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Abstract

Background This study was an update on the AAOS clinical practice guideline’s analysis of the natural history of devel-
opmental dysplasia of the hip (DDH). The objective was to delineate the natural history of clinical instability or radiologic
abnormalities of the hip in infants by identifying the proportion of cases that resolved without treatment compared to cases
that progressed and/or required treatment.

Methods We performed a literature search of PUBMED to identify studies which evaluated the natural history of DDH. We
used the same search strategy as that utilized in the previous AAOS guidelines, updated to include articles published between
September 2013 and May 2021. We assessed the quality of included articles using the Oxford Centre for Evidence-Based
Medicine level of evidence and reported study demographics and outcomes using summary statistics.

Results Twenty-four articles met our eligibility criteria. Most included studies were retrospective (14/24), investigated
either the incidence of DDH (8/24) or assessed screening programs (7/24). The most prevalent study population followed
were Graf 2A hips (7/24). Most studies were low quality with level of evidence 3 (13/24) or 4 (7/24). Sample sizes ranged
from 9 to 3251. Twenty studies reported the number of cases resolved over the follow-up period with a mean rate of 84.3%
(95% confidence interval 76.1, 92.6).

Conclusion We found most mild-to-moderate DDH can resolve without treatment in early infancy, especially in physiologi-
cally immature (Graf 2A) hips. More high-quality evidence is needed to properly assess the natural history of DDH as only
one included study was a randomized trial.
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Background

Developmental dysplasia of the hip (DDH) is a spectrum of
hip abnormalities ranging from mild dysplasia in a reduced
and stable hip, to a complete and irreducible dislocation of
the femoral head from the acetabulum [1]. The broad scope
of the DDH severity spectrum has been a major contributor
to the lack of widely accepted clinical definitions to provide
a basis for comparison of patient populations. Consequently,
the true incidence of the condition has been difficult to
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accurately ascertain. Reported incidence ranges from 1:100
to 1-28:1000 newborns for clinically and/or radiologically
detectable hip dislocation receiving an intervention [2, 3].
However, more recent large-scale ultrasound screening stud-
ies suggest ultrasound-detectable abnormalities may occur
in as many as 5-7% of all newborns [4, 5].

The natural history of DDH has been difficult to clearly
delineate due to inconsistent terminology used throughout
the literature to describe hip abnormalities, compounded by
the spectral nature of the condition. Specifically, recognized
abnormalities of the hip in newborns and infants have not
been fully characterized and categorized as either pathologic
DDH, or self-resolving. This pervasive lack of consistency
and reporting, combined with a predominance of single-
centre, retrospective studies has limited meaningful cross-
study comparison and prevented the generation of high-level
evidence on the natural history of the condition.
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In September 2014, the American Academy of Orthopae-
dic Surgeons (AAOS) released a clinical practice guideline
(CPQG) for the Detection and Nonoperative Management of
Pediatric Developmental Dysplasia of the Hip (DDH) in
infants up to 6 months of age [6], representing an update on
the technical report developed by the AAP in 2000 [7]. Dur-
ing the development of this guideline, the work group pri-
oritized identifying the natural history of clinically unstable
or ultrasonographically or radiographically abnormal hips
detected in infancy with natural self-correction over time.
They identified nine relevant articles and presented summary
analyses in the CPG appendix figures [6]. Key findings from
the included articles are presented below.

A study conducted by Barlow et al. (1962) examined the
early diagnosis and treatment outcomes of a cohort of 9289
newborn babies with Barlow positive (unstable) hips iden-
tified by a universal clinical screening program at a single
institution in the United Kingdom [8]. The incidence of
clinically detected hip instability in this cohort was found to
be 16.7 per 1000 at birth. Incidence of instability decreased
steadily to reach an incidence of 1.6 per 1000 at 2 months
of age in the absence of treatment [6, 8].

Rabin et al. (1965) examined the cross-sectional inci-
dence of radiographic dysplasia in five distinct patient
cohorts: <1 year, 1-2 years, 2-3 years, 3—4 years
and >4 years [9]. Patients were identified from census
demographic data collected at an Arizona research centre
on the local Navajo population. Incidence rates of radio-
graphic dysplasia were found to be 71.8, 57.1, 0, 0 and 6.8
per 1000 for patients < 1, 1-2, 2-3, 3—4 and >4 years old,
respectively, for a moderately correlated 18.7 per 1000 rate
of decrease. Examining this population more broadly, the
incidence of radiographic dysplasia or dislocation detected
at age 15 months was 32.9 per 1000 while the incidence at
2 years was 7.3 per 1000, reflecting a rate of decrease of 25.6
per 1000 [6, 9]. Schwend et al. re-examined ten patients from
this original cohort in 1999 that had remained untreated
for acetabular dysplasia throughout the 34-year follow-up
period [10]. The mean centre edge angle (CEA) was tracked
at 1, 12 and 35 years of age, and was found to increase at a
rate of 11.5° over the time interval [6, 10]. Despite overall
improvement in hip measurements with maturity, 8/20 hips
(5/10 patients) showed subtle but persistent radiographic
abnormalities at final follow-up [10].

In 1994, Marks et al. examined whether ultrasound
screening for hip instability in neonates could prevent or
mitigate late-presenting dislocations [11]. They reviewed
a cohort 14,050 newborns referred to a universal screen-
ing program at a single institution in the United Kingdom.
Infants were sonographically examined at birth, 4 weeks,
9 weeks and 15 weeks, and incidences of sonographic abnor-
malities at these time points were found to be 60.3, 13.5,
6.1 and 0.1 per 1000, respectively [6, 11]. These findings

represent a rate of decrease in sonographic abnormalities of
30.1 per 1000 [6, 11].

In 1999, Bialik et al. reported on a cohort of 9030 infants
(18,060 hips) referred to a universal clinical and sono-
graphic screening program at a single institution in Israel
[1]. Neonates were examined clinically and by ultrasound
at birth, and clinically and by radiograph at 12 months of
age. At birth, clinical and/or sonographic abnormalities were
detected at a rate of 55.1 per 1000. At 12 months, clinical
and/or radiographic abnormalities were detected at a rate of
5 per 1000, representing a rate of decrease of 50.1 per 1000
over this time period [1, 6].

Tegnander et al. (1999) performed a 6—8-year follow-up
study of infants with clinically normal but sonographically
abnormal hips at birth identified from a cohort of 4973 new-
borns referred to a universal ultrasound screening program
at a single institution in Norway [12]. Infants underwent
ultrasound examination at birth and 4-5 months of age,
with sonographic abnormalities detected in 34.2 and 2.0 per
1000, respectively. There was no incidence of radiographic
abnormality at 68 years [6, 12]. In a related study from the
same institution, Terjesen et al. (1996) examined incidence
of sonographic abnormalities in a cohort of 9952 infants
at birth, 2-3 months, 4-5 months and a later unspecified
time point [13]. Consistent with Tegnander et al., the authors
found an initial incidence of 31.0 per 1000 at birth, decreas-
ing to 2.8 per 1000 at 4-5 months and 1.6 at the further
follow-up time [13].

In a randomized controlled trial, Wood et al. (2000)
examined the impact of abduction splintage on clinically
stable but sonographically dysplastic hips, as measured by
acetabular coverage at 2—6 weeks of age (trial start) and
3—4 months of age (trial end) [14]. A total of 63 hips in 44
infants were randomized to abduction splintage or obser-
vation for a period of 3 months. The observed cohort (18
hips) were examined to provide insight on the natural his-
tory of acetabular coverage, which was found to increase
from 36.7% at birth to 48.6% at 3 months in the absence of
any treatment. While improvement in acetabular coverage
was significantly better in the splinted group (32.8-54.3%),
there was no appreciable difference in the acetabular index
between the two groups as measured on plain radiograph at
2 years of age [6, 14].

Another prospective study by Castelein et al. (1992) fol-
lowed 144 clinically normal but sonographically abnormal
newborn hips without treatment for a mean of 8§ months,
identified from a cohort of 691 clinically normal hips [15].
The rate of sonographic abnormality decreased from 208.4
per 1000 at birth to 10.1 per 1000 at 8 months of age [6, 15].

As evidenced in the natural history studies described in
the CPG, inconsistent terminology, lack of clarity in report-
ing, diverse observation periods and variable outcome meas-
ures have prevented the generation of strong evidence to
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provide insight on the natural history of this condition. How-
ever, taken together, most cases of either clinical hip insta-
bility or sonographic abnormality in the neonate resolved
spontaneously during early infancy.

This systematic review presents an update on AAOS
CPG guideline’s analysis of the natural history of DDH [6],
identifying and analyzing studies published after guideline
release. The objective of this systematic review was to delin-
eate the natural history of clinical instability or radiologic
abnormalities of the hip in infants by identifying the propor-
tion of cases that resolved without treatment compared to
cases that progressed and/or required treatment.

Methods
Search Strategy

We performed a literature search of PUBMED to identify
studies for inclusion in our review of the natural history of
DDH. We used the same search strategy as that utilized in
the AAOS guidelines for the Detection and nonoperative
management of pediatric developmental dysplasia of the hip
in infants up to 6 months of age published in 2014 (Sup-
plementary Material 1) [6] We updated the search strategy
to identify articles published between September 9, 2013
(the end date of included studies in the AAOS guidelines)
and May 19, 2021, when the search was conducted. Briefly,
mesh headings consisted of: “Hip Dislocation” (with and
without congenital), “hip” or “hip joint” or “femur head”
and “joint instability” or “bone diseases, developmental”,
and combined with “infant” or “child, preschool”. Title and
keywords included, but were not limited to: “hip(s)”, “dys-
plasia”, “dysplastic”, “dislocat*” “subluxat*”, “unstable”,
“instability”, “screening”, “ultrasound”, “developmental”,
or “congenital”. The search was date-limited and restricted
to English language, original clinical human studies.

Eligibility Criteria

To be consistent with the AAOS work group, we based our
study selection criteria on those published in the AAOS
guidelines [6]. To be included, articles must be of DDH, a
full report of a clinical study, appear in a peer-reviewed pub-
lication, published in English, and include humans. Addi-
tionally, studies must include untreated patients who have
at least one follow-up time point described. Studies were
excluded if they were an in vitro or biomechanical study,
were performed on cadavers, included less than ten patients
per group, or described only treated patients. Studies were
also excluded if the results were not presented quantitatively,
if there was no follow-up or if there was <50% follow-
up for any given follow-up time point, if the study was a

@ Springer

retrospective non-comparative case series, medical records
review, meeting abstract, historical article, editorial, letter or
commentary. Case series with non-consecutive enrollment
of patients were also excluded. To update the search from
the previous AAOS guidelines, we only included studies
published between September 9, 2013 and May 19, 2021.

Abstract and Full-Text Screening

Two reviewers independently screened all titles and abstracts
of studies identified from the literature search. The review-
ers determined whether each study should be included for
full-text review or excluded based on the eligibility criteria.
The same reviewers pulled the full text for included articles
and reviewed to determine if each still met the eligibility
criteria. At both title and abstract review and full text review,
consensus discussion was held to resolve any cases of disa-
greement. Reference lists of included articles were searched
for any additional relevant studies.

Data Extraction

An excel spreadsheet was created and used by the reviewers
to extract data from each included full text article. The fol-
lowing data points were collected for each article: (1) study
title; (2) authors; (3) publication year; (4) study design; (5)
age of inclusion for patients; (6) total number of patients
included; (7) number of untreated patients included (natural
history); (8) any comparator groups; (9) total length of fol-
low-up; (10) assessment time points; (11) how diagnosis was
assessed (i.e. clinical exam, ultrasound, X-ray, or a combina-
tion); (12) included diagnoses; (13) outcomes assessed; (14)
outcome results at each time point; (15) outcome results at
presentation; (16) number of cases that resolved; (17) num-
ber of cases that progressed; (18) whether loss to follow-up
was reported; (19) number or percent of cases lost to follow-
up. The first three articles had data independently extracted
by both reviewers (B.O.Z. and E.K.S) and after discussion
and consensus on data collection process and procedures,
the remaining articles were split between the reviewers. Any
unclear data points were discussed and clarified with both
reviewers.

Quality Assessment

Study heterogeneity and the predominance of retrospective
cohort studies included in our review prevented a formal
risk of bias assessment. However, the level of evidence of
all included full text was assessed using the Oxford Cen-
tre for Evidence-Based Medicine 2011 Levels of Evidence
[16]. Two reviewers independently assessed all articles and
discrepancies in rating were resolved through discussion.



Indian Journal of Orthopaedics (2020) 55:1372-1387

1375

Analysis

We were unable to perform a meta-analysis for this study
as the reporting of trial results was inconsistent. We sum-
marized our results using descriptive statistics. We used fre-
quencies and proportions to present the study characteristics
and reported outcomes.

Results

Our literature search resulted in 860 articles, of which 24
met our eligibility criteria for inclusion in the study [17—40].
The search and selection process is outlined in Fig. 1. A
2018 review on the natural history of DDH was excluded
based on our inclusion criteria, but a search of the reference
list did not identify any additional potentially relevant arti-
cles [41]. Demographic features of the studies are summa-
rized in Table 1. Included in our review were 9 prospective
cohort studies, 14 retrospective studies and 1 randomized
controlled trial. Most of the studies investigated the inci-
dence of DDH (8/24) or assessed screening programs (7/24).
A range of follow-up periods were reported across the stud-
ies, though almost all covered a period of at least three
months (16/24). The most prevalent study population were
Graf type 2A hips (7/24), and the age of inclusion ranged
from newborn to 7 months.

Fig. 1 Reporting items for
systematic reviews and meta-

Reported results and study characteristics are summa-
rized in Table 2. The sample size for patients followed
for natural history was variable across the studies ranging
from 9 to 3251 patients. There was inconsistent report-
ing of sample size across the studies with some report-
ing the number of patients, others reporting the number
of hips, or reporting both. In total, 7606 patients were
followed across 20/24 included studies that specifically
reported patient number. Three of the remaining 4 stud-
ies reported the number of hips followed, totaling 1357.
Overall quality of the studies was low, with almost all
studies were rated as a three or four for level of evidence
(13/24 and 7/24, respectively; Fig. 2). The most reported
outcome assessment among the studies was the Graf clas-
sification (15/24). Twenty studies reported the number of
patients whose DDH either resolved without treatment or
progressed and/or required treatment during follow-up. Of
these studies, the rate of DDH resolving without treat-
ment ranged from 40 to 100%, with a mean of 84.3% [95%
confidence interval (76.1, 92.6)]. Four studies reported
100% of patients had their DDH resolve during follow-
up. We were able to determine loss to follow-up, or it was
reported, in 13 studies and ranged from 0 to 35.7%.

analyses (PRISMA) study flow
diagram

Articles identified through a
search of the literature
(n=860)

A 4

Articles screened
(n=860)

Articles excluded through title and
> abstract screening
(n=819)

A4

Full-text articles
assessed for eligibility
(n=41)

Full-text articles excluded
(n=17)

A 4

A

Studies included for
systematic review
(n=24)

[ Included ] [ Eligibility ] [Screening] [Identiﬁcation]
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g Discussion
: | |
7z The true natural history of DDH has been difficult to ascer-
E} o 0 tain, in part because much of the existing evidence in the
E £ 8 historical literature is from retrospective or single-centre
@ 3 § studies. Additionally, the wide severity spectrum encom-
© = “ passed by the disorder has led to confusion in diagnostic
terminology, as well as inconsistencies in treatment and
:2: management [42]. Further hindering the study of the natu-
2 ral history, it is well recognized that when left undetected
§0 2 or untreated, DDH can lead to debilitating complications
Sz later in life [43, 44].
é Tg § There is consensus that early diagnosis is critical to
R 5 optimize outcomes and mitigate long-term disability for
children. However, there is also concern for the potential to
5 overtreat, particularly with universal ultrasound screening
& in newborn infants. During the development of the AAOS
é o clinical practice guidelines on DDH [6], a comprehensive
R . review of the literature found that the natural history of
E iji g DDH largely appears to depend where the pathology lies
2 5 § g on the DDH severity spectrum, with mild dysplasia often
G- = 2 resolving without any clinical symptoms during childhood.
% Most natural history studies summarized in the AAOS
E review found the majority of DDH cases discovered by
- 2 clinical examination or ultrasound study in newborns rep-
2 e resented hip laxity or immaturity, rather than pathological
T:) - g DDH [6]. Specifically, their analysis revealed 60-80% of
Lg ‘g @ E clinically identified abnormalities and 90% of ultrasono-
it s 8 53 . . . . .
5h 5 g 5 graphic abnormalities resolved in early infancy without
< “ - E treatment. However, these findings are not likely to be as
g § reflective in more severe cases of dislocation.
iﬁ s In 2018, Sakkers et al. reviewed the natural history
5 ‘5: of abnormal hip ultrasound findings in infants under
2 2 = 6 months of age [41]. The authors reviewed and analyzed
g |3 2 & 13 561 hips and concluded that for Graf 2A to 2C hips,
2 o o ) . . . L
z 3 g = S 80-97% normalized without treatment, likewise in more
z |2 Cha & than 50% of Graf 3 hips. In contrast, less than 50% of Graf
. . o 8 4 hips normalized without treatment. The study concluded
§ § § § that the natural history of DDH is relatively benign in
2 well-centered hips [41].
& In this context, consideration must be given to potential
. g = % overtreatment of infants, particularly in more mild cases of
£ [a) = ) hip instability or radiological dysplasia. Brace treatment
§ §o 2 E is common in these cases; however, it is unclear whether
{;: § E 'g this approach provides significant benefit above careful
. = e & § observation by ultrasound. While a conservative, less
; e & & é é £% = costly 'app.roach, brace treatment is not w1thout potent%al
) é 5 g 2z § ?‘g -% S complications and drawbacks. There are still substantial
g £2E% % 8 2= el healthcare costs and resources associated with brace treat-
§ 5% i z 55 § s g ment but there is also an underrecognized psychosocial
: é g‘)% g & g § E - = cost regarding prevention or disruption of mother—infant
% 2 ;E 25 £ E 5552 E bonding in the newborn period [45-47]. Coping with the
eE =
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Table 2 (continued)

&

Level of
evidence

Loss to follow-up for Outcomes assessed
natural history
and/or treated®, [%]

Number of patients
(hips) progressed

Number of patients
(hips) resolved*,

[%]

Number of patients
(hips) followed for
natural history

37

Total number of
patients (hips)

First author

Title

Springer

—Risk factors

NR

37 [100%]

Kural B [40] 57 (97)

Risk factor assess-

ment and a

10-year experi-

ence of DDH

screening in a

well-child popula-

tion

NR not reported, US ultrasound, AVN avascular necrosis

*The number resolved and progressed/treated may not equal the number followed for natural history due to loss to follow-up or poor reporting

#Unclear or not reported number that were treated

SGraf type 1 were included in the total natural history sample followed, but were not included in the number resolved or progressed/treated

difficulties of brace treatment can be stressful for fami-
lies, particularly mothers of newborns, but the ultimate
psychosocial impact has been under-researched to date.
A recent survey study on the experiences of patients and
caregivers during care for DDH revealed the challenges
bracing can impose on daily life and highlighted the need
to take the patient experience into consideration [48]. A
more complete understanding of the natural history of
DDH can allow for the avoidance of unnecessary treat-
ment, potentially decreasing both the psychosocial impact
of disrupted mother—infant bonding and needed healthcare
resources and costs.

This systematic review serves to update the review per-
formed during the development of the AAOS guidelines
[6], examining studies published after their September 9,
2013 search date end point. Several of the historical studies
included in the AAOS review examined DDH natural history
by the incidence of either clinical or radiologic hip abnor-
malities at advancing age throughout infancy and childhood
[1,9, 11, 12]. To delineate the course of DDH natural his-
tory more specifically, our review only included studies that
had some extent of follow-up data on the study population.
We also expanded upon the Sakkers et al. [41] criteria, not
limiting our search to ultrasound findings or infants under
6 months of age. It was possible to ascertain the rate of
spontaneous resolution in 20/24 studies. The mean rate of
spontaneous resolution was 84.3%. This finding is generally
consistent with those of the AAOS review and Sakkers et al.,
whereby most hips appeared to resolve without treatment
during infant development [6, 41]. However, it is impor-
tant to consider that many of these cases of resolution likely
occur in milder forms of DDH pathology, and severe forms
most probably require intervention. Given the differences in
study populations, outcome measures and discrepant results
reporting, resolution rates are difficult to compare or com-
bine across the severity spectrum. For example, seven of
the included studies examined only Graf 2A hips in their
natural history population [22-27, 33]. Graf 2A hips are
typically recognized as physiologically immature hips, not
necessarily pathologically DDH hips. In contrast, other stud-
ies included more severe Graf types [28, 29, 31, 32, 39], and/
or evidence of clinical instability or a positive Barlow test
[18, 19, 36-38]. Consequently, these results must be inter-
preted with caution to avoid undertreatment of potentially
pathologic hips. Indeed, Cook et al. reported only a 43.6%
spontaneous resolution rate in Barlow positive hips, with
17 hips in 12 patients normalizing without treatment from a
population of 39 hips in 30 patients [19].

This systematic review has several limitations. First,
the search was not performed across an exhaustive list of
databases. However, the search strategy was comprehensive
and hand searches of reference lists of multiple included
articles as well as the Sakkers review [41] did not result in
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[y
o

A

Number of Studies

O P N W b U1 O N 0O O

Incidence Screening Diagnosis Prognosis Treatment

Benefits
OCEBM Question Type

14

12

10

Number of Studies
(o5}

6
4
2 N
0
1 2 3 4

OCEBM Level of Evidence

Fig.2 Frequency of studies A addressing each question type and B evaluated for level of evidence according to the Oxford Centre for Evidence-

Based Medicine (OCEBM)

any additional potential studies for inclusion. Despite our
inclusive search strategy, almost all articles included in our
study only evaluated the short-term natural history of DDH
in early infancy. Second, we only included published, peer-
reviewed articles available in English, potentially omitting
relevant non-English language studies, theses or conference
proceedings. However, this was consistent with that of the
AAOS work group review [6].

This review was also limited by the evidence included
in the review. Study heterogeneity prevented meta-analysis
or synthesis of results. This heterogeneity was apparent in
study design and question type, as well as patient popula-
tion, included diagnoses, length of follow-up and follow-up
intervals. Lack of clarity in reporting across studies also
prevented comprehensive meta-analysis or results synthesis.
Several studies did not report key outcomes, or presented
aggregate results of natural history and treated patients.
Finally, assessment of study quality revealed a predominance
of level 3 and 4 evidence (87.5%, Fig. 2), as assessed by the
Oxford Centre for Evidence-based Medicine 2011 Levels of
Evidence [16]. With no level 1 studies and only three level 2
studies included in this review, there is an evident need for
more prospective, appropriately powered randomized con-
trolled trials or comparative effectiveness studies.

Overall, this systematic review update on the natural
history of DDH revealed that most mild-to-moderate DDH
can resolve without treatment in early infancy. This may
especially be the case in physiologically immature (Graf
2A) or radiologically dysplastic hips. High level evidence
generated by prospective studies will be required to fully
understand which hips are safe to monitor without treatment.

Non-inferiority randomized controlled trials are a particu-
larly well-suited design to answer these questions and should
be a consideration in future research.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s43465-021-00510-6.
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