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Abstract

Background: There are several factors may have an impact on the prognosis of developmental dysplasia of the hip (DDH). They may
change the outcome and treatment if they are present in a patient.
Objectives: The objective of this study is to determine the association of those factors with the outcome.
Patients and Methods: The study was performed on 74 infants with DDH in Children’s Medical Centre. After obtaining informed
consent and ethical approval, patients with DDH confirmed by ultrasound were included, and possible risk factors including sever-
ity of DDH based on the Graf criteria, follow-up length, age, gender, laterality, type of delivery, amniotic fluid index, fetal anomalies,
birth order of children, and methods of treatment were collected and compared against treatment response.
Results: There were 58 female and 19 male patients with a mean age of 6.54 weeks. Bilateral DDH was found in 31 females and nine
males. The average alpha and beta angles were 53.19± 5.7 and 66.53± 6.6 degree, respectively. The severity of DDH had a significant
association with treatment response (P = 0.003). Recovery was better in females than in males (P = 0.031). In addition, the first-born
infants had a better response (P = 0.001). A meaningful connection (P = 0.01) was noted between the amniotic fluid index as well
as renal/limb anomalies and treatment response. Type of delivery (cesarean versus vaginal) or fetal presentation had no significant
association with treatment response (P > 0.05).
Conclusion: Factors with a negative impact on DDH outcomes include the severity of DDH, male gender, higher birth order, oligo-
hydramnios, renal and limb anomalies.
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1. Background

The frequency of developmental dysplasia of the hip
(DDH) is 0.8 - 1 per 1000 births (1). If it is not detected and
not corrected in early infancy, it can interfere with normal
development and leads to anatomical and functional dis-
orders in adulthood (2). Although there is no definite etiol-
ogy for DDH, a group of genetic and environmental factors
including ligament laxity, breech presentation, postnatal
hip joint positions like swaddling, female gender, first de-
livery, and family history may play a role (3, 4).

Physical examinations (Ortolani, Barlow, Galeazzi or Al-
lis) only have 28.1% sensitivity for DDH (5). Therefore, ul-
trasound for earlier diagnosis and X-ray for older children
should be performed. The treatment aim is to maintain
good contact between the femoral head and acetabulum.
For this purpose, flexion and abduction in a physiologi-
cal position are recommended. For older children, how-

ever, closed/open reductions may be considered based on
their age and conditions (6-8). The severity of DDH and
treatment are determined based on the Graf criteria (Table
1). Type 1 does not need treatment. Type 2a should be ob-
served. The Pavlik harness is the treatment of choice for
types 2b, 2c, D, 3 and 4. However, open reduction some-
times is required for older babies.

There are still some controversies regarding risk fac-
tors and whether they ever have any impact on the out-
come.

2. Objectives

The current study aimed at determining possible risk
factors and their effects on treatment response. Good
knowledge about these factors could predict DDH out-
come and may change the threshold in which a surgeon
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Table 1. Types of DDH Based on Graf Classification

Type Maturity Bony roof α Angle (Bony
angle), °

Bony rim Cartilage root β Angle, ° Age

Type I Mature Good ≥ 60 Sharp Good coverage
femoral head

Ia = β≤ 55; Ib = β >
55

All

Type II a+ Immature but
appropriate for age

Adequate 50 - 59 Blunt Coverage femoral
head

< 3 mo

Type II a- Immature and
inappropriate for age

Deficient 50 - 59 Rounded Coverage femoral
head

< 3 mo

Type II b Delay in development Deficient 50 - 59 Rounded Coverage femoral
head

> 3 mo

Type II c Stable or unstable Severely deficient 43 - 49 Rounded /flat Still coverage femoral
head

β < 77 All

Type D Decentering hip Severely deficient 43 - 49 Rounded /flat Displaced β > 77 All

Type III Eccentric hip Poor < 43 Flat Labrum pressed
upwards

All

Type IV Eccentric hip Poor < 43 Flat Labrum pressed
downwards

All

Abbreviation: DDH, developmental dysplasia of the hip.

may shift toward a more aggressive treatment in earlier
stages.

3. Patients and Methods

The current descriptive- analytical study was con-
ducted in Tehran, Iran from November 2014 to June 2017.
Parents were informed of the details of the study, and in-
formed consent was obtained. Ethical approval was ob-
tained by the ethical committee of this center. The sam-
ple size was calculated by the Pukak equation, considering
a 95% confidence level, 80% strength, 5% error, and 3 per
1000 frequency. Eighty-four patients out of 399 patients
who were referred for hip ultrasound either had DDH or
type 2a Graf ultrasound. All of them were younger than 18
weeks. Those who did not attend follow-up ultrasound or
those with teratologic dislocation, i.e., myelomeningocele,
arthrogryposis, chromosomal abnormalities, lumbosacral
disorders, or neuromuscular dislocations, were excluded.
In the end, 74 patients were included (Figure 1).

Data were collected using hip ultrasound and ques-
tionnaires. The questionnaire contained information
about family members, birth order, age, gender, type of de-
livery, presentation, family history of DDH, and associated
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Figure 1. Study population in our survey

anomalies including club foot, torticollis, and meningo-
cele. An ultrasound exam was performed after two weeks
from the onset of treatment. In some cases, further follow-
up ultrasound exams were done every four weeks, and
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treatment response was assessed based on ultrasound
morphology, alpha and beta angles. We used a 5-MHz lin-
ear probe of an ultrasound machine (50-G Siemens, Erlan-
gen, Germany) to obtain coronal views in lateral decubitus.
The alpha and beta angles were measured.

Statistical analysis was performed using SPSS version 18
(SPSS Inc. Released 2009. PASW Statistics for Windows, Ver-
sion 18.0. Chicago: SPSS Inc.). The results were expressed
as mean ± standard deviation (SD) for quantitative, and
as frequency and percentage for qualitative data. Patients
were divided into two groups: the responsive group who
had normal ultrasound report of Graf type 1 at the end
of treatment and the non-responsive group who did not
show complete recovery to type 1 Graf. The relationship
between the treatment response and study variables in-
cluding gender, age, family history, presentation, type of
delivery, and associated anomalies were measured using
the chi-square test for qualitative variables and t-test for
quantitative ones. To assess the predictor factors on treat-
ment response, simple and multiple logistic regression
were used. To evaluate the relationship between predic-
tor variables (including gender, gestational age at birth,
type of delivery, fetal presentation, amniotic fluid volume,
order of children, family history of DDH, limb anomalies
and renal anomalies) and treatment response, crude and
adjusted odds ratio (OR) and 95% confidence Interval (CI)
were used. In all items, results were considered statistically
significant if P value was less than 0.05.

4. Results

The current study included 58 female and 19 male in-
fants with a mean age of 6.54 weeks. Bilateral DDH was
observed in 31 female and nine male patients. All infants
were monitored for 3 - 38 weeks (average 6.4). Two infants
had just one follow-up ultrasound, 52 patients had two ul-
trasounds, and the rest underwent 3 - 7 ultrasound exams
(Figures 2-5). From all 114 hip joints, 63 (55.3%) hips were
left-sided, and 51 (44.7%) were right-sided. Mean alpha and
beta angles were 53.18± 5.7 (range: 39 - 59) and 66.53± 6.6
(range: 53 - 83) degrees, respectively. Graf type of involve-
ment was 2a+ in 47 hips, 2a- in 19 hips, 2b in eight hips, 2c
in seven hips, type D in 12 hips, type 3 in 13 hips, and the
remaining eight hip joints had type 4.

All hip joints with type 2a involvement were just ob-
served. Treatment by medical brace was done for 19 hips
with type 2a. The Pavlik harness orthosis was applied for 15
hips including eight hips with type 2b and seven hips with
type 2c. Closed reduction and the Pavlik harness orthosis

were applied for 29 joints including 12 hips with type D, 11
hips with type 3, and six hips with type 4. Open reduction
was performed for four joints including two type 3 hips
and two type 4 hips. Recovery was observed in 98 involved
hips (86%), however, 16 joints did not show improvement
and required further treatment. Among the subjects, 55
infants were born by cesarean section and the other 19 by
vaginal delivery. The cephalic presentation was observed
in 68 subjects and breech presentation in the other six pa-
tients. Oligohydramnios was observed in four cases; while,
70 patients were reported normal during pregnancy. Forty-
four patients were first child, nine patients had a positive
family history, and nine patients had limb anomalies. Mus-
culoskeletal anomalies include: clubfoot (8.8%), patella dis-
location (0.9%), scoliosis (1.8%), radial dysgenesis (0.9%),
and hydronephrosis (2.6%).

A better response was achieved in patients with type
2a and those with milder DDH based on Graf classification.
For instance, 8.3% of type D, 53.8% of type 3, and all of the
type 4 joints did not respond to treatment. Likewise, the
mean alpha angle in the non-responsive group was 43.25
± 3.2 degree in contrast with 54.02 ± 5 in the responsive
group, which was significantly lower (P = 0.006). Simi-
larly, the mean beta angle was 80 ± 7.1 degrees in the non-
responsive group compared with 66.38±5.6 in the respon-
sive group, which was significantly higher (P = 0.034).

Of 114 affected hip joints, 89 hips (78%) were observed
in female patients and the other 25 (22%) in male ones. Be-
sides, 89.8% of affected hips in females and 72% in male pa-
tients showed complete recovery. Overall, 81.6% of treated
cases were females and 18.4% were males. These results
showed that response to treatment was better in females
than males (P = 0.031). Being female increases the treat-
ment response by a factor of 8.21.

Five (4.4%) patients had oligohydramnios history, only
two of which (40%) had a good response during follow-up.
The amniotic fluid had a significant correlation with re-
sponse to treatment (P = 0.013). A normal amniotic fluid
increases the treatment response by a factor of 16.92.

Among first-born children, 93.8% responded to treat-
ment, the second-born children showed an 80.9% response
rate, and the third- and next-born children showed only
42.85% recovery. Overall, 62.2% of the patients were first-
born children, 34.7% second-born, and 3.1% next-born chil-
dren. Treatment response was significantly better among
first-born children (P = 0.001).

Treatment was also better (91%) in those without limb
anomalies compared with those with anomalies (50%) (P
= 0.001), and a significant connection between the pres-
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Figure 2. Five-week infant with type II a+ developmental dysplasia of the hip (DDH). Ultrasound measures: alpha 55 and beta 65 degree.

ence of anomalies and failure to response (P = 0.002) was
noted. Among limb anomalies, the ones associated with
poor response were radial dysgenesis, scoliosis, and club-
foot in the order of frequency. Of the patients with renal
anomalies, no one showed improvement, while in patients
without renal problems, the response rate was 88.2%. Of
all patients in the current study, 12.3% had limb anoma-
lies. The average follow-up time in patients with anomalies
was 9.6 weeks, and 8.6 weeks in patients without anoma-
lies. Among the infants with limb anomalies, the ones with
patellar dislocation had the longest follow-up, 22 weeks,
while in scoliosis and clubfoot it was 3 weeks and 10.63
weeks, respectively. Fifty percent of patients with anomaly
showed good response compared with a 91% response rate
in the group without anomaly. Also, 43.8% of patients in

the non-responsive group belonged to the anomaly group.
Having no anomaly increases the treatment response by a
factor of 5.02. Therefore, the presence of limb anomalies
significantly decreased treatment response.

There was no significant correlation between the
length of follow-up and response rate. (P = 0.30) Infants
with good response attended more in the follow-up ses-
sions. (P = 0.001) All patients that attended five sessions
or more showed complete recovery. Twenty-five percent
of cases that required further treatment due to their poor
response, had only one and 50% of them had two follow-
up sessions. Results also showed that gestational age at
birth, birth weight, sidedness, laterality, type of delivery
(cesarean versus vaginal), fetal presentation, and positive
family history were not significantly connected with re-
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Figure 3. Nine-week infant. The same patients in Figures 1 after 4 weeks shows complete recovery to type 1 (alpha = 63 and beta = 54).

Figure 4. Three-week infant with type D developmental dysplasia of the hip (DDH). Ultrasound measures: alpha 47 and beta 82 degree.

sponse to treatment. Natural delivery decreases the treat-
ment response only by a factor of 0.12. Left hip involvement
with 55.3% (63 joints) was more common than right side in-
volvement. Of those with good response, 56.1% (64 joints)

had left side involvement and 43.9% (50 joints) had right
side involvement. However, the difference was not signifi-
cant (Table 2).
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Table 2. Simple and Multiple Logistic Regression Analysis for Evaluation of Effects of Predictor Variables on Treatment Response of DDHa

Treatment response
Crude OR (95% CI)b Adjusted OR (95% CI)c

Positive Negative

Sex 3.45 (1.13 - 10.51) 8.21

Female 80 9

Maled 18 7

Gestational age at birth

Pretermd 12 0 - -

Term 86 16

Type of delivery 0.12

Cesareand 76 9 -

Vaginal 22 7

Fetal presentation

Breechd 10 0 - -

Cephalic 88 16

Amniotic fluid volume 11.07 (1.69 - 72.63) 16.92 (0.88 - 322.36)

Normal 96 13

Oligohydramniosd 2 3

Order of children 0.23 (0.09 - 0.56) 0.29

First child 61 4

Second child 34 8

Third child or next children 3 4

Family history of DDH

Positive 14 2 -

Negatived 84 13

Limb anomalies 7.69 (2.31 - 25.59) 5.02 (0.99 - 25.42)

Negative 91 9

Positived 7 7

Renal abnormality

Negative 98 13 - -

Positived 0 3

Abbreviations: CI, confidence Interval; DDH, developmental dysplasia of the hip; OR, odds ratio.
aValues are expressed as median (range).
bSimple logistic regression.
cMultiple logistic regression (there were all variables in the model).
dReference category.
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Figure 5. Eleven-week infant. The same patients in Figures 3 after 8 weeks of Pavlik cast shows complete recovery to type I (alpha = 62 and beta = 59).

5. Discussion

In the current study, 74 infants (114 abnormal hip
joints) were examined. Overall, there was a significant cor-
relation between the severity of involvement according to
the Graf criteria, male gender, higher birth order, oligo-
hydramnios, and renal and limb anomalies and poor re-
sponse. Most of the findings were compatible with those
of the previous studies. However, in some results, differ-
ences were noticed which could be explained. For instance,
the success rate was 45.5% in a study by Al-Essa et al. (9),
which was lower than that of the current study in which
98 (86%) joints showed complete recovery. They treated
68.1% of infants younger than six months using the Pavlik
harness orthosis, which is the first-line treatment in this
age group, and the closed reduction was applied to 78% of
older infants. Open reduction was only used for infants
older than 18 months (9). This difference in the success rate
can be attributed to the target population. In their study,
all DDH cases had dislocation or dysplasia, while in the cur-
rent study, most of the hip joints were type 2a, all of which
showed good response.

Likewise, the current study revealed that DDH, by 56.2%,
was more common in female patients. Studies showed
that female cases are more prone to DDH due to estrogen
effect (3). During follow-up, among the subjects that re-
sponded to treatment, 81.6% were female and 18.4% were

male. The response rate was significantly higher in female
patients in contrast with the results obtained by Omeroglu
and Koparal (10), in which no association was found be-
tween gender and treatment response.

The average alpha angles on the first ultrasound in
the responsive and non-responsive groups were 54.02 and
43.25 degrees and for beta angles, they were 66.38 and 80
degrees, respectively. Analysis of data showed that a de-
crease of alpha angle, which implies much severe DDH,
significantly decreased treatment response. These find-
ings were compatible with those of other studies, includ-
ing White et al. (11), in which femoral head location in
the inferior labrum was remarkably associated with bet-
ter response, and a more superior or lateral location of the
femoral head to the labrum was associated with treatment
failure.

In the current study, the mean ages of the responsive
and non-responsive groups were 6.32 and 7.88 weeks, re-
spectively. Although the mean age of infants who were not
treated successfully was higher, there was no significant
correlation between age and treatment response. This dif-
ference can be attributed to the lower mean age in the cur-
rent study, which was 6.54 ± 6.6 weeks. It can also be ex-
plained by the fact that patients older than 12 months were
not included.

Follow-up length was 10 weeks in infants with positive
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family history, and 8.5 weeks in those without a family his-
tory. This finding may suggest that positive family history
encourages families to attend more follow-up sessions.
Overall, 87.5% of infants with family history and 86.5% of
those without family history recovered. As a result, fam-
ily history had no significant effect on the response rate.
Omeroglu et al. examined the effect of variables including
age, gender, side of involvement, family history, and other
factors on response rate in infants with DDH. The results
showed that side of involvement, family history, type of de-
livery, fetal presentation, and oligohydramnios had no sig-
nificant correlation with response rate (10-12).

In conclusion, factors including the severity of hip
involvement based on Graf criteria, male gender, higher
birth order, oligohydramnios and renal and limb anoma-
lies had a significant negative effect on treatment re-
sponse. Although these risk factors seem to not change
treatment choices, their presence could imply a more resis-
tant DDH, which may encourage considering further treat-
ment at an earlier stage. Overall, the success rate in the
treatment of DDH is high which and for this reason, early
detection and treatment of DDH is strongly suggested.
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