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Background. The relative overgrowth of the greater trochanter is one of the most common deformities of the proximal
femur in association with several disorders of the hip joint.

Aim. To analyze the dynamics of proximal femoral growth after trochanteric epiphysiodesis as well as to determine the
options for using this method in the complex treatment of children with hip pathology.

Materials and methods. We analyzed the data of clinical and radiological examinations and surgical treatment
(permanent trochanteric epiphysiodesis with metal fixation) outcomes for 43 (52 joints) patients aged 4-12 years with
a developing high position of the greater trochanter.

Results. The surgery enabled slowing down of the growth of the greater trochanter on the side of intervention by
(average) 50% (p < 0.05), although the values of the neck-shaft angle both on the affected side and the side opposite
to it did not change (p < 0.05).

Conclusion. In moderate disorders of the growth plate of the femoral head epiphysis, trochanteric epiphysiodesis can
prevent the progression and, in some cases, correct disturbed ratios of the hip joint, thereby avoiding the need for
larger surgical interventions.

Keywords: hip joint; avascular necrosis; relative overgrowth of the greater trochanter (ROGT); trochanteric—pelvic
impingement (TPI); articulotrochanteric distance; trochanteric epiphysiodesis; children.
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O6ocHoBanue. [nneprpodus 601bLUIOr0 BepTena sIBsIETCS OFHOI 13 Hanbojee 4acTo GOpMUPYIOLMXCs Aedopmarnuit
HPOKCHMMAJIBHOTO OT/eIa GepeHHOI KOCTH IIPY PasIMYHbIX 3a00/IeBaHMAX Ta300epeHHOr0 CycTaBa.

Ilenp — M3y4YNTh AMHAMMKY POCTA IIPOKCHUMATBLHOIO OTHeIa OGeIpeHHOI KOCTH IIOCIIe BBIIONHEHNs anoduseonesa
6O/IBIIOrO BepTena U ONpefe/INTh BapUaHThl NPUMEHEHNs METORMKY B KOMIUIEKCHOM JIeYeHMH JeTell ¢ MaToIoruei
Ta300e[PeHHOr0 CycTaBa.
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Matepuansl 1 MeToabl. [IpoaHanusupoBaHbl pe3yabTaThl 00CIE[OBAHMA U XUPYPrUdecKoro nedenus 43 (52 cycrasa)
HaIeHToB oT 4 mo 12 neT ¢ GOPMUPYIOLMMCS BBICOKMM IOTOXEHMEeM OOMbIIOro BepTena. VICMONb30BaHbI KIMHU-
9eCKUI1 M PEHTTEHONIOTMYECKIII METObI MICC/IeRoBanNA. XUpyprudeckoe aedeHne IpefycCMaTpuBaso BhIIOTHEHME T10-
CTOAHHOTO BapuaHTa ano¢useosesa OOMBIIOTO BepTena ¢ GUKCaIell MeTaTIOKOHCTPYKIUAMIL.

PesynpraTpl. XyMpyprudeckoe BMeIIaTEeNbCTBO ITO3BOMUIO 3aMeINTh POCT OONBIIOrO BepTela Ha CTOPOHE BMeIa-
TebCcTBa B cpenHeM Ha 50 % (p < 0,05). IIpu aToM 3HaveHus mieevHO-AUADU3APHOrO yIrila KaK Ha IOPaKEHHOI, TaK
M Ha IPOTUBOIONIOXKHOI CTOPOHE NPUHIMIINANIBHO He M3MeHMIuch (p < 0,05).

3akmiouenne. [Ipu yMepeHHBIX HapyLIeHUAX GYHKIMU 30HBI pocTa ammdusa ronoBku bempa amoduseones 60mb-
IIOTO BepTela MOXKET IPeJoTBPATUTh NMPOrPecCMpoBaHMe, a B pAfe CIydaeB M 00eCIeunTb KOPPEKIUI0 Hapy-
IIeHHBIX COOTHOLIEHNII B Ta300e[peHHOM CyCTaBe, IO3BO/IAA M30eXaTh XMPYPIUUECKMX BMEIIATeNbCTB OOJIbIIEro
ob6beMa.

KmroueBble cmoBa: Tazo6e/[peHHBIN CYCTaB; aBaCKY/IAPHBIN HEKPO3 TONOBKM Oefipa; TuiepTpodust 6OMBIIOTrO BepTena;
BepPTETbHO-TAa30BbIl UMIIMHIKMEHT-CHHAPOM; apTUKY/IO-TPOXaHTepHas AMCTAaHLNA; anoduseosies OOBIIOTO BepTena;

OeTH.

Disturbance in the growth zones of the femoral
neck and head, which results in the formation of
the so-called relative overgrowth of the greater
trochanter, is one of the most common disorders
of the hip joint [1-3]. This condition also leads to
gait impairment due to gluteal muscle dysfunction,
limited hip joint movement, trochanteric-pelvic
impingement, and coxarthrosis [2-5]. An expectant
management is currently used as treatment of such
deformities of the proximal femur. To treat disorders
of the hip joint in children aged 10-13 years, the
classical variants of corrective osteotomies and
Veau-Lamy transposition of the greater trochanter
are employed [6-8]. However, in international
literature, preference is given to methods that
immediately eliminate the causes of extra- and
intra-articular impingement syndrome to prevent
the development and progression of coxarthrosis in
young adults [9].

In recent years, minimally invasive techniques
have been developed for controlled correction of
deformities by influencing the bone growth zone,
taking into account the natural growth potential
in children. These techniques have proven their
efficiency and are increasingly used in pediatric
orthopedics, particularly in the correction of
angular deformities and asymmetry of the lower
extremities [10-13]. Foreign studies reported
about trochanteric epiphysiodesis in patients with
Perthes disease after performing a corrective varus
osteotomy of the femur to prevent a high position
of the greater trochanter. The authors have noted
a statistically significant increase in the range of
motion and muscle strength [14-18].

In Russian literature, no study has reported
about trochanteric epiphysiodesis performed alone

or in combination with surgical treatments of
children in order to prevent progression and to
treat impaired relationships in the hip joint in the
form of an emerging high position of the greater
trochanter by affecting its growth zone. According
to the literature and our own experience, the high
position of the greater trochanter is most often
associated with avascular necrosis of the femoral
head, following conservative treatment of congenital
hip dislocation, as well as with septic arthritis
(1, 3, 8].

The work aimed to investigate the growth
dynamics of the proximal femur after trochanteric
epiphysiodesis and to determine treatment options
in children with hip joint pathology.

Materials and methods

In this study, we examined and treated
43 (52 joints) patients aged 4-12 years with a deve-
loping high position of the greater trochanter caused
by various hip joint disorders. All patients presen-
ted changes in the structure of the bone tissues of
the femoral head and neck, corresponding to types
II-IV ischemic lesions according to the Kalamchi
classification.

The patients were distributed according to no-
sology: (1) patients with avascular necrosis of the
femoral head (complications of conservative treat-
ment of hip dysplasia and congenital hip disloca-
tion) (n =21, 48.8%), (2) patients with hematoge-
nous osteomyelitis (septic arthritis) (n =12, 27.9%),
and (3) patients with Perthes disease with total
epiphysis lesion (n = 10, 23.3%).

Of the 43 patients, 27 were girls (62.8%)
and 16 were boys (37.2%). The follow-up period
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ranged from 6 to 39 months. The average patient
age at the time of surgery was 8.7 + 2.4 years. All
patients (52 joints) underwent trochanteric epi-
physiodesis as surgical treatment. In 31 cases, tro-
chanteric epiphysiodesis was performed alone, and
in 21 cases, it was combined with reconstructive
interventions (i.e., Salter iliac pelvic osteotomy and
triple pelvic osteotomy) on the pelvic component
of the joint.

In this study, we performed permanent
trochanteric epiphysiodesis, i.e., fixation was
performed using an eight-shaped plate with screws
or a cortical screw with a washer.

The inclusion criteria were as follows: emerging
deformities of the proximal femur with a high
position of the greater trochanter, in which its apex
was located above the center of the femoral head
but below its superior pole; changes in the structure
of the femoral neck, accompanied by its shortening;
functioning growth zone of the greater trochanter
at the time of intervention; and patients without
surgical treatment history.

The exclusion criteria were as follows: hip
dislocation upon examination; patients with
varus deformity of the femoral neck (neck-shaft
angle <120°), torsional deformity of the femur that
impairs the stability of the hip joint; patients with
complications of surgical interventions, trauma,
rickets, and rheumatoid arthritis; and patients
with neurological disorders and systemic skeletal
dysplasias.

Examination methods included clinical examina-
tion (complaint assessment, history taking) as well
as X-ray examination. Data obtained were processed
using statistical methods, including the assessment
of the arithmetic mean (M) and standard error of
the mean (m). Intragroup analysis was performed
using the nonparametric Wilcoxon test with a pro-
bability of type I error <5% (p < 0.05).

Clinical examination

In this study, the clinical presentation in the
sample was not noticeable, since the patients had no
disorders in hip joint stability. In patients who were
allowed axial load on the lower extremities (except
for children with Perthes disease), gait disturbance
in the form of mild lameness on the affected limb
was noted, and there were minimal or no complaints
at all. A typical clinical manifestation in unilateral
lesions was limb shortening (0.6 + 0.4 cm), but

the range of motion in the hip joint was normal.
A weakly positive Trendelenburg symptom was
detected in nine (20.9%) children.

X-ray examination

To analyze anatomical changes in the proximal
femur, radiographic parameters characterizing the
ratio of the femoral head and greater trochanter in
the frontal plane were studied using frontal (antero-
posterior) radiographs of the pelvis with neutral
rotation of the extremities. These parameters were
as follows: (a) articulotrochanteric distance (ATD),
which is the distance from the greater trochanter
apex to the upper pole of the femoral head (mm);
(b) trochanter-to-trochanter distance (TTD), which
is the distance from the greater trochanter apex to
the middle of the lesser trochanter along the line
parallel to the anatomical axis of the femur (this in-
dicator reflects the growth of the greater trochanter
and does not depend on the growth of the epiphy-
sis); and (c) lesser trochanter-to-articular surface
distance, which reflects the growth of the epiphy-
sis and femoral neck and does not depend on the
growth of the greater trochanter. Calculations were
performed using Philips Intelli Space PACS DCX
v.3.2 program according to the method described
by Pozdnikin et al. [1].

Indications for surgical treatment

Anatomical factors were considered an
indication of surgery when the frontal radiograph
of the hip joints showed that the apex of the greater
trochanter is higher than the center of the femoral
head, but it still did not exceed the level of its upper
pole, the growth zones of the greater trochanter and
epiphysis are not affected, and the neck-shaft angle
was not <120°.

In 31 cases, only trochanteric epiphysiodesis
was performed. If a deficiency in femoral head
coverage was found (degree of bone coverage
less than */,; Wiberg angle <10°), in addition to
trochanteric epiphysiodesis, reconstruction of the
pelvic component, i.e., Salter iliac osteotomy of the
pelvis or triple pelvic osteotomy, was performed
(21 joints). In patients with Perthes disease, pelvic
osteotomy was performed to ensure the principle
of containment treatment in the formation of
extrusion hip subluxation. Cases where the greater
trochanter apex was located above the level of the
upper pole of the head with negative ATD values,
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neck-shaft angles not less than 120°, limited
femoral abduction, and positive Trendelenburg
symptom that causes gait disturbance, were
considered indications of Veau-Lamy transposition
of the greater trochanter and/or corrective osteo-
tomy of the femur. These cases were excluded
from the study.

Surgical technique

When performing trochanteric epiphysiodesis in
combination with pelvic osteotomy, a lateral angular
approach to the hip joint between the m. tensor
fascia lata and m. gluteus medius was employed.
If trochanteric epiphysiodesis was performed alone,
a 4-5 cm linear incision of the skin and subcutaneous
tissue was made along the lateral surface of the
thigh in the projection of the greater trochanter.
Immediately above the growth zone of the greater
trochanter, the deep fascia of the thigh was dissected
linearly, and the m. vastus lateralis was dissected
crosswise. The growth zone of the greater trochanter
was then exposed. A bone autograft (10x10 mm

in size and 1.5-2.0 mm thick) was collected using
a chisel or an oscillating saw from the femoral
shaft at the border of the bone mass of the greater
trochanter and the metaphysis of the femur along
the lateral surface. The growth zone of the greater
trochanter was destroyed using a 2.5-mm drill from
the lateral, anterior, and posterior-lateral surfaces of
the femur to a depth of 5-10 mm without reaching
the trochanteric fossa. The autograft obtained was
placed in the formed diastasis.

To exclude displacement of the greater trochan-
ter, adherence to bed rest, or use of ambulation
support in the postoperative period, before the de-
struction of the growth zone, the greater trochan-
ter was fixed to the femur using an eight-shaped
plate with screws or a cortical screw with a wash-
er. The eight-shaped plate was installed from the
lateral surface of the hip, and the cortical screw
was inserted from the superior lateral parts of the
greater trochanter toward the lesser trochanter
parallel to the intertrochanteric line of the femur
(Figs. 1, 2) [19].

Fig. 1. Radiographs of patient U (7 years old) diagnosed with congenital dislocation of the right hip, condition after

conservative treatment, and residual developmental hip dysplasia. Complications of aseptic necrosis of the femoral head

include femoral neck shortening, formation of Kalamchi type II deformity, and high position of the greater trochanter:

a, at 4 months old; b, at 1 year old; ¢, d, at 7 years old, before surgery; e, immediately after iliac pelvic osteotomy
and trochanteric epiphysiodesis on the right

m Pediatric Traumatology, Orthopaedics and Reconstructive Surgery. Volume 8.

Issue 3. 2020



ORIGINAL PAPERS 253

a b c

Fig. 2. Radiographs of patient G (4 years old) diagnosed with complications of septic arthritis of the hip joint,

emerging high position of the greater trochanter on the right, and multiplanar deformity of the femoral neck with

eccentric growth of the epiphysis posteriorly: a, b, before surgery; ¢, immediately after trochanteric epiphysiodesis
on the right

In the postoperative period, after trochanteric
epiphysiodesis, dosed walking without support was
allowed 3-5 days after the surgery.

Results

Treatment results were monitored up to 39
months after surgery. The clinical presentation after
surgery did not essentially change. The severity
of lameness and Trendelenburg symptom did not
increase. No complications were noted in any case.
In the follow-up period, signs of partial synostosis
at the level of the growth zone of the greater
trochanter and formation of bone “bridges” occurred
2-4 months after epiphysiodesis. Considering the
relatively low growth rates of the greater trochanter,
we analyzed the medium-term radiological results
of treatment of 13 patients. These patients had
unilateral lesions, had not undergone hip joint

interventions, and had a follow-up period of at
least 12 months. The opposite intact hip joint was
used to compare the parameters. Thus, there were
13 affected and intact hip joints in our sample.
Table presents X-ray indicators characterizing the
proximal femur.

The normal growth of the greater trochanter over
the follow-up period was calculated in millimeters
as the difference between the TTD value at the start
and end of follow-up in the healthy hip joint.

Growth retardation of the greater trochanter was
calculated in millimeters and the difference between
the TTD of the healthy hip joint (normal growth)
and on the affected side over the postoperative
follow-up period was presented as percent.

The table shows that the initial ATD value on
the affected side was significantly less than that
on the intact side (p < 0.05). Over the follow-up
period, values of the ATD parameters in the main

Average values of the radiological parameters of the intact and affected hip joints before surgery
and 12-39 months after surgery

Hip joints
Parameters Before surgery 12-39 months after surgery
Affected Intact Affected Intact
ATD (M +£ SD), mm 10.01 + 5.84 16.07 £ 5.09** 11.35 + 6.88 15.58 +4.99
TTD (M % SD), mm 41.19 + 448 40.74 + 5.77 46.26 £ 2.68* 50.74 + 6.92
LTA (M £ SD), mm 51.20 £ 7.63 56.80 + 7.63 57.61 + 7.98% 66.32 + 6.96
NSA (M £ SD), deg. 135.20 + 3.56 138.60 + 9.96 133.40 £5.73 136.80 + 8.93

Note. ATD, distance from the greater trochanter apex to the upper pole of the femoral head; TTD, distance from the greater trochanter
apex to the middle of the lesser trochanter along the line parallel to the anatomical axis of the femur; LTA, distance from the lesser
trochanter to the upper pole of the femoral head; NSA, neck-shaft angle; *significant differences in TTD and LTA indices in the
affected hip joints before and after surgery (p < 0.05); **significant differences in the ATD index in the affected side and intact side
(p < 0.05).
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Fig. 3. Radiographs of patient K (9 years old) diagnosed with Perthes disease on the left side but was in the recovery
stage: a, before surgery; b, 2.5 years after the trochanteric epiphysiodesis on the left

and control groups almost remained unchanged.
Differences between the indicators also did not
change, that is, no progressive displacement of the
greater trochanter apex in relation to the superior
pole of the head was noted. In addition, the
mean values of the normal growth of the greater
trochanter (TTD index) for the intact and affected
joints did not differ initially, that is, the condition
of the greater trochanter on the affected side did
not progress. During the postoperative follow-up
period, the TTD index increased by 10.0 + 5.5 mm
in the healthy hip joint and by 5.08 + 4.1 mm in the
affected hip joint. Thus, based on the changes in the
TTD index, surgical treatment slowed the growth
of the greater trochanter by 49.3% (p < 0.05).
The neck-shaft angle during the follow-up period
did not fundamentally change on both the affected
and intact sides, with differences in dynamics by no
more than 0.9% (p > 0.05) (Fig. 3).

Discussion

A high position of the greater trochanter is
one of the main problems of proximal femur
residual deformities. Such disorders develop
after avascular necrosis of the proximal femur
of types II-IV according to the Kalamchi
classification. The problem is characterized not
only with impaired growth of the femoral neck
but also with growth imbalance, that is, abnormal
anatomical relationships between the femoral head,
femoral neck, and greater trochanter. This condition
causes weakening of the gluteal muscles due to
the convergence of their attachment points and,
accordingly, gait disturbance. Further reduction in
the distance between the greater trochanter and the

ilium leads to limited hip abduction and rotation,

development of trochanteric-pelvic impingement,

and pain [1, 20-23].

Within the framework of this work, we in-
tended to focus on the risk for a high position of
the greater trochanter and to determine factors in-
fluencing this process. In our opinion, the expec-
tant management accepted currently in relation to
these disorders and surgery by greater trochanter
transposition after 10-13 years are not optimal for
many reasons.

1. The convergence of the attachment points of
the gluteal muscles leads to a gradual decrease
in their length and strength. After transposition
of the greater trochanter, overstretching of
the gluteal muscles will affect their function
negatively.

2. Intermittent trauma to the cartilaginous edge of
the acetabulum caused by the greater trochanter
base with its relative overgrowth contributes to
the progression of coxarthrosis.

3. After several years, the patient will have
a pathological gait stereotype associated with
a change in the hip joint biomechanics.

4. Reconstructive surgery involving osteotomy of
the greater trochanter or femur is traumatic
and accompanied by prolonged exclusion of the
axial load on the extremity in the postoperative
period.

Blocking the growth zone of the greater
trochanter was first introduced by Langenskiold
and Salenius in 1967 [24]. Recent foreign literature
provides single publications on this problem,
describing the treatment of children with Perthes
disease [14-18]. In particular, Matan et al. and Kwon
et al. performed both trochanteric epiphysiodesis
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and corrective (varus) osteotomy of the femur to
prevent the above disorders [15, 25]. In general, the
effectiveness of slowing the growth of the greater
trochanter in children with Perthes disease remains
controversial [13, 26].

Surgery has two major effects on the growth
zone of the greater trochanter: complete destruc-
tion of the growth zone and inhibition of function
(temporary blocking). According to our experience
and literature review, the normal growth rate of
the greater trochanter is approximately 2 mm per
year [1, 16]. Moreover, the general growth of the
greater trochanter and changes in the TTD index
occur not only due to its growth zone, but also
due to its appositional formation, from the center
of the cartilaginous trochanter to the periphery.
Our data show that trochanteric epiphysiodesis
can slow down its growth by approximately 50%,
which is consistent with the literature [18, 24].
In this regard, temporary trochanteric epiphys-
iodesis even in growth disorders of the femoral
neck will not provide appropriate corrective ef-
fect [27]. In our opinion, in preschool children
with mild and moderate disorders, the maximum
effect can be obtained by permanent epiphysiode-
sis, while maintaining the function of the epiphy-
seal plate.

Further investigation of the problem will help in
developing clearer indications of this low-traumatic
intervention. Thus, development and progression of
impaired relations in the hip joint are prevented, and
in some cases, correction is attained, and the need
for major surgical interventions, such as greater
trochanter transposition or corrective osteotomy of
the hip, is avoided.

Research limitations

1. Patients had short follow-up period after
surgical treatment. Comprehensive information
can be obtained by monitoring the patient until
the end of growth.

2. For more accurate assessment of changes, each
nosological group should include a large number
of patients, and analysis should be done by age
groups.

Conclusion

Permanent epiphysiodesis of the greater tro-
chanter can slow down its growth by an average

of 50%. Compared with temporary epiphysiodesis,
permanent epiphysiodesis helps obtain the required
effect in a short time without waiting for the dy-
namic stress on the screws of the eight-shaped plate.
Fixation of the greater trochanter with a cortical
screw and a washer compresses its growth zone im-
mediately during the intervention. When trochan-
teric epiphysiodesis was performed according to the
technique described, no significant changes in the
neck-shaft angle were found during the follow-up
period. Apparently, this is due to the absence of in-
traoperative damage to the vessels in the trochan-
teric fossa of the femur, since the growth zone was
destroyed by the drill to a depth without reaching
the trochanteric fossa.
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