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Introduction

Developmental dysplasia of the hip (DDH) represents a 
continuum of hip pathologies, ranging from minor dyspla-
sia of the acetabulum to frankly dislocated hips. The 
majority of children with minor hip instability at birth are 
spontaneously normalized within the first 8 weeks.1–3 
Persistent dysplasia alters the hip biomechanics, leading to 
an overburden of the articular cartilage, which may result 
in early osteoarthritis. Therefore, individuals with persis-
tent dysplasia of hips need to be identified for treatment.

In 1995, after the introduction of the selective ultrasound 
(US) hip screening program at our hospital, a final examina-
tion at 5 years was intended as a standard endpoint of the fol-
low-up protocol, based on findings from a randomized 
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Abstract
Purpose: The purpose of the study was to assess the effect of further follow-up for children treated for developmental 
dysplasia of the hip, with normal clinical and radiological findings at 1-year time point. The effect was quantified by the 
number of hips with a pathologic deterioration up to 5 years.
Methods: Among 47,289 children born in Sør-Trøndelag county in Norway between 2003 and 2015, 265 children had 
developmental dysplasia of the hip. Of these, 164 children (239 hips) treated for developmental dysplasia of the hip with 
normal clinical findings and normal acetabular index at the 1-year time point were included in the study. The number 
of hips with pathologic acetabular index at the 5-year time point were reported. The diagnostic uncertainty related to 
radiological measurements was quantified together with the effect of introducing a second radiographic measurement, 
the center edge angle.
Results: A total of 239 treated hips were normal at the 1-year time point. At 5-year time point, 10 (4.2%) hips had 
a pathologic acetabular index measurement and none classified to have developmental dysplasia of the hip caused 
by measurement inaccuracy. Eight (3.3%) hips had pathologic center edge angle measurement. Four hips had both 
pathologic acetabular index and center edge angle measurements, with three later treated with surgery. The intra- and 
interobserver repeatability coefficients were within 3.1°–6.6°.
Conclusion: The repeatability coefficient of the acetabular index measurements was high and no hips could be classified 
to have developmental dysplasia of the hip at the 5-year time point when taking this repeatability into account. Hips 
classified as pathologic combining acetabular index and center edge angle measurements were likely to be treated with 
surgery for residual dysplasia. We recommend further follow-up for these children.
Level of evidence: level II.
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controlled trial.4 However, a 5-year follow-up would have 
been unnecessary if follow-up could be safely ended after 
1 year. This change would save time, prevent parents from 
worrying, and prevent unnecessary exposure to radiography.

Screening children for DDH and selecting those in need of 
treatment can be difficult. Radiographical measurements on a 
continuous scale are routinely used for screening DDH. Using 
a threshold measurement, hips are classified as normal or 
having DDH. Three-dimensional objects are transformed into 
two-dimensional images in conventional radiography. This 
transformation results in loss of information along one axis, 
loss of depth, resulting in image distortion of the object’s size 
and shape.5 In standard pelvic radiographs, anatomical struc-
tures closer to the radiographic tube, such as the pubic sym-
physis, are projected with a higher magnification than 
structures further away, such as the sacroiliac joints. In addi-
tion, pelvic orientation affects image formation and thereby 
radiographic measurements. Consequently, uncertainty arises 
over the categorization of hips as normal or with DDH, espe-
cially when radiographic measurements are close to the 
threshold value. Several studies highlight the difficulties and 
uncertainties related to radiological measurements in detect-
ing DDH in children younger than the age of 5 years.6–9

In this study, the main method to classify DDH was a 
radiographic measurement, the acetabular index (AI). AI 
could be measured at both 1- and 5-year time points during 
follow-up. In addition, a second radiographic measure-
ment, the center edge angle (CEA), was included at the 
5-year time point to explore whether a combination of AI 
and CEA would improve classification. Further investiga-
tions on intra- and interobserver repeatability of our mea-
surement results were completed.

The primary aim of the study was to examine the num-
ber of hips treated for DDH at birth, with normal findings 
at 1 year, that had a pathologic deterioration up to 5 years. 
In addition, the study assessed the effect of combining AI 
and CEA measurements on DDH classification and the 
incidence of avascular necrosis (AVN).

Materials and methods

Children treated for DDH, using a Frejka pillow, and with 
normal radiographic and clinical findings at the 1-year 
time point were included in the study, whereas children 
with AI≥30° and syndromes known to have increased risk 
for DDH, such as arthrogryposis, DiGeorge syndrome, 
Down’s syndrome, Meckel–Gruber syndrome, and 
Klippel–Feil syndrome, were excluded.

Since 1995, data from all children who underwent US 
examination of the hips at our hospital have been regis-
tered in a local registry.

US findings, demographic data, sex, birth weight and 
length, birth presentation, gestational age, birth number, 
family history of DDH, foot deformity, and Ortolani and 
Barlow test findings were recorded in the registry. In this 

study, data on children examined for DDH in the period 
2003–2015 were extracted from this registry.

The examinations and DDH classification at 
three time points

At birth (within the first 4 weeks), a child was classified to 
have DDH if a hip had a positive Ortolani or Barlow test 
and an US finding of femoral head coverage (FHC) below 
50% (Figure 1). All these children underwent treatment. In 
addition, 65 hips with an FHC below 50% were clinically 
stable. A total of 58 were treated, whereas the last 7 hips 
were found to be normal at a later follow-up.

At 1-year time point, the child was examined for asym-
metry of the skin folds, grades of abduction and rotation of 
the hip, and limb length. Hips with normal clinical find-
ings and AI < 30° were classified as normal.

At 5-year time point, the child was examined for limp-
ing gait, side differences in hip abduction, rotation, and 
limb length. Hips with normal clinical findings and 
AI < 24° were classified as normal.

Figure 1. Pathologic hip (classified as subluxated) examined 
with ultrasound the first week after birth. The dotted circle 
indicates the femoral head and the dotted horizontal line 
indicates the level of the lateral acetabular margin. Distance a 
is measured central in the femoral head from the level of the 
lateral acetabular margin to the acetabular floor (blue line). 
Distance b represents the diameter of the femoral head and 
is measured from the lateral joint capsule which equalizes 
the lateral part of the femoral head to the acetabular floor 
(white line). The femoral head coverage (FHC) is presented 
in %: (FHC = a / b × 100 = 33%). Red arrow points at the lateral 
acetabular margin, blue arrow points at the acetabular floor, 
whereas the white arrow points at the lateral joint capsule.
Fn: femoral neck; IL: os ilium.
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The US examination

The primary US examination was performed within the 
first 3 days after birth. For the examinations, Siemens 
Antares (Siemens AG, Munich, Germany) with an 
8–16 MHz linear probe was used. Since 2007, GE Logic 7 
(GE Healthcare, Milwaukee, WI, USA) has been used 
with the same type of probe. Measurement of the FHC is 
demonstrated in Figures 1 and 2. The US method is 
described in detail in a previous paper.10 FHC is an expres-
sion of hip containment. All treated children were moni-
tored with US. We classified the hips as normal 
(FHC > 50%), subluxatable (FHC 40%–49%), subluxated 
(FHC 30%–39%), and luxated (FHC < 30%).

Radiological examination

A standard anterior–posterior pelvic radiography was 
obtained at 1- and 5-year time points. To ensure that radio-
graphs were comparable, children with no radiographs 
from the 1-year time point when aged 9–18 months and 
those with radiographs from the 5-year time point before 
turning the age of 4 years were excluded. To identify radio-
graphs obtained with the child in a non-optimal position-
ing, the obturator index (OI) was defined. An OI between 
0.56 and 1.80 was considered best suited for further exam-
ination.11 However, to replicate clinical practice, no hips 
were excluded based on OI; instead, the OI was described 
after the results were presented.

To calculate intra- and interobserver repeatability, 35 
children were randomly selected after 1- and 5-year time 
points each for re-examination of the radiographs. The 
radiographs were re-examined for AI after 1 year and for 
AI and CEA after 5 years, first by the same radiologist, to 
calculate intraobserver repeatability, and second by another 
senior consultant in radiology, blinded to previous descrip-
tions, to calculate interobserver repeatability.12,13

The primary radiological measurement at 1- and 5-year 
time points was AI. The AI is the angle between the junc-
tion of the Hilgenreiner line and a line to the lateral bony 
corner of the acetabulum (Figures 3 and 4). The CEA, first 
described by Wiberg, is a measure of the bony coverage of 
the femoral head by the acetabulum (Figure 5).14 The lat-
eral bony corner of the acetabulum was used during the 
measurement of this angle.

To investigate the additional effect of the combined use 
of CEA and AI, a CEA < 15° was considered pathologic.

To evaluate the development of AVN at 1- and 5-year 
time points, we used the Bucholz classification.15

Statistical analysis

Statistical analyses were performed using IBM SPSS 
Statistics for Windows, version 27 (IBM Corp., Armonk, 
NY, USA). Descriptive statistics were used; continuous 

data are presented as means, standard deviation (SD), and 
ranges (min–max); and categorical data are presented as 
frequencies and percentages (%). Intra- and interobserver 
repeatability were calculated using the method described 
by Bland and Altman.12 The repeatability coefficient was 
defined as 2 SDs of the mean difference between two cor-
responding measurements and the 95% limits of agree-
ment (LoA) between the mean ± 2 SD.

Figure 2. Normal hip examined with ultrasound the first 
week after birth. The dotted circle indicates the femoral head 
and the dotted horizontal line indicates the level of the lateral 
acetabular margin. The landmarks and measurements are as 
described in Figure 1. The femoral head coverage (FHC) is 
presented in %: (FHC = a / b × 100 = 61%).
Fn: femoral neck; IL: os ilium.

Figure 3. Pelvis at 1 year. There is a normal acetabular index 
of 26.8° in the right hip and a pathologic acetabular index of 
30.7° in the left hip. The obturator index of 0.87 (13.2/15.2).
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Results

Between 2003 and 2015, 47,289 children were born at our 
hospital (Figure 6). At birth, 265 (0.6%) children were 
diagnosed and treated for DDH. Of these, 72 children were 
considered not eligible for inclusion in this study, due to 
syndromes known to have increased risk for DDH, miss-
ing radiographs, or prolonged treatment or death. Of 193 
children considered eligible, 29 children were excluded 
because radiography was performed outside the predeter-
mined time interval. Of the remaining 164 children, 95 
children had bilateral DDH and 69 had unilateral DDH. 
The healthy hips of these 69 children were excluded, leav-
ing 259 hips with DDH (Figure 7). Eighteen of these hips 
had FHC > 50% and were treated due to a positive Ortolani 
and Barlow test. Twenty of the children had residual dys-
plasia after 1 year and were excluded. When calculating 

the incidence of AVN, both hips of the 69 children with 
unilateral DDH were included.

Included hips (children)

At 1-year time point, 239 hips (147 children) were classi-
fied as normal and included in the study. Twenty-nine 
(12%) and 210 (88%) of the hips were present in boys and 
girls, respectively. The mean treatment time with the 
Frejka pillow was 3.8 (0.5; 2–4) months. Seven hips had 
radiographs with an OI outside the best reference interval. 
The mean AI measurement was 24.1° (3.3; 13.9°–30.0°). 
The mean age was 13.0 (1.3; 9.5–17.5) months.

At the 5-year time point, the mean age was 62 (4.8; 
49.0–85.5) months. All radiographs had an OI within the 
best reference interval.

Repeatability coefficient

The intraobserver repeatability coefficient was 3.1° for AI 
at the 1-year time point, 4.4° for AI at the 5-year time 
point, and 3.9° for CEA at the 5-year time point.

Figure 5. Pelvis at 5 years. There is a pathologic center edge 
angle of 13.3° in the right hip and a normal center edge angle of 
18.9° in the left hip. Acetabular index of 24.3° in the right hip 
and 17.5° in the left hip. The obturator index of 1.3 (24.8/19.8).

All children
47,289

Children with 
normal hips

47,024

Children treated 
for DDH

265

Excluded: Syndromes, missing 
radiography, surgical treatment, or 

dead
72

Eligible
193

Excluded: First radiography 
outside 9–18 months or last 

before 4 years
29

Further eligible 
children

164

Figure 6. Flowchart of children.

Further eligible hips 
(children) at birth

328 (164)

Excluded: Normal 
unilateral hips at birth

69 (69)

Hips with DDH at 
birth

259 (164)

Excluded: Residual hip 
dysplasia at 1 year

20 (17)

Included: Normal 
hips at 1 year

239 (147)

Hips with pathologic AI 
measurement at 5 years

10 (9)

Hips with normal AI 
measurement at 5 years

229 (138)

Figure 7. Flowchart of hips (children).

Figure 4. Pelvis at 5 years. There is a pathologic acetabular 
index of 27.3° in the right hip and a normal acetabular index of 
22.6° in the left hip. The obturator index of 0.93 (16.1/17.3).
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The interobserver repeatability coefficient was 4.1° for 
AI at the 1-year time point, 6.6° for AI at the 5-year time 
point, and 5.6° for CEA at the 5-year time point.

AI results at 5-year time point

The mean AI measurement was 17.5° (3.6; 8.3°–26.3°) 
and classified as normal in 229 hips.

The AI was pathologic in 10 hips (9 children). No AI 
measurements were outside the LoA (Table 1). When 
examining the medical records of these 10 hips, 6 hips (6 
children) had no additional treatment for DDH and follow-
up was later ended. Of the 10 hips, 1 is still under follow-
up. In one hip, a proximal derotating and varus femoral 
osteotomy was performed at the age of 8 years. The last 
child underwent further follow-up and was operated at the 
age of 10 years with a bilateral proximal femur and Dega 
osteotomy of the pelvis.

CEA results at 5-year time point

The mean CEA was 23.8° (4.8; 9.1°–38.1°). The CEA was 
classified as pathologic in eight hips (six children). Three 
of the eight hips had CEA measurements outside LoA. 
Four of these hips are presented in Table 1.

The remaining four had the following CEA: 9°, 12°, 
13°, and 15°. These four hips were followed up and were 
later normalized.

The combination of AI and CEA results at 
5-year time point

Of the 10 hips with pathologic AI measurement, four hips 
(three children) had pathologic CEA measurement. Of 
these four hips, three hips were later operated due to DDH 
and one hip is still under follow-up. The three children 
were all girls with no further apparent similarities.

In contrast, none of the hips with pathologic CEA and a 
normal AI measurement are operated. The hips found to be 
normal at follow-ups.

Avascular necrosis

No children had signs of AVN on radiography at the 1-year 
time point. At 5 years, 4 of the 328 hips (Figure 7) had 
stage 1 AVN. None of these children had any symptoms of 
AVN and follow-up was ended because no symptoms and 
progression were identified on radiography.

Discussion

The primary aim of the study was to examine the number 
of hips treated for DDH at birth, with normal findings at 
1 year, that had a pathologic deterioration up to 5 years. At 
5 years, 10 hips had a pathological AI measurement. 
However, none could be classified to have DDH caused by 
measurement inaccuracy.

In our region, a steady number of children (< 1 %) are 
treated for DDH. The treatment rate in this study after 
selective US screening was 0.6% of all children, which is 
consistent with findings from other studies that conducted 
selective or universal screening programs.16,17

Nevertheless, a continuous need exists to focus on diag-
nosis and follow-up of DDH because no specific guide-
lines on the length of follow-up of children with DDH 
have been established.

Timing of the US examination has changed signifi-
cantly during the last 10–15 years. To minimize the num-
ber of false-positive cases after US screening, the US 
examinations are now recommended at around 4 weeks 
after birth, even if this might be more demanding logisti-
cally.18 In this study, with the initial US examination per-
formed within 1–3 days after birth, we found 65 clinically 
stable hips with an FHC below 50% and 58 of these hips 
were treated. The remaining seven hips were untreated and 
were later found to be normal at further follow-up. 
Probably most of these 65 hips would have developed into 
normality without treatment.2,3 As a consequence, we have 
now postponed the first US examination from 1–3 days 
after birth to 4–6 weeks.

Several US classifications exist for DDH. Often used 
is the Graf method, measuring angles, in contrast to the 

Table 1. Hips (children) with pathologic AI at 5-year time point.

Child 1 2 3 right 3 left 4 5 6 7 8 9

Femoral head coverage, % 46 28 35 34 39 35 35 41 47 35
AI at 1 year (95% LoA) 27 

(23.9–30.1)
29 
(25.9–32.1)

25 
(21.9–28.1)

26  
(22.9–29.1)

23 
(19.9–26.1)

30 
(26.9–33.1)

22 
(18.9–25.1)

27 
(23.9–30.1)

28 
(24.9–31.1)

27 
(23.9–30.1)

AI at 5 years (95% LoA) 26 
(21.6–30.4)

26 
(21.6–30.4)

24 
(19.6–28.4)

26 
(21.6–30.4)

25 
(20.6–29.4)

26 
(21.6–30.4)

26 
(21.6–30.4)

24 
(19.6–28.4)

26 
(21.6–30.4)

25 
(20.6–29.4)

Center edge angle at  
5 years (95% LoA)

20 
(16.1–23.9)

20 
(16.1–23.9)

10 
(6.1–13.9)

11 
(7.1–14.9)

21 
(17.1–24.9)

16 
(12.1–19.9)

16 
(12.1–19.9)

21 
(17.1–24.9)

15 
(11.1–18.9)

15 
(11.1–18.9)

Surgery (age, years) – – + (10) + (10) – – – – + (8) –

Hips with AI ≥ 24° were considered as pathologic. In addition, hips with CEA < 15° were considered pathologic. AI: acetabular index; CEA: center edge angle; LoA: limits 
of agreement.
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FHC method measuring distances. However, the land-
marks for the measurements are quite similar. At our 
hospital, we have measured the FHC for many years and 
are confident with this method. Graf has developed a 
classification and stratification system, which might be 
the cause for the widespread use of the Graf method. The 
FHC classification is simpler, but not so consistent con-
cerning the stratification. Unfortunately, we have no 
possibility to change the US measurements into the Graf 
method in this study.19

Broadhurst et al.20 found no reduction in the incidence 
of lately detected DDH in England over the last 35 years. 
Wright et al.21 found that 70% of respondents in a UK sur-
vey reported a yearly follow-up of children with DDH 
until skeletal maturity. Conversely, Allington22 found that 
follow-up could be ended if radiologic findings at the age 
of 2 years were normal in a selected group of otherwise 
normal children. Cashman et al.23 found that successfully 
treated hips developed normal AI values after the age of at 
least 18 months. In addition, they found that, for dysplastic 
hips with successful reduction using the Pavlik harness, 
2.4% had persistent dysplasia and 0.2% had persistent 
severe late dysplasia. They all had a CEA <20° at the 
5-year time point. Most treated children will develop nor-
mally during the first 12–18 months, but some children 
will deteriorate until the age of 5 years. These results are 
similar to our findings.

Modaressi et al.24 presented results after long-term fol-
low-up (until skeletal maturity) of 150 children treated for 
DDH with normal clinical and radiological findings at the 
age when they began to walk. A final examination was per-
formed at the mean age of 11.8 (10–16) years. At the end 
of follow-up, four children had residual hip dysplasia or 
acetabular retroversion. Two children each underwent or 
planned to undergo surgery when they were fully mature 
skeletally. This study had similar characteristics as our 
study; both had similar number of participants and similar 
clinical and radiological findings on children at the age of 
1 year. However, Modaressi et al.24 described pathological 
development in puberty, whereas our study found radio-
logic–pathological development within the first 5 years of 
life. None of our study’s participants underwent surgery at 
the 5-year time point, but two children (three hips) under-
went surgery at the ages of 8 and 10 years, after further 
follow-up showed deterioration into residual dysplasia. 
One child is still being followed up.

Some decades ago, Wynne-Davies and later Haasbeek 
suggested that late development of hip dysplasia could be 
a different entity from early DDH, probably due to genetic 
predispositions.25,26 Recently, new data on genetic predis-
position to DDH have been reported and sequencing tech-
niques for genetic analysis may improve our understanding 
of DDH genetics in the future.27

Based on evidence from other studies, AI was used as 
the main measurement tool at the 1- and 5-year time 
points.28,29 Shin et al.28 compared the use of the lateral 
sourcil and lateral osseous margin in measuring the AI 
and CEA in children with DDH and found the lateral 
osseous margin to have a better reliability than the ace-
tabular sourcil. Li et al.29 found the AI to be the best 
predictor of late residual dysplasia. Several other studies 
have reported use of AI as the primary measurement tool 
during follow-up.30 Kothari et al.31 described the use of 
the AI and compared the use of the lateral bony margin 
with the use of the lateral sourcil in calculating the AI; 
they concluded that these two methods of measuring the 
AI could not be used interchangeably. Tönnis and 
Brunken11 reported the normal AI values at the 1- and 
5-year time points. In addition, Tönnis32 described the 
upper SD as the borderline between normal and patho-
logic hips and values above 2 SDs as indicative of severe 
hip dysplasia. Based on these reports, 30° and 24° were 
used as cut-off AI values at the ages of 1 and 5 years, 
respectively. Hips with larger values were defined as 
pathologic. In this study, we used the lateral bony margin 
as the landmark, following Tönnis and Brunken.11

Hip joints were classified as normal or pathologic 
based on a threshold value of a continuous angle mea-
surement on radiographs. The uncertainty associated 
with the measurements was quantified, which affected 
the threshold value. Of the 239 hips with normal clinical 
and radiological findings at the 1-year time point, 10 
(4.2%) were considered pathologic based on AI mea-
sured at the 5-year time point. However, the highest AI 
measured was only 26°. Concurrently, the corresponding 
intraobserver repeatability coefficient was 4.4°. 
Combined with the corresponding repeatability coeffi-
cient, none of the hips could be categorized as patho-
logic with 95% confidence.

The repeatability coefficient of the measurements of 
AI and CEA was high, leading to uncertainty in measur-
ing borderline cases. However, the results are consistent 
with those reported by other studies.6–9 Broughton et al.6 
reported the 95% confidence interval of AI to be ±6° 
and Kay et al.7 reported it to be >8.35°. Both research 
groups highlighted the need to take several readings 
when measuring the AI because single measurements 
can be unreliable. Ömeroglu et al.13 observed intra- and 
interobserver variability in the CEA at the same level as 
observed in our study; therefore, our results may be 
comparable. Upasani et al.33 studied the intra- and 
interobserver reliability in measuring AI and CEA and 
focused on the difficulties in measuring a three-dimen-
sional pelvis on a radiographic frontal plane. They ques-
tioned the reliability and reproducibility of these 
measurements in children younger than the age of 
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3 years. Based on our findings, using AI alone could 
cause uncertainty in the classification of DDH due to 
the high repeatability coefficient.

CEA was measured at the 5-year time point. As ossifi-
cation of the femoral head increases at the age of 5 years, 
we find this angle to be important when examining for 
residual dysplasia. Therefore, repeatable diagnostic results 
and differences were examined using AI or CEA. Overall, 
eight hips had a CEA ≤ 15°. With the corresponding intra-
observer repeatability coefficient at 3.9°, three of the eight 
hips could be categorized as pathologic with 95% confi-
dence (outside LoA).

Four hips in three children had a pathologic AI and 
CEA at the 5-year time point and three of those needed 
surgery for residual dysplasia, and the fourth hip is still 
under follow-up. When combining the AI and CEA, hips 
with both measurements categorized as pathologic are 
likely to be treated with surgery. This highlights the com-
plexity of DDH.

No hips had AVN at 1-year time point and four hips at 
5-year time point after treatment with Frejka pillow. This 
finding was comparable with the other studies.34

This study was retrospective with prospective recorded 
data. This could lead to some limitations due to potential 
missing data and variations in follow-up procedures. For 
the untreated children, we do not know the number of late 
development of hip dysplasia. However, the 1- and 5-year 
time points were standardized with few missing data. All 
children requiring surgery for DDH in the region were 
treated at our hospital.

In conclusion, of 239 hips classified as normal at 1-year 
time point, three were later treated with surgery after the 
5-year time point. At our hospital, we will continue follow-
up of these children after 1 year.

At the 5-year time point, no hips could be classified to 
have residual dysplasia using AI measurement alone. 
However, hips classified as pathologic based on both AI 
and CEA measurements were those likely to be later 
treated with surgery. We therefore recommend further fol-
low-up for these children.
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