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Risk factors and screening timing for developmental
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Background: The delayed diagnosis of developmental dys
plasia of the hip (DDH) requires complex treatment and some-
times progresses to hip osteoarthritis.

Purpose: This study aimed to evaluate the risk factors and
screening time for DDH in preterm infants.

Methods: A total of 155 preterm infants with a gestational age
<32 weeks screened for DDH with ultrasonography were en-
rolled in this retrospective chart review.

Results: The incidence of DDH was 6.45% (10 of 155). Gesta-
tional age, birth weight, sex ratio, and breech presentation did
not differ significantly between infants treated for DDH (n=10)
and nontreated infants (n=145) (gestational age, 29.2+1.4
weeks vs. 29.6+2.0 weeks, P=0.583; birth weight, 1,240+237
gvs. 1,295+335 g, P=0.607; female sex, 7 of 10 (70.0%) vs.
77 of 145 (53.1%), P=0.346; and breech presentation, 5 of
10 (50.0%) vs. 43 of 145 (29.7%), P=0.286, respectively).
Performing the first ultrasonography earlier than 38 weeks of
postmenstrual age (PMA) increased the risk of an abnormal
finding by 3.76 times compared to performing it at =38 weeks
of PMA. These abnormal findings on ultrasonography resolved
spontaneously. Breech presentation increased the risk of minor
abnormal findings on the first ultrasonography by 3.11 times
versus nonbreech presentation and resolved spontaneously.
DDH in preterm infants did not occur predominantly on the
left side or in infants born with breech presentation.
Conclusion: Performing ultrasonography screening earlier
than 38 weeks of PMA caused unnecessary subsequent ultraso-
nography and overtreatment. Breech presentation was not a
risk factor for DDH in preterm infants. However, breech pre-
sentation could increase the risk of minor abnormal findings at
the 1st ultrasonography compared to nonbreech presentation,
which resolved spontaneously. The etiology and risk factors for
DDH in preterm infants are somewhat different from those for
DDH in term infants.

Key words: Breech presentation, Developmental dysplasia of
the hip, Premature Infant, Hip Osteoarthritis, Ultrasonography

Key message

Question: When is the best screening timing and what is the
risk factor for developmental dysplasia of the hip (DDH) in
preterm infants?

Finding: Ultrasonography performed earlier than 38 weeks of
postmenstrual age caused unnecessary subsequent ultrasono-
graphy. DDH did not occur predominantly on the left side or
in breech infants.

Meaning: The screening timing, etiology, and risk factors for
DDH in preterm infants are somewhat different from those in
term infants.

Introduction

Developmental dysplasia of the hip (DDH) is caused by the
abnormal relationship between the femoral head and the aceta-
bulum of the immature hip. DDH includes wide spectrum of
clinical manifestations from mild dislocation to frank disloca-
tion. So, the incidence of DDH is variable. Subluxated hip was
detected in 1% and dislocated hip was detected in 0.1% of
newborn infants." In another study, DDH was detected to 1.5%—
4.9% in term infants,” whereas, immature hip or unstable hip
was detected up to 15% by imaging studies.® The pathogenesis
of DDH is multifactorial. Breech presentation with knee exten-
sion in utero can cause continuous hamstring forces on the hip,
which is the most important single risk factor of DDH. Other
important risk factors of DDH include female, family history
of DDH, first-born.** neuromuscular disorders, such as arthro-
gryposis, or tight swaddling after birth placing hips into prolonged
adduction.®

It is widely believed that early diagnosis and treatment of
DDH are essential for good outcome of the hip to prevent hip
osteoarthritis in adulthood. Delayed diagnosis requires complex
treatment with a poor outcome of the hip.

Ultrasonography is the gold standard with high sensitivity
and specificity in an infant younger than 4 months whose hip is
cartilaginous interfering radiologic visualization of the femoral
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Graphical abstract. Physiological in utero version of the fetus from breech to vertex presentation
occurs by a gestational age (GA) of 32 weeks. Preterm breech infants prior to this physiological in
utero version are exposed to less and shorter durations of mechanical forces predisposing them to
developmental dysplasia of the hip (DDH) than infants with a persistent breech presentation after
failure of physiological in utero version. Thus, the risk factors for DDH of preterm breech infants
(GA<32 weeks) born prior to physiological in utero version differ from those of breech infants (GA2

32 weeks) born after failed in utero version.

head.” However, ultrasonography as early as within the first 4
weeks after birth often discloses the presence of minor instability
or immaturity of the hip, which resolves spontaneously in a few
weeks later.” Thus, performing ultrasonography too early can
cause overtreatment. The proper timing of screening for DDH
is still controversial. Kolb et al.” have recommended 6-8 weeks
after birth, not within the first 2 weeks after birth.

In preterm infants, DDH is not well defined yet. Some studies
advocate that DDH is associated with preterm delivery,®” while
others do not.!®') The relationship between preterm delivery
and DDH remains controversial. Whether breech presentation
is a risk factor of DDH in preterm infants as term infants remains
unclear. The fetus usually undergoes physiological in utero ver-
sion from breech to vertex presentation by gestational age (GA)
of 32 weeks. Preterm breech infants prior to this physiological
in utero version are exposed to less and shorter duration of
mechanical forces predispose to DDH than infants with persis-
tent breech presentation after failure of physiological in utero
version.'? Thus, breech presentation in preterm infants is some-
what different from that in term infants. The aim of this study
was to determine risk factors and proper screening time of DDH
in preterm infants.

Methods

This study was reviewed and approved by the Institutional
Review Board (IRB) of Inje University Busan Paik Hospital (iden-
tification code: 2020-12-003) in accordance with the Declaration
of Helsinki. The IRB waived the need for informed consent for
this retrospective chart review. Medical records of 214 preterm
infants with GA <32 weeks who were admitted to Inje University
Busan Paik Hospital from September 2017 to December 2020
were reviewed. Preterm infants who were not screened for DDH

2017.9-2020.12
214 GA<32 wk

59 Not screened for DDH
with ultrasound (death 26,
transferred 16, not done 17)

155
Screened for DDH
with ultrasound

10 13 132
Treated for DDH Observation Normal

145
Not treated for DDH

Fig. 1. Flow chart showing the patient selection process. Among the 214
preterm infants with a GA<32 weeks admitted between September 2017
and December 2020, 59 were excluded because they were transferred
to other hospitals (16 infants), died (26 infants), or were not screened (17
infants). Ten of the 155 infants were assigned to the treated group, 13
were assigned to the observation group, and 132 were assigned to the
normal group. Finally, 10 infants were treated for DDH, while 145 (obser-
vation and normal groups) were not treated for DDH. GA, gestational
age; DDH, developmental dysplasia of the hip.

with ultrasonography (59 infants) were excluded because they
were transferred to other hospitals (16 infants), died (26 infants),
or notscreened (17 infants) (Fig. 1).

Hip ultrasonography images were obtained using a 15-7 MHz
linear array transducer or a 12-5 MHz linear array transducer
((U22; Philips Medical Systems, Bothell, WA, USA). Ultrasono-
graphy results were reported by radiologist as depth of the bony
acetabulum and coverage of femoral head by acetabulum by Graf
classification.'® Graf classification was mainly based on o angle,
although it was also based on p angle and age of the patient.'*!5
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The pediatric orthopedic surgeon decided the treatment for
DDH based on the ultrasonography result, clinical examination,
and age of the patient. The treated group was treated for DDH
with Pavlik harness. Ultrasonography was performed in 3 weeks
after applying Pavlik harness. If the hip became clinically stable
with Pavlik harness, it was applied for 6 more weeks, then ta-
pered. Hip radiograph was taken at 6 months after successful
Pavlik harness treatment. The observation group included infants
with minor abnormal findings at the 1st ultrasonography which
resolved spontaneously at the 2nd ultrasonography without
treatment. The normal group included infants whose 1st ultra-
sonography was normal. Both the observation group and the
normal group were not treated for DDH. The normal group was
not performed the 2nd ultrasonography because the 1st ultraso-
nography was normal.

Demographic factors such as GA, birth weight, gender, and
breech presentation were compared among groups. Postnatal
day of 1stand 2nd ultrasonography and postmenstrual age (PMA)
of 1st and 2nd ultrasonography were also compared among
groups.

For continuous variables with a normal distribution and ho-
mogeneous variance, ¢ test was performed for comparison
between the 2 groups and analysis of variance with Bonferroni
correction was performed for comparison among multiple
groups. For variables without a normal distribution or without
homogeneous variance, Mann-Whitney U test was performed
for comparison between the 2 groups while the Kruskal-Wallis
test was performed for comparison among multiple groups. For
nominal variables, chi-square test or Fisher exact test was per-
formed. We evaluated the odds ratios (ORs) with 95% confi-
dence interval (CI) using logistic regression analyses to assess as-
sociations between risk factors and DDH. All statistical analyses
were performed using IBM SPSS Statistics ver. 25.0 (IBM Co.,
Armonk, NY, USA). P values of <0.05 were considered signifi-
cant. Data are given as mean=standard deviation or frequencies
(percentages).

Results

Ten of 155 infants were treated for DDH (treated group) (Fig.
1). Thirteen of 155 infants were assigned to the observation
group and 132 of 155 were assigned to the normal group at the
1st ultrasonography. Finally, 10 infants were treated for DDH
while 145 were not. The incidence of DDH was 6.45% (10 of
155). The incidence of breech presentation was 31% (48 of 155)
in preterm infants with GA<32 weeks.

1. Characteristics of the observation versus normal groups

(Table 1)

GA, birth weight, and sex ratio were not significantly different
between the observation group (n=13) and the normal group
(n=132) (GA, 29.5+1.7 weeks vs. 29.6+2.1 weeks, P=0.984;
birth weight, 1,269+278 g vs. 1298+341 g, P=0.615; female,

9 of 13 (69.2%) vs. 68 of 132 (51.5%), P=0.222, respectively).
Breech presentation was more frequent in the observation
group than in the normal group (7 of 13 [53.9%)] vs. 36 of 132
[27.3%], P=0.045). Breech presentation increased the risk
of abnormal finding at the 1st ultrasonography compared to
nonbreech presentation (OR, 3.11; 95% CI, 1.047-9.882).
The time of the 1st ultrasonography screening was not different
between the 2 groups (5920 days vs. 65+26 days, P=0.327).
However, more infants were performed the 1st ultrasonography
earlier than 38 weeks of PMA in the observation group than in
the normal group (76.9% vs. 47.0%, P=0.039). Performing the
1st ultrasonography earlier than 38 weeks of PMA increased the
risk of abnormal finding compared to performing the 1st ultra-
sonography at =38 weeks of PMA (OR, 3.76; 95% CI, 1.061-
14.297). Minor abnormal findings in the observation group
resolved spontaneously at the 2nd ultrasonography.

2. Characteristics of treated versus nontreated infants (Table 2)

GA and birth weight were not significantly different between
infants treated for DDH (n=10) and nontreated infants (n=
145) (29.2+ 1.4 weeksvs. 29.6+2.0 weeks, P=0.583 and 1,240+
237 gvs. 1,295+335 g, P=0.607, respectively). Sex ratio and
breech presentation were not significantly different between the

Table 1. Characteristics of the observation versus normal groups

Observation (n=13) Normal (n=132) Pvalue

Gestational age (wk) 29.541.7 29.6£2.1 09847
<28 3(23.1) 33(25.0) >0.999"
>28 10(76.9) 99 (75.0)
<30 8(61.5) 60 (45.5) 0.268°
>30 5(38.5) 72 (54.6)
<31 10(76.9) 84 (63.6) 0.544"
>31 3(23.1) 48(36.4)

Body weight (kg) 1,269+278 1,298+341 0.615%
<1 2(15.4) 29 (22.0) 0.735"
>1 1(84.6) 103 (78.0)
<15 2(92.3) 89 (67.4) 0.110"
>15 1(7.7) 43(32.6)

Female sex 9(69.2) 68 (51.5) 0.222°

Breech 7(53.9) 36 (27.3) 0.045°

USG1_d (day) 59+20 65426 0.3277

USG1_PMA (wk) 38.0+2.2 38.9+2.5 0.132%
<37 5(38.5) 28(21.2) 0.172"
>37 8(61.5) 104 (78.8)
<38 10(76.9) 62 (47.0) 0.039
>38 3(23.1) 70 (53.0)
<40 1(84.6) 94 (71.2) 0.516"
>40 2(15.4) 38(28.8)

USG2_d (day) 97427 -

USG2_PMA (wk) 433429 -

Values are presented as meantstandard deviation or number (%).

USG1_d, postnatal day of first ultrasonography; USG1_PMA, postmenstrual
age at first ultrasonography; USG2_d, postnatal day of second ultrasono-
graphy; USG2_PMA, postmenstrual age of second ultrasonography.

3t test, PFisher exact test, C)Chi-square test, d)Mann-Whitney U test.
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2 groups (7 of 10 [70.0%)] vs. 77 of 145 [53.1%)], P=0.346 and
5 of 10 [50.09%)] vs. 43 of 145 [29.7%], P=0.286, respectively).
Postnatal day of the 1st ultrasonography and PMA of the 1st
ultrasonography were similar between treated and nontreated
infants (P=0.865 and P=0.732, respectively).

3. Characteristics of the treated versus observation groups

(Table 3)

GA and birth weight were not significantly different between
the treated group (n=10) and the observation group (n=13)
(29.2+1.4 weeksvs. 29.5 +1.7 weeks, P=0.594 and 1,240+236
gvs. 1,269+278 g, P=0.728). Sex ratio and breech presentation
were not significantly different between the 2 groups (7 of 10
[70.0%] vs. 9 of 13 [69.2%)], P>0.999 and 5 of 10 [50.0%] vs.
7 of 13 [53.8%)], P>0.999). Postnatal day of the 1st ultrasono-
graphy screening and PMA of the 1st ultrasonography screening
were not significantly different between the 2 groups (63+17
days vs. 59+20 days, P=0.599 and 38.2+1.7 weeks vs. 38.0+
2.2 weeks, P=0.3835, respectively).

Table 2. Characteristics of treated versus nontreated infants

- Treated Honezied
Characteristic (n=10) (observation and normal) P value
(n=145)

Gestational age (wk)  29.2+1.4 29.6£2.0 0.583°
<28 2(20.0) 36 (24.8) >0.999”
>28 8(80.0) 109 (75.2)
<30 7(70.0) 68 (46.9) 0.199"
>30 3(30.0) 77 (53.1)
<31 9(90.0) 94 (64.8) 0.166"
>31 1(10.0) 51(35.2)

Body weight (kg) 1,240£237 1,295£335 0.6079
<1 1(10.0) 31(21.4) 0.689”
>1 9(90.0) 114 (78.6)
<15 9(90.0) 101 (69.7) 0.283%
>15 1(10.0) 44,(30.3)

Female sex 7(70.0) 77 (53.1) 0.346"

Breech 5 (50.0) 43(29.7) 0.286"

USG1_d (day) 63+17 65426 0.865°

USG1_PMA (wk) 38.2+1.7 38.8+2.5 0.732°
<37 2(20.0) 33(22.8) >0.999°
>37 8(80.0) 112(77.2)
<38 5 (50.0) 72 (49.7) >0.999°
>38 5 (50.0) 73(50.3)
<40 8(80.0) 105 (72.4) 0.730%
240 2(20.0) 40 (27.6)

USG2_d (day) 98+23 97+27 (N=13) 0.933?

USG2_PMA (wk) 432422 433+2.9 (N=13) 0.894

4, Characteristics of the treated group (Table 4)

Breech presentation was not dominant in preterm infants
treated for DDH (breech: 5 of 10, nonbreech: 5 of 10). DDH
did not occur predominantly in the left side among preterm
infants treated for DDH (left:right:both=4:3:3). There were
7 female infants and 3 male infants. Among 10 treated infants,
there were 3 female infants with breech presentation.

Discussion

Performing ultrasonography screening earlier than 38 weeks
of PMA increased the detection rate of minor abnormal findings
which resolved spontaneously and overtreatment in preterm
infants in this study. Younger GA, smaller birth weight, and breech
presentation were not the risk factors for DDH in preterm
infants in this study.

Breech presentation is the most important single risk factor
of DDH.? Breech infants remain at risk of developing DDH
despite a normal screening ultrasound.'® Thus, breech infants
with normal ultrasonography are recommended to follow-up
supplemental x-ray at 4-6 months after birth because of the risk
of subsequent dysplasia by Imrie et al.!” The incidence of breech
presentation was 319% in preterm infants with GA<32 weeks
in the present study. The incidence of breech presentation was
1%-3% at term, 7% at GA of 32 weeks, and 22% at GA of 28
weeks in a previous study.'?

Physiological in utero version of the fetus from breech to vertex
presentation occurs by GA of 32 weeks. Enrolled infants in this

Table 3. Characteristics of the treated versus observation groups

Treated (n=10)  Observation (n=13) P value

Gestational age (wk) 29.2+1.4 29.5%1.7 0.594?
<28 2(20.0) 3(23.1) >0.999°
>28 8(80.0) 10(76.9)
<30 7(70.0) 8(61.5) >0.999
>30 3(30.0) 5(38.5)
<31 9(90.0) 10(76.9) 0.604"
>31 1(10.0) 3(23.1)

Body weight (kg) 1,240%236 1,269+278 0.728
<1 1(10.0) 2(15.4) >0.999”
21 9(90.0) 11(84.6)
<15 9(90.0) 12(92.3) >0.999”
>15 1(10.0) 1(7.7)

Female sex 7 (70.0) 9(69.2) >0.999”

Breech 5(50.0) 7(53.8) >0.999”

USG1_d (day) 63+17 59+20 0.599?

USG1_PMA (wk) 38.2+17 38.042.2 0.385

USG2_d (day) 98+23 97+27 0.931?

USG2_PMA (wk) 432422 433%29 0.8877

Values are presented as meantstandard deviation or number (%).

USG1_d, postnatal day of first ultrasonography; USG1_PMA, postmenstrual
age at first ultrasonography; USG2_d, postnatal day of second ultrasono-
graphy; USG2_PMA, postmenstrual age of second ultrasonography.

9t test, PFisher exact test, "Mann-Whitney U test.

Values are presented as meantstandard deviation or number (%).

USG1_d, postnatal day of first ultrasonography; USG1_PMA, postmenstrual
age at first ultrasonography; USG2_d, postnatal day of second ultrasono-
graphy; USG2_PMA, postmenstrual age of second ultrasonography.

9t test, PFisher exact test, "Mann-Whitney U test.
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study were preterm infants with GA <32 weeks who were born
before in utero version. Thus, the incidence of breech presenta-
tion was higher in this study with infants of GA <32 weeks than in
other studies with infants of GA=32 weeks. However, preterm
infants are exposed to less and shorter duration of mechanical
forces on hips during the third trimester to develop DDH.!?
As a result, breech presentation was not a risk factor of DDH in
preterm infants in this study. Half infants with DDH had breech
presentation while half infants with DDH had nonbreech presen-
tation in this study. Although breech presentation increased the
risk of abnormal finding at the 1st ultrasonography compared to
nonbreech presentation among nontreated infants in this study,
these minor abnormal findings resolved spontaneously. Lee et
al.'? have reported that DDH in very preterm breech infants
(GA <32 weeks) born prior to the physiological i utero version
is different from that in preterm breech infants (GA of 32 weeks
to <37 weeks) born after a failed #n utero version. They found
that preterm breech infants with GA <32 weeks had less ultraso-
nography findings for DDH than those with GA of 32 weeks
to <37 weeks and that all abnormal findings in preterm breech
infants with GA<32 weeks resolved spontaneously without
treatment.'? On the contrary, some researchers have reported
that preterm breech infants have a similar incidence of DDH to
term breech infants. All breech infants are recommended to be
screened for DDH regardless of GA.'®') The risk for DDH in
preterm breech infants was similar to that in term breech infants
(OR, 1.27; 95% CI, 0.25-6.40)."” D'Alessandro and Dow?>"
have also reported that GA does not seem to influence the inci-
dence of DDH in breech presentation.

The left hip has a 3-fold increased risk of DDH compared to
the right hip because the left hip lying posteriorly against the
mother’s spine undergoes sustained mechanical forces to limit
abduction of the left hip.? However, DDH did not occur in the
left side predominantly in this study (left:right:both=4:3:3).
It can be explained by the small sample size of this study with
selection bias. However, it can also be explained by the fact that
preterm infants are exposed to less and shorter duration of me-
chanical forces to develop DDH of the left hip because they are
born prematurely.?

In this study, GA and birth weight were not smaller in infants

Table 4. Characteristics of the treated group

treated for DDH. In addition, smaller GA and birth weight were
not risk factors of DDH in preterm infant with GA<32 weeks.
There are still controversies about whether preterm is a risk
factor of DDH. DDH is not well defined in preterm infants. The
incidence of DDH and hip pathologies increased as GA decreased.
9 Prematurity has been suggested as a risk factor of DDH.® A
systemic review has concluded that low birth weight and preterm
birth are potential risk factors of hip bone abnormalities and hip
osteoarthritis in adulthood.? On the other hand, prematurity
did not increase the risk of DDH in other studies.!®'D Rather,
preterm infants have significantly lower rate of immature hips
compared to term infants, suggesting that prematurity is not a
predisposing factor for DDH.?? Lange et al.? have reported that
preterm infants have a decreased risk of DDH than term infants.
Also, the incidence of mature hip was twice as high in preterm
infants than in term infants.? Lange et al.? have suggested that
these findings are caused by the absence of intrauterine risk
factors occurring during the third trimester such as less intrau-
terine space and breech presentation causing mechanical forces
on hips during the third trimester.

In this study, ultrasonography screening was done at around
38-39 weeks of PMA. However, more infants in the observation
group than in the normal group were performed ultrasonography
earlier than 38 weeks of PMA. This might be why there were
minor abnormal findings in the observation group which resolved
spontaneously. These results suggest that the incidence of DDH
is also influenced by the PMA of ultrasonography screening. If
ultrasonography is performed too early, it can increase the detec-
tion rate of minor instability or minor abnormal findings of the
hip and the risk of overtreatment.” Minor instability of the hip
during early postnatal period usually resolves spontaneously
without treatment. Shaw and Segal® have concluded that selec-
tive ultrasonography is recommended for infants with breech
presentation and a family history of DDH after 6 weeks of age.
Female infants with breech presentation and a family history of
DDH are recommended to undergo ultrasonography screening
for DDH at 46 weeks after birth, not before 4 weeks of age.?*?®)
Kolb et al.” have recommended universal ultrasonography
screening for DDH at 6-8 weeks after birth. As mentioned
before, the time of ultrasonography screening for term infants

GA (wk) BW (g) Sex Delivery mode Presentation Laterality Ultrasonography findings

27.6 1,200 Female C/Sec Transverse Left a angle: 56*-58°

28.7 1,400 Male C/Sec Breech Left a angle: 53°-55°

28.1 1,300 Female PSD Breech Both Undercoverage of the bilateral femoral heads (50%)
28.7 1,100 Male C/Sec Transverse Right a angle: 57°-60°

30.3 1,200 Female C/Sec Cephalic Both Lateral subluxation of the bilateral hip joints
299 1,600 Male C/Sec Breech Right a angle: 50*-55°

27.0 700 Female C/Sec Breech Right a angle: 55°

29.9 1,200 Female C/Sec Breech Left a angle: 55°

30.7 1,400 Female PSD Cephalic Left a angle: 55°

311 1,300 Female C/Sec Cephalic Both a angle: 55°-58°, Highly suspicious immature hip

GA, gestational age; BW, birth weight; C/Sec, cesarean section delivery; PSD, preterm spontaneous delivery.
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Table 5. Recommended indications and screening timing for hip ultrasonography

Indications for hip ultrasonography

Abnormal clinical findings of the hip®®%+%%

Risk factors: female, breech presentation, family history of DDH, oligohydramnios, intrauterine causes of postural molding, neuromuscular disease

Risk factors: female, breech presentation, family history of DDH?
Screening time of ultrasonography: postnatal days
At 4-6 weeks after birth?”

24,25)

Not performed at younger than 3-4 weeks after birth, unless there are abnormal clinical findings“’
Not performed at younger than 6 weeks after birth, unless there are abnormal clinical findings?”

At 6-8 weeks after birth (universal screening)”
Not performed at the first 2 weeks after birth”
Not performed during the first 4 weeks after birth (routine screening)®

Selective ultrasonography at 3-4 weeks after birth, if there are suspicious clinical findings%)
Selective ultrasonography at 6 weeks-6 months for high-risk infants without positive clinical findings®

Screening time of ultrasonography: postmenstrual age

Should be scheduled beyond 44 weeks of postmenstrual age (Screening at <40 weeks of postmenstrual age is too early,

)12)

varies according to centers. Furthermore, the time of ultrasono-
graphy screening for preterm infants is not established yet. Lee at
al.'? have recommended ultrasonography screening for preterm
infants =44 weeks of PMA. They concluded that ultrasonography
screening <40 weeks of PMA had 8 times increased risk of
abnormal ultrasonography findings for DDH compared to
screening =44 weeks of PMA, which did not persist on the
following ultrasonography. Recommended indications and
screening timing for hip ultrasonography are in Table 5.

The present study has some limitations. First, we could not
figure out the medical records whether there were abnormal
clinical findings of the hip or not, because of the retrospective
nature of this study. Second, this study is a single-center study
with a small sample size, especially in the subgroup analysis, which
might have an adverse effect on the statistical power.

In conclusion, performing ultrasonography screening earlier
than 38 weeks of PMA could cause unnecessary subsequent
ultrasonography and overtreatment in preterm infants. Smaller
GA and birth weight were not risk factors of DDH in preterm
infants. Breech presentation was not a risk factor for DDH in
preterm infants, although it could increase the risk of minor
abnormal findings at the 1st ultrasonography compared to non-
breech presentation. DDH in preterm infants did not occur
predominantly at the left side. Thus, DDH in preterm infants is
somewhat different from DDH in term infants. Further studies
are required to make guidelines of the indication and screening
time of ultrasonography for preterm infants.
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