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Abstract

Purpose: The anterior and medial approaches in open reduction for developmental dysplasia of the hip (DDH) had
been widely used. The former could not directly approach the intra-articular interposition, while the latter had been
associated with injury to blood vessel and avascular necrosis (AVN) of the femoral head. Meanwhile, the bikini
incision had also been mentioned in some studies. The purpose of this study was to introduce a modified anterior
approach through a mini-bikini incision and report its short-term outcomes.

Methods: Data of DDH patients younger than 2 years at the time of surgery who had received this mini-bikini
incision between June 2013 and December 2018 were collected. The surgical technique, operation duration,
intraoperative blood loss, and length of incision were recorded in detail. In the latest follow up, the objective
measurement of the scar and the subjective feeling towards the scar were collected. X-ray and magnetic resonance
imaging (MRI) were performed at the last follow-up, and the incidence of residual dysplasia, redislocation, and
femoral head AVN was analyzed.

Results: Forty-three cases (49 hips) were included with an averaged follow-up of 43 months. The operation
duration was 22 min, and the blood loss was 9.8 ml on average. The length of the scar averaged 2.6 cm. The mean
University of North Carolina “4P” scar scale (UNC4P) for the scar was 0.92, and no patients complained numbness.
Overall, all the parents were satisfied with the cosmetic appearance. The mean acetabular index (AI) was 27.42° ±
6.41° in dislocated hip in the last follow-up. One hip redislocated soon after the operation and was reduced in a
closed manner right away. MRI showed improved coverage but still some residual dysplasia that was in accordance
with the post-operative recovery nature. Four hips (8%) had signs of AVN in X-ray.

Conclusion: Open reduction through the anterior approach with the mini-bikini incision was a safe procedure with
comparable outcomes to classical approaches. It would be a complementary approach for DDH patients younger
than 2 years old who need an open reduction.
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Introduction
Developmental dysplasia of the hip refers to a spectrum
of hip deformities, ranging from mild dysplasia to frank
dislocation. In early-presenting infants, a Pavlik harness
may solve the problem [1, 2]. For those who failed the
treatment or the early diagnosis, closed reduction (CR)
or open reduction (OR) might be necessary within 24
months of age [3–6].
OR can be achieved via an anterior or a medial ap-

proach [7–13]. The anterior approach directly ap-
proaches the contracted hip capsule and intra-articular
obstacles but may leave cosmetic concerns and the risk
of lateral femoral cutaneous nerve dysesthesia [7–9].
The medial approach, while facilitating the removal of
the interposition, has been reported to increase the inci-
dence of AVN and not facilitate capsulorrhaphy [10–13].
In order to address these concerns, some surgeons
adopted the bikini incision and performed the Smith-
Peterson (SP) approach underneath [14, 15]. This had
been reported to achieve comparable outcome with, if
no better than, the traditional approaches.
This study describes a modification to the bikini-SP

approach. The surgical technique will be described in
details and its short-term outcomes will be reported.

Materials and methods
The study had been approved by our institution’s review
board. This anterior approach with mini-bikini incision
had been performed by one single senior surgeon (EW)
ever since June 2013. This study retrospectively analyzed
the data of patients that underwent this approach be-
tween June 2013 and December 2018. The inclusion cri-
teria were as follows: (1) CR failed according to Bowen’s
criteria [16], (2) the patients received an OR through the
anterior approach with mini-bikini incision, and (3) the
patients were within 2 years of age. The exclusion cri-
teria were as follows: (1) the clinical follow-up was less
than 1 year; (2) traumatic, teratogenic dislocation or
with other musculoskeletal disorders; and (3) the pa-
tients received concurrent peri-acetabular or femoral
osteotomy. The Bowen’s criteria were as follows: (1) the
corner of the proximal femoral metaphysis was located
inferior to the Hilgenreiner line, (2) the medialization ra-
tio was greater than two thirds of the horizontal radius
of the femoral head, and (3) the femoral head should
maintain under the hypertrophic labrum [16].

Surgical technique
After general anesthesia, the patient lay in the supine
position on a standard operating table. Arthrography-
assisted CR was attempted at first. Arthrography was
performed via a medial approach with an average of 1.2
ml (0.8–1.5) iopromide (Bayer Pharmaceuticals Co, Ltd.
Guangzhou Branch, Guangzhou). After closed reduction,

firstly, the Bowen criteria were used to assess the result
of reduction [16]. Secondly, the arc of stability in
flexion/extension and abduction/adduction was evalu-
ated and a safe zone angle < 30° was unacceptable [17].
OR was indicated if either one of the two criteria was
not met.
The incision started approximately 1 cm medial and

distal to the anterosuperior iliac spine along the groin
crease, and the length was 2 to 3 cm (Fig. 1a). The sub-
cutaneous tissue was dissected transversely till the deep
fascia and then went on across the medial edge of the
sartorius muscle longitudinally through the interval be-
tween the iliopsoas and sartorius. The lateral femoral cu-
taneous nerve was recognized and carefully retracted
laterally. The proximate rectus femoris was dissociated
and retracted laterally to expose the anterior part of the
capsule, and then an oblique incision was made instead
of the traditional T-shaped incision. After releasing the
iliopsoas tendon and the transverse ligament of the acet-
abulum, as well as excising the ligamentum teres and
fibrofatty pulvinar, a capsulorrhaphy was performed by
translational tighten sutures (Fig. 2). The safe zone angle
was generally improved to above 40° afterward. Then,
the incision would be closed cautiously and the incision
would be glued up by histoacryl (Histoacryl Tissue Ad-
hesive, Braun, Spain) without sutures. The adductor
longus would be released percutaneously if necessary.
After the procedure, the hips were maintained in a

spica cast in human position with 100–110° of flexion
and 55° (47–62°) of abduction (Fig. 1b). The results were
confirmed with an immediate postoperative MRI (Fig.
1b). The fixation time was 6–10 weeks in spica cast; after
that, an abduction brace would be used 23 h a day for
another 12 weeks.

Clinical outcomes
The scar was described and recorded using the UNC4P
scale, which included four aspects: pruritus, paraesthesia,
pliability, and pain (0, none; 1, mild; 2, moderate; 3, se-
vere) [18]. The patients’ feeling towards the cosmetic ap-
pearance (very satisfied, satisfied, unsatisfied, very
unsatisfied) and the existence of numbness (yes, no) was
collected from their parents [9]. Clinically, ranges of the
passive motion were assessed and recorded.

Image measurements
The International Hip Dysplasia Institute (IHDI) criteria
were used to grade the dislocations on preoperative ra-
diographs. The AI was measured on standard anteropos-
terior radiograph. Series MRI were performed before
operation and regularly in follow-ups [19–21]. Cartil-
aginous acetabular index (CAI), cartilage coronal acetab-
ular head index (CCAHI), and cartilage sagittal
acetabular head index (CSAHI) were measured on the
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T1-W SE anatomic sequence in the coronal and sagittal
planes that showed the largest diameter of the femoral
head according to Douira’s study [22]. AVN was
assessed in the last follow-up according to the Salter cri-
teria [23].

Statistical analysis
Statistical analyses were performed with SPSS version
22.0 (IBM Corp, Armonk, NY, USA). Data were shown
as mean ± standard deviation. Paired sample t test was
used to compare the parameters between the affected
and unaffected side. Bilateral involvements were not in-
cluded in this comparison. The significance level was p
< 0.05.

Results
A total of 50 patients met the inclusion criteria. Five lost
to follow-up and two had incomplete records, leaving 43
patients with 49 hips affected in the study (Table 1).
There were 37 girls and 6 boys, the mean age was 11
months at surgery, and the mean follow-up was 43
months.

Clinical outcomes
The mean abduction angle of the affected hip was 55° (47–
62°) after OR in spica cast. None of the patients had limited
hip movement, neither in the affected nor in the healthy
side. Leg length discrepancy did not present in any of the
patients. The mean UNC4P total score was 0.92, and no pa-
tients had numbness. All the parents were satisfied or very
satisfied with the post-operative appearance (Fig. 1c).

Radiological outcomes
In the latest follow-up, the mean AI was 27.42° ± 6.41°,
with significant difference from the contralateral side.
Cartilaginous coverage, as shown in MRI, remained in-
ferior to the healthy side despite the gradual improve-
ment after treatment. All the measurement of the latest
follow-up was listed in Table 2.

Complications
There was no deep or superficial infection in any of the
patients. Most of the hips developed well with time (Fig.
3). One hip (2%) redislocated as shown by postoperative
MRI, and a closed reduction was immediately performed
with success. Four hips (8%) showed signs of AVN, in-
cluding three boys and one girl. All of the AVN cases

Fig. 1. a The incision length was 2.5 cm along the groin crease beneath the ASIS. b MRI confirmed the reduction of the left femoral head.
The left hip was in 53° of abduction. c The scar of the incision was almost invisible at 5.5 years after surgery

Fig. 2. a Schematic diagram of the hip joint capsule incision before reduction. b Schematic diagram of the translational tighten sutures as the
capsulorrhaphy after reduction
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were IHDI type IV. The abduction angle of the affected
side with AVN in spica cast were 54°, 57° ,59°, and 60°,
respectively. Residual dysplasia were present in 32/49
cases according to the CAI and 28/49 cases according to
the CCAHI in the coronal plane; CSAHI averaged
92.81% indicating the prevalence of mild dysplasia in the
sagittal plane [22].

Discussion
For DDH patients who failed CR before age 2, OR was
usually performed. Generally, OR could be performed
through the anterior or medial approach. The anterior
approach for simple OR was in fact part of the classic SP
approach. It provided wide and safe exposure of the joint
that significantly facilitated the operation, but it was dif-
ficult to expose the inner side of the acetabulum and
might cause confusion between the real and false acet-
abulum. By lengthening the incision, a pelvic or femoral
osteotomy could be performed when necessary. The
medial approach, on the contrary, provided direct vision
of the intra-articular structures through a cosmetically
insidious incision. However, this approach put the med-
ial circumflex vessels at risk and was often suspected to
cause more AVN than the anterior approach. Besides,

when simple OR cannot achieve a stable reduction, an-
other incision must be made to perform osteotomies.
Some surgeons adopted the bikini incision with the SP

approach underneath. Since the incision was along the
grease fold, it was almost invisible and left minor
cosmetic concerns. Previous reports showed that the
success rate and incidence of complications were com-
parable with traditional anterior or medial approaches
[11, 13, 23–25]. This approach had also been used in
total hip arthroplasty, also resulting in comparable out-
comes but less scarring [9]. Our study quantified the
content of scarring and focused on the patients/parents
feeling about the incision. The average length of the scar
was 2.6 cm. Since most previous reports did not include
data about the length of incision, we cannot make com-
parisons with them. One study described that they made
an incision of 5 cm long in the operation [14], but it was
hard to make direct comparison due to the heterogen-
eity of the patients. Nonetheless, this mini-bikini incision
was significantly shorter than our previous operations
through the longitudinal anterior approach. Because the
tension around the incision was minimal in the position
of hip flexion, glues could be used instead of sutures.
The scarring was less even when the length was the
same. In this case, the subjective feeling of the patients
had been greatly improved.
As to the operative techniques, we selected the muscle

interval between iliopsoas and sartorius mainly because
it facilitated to approach the acetabulum and release the
iliopsoas tendon. We did not dissect the femoris rectus
as reported previously. Instead, we retracted the tendons
and muscles laterally and entered the capsule from be-
tween. In this case, we diminished the injury to sur-
rounding tissue, reduced blood loss, shortened the
operation time, and maintained the integrity of the
femoris rectus. We would free the origin of the femoris
rectus if it was extremely tight to reduce the femoral
head. Hopefully, this would help maintain the power of
the femoris rectus. Besides, the capsulotomy was
achieved through an oblique incision followed by trans-
lational tightening suture. This helped simplify the trad-
itional T-shaped incision and further shortened the
operation time. Crucial steps of OR, including the clear-
ance of intra- and extra-articular obstacles, the release of
the iliopsoas tendon, the contracted capsule, and the
transverse ligament, as well as the clearance of the liga-
mentum teres and the hypertrophic tissue in the acet-
abulum, could all be accomplished through this single
approach. Although it seemed difficult to access the cap-
sule without dissecting the femoris rectus, an experi-
enced surgeon with adequate training on hip surgeries
can achieve this without difficulty. Besides, for cases that
needed further treatment like pelvic osteotomy, this scar

Table 1 Demographic characteristics of the subjects

Characteristic Total 43 patients (49 hips)

Female gender, n (%) 37 (86)

Side, n (%)

Left to right to bilateral 22 (51):15 (35):6 (14)

IHDI, n (%)

II to III to IV 1 (2): 12 (24): 36 (74)

Mean age at surgery, months (range) 11 (3–22)

Mean surgical time, min (range) 22 (18–37)

Mean follow-up time, months (range) 43 (14–75)

Mean length of incision, cm (range) 2.6 (2–3)

Mean intraoperative blood loss, ml (range) 9.8 (5–22)

Mean abduction angle in spica MRI, ° (range) 55 (47–62)

Mean follow-up age, months (range) 50 (22–74)

Table 2 Comparison of the parameters in X-ray and MRI
between the affected and unaffected sides

Dislocated side Contralateral side

Mean SD Mean SD t value p value

CAI (°) 15.04 4.38 10.55 4.58 6.83 0.000

CCAHI (%) 77.89 7.27 82.49 6.11 2.78 0.008

CSAHI (%) 92.81 6.15 95.71 3.57 2.42 0.021

AHI (°) 27.42 6.41 21.08 4.59 5.29 0.000

Data were shown as mean ± standard deviation. p represented the
comparison between the affected and unaffected sides of unilateral DDH
cases. Bilateral cases were excluded
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would be on the track of the new incision and therefore
would not add any cosmetic concern.
This approach yielded comparable short-term out-

comes with similar reports [11, 13]. None of the patients
had any limited hip motion, and the gait of the patients
was largely normal. More than half of the patients pre-
sented with signs of hip dysplasia in MRI, with the
CSAHI averaged 92.8% [22]. However, retardation in hip
development would always happen in DDH hips, even in
the unaffected side [26]. Since the potential for spon-
taneous resolution could still expected, simple follow-
ups were recommended to all the patients [27]. The
AVN rate was 8%, which was significantly lower than
previously reported [10–13, 23–25], but the follow-up
time was too short to draw any definite conclusion.
All of the four AVN patients were IHDI type IV, and
three were male, indicating a possible association be-
tween severe dislocation as well as male gender and
the incidence of AVN. One right hip in our series re-
dislocated posteriorly shortly after the OR and was
successfully reduced by close reduction. Redislocation
might be attributed to technical pitfalls such as inad-
equate release of the iliopsoas tendon or the infero-
medial capsule [25] or poor casting technique. After
one and a half year follow-up, this patient had 12°of
CAI, 84% of CCAHI, and 96% of CSAHI, without
AVN or limitation of movement.
This study has some limitations. Firstly, the follow-

up of this study was short and the sample size was
limited. We would continue following them up while
adding new subjects to this cohort. Secondly, it was a
retrospective study without randomization and con-
trols. Therefore, the bias in selecting those patients as
recipients of our novel incision might cause some de-
viation in the results. Lastly, due to the young age of
the patients, our functional evaluation included only
the passive range of motion. More sophisticated func-
tional evaluation of the lower limbs, especially the
strength of the femoris rectus, should be added to
this follow-up regimen.

Conclusions
This study introduced a modification to the bikini inci-
sion in open reduction of DDH patients younger than 2
years. It is a safe approach which would yield compar-
able short-term outcome as the traditional approaches,
with short operation time, reduced blood loss, better
muscle protection, and less scarring. This procedure
could be a complementary treatment for DDH patients
who failed an initial closed reduction.
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