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Abstract

Introduction The occurrence of exaggerated femoral
anteversion and the role of femoral derotation osteotomy in
developmental dysplasia of hip, especially early walking
age group are controversial.

Method We evaluated femoral anteversion, acetabular
anteversion, acetabular index in 15 dislocated hips and 11
normal hips in cases of unilateral dislocation of hip in DDH
of age group 12-48 months. We correlated this femoral
anteversion with the intra operative “test of stability”
which is described by Zadeh et al. We found that there was
no statistically significant difference in femoral anteversion
between dislocated and normal hips. In all the 15 cases we
did open reduction by anterior approach (Somerville
approach) and evaluated the position for maximum stabil-
ity. In 3 cases we were unable to perform test of stability as
they needed femoral shortening for reduction of joint.
Results In the rest 12 hips, 10 were stable in flexion and
abduction while 2 were stable in flexion. None of the hips
required internal rotation for stability. Hence we did salters
osteotomy in all the hips and femoral shortening through
lateral approach in 3 cases. At a minimum follow up of
18 months all the hips were clinically stable and none
of them dislocated till final follow up. The mean correction
of acetabular index was 15.4° and the outcome was
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excellent in 8 hips and good in 7 hips as per modified
McKay’s criteria. Hence we recommend that femoral
derotation osteotomy is not needed in DDH of early
walking age group.

Conclusion As the surgical treatment of DDH involves
complex osteotomies around the hip and these surgeries
have effect on long term outcome, MRI evaluation of
femoral anteversion as a part of pre operative evaluation is
advised. Also, as the intra operative evaluation needs
enough clinical experience and it can not be performed in
cases requiring femoral shortening for reduction, we con-
sider pre operative evaluation of femoral anteversion by
MRI as essential rather than adjunctive.

Keywords DDH - MRI evaluation - Femoral
anteversion - Femoral derotation osteotomy - Test of
stability

Introduction

The association of femoral anteversion (FAV) with devel-
opmental dysplasia of hip (DDH) has always been a matter
of curiosity. Regarding the surgical management of DDH, in
early walking age group there are few established guidelines
with respect to femoral derotation osteotomy (DRO) in
whom to do and when to do if needed. Most of the recom-
mendations are based on clinical evaluation. In 2000 Zadeh
et al. [18] described a “test of stability” to determine when
to do DRO which is based on intra operative analysis.
Various surgeons have achieved good—fair outcomes in
surgical management of DDH by both doing and not doing
DRO [6, 10, 11]. The rationale to do a DRO was hardly
supported by any radiological evaluation in all these studies.
Under/over correction of FAV has been quoted as one of the
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common causes for recurrent dislocation in DDH after sur-
gery [5]. Role of radiology was always confined to confir-
mation of diagnosis in DDH. However, it was only after the
advent of CT/MRYI, it was possible to assess accurately the
FAV in DDH and soon they became an important part of pre
operative evaluation in DDH. Several studies based on CT/
MRI analysis have documented exaggerated FAV in DDH
but there are also many contradictory to this [1, 4, 13, 15].
Most of them were in wide range of age populations and a
few correlated their findings with surgical evaluation and
clinical outcomes.

In the present study, we evaluated FAV, acetabular
anteversion (AAV), acetabular anteversion of the cartilage
anlage (CAAV), acetabualr index (AI) in DDH children of
early walking age group (12—48 months) by MRI as a part
of pre operative assessment and correlated this with intra
operative analysis and follow up clinical evaluation.

Materials and methods

We included in our study 15 cases of unilateral dislocated
cases of DDH (confirmed by X-rays) in early walking age
group ranging from 12 to 48 months (mean age of
23.91 months) in whom single stage surgery was planned.
All the 15 cases, X-ray pelvis with both hips AP view was
done and hips were classified according to Ishida’s criteria.
Fifteen were dislocated hips, 11 were normal hips, 3 were
dysplastic hips, and 1 was subluxated hip [8]. Male to
female ratio was 3:12. In 12 hips it was left side involve-
ment while it was right sided in 3 hips. In all the cases, MR
evaluation of FAV, AAV, CAAV, Al was done as a part of
preoperative analysis. But for statistical analysis we
excluded the dysplastic and subluxated hips and we com-
pared dislocated hips with the normal hips. We excluded
the patients who had previous operative or non-operative
treatment for DDH because the treatment could alter the
acetabular and femoral neck anatomy. Also the patients
with neuromuscular disease or teratologic dislocations
(e.g., arthrogryposis or genetic syndromes) were excluded
from this study.

MRI evaluation

Femoral anteversion was analyzed by the method described
by Tomczak et al. [16]. Oblique axial-to-sagittal sections
were placed parallel to the femoral neck axis exactly per-
pendicular to the table. A single image that showed the
centers of the head and femoral neck and therefore allowed
visualization of the true neck axis was obtained. The alpha
angle between the neck axis and a horizontal reference line
was calculated (Fig. 1a). Then an axial section through the
center of the distal femoral condyles was obtained. The
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Fig. 1 a Twenty-four months old female child with right dislocated
hip. T1-weighted MR image showing, entire neck in profile. Alpha
angle between femoral neck axis and horizontal reference line is
measured to be 58°. b T1-weighted MR image of right distal femur
(dislocated side) of the same child measuring the beta angle between
posterior condylar axis and horizontal reference line which is 32°.
Hence femoral anteversion is 58(alpha) — 32(beta) = 26°

beta angle between the posterior tangent to the femoral
condyles and a horizontal reference line was determined
(Fig. 1b). Because of the rotation, femoral anteversion was
calculated by subtraction (external rotation) of the beta
angle from the alpha angle.

Acetabular anteversion was analyzed in the axial sec-
tions placed parallel to the pelvic obliquity showing both
the triradiate cartilages. AAV was expressed as the angle
between line perpendicular to the trans-triradiate line and a
line drawn across the margins of the acetabulum, from its
posterior to the anterior edge. Similar measurements were
also made for the cartilaginous model [4].

The AAV, FAV, Al values of the 11 normal hips were
obtained simultaneously and they served as controls.
Unpaired ¢ test was applied to analyze the significance of
difference between the 2 groups.

In order to assess the reproducibility of the method of
measurement of various parameters, all the variables were
re evaluated by the same surgeon 4 weeks later. Intra class
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correlation co-efficient was applied to assess the repro-
ducibility. All the statistical analysis was done using SPSS
12.0 software.

Surgical technique

Single stage open reduction with or without femoral
shortening osteotomy/pelvic (Salter’s) osteotomy was done
under general anaesthesia by an experienced surgeon. All
the surgeries were done by the same surgeon to avoid the
technique variation and inter-observer variation. Anterior
open reduction was done through an oblique “Bikini”
incision as described by Somerville [14].

Test of stability [18]

This was done wherever possible to determine the position
of maximum stability of the hip. Stable reduction was
considered to be present when the hip remains reduced
with axial loading with the leg in 30° flexion, 30° abduc-
tion, and 30° internal rotation. Now the various compo-
nents of this position were sequentially removed beginning
with flexion, to identify the position in which the leg must
be placed for maximum stability.

Femoral shortening [17]

Osteotomy for femoral shortening when needed was done
through a separate lateral incision. Fixation is with low
contact dynamic compression plate.

Pelvic (Salter’s) osteotomy [12]

Salter’s osteotomy was done by classical technique as
described by Salter through the same incision used for open
reduction when the hip was found to be stable in 30°
flexion and 30° abduction or 30° flexion only. Osteotomy
was fixed with triangular bone graft taken from anterior
superior iliac spine region with 2 k-wires.

In cases where we were unable to perform the test of
stability as they needed femoral shortening to reduce the
hip we did open reduction along with femoral shortening
and salters osteotomy. Proper capsulorrhaphy was per-
formed to avoid lax joint capsule in all the cases.

Post operatively the reduced hip was maintained in a hip
spica for 6 weeks followed by an abduction brace for
6 weeks more. In follow up period clinical evaluation
according to the modified McKay’s criteria [3] was done at
3 months, 6 months, 12 months and at 2 years. In all cases
acetabular index in X-rays was also evaluated during the
follow up period. All the hips with a minimum follow up of
18 months were included in our study.

Results
X-ray evaluation

As per Ishida’s criteria, of 30 hips 15 were dislocated hips
with a mean acetabular index of 38.20° + 3.46°
(mean + SD), while 11 were normal hips with a mean ace-
tabular index of 17.63° 4 2.15°. Evaluation of acetabular
index 4 weeks later showed it to be 37.73° 4 2.78° on the
dislocated side, while it was 17.54° + 1.75° on the opposite
side.

MR evaluation

In none of the cases the FAV exceeded 30° on the dislo-
cated side. The mean values of all the 4 variables FAV,
AAV, CAAV, and Al in both the dislocated group and
normal group are given in Table 1. Also mentioned in the
table are values evaluated after 4 weeks by the same
analysist to look for intra observer variability. Comparison
of FAV in both the groups was found to be statistically
insignificant (P value = 0.345) while comparison of AAV,
CAAV, Al in both the groups was highly significant
(P value < 0.00).

Table 1 MRI evaluation of various parameters in both dislocated group and normal group, including the repeated measurements after 4 weeks

Variable 0 weeks 4 weeks

Dislocated hips Normal hips Dislocated hips Normal hips
FAV 23.06 £ 4.36 21.36 £+ 4.56 22.53 £+ 3.88 21.18 £ 4.11
AAV 21.33 £ 3.99 13.54 £ 2.50 21.00 £ 4.17 13.54 £+ 2.87
CAAV 20.20 £ 4.72 13.00 £ 3.94 19.46 £ 5.68 14.00 £ 3.97
Al 44.53 £ 4.68 24.18 £ 4.57 43.66 £+ 5.03 23.63 £ 4.65
Al in X-rays 38.20 + 3.46 17.63 £ 2.15 37.73 £ 2.78 17.54 £ 1.75

All values expressed in degrees

All values expressed as mean = SD

@ Springer



856

Arch Orthop Trauma Surg (2010) 130:853-858

Table 2 Reliability analysis of all the variables to look for intra
observer variability

Variable Intra class correlation
co-efficient

FAV 0.95

AAV 0.96

CAAV 0.86

Al 0.99

Al in X-rays 0.98

Reliability analysis for all the 5 variables including
acetabular index in X-rays was analyzed by intra class
correlation co-efficient and is shown in Table 2.

Correlation analysis among the various variables
showed a strong positive correlation between AAV and
CAAYV, as well between Al and acetabular index measured
on x ray. The Spearmann’s correlation co-efficient was
0.790 and 0.855, respectively, while the correlation among
the other variables was found to be insignificant.

Surgical assessment

In all the 15 cases we were able to achieve concentric open
reduction, however, 3 hips needed femoral shortening to
achieve this. In rest 12 hips we assessed the position of
maximum stability with the aid of “test of stability”. Ten
hips needed flexion and abduction for stability, 2 hips
needed flexion only for stability and none of the hips
needed internal rotation for stability. In the 3 cases where
we were unable to perform the test of stability we did not
do femoral DRO as in all these 3 cases the pre operative
MRI evaluation did not show any exaggerated FAV (25°,
22°, and 21°, respectively). Hence in all the 15 hips salters
osteotomy was done along with open reduction. Femoral
DRO was done in none of the cases.

Follow up

All the hips were clinically stable at final follow up (mean
21.2 months) and none of the hips dislocated during this
period. According to modified McKay’s grading 8 hips had
excellent outcome while the remaining 7 hips had good

outcome (Table 3). The mean acetabular index at final
follow up was 17.63° 4 2.15°, thus mean decrease in the
acetabular index compared to pre operative X-rays was
15.4° (Fig. 2a, b). We did not find any significant corre-
lation between any of the radiological parameters and final
functional outcome.

Discussion

Regarding the patho anatomy of bony structures in DDH, it
is said that the basic etiopathogenesis of DDH lies in
acetabulum. Germinal failure of development of postero
superior buttress of ilium leads to a flat socket. The
changes occurring in the femur are considered to be sec-
ondary changes due to persistent dislocation [2]. Authors
like Jansen, Bruce, Morrison, Hey Groves, Fairbank are of
the strong belief that femoral anteversion is a secondary
adaptive change of femur that occurs gradually as the child
walks with a dislocated hip [2]. Further strengthening this,
Herring has stated that they did not find increased femoral
anteversion, valgus in DDH and did not recommend any
routine varus derotation osteotomy for femur [7]. Sugano
et al. [15] did CT analysis of femur in 35 cases of DDH in
adult patients and found an increase in anteversion by 10—
14°. Their samples were also adult femora thus supporting
the concept that increase in femoral anteversion might be
an adaptive change.

Sezgin et al. [13] documented CT analysis where they
compared 25 dislocated hips with 10 normal hips in DDH.
The mean age was 32.3 months ranging from 12 to
48 months that is early walking age group. They found a
femoral anteversion of 32.9° 4 6.4° in the dislocated group
and 30.7° + 6.1° in the normal group. The difference was
insignificant (P value = 0.378). While in our study it was
found to be 23.06 + 4.36° on the dislocated side, while on
the normal side itis 21.36° + 4.56°. The difference between
them is statistically insignificant (P value = 0.345). Though
the results obtained in both studies are similar the mean
femoral anteversion in Sezgin’s study was higher compared
to our study. This can be explained by the difference in the
technique used. They used the CT as mode of evaluation and
in CT the measured angle is head trochanter angle which is
higher than the true neck angle.

Table 3 Clinical evaluation at final follow up according to modified Mc Kay’s criteria

Grade Criteria Number of hips
Excellent Stable, painless hip, no limp, negative Trendelenburg’s sign, full range of movements 8
Good Stable, painless hip, slight limp, negative Trendelenburg’s sign, slight decrease in range of movements 7
Fair Stable, painless hip, limp, positive Trendelenburg’s sign, limitation of movement 0
Poor Unstable, painful hip, or both, positive Trendelenburg’s sign 0
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Fig. 2 a Pre operative X-ray of 14 months old female child showing
dislocated hip on the left side with an acetabular index of 44°. b Post
operative X-ray of the same child as shown in Fig. la at a follow up
of 8 months showing a reduced stable hip with adequate supero
lateral coverage of the head. The acetabular index is 21° with a
correction of 23°

Oshako et al. [11] achieved 72% good results in 22 hips
and in all of them DRO of femur was done. Similar results
with DRO were also obtained by Nakamura et al. [10].
Contrary to this Haidar et al. [6] achieved 97.35% good
results in 37 hips in which only Salters osteotomy was
done. Lehman et al. [9] compared results of VDRO versus
Salters osteotomy and found that results are superior in
salters osteotomy group. Some have done DRO in some
selective cases based on their intraoperative analysis.
Although all the above mentioned studies got good results
with various surgeries, none of them proved their point
regarding femoral anteversion, radiologically and none had
prescribed guidelines when to do DRO.

Fixen et al. [5] reported on recurrent dislocations after
innominate osteotomies and stated that the most common
causes for recurrent dislocation are poor capsulorrhaphy
and under/over correction of FAV. It has been reported that

combining femoral DRO with salters osteotomy predis-
poses for posterior dislocation.

It was Zadeh et al. [18], based on an intra operative
test of stability, gave guidelines when to do DRO. Their
study included 95 hips with a mean age of 28 months. 81
hips were aged below 4 years and 14 hips were aged
more than 4 years. In their study of 95 hips as per their
test of stability 66 hips needed DRO, stating that
increased femoral anteversion is common in DDH. But
they had no radiological evidence to prove the increased
femoral anteversion on the dislocated side. In our study
contrary to their findings we found that none of our hips
needed internal rotation for stability (30°) and this was
also supported by our MR analysis of FAV where none
of the dislocated hips had FAV exceeding 30° and the
difference in FAV when compared to the normal hips
was insignificant.

Further “test of stability” can only be done in cases
where we can achieve reduction of the joint while in cases
which need femoral shortening it is not possible to perform
this test and in such situations pre operative radiological
assessment of FAV always helps. As clinical decision
making as per intra operative assessment always needs
enough clinical experience it is always better to have a pre
operative radiological assessment when feasible.

The limitations of this study are the sample size is
small and the follow up period is short to comment on the
incidence of avascular necrosis and premature physeal
closure. Also these complications can be picked up early
if post operative MRI had been done. But due to lack of
consent only 4 out of 15 cases got post operative MRI
done, in our series and this is not adequate to comment on
these complications. We selected 18 months as minimum
follow up period because the main theme of our study is
evaluation of anteversion and the most common compli-
cation of under/over correction of anteversion is recurrent
dislocation which occurs in the early post operative per-
iod, once the child is out of spica/brace. As per our
protocol all the patients were put in a cast for 6 weeks
followed by an abduction brace for 6 weeks. Hence we
could found out any dislocation if at all had occurred
during this follow up.

We believe that the majority of the abnormalities in
early walking age patients with DDH are on the acetabular
side and changes on the femoral side in older children seem
to be secondary to pressure effects on the femoral head
from the acetabulum or ilium due to persistent dislocation.
Hence we conclude that exaggerated femoral anteversion is
not come across in early walking age group as shown by
our MRI analysis and femoral DRO is not needed in them
as shown by our intraoperative and follow up analysis. We
recommend that evaluation of femoral and acetabular patho
anatomy is essential rather than an adjunctive in pre
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operative planning for DDH to avoid complications and for
this we recommend MR as the modality of choice, as
always a radiation free imaging is preferred.
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