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Background: The diagnostic and prediction criteria of residual hip dysplasia (RHD) remains controversial.
There were no studies that focused on the risk factors of RHD after closed reduction (CR) in children
with developmental dislocation of the hips (DDH) over 12 months of age. In this study, we assessed the
percentage of RHD in DDH patients aged 12 to 18 months vs. that in DDH patients aged over 18 months
after CR and determine the predictors of RHD. Meanwhile, we tested the reliability of our RHD criteria
compared with Harcke standard.

Methods: Patients over 12 months of age who underwent successful CR from October 2011 to November
2017 and followed up for at least 2 years were enrolled. Gender, affected side, age at CR and follow-up time
were recorded. Acetabular index (AI), horizontal acetabular width (AWh), center-to-edge angle (CEA), and
femoral head coverage (FHC) were measured. The cases were divided into two groups according to whether
older than 18 months. RHD was determined according to our criteria.

Results: A total of 82 patients (107 hips) were included, including 69 females (84.1%), 13 males (15.9%),
25 patients (30.5%) with bilateral DDH, 33 patients (40.2%) with left side, 24 patients (29.3%) with right
side, 40 patients (49 hips) with age 12-18 months, and 42 patients (58 hips) with age >18 months. At a mean
follow-up of 47.8 [24-92] months, the percentage of RHD was higher in patients >18 months of age (58.6%)
than patients 12-18 months of age (40.8%), but the difference was not statistically significant. Binary logistic
regression analysis showed that pre-Al, pre-AWh, and improvement in Al and AWh (P=0.025, 0.016, 0.001,
0.003, respectively) had significant difference. The sensitivity and specialty of our RHD criteria were 81.82%
and 82.69%, respectively.

Conclusions: For patients with DDH over 18 months, CR is still a choice. We documented four predictors
of RHD, suggesting that we should focus on the developmental potential of an individual’s acetabulum. Our
RHD criteria may be one of the reliable and useful tools in clinical practice to help determine whether to
perform continuous observation or surgery, but further research is needed due to limited sample size and

follow-up time.

Keywords: Developmental dislocation of the hip (DDH); residual hip dysplasia (RHD); acetabulum development;
closed reduction (CR)
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Introduction

Closed reduction (CR) is one of the most common
procedures for treating late-detected developmental
dislocation of the hips (DDH) (1), considering a marked
trend toward spontaneous improvement of the hips after
reduction (2-4). However, CR or open reduction (OR) for
DDH during walking age remains controversial and the
upper age limit for CR is unclear (1,5,6). The proponents
of CR believed that OR as a more invasive procedure may
cause hip movement limitation, and the most important
thing is that hip at this stage still has potential for
development (7). The opponents of CR insisted that the
high incidence of re-dislocation and the need for secondary
surgery caused by residual hip dysplasia (RHD) (8).
Although it is well accepted that CR is preferred over OR
in children under 18 months, it might be subjective that
concerns of the possibility of RHD lead to recommend OR
in older 18 months children (7-9). Based on this, we used
18 months as a threshold to see if there was a difference
between the two age groups.

RHD represents one of the most frequent causes of
secondary osteoarthritis of the hip and it happens when
the interaction between the natural remodeling forces of
the hip and initial treatment fails (10). Although RHD is

Highlight box

Key findings
* The potential of individual acetabulum development is the key point
for avoiding RHD after CR in DDH patients over one year old.
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® The percentage of RHD was no statistical difference in patients
>18 months of age compared with patients 12-18 months of age.
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¢ The individual development of acetabulum index and width before
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of secondary surgery for RHD in DDH patients.
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not rare, there is no consensus on the diagnostic criteria of
RHD (11,12). In fact, the current definition itself relies on
old concepts and ideas on the basis of pelvic radiographs
that reflect only parts of the anatomic reality and are not
treatment oriented (10). Harcke (11) and Severin (13)
criteria are commonly used to determine RHD, but both of
them had limitations. In our institution, we defined RHD
with an acetabular index (AI) greater than or equal to 28°
and/or a femoral head coverage (FHC) less than or equal
to 70% at 4-5 years old and pelvic osteotomy is indicated if
RHD diagnosed.

RHD prediction before osseous acetabular maturity
is an accurate evaluation of acetabular remodeling and
growth potential (10). To establish early and reliable
predictors of RHD, several radiographic parameters have
been investigated such as Al, center-to-edge angle (CEA),
centre-head distance discrepancy (CHDD) and teardrop
and sourcil line (TSL) (12-17). However, prediction of
RHD remains controversial, because these parameters
have some limitations and RHD on radiographs alone may
underestimate the residual growth potential, leading in
some cases to overtreatment (10). Recent study has shown
a high incidence of RHD after CR in children older than
12 months (18), and there is no research focus on the risk
factors of RHD after CR who are older than 12 months old
specifically.

In this study, we compared the percentage of RHD in
12-18-month-old vs. over 18-month-old DDH patients
after CR and evaluated acetabular development and limbus
improvement. Furthermore, we attempted to determine
correlated factors and predictors of RHD in walking-age
patients and the reliability of our RHD criteria. We present
the following article in accordance with the STROBE
reporting checklist (available at https://tp.amegroups.com/
article/view/10.21037/tp-22-299/rc).

Methods

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study was
approved by the Children’s Hospital of Fudan University
Ethics Committee (No. 2015181), and informed consent
for this retrospective analysis was waived by the ethics
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Figure 1 Radiographic measurement on pelvic anteroposterior view. The measurement of AI, AWh, CEA and FHC (A and B); the
IHDI classification grades severity from Grade I as the mildest type to Grade IV as the most severe type of hip dislocation (C and D). Al

acetabular index; AWh, horizontal acetabular width; CEA, center-to-edge angle; FHC, femoral head coverage; IHDI, International Hip

Dysplasia Institute.

committee. One hundred and forty-nine patients over
12 months of age who underwent CR for DDH in our
hospital between October 2011 and December 2017 were
retrospectively reviewed. The exclusion criteria were as
follows: (I) CR failure (8 cases), (II) follow-up <2 years
(16 cases), (IIT) avascular necrosis of femoral head (31 cases),
(IV) under 48 months of age at last follow-up (11 cases),
(V) neuromuscular diseases (1 case). Finally, a total of
82 patients (107 hips) were included, and gender, affected
side, age at CR and follow-up time were recorded. The
cases were divided into two groups based on whether they
were older than 18 months.

CR procedure

In brief, no traction was performed before surgery. CR was
achieved under general anesthesia by gentle manipulation
after bilateral percutaneous adductor tenotomy. The
reduced hips were maintained at hip flexion 90° to 100° and
abduction 40° to 50° by a spica cast for three months, and
an abduction brace was then used for another three to six
months.

© Translational Pediatrics. All rights reserved.

MRI evaluation

All MRI scans were performed on the same digital scanner
(SimensAvanto 1.5T MRI, Germany). After sedative
administration, the scan was performed in either the supine
position with neutral lower extremities before reduction or
in a hip-spica cast within 72 hours post-reduction and three
months in the spica at the end of cast treatment.

Follow-up

After the CR, each patient was followed up at a fixed time
points (1.5, 3, and 6 months after reduction, then once per
year). Bilateral hip motion and lower extremity length were
assessed at each visit. We performed standard anteroposterior
(AP) pelvic radiographs at each follow-up time.

Radiographic assessment

Retrospective medical images were derived from the
picture archiving and communication system (PACS;
GE Healthcare RIS/PACS, USA). The Al, horizontal
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Figure 2 Classification of limbus. Limbus was analyzed on coronal T2 weighted MRI image and classified as inverted (A); everted (B); and

mixed (C). The red arrows pointed out limbus.

acetabular width (AWh), CEA and FHC were measured on
AP pelvic radiographs (Figure 14,1B). Hip dislocation was
categorized according to the International Hip Dysplasia
Institute (IHDI) classification (Figure 1C,1D). Limbus was
analyzed on coronal T2 weighted MRI and classified as
inverted, everted, or mixed (Figure 2). RHD was determined
according to our criteria (Al >28° and/or a FHC <70% at
4-5 years old). Measurements and imaging review were
performed three times with a two-week interval by one
orthopedic surgeon blinded to the patient history. The
mean value was taken as final result.

Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics
(version 26.0; IBM, USA). Student’s z-test was used for
comparing continuous variables, and the chi-squared test
was used for comparing categorical variables. Correlation
analysis was performed by the Spearman method. Binary
logistic regression was used to determine the predictive
variables. These variables were included to the model one
at a time, and P<0.1 were included in the multivariate
regression analysis using Enter method. Odds ratios and
95% Cls from the binary logistic regression models were
used to identify predictors of RHD. The level of agreement
in the diagnostic indicators for RHD was assessed by kappa
coefficients; values <0.40 represented poor agreement;
values between 0.41-0.60 represented moderate; values
between 0.61-0.80 represented good agreement; and values
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over 0.80 represented excellent agreement. The level of
significance was set at P<0.05.

Results
Cobort characteristics

A total of 82 patients (107 hips) with a mean age of 18.8=+
3.8 months (range, 12-32 months). Sixty-nine patients
were girls (84.1%), and 13 (15.9%) were boys. Twenty-five
patients (30.5%) had bilateral DDH, 33 patients (40.2%)
on the left side, and 24 patients (29.3%) on the right
side. The mean follow-up was 47.8+16.6 months (range,
24-92 months). According to the IHDI classification, there
were 4 hips of type II (3.7%), 45 hips of type 11I (42.1%),
and 58 hips of type IV (54.2%).

Demographic and radiographic characteristics and
percentage of RHD in the two groups

The 82 patients were divided into two groups: 12-18 months
of age (40 patients with 49 hips) and >18 months (42 patients
with 58 hips). There were no significant differences in sex,
involved side, or pre-operative Al (pre-Al) between the
two groups. However, there were significant differences
in the pre-operative AWh (pre-AWh). The 12-18 months
group primarily had THDI grade III (8.2% grade II, 63.3%
grade III, and 28.6% grade IV), while the majority of grade
IV hips were in >18 months group (24.1% grade III and
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Table 1 Demographic and radiographic characteristics of two
groups

Characteristics 12-18 months >18 months P value

Patients, n 40 42
Hips, n 49 58
Gender, n 0.316
Female 32 37
Male 8 5
Side, n 0.179
Left 16 17
Right 15 9
Bilateral 9 16
Pre-Al (mean + SD, 36.1+4.4 35.9+3.6 0.819
degree)
Pre-AWh (mean + SD, 1.2+1.8 1.3+1.8 0.026
cm)
IHDI, n <0.001
Il 4 0
11l 31 14
v 14 44

Follow-up (mean + SD, 50.99+16.89 44.82+15.85 0.092
months)

Pre-Al, pre-operative acetabular index; Pre-AWh, pre-operative
horizontal acetabular width; IHDI, International Hip Dysplasia
Institute; SD, standard deviation.

Improvement in Al, degree
~
o
1
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CR12-18 m CR>18 m
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75.9% grade IV). Chi-squared testing revealed a significant
difference in IHDI grade classification between the two
groups (P<0.001) (Table I).

At the last follow-up, the mean improvement in the
Al was approximately 11° (11.2°+5.2°) in patients 12-18
months vs. 10° (9.9°£5.5°) in patients >18 months. The
difference between the two groups was not significant
(P=0.106) (Figure 3A4). The mean improvement in the AWh
was 1.4 cm (1.420.3 cm) in patients 12-18 months vs. 1.3 cm
(1.3+0.3 cm) in patients >18 months, and the difference was
significant (P=0.008) (Figure 3B). There was no significant
difference in the incidence of RHD (P=0.066) between
patients aged 12-18 months (40.8%) and in patients aged
>18 months (58.6%) (Figure 4).

Limbus observation in the patients before and after CR

We defined improvement of limbus as a change of inverted
limbus to mixed or everted. Full serial MRI images were
obtained for a total of 51 patients (65 hips) during follow-up.
The IHDI classification of the 65 hips was 3 grade II, 28
grade III, and 34 grade IV. Initially, limbus was inverted
in 52 hips (80.0%), mixed in 7 (10.8%), and everted in
6 (9.2%). Within 48 h after CR, there were 33 cases of
inverted (50.8%), 25 cases of mixed (38.5%), and 7 cases of
everted limbus (10.8%); three months later, MRI showed 8
inverted (12.3%), 20 mixed (30.8%), and 37 everted cases
(56.9%) (Tuble 2).

2.0 ’ﬂ\
£
o
§1.5—
z
£
£ 1.0 4
[0}
€
[0
>
9 0.5+
Q
£

0.0 -

CR12-18m CR>18m

Figure 3 Acetabular development in two groups after CR. The improvement of Al showed no significant difference between two groups (A).

However, the improvement of AWh was better in patients 12-18 months compared with patients >18 months (B). CR, closed reduction; Al,

acetabular index; AWh, horizontal acetabular width.
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Figure 4 The incidence of RHD after CR in two groups. The
percentage of RHD was no significant difference between two
groups based on our criteria. RHD, residual hip dysplasia; CR,

closed reduction.

Table 2 Limbus observation on MRI (51 patients, 65 hips)

IHDI Inverted Mixed Everted
Pre-CR

I 0 0 3

M 20 5 3

\% 32 2 0
Within 48 hours after CR 33 25 7
3 months after CR 8 20 37

Pre-CR, pre-operative closed reduction; IHDI, International Hip
Dysplasia Institute.

Correlated factors of RHD in DDH patients at aged over
12 months after CR

Several factors were involved in correlation analysis of
RHD, including age, sex, involved side, IHDI classification,
pre-Al, pre-AWh, and improvement in the AI, AWh and
limbus. The results showed that RHD was significantly
related to pre-Al (P=0.04), pre-AWh (P=0.031), IHDI
classification (P=0.004), improvement in Al (P=0.000) and
AWh (P=0.000), specifically. There was no relationship
between RHD and limbus improvement (P=0.926) (Table 3).

Predictors of residual acetabular dysplasia

We identified age at CR [P=0.044, 1.117 (1.003-1.244)],
pre-AlI [P=0.015, 1.146 (1.027-1.28)], pre-AWh [P=0.029,
0.079 (0.009-0.767)], IHDI classification (P=0.088),
and improvement in Al [P=0.000, 0.837 (0.764-0.917)]
and AWh [P=0.002, 0.074 (0.015-0.371)] as potential
predictors of RHD. Furthermore, multiple binary logistic

© Translational Pediatrics. All rights reserved.
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Table 3 Correlation analysis between various parameters and RHD

P value Corre.la.tion

coefficient
Improvement in limbus 0.926 0.012
Age at CR (months) 0.056 0.186
Gender 0.564 —-0.056
Side 0.780 -0.027
Pre-Al (degree) 0.040 0.199
Pre-AWh (cm) 0.031 -0.209
IHDI 0.004 0.274
Improvement in Al (degree) 0.000 -0.395
Improvement in AWh (cm) 0.000 -0.336

RHD, residual hip dysplasia; CR, closed reduction; Pre-Al, pre-
operative acetabular index; Pre-AWh, pre-operative horizontal
acetabular width; IHDI, International Hip Dysplasia Institute.

regression analysis was used to determine the relationship
between the significant univariate predictors of RHD.
Lastly, four significant predictors, pre-Al [P=0.025, 1.225
(1.025-1.464)], pre-AWh [P=0.016, 0.006 (0.000-0.384)],
and improvement in Al [P=0.001, 0.795 (0.698-0.906)] and
AWh [P=0.003, 0.026 (0.002-0.296)], remained as statistical
significance factors.

Reliability of our RHD criteria

We determined the sensitivity, specificity, positive and
negative predictive value of our RHD criterion with
respect to the Harcke evaluation (10) (Figure 5). The kappa
coefficient showed good agreement between the Harcke
standard and our RHD criteria (Kappa coefficient =0.645).
There was no significant difference between the two kinds
of RHD criteria (P=1.00).

Discussion

The acetabulum has the potential to recover and continue
to develop after a concentric and stable reduction in DDH
(19-22). CR is generally attempted as the first line of
treatment prior to OR in patients between 6-24 months old
in our institution. Recent studies have shown high rates of
RHD following CR of between 35% and 58%, especially in
older than 12 months old (18,23,24). Therefore, our goal
was to review the children over 12 months old treated with
CR and analyze the possible related factors and predictors
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A Harcke RHD criteria Our RHD criteria
Age (y) Al (°) CEA (°) Age (y) Al(®) and &or FHC (%)
4-8 - <15 4-5 >28 <70
B Reliability of our RHD criteria
95% Cl
Sensitivity 0.8182 0.6865-0.9048
Specificity 0.8269 0.6918-0.9131
PPV 0.8333 0.7021-0.9164
NPV 0.8113 0.6759-0.9011

Figure 5 The reliability of our RHD criteria compared with Harcke standard. Harcke standard and our criteria to define RHD (A).

Comparing with Harcke evaluation, we showed the sensitivity, specificity, positive and negative predictive value of our RHD criterion (B).

RHD, residual hip dysplasia; A, acetabulum index; CEA, center-to-edge angle; FHC, femoral head coverage; PPV, positive predictive value;

NPV, negative predictive value.

of RHD, to further evaluate the reliability of our RHD
criteria.

Our results did not show that the Al was significantly
different between 12-18-month-old patients (mean 36.1°)
and >18-month-old patients (mean 35.9°) before CR.
Terjesen er al. (4) reviewed 49 patients (52 hips) in the age
range of 3-33 months and showed that the mean Al at the
time of diagnosis was lower in children younger than 18
months (36.3°) than in older children (40.1°). This difference
might be explained by the enrollment of patients younger
than 12 months old in their study. After CR, the acetabulum
showed development, and the mean improvement in Al was
similar in the two groups at the last follow-up (mean 11.6°
for patients aged 12-18 months and mean 9.9° for patients
aged >18 months). Consistent with the data of Terjesen
et al. (4,25), they documented a pronounced reduction
during the first year, with no significant difference between
age at reduction for the 12-18 months and >18 months
groups (12.4° vs. 13.4°).

In addition to the decrease in the Al, the AWh also
increased after CR. Although the AWh was deeper in
patients aged >18 months (mean 1.3 c¢m) than in those aged
12-18 months (mean 1.2 cm) before CR, the improvement
in AWh was greater in the latter group (mean improvement
1.4 vs. 1.3 cm). The majority of authors measured
acetabular width by a line connecting the superolateral and
inferomedial edges of the acetabulum (26,27). However,
the inferomedial edge is not easily identified in radiographs
from younger children. In our institution, we draw two
vertical lines, one line passing through the lateral edge of

© Translational Pediatrics. All rights reserved.

the acetabulum and one passing the medial edge of the
acetabulum, to measure so-called AWh. Our data indicate
that the improvement in AWh was greater in younger
walking-age patients.

We found that only 3.7% of patients had IHDI grade II
hips, and most of the patients had grade III or IV hips in
our study. Ramo er al. (28) showed similar results in patients
with walking-age DDH. In our study, the majority of IHDI
grade IV hips were seen in patients >18 months, which
might have been caused by walking duration.

The percentage of RHD was higher in patients
>18 months of age (58.6%) than patients 12-18 months
of age (40.8%), but the difference was not statistically
significant. Terjesen e al. (4) reported that the frequency of
RHD was higher in children aged >18 months at reduction
than in children younger than 18 months; however, as stated
above, their study included patients younger than 12 months
old. The results from Albinana et 4/. (12) indicated that the
age of patients determines the subsequent remodeling in
the AL. We did not observe a difference in the improvement
in the Al after CR in the two walking-age groups. The
probable prognosis of CR in patients >18 months could be
similar to that in patients 12-18 months.

Limbus can become inverted and then interposed
between the femoral head and acetabular surface and
obstruct concentric reduction of dislocated hips (29-32).
Some authors recommended OR if inverted limbus prevents
concentric reduction during arthrography-guided CR.
However, Severin stated that OR is not necessary, as serial
arthrograms demonstrated remodeling of the soft tissue
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(11,33). We observed serial spontaneous improvement of
limbus after CR in 65 hips. One-third of inverted limbus
cases improved to mixed or everted within 72 hours after
CR. Almost 85% of inverted limbus cases spontaneously
improved three months after CR. Studer er 4. (29). Found
that 37% of the hip remained in subluxated reduction, and
limbus was interpreted as inverted and acted as the main
obstacle; however, the authors did not perform MRI of the
hip before CR. Our data revealed evidence confirming the
suggestion of Studer ez a/. (29), who believed that inverted
limbus might resolve with time. In the study by Hattori
et al. (34), inverted limbus disappeared in 71% of patients
by the age of five years. Our results suggested that inverted
limbus could improve even earlier.

Furthermore, we attempted to determine the relationship
between various parameters and RHD. Our results showed
that RHD could be expected in patients with a larger Al
or a shorter AWh before CR but avoided in patients with
greater improvement in Al and AWh after CR, and the
severity of dislocation was related with RHD either. Some
authors (35-37) considered it necessary to correct inverted
limbus to improve outcome; however, our data did not show
a relationship between RHD and improvement in limbus.

Different predictors for residual dysplasia have been
reported (12,14-16). A multicenter study (38) showed that
Al was one of the best predictors of RHD after CR. Terjesen
et al. (4) considered high AI and reduced FHC the first
years after reduction to be predictors. Kawamura ez 4/. (37)
documented that acetabular depth was a predictor at
walking age. Our results showed that pre-Al, pre-AWh,
and improvement in Al and AWh after CR in patients at
walking age were predictors of RHD.

If development of the acetabulum is unsatisfactory after
reduction, subsequent surgery such as pelvic osteotomy
and/or femoral osteotomy can be used to correct RHD,
but the indications and timing of such operations differ
considerably (4). Albinana et a/. (12) suggested that the
younger a child at the time of osteotomy, the less complicated
the procedure and recovery would be. Morris et al. (18)
performed secondary surgery on patients between 3 and
7 years old. We preferred to perform a secondary procedure
when the potential of remodeling mostly remained stable,
based on the marked spontaneous improvement of the
acetabulum after reduction (12,37).

Kim et al. (39) reported that these radiographic
parameters (such as Al, FHC, CEA, etc.) alone have at
least a 20% error in predicting patient prognosis. We
considered that the FHC and Al might together represent

© Translational Pediatrics. All rights reserved.
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the congruity of the hip joint. Severin (13) and Harcke (11)
criteria are commonly used to determine RHD, and CEA is
measured in these two criteria. Both CEA and FHC reflect
the coverage of femoral head, in contrast to CEA, FHC
does not require identification of the exact point at the
center of the femoral head especially in patients suffer from
avascular necrosis of femoral head. Meanwhile, Severin
criteria only applies to children over 6 years old. In this
study, we defined RHD with an Al >28° and/or an FHC
<70% at 4-5 years old in our institution, and our RHD
criteria show good agreement and reliability compared to
Harcke criteria.

The current study had limitations due to its retrospective
nature, its comparison between two groups at one tertiary
center, and its limited follow-up time. Secondly, it is
assumed that the larger the sample size, the better the
binary logistic regression is. However, patients with DDH
older than 12 months had lower performance after early
screening for DDH. Thirdly, follow-up bias may influence
the data on the improvement in the Al and AWh. Finally,
consensus has yet to be reached on indicators for RHD and
secondary corrective surgery.

Conclusions

In conclusion, we showed similar percentage of RHD in
12-18-month-old vs. over 18-month-old DDH patients
after CR. Inverted limbus could be improved after CR, but
this improvement was not related to RHD. We documented
four predictors of RHD, including pre-Al, pre-AWh, and
improvement in the Al and AWh, which might indicate
that we should focus on potential of individual acetabulum
development. These predictors are easy to measure and
could be available for DDH patients at any age in clinical
practice. We also introduced a reliable RHD criterion
and it might be an indicator of further osteotomy surgery;
however, additional prospective studies are necessary to
validate our RHD criteria in the future.
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