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ABSTRACT

Objective: This study aimed to compare the mid-term results of closed reduction (CR) versus medial open reduction (MOR) in the treat-
ment of children with developmental dysplasia of the hip (DDH) under age 1.

Methods: Thirty-four patients with DDH (41 hips) were included in this retrospective study with a mean follow-up of 4.2 years (range:
2-6.9 years). All hips were then divided into 2 groups based on the treatment type: the CR group (20 hips) and the MOR group (21 hips).
All hips from both groups were assessed with post-spica magnetic resonance imaging (MRI) in the first 24 hours, and reinterventions were
recorded. Medial dye pool width was also measured.

Resullts: Age at the time of reduction was similar between the CR and MOR groups (6.6 + 1.3 months vs. 6.7 + 1.6 months). There was no
significant difference between groups regarding avascular necrosis rate and further corrective surgery (FCS) requirement (P=.454, .697).
The appropriate reduction was seen at 38/41 hips. Three hips in the CR group had revealed dislocation in post-spica MRIs and required
re-intervention, and none of the hips in the MOR group required re-intervention (P=.107). Medial dye pool width in 3 planes showed no
significant difference between MOR and CR.

Conclusion: There is no difference in the avascular necrosis rate and FCS requirements between CR and MOR under age 1. Post-spica

MRI is a favorable tool for evaluating reduction after CR, but its efficacy after MOR is questionable.

Level of Evidence: Level 111, Therapeutic study.

Introduction

Developmental dysplasia of the hip (DDH) is a com-
mon disorder in the pediatric age group and requires
early treatment to prevent significant morbidity."?
Closed or open reduction followed by spica casting
is usually necessary when the initial non-operative
methods fail or when the diagnosis is made after the
first 6 months.*®

Open reduction of the hip may be needed if closed
method fails. Both anterior open reduction and medial
open reduction (MOR) are generally preferred in chil-
dren younger than 12 months, with good results.®’
Medial open reduction has several advantages, such
as allowing direct access to the structures that block
reduction and leaving a small and more cosmetically
acceptable scar. However, with the narrow exposure
through which the surgery is performed, the rate of
avascular necrosis is high, and no possibility for cap-
sulorrhaphy is available. Moreover, it is hard to obtain
a good visualization of the whole joint. In this case,
it may be necessary to confirm proper positioning of
the hip with 3-dimensional imaging, just like in closed
reduction. Once closed or medial open reduction
(CR) was performed, plain radiographs were proven

to be unreliable in assessing the quality of reduc-
tion,® especially in detecting posterior subluxations.
Therefore, 3-dimensional imaging of the affected hip
is recommended to confirm proper reduction. For this
purpose, computed tomography (CT)° or magnetic
resonance imaging (MRI)**! is usually obtained in
the first 24 hours following the procedure. Recently,
MRI has become the method of choice, with the
advantages of avoiding radiation exposure, good visu-
alization of the non-osseous structures,'*** excellent
assessment of hip reduction,' and possible prediction
of avascular necrosis."

Thus, the present study aims to compare the mid-
term results of closed and medial open reduction in
patients with DDH under age 1, focusing on radiologi-
cal and MRI evaluations.

Materials and methods

Patients who underwent closed or medial open reduc-
tion for DDH and who were operated on in a single
institution between June 2015 and October 2019 were
retrospectively reviewed. We excluded patients who
did not have a post-reduction MRI and those who had
<2 years of follow-up. Thus, the remaining 34 patients
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with DDH (41 hips) were included in the cohort, with a mean follow-
up of 4.2 years (range: 2-6.9 years). Demographics, pre- and post-oper-
ative imaging, complications, reinterventions after reduction, and
further corrective surgeries (FCSs) were recorded.

All of the dysplastic hips in the cohort were Graf type IV (dislocated
hips with an alpha angle of less than 43°). An intraoperative arthrog-
raphy was performed for all patients to determine the congruency
of the reduction. Medial open reduction and CR were applied under
same anesthesia based on the acceptable criteria for arthrography."®
Hips with Ténnis grade 1 arthrography and a larger safe zone with a
wide range (>30°) underwent closed reduction, while patients with
Tonnis grade >2 arthrography underwent medial open reduction. We
performed adductor tenotomy in all patients in the MOR group and
the hips a narrow safe zone (<30°) in the CR group (7 hips). After
proper reduction, bilateral hip spica casting was performed. The MRI
(Philips Ingenia, Eindhoven, The Netherlands, 1.5T MRI, UK) images
with T1-axial sequences were obtained in the first 24 hours postop-
eratively to assess the need of reintervention and quality of reduc-
tion. Preoperative and latest visit radiographs were evaluated for
avascular necrosis (AVN) and acetabular index (AI) as well.”” For the
hips that underwent FCS, the acetabular index was measured on the
last radiograph before the FCS. The AVN rates of the 2 groups were
compared based on the Kalamchi-McEwen criteria.'® Reintervention
refers to early surgical intervention to achieve concentric reduction,
while FCS refers to late surgery for residual acetabular dysplasia or
subluxation. All MRIs were performed without any sedation. Our
choice for MRI includes only axial sequences, which take less than
10 minutes, with the philosophy of not missing posterior subluxation.
The spica cast was remained on the patient for 12 weeks, and after
its removal, an abduction brace was used for an additional 12 weeks.

Surgical procedures and MRI evaluations for concentric reduc-
tion were performed by a single pediatric orthopedic surgeon. The
relationship between the femoral head and triradiate cartilage was
investigated. Appropriate anterior and posterior coverage with sym-
metrical joint space was accepted as concentric reduction. Sublu
xations/dislocations and reason for reinterventions were also docu-
mented. Previously, Gans et al* showed a strong correlation of post-
reduction medial dye pool (MDP) measurements in 3 planes (neutral,
30° anterior, and 30° posterior) between arthrography and MRI after
reduction. They suggested that MDP <16% indicates a favorable
reduction in the axial plane. We compared medial dye pool width
between the CR and MOR groups in reduced hips to assess the favor-
able reduction. Using standard PACS software, the femoral head and
MDP width were measured in pixels on the mid-axial sections in 3
planes (Figure 1).

HIGHLIGHTS

Confirming proper reduction of the hip joint is crucial, especially for posterior
subluxations in children younger than 12 months with developmental dyspla-
sia of the hip (DDH). This study aimed to assess and compare the mid-term
outcomes of closed versus medial open reduction techniques in this patient
demographic.

The results showed no significant difference between groups regarding avas-
cular necrosis rate and further corrective surgery (FCS) requirement.

The appropriate reduction was achieved in 38/41 hips. Moreover, medial dye
pool width in 3 planes showed no significant difference between medial open
and closed reduction techniques.

The results indicate magnetic resonance imaging (MRI) is effective both in
providing information about avascular necrosis and in identifying potential
reduction failures after closed reduction. Post-spica MRI is useful to assess the
quality of closed reduction. However, the necessity of its use after medial open
reduction remains uncertain.
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Figure 1. Three-plane (30° anterior, neutral, and 30° posterior) measurement of
medial dye pool (MDP) on mid-axial magnetic resonance imaging (MRI) in
post-spica MRI. The MDP is calculated by dividing the A, B, and C distances in the
femoral head width.

Statistical analyses were performed using the Statistical Package for
Social Science Statistics software, version 23.0 (IBM SPSS Corp.;
Armonk, NY, USA). Descriptive statistics are presented as mean
and SDs for parametric variables and medians and ranges for non-
parametric data. Chi-square and Fisher’s exact tests were used for
comparing frequencies. Student’s f-test or Mann-Whitney U-test
were used to compare means. To confirm a normal distribution, the
Shapiro-Wilk’s test, histograms, skewness/kurtosis calculations, and
detrended Q-Q plots were used. Threshold for statistical significance
was designated as P < .05.

The local ethics committee of Hacettepe University approved the
study (Project Number: GO/21/278). Written Informed consent was
obtained from all participants.

Results

The study cohort included 41 hips of 34 patients (28 female and 6
male). Closed reduction was applied to 20 hips of 17 patients (6 right
sided, 8 left sided, and 3 bilateral), while medial open reduction was
applied to 21 hips of 17 patients (4 right sided, 9 left sided, and 4 bilat-
eral). There was no statistically significant difference between the
CR and MOR groups in terms of age at the time of reduction (6.6 +
1.3 vs. 6.7 + 1.6). Preoperatively, the median Tonnis dysplasia grade
of the CR group was 2 (range: 1-4) and that of the MOR group was 3
(range: 2-4, P=.018) (Figure 2).

Preoperative Al values (35.9° = 2.9 vs. 38.3° = 3.9) and Al values
in the last follow-up (19.2° + 4.1 vs. 21.9° + 3.7) between CR and
MOR, respectively, were significantly different (P=.03 and P=.02,
respectively). Table 1 summarizes the demographics and preopera-
tive radiological assessments of the study groups. At the latest visit,
2/20 (10%) hips in the CR group and 3/21 (14%) hips in the MOR
group had group > 1 AVN (P=.454). Further corrective surgery was
performed in 3/20 hips in the CR group and 4/21 hips in the MOR
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Figure 2. Radiographic example for both closed (A, B) and medial open (C, D)
reduction. Both patients underwent initial surgery at 6 months. Favorable radiologic
outcomes were obtained during the 4-year follow-up.

Table 1. Demographics and preoperative radiological assessments of the study
groups

Closed (20 hips) Medial (21 hips) P
Age at reduction (months) 6.6 + 1.3 6.7 £ 1.6 .29
Sex
Male 2 4 41
Female 15 13
Time to follow-up (months) 52.2 +15.3 49.4 + 20 .66
Preoperative Ténnis dysplasia 2-4 (median 2) 2-4 (median 3) -
grade
Preoperative Al 359+ 3.0 38.3+3.9 .02*

Al acetabular index. *Statistically significant difference

group (P=.697). The indications for 7 FCS procedures were residual
acetabular dysplasia in 7 hips and subluxation in 1. Mean time from
index surgery to FCS was 23.2 months (range: 12-46 months). Five
Dega pelvic osteotomies and 2 modified Salter osteotomies were per-
formed for FCS procedures.

The relationship between the femoral head and the acetabular fossa
was evaluated with post-spica MRIs, and appropriate reduction was
seen in 38/41 hips. Three hips in the CR group had persistent dis-
location without concentric reduction of the femoral head within
the acetabulum (Figure 3) and undergone anterior open reduction

Figure 3. Immediate post-spica magnetic resonance image after closed reduction
revealed a subluxated left hip. Patient treated with subsequent anterior open
reduction.

Table 2. Outcomes of the patients treated with closed reduction and medial open
reduction in age-matched hips with developmental dysplasia of hip

Closed Medial
(20 hips) (21 hips) P
AVN (%)
Yes 2 (10) 3(14) 454
No 18 (90) 18 (86)
FCS
Yes 3(15) 4(19) 697
No 17 (85) 17 (81)
Re-intervention after Post-spica MRI
(%) 3(15) 0(0)
Yes 17 (85) 21 (100) 107
N
Postoperative Al 19.2 +4.1 219 +3.7 .03*
MDP width (%)
Neutral 4.37 +4.71 3.67 + 3.35 .837
30° anterior 4.57 £4.73 3.79 + 3.38 746
30° posterior 3.91 + 4.54 3.20 + 3.37 871

Al acetabular index; AVN, avascular necrosis; FCS, further corrective surgery; MDP, medial dye pool; MRI,
magnetic resonance imaging.

subsequently. None of the hips in the MOR group required re-inter-
vention, and there was no statistically significant difference between
groups (P=.107). Excluding 3 dislocated hips from the CR group,
MDP width in the neutral, 30° anterior, and 30° posterior planes
showed no significant difference between reduced hips in the MOR
and CR groups (P=.837, P=.746, P=.871, respectively) (Table 2). We
investigated the relationship between MDP widths and AVN or FCS
rates and found no statistically significant difference as well.

Discussion

Early diagnosis and adequate treatment of DDH are critical in order
to prevent later complications such as degenerative joint disease and
pain.?* However, the need for FCS or AVN is one of the main problems
that occur as a result of DDH treatment. Several factors have been
identified that increase the risk of FCS, such as residual acetabular
dysplasia, higher pre-reduction T6nnis grade, older age at reduction,
final AVN, or incomplete treatment. Rates of FCS after CR or MOR
in the literature range from 15% to as high as 90%.%*¢ In our study,
7/41 hips (17%) required subsequent acetobuloplasty and/or femo-
ral osteotomy, but this rate can be expected to rise with continuing
follow-up. Disruption of the medial femoral circumflex artery** is
the major proposed factor for AVN after MOR. Additionally, compres-
sion of the capillaries in a non-ossified femoral head causes AVN risk
after both CR and MOR as well. Literature contains a high range of
AVN rates varying between 10% and 50% after MOR”**2 while show-
ing relatively lower rates in CR, reported between 2% and 36%.7%3%
Therefore, CR can be considered a safer method in terms of AVN
risk when compared to MOR. However, failure of CR may result in a
delayed reduction of hip, thus leading to higher risks of AVN related
to delayed open reduction.’®*. Thus, there are some conditions with
a high risk of failure of CR, which leads to a direct indication for MOR
can be discussed. Although there is no definite threshold, it has been
claimed that as the age at reduction increases, congruency of the hip
joint will further deteriorate, leading to CR failure.*® Furthermore,
indication for open reduction after failed CR was frequently applied
in hips with bilateral DDH and greater preoperative Tonnis grade. In
our cohort, we preferred MOR in hips with <30° safe zone or Ténnis
grade >2 arthrography. In our age-matched comparison, there was no
difference in rates of AVN between CR and MOR.

For such reasons mentioned above, the evaluation of the quality of
reduction after spica casting in children younger than 12 months
has become crucial. It is important to evaluate the reduction as best as
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possible due to the relatively high rate of malreduction or loss of
reduction, especially after closed reduction.** Imaging methods
such as plain radiographs, CT, and ultrasound, when used for reduc-
tion quality assessment, have some drawbacks, such as non-ionized
radiation exposure, the requirement of a certain level of experience,
not allowing soft tissue evaluation, or providing images in a tow-
plane.* Due to the limitations mentioned above, MRI has become
a popular alternative for postreduction evaluation in the last 2
decades.*! Several previous studies have demonstrated that MRI
is effective both in providing information about avascular necrosis
by evaluating femoral head perfusion and in identifying potential
reduction failures after closed reduction.'*#*** Dibello et al*® evalu-
ated 25 patients (29 hips) who underwent spica casting followed
by closed reduction with a postreduction MRI. Re-intervention
was required in only 1 patient who subsequently underwent open
reduction. They achieved a concentric reduction in the remaining
patients. Jadhav et al*’” studied 74 patients (107 hips) with a mean
age of 16.4 months (range: 4-63 months) who underwent post-reduc-
tion MRI. Of the 52 hips that underwent closed reduction, 16 (31%)
re-interventions were needed, and in the open reduction group,
which includes 55 hips, only 1 (2%) re-intervention was required.
However, unlike our study, the patients had pelvic or femoral oste-
otomy combined with the reductions. Although the studies men-
tioned above provide valuable information, there is no study in the
literature comparing the efficacy of post-reduction MRI in patients
who underwent medial open and closed reduction. In contrast to
anterior open reduction, the posterior part of the hip joint cannot be
evaluated during medial open reduction. We believe that post-spica
MRI may be ineffective after the anterior open reduction procedure,
which allows better visualization of the hip joint. Thus, in our clinic,
we routinely use post-spica MRI only for closed and medial open
reductions. In the present study, 3 patients needed a re-intervention
in the CR group, but we had no re-interventions in the medial open
reduction group.

Unfortunately, there were only 21 CR and 20 MOR hips, and this
study may not be sufficient to detect a difference in AVN and re-inter-
vention rates. But considering that this is the first study that com-
pares MRI efficacy regarding re-intervention between CR and MOR
in an age-matched cohort, this limitation can be excused. The present
study also has a mean follow-up of 4.2 years, which may affect the
report of lower AVN and FCS rates. Future studies can demonstrate
the necessity to obtain post-spica MRI after MOR.

In conclusion, although MOR has its own difficulties, there is no
difference in the avascular necrosis rate and further corrective sur-
gery requirements when compared to closed reduction. Additionally,
post-spica MRI is an effective tool for the assessment of proper reduc-
tion after closed reduction. Its efficacy in patients who underwent
medial open reduction is questionable, but future studies with larger
cohorts could be designed.

Ethics committee approval: This study was approved by Ethics Committee of
Hacettepe University (Approval No: GO/21/278).

Informed consent: Written informed consent was obtained from the participants
who agreed to take part in the study.

Peer-review: Externally peer-reviewed.

Author contributions: Concept - G.Y., S.B.; Design - S.B., RM.C.; Supervision - G.Y.,
S.B.; Resources - M.A., M.A.B.; Materials - M.D., M.A.; Data Collection and/or Pro-
cessing - M.AX., M.; Analysis and/or Interpretation - S.B., M.A.B.X.; Literature
Search - RM.C., M.A.; Writing - S.B., RM.C,; Critical Review - G.Y, S.B.

Declaration of interests: The authors have no conflict of interest to declare.

Funding: The authors declared that this study has received no financial support.

References

1. Harris WH. Etiology of osteoarthritis of the hip. Clin Orthop Relat Res.
1986;213:20-33. [CrossRef]

2. Thomas SR. A review of long-term outcomes for late presenting developmental
hip dysplasia. Bone Joint J. 2015;97-B(6):729-733. [CrossRef]

3. Cooper AP, Doddabasappa SN, Mulpuri K. Evidence-based management of
developmental dysplasia of the hip. Orthop Clin North Am. 2014;45(3):341-354.
[CrossRef]

4, Sankar WN, Gornitzky AL, Clarke NMP, et al. Closed reduction for develop-
mental dysplasia of the hip: early-term results from a prospective, multicenter
cohort. J Pediatr Orthop. 2019;39(3):111-118. [CrossRef]

5.  Vitale MG, Skaggs DL. Developmental dysplasia of the hip from six months to
four years of age. ] Am Acad Orthop Surg. 2001;9(6):401-411. [CrossRef]

6.  Gardner RO, Bradley CS, Sharma OP, et al. Long-term outcome following
medial open reduction in developmental dysplasia of the hip: a retrospective
cohort study. J Child Orthop. 2016;10(3):179-184. [CrossRef]

7. Di Mascio L, Carey-Smith R, Tucker K. Open reduction of developmental hip
dysplasia using a medial approach: a review of 24 hips. Acta Orthop Belg.
2008;74(3):343-348.

8.  YongB, LiY, LiJ, etal. Post-operative radiograph assessment of children under-
going closed reduction and spica cast immobilization for developmental dys-
plasia of the hip: does experience matter? Int Orthop. 2018;42(11):2725-2731.
[CrossRef]

9.  Eggli KD, King SH, Boal DK, Quiogue T. Low-dose CT of developmental dys-
plasia of the hip after reduction: diagnostic accuracy and dosimetry. AJR Am
J Roentgenol. 1994;163(6):1441-1443. [CrossRef]

10. Bachy M, Thevenin-Lemoine C, Rogier A, Mary P, Ducou Le Pointe H, Vialle R.
Utility of magnetic resonance imaging (MRI) after closed reduction of devel-
opmental dysplasia of the hip. J Child Orthop. 2012;6(1):13-20. [CrossRef]

11.  Gould SW, Grissom LE, Niedzielski A, Kecskemethy HH, Bowen JR, Harcke HT.
Protocol for MRI of the hips after spica cast placement. J Pediatr Orthop.
2012;32(5):504-509. [CrossRef]

12.  Duffy CM, Taylor FN, Coleman L, Graham HK, Nattrass GR. Magnetic reso-
nance imaging evaluation of surgical management in developmental dysplasia
of the hip in childhood. J Pediatr Orthop. 2002;22(1):92-100. [CrossRef]

13.  Starr V, Ha BY. Imaging update on developmental dysplasia of the hip with the
role of MRIL. AJR Am ] Roentgenol. 2014;203(6):1324-1335. [CrossRef]

14.  Chin MS, Betz BW, Halanski MA. Comparison of hip reduction using magnetic
resonance imaging or computed tomography in hip dysplasia. / Pediatr Orthop.
2011;31(5):525-529. [CrossRef]

15.  Tiderius C, Jaramillo D, Connolly S, et al. Post-closed reduction perfusion mag-
netic resonance imaging as a predictor of avascular necrosis in developmental
hip dysplasia: a preliminary report. J Pediatr Orthop. 2009;29(1):14-20.
[CrossRef]

16.  Kelly D. Congenital and Developmental Anomalies of the Hip and Pelvis. Camp-
bell’s Operative Orthopaedics. 12th ed. Philadelphia: Elsevier-Mosby; 2013:
1079-1118.

17.  Cooke SJ, Rees R, Edwards DL, Kiely NT, Evans GA. Ossification of the femoral
head at closed reduction for developmental dysplasia of the hip and its
influence on the long-term outcome. ] Pediatr Orthop B. 2010;19(1):22-26.
[CrossRef]

18.  Kalamchi A, MacEwen GD. Avascular necrosis following treatment of congeni-
tal dislocation of the hip. ] Bone Joint Surg Am. 1980;62(6):876-888. [CrossRef].

19. Gans I, Sankar WN. The medial dye pool revisited: correlation between
arthrography and MRI in closed reductions for DDH. ] Pediatr Orthop. 2014;
34(8):787-790. [CrossRef]

20. Stein-Zamir C, Volovik I, Rishpon S, Sabi R. Developmental dysplasia of the
hip: risk markers, clinical screening and outcome. Pediatr Int. 2008;50(3):341-
345. [CrossRef]

21.  Clarke NM, Jowett AJ, Parker L. The surgical treatment of established congeni-
tal dislocation of the hip: results of surgery after planned delayed intervention
following the appearance of the capital femoral ossific nucleus. J Pediatr
Orthop. 2005;25(4):434-439. [CrossRef]

22.  Bolland BJ, Wahed A, Al-Hallao S, Culliford DJ, Clarke NM. Late reduction in
congenital dislocation of the hip and the need for secondary surgery: radiologic
predictors and confounding variables. | Pediatr Orthop. 2010;30(7):676-682.
[CrossRef]

23.  Pospischill R, Weninger J, Ganger R, Altenhuber J, Grill F. Does open reduction
of the developmental dislocated hip increase the risk of osteonecrosis? Clin
Orthop Relat Res. 2012;470(1):250-260. [CrossRef]

24.  Morcuende JA, Meyer MD, Dolan LA, Weinstein SL. Long-term outcome after
open reduction through an anteromedial approach for congenital dislocation
of the hip. J Bone Joint Surg Am. 1997;79(6):810-817. [CrossRef]

25. Cordier W, Toénnis D, Kalchschmidt K, Storch KJ, Katthagen BD. Long-term
results after open reduction of developmental hip dislocation by an anterior
approach lateral and medial of the iliopsoas muscle. J Pediatr Orthop B.
2005;14(2):79-87. [CrossRef]

26. Mankey MG, Arntz GT, Staheli LT. Open reduction through a medial approach
for congenital dislocation of the hip. A critical review of the Ludloff approach
in sixty-six hips. ] Bone Joint Surg Am. 1993;75(9):1334-1345. [CrossRef]

332


https://doi.org/10.1097/00003086-198612000-00004
https://doi.org/10.1302/0301-620X.97B6.35395
https://doi.org/10.1016/j.ocl.2014.03.005
https://doi.org/10.1097/BPO.0000000000000895
https://doi.org/10.5435/00124635-200111000-00005
https://doi.org/10.1007/s11832-016-0729-5
https://doi.org/10.1007/s00264-018-4038-0
https://doi.org/10.2214/ajr.163.6.7992743
https://doi.org/10.1007/s11832-012-0382-6
https://doi.org/10.1097/BPO.0b013e31825a23e4
https://doi.org/10.1097/01241398-200201000-00020
https://doi.org/10.2214/AJR.13.12449
https://doi.org/10.1097/BPO.0b013e31821f905b
https://doi.org/10.1097/BPO.0b013e3181926c40
https://doi.org/10.1097/BPB.0b013e32832fc8ca
https://doi.org/10.2106/00004623-198062060-00002
https://doi.org/10.1097/BPO.0000000000000187
https://doi.org/10.1111/j.1442-200X.2008.02575.x
https://doi.org/10.1097/01.bpo.0000158003.68918.28
https://doi.org/10.1097/BPO.0b013e3181efb8c7
https://doi.org/10.1007/s11999-011-1929-4
https://doi.org/10.2106/00004623-199706000-00002
https://doi.org/10.1097/01202412-200503000-00004
https://doi.org/10.2106/00004623-199309000-00008

Bakircioglu et al. / Acta Orthop Traumatol Turc 2023; 57(6): 329-333

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Segal LS, Boal DK, Borthwick L, Clark MW, Localio AR, Schwentker EP. Avas-
cular necrosis after treatment of DDH: the protective influence of the ossific
nucleus. J Pediatr Orthop. 1999;19(2):177-184. [CrossRef]

Bache CE, Graham HK, Dickens DRV, et al. Ligamentum teres tenodesis
in medial approach open reduction for developmental dislocation of the hip.
] Pediatr Orthop. 2008;28(6):607-613. [CrossRef]

Buchanan JR, Greer 3rd RB, Cotler JM. Management strategy for prevention of
avascular necrosis during treatment of congenital dislocation of the hip. ] Bone
Joint Surg Am. 1981;63(1):140-146. [CrossRef]

Terjesen T, Halvorsen V. Long-term results after closed reduction of latede-
tected hip dislocation: 60 patients followed up to skeletal maturity. Acta
Orthop. 2007;78(2):236-246. [CrossRef]

Kalamchi A, Schmidt TL, MacEwen GD. Congenital dislocation of the hip.
Open reduction by the medial approach. Clin Orthop Relat Res. 1982;169
(169):127-132.

Okano K, Yamada K, Takahashi K, Enomoto H, Osaki M, Shindo H. Long-term
outcome of Ludloff’s medial approach for open reduction of developmental
dislocation of the hip in relation to the age at operation. Int Orthop. 2009;
33(5):1391-1396. [CrossRef]

LiY, Xu H, Li]J, et al. Early predictors of acetabular growth after closed reduc-
tion in late detected developmental dysplasia of the hip. J Pediatr Orthop B.
2015;24(1):35-39. [CrossRef]

Gornitzky AL, Georgiadis AG, Seeley MA, Horn BD, Sankar WN. Does perfu-
sion MRI after closed reduction of developmental dysplasia of the hip
reduce the incidence of avascular necrosis? Clin Orthop Relat Res. 2016;474(5):
1153-1165. [CrossRef]

Yamada N, Maeda S, Fujii G, Kita A, Funayama K, Kokubun S. Closed reduction
of developmental dislocation of the hip by prolonged traction. ] Bone Joint Surg
Br. 2003;85(8):1173-1177. [CrossRef]

Zhao L, Yan H, Yang C, Cai D, Wang Y. Medium-term results following arthro-
scopic reduction in walking-age children with developmental hip dysplasia
after failed closed reduction. J Orthop Surg Res. 2017;12(1):135. [CrossRef]

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

333

Luhmann SJ, Bassett GS, Gordon JE, Schootman M, Schoenecker PL. Reduction
of a dislocation of the hip due to developmental dysplasia: implications for the
need for future surgery. J Bone Joint Surg Am. 2003;85(2):239-243. [CrossRef]
Walter SG, Endler CH-J, Remig AC, Luetkens JA, Bornemann R, Placzek R. Risk
factors for failed closed reduction in dislocated developmental dysplastic hips.
Int Orthop. 2020;44(11):2343-2348. [CrossRef]

Murphy RF, Kim Y]. Surgical management of pediatric developmental dyspla-
sia of the hip. ] Am Acad Orthop Surg. 2016;24(9):615-624. [CrossRef]

Boal DK, Schwenkter EP. The infant hip: assessment with real-time US. Radiol-
ogy. 1985;157(3):667-672. [CrossRef]

Desai AA, Martus JE, Schoenecker J, Kan JH. Spica MRI after closed reduction
for developmental dysplasia of the hip. Pediatr Radiol. 2011;41(4):525-529.
[CrossRef]

Jaramillo D, Villegas-Medina OL, Doty DK, et al. Gadolinium-enhanced MR
imaging demonstrates abduction-caused hip ischemia and its reversal in pig-
lets. AJR Am ] Roentgenol. 1996;166(4):879-887. [CrossRef]

Rosenbaum DG, Servaes S, Bogner EA, Jaramillo D, Mintz DN. MR imaging in
postreduction assessment of developmental dysplasia of the hip: goals and
obstacles. RadioGraphics. 2016;36(3):840-854. [CrossRef]

Takeuchi R, Kamada H, Mishima H, Mukai N, Miyakawa S, Ochiai N.
Evaluation of the cartilaginous acetabulum by magnetic resonance imaging in
developmental dysplasia of the hip. J Pediatr Orthop B. 2014;23(3):237-243.
[CrossRef]

Haruno LS, Kan JH, Rivlin MJ, et al. Spica MRI predictors for epiphyseal oste-
onecrosis after closed reduction treatment of dysplasia of the hip. J Pediatr
Orthop B. 2019;28(5):424-429. [CrossRef]

Dibello D, Odoni L, Pederiva F, Di Carlo V. MRI in postreduction evaluation of
developmental dysplasia of the hip: our experience. | Pediatr Orthop. 2019;
39(9):449-452. [CrossRef]

Jadhav SP, More SR, Shenava V, Zhang W, Kan JH. Utility of immediate post-
operative hip MRI in developmental hip dysplasia: closed vs. open reduction.
Pediatr Radiol. 2018;48(8):1096-1100. [CrossRef]


https://doi.org/10.1097/00004694-199903000-00008
https://doi.org/10.1097/BPO.0b013e318184202c
https://doi.org/10.2106/00004623-198163010-00018
https://doi.org/10.1080/17453670710013744
https://doi.org/10.1007/s00264-009-0800-7
https://doi.org/10.1097/BPB.0000000000000111
https://doi.org/10.1007/s11999-015-4387-6
https://doi.org/10.1302/0301-620x.85b8.14208
https://doi.org/10.1186/s13018-017-0635-7
https://doi.org/10.2106/00004623-200302000-00009
https://doi.org/10.1007/s00264-020-04655-1
https://doi.org/10.5435/JAAOS-D-15-00154
https://doi.org/10.1148/radiology.157.3.3903853
https://doi.org/10.1007/s00247-010-1965-3
https://doi.org/10.2214/ajr.166.4.8610567
https://doi.org/10.1148/rg.2016150159
https://doi.org/10.1097/BPB.0000000000000032
https://doi.org/10.1097/BPB.0000000000000606
https://doi.org/10.1097/BPO.0000000000001037
https://doi.org/10.1007/s00247-018-4143-7

