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Legg-Calves-Perthes disease (LCPD) has a poor outcome leading
to disability and early onset of osteoarthritis. Patient aged less
than 8 years have usually good prognosis and are usually managed
conservatively. The primary goal is to achieve spherical and con-

gruent femoral head to reduce the chance of further subluxation

of femoral head and secondary arthritis of the hip. Methods. The
study aimed to analyze the radiological and functional outcomes
of group-A (LSA) and group-B (LSA and trochanteric epiphysiod-

esis) in cases of LCPD. Our study retrospectively analyzed 80 pa-

tients (45 in Group-A and 35 in Group-B) between 2008 and 2018,

63 patients were boys and 17 patients were girls. Patients who

did not respond to the conservative treatment over the course of 6
months and patients with Caterall type-11 and IlI were taken into

the study. Radiological parameters like Center edge angle, sharp
angle, medial joint space distance, epiphysis height ratio, acetab-

ular coverage, neck-shaft angle, articulo-trochanteric distance
was noted for comparing radiological outcome. Results. Most of
the patients in both the groups were Catterall-1II — 66.25 % and
Catterall-1l — 33.75 %. According to Stulberg classification, ex-

cellent outcome was seen in 22.2 % of group A patients & 37.1 %
of group B patients. Similarly, 15.5 % patients in Group A and 5.7
% patients in Group-B had bad outcome. Radiological and func-

tional assessments were evaluated preoperatively and postopera-

tively till skeletal maturity which showed significant improvement
in Group-B. 4 (8.8 %) patients in group-A and 3 (8.5 %) patients
in group-B developed non-union & graft resorption was seen.

Conclusions. Lateral shelf acetabuloplasty along with trochan-

teric epiphysiodesis helps in improving the neck shaft angle, gait,

containment of subluxated head and maintains its congruity along
with physiological remodeling. We recommend this combined pro-

cedure in cases of LCPD to counter the complications of early-on-

set arthritis and femoral head subluxation.

Basccausum nio uac nikyeanus xeopoou Jleeea-Kanvee-Ilepmeca
(XJIKII) € panne susasnenHs 3ax60pr08aHHs, WO 00360IUMb 3MeH-
wumu UmosipHicms ycxkaaouens. Ilayicnmu eikom do 8 pokig 3a-
36UYAT MAIOMb CNPUSMIUBULL BPOSHO3 1 IIKYIOMbCS KOHCEPBAMUBHO.
OCHOBHOW MemOoI0 € OOCACHEHHs CQEepuyHOi ma KOHESPYeHMHOT
20/I0BKU CMESHOBOI KICMKU, W00 3MEeHWUmu UMOSIPHICIb NO-
danvuioeo ii nidsusuxy ma emopuHHo2o apmpumy cmeeHa. Mema.
Tpoananizysamu peHmeeHon02iuHi ma (YHKYIOHAIbHI pe3yibmamu
nikyeanns oimeu y pasi XJIKIL. Memoou. [Ipoananizosano 80 ocio
(45 y epyni A ma 35 y B) y nepioo 3 2008 no 2018 p., 63 — xnon-
yuku ma 17 — disuama. Y 0ocniodicenns 68iiuLIU X60OPI, IKUM He
00NoOMO2NI0 KOHCEp8amuaHe JiKY8aHHsa npomazom 6 Mic., a maxKoic
i3 munom Caterall 11 i Ill. Busnaueno maxi penmeeHonoeiuni na-
pamempu: YeHmpaibHull Kpalosuil Kym, 20cmputl Kym, 6i0CmaHb
MidHC CY210008010 WINUHO, CHIBBIOHOUIEHHS UCOMU enigisa, Kyb-
wosoi 3anaduny, cyenob080-Kymilosull npomixcox. Pesyromamu.
30ebinvutoeo 6 nayieumis 060x epyn diachocmosaro Catterall-1I1 —
66,25 % ma Catterall-1l — 33,75 %. Bionosiono 0o xknacughixayii
Stulberg, 6iOminHull pe3ynivmam niciisi TKYBAHHA CNOCMEPI2ABCs
6 22,2 % eunaokie epynu A ma 37,1 % epynu B. Penmeenonozciuni ma
yHKyionanbHi OYiHKY NOPIEHIOSANUCsL 00 onepayii ma nicis Hei 0o
docseHeH s 3pINocmi ckeaema, wo noKas3aio 3Hauyuje NOKPaujeHHsl
6 epyni B. V 4 (8,8 %) ocio y epyni A may 3 (8,5 %) y epyni B po3-
BUHYIIOCS HE3POWeHHs ma pe3opoyia mpancnianmama. Bucrosku.
Ayemabynoniacmuxa namepanvhoi 30Hu pazom i3 enighiziooezom
8epm.ioea 00NOMaA2ae NOKPAWUMU X00Y, YHUKHYMU HIOBUBUXY 2010~
8KU CME2HOBOT KICIKU Ma OANAHCYE KOHESPYEHMHICIb pa3oM i3 (i-
3107102TUHUM PeMOOento8anHAM. Mu pexomeHOYEMO Yo KOMOIHOBAHY
npoyedypy v eunaoxax XJIKII ona npomudii yckiaOHeHHAM pau-
HbO2O apmpumy ma ni08UBUXY 20106KU ChecHoB0i kKicmku. Kiouosi
cnosa. Xeopoba Jlezea-Kanvee-Ilepmeca, ayemabynonnacmuxa 6iu-
HOI 30HU, enighiziooes sepmenda.
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Introduction

Legg—Calve—Perthes disease (LCPD) is a deforming
disease of early childhood. LCPD is idiopathic a vascu-
lar necrosis of the capital femoral epiphysis which acts
as a precursor to early osteoarthritis of the hip. The an-
nual incidence of LCPD that has been reported in India
varies between 0.45 and 21 cases per 1,00,000 children.
The incidence of involvement of both the hips ranges
from 8 % to 24 % [1, 2]. Children less than 15 years
of age are usually affected with a peak onset between
5 and 8 years [3]. It is more prevalent in boys as com-
pared to girls [3]. In LCPD the physeal arrest of sub-
capital femoral physis results in a shorter femoral neck
and the patients often exhibit trochanteric overgrowth.
These two factors biomechanically cause Trendelenburg
gait and limping [4].

Growth of the greater trochanter is not impaired
as compared to physeal arrest due to the intact vascu-
larisation by the metaphyseal vessels which is not af-
fected by ischemia [5]. James McCarthy et al., in their
study, specifically discussed the need to intervene
to prevent trochanteric overgrowth before 8 years
of agewhich is more efficacious as compared to more
than 8 years of age [6].

The foremost goal in the treatment of LCPD,
whether it is conservative or surgical is to obtain
a spherical femoral head with acceptable congruency
which reduces the risk of femoral head subluxation
and onset of early osteoarthritis after skeletal matu-
rity. Patients aged less than 8 years and with early
detection of symptoms are usually treated by non-op-
erative treatment such as bed rest, immobilization,
non-weight bearing, traction, spica casting, and brac-
ing [3]. Caterall reported poor outcomes in more than
50 % of cases aged > 8 years who were managed con-
servatively [7].

Patients, where the conservative management fails
and present with the delayed onset of symptoms are
managed by a surgical procedures like LSA, pelvic os-
teotomy (Salter’s innominate osteotomy, Chiari’s osteot-
omy), femoral Varus osteotomy, and combined osteoto-
my [7]. Recent studies have shown promising functional
and radiological results with triple osteotomy [31].

Mild or moderate deformities of the femoral
head are usually managed by redirection osteoto-
mies of the pelvis. The concept of Varus osteotomy
of the femur with or without derotation is to decrease
the pressure over the femoral head and to increase
the blood flow to the capital femoral epiphysis [8].
LSA and Chiari’s Osteotomy are usually indicated
where redirection osteotomy is insufficient to produce
optimal coverage of the extruded femoral head [8].

Studies have shown that following Chiari Osteotomy,
patients develop abductor muscle weakness and me-
chanical advantage of the hip is lost due to proximal
and medial migration of the hip following osteotomy.
Also, the rate of graft resorption is very high in cases
of LCPD undergoing Chiari Osteotomy as reported
by Karami et al.

LSA has shown promising results in the previous
studies that were reported in terms of reduction in
pain, limping, improvement in the containment area
of the femoral head, reduced subluxation, and delay
in the onset of early osteoarthritis [3, 7-9]. Recently,
Muhammad Mobushir et al. in their study concluded
that LSA has better results than non-operative treat-
ment and other operative procedures in patients over
8 years of age at onset of he disease [32].

Studies related to trochantericepiphysiodesis con-
ducted in the past reported that the procedure should
be done in children aged less than 8 years [4, 6]. Von
Tongel et al. also concluded that the epiphysiodesis
procedure will be maximum effective if the child’s
age is less than 8 years. After 8 years of age, epiphysi-
odesis can no longer reduce the overgrowth [4].

There has been only one study documenting
the combination of LSA and epiphysiodesis for
the treatment of the LCPD simultaneously and in
a different sitting [4]. This study aimed to interpret
the radiological and functional outcome and compare
with LSA group with LSA and the trochanteric epiph-
ysiodesis group in the cases of LCPD.

Material and methods

From 2008 to 2018, a total of 80 patients aged bet-
ween 7 years to 12 years who were diagnosed with
LCPD in SVNIRTAR were taken into the study af-
ter retrospective analysis. Patients were divided into
two groups — A and B. Group A consisted of par-
ticipants undergoing LSA and Group B consisted
of participants undergoing both LSA and Trochan-
teric epiphysiodesis simultaneously. Participants were
randomized into both groups after meeting the inclu-
sion criteria. Out of these 80 patients, 63 were boys
and 17 were girls. In these 80 patients, 42 participants
had involvement of the right hip, 33 patients of the
left hip, and 5 had bilateral hip involvement.

After obtaining informed consent from parents or
guardians, patients were admitted withinclusion cri-
teria of:

— I — patients who didn't respond to conservative
treatment over 6 months with Waldenstrom stages
of 2 and 3;

— II — caterall type-Il,and III;

— III — herring type-B and type-C;
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— IV — having Trendelenburg gait and limping.

Patients who were previously treated surgically,
age less than 7 years, Caterall type-I and IV, Her-
ring type-Awerenot includedin the study. The age at
the onset of signs, the patient’s sex, side of involve-
ment, and the age at the time of surgery was docu-
mented. Pre-operative anteroposterior radiographs
were used for the staging of the disease using Herrin-
gand Caterall classifications [15].

Radiographic assessment (Both preoperative and
postoperative radiographs) was done with the help
of the following parameters:

— CE (center edge) angle;

— sharp angle;

—medial joint space distance (M2/M1);

— epiphysis height ratio of the operated hip to
non-operated hip (R1/R2);

— percentage of acetabular coverage;

— neck-shaft angle;

— articulo-trochanteric distance.

Functional assessment was done based on:

— active and Passive range of motion;

— presence of pain and limp;

— presence of Trendelenburg gait;

— limb length discrepancy;

— stulberg outcome grading at skeletal maturity [15].

Surgical technique

Lateral shelf acetabuloplasty

The patient was placed in a supine position with
a sandbag placed beneaththe ipsilateralbuttocks. A bi-
kini curve incision was given below the iliac crest,
around 1.5 cm below the ASIS. Adductor tenotomy
was performed in all our cases as the first surgical
procedure. The reflected tendon of the rectus femoris
was divided fromthe direct portion in the joint cap-
sule and dissected posteriorly. Fractional lengthening
of Iliopsoas at pelvic brim was done. The glutei were
stripped from theouter table of the ilium.

The curvilinear slot was made above the subchon-
dral bone of the anterolateral aspect of the acetabulum
in an ascending direction from lateral to medial and
from distal to proximal measuring about 3.5-4 cm
in length, 3—4 mm in height, and 1.5-2 cm in depth.
Thin strips of cortico-cancellous bone grafts harvest-
ed from the lateral aspect of the ilium were placed
in the slot extending over the capsule with extrusion
of 1.5-2 cms. The remaining cancellous grafts were
packed above the previous grafts.

The reflected head of the rectus femoris was su-
tured back to the direct head and put on harvested
graft, keeping 5-6 mm of the lateral most aspect
exposed. The periosteum and glutei were closed to
maintain the grafts in place.

Trochanteric epiphysiodesis

Epiphysiodesis of the greater trochanter was per-
formed percutaneously by drilling five to six holes
in the greater trochanteric epiphysisand then one or
two cannulated cancellous screws were placed under
the image intensifier.

All patients were in the hospital for 10 days un-
til the suture removal was done asthe patients were
mostly tribal people who had come from far off plac-
es with limited medical care. To give proper medical
care till suture removal and good rehabilitation, pa-
tients were made to stay till 10 days.

Following this, a Boot and bar castwas worn
for 6 weeks. Non-weight bearing mobilization with
the help of crutches was promoted after 6 weeks
and full weight-bearing was allowed after 12 weeks.
Patients were followed up at 6 weeks, 3 months,
6 months, 12 months, and yearly there after till ske-
letal maturity was attained. Radiographic and func-
tional data were documented and analyzed between
both the groupsfor statistical significance using
a computer program- statistical package for social
sciences (IBM SPSS for WINDOWS VERSION
20.0- CHICAGO, SPSS Inc.) and Microsoft excel
2008 edition. The p-value was evaluated usingthe
student’s t-test and p-values between preoperative
and postoperative values were analyzed by Wilcox-
on signed-rank t-test. A value < 0.05 was considered
significant.

Results

In our study, the mean age of onset of dise-
ase and symptoms was around (7.6 £ 1) year, and
the mean age at which the surgery was done around
(9.4 + 2.4) years.

In the case of Group-A, we had 23 (51.1 %) Herring
grade-B and 22 (48.9 %) Herring grade-C patients
whereas, in Group-B, we had 20 (57.1 %) Herring
Grade-B and 15 (42.9 %) Herring grade-C patients.
Both group A and B patients were further classified
in Caterall classification wherein, Group-A, we had
22 (48.9 %) patients in Caterall-II and 23 (51.1 %) pa-
tients in Caterall-III. In the case of Group-B, we had
21 (60 %) patients in Caterall-II and 14 (40 %) pa-
tients in Caterall-I1II.

Non-weight-bearing was started in nearly 6 weeks
and full weight-bearing was started after a mean peri-
od of 11.7 weeks in the majority of the cases. Squat-
ting and Sitting cross-legged maneuvers were started in
the meantime period of 12.7 weeks. Radiological param-
eters were statistically significant indicating an improve-
ment in the spherical remodeling of the femoral head.
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Patients were then subsequently reviewed for the fol-
low-up at 6 weeks, 3 months, 6 months, 1 year, and
yearly thereafter till attainment of skeletal maturity.
The mean time of radiological Union of the shelf was
(12.9 £ 1.1) months. In 4 (8.8 %) cases in group-A and
3 (8.5 %) cases in group-B there was non-union & graft
resorption was seen. At the time of the final follow-up,
the patients had an improved range of motion clinically
(Fig. 3, 5). The functional outcome of Group-A has been
depicted in table-1 and Group-B in Table-2.

There was a significant improvement in the radio-
logical parameters of Group A and B which has been
depicted in Table 3 and 4.

In our study at the end of follow-up which was
when the child attained skeletal maturity, we had
10 (22.2 %) Stulberg class-I, 15 (33.3 %) Stulberg
class-11, 13 (28.8 %) Stulberg class-III, and 7 (15.5 %)
Stulberg class-IV in Group-A whereas in Group-B
we had 13 (37.1 %) Stulberg class-I, 12 (34.2 %) Stul-
berg class-11, 8 (22.8 %) Stulberg class-I11, and 2
(5.7 %) Stulberg class-1V as the functional outcome.

LCPD patients
retrospectively analyzed
at SVNIRTAR

v

80 patients selected
and randomized into Group-A
and Group-B

v v

Group-B LCPD patients
who underwent combined
procedure of LSA
and trochanteric epiphysiodesis

Group-A LCPD patients
who underwent LSA

v

Sequential follow-up done of both
the groups at 1 month, 3 months,
6 months, 1 year and yearly
thereafter till skeletal maturity

v

Radiological and functional
assessment done at each follow-up
and comparision done
between both the groups

Fig. 1. Flowchart depicting the treatment algorithm and
management protocol undertaken for the study

Table 1
Depicting the functional assessment of the Group-A before and after surgery
Functional assessment Preoperative Postoperative Follow-up Follow-up Final follow-up
follow-up at 6 months at | year at 2 years at skeletal maturity
Flexion (passive-in degrees) 66.8 (50-75) 68.3 (60-85) 70.2 (65-85) 71.1 (65-90) 82.7 (70-90)
Extension(passive-in degrees) 13.5 (5-20) 15.4 (10-20) 15.5 (10-20) 16.4 (10-20) 18.0 (10-20)
Abduction (passive-in degrees) 20.1 (10-25) 28.4 (15-30) 30.1 (15-35) 32.2 (15-35) 38.1 (15-40)
Adduction (passive-in degrees) 21.4 (15-25) 19.7 (10-30) 20.1 (15-30) 20.7 (15-30) 22.7 (15-35)
Internal rotation (passive-in degrees) 11.0 (8-15) 12.1 (10-20) 16.8 (10-20) 17.4 (10-25) 18.8 (15-25)
External rotation (passive-in degrees) 21.4 (20-35) 25.8 (25-30) 27.3 (20-35) 28 (25-35) 28.3 (25-35)
Limp (present) 45 8 8 6 5
VAS (0-10) 6.9 (6-8) 6.5 (3-8) 5.7 (3-9) 5.4 (2-9) 53 (2-8)
Trendelenburg gait (present) 50 7 5 4 4
Limb length discrepancy (in cms) 33(2-4) 0.9 (0-2) 0.9 (0-2) 0.9 (0-2) 0.9 (0-2)
Table 2
Depicting the functional assessment of Group-B patients before and after surgery
Functional assessment Preoperative Postoperative Follow-up Follow-up Final follow-up
follow-up at 6 months at | year at 2 years at skeletal maturity

Flexion (passive-in degrees) 62.8 (50-75) 67.3 (55-85) 70.8 (60-85) 75.0 (60-90) 82.7 (70-95)
Extension(passive-in degrees) 10.5 (5-20) 13.4 (10-20) 15.5 (10-25) 17.2 (10-25) 18.0 (15-25)
Abduction (passive-in degrees) 18.4 (10-20) 27.4 (15-35) 30.0 (15-35) 32.3 (15-35) 38.4 (15-40)
Adduction (passive-in degrees) 18.4 (10-20) 19.2 (10-30) 20.2 (15-30) 21.0 (15-30) 22.8 (15-35)
Internal rotation (passive-in degrees) 11.8 (5-15) 12.5 (10-20) 16.4 (10-20) 18.4 (10-25) 22.8 (15-25)
External rotation (passive-in degrees) 20.4 (10-35) 23.8 (20-30) 26.3 (20-30) 28.0 (25-35) 29.3 (25-35)
Limp (present) 38 6 4 4 3
VAS (0-10) 7.4 (6-8) 6.0 (3-8) 5.4 (3-9) 5.0 (2-9) 4.9 (2-9)
Trendelenburg gait (present) 48 6 5 3 2
Limb length discrepancy (in cms) 34 (2-4) 1.0 (0-2) 1.0 (0-2) 0.8 (0-2) 0.5 (0-2)
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Table 3
Depicting the radiological assessment of the Group-A before and after the surgery
Radiological parameter Preoperative Postoperative Follow-up Follow-up Final follow-up
follow-up at | year at 2 years at skeletal maturity
at 6 months
CE angle (in degrees) 18.0 (15-30) 22.4 (20-36) 28.6 (22-38) 32.4 (24-40) 33.3 (25-40)
Sharp angle (in degrees) 48.8 (33-54) 47.2 (34-56) 46.0 (42-56) 43.1 (39-48) 35.7 (39-42)
Medial joint space ratio 160.2 (128-175) | 143.4 (115-168) | 138.4 (113-158) | 127.9 (106-136) | 118.5 (102—-128)
Epiphysis height ratio 62.9 (54-76) 78.9 (68-90) 80.2 (68-90) 81.4 (68-90) 82.3 (79-95)
Acetabular coverage (% / age) 74.4/(63-96) | 116.1/(90-120) | 114.6/(90-124) | 115.2/(90-126) | 118.4/(101-127)
Neck-shaft angle (in degrees) 120.3 (113-123) | 122.3 (116-128) | 122.8 (116-130) | 123.1 (116-131) | 126.2 (123-140)
Articulo-trochanteric distance (inmm) | 16.8 (13-20) 17.1 (13-20) 17.0 (12-20) 17.8 (13-19) 17.9 (16-19)
Table 4

Depicting the radiological assessment of Group B before and after the surgery

Radiological parameter Preoperative Postoperative Follow-up Follow-up Final follow-up
follow-up at | year at 2 years at skeletal maturity
at 6 months
CE angle (in degrees) 19.4 (16-30) 20.3 (19-25) 25.5(19-26) | 33.9(20-35) 36.2 (26-38)
Sharp angle (in degrees) 42.3 (36-54) 41.9 (33-57) 40.3 (33-56) 39.3 (33-48) 35.3 (33-38)
Medial joint space ratio 164.3 (125-175) | 149 (120-162) | 136.8 (115-158) | 123.8 (105—146) | 113.2 (104-130)
Epiphysis height ratio 61.4 (54-76) 81.0 (75-87) 84.1(76-91) | 87.0(79-95) 87.5 (80-95)
Acetabular coverage (% / age) 74.1/(63-96) | 110.6/(101-125) | 111.9/(103-126) | 115.9/(103-128) | 113.6/(104-130)
Neck-shaft angle (in degrees) 120.5 (118-123) | 125.4 (122-128) | 128.0 (123-136) | 130.2 (123-139) | 130.3 (125-140)
Articulo-trochanteric distance (inmm) | 17.9 (15-22) 20.0 (16-23) 21.5 (16-28) 19.2 (16-29) 19.6 (16-30)
Table 5

Depicting the final follow-up results of the radiological assessment between Group-A and Group-B

Radiological parameter Final follow-up at skeletal maturity (Group-A) n=45 Final follow-up at skeletal maturity (Group-B) n=35
CE angle (in degrees) 333 36.2
Sharp angle (in degrees) 357 353
Medial joint space ratio 118.5 113.2
Epiphysis height ratio 82.3 87.5
Acetabular coverage (%) 118.4 113.6
Neck-shaft angle (in degrees) 126.2 130.3
Articulo-trochanteric distance (in mm) 17.9 19.6

Discussion

Our study has focused on the comparison between
cases of Legg—Calve—Perthes disease which were
treated by LSA in one group and in another group
that was treated with both LSA and trochanteric
epiphysiodesis simultaneously.

Studies that were performed in the past had al-
ready stated that LCPD patients of Caterall type-II
and III if not managed at the appropriate time can
lead to poor prognosis and disastrous outcome in
terms of femoral head subluxation and early-onset
osteoarthritis [10]. Stulberg et al documented that un-
less properly treated, 100 % of children older than

9 years developed poor outcomes, but Herring et al
lowered that age to 8 years and Joseph to 7 years [11].
Our study included 7-12 years of age children.

In our study, we had significant improvement in
the radiological and functional outcome which cor-
roborated with similar studies.Acetabular coverage in
our study significantly increased from (74.1 & 6.8) %
to (115.9 £+ 6.3) % at the end of a two-year follow-up
and (113.6 £+ 6.5) % at the end of skeletal maturity in
the Group-B; which was similar to other studies [7,
9, 12]. In case of Group-A, change in the acetabular
coverage wasn’t that much evident with preoperative
values of (74.4 £ 2.9) % and at the end of final fol-
low-up, the values were (118.4 + 3.2) %.
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We had a significantimprovement in the CE angle
and a decrease in the Sharp angle along with a de-
crease in medial joint space ratio which all corrobo-
rated with the previous studies in both the groups [7,
9, 13, 14], while there was an improvement in both
the groups, Group-B patients, showed better results in
terms of radiological assessment and clinical assess-
ment. In our study, patients started full weight-bear-
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ing, sitting cross-legged and squatting by a mean pe-
riod of 11.7, 12.7, and 12.7 weeks respectively which
corroborated with the previous study [7]. In our study
the outcome was categorized according to Stulberg
classification wherein class-1 was an excellent out-
come, class-2 was a good outcome and class-3 was
a fair outcome. Class-4 and 5 were regarded as a poor
outcome [15].

B
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Fig. 2. Depicting the initial radiological assessment of the Group-A along with sequential follow-up: a) (I) CE angle — XYZ; b) (1)
sharp angle — ABC; c) epiphysis height ratio; d) medial joint space ratio
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Group-A showed excellent outcomes in 22.2 %
of patients while Group-B showed excellent outcomes
in 37.1 % of patients. In terms of a bad outcome,
Group-A had 15.5 % patients and Group-B had 5.7 %
patients according to Stulberg charting. In our study,
we had 4 (8.8 %) cases in Group-A and 3 (8.5 %) cas-
es in Group-B with graft resorption which was seen
after 18 months of follow-up [3, 7, 8].

The presence of epiphyseal extrusion in the course
of Perthes is an ominous sign and one of the contributing
factors for that is Iliopsoas [16]. We had released Ilio-
psoas during the containment procedure which helped
in improving the post-operative range of motion and re-
ducing the hip irritability as mentioned in the Muratli

Fig. 3. Depicts the squatting and sitting cross-
legged position of the patient from Group-A at the
final follow-up
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Fig. 4. Shows the preoperative and postoperative radiographical analysis of the Group-B: a) (I) CE angle — XYZ; b) (II) sharp
angle — ABC; ¢) (III) epiphysis height ratio (R1/R2); d) (IV) medial joint space ratio (M2/M1)

et al. series [17]. We had done adductor releases in all
our cases to overcome restricted abduction [8, 18, 19].
A study by Stulberg et al. reported that children
over ten years of age had the worst outcome develop-
ing ’a square peg in a round hole’ because of the fail-
ure of the acetabulum to remodel to the flattened
femoral head [20]. But our study showed that there
was a stimulation of lateral acetabular epiphysis con-
tributing to the containment of the deformed femo-
ral head which was similar to the previous study
[12, 19, 21]. In our study, we found better femoral
head sphericity and remodeling in younger chil-
dren as compared with children older than 9 years
which was similar to the study by Aksoy et al. [22].
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Though the results would not have been similar if
the child wouldn’t have undergone salvage surgery
irrespective of age. Similar results were reported for
femoral Varus osteotomy in older children by Fried-
lander et al. and Terjesen et al. [23, 24]. But femoral
Varus osteotomy has its disadvantages like persisting
coxa vara and shortening [25, 26].

Greater trochanter epiphysiodesis can arrest
the growth of Greater trochanter (GT) by around
50 % as the growth of GT is divided equally between
the superior portion of GT and metaphysis as was re-
ported by McCarthy et al. [6].

To prevent the articulo-trochanteric distance from
becoming negative, the procedure of the trochanteric
epiphysiodesis is undertaken so that the trochanter-
ic overgrowth doesn’t result. The preferable age for
epiphysiodesis is before 8 years as has been discussed
by von Tongel et al. [4]. After the child has attained
8 years the trochanteric epiphysiodesis has its role
only in cases of negative articulo-trochanteric dis-
tance. In our study, we had an effective stabilization
of the articulo-trochanteric distance in children aged
less than 8 years and more than 8 years. There was no
evidence of progressive loss of ATD in Group-B [27].

Our study had used a modified Phemister tech-
nique that is multiple drill holes and screw fixation
which is in corroboration to the previous study [28].
There have been very few studies documenting
the combination of LSA and epiphysiodesis simulta-
neously. Von Tongel et al. had one such study which
included the groups with simultaneous surgeries and
groups with different timings of surgeries [4]. Com-
pere et al. discussed the combination of trochanteric
epiphysiodesis and other containment procedures like
Femoral Varus osteotomy in cases of LCPD [28, 29].

Trochanteric epiphysiodesis as a single procedure
improves neck-shaft angle and articulo-trochanteric
distance but when both LSA and trochanteric epiph-
ysiodesis are done simultaneously, it improves acetab-
ular coverage of femoral head along with improved
neck-shaft angle and articulo-trochanteric distance

Fig. 5. Depicts sitting cross-legged and squatting
position of the patient from Group-B at the final
follow-up

which in turn reduces limb length discrepancy and
limping which might result if only LSA is done as a
single procedure; which was observed in our study.

In our study, there wasn’t much difference in neck-
shaft angle and articulo-trochanteric distance change
in children less than 8 years and those more than
8 years which was similar to the study by McCarthy
et al. [6].

According to Matan et al.’s study, he has clinical-
ly and radiographically demonstrated that the effect
of the epiphysiodesis is better in older children due to
increased rate of inhibition probably due to increased
growth during this time. So, technically doing tro-
chanteric epiphysiodesis will be easier in older chil-
dren which also corroborated with our study [30].

According to Pecquery et al.’s study, they started
with early weight bearing in 19 children following
shelf acetabuloplasty which resulted in good out-
comes. In our cases too, we had achieved good clini-
cal outcomes by early mobilization [34].

In our study, we have specifically looked out for
complications such as graft resorption, proximal mi-
gration of the shelf, head deformation, and found that
these complications can be reduced with proper sur-
gical technique and timely follow-up [3, 8, 36, 37, 38].

Use of triple pelvic osteotomy is also a good
choice of treatment in neglected and severe stages
of perthes disease. Patients undergoing triple pelvic
osteotomy have average hospital stay of 3.2 months
which has been described by Vukasinovic et al. But
patients who underwent Lateral shelf acetabuloplasty
in our study stayed for maximum 2 weeks [35]. Sev-
en domains comprising of Anger, Anxiety, Mobili-
ty, Pain, Fatigue, Depression, Interference, and Peer
Relationships were used for Patient-related outcome
measurement (PROMS) which gave quite satisfactory
results in Group-B as compared to Group-A.

Major reported complications of LSA include
graft resorption, proximal migration or growth dis-
turbance of the lateral aspect of the acetabulumsS.
In our series,in 4 (8.8 %) patients in group-A and 3
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(8.5 %) patients in Group-B there was non-union &
graft resorption was seen. Other possible risks in-
clude intraoperative nerve and vessel injury, graft
displacement, deep infection, hip joint stiffness. Si-
millarly, overcorrection & limb length discrepancy
are the possible risks of trochanteric epiphysiodesis
[33]. However, we need longer period of follow up &
more extensive study to analyse these complications.

Our study had considered all the parameters
of the radiological outcome, functional assessment,
and Stulberg charting which showed that most
of the hips following shelf surgery with epiphysiod-
esis in the age group of 7-12 years improved clini-
cally and radiologically. They could have complicat-
ed further which would have been the result if they
wouldn’t have undergone surgeryand would have
resulted in early arthritis of the hip. Our combined
procedure acted as a containment procedure in cas-
es where a phase of fragmentation was seen and as
a salvage procedure where a phase of healing and
re-ossification was seen. Epiphysiodesis as an added
procedure helped in dealing witharticulo-trochanteric
distance and limb length discrepancy.

Conclusion

LSA with trochanteric epiphysiodesis if done si-
multaneouslyin Caterall group II and III LCPD pa-
tients older than 7 years helps inimproving femo-
ral head containment andallowing its biological
remodeling, reducing the chance of subluxationalong
with the improved neck-shaft angle, gait, and pain.
The combined procedure of LSA with Trochanter-
ic epiphysiodesis if done simultaneously can avoid
the need for secondary surgery, the hospital stay is
reduced, morbidity is decreased, and is cost-effective
with comparable functional outcomes.
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