
ble at ScienceDirect

Acta Orthopaedica et Traumatologica Turcica 53 (2019) 340e345
Contents lists availa
Acta Orthopaedica et Traumatologica Turcica

journal homepage: https: / /www.elsevier .com/locate/aott
Is male gender a prognostic factor for developmental dysplasia of the
hip? Mid-long-term results of posteromedial limited surgery

Ozgur Dogan, Emrah Caliskan*, Batuhan Gencer, Ali Bicimoglu
Numune Research and Training Hospital, Ankara, Turkey
a r t i c l e i n f o

Article history:
Received 9 January 2019
Received in revised form
17 April 2019
Accepted 24 May 2019
Available online 4 July 2019

Keywords:
Male sex
Developmental dysplasia of the hip
Posteromedial limited approach
Osteonecrosis
Residual acetabular dysplasia
* Corresponding author. Hacettepe Mahallesi, Talat
Ankara, Turkey. Tel.: þ90 0312 552 60 00.

E-mail addresses: ozgurdogan74@yahoo.com (O
gmail.com (E. Caliskan), gencer.batuhan@gmail.com
hotmail.com (A. Bicimoglu).

Peer review under responsibility of Turkish Asso
Traumatology.

https://doi.org/10.1016/j.aott.2019.05.001
1017-995X/© 2019 Turkish Association of Orthopaedic
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
a b s t r a c t

Objective: The aim of this study was to determine if male sex is a poor prognostic factor for develop-
mental dysplasia of the hip (DDH) and to determine the mid-long-term radiological and clinical results of
male patients in comparison with female patients following an open reduction with posteromedial
limited approach.
Methods: We examined 54 hips of 41 male patients (12.38 ± 4.82 months) and 96 hips of 82 female
patients (11.11 ± 4.93 months) with DDH. All the patients underwent open reduction with posteromedial
limited approach. The average follow-up time was 108 months for the male patients and 110 months for
the female patients. The T€onnis grade, acetabular index, Kalamchi and MacEwen classification, and
Severin classifications were determined for all patients. The Mc Kay classification system was used to
evaluate the functional results.
Results: From the total, 25 (60%) male and 70 (85%) female patients had satisfactory radiographic out-
comes (Severin Ia, Ib, or II) according to the Severin classification. There was a significant difference
between the two groups in terms of the Severin classification (P ¼ 0.04). Residual acetabular dysplasia
(RAD) was observed in 12 (15%) female and 17 (41%) male patients (P ¼ 0.001). Grade 2 or higher
osteonecrosis was observed in 7 (9%) patients in female and 6 (15%) patients in male group. The clinical
outcomes in terms of the Mc Kay classification showed satisfactory outcomes in 72 (87%) female and 34
(82%) male patients. Further, 8 (9.7%) female patients and 6 (14.6%) male patients underwent a second
operation. However, there was no difference between the two groups in terms of postoperative osteo-
necrosis presence (P ¼ 0.982), functional outcomes (P ¼ 0.571), and secondary operation rates
(P ¼ 0.298). Male sex was associated with poor outcomes in terms of the Severin classification (P ¼ 0.04)
and RAD (P ¼ 0.001).
Conclusion: Although our results indicated that male sex is a poor prognostic factor for radiological
results and RAD, there was no difference between male and female patients in terms of osteonecrosis,
redislocations, and functional outcomes. Secondary surgical interventions should not be delayed in the
absence of the spontaneous development of acetabulum.
Level of evidence: Level III, prognostic study.
© 2019 Turkish Association of Orthopaedics and Traumatology. Publishing services by Elsevier B.V. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
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Introduction

Developmental dysplasia of the hip (DDH) is a dynamic disease
that includes a broad spectrum of symptoms, ranging from mild
acetabular insufficiency to a completely dislocated hip, and has an
incidence of 1 in every 1000 live births.1e4 If not treated properly, it
may result in arthritis and is a common cause of hip arthroplasty.5

There aremany studies in the literature to identify the patients who
can develop long-term arthritis.6,7 Although the risk factors are
clear; there is no consensus about the prognostic factors.
rvices by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
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Table 1
Patient characteristics of the study.

Male (N ¼ 41) Female (N ¼ 82) P values

Preoperative AIa (�) 38.46 ± 5.38 41.32 ± 6.68 0.015
Bilaterality [number (%)] 13 (31.7) 14 (17) 0.236
Age at surgerya (months) 12.38 ± 4.82 11.11 ± 4.93 0.168
Follow-upa (years) 9.31 ± 4.74 9.30 ± 4.46 0.956

a The mean values and standard deviations are provided, and Student’s t-test was
used.
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Parameters, such as bilaterality, age at the time of surgery, preop-
erative acetabular index angle, and center edge angle, have been
analyzed as prognostic factors.6,8 However, the effect of the female
sex, a known risk factor for DDH, is not clear for the prognosis of
DDH.9 Most authors have assessed male and female patients with
dysplasia together, with the resulting cohort including only a small
number of male patients. To the best of our knowledge, no study
has compared the outcome of the posteromedial limited approach
in a large series of male and female patients with dysplasia. We
aimed to determine whether male sex is a prognostic factor for
DDH by comparing the mid-long-term outcomes according to sex
following a posteromedial limited surgery, a surgical method be-
tween the classical closed reduction and open reduction, with
those following a classical method. We also discuss the mid-long-
term radiological and clinical result of male patients with DDH in
comparison with female patients with DDH following the poster-
omedial limited approach.

Material and methods

Our institutional review board approved the study, and written
informed consent was obtained from every participant before
initiating the study. We retrospectively analyzed the medical re-
ports of all patients with DDH who were operated at our clinic
using the posteromedial limited approach between 1993 and 2012.
The exclusion criteria were as follows: neuromuscular diseases,
syndromic presentations, secondary hip problems due to in-
fections, and less than 5 years of clinical or radiological follow-up
period. We examined 54 hips of 41 male patients and 96 hips of
82 female patients who had a similar operation side and age at the
time of the surgery. In total, we reviewed the medical records and
serial follow-up radiographs of 123 patients.

The average follow-up time was 108 months (range, 60e276
months) for the male patients and 110 months (range, 60e282
months) for the female patients. Further, 27 patients (13 male and
14 female) showed bilateral involvement of hips. At the time of
surgery, the average age of the male patients was 11 months (range,
3e18 months), and the average age of the female patients was 12
months (range, 3e19months). All patients were operated on by the
same senior surgeon (AB) using a posteromedial limited approach
that was identified by Biçimo�glu et al.10 Both hips were operated
during the same surgery in patients who had bilateral involvement.
No preoperative traction was applied for any patient. Using the
posterior margin of the adductor longus tendon as a reference, a 5-
cm longitudinal incision was made. After reaching the adductor
longus tendon, a tenotomy was performed. Using the minor
trochanter as a guide, an iliopsoas tenotomy was performed. Then,
1 cc of contrast agent [Urografin ® 76%, 100 ml (sodium amido-
trizoat andmeglumin amidotrizoat)] was injected into the hip joint,
and a hip radiographic image was obtained in human position. We
performed an arthrotomy in patients who had grade 2 or 3 re-
ductions based on the T€onnis intraoperative grading system and
had a narrow safe zone. The inferomedial capsule was opened, and
the ligamentum teres and transverse acetabular ligament were
incised. Pulvinar was not excised for any of the patients. Arthrot-
omywas performed in 20 hips of 16male patients and 36 hips of 28
female patients (P > 0.05). After confirming the reduction through
an X-ray film, a hip spica cast was applied, and the surgery was
concluded. All the patients under 6 months at initial admission
received Pavlik harness treatment that was unsuccessful before
surgical intervention.

After 3 months of wearing the hip spica cast, all the patients
started using abduction braces with 90�e100� flexion and 45�e60�

abduction for 3 months. Regular clinical and radiological follow-
ups were scheduled postoperatively at 3, 6, and 12 months; once
a year until 10 years of age; and once every 2 years until the
completion of skeletal maturity.

All the radiographs were analyzed by two researchers (EC and
AB) who determined the T€onnis grade, acetabular index, Kalamchi,
MacEwen, and Severin classifications.11,12 The T€onnis grade and
acetabular index angles were determined based on the radiographs
taken immediately before surgery. Severin classifications were
determined based on the final control radiographs. For the Kalamchi
and MacEwen classification, the presence of any osteoarthritis was
decided upon after examining all the follow-up radiographs. The
final clinical outcomes were categorized based on the Mc Kay clas-
sification. Inter- and intra-observer reliabilities of the Severin clas-
sificationwere analyzed, and interclass correlation coefficients were
found to be 0.712 [95% confidence interval (CI), 0.506e0.812], and
0.802 (95% CI, 0695e0.896), respectively. Any presence of residual
acetabular dysplasia (RAD), redislocations, and the need for sec-
ondary operationswere recorded as postoperative complications. All
the radiographs were evaluated, and the Mc Kay classification was
determined in a blinded fashion. In bilateral cases, we accepted
asymmetrical results if there was one grade or more of difference in
the Severin or McKay classification between the two hips.

Statistical analysis was performed using the SPSS 21.0 software
version. The variables were investigated using visual (histogram
and probability plots) and analytical methods (Kolmogor-
oveSmirnov test) to determine whether they were normally
distributed. For normally distributed variables; the Student's t-test
was used to compare between the patients based on sex.
ManneWhitney U test was used to compare the variables that were
not normally distributed. Bilateral cases were assessed by patient
instead of hips with the aim of comparing the latest radiography
and clinical results. In these cases, the worse side was chosen as the
index hip for analyses. If the Severin or McKay classification was
asymmetrical in unilateral cases, we focused on the left side due to
a general left hip preponderance in these patients. A multiple lo-
gistic regression analysis was used to identify variables associated
with the Severin classification. A power analysis was performed
where a sample size of 120 patients would provide 80% power with
a 5% significance level on any differences between the study groups.
A P-value <0.05 was considered to be statistically significant.

Results

Therewas no difference between the two groups based on age at
the time of operation, average follow-up time, and bilaterality
(P > 0.05). There was a difference between the two groups in terms
of preoperative acetabular index and T€onnis grade of the disloca-
tion (Tables 1 and 2).

Based on the last follow-ups and Severin classification, 22 (54%)
male patients and 70 (85%) female patients had satisfactory
radiographic outcomes (Severin Ia, Ib, or II) (Fig. 1A, B). There was a
significant difference between the male and female patients in
terms of the Severin classification (P ¼ 0.04). From the total, 12
(15%) female patients and 17 (41%) male patients were classified as
Severin III. Further, 2 (5%) male patients were classified as Severin



Table 2
Preoperative T€onnis grading of patients.

Male (N ¼ 41) Female (N ¼ 82) P value

Tonnis Gradea 0.000
Grade 1 0 0
Grade 2 25 (61) 24 (29)
Grade 3 14 (34) 38 (46)
Grade 4 2 (5) 20 (25)

a Given numbers are number of patients, with the percentages in parentheses.
ManneWhitney U test was used.

Table 3
Comparison of radiological results of male and female patients.a

Male (N ¼ 41) Female (N ¼ 82) P value

Severin Classification 0.04
Ia 15 (37) 38 (46)
Ib 7 (17) 22 (27)
II 3 (7) 12 (15)
III 14 (34) 10 (12)
IV 2 (5) 0
V 0 0
VI 0 0

a Given numbers are number of patients, with the percentages in parentheses.
ManneWhitney U test was used.

Table 4
Comparison of osteonecrosis of male and female patients.a

Male (N ¼ 41) Female (N ¼ 82) P value

Kalamchi Mc Ewan 0.982
0 34 (83) 68 (83)
I 1 (2) 6 (7.5)
II 5 (13) 6 (7.5)
III 0 0
IV 1 (2) 2 (2)

a Given numbers are number of patients, with the percentages in parentheses.
ManneWhitney U test was used.
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IV, but no female patients were in this class (Table 3). However, no
difference was observed between the male and female patients in
the presence of postoperative osteonecrosis (P ¼ 0.982). Addi-
tionally, 7 (9%) female patients and 6 (15%) male patients had grade
2 osteonecrosis or higher (Table 4) (Fig. 2AeC). The evaluation of
functional outcomes according to the Mc Kay classification at the
final follow-up showed that satisfactory outcome (excellent or
good) were obtained for 72 (87%) female patients and 34 (82%)
male patients with no difference based on sex (P ¼ 0.571) (Table 5).

From the total, 12 (15%) redislocations were recorded in female
patients, but none were recorded in male patients (P ¼ 0.004). All
the redislocated hips were reduced as soon as possible, and this was
achieved by opening the capsule in all these hips. RAD was
observed in 12 (15%) female patients and 17 (41%) male patients
(P ¼ 0.001) (Fig. 3A, B). During the follow-ups, due to insufficient
acetabular coverage, secondary operations were performed for 8
female patients (Salter osteotomy, Dega osteotomy, and radical
reduction for 4, 2, and 2 girls, respectively) and 6 male patients
(Salter Osteotomy, Dega Osteotomy, and radical reduction for 2, 1,
and 3 boys, respectively). Based on the secondary operations, there
was no difference between the male and female patients
(P ¼ 0.298). Further, 19 patients (9 male and 10 female) showed
asymmetrical results and 27 patients (13 male and 14 female) pa-
tients showed bilateral involvement.

A multiple logistical regression analysis was used to assess the
risk factors in the Severin classification. Higher age at the time of
operation, higher T€onnis grade, and male sex were associated with
poor outcomes. No relationship was found between the Severin
classification, bilaterality, and follow-up time (Table 6).

Discussion

There is no consensus regarding whether sex affects DDH
prognosis. Although it is known that female sex is a risk factor for
DDH, its effects on prognosis are unclear. In the current literature,
male and female patients were studied together, and male patients
Fig. 1. (A) Preoperative and (B) 12-year postoperative follow-up radiograph of a male patien
left hip. AI angle was 46� on the left. According to final control, the Severin classification w
constituted only a small part of the cohorts.13,14 To the best of our
knowledge, this is the first study comparing male and female pa-
tients based on the mid-long-term results of the posteromedial
limited approach. We agree with Wang et al7 and Moussa and Al-
Othman15 that suggested bilateral cases should be assessed
focusing on patients rather than hips. In patients who had bilateral
involvement and different clinical and radiological results, the
worst side was chosen as the index hip.

The Severin classification is most commonly used for the eval-
uation of radiological results after treatment for DDH. Cha et al used
the Severin classification in their study examining the long-term
results of closed reduction; however, the groups were formed as
walking and non-walking preoperatively. There was no analysis
based on sex.16 Baki et al also used the Severin classification in their
study to analyze the radiological results of patients who underwent
the posteromedial limited approach and Pemberton osteotomy.
Only 1 of the 22 patients was a male.13 In their study of mid-term
radiological results after the posteromedial limited approach,
Biçimo�glu et al concluded that sex does not make a difference in
terms of radiological results. The above mentioned study consisted
of 127 female patients and 16 male patients. Because the number of
t. Age at the time of operation, 10 months. There was T€onnis grade 3 dislocation on the
as Ia, and the McKay score was excellent.



Fig. 2. (A) Preoperative X-ray. Male patient was operated on at 5 months of age. The
patient has T€onnis grade 2 dislocation on both hips. Preoperative AI angle was 37� on
the right hip and 41� on the left hip. (B) Control during postoperative year 5. Although

Table 5
Comparison of functional results of male and female patients.a

Male (N ¼ 41) Female (N ¼ 82) P value

McKay Classification 0.571
Excellent 32 (78) 68 (83)
Good 6 (15) 10 (12)
Fair 2 (5) 4 (5)
Poor 1 (2) 0

a Given numbers are number of patients, with the percentages in parentheses.
ManneWhitney U test was used.
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female patients was 8 times higher than the male patients, it was
difficult to draw conclusions about the radiological consequences of
sex from a statistically perspective. Additionally, these authors
analyzed the radiological results using a scoring system developed
by them instead of the Severin classification.10 Although the results
regarding sex are given in these studies, the statistical reliability is
limited. Our study consisted of 41 male patients and 82 female
patients with similar operative side and ages. This resulted in a
statistically stronger design in terms of determining the radiolog-
ical and functional outcomes of sex.

The outcome is a consequence of the locomotory system
development and surgery performed on the hip. The shape of the
pelvis and hips differs in females and males and influences the
biomechanical parameters, such as the resultant hip force.17 It was
found that the geometry of the male hips and pelvis is on an
average more favorable because it yields lower resultant hip force.
The Severin classification provides limited information on the ge-
ometry that determines hip stress distribution. It is possible that a
poorer Severin index of the male group could be compensated by
more favorable geometrical parameters that determine hip stress
distribution and are not included in the Severin classification.
Conversely, the outcome could be influenced by the success of the
operation. Functional results appear the same at 10 years post-
operatively. This is before the adolescent growth spurt. It appears
that those male patients with higher Severin scores may start
having symptoms sooner, particularly if they have a higher activity
level than female patients.

In their study of 7 male patients and 65 female patients, Van-
dergugten et al mentioned that male sex is a risk factor only for
secondary operations and had no effect on the radiological and
functional outcomes.18 In this abovementioned study also, the
number of male patients was low. Conversely, in their study of mid-
term results, Biçimo�glu et al specified that the rate of secondary
operations is three times higher for female patients than for male
patients.10 However, it will be more accurate to see the long-term
results of this study because we think that there will be patients
who will need secondary operations during the later follow-ups,
and this will change the results. In our current study, although
the secondary operation rate was higher for male patients, there
was no statistical difference.

Osteonecrosis is the most severe complication and the most
common cause of disability after treatment for DDH.19 AVN rates
after open reduction using the posteromedial limited approach are
between 0% and 66% in the literature.10 In their study of long-term
results of open reduction using the posteromedial limited
approach, Farsetti et al mentioned that they observed an AVN rate
of 18% after 22 years of follow-up.20 In our study, osteonecrosis
rates were 17% for both male and female patients. Our rates were
relatively lower compared to the literature. The reasons could be
due to not using preoperative traction, having an intraoperative
the right hip was normal, Type 4 AVN was observed on the left hip (C) Postoperative
year 11. Severin classification was 4, and McKay score was good.



Fig. 3. (A) Preoperative X-ray. Male patient was operated at 8 months of age. There was T€onnis grade 3 dislocation on the right hip. AI degree of left hip was 48� . (B) Postoperative
year 15. Type 2 AVN and RAD was present. Severin classification was 4, and McKay score was good.

Table 6
Association of Variables with Poorer results in Severin Classification by Multiple
Logistic Regression Analysis.

Variable Odds Ratio Std. Error P value

Age at operation 1.12 0.26 0.032
Sex 1.09 0.04 0.006
Bilaterality 1.74 0.78 0.204
Follow-up 1.19 1.34 0.416
T€onnis Grade 1.23 0.38 0.028
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gentle reduction, obtaining a wide safe zone (>30), and eliminating
all extraarticular and intraarticular obstacles.

In our study, although no male patients had redislocation, RAD
was almost three times more common in male patients. Higher
redislocations rates in female patients may be due to a greater
ligamentous laxity due to hormonal causes.19 The majority of male
patients with RAD (8 patients) were suggested to undergo sec-
ondary operations as soon as acetabular insufficiency was noticed
but they refused, and they developed RAD during their follow-ups.
Biçimo�glu et al also reported no redislocations and higher RAD
rates for male patients.10 They did not find any statistical signifi-
cance similar to our study. This may be because the male:female
ratio of the sample was low.

This study has some limitations. Firstly, although a control
group (female patients) of similar age and hip side was studied,
there may be bias. When the incidence of DDH is considered, it
seems impossible to create a randomized and similar control group
design in terms of sex. In order to minimize bias, female patients
who had similar age and hip side as male patients were sampled
from the pediatric orthopedic database, and when there was more
than one female patient meeting the same criteria, patients were
recruited according to the order inwhich their cases were recorded
in the database. Secondly, body mass index was not evaluated.
Although height and weight percentile values are essential pa-
rameters in the studies involving children, they were not
mentioned among the parameters related to the results of the
surgical treatment of hip dislocation in children. This factor may be
related to many unexplained outcomes. Finally, the individuals
performing the surgery and evaluating the results were same, and
this may affect the result obtained due to bias.
Conclusions

Although it was observed that male sex is a poor prognostic
factor for radiological results and RAD, there was no difference
between male and female patients in terms of osteonecrosis,
redislocations, and functional outcomes. A close follow-up is rec-
ommended for patients with RAD, and secondary surgical in-
terventions should not be delayed in the absence of spontaneous
development of acetabulum. In future, similar studies with a more
extended follow-up period and with more patients will lead to
more accurate results.
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