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One-stage Hip Reconstruction for
Developmental Hip Dysplasia
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Purpose: This study was performed to assess the clinical and radiologica outcomes following one-stage hip
recongtruction, consisting of open reduction femora shortening and pelvic osteotomy;, for neglected devel opmentd
didocation of the hip (DDH).

Materials and Methods: Thisis a retrospective analysis of 77 hipsin 65 patients (46 females and 19 maes; 12
had bilateral didocations), operated a a Ghurki Trust Teaching Hospital in Pakistan between 2013 and 2015.
The average age at surgery was 11.02+ 3.43 years. According to the Tonnis classification, there were 10, 14, 22,
and 31 patients in grades 1, 2, 3, and 4, respectively. The pelvic procedure utilized in this study was triple
osteotomy (47 hips) followed by double and Sater osteotomy (18 and 12 hips, respectively). Postoperative
evaluations were conducted using the modified MacKay’s scoring system (functional outcomes) and Severin's
scoring method (radiological assessment).

Results: Postoperatively, there were 38 (49.4%), 19 (24.7%), 14 (18.2%), and 6 (7.8%) hipsin Severin grade |,
I, Il and 1V, respectively. According to the modified McKay criteria, there were 22 hips (28.6%) in excellent
condition, 44 (57.1%) in good condition, 9 (11.7%) in fair condition and 2 (2.6%) in poor condition. Both
patients with poor outcomes had an unstable, painful hip with evidence of avascular necrosis of the femord
head.

Conclusion: Based on the results presented here, we recommend the single stage procedure of open reduction,
femoral shortening and pelvic osteotomy for treatment of DDH in older children with good to excellent
functiona and radiological outcomes.
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INTRODUCTION

Late-presenting developmental dislocation of the hip
(DDH) is till acommon problem in developing countries
and among low socioeconomic groups. Left untrested, these
dysplastic changes initially lead to abnormal gait followed
by ostecarthritisin early adulthood®. The principa problems
in the management of late-diagnosed didocations are ahigh
femoral head, adaptive shortening of the extra-articular
soft tissues and a dysplastic acetabulum?.

The principles of treating a dislocated hip joint in an
older child are quite different from that of a neonate.
Reduction of DDH is challenging and complications are
frequent. A good result after open reduction for DDH
depends on the remodeling of the acetabulum in response
to the reduced femoral head. As the remodeling potential
diminishes with age, chances of successful outcomes
decrease significantly and subsequently may cause more
disability than the dislocated hip, particularly in children
with bilateral DDH®. Some authors suggest that reduction
of the hip after the age of 10 years is not advisable and
that the condition should be treated with skilled neglect
until the hip is painful and the patient old enough to undergo
tota hip replacement®. After surveying the relevant literature,
a handful of studies supporting surgical treatment were
identified*®.

A combination of open reduction with femora shortening
is popular to correct the deformities in one stage. Femora
shortening hel ps prevent excessive pressure on the femora
head when it is relocated in the acetabulum, which may
predispose the affected to avascular necrosis (AVN). Pelvic
osteotomy is often required owing to dysplagtic and shalow
acetabulum®”. We report a retrospective analysis designed
to evaluate the radiographic and functional results of aone-
stage triple operative procedure of open reduction, femoral
shortening, and pelvic osteotomy in children older than
8 years of age.

MATERIALS AND METHODS

This was a retrospective case series of 65 patients (77
hip joints) with DDH in patients older than 8 years of age
(with open tri-radiated cartilage) operated between 2013
and 2015 at a Ghurki Trust Teaching Hospital in Lahore,
Pakigtan. Indication for surgery was limping gait in dl patients.
Patients with known neuromuscular and chromosomal
disorders and those with prior surgical procedures of a
pelvic or afemoral osteotomy were excluded. All patients
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had a minimum of two year of follow-up.

As our study was retrospective in nature and did not
influence patient care, the need for ethical approval was
waived by the ingtitutional review board. Clinicd data(i.e.,
pain symptoms, gait pattern, range of hip joint motion and
presence of Trendelenburg sign) were recorded for each
patient preoperatively and at the latest follow-up using the
modified McKay's criteria®. The Tonnis classification
system® was used to assess the degree of didocation of the
femoral head. Radiographic evaluations (i.e., examination
of preoperative and follow-up plain radiographs) were used
to classify patients according to the Severin’s grading
system™,

A standardized pre-coded questionnaire was designed
to collect the aforementioned clinical and radiological
data. The data was then entered into IBM SPSS Statistics
ver. 21.0 (IBM Corp., Armonk, NY, USA). Freguencies,
percentages, means and standard deviations were computed
where appropriate.

1. Operative Technique

The operative procedure started with adductor tenotomy—
performed through a small incision given directly over the
tight adductors in the inguina region. The Smith Petterson
approach was used to expose the hip joint. Skin incision
was initiated over the laterd iliac crest down to the anterior
superior iliac spine, turning distdly to follow the laterd side
of the sartorius muscle. The interval between the sartorius
and tensor fascialatais developed. Exposing and severing
the underlying tendon of the rectus femoris reveals the
capsule covering the didocated femora head. Next, the
glutei were peeled off from the outer table of the iliac bone
and the iliacus from the inner table, enabling clear exposure
of the iliac bone for any pelvic procedure. The capsule was
then incised in a T-shaped manner to reved the underlying
femora head and the deeply seated acetabular fossa. The
ligamentum teres and transverse acetabular ligament were
then divided to ensure a stable seating of the femoral head
after clearing the acetabular fossa from soft tissues.

Next, the proxima femur was exposed through separate
mid laterd incision and femoral osteotomy was conducted
at the intertrochanteric region. The first cut in the femur
was followed by open reduction. The amount of overlap in
the femur was evaluated to determine the amount of femoral
shaft to be resected. We noted that shortening of 2to 3 cm
was necessary to allow easy reduction of the femoral head
while maintaining normal soft tissue tension across the hip.
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The osteotomy was then fixed with a four-hole plate and
avarus fixation of roughly 10° to 15° was conducted. A
derotation component was added in patients with femoral
anteversion lessthan 30° by fixing the plate to the proxima
femoral fragment and rotating distal fragment externally
to bring patella to face the ceiling.

The pelvic procedure utilized in this study was triple
osteotomy (47 hips) followed by double and Salter osteotomy
in 18 and 12 hips, respectively. Triple pelvic osteotomy (i.e.,
iliac, pubic, and ischial osteotomy) was performed in the
majority of cases because adequate displacement of the
acetabular fragment was difficult without additional pubic
and ischia osteotomies performed through the adductor
incision. A full thickness bone graft was removed from the
middle part of theiliac crest and trimmed to the shape of a
wedge; the base should correspond approximately to the
distance between the anterior superior and inferior spines.
After osteotomy, the distal segment of the innominate bone
containing the entire acetabulum was shifted forward,
downward, and outward so that the ostectomy site was
opened anterolaterally. The bone graft was inserted on its
edge into the osteotomy site and held with two K wires. In
double pdvic procedures, only theiliac and pubic ostectomies
were done, with the ischium left intact, whereas in salter
osteotomy only iliac osteotomy was performed. The decision
for the type of pelvic osteotomy was made intra-operetively
based on the patient’s age and acetabular anatomy to allow
adequate coverage of the femoral head.

2. Post-operative Rehabilitation Protocol

Postoperatively, hipswereimmobilizedina 1 1/2 hip spica
in position of dight flexion, abduction and internal rotation
for 6 weeks. This was changed to an abduction splint for
an additional 6 weeks, which allows non-weight bearing
flexion and extension mobilization of the hip joints. K wires
were removed after consolidation at the osteotomy site
(typicaly at 6 weeks). Partia weight bearing started after
12 weekswith crutches for 2 weeks, followed by full weight
bearing. Patients with bilateral dysplasia experienced the
procedure on both hips a an interva of 6 weeks. The patients
were followed up in the outpatient clinic at 4 month intervals
during thefirst 2 years.

RESULTS

Clinico-pathological data on 19 boys and 46 girls with
53 unilateral didocations (31 right unilateral dislocations,
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22 left unilateral didocations) and 12 bilateral didocations
were evaluated. The average age a presentation was 11.02
+3.43 years (range, 8-15 years). According to the Ténnis
classification, 68.8% patients had grade 3 or 4 didocations.
All patients had a minimum follow up of two years. A
comprehensive demographic profile of patientsis presented
in detail in Table 1.

The criteria described by Severin are commonly used to
assess the radiographic results following trestment of DDH.
Pogtoperatively, no patients were classified as Severin grade
V; 38 (49.4%), 19 (24.7%), 14 (18.2%), and 6 (7.8%) were
classfied as Severin gradel, |1, 111 and 1V, respectively. The
pre- and postoperative distribution of patients according
to radiological (Severin's criteria) and clinical (McKay’s
criteria) criteriaare presented in Tables 2 and 3, respectively.

The clinical results-according to the Mackay's scoring
system-were aso favorable. At the conclusion of the study,
the condition of hips was excellent (n=22, 28.6%), good
(n=44, 57.1%), fair (=9, 11.7%), and poor (n=2, 2.6%). The
unsatisfactory cases were the nine fair patients (11.7%)
with a stable painless hip, yet positive Trendelenburg sign
and limitation of movement. Both patients with poor outcome
had unstable, painful hip with evidence of AVN of the

Table 1. Clinico-demographic Profile of Patients

Characteristic Data
Age (yr) 11.02+3.43
Sex

Male 19 (29.2)

Female 46 (70.8)
Site

Unilateral 53(81.5)

Bilateral 12 (18.5)
Tonnis classification

1 10 (13.0)

2 14(18.2)

3 22 (28.6)

4 31(40.3)
Acetabular index (°)

Preoperative 47+8.6

Postoperative 22.5+7.42
Femoral shortening [cm) 2.3
Femoral derotation

Yes 9(11.7)

No 68 (88.3)
Pelvic osteotomy

Triple 47(61.0)

Double 18 (23.4)

Salter 12 (15.6)

Values are presented as meanz*standard deviation or
number (%).
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Table 2. Functional Outcome according to Mckay’s Criteria

Grade Description Postoperative

Excellent Stable, painless hip, no limp, negative Trendelenburg sign, and a full range of movement 22 (28.6)

Good Stable, painless hip, slight limp, negative Trendelenburg sign, and a slight decrease in 44 (57.1)
range of movement

Fair Stable, painless hip, limp, positive Trendelenburg sign, and limitation of movement 9(11.7)

Poor Unstable or painful hip, or both; positive Trendelenburg sign 2( 2.6)

Values are presented as number (%).

Table 3. Radiological Outcomes according to Severin’s Classification

Class Description Postoperative

Excellent (IA) CE angle >19°, age 6 to 13 yr; CE angle >25°, age >14 yr 38 (49.4)

Good (Il) Moderate deformity of the femoral head, femoral neck or acetabulum, but otherwise 19 (24.7)
the same as grade |

Fair (I11) Dysplastic hip, no subluxation; CE angle <20°, age >14 yr 14 (18.2)

Poor (IV) Subluxation 6( 7.8)

Poor (V) Femoral head in false acetabulum -

Values are presented as number (%).
CE angle : centre edge angle.

Fig. 1. Case presentation of a 10 year-old female with neglected developmental dysplasia of hip (DDH). (A) Preoperative X-ray
showing left side Tonnis grade 4 DDH. (B) Immediate postoperative X-ray after open reduction, femoral shortening and triple
pelvic osteotomy. (C) The follow-up X-ray after 6 months. (D) The follow-up X-ray after 2 years revealing congruent hip joint
without evidence of avascular necrosis in femoral head. (E) Clinical picture illustrating patient’s ability to squat.
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femora head. No patients developed limb length discrepancy
(LLD). Postoperative stiffness of the hip occurred in three
patients. Repeated arthrotomy at the time of plate removal
disclosed extensive scarring but no other intraarticular
pathology.

DISCUSSION

In western countries, DDH is typicaly diagnosed early—
likely due, in part, to exigting screening programs. However,
in developing countries like Pakistan, with low literacy
rates, high prevalence of patients living in poverty, and a
tendency to use alternative medicine (e.g., traditional
and religious healers), DDH diagnosed in adolescence is
still a common occurrence. Adding to the complexity in
diagnosing DDH isalack of accessto health facilities due
to a sdlf-financed healthcare system and alack of expertise
in this complex condition. The majority of patients with
DDH are girls, and aslimping is a great handicap in Asian

societies, it is especiadly difficult for them to get married
or obtain employment. In view of these special cultural
considerations-and because Asian societies often do not
provide equal opportunities to the handicapped-most
patients insist strongly on surgical treatment. Therefore,
we performed open-reduction hip surgery in cases where
there was even the dlightest chance of restoring a normal
joint structure, in patients aged over 8 years, and evenin
some postpubescent patients. Figures 1 to 3 illustrate pre-
operative and post-operative radiological outcomes of 3
such female patients.

Management of neglected DDH for children 8 years of age
and older is a matter of great controversy®. On reviewing
the literature (Table 44¢1+19) reports on the management
of late, neglected DDH presenting after the age of 8 years
were scarce, probably because there are so few cases of
the condition in the developed world®. Few authors have
suggested that operative treatment in neglected casesis not
advisable, or even dangerous®. Others reported satisfactory

Fig. 2. Case presentation of an 11 year-old female with neglected developmental dysplasia of hip (DDH). (A) Preoperative X-
ray showing bilateral Ténnis grade 4 DDH. (B) Immediate postoperative X-ray after bilateral open reduction, femoral
shortening and Salter osteotomy on right side and double pelvic osteotomy on left side. (C) The follow-up X-ray after 1 year.
(D) The follow up X-ray after removal of femur plates showing congruent hip joint bilaterally after two year. However, there is

evidence of avascular necrosis in femur head on left side.
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results in evaluations of large series where open reduction
with femoral shortening was employed®?; in these cases,
ages at operation ranged from 3 to 14, 4to 107, 8to 172,
and 10to 17 years®. In the current study, the age range was
810 15 years, with an average of 11 years. At amean follow-
up of 7.5 years, Karakas et al.”* obtained good or excellent
clinical and radiographic outcomes—according to McKay's
and Severin’s criteria, respectively-in 67% and 65% of
55 hips with a one-stage operation. Forlin et al.*® reported
that in 20 DDH treatment-naive children between the
ages of 4 and 12 years who received a one-stage operation,
70% (n=17) of hips were in good or excellent condition
(according to the McKay’s and Severin’s classifications)
at mean follow up of 5 years. Interestingly, this group
reported a higher likelihood of poor outcomes in patients
who, at the time of surgery, were older than 7 years. Ganger
et a.*” reported that 80% of hips treated with a one-stage
operation experienced excellent or good results according
to the Severin’s classification after a mean follow-up of
35 years. Galpin et d.* reported that 75% to 85% of patients

A

experienced good radiographic and clinical results after
open reduction combined with femoral shortening and
pelvic osteotomy in children between 2 and 8 years of age.
Importantly, each of these studies indicated that the younger
the patients receive the operation, the better the results
achieved; our findings reved similar clinica and radiographic
results.

Femoral shortening: i) facilitates reduction of the femoral
head into the acetabulum by relaxing muscles around the
hip joint, and ii) decreases pressure on the femoral head
which reduces the risk of osteonecrosis and alows rotationd
realignment of the femoral head, resulting in a more stable
reduction®. Vallamshetla et al.? stated that “too much
shortening is often better than too little” and this appears
to be acriticad commentary on one of the keys to successful
reduction and excellent functional outcomes. Femoral
shortening has little effect on leg length difference because
bringing down the head into the acetabulum will compensate
for such shortening to a great extent and the relative
overgrowth of the femur after the osteotomy in children less

Fig. 3. Case presentation of 12 year-old female with neglected developmental dysplasia of hip (DDH). (A) Preoperative X-ray
shows Ténnis grade 4 DDH on the right side. (B) Immediate postoperative X-ray after open reduction, femoral shortening and
Salter osteotomy. (C) The follow-up X-ray after 1 year. (D) The follow-up X-ray after 2 years showing congruent hip joint with

evidence of avascular necrosis in femur head.
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than 12 years of age will correct the deficit in the follow-
up period®. Regardless of the selected approach, a stable,
painless, mohile hip should be the target?. In our study, none
of the 12 patients who underwent single-stage corrective
surgery for bilateral DDH experienced LLD. The two
patients who developed AVN of the femoral head during
follow up in our study, presented with leg length shortening
on the operated side of 1.5 cm and 2 cm, respectively. The
remaining patients in our study devel oped limb lengthening
on the operated side of roughly 1 cm during the two year
follow-up period. In our study, LLD was not considered a

Table 4. Comparison of Results from Published Studies

complication because it was not an issue which concerned
the patient or the parents, and was found to decrease gradudly
at follow up. In our patients, a shoe lift was sufficient to
address the LLD experienced in our patients.

Ok et d.? indicated abelief that the first important surgical
principle is an “excessive femoral neck varus’; femoral
shortening up to 1.5 cm was their next concern. Such excessive
varus places the femord head deeply within the acetabulum,
moreover, it minimizes the joint pressure after reduction. Shih
and Shih” indicated that they felt that afemora neck shaft
anglemeesuring 100° to 110° isthe best radiographic outcome.

Study Year  Age (yr) I?lumbcj.\r* Technique - Outcome - -
(hip/patient) Functional Radiological
Ning et al.” 2014 9.6+1.2 82/78 OR+FSin all Excellent: 6 1: 21
Salter: 10 Good: 8 11: 8
Pemberton: 8 Fair: 43 1:13
Steel: 62 Poor: 25 >IV: 40
Chiari: 2
Yagmurlu et al.” 2013 8-14 9/6 OR+FS Excellent: 1 I:3
Salter: 4 Good: 2 I:2
Triple 5 Fair: 4 1:3
Poor: 2 >IV:1
El-Tayeby” 2009 8-18 19/16 OR+FSinall Excellent: 10 1: 13
Salter: 12 Good: 5 I1: 3
Triple: 7 Fair: 3 1l: 2
Poor: 1 21V: 1
Papavasiliou and 2005 10-17 16/11 OR+FS Harris hip score, I: 4
Papavasiliou” No pelvic osteotomy mean (range) Il: 9
:90.3 (72-101) n:3
>IV: -
Dogan et al.™ 2005 9-14 13/10 OR+FS 1: 9
Salter: 1 1:1
EAGA: 10 11K
Dega: 1 >V:3
Chiari: 1
Wada et al.™ 2003 9.3 17/17 OR+FS+Pemberton Excellent:13 1: 8
in all cases Good: 1 I1:5
Fair: 3 :1
Poor: 2IV: 3
Karakas et al." 1995 8-17 19/18 OR+FS+Salter osteotomy Excellent: 2 1:2
in all cases Good: 9 11: 8
Fair: 5 :7
Poor: 3 >IV: 2
Present study 2018 8-15 77/65 OR+FS Excellent: 22 1: 38
Salter: 12 Good: 44 11:19
Double: 18 Fair: 9 :14
Triple: 47 Poor: 2 >IV: 6

Ages are presented as meantstandard deviation, range, or mean only.
OR: open reduction, FS: femoral shortening, EAGA: extra-articular grafting acetabuloplasty
* The number of cases quoted does not represent all patients included in study. Only patients older than 8 years of age are shown.
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Normal acetabular remodeling cannot be expected in the
majority of hips after only varus derotation osteotomy in
older children®. Based on our clinical judgement, varus
derotation was conducted in only 11.7% (n=9) of patients
included in this study; however, we cannot substantiate this
with the measurement of neck shaft angle at the time of final
follow-up. Indirect support of our decisions to not conduct
avarus can be seen by the fact that the mgority of our patients
obtained good to excdlent scores according to both Severin's
and Mackay’s scoring systems. A longer duration of follow-
up would certainly be necessary to determine the eventual
outcome of not adding avarus component to this trestment.

Papavasiliou and Papavasiliou® did not mention any
pelvic procedures adopted in their 11 patients (16 hips)
with ages ranging from 10 to 17 years. In this series, pelvic
osteotomy of some sort was required in al the casesto ensure
adequate coverage of the femoral head. Modern surgical
methods used to improve femoral head coverage are pelvic
osteotomies: Chiari, Salter and the triple osteotomy. A
comparison between these three methods is best made taking
into account indications for all three methods, acetabulum
dysplasia and hip incongruence in the adolescent age™®.

The results of our study reveded asignificant improvement
in the radiological features of the operated hip joints with
restoration of good function in more than three-quarters of
patients. However, our study islimited by the short follow-
up time (i.e., 2 years) which is not sufficient to evaluate
the possihility of late-presenting Bucholz-Ogden type 2
osteonecrosis.

CONCLUSION

There are two major advantages in operative treatment
of DDH in the periadolescent period. First, it may offer
these patients a mobile and pain-free hip. Secondly, it may
restore hip anatomy, thus increasing the probability of a
successful hip replacement operation in adult life. Based
on the experience presented here, we recommend the triple
procedure of open reduction, femoral shortening and pelvic
osteotomy for treatment of DDH in older children.
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