Kalamchi/MacEwen classification:
a, b, radiographs at the age of 12 years showing iliac dislocation of the left hip and discontinuity of the Shenton line of 6 cm; ¢, radio-
graph 2 months after surgical treatment; d, radiograph 3 years after treatment (age 15 years), showing aseptic necrosis of the femoral
head with preservation of its sphericity, short femoral neck, grade Il according to the Kalamchi/MacEwen classification and grade Il
according to the Severin classification; e, functional result of treatment (age 15 years); “satisfactory” group according to McKay's

criteria

Table 3. X-ray indicators of the anatomical structure and stability of the hip joint before and after treatment

Follow-up stages

Indicators Before treatment After treatment p
M+SD 95% Cl M+SD 95% CI
CCDA, deg. 153.21 £ 5.56 149.95-156.67 121.23 £ 3.19 119.3-123.16
Anteversion, deg. 50 + 4.48 44.27-55.73 15.92 + 3.57 13.77-18.08
Sharpe angle, deg. 63.77 +3 61.95-65.58 35.08 + 4.23 32.52-37.63 <0.001*
Al, deg. 42.69 £ 5.41 39.43-45.96 13.08 £ 3.33 11.07-15.09
Wiberg angle, deg. Negative - 370 +3.92 30.5-42.4

*Changes in indicators are statistically significant (p < 0.05).
Note. Al, acetabular index; CCDA, caput—collum-diaphyseal angle.
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Table 4. Radiological result of treatment according to the Severin classification

Score Grade

Criteria

Number of patients

Excellent 1A

Stable hip joint, Wiberg angle >19° (age 6—13 years); 4

Wiberg angle >25° (age >14 years)

IB Stable hip joint, Wiberg angle 15-19° (age 6—13 years); 3
Wiberg angle 20-25° (age >14 years))

Good I Stable hip joint, but with moderate deformity of the head, 4
femoral neck, and acetabulum. X-ray parameters are the
same as in grade |
Satisfactory Il Hip joint dysplasia, but without subluxation 2
of the femoral head;
Wiberg angle <20° (age >14 years)
Poor v Subluxation -
v Femoral head in the false acetabulum -
Vi Reluxation -

Table 5. Results of assessing the development of the femoral head aseptic necrosis after treatment, according to the Kalamchi/MacEwen

classification

Grade Criteria Results

I Heterogeneous structure of the femoral head and expansion of the femoral 2
neck 1 year after reduction, increased radiographic density with subsequent
fragmentation.
Residual deformity, but with the restoration of head sphericity

Il Damage to the lateral side of the growth plate (the main characteristic of this 1
group) and development of subcapital coxa valga with a tendency to deficient
acetabular coverage

Il Damage to the central part of the growth plate and short neck of the femur 1

without varus or valgus deformity. Relative overgrowth of the greater trochanter

and limb-length discrepancy

v Injury to the entire femoral head and physis. Femoral head deformity with -
varus, flattening, and coxa magna, greater trochanter overgrowth, limb-length

discrepancy, and subsequent early arthritis

The methods of surgical treatment used to eliminate
dislocation are well recognized and known, such as
detorsion—varus osteotomy of the femur and open reduction
and osteotomy of the pelvis. In most cases, surgeons follow
the pathway of the so-called least resistance to obtain
a good result in the shortest possible time. Moreover,
complete reconstruction of the joint is performed, and
to achieve reduction, the femur is shortened by the entire
displacement of its head. In a few international and Russian
publications on the treatment of high dislocation in older
children, the authors, describing the technique, point
to femoral shortening by the amount of displacement
of osteotomized femoral fragments, that is, from 1 to
2.5 cm [17]. Subsequently, this shortening in no way affected
the result, and the limb-length discrepancy did not bother
patients and their parents. When analyzing these studies and
the magnitude of femoral shortening, the magnitude of cranial
displacement of the femoral head did not exceed 2-3 cm.
Most articles use the international Tonnis classification,

according to which the dislocation is divided into four
degrees. This classification considers the anatomical location
of the femoral head relative to the cavity, but it does consider
the magnitude of the absolute displacement of the femoral
head, which can vary significantly. Thus, in our patients, hip
dislocation corresponded to Ténnis grade IV. In some patients,
the head displacement was 3 cm, whereas it was 6 cm in
others, and this is important when choosing the treatment
approach. Unfortunately, we did not reveal an international
classification that could consider the displacement height
or magnitude of discontinuity of the Shenton line; therefore,
in this study, we used the Tonnis classification (according
to international standards) when describing a group of
patients, but supplemented it with the division of patients
into subgroups taking into account the height of the femoral
head displacement according to the classification of Russian
orthopedists [10].

The analysis of the most widely used method of femoral
head reduction by shortening the femoral segment was
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continued, and results showed that with large displacements
of the head, sometimes reaching 6 cm, shortening by
the entire amount is irrational for the following reasons.
First, with a large resection of the segment, the points of
attachment of the muscles approach significantly, which
subsequently causes a decrease in their strength and
instability of adjacent joints. Second, a large difference in
limb lengths will require further compensation by lengthening
this segment, which is impractical and is not always possible
in the case of hip joint dysplasia. Considering all of the above,
we have developed an approach for eliminating high hip
dislocation in older children by sparing pre-reduction traction
with simultaneous economical shortening of the femoral
segment. Dividing the total amount of displacement into two
components enables the preservation of the limb-length as
much as possible and reduces the probability of avascular
complications.

Short-term fixation in the distraction apparatus in
the physiological position of the limb does not have any
adverse effect, unlike traction in the abduction in the hip
joint (frog leg position). Pediatric patients in the apparatus
are verticalized, move using crutches, and adapt gradually to
future immobilization in a plaster cast. In addition, a gradual
distraction of para-articular tissues in the physiological
position of the limb increases the metabolic activity of
endothelial cells of blood capillaries, which has a positive
effect on the blood supply to the joint structures and reduces
the risk of aseptic necrosis of the femoral head [18, 19].

The presented method of treating high hip dislocation
in older children obtained excellent and good results
in 11 of 13 cases (84.6% of patients). Aseptic necrosis
of the femoral head was diagnosed in 4 of 13 patients
(30.7%); however, in two of them (grade | according to
the Kalamchi/MacEwen criteria), structural postrepositional
changes regressed, and residual deformity of the proximal
femur in the form of femoral neck shortening did not
impair the sphericity and congruence of the joint. Clinically
and radiologically, 5 years after treatment, the patients
retained good function and the hip joint had continuous
development. When assessing the results according to
Severin's and McKay's classifications, they were assigned
to grade Il (good result).

Comparing our results with those of other studies
is difficult because only a few studies have evaluated
the treatment of high hip dislocations in older children over
the past decade. Only a few authors evaluated the results of
the correction. Ning et al. [20] analyzed children in the older
age group with Ténnis grade degree IV dislocation (over
6-8 years) and obtained good results according to Severin in
64.6% of cases. El-Tayeby et al. [2] achieved good results in
pediatric patients older aged >8 years in 78% of cases. Forlin
et al. [21] achieved good results in 70% of cases, whereas
poor outcomes were recorded in patients aged >7 years at
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the time of surgery. Tilyakov et al. obtained good results in
36.4% of patients with high hip dislocation [22]. Teplenky
et al. used a distraction apparatus and achieved good results
in 77% of patients aged up to 8 years [5].

According to the literature, aseptic necrosis of the femoral
head after treatment of high hip dislocation in is diagnosed in
19.8%—-69% of pediatric patients aged >3 years. Thus, when
evaluating the treatment results of late hip dislocation,
Angliss et al. [23] registered manifestations of Kalamchi/
MacEwen grade | aseptic necrosis in the first 5 years after
treatment in 69% of patients. As the children grew, 49% had
growth plate disorders and deformity corresponding to
Kalamchi/MacEwen type II, and only 18% of patients had
no manifestations of aseptic necrosis. Castafieda et al. [24]
reported aseptic necrosis in 19.8% of pediatric patients aged
23 years. Charki M. Tazi [25] detected aseptic necrosis in 20%
of children aged >1 year, whereas the incidence of aseptic
necrosis was significantly higher in patients aged >3 years.
Ning et al. [20] diagnosed aseptic necrosis in 57% of children
aged over 6-8 years with Tonnis grade IV dislocation.

Our treatment results and the incidence of aseptic
necrosis in literature data were not comparable because
all studies analyzed surgical outcomes in pediatric
patients with hip dislocation of the so-called walking
start age [20, 24, 26]. When evaluating the results of such
interventions, the younger the patients, the better the result
of the correction, and the best age for simultaneous surgery
for hip dislocation is up to 8 years [27]; however, the treatment
of dislocation in adolescence is a debatable issue. In our
opinion, high unilateral hip dislocation should be treated
even in adolescence. The use of a combined treatment
method, namely, preoperative skeletal traction combined
with economical shortening of the femoral segment, is one of
the best options for older patients with a high displacement of
the femoral head. When using traction, in addition to the head
reduction (main task), contracted soft tissues are gradually
stretched, thereby avoiding post-reposition pressor effects
on the femoral head and improving the ability of tissues to
tolerate hypoxia. Economical femoral shortening minimizes
the loss of limb-length and improves functional and cosmetic
results by restoring the symmetrical length of the lower
limbs at the end of treatment.

CONCLUSION

The treatment results of high hip dislocation in older
children using the presented technique are comparable
with the findings of other authors. Moreover, compared with
other studies, this method was used in older patients. We
believe that this treatment method can be considered one
of the options for achieving successful reduction and a good
functional result in the treatment of complex and severe high
hip dislocation in older children and adolescents.
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