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Poor delineation of labrum and acetabular surface 
on arthrogram is a predictor of early failure of closed 
reduction in children aged six to 24 months with 
developmental dysplasia of the hip
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Abstract

Purpose  The objective of this study was to explore the pre-
dictors for failed reduction in children with developmental 
dysplasia of the hip (DDH) managed by arthrogram, closed 
reduction (CR) and spica cast immobilization.

Methods  We retrospectively reviewed the clinical data of pa-
tients with DDH treated by CR and cast immobilization (2015-
2020), including age, sex, affected side, presence/absence of 
an ossific nucleus, International Hip Dysplasia Institute clas-
sification, the delineation of labrum and acetabular surface 
on arthrogram, inverted labrum, acetabular index (AI), hip 
abduction angle and medial dye pool (MDP) distance. Pre-
dictors that potentially predicted failure of CR were evaluated 
by logistic regression analysis, simple t-test, Fisher’s Exact Test 
and chi-square test.

Results  In total, 16 out of 187 hips failed to achieve initial CR 
(8.6%). Gender, age, preoperative AI and poor delineation of 
arthrogram were candidate predictors for failed CR in children 
aged six to 24 months with DDH; on the other hand, logistic 
regression analysis confirmed age and poor delineation of ar-
throgram significantly predicted failure of CR. Receive operat-
ing characteristic curve (ROC) showed MDP less than 6 mm 
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and age higher than 14.5 months significantly increased the 
failure rate of CR in children aged six to 24 months with DDH.

Conclusion  Age and poor delineation of labrum and acetab-
ular surface during arthrogram predicted failure of CR in chil-
dren with DDH. In particular, age > 14.5 months and MDP 
distance ≥ 6 mm significantly increased the risk of CR failure. 

Level of evidence:  III
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Introduction
Closed reduction (CR) and cast immobilization are com-
mon treatments for patients with dysplasia of the hip 
(DDH) aged six to 24 months.1,2 The goal of the treatments 
is to achieve a stable and concentric reduction of the hip 
as early as possible.3

Failure of reduction is a relatively common complica-
tion in children with DDH managed by CR with a reported 
rate ranging from 0% to 25%;1,4-10 moreover, failed CR has 
been reported to be associated with increased avascular 
necrosis AVN and poor radiographic outcome.6,9 Despite 
the fact that several predictors for failed CR in children 
with DDH have been investigated, including the patient’s 
age at reduction,11 the severity of the dislocation1 and the 
presence of an ossific nucleus at the time of reduction,12 
controversy still exists. Thus, it is meaningful to investigate 
which factors can be associated with failed CR.

Arthrogram of the hip joint is a useful tool to evalu-
ate the reduction of the hip during surgery in patients 
with DDH.6,13,14 Some authors found predictors that sig-
nificantly predicted failure of CR were the presence of an 
inverted labrum13 and the widening of the medial dye pool 
(MDP) distance14 of the hip measured on an arthrogram, 
although some other authors reported different results.15 

Furthermore, in clinical practice, poor delineation of the 
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arthrogram can make the assessment of hip reduction 
difficult. 

The main objective of this study was to evaluate which 
factors are predictive of early failure of CR in children with 
DDH. 

Patients and methods
Patients

After securing IRB approval (GZWCMC 2015020904), all 
children aged six to 24 months with DDH managed by CR 
and spica cast immobilization at our institution were ret-
rospectively reviewed (1st November 2015 to 31st March 
2020). 

The inclusion criteria were: (1) confirmed diagnosis of 
DDH; (2) being aged six to 24 months at the time of diag-
nosis; (3) CR and spica cast immobilization performed 
under general anaesthesia (GA); (4) complete clinical 
and radiographic data, including pre- and postoperative 
anteroposterior (AP) pelvic radiographs, intraoperative 
arthrogram and postoperative hip Magnetic Resonance 
Imaging (MRI) scan. 

The exclusion criteria were: (1) concomitant diagnosis 
of developmental, congenital and/or neuromuscular dis-
eases; (2) being aged < 6 months or >24 months at the 
time of the initial CR; (3) incomplete radiographic data; (4) 
treatment by open reduction without a prior CR attempt. 

Arthrogram, CR and postoperative management

All patients underwent CR and spica cast immobiliza-
tion under GA. Adductor tenotomy was performed if the 
adductor was considered to hinder CR (178 hips; 95.2%). 

An arthrogram of the affected hip(s) was performed in 
all patients prior to any attempt of CR in order to (a) visu-
alize the labrum and evaluate whether it was inverted or 
not; (b) visualize and measure (in mm) the MDP distance 
of the affected hip (the distance between the femoral 
head and the roof of the bony acetabulum); (c) assess the 
quality of the reduction. The arthrogram was considered 
successful if the following criteria were met: (a) a success-
ful joint puncture and smooth injection of the contrast 
medium were noted in the surgical record sheet; (b) the 
diffusion of the contrast medium was limited to the hip 
joint (femoral head and the acetabulum); (c) the shape of 
the femoral head could be clearly visualized (Fig. 1).

Following stable CR, a spica cast in the human position 
was applied to all patients. AP pelvis radiographs were 
performed in the operating room to assess the quality 
of the reduction and an MRI scan was performed within 
48 hours following surgery to confirm that the hip was 
reduced, and to measure the hip abduction angle (HAA). 
HAA is the angle between the axis of the femoral shaft 

and a line connecting the posterior edge of the right and 
left iliac bones, and it was measured on the T1W-SE MRI 
sequence in the axial plane (Fig. 2).

Cast immobilization was applied for three months, and 
a cast change was performed routinely after six weeks to 
adjust the cast and check the reduction of the hip. Next, the 
patients were placed into a rigid, custom-made, abduction 
brace with the hip flexed and abducted at 100° and 60°, 
respectively, for another six months after cast removal.

Evaluation of the reduction and definition of failure of CR

The presence of the femoral head into the acetabulum 
was the main criteria to consider the reduction as accept-
able.16 In particular, if the postoperative MRI scan showed 
that the femoral head was located in the acetabulum, the 
CR was considered acceptable. Failed CR was defined as 
the following criteria: (1) femoral head cannot be reduced 
into the acetabulum during the index procedure (open 
reduction required); (2) postoperative MRI indicated the 
femoral head was reduced into the acetabulum.17   

Fig. 1  Satisfactory arthrogram with good delineation of labrum 
(a), femoral head (b) and medial dye pool (c).

Fig. 2  The hip abduction angle (HAA) is the angle between the 
axis of the femoral shaft and a line connecting the posterior edge 
of the right and left iliac bones (T1W-SE MRI sequence in the axial 
plane) (α, β).



PREDICTORS FOR FAILED CLOSED REDUCTION OF DDH

374� J Child Orthop 2020;14:372-378

Measurements on arthrogram

All patients underwent hip arthrogram prior to CR. If the 
surface of both the femoral head and acetabulum could 
be clearly identified on arthrogram images, the MDP 
and labrum were defined as ‘clear’ ( = good delineation) 
(Fig. 1); on the other hand, if one or both surfaces were 
not clearly identifiable, and the MDP and or labrum could 
not be clearly identified, the arthrogram was defined as 
‘unclear’ ( = poor delineation) (Fig. 3). 

Anteroposterior (AP) pelvic radiographs of the hip were 
obtained after an attempt at a CR and cast immobilization. 
All the measurements were made on radiographs with 

hips flexed at 100 degrees and abducted at 60 degrees. 
The measurement of the MDP was performed on a Picture 
Archiving and Communication Systems (PACS). The MDP 
distance was measured in patients with good delineation 
of the arthrogram; a line parallel to Hilgenreiner’s line 
through the centre of the femoral head was drawn, and the 
distance, in mm, between the surface of the femoral head 
and the surface of acetabulum was measured18 (Fig. 4). 

Statistical analysis 

SPSS 19.0 statistical software (SPSS Chicago, Ilinois, USA) 
was used for data analysis. Data are expressed as frequen-
cies and percentages, with means and standard deviations 
as appropriate. Chi-square tests, simple t-tests and Fisher 
exact tests were used to preliminarily screen predictors 
(p < 0.1), and then all the candidate factors were further 
confirmed by multivariate logistic regression analysis 
(p  <  0.05). Independent simple t-tests, chi-square tests 
and Fisher exact tests were used to verify these predictors 
(p < 0.05). For quantitative data, we analysed the receiver 
operating characteristic (ROC) curve to determine the cut-
off value of the factor. Statistical significance was estab-
lished at p < 0.05.

Results
A total of 173 patients (21/12.1% males, 152/87.9% 
females) and 187 hips (88/47% left, 71/38% right, 28/15% 
bilateral) were enrolled in this study. The mean age at 
the time of CR and spica cast immobilization was 15.4 ± 
4.4 months. According to the International Hip Dysplasia 
Institute (IHDI) classification,19 31 hips (16.6%) were grade 
II, 94 hips (50.3%) were grade III, and 62 hips (33.2%) 
were grade IV (Table 1). 

CR failed in 16/187 hips (8.6%). Of these 16 hips, four 
hips (25%) underwent immediate open reduction, five 
hips (31.3%) received open reduction due to failure of 
CR as confirmed by MRI scans, and seven hips (43.8%) 
obtained stable reduction through a second closed 
attempt within one week after initial CR. All patients were 
followed for one to three years post index procedure.

Factors predictive of failed CR 

Age, preoperative acetabular index (AI) and poor delin-
eation of arthrogram during surgery were candidate pre-
dictive factors of failed CR in children younger than 24 
months, and were screened with chi-square tests, simple 
t-tests and Fisher exact tests (Table 1; p < 0.1). 

All factors were further analysed by multivariate logistic 
regression analysis. Age and poor delineation of arthro-
gram were confirmed to be predictors that significantly 
predicted failure of CR in children with DDH (Table 2; 
p < 0.05).

Fig. 3  Arthrogram showing poor delineation of both labrum (a) 
and medial dye pool (b).

Fig. 4  Measurement of medial dye pool on arthrogram: the 
distance (d) between the surface of the femoral head and the 
surface of the acetabulum is measured.
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Age 

The mean age of children with successful CR (15.3 ± 4.5 
months) was significantly lower than that of patients with 
unsuccessful CR (17.6 ± 2.6 months) (t = 3.266; p = 0.003) 

(Table 1); the ROC curve analysis showed that an age 
>14.5 months significantly increased the risk of failed CR 
(Fig. 5). In particular, the failure rate of CR in patients older 
than 14.5 months (13%) was significantly higher than that 
in patients younger than 14.5 months (1.7%) (Table 3; 
p = 0.023). 

Poor delineation of labrum or MDP 

Among the 187 hips, 185 hips (98.9%) had a successful 
arthrogram during index procedure; arthrogram failed in 
two hips (1.1%) which were enrolled in the poor delinea-
tion (‘unclear’) arthrogram group.

A total of 21 hips (11.2%) had poor delineation of the 
labrum or MDP: one hip had an unclear labrum (4.8%), 14 
hips had an unclear MDP (66.7%), and six hips had both 
an unclear labrum and MDP (28.5%).

Patients with poor delineation of the labrum or acetab-
ular surface on arthrogram (21 hips) had a significantly 
higher failure rate of CR (8/21 38.1%) than that (8/166 
4.8%) in patients with good delineation of the labrum and 
acetabular surface (p < 0.001) (Table 1).

Table 2  Logistic analysis of potential predictors of failure closed reduction in children with DDH

Predictors Correlation coefficient Standard error Wald p* RR 95% CI for RR

Age 0.14 0.07 3.951 0.047 1.150 1.002-1.320
Preoperative Acetabular Index 0.121 0.069 3.099 0.078 0.886 0.775-1.014
Delineation of arthrogram(good/poor) 2.397 0.609 15.501 0.000 10.995 3.333-36.265

CI, Confidence Interval; RR, Relative Risk
*Multivariate logistic regression analysis

Table 3  Age >14.5 months and MPD ≥6 mm significantly increased the 
failure rate of closed reduction (CR) in children with DDH 

Successful CR (n) Failure of CR (n) p*

Age >14.5 months 112 15 0.023
Age <14.5 months 59 1
MPD ≥ 6 mm 46 8 0.001
MPD < 6 mm 112 1

*Fisher exact test

Table 1  The candidate predicting factors of failure of closed reduction (CR) in children with DDH 

Predictors Successful CR (n) Failure of CR (n) t/χ2 p*

Gender (male/female) 19/152 4/12 0.152
Age (months) 15.3 ± 4.5 17.6 ± 2.6 3.266 0.003
IHDI grading:
 Grade II 31 0
 Grade III 84 10
 Grade IV 56 6 3.521 0.172
Severity of hip dislocation
Mild (Grade II) 31 0
Severe (Grade III, IV) 140 16 0.078
Laterality (left/right/bilateral) 82/63/26 6/8/2 1.078 0.583
Presence of ossific nucleus (yes/no) 139/32 12/4 0.516
Preoperative Acetabular Index 36.6 ± 4.5 34.4 ± 3.7 1.929 0.055
Abduction angle 67.8 ± 9.1 64.5 ± 20.1 1.096 0.274
Delineation of arthrogram (good/poor) 158/13 8/8 0.000
Inverted labrum (yes/no) 138/20 8/0 0.598

IHDI, International Hip Dysplasia Institute
*Simple t-test or Chi-square test or Fisher exact test

Fig. 5  The receiver operating characteristic curve analysis for 
age; the area under the curve is 0.644, which indicates that age 
> 14.5 months increases the risk of failure of closed reduction in 
children with DDH. 
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MDP ≥ 6 mm

Among the patients with good delineation of arthrogram 
(166 hips), MDP distance was measured. The MDP dis-
tance (4.8 ± 2.3 mm) in patients with successful CR was 
significantly smaller than that in patients with failed CR (8 
± 2.3 mm; p < 0.001). 

ROC curve analysis showed MPD ≥ 6 mm increased the 
failure rate of CR in children with DDH (Fig. 6). The fail-
ure rate of CR in children with an MDP distance ≥ 6 mm 
(13.2%) was significantly higher than that in patients with 
an MDP distance < 6 mm (0.9%; p < 0.001) (Table 3).

No failed CR was recorded in patients without an 
inverted labrum, while CR failed in eight out of 146 hips 
(5.5%) with an inverted labrum; however, the difference 
between these two groups was not statistically significant 
(p = 0.598) (Table 1).

Gender, laterality, absence of an ossific nucleus, amount 
of hip abduction, IHDI grade, severity of hip dislocation 
and presence of an inverted labrum were not predictors 
for CR failure in DDH patients (Table 1).

Discussion
Our study highlights that age and poor delineation of 
labrum and acetabular surface distance on arthrogram 
significantly predicted failure of CR in children with DDH 
aged six to 24 months at the time of surgery. In particular, 

we found age >14.5 months and MDP distance ≥ 6 mm 
significantly increased the risk of failed CR. 

Our study shows the overall failure rate of CR in chil-
dren with DDH is 8.6%; previous studies reported a failure 
rate of CR ranging from 0 to 25%.1, 4-10 In particular, the 
overall rate of failure of reduction in previous studies was 
10% (44/441) (Table 4),1, 4-10 which is similar to our results. 

Furthermore, in the present study, seven out of 16 hips 
(43.8%) with initial failure of CR were successfully reduced 
through a second closed attempt, and the overall CR fail-
ure rate was reduced to 4.8%. The possible reasons for 
such a finding could be the decreased tension of soft tis-
sue around the hip following initial CR, and the increased 
abduction angle of the hip that could be achieved during 
the second closed attempt. 

Our study indicates that poor delineation of arthrogram 
significantly predicts failure of CR. The rate of unsuccess-
ful CR of hips with poor arthrogram (38.1%) was signifi-
cantly higher compared to hips with good delineation 
(4.8%) of arthrogram. Although another study showed 
that evaluation of hip arthrogram during surgery is fre-
quently unreliable,15 most authors believe that intraoper-
ative arthrogram is still an important tool to evaluate the 
quality of reduction, especially when immediate MRI is 
not available.6,13,14 In this study, 21 of 187 hips (11.2%) had 
an ‘unclear’ labrum and/or MDP. Our study found that 
the main reason for the presence of ‘unclear’ labrum and 
MDP was not related to technical issues but rather to fail-
ure of CR. In patients with failed CR, the dislocated femoral 
head does not anatomically interact with the acetabulum 
nor the labrum. Additionally, the femoral head (dislocated 
posteriorly) and the acetabulum (anterior) are somehow 
overlapped, thus making the delineation of the intra-artic-
ular structures unclear. As a result, intraoperative arthro-
gram only shows the surface of the femoral head, while 
the labrum and the MDP appear as ‘unclear’. Thus, if the 
arthrogram is poorly visualized, failure of CR should be 
suspected. Under this condition, we recommend remov-
ing the cast immediately and repeating the CR procedure 
as 43.8% of the hips obtained stable reduction through 
a second closed attempt. However, if the arthrogram still 
shows poor delineation of the labrum and widening of 
MDP distance, an open reduction is recommended.

Fig. 6  The receiver operating characteristic analysis for medial 
dye pool (MDP); the area under the curve is 0.795, which 
indicates that MDP distance ≥ 6 mm increases the risk of failure 
of closed reduction in children with DDH. 

Table 4  The reported failure rate of closed treatment in children with 
DDH

Study Journal No. of hips Failure rate

Terjesen T1 Acta Orthop 78 4 (5.1%)
Ishii Y4 Clin Orthop Relat Res 40 0 (0%)
Murray T5 Am J Orthop (Belle Mead NJ) 35 2 (5.7%)
Race C6 J Pediatr Orthop 59 8 (13.6%)
Zionts LE7 J Bone Joint Surg Am 51 13 (25.5%)
Yamada N8 J Bone Joint Surg Br 62 5 (8.1%)
Sankar WN9 J Pediatr Orthop 87 8 (9.2%)
Barakat AS10 Curr Orthop Pract 29 4 (13.8%)
Total 441 44 (10%)
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The analysis of our results found that, among patients 
with good arthrogram, a MDP distance ≥ 6 mm signifi-
cantly increased the risk of failure of CR. In our study, the 
failure rate in this subgroup of patients was 13.2%. Race et 
al. reported that satisfactory reduction could be achieved 
in patients with an MDP distance < 7 mm.6 Therefore, 
the quality of reduction should be assessed taking into 
account objective and measurable MRI findings rather 
than be based on subjective judgement. In our study, MRI 
was consistently used to evaluate the quality of the reduc-
tion. In particular, we found an MDP distance ≥ 6 mm 
significantly increased the risk of failure of CR. Hypertro-
phic ligamentum teres, pulvinar, transverse ligament and 
compression of the hip capsule by the iliopsoas muscle 
may explain the increased MDP distance on plain radio-
graphs;6,14,20 moreover, all these factors are mechanical 
obstacles for the reduction. Thus, if the arthrogram shows 
good delineation but MDP ≥ 6 mm, careful attention 
should be paid and an MRI should be performed to make 
sure whether the reduction has been obtained or not.

Interestingly we found inverted labrum is not a pre-
dictor of failed CR. However, controversy still exists as to 
whether the presence of an inverted labrum can increase 
the risk for CR failure in children with DDH. Staheli et al. 
considered that an inverted labrum was one of the fac-
tors inhibiting hip reduction,21 while some authors believe 
that there is no correlation between an inverted labrum 
and failure of CR in children younger than 24 months of 
age.12,13 In our study, the vast majority of DDH patients 
(88%) had an inverted labrum while only 20 hips (12%) 
did not. Patients with and without inverted labrum had a 
similar failure of CR rate (p = 0.598). In our clinical practice 
we found that successful CR can be achieved even though 
the labrum is inverted; moreover, it has been shown that 
an inverted labrum can gradually improve after reduction 
(‘docking effect’).12,22 Additionally, although an inverted 
labrum might contribute to a wide MDP,20 which was 
identified as a predictor of failure of reduction, the sta-
tistical analysis did not show any correlation between an 
inverted labrum and failure of reduction. Thus, further 
study should be performed to investigate the effect of an 
inverted labrum on the failure of reduction. 

Our study did identify age as a significant predictor of 
failure of CR. Controversy still exists as to whether age at 
closed treatment influences the outcome in children aged 
six to 24 months with DDH. In particular, several authors 
reported that older patients had a greater chance of open 
reduction than younger patients.23-25 However, some other 
authors could not find a significant correlation between 
age and failure of CR.9,13,26 In our study, the mean age of 
patients with failed CR was significantly higher than that 
of patients with successful CR; in particular, multivariate 
logistic regression analysis indicates age was a predictor 
for failure of CR. 

In conclusion, age and poor delineation of labrum and 
acetabular surface during arthrogram predicted the fail-
ure of CR in children with DDH. In particular, age > 14.5 
months and MDP distance ≥ 6 mm significantly increased 
the risk of failure of CR in children with DDH aged six to 
24 months. 
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