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Abstract

Background The literature is scanty on reports directly comparing the outcomes of anterior open reduction (AOR) and
medial open reduction (MOR) in the management of developmental dysplasia of the hip (DDH).

Purpose of the Study To compare clinical and radiographic outcomes of surgical treatment using either AOR or MOR in
children with DDH aged < 24 months and to evaluate the procedure-inherent risks of avascular necrosis of the femoral head
(AVN) and need for further corrective surgery (FCS).

Methods 61 children who underwent surgical treatment for DDH were categorized into two groups: AOR (31 hips of 28
patients) and MOR (39 hips of 33 patients). The mean age was 17+ 5.85 (range 7-24) months in group AOR and 13 +5.31
(range 6-24) months in group MOR. The mean follow-up was 118+41.2 (range 24-192) months and 132+ 36.7 (range
24-209) months in group AOR and MOR. At the final follow-up, mid- to long-term clinical and radiographic outcomes
were assessed. FCS was recorded.

Results Regarding McKay’s clinical criteria, both groups exhibited similar results (p=0.761). No significant differences
were observed between the groups in both the center—edge—angle (p =0.112) and the Severin score (p=0.275). The AVN
rate was 32% in the AOR group and 20% in the MOR group (p =0.264). The FCS rate was 22% in the AOR group and 12%
in the MOR group (p =0.464).

Conclusions This study showed similar clinical and radiological outcomes with AOR and MOR with no significant relation
to AVN and FCS.

Level of Evidence Level III.

Keywords Developmental dysplasia of the hip - Open reduction - Anterior open reduction - Medial open reduction -
Avascular necrosis of the femoral head
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consider open reduction as the first-line treatment for chil-
dren aged older than 18 months [3, 5].

The most common surgical approaches for open reduc-
tion are medial approach open reduction and anterior
approach open reduction. Both approaches can directly
address hindrances in concentric reduction, including the
iliopsoas, transverse acetabular ligament, ligamentum
teres, neolimbus, pulvinar, and acetabulum [6]. However,
as compared with the anterior open reduction (AOR),
despite its advantage of less blood loss, medial open
reduction (MOR) provides no access for capsular plica-
tion and pelvic osteotomy (if required) [5]. Furthermore,
AVN and FCS rates relevant to the two approaches range
extensively in the literature [3, 4, 7-35], and the medial
approach has been more commonly associated with AVN
and FCS [6, 10, 25, 36-38].

Current literature illustrates the pros and cons of each
approach individually; however, there is still a lack of
evidence comparing the two approaches to determine the
more advantageous one [1, 6, 39-41]. Therefore, this study
aimed to compare the mid-term clinical and radiographic
outcomes of surgical treatment using either AOR or MOR
in children with DDH aged < 24 months and specifically
to assess the procedure-inherent risks of AVN and FCS.

Materials and Methods

After obtaining approval from the institutional review
board, a total of 91 consecutive patients who underwent
surgical treatment with either AOR or MOR for the treat-
ment of DDH from 2003 to 2011 were retrospectively
reviewed. Based on the eligibility criteria (Table 1), 30 chil-
dren were excluded; the remaining 61 children were enrolled
in the study. Parents were informed that medical records
could be used for scientific purposes only; thus, written
informed consent was obtained at the final visit.

Patients included in the study were categorized into two
groups based on the surgical approach used during the initial
operation: AOR and MOR. The AOR group included 31
hips of 28 patients (27 females and 4 males), whereas the
MOR group consisted of 39 hips of 33 patients (29 females
and 3 males).

During the initial operation, the mean age of the
patients was 17 +5.85 (range 7-24) months in group AOR
and 13 +5.31 (range 6-24) months in group MOR. The
mean follow-up was 118 +41.2 (range 24-192) months
and 132+36.7 (range 24-209) months in group AOR and
MOR, respectively. Patients in either group were comparable
in terms of demographic data as shown in Table 2 (p >0.05
for gender, side, number of hips, and duration of follow-up).

Table 1 Eligibility criteria for
inclusion and exclusion of the

Inclusion criteria

Exclusion criteria

study participants A diagnosis of idiopathic DDH

Cases which underwent an anterior or medial open reduction
An age of between 6 and 24 months at the time of surgery
Being willing to participate the study

< 6 months old at the time of surgery

> 24 months old at the time of surgery

< 2 years of follow-up

Lost to follow-up

Concomitant neuromuscular comorbidities
Teratological dislocations

Previous failed open reduction

Being unwilling to participate the study

DDH developmental dysplasia of the hip

Table 2 Demographic characteristics of the study participants

Group AOR (28 patients, 31 hips) Group MOR (33 patients, 39 hips) p values
Mean age at surgery (month) 17 +5.85 (range 7-24) 13+5.31 (range 6-24) 0.09*
Gender 4 M, 24F 4 M, 29F 1.00°
Side 14R, 11L 13R, 14L 0.57¢
Bilateral involvement 3 6 0.41¢
Unilateral involvement 25 27
Follow-up duration (month) 118 +41.2 (range 24-192) 132+36.7 (range 24-209) 0.18*

*p<0.05
aStudent T test
PFisher’s exact test

Pearson Chi-square test
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Six hips of 5 children in group AOR and 7 hips of 6
children in group MOR experienced previous treatment
failure with closed reduction under general anesthesia and
a hip spica cast. The remaining children in both groups had
been primarily operated.

With regard to additional procedures performed during
the initial open reduction (Table 3), 11 children (12 hips)
in group AOR underwent a percutaneous adductor ten-
otomy for mild adduction contracture. However, in three
children (four hips) with severe adduction contracture, an
open adductor tenotomy was preferred. Otherwise, the
adductor tenotomy was a certain component of medial
approach open reduction. If hip abduction was more than
30°, adduction contracture was defined as mild. If hip
abduction was less than 30°, adduction contracture was
defined as severe. Four children (four hips) in group AOR
and seven children (eight hips) in group MOR in whom
closed reduction had been practicable underwent a hip
arthrogram in order to determine the quality of the ini-
tial reduction. Among these patients, open reduction was
required due to an increased medial dye pool in three chil-
dren (three hips) from group AOR and two children (three
hips) from group MOR. In addition, none of the hips in
group MOR underwent any additional surgical procedures
during the initial operation; however, femoral varization
derotational osteotomy in two hips with unilateral DDH
was performed in group AOR.

Management and Follow-Up Protocol

None of the patients from both groups underwent preop-
erative hip traction. Open reduction is indicated in both
groups based on the following reasons:

Failure of closed reduction

Unstable hip following closed reduction
Non-concentric reduction after closed reduction
Stability achieved by closed reduction that can be only
maintained by placing the hip in an extreme degree of
internal rotation or abduction.

Open reduction of hips was performed using anterolat-
eral [42] or medial approaches [43, 44] by three pediatric
orthopedic surgeons as previously described in the literature.
The surgical approach used decided based on the surgeon’s
preference and experience. Nine children with bilateral
involvement were operated at the same session; three and six
of them underwent bilateral anterior approach and bilateral
medial approach, respectively.

After achieving a concentric hip reduction, all patients
were placed in a hip spica cast postoperatively, with hip
abduction of < 60° and flexion of not> 100° for 3 months
based on the surgeon’s preference. Based on the surgeon’s
preference, in group AOR, the reduction was postoperatively
confirmed by computed tomography (CT) in three children
(three hips) and magnetic resonance imaging (MRI) in seven
children (seven hips). In group MOR, the postoperative
reduction was checked by CT in four children (four hips) and
MRI in eight children (nine hips). In both groups, postop-
erative imaging showed concentric reduction and congruity
of the femoral head into the true acetabulum. The cast was
routinely changed at least once under general anesthesia at
the midpoint of this period. Then, patients were put in an
abduction orthosis with both hips flexed at 90° and abducted
at 30° for nearly 12 weeks (full time for the first 6 weeks and
only during sleep for the next 6 weeks).

Clinical and Radiological Assessment

The clinical and radiological assessments were performed by
two experienced pediatric orthopaedic surgeons.

During the clinical assessment, the modified McKay’s
clinical criteria [45] were used for each patient at the final
follow-up in addition to measuring the hip range of motion
(ROM) and hip muscle strength.

ROM was measured using a universal standard goni-
ometer. The isometric muscle strength was measured
using a portable, hand-held dynamometer (The wireless
microFET®2 Digital Handheld Dynamometer muscle tester,
Hoggan Scientific LLC, Salt Lake City, USA) based on a
described previously validated method [46] in the hip flexor
and abductor muscles. The measurement protocol in terms

Table 3 Additional procedures
performed during the initial
open reduction

Group AOR? (31 hips of 28 children)

Group MOR® (39
hips of 33 patients)

Adductor tenotomy

Hip arthrogram

Femoral varization derotational
osteotomy

Percutaneous > 12 hips of 11 children
Open >4 hips of 3 children

4 Hips of 4 children
2 Hips of 2 children

All the children®

8 Hips of 7 children
None

2AOR anterior open reduction

"MOR medial open reduction

“The adductor tenotomy was a certain component of MOR
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of dynamometer and positioning was standardized depend-
ing on procedures previously often used in clinical settings
[47]. The dynamometer was calibrated before and after each
round of measurement in accordance with the manufactur-
er’s instructions. Each measurement was performed accord-
ing to “the make test” protocol [46], where the examiner
holds the dynamometer in a stationary position while the
child pushes the dynamometer with a maximal strength.

In the radiological assessment, each hip with DDH was
classified based on the Tonnis staging (grade 1-4) [48],
and the acetabular index (AI) was measured on preopera-
tive anteroposterior (AP) pelvic radiographs. [49] At the
final follow-up, the center—edge—angle (CEA) was meas-
ured to examine the residual acetabular dysplasia, [49] and
the Severin score [50] was calculated based on AP pelvic
radiographs to assess the radiographic results (presence of
femoral head and femoral neck deformity or subluxation).

The primary outcomes in this study were AVN and FCS
rates for each approach. AVN was assessed based on Kal-
amchi and MacEwen criteria [51] in a minimum of 2-year
follow-up radiographs.

FCS including an additional reconstructive procedure
(acetabular and/or femoral osteotomy) and/or reconstruc-
tive open reduction of the hip was also recorded from the
review of institutional medical records.

Statistical Analyses

IBM SPSS Statistics software, version 20.0 (IBM Corp.,
Armonk, New York, NY, USA), was used for statistical
analysis. A p <0.05 was considered statistically significant.
Normality tests were conducted using the Shapiro-Wilk
test and histogram graphics. Data are presented as “mini-
mum”, “maximum”, “range”, “arithmetic mean”, “standard
deviation”, and “’percentage’’. Between-group compari-
sons were performed using the Student ¢ test for continu-
ous variables, and Pearson’s Chi-square test, Fisher’s exact
test, or Fisher—Freeman—Halton’s exact test for categorical
variables.

Results
Clinical Evaluation

The patients’ clinical outcomes in each group are demon-
strated in Table 4. Regarding ROM measurements, no dif-
ferences were observed between the two groups (p > 0.05
for each variable). Although no difference was observed in
the measurement of abductor muscle strength (p =0.133),
the flexor muscle strength was significantly higher in the
AOR group than that in the MOR (p=0.037; p <0.05).
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Table 4 Clinical outcomes of the patients in both groups
Group AOR  Group MOR p value

ROM degree (°)

Min-Max

Mean = SD

Flexion 70-145 75-145 0.067%
121.50+8.30 122+7.25

Extension 5-35 5-30 0.069*
9+4.25 8+3.24

Internal rotation 20-65 15-65 0.087%
38.55+11.42 43.58+12.18

External rotation 2046 10-50 0.788*
33.52+6.55 33.03+8.06

Abduction 15-55 10-55 0.095%
30+£5.24 29+5.28

Adduction 15-45 15-40 0.089*
25+6.45 23+6.15

Muscle strength (N)

Min-Max

Mean + SD

Flexor 40-120 45-170 0.037%
122.9+40.53 103.24+32.58

Abductor 35-193 27-135 0.133*
99.07+36.98 86.30+29.37

McKay'’s clinical criteria

Grade I-1V; n (%) 1: 21 (67) 1: 28 (72) 0.761°
1I: 3 (10) 1I: 4 (10)
III: 6 (20) III: 6 (15)
IV: 1 (3) IV: 1 (3)

Student ¢ test; p <0.05
®Fisher—Freeman—Halton exact test; p <0.05

Regarding McKay’s clinical criteria, both groups exhibited
similar results (p=0.761).

Radiographic Evaluation

The radiographic outcomes of patients in for each group are
demonstrated in Table 5. In the preoperative Tonnis grading
of DDH, no significant difference was recognized between
the two groups (p =0.518). Furthermore, both groups dem-
onstrated similar preoperative Al values (Figs. 1 and 2,
examples of preoperative and postoperative radiographs for
AOR and MOR).

At the final follow-up, no significant differences were
observed between the two groups in terms of CEA measure-
ment (p=0.112), as well as the AVN rate and grade (Fig. 3)
(p=0.264 and 0.084, respectively) (Figs. 4 and 5, examples
of AVN types following AOR and MOR). Although statisti-
cally insignificant, the rate of AVN was higher in the AOR
group (32%) than in the MOR group (22%), but the severity
of AVN was higher in the MOR group according to Kalam-
chi and MacEwen criteria (Table 5).
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Table 5 Radiographic outcomes

S s Group AOR Group MOR Statistical
of the patients in both groups comparison*
Preoperative Tonnis grading
Grade I-1V; n (%) II: 5 (16) II: 4 (10) 0.518*
1I: 13 (42) III: 22 (57)
IV: 13 (42) IV: 13 (33)
Preoperative AI* degree (°)
Min-Max 30-54 33-53 0.288°
Mean +SD 40+5.63 41.44+5.52
Al at the final follow-up* degree (°)
Min-Max 8-34 7-32 0.98°
Mean +SD 20+7.51 21+7.20
Final CEA** degree (°)
Min-Max 14-48 15-43 0.112°
Mean +SD 33.37+7.61 30.30+7.87
Severin’s radiographic classification
Class; n (%) I: 17 (55) 1: 29 (75) 0.275%
1I: 8 (25) I: 5 (12)
1I:1 (4) 1I:2 (5)
IV:5 (16) IV:3 (8)
The presence of AVN*** n, (%)
Yes 10 (32) 8 (20) 0.264°
No 21 (68) 31 (80)
Kalamchi and MacEwen criteria****
Type I-1V; n (%) 1.2 (6) 1:3(8) 0.084*
II: 6 (20) 1I: 3(8)
III: 2 (6) II: 0
Iv: 0 IV:2 (5)

*Al acetabular index
**CEA center—edge angle

*#*The presence of AVN based on the Salter’s criteria

*#%*¥The severity of AVN according to Kalamchi and MacEwen criteria

*Fisher—Freeman—Halton exact test, p <0.05

bStudent 7 test, p<0.05

“Pearson’s Chi-square test; p <0.05

Revision Surgery

In both groups, there was no case that developed AVN or
required FCS among children who had failure of previous
treatment with closed reduction and casting. One child with
unilateral DDH from each group had developed a re-dislo-
cation recognized by the MRI. Then, patients underwent a
revision surgery by an anterolateral approach. No signs of
AVN were observed at the follow-up. Two patients in the
AOR group and three in the MOR group underwent Salter’s
innominate osteotomy for residual acetabular dysplasia. Fur-
thermore, femoral varization derotational osteotomy was per-
formed in two patients in the AOR group and one in the MOR
group for coxa valga and increased femoral anteversion. The
FCS rate was 22% in the AOR group and 12% in the MOR
group (p=0.464) (Fig. 3; Table 6). Lastly, final follow-up
examination revealed that one child experienced coxa breva

@ Springer

and overgrowth of the greater trochanter secondary to type
4 AVN (right hip) following MOR (Fig. 4). This patient had
undergone Salter’s innominate osteotomy for residual dyspla-
sia after open reduction at 5 years old. At the final follow-up,
we planned a femoral neck-lengthening osteotomy and transfer
of the greater trochanter to prevent early osteoarthritis. Lastly,
one child developed caput valgum deformity secondary to type
2 AVN (left hip) and residual acetabular dysplasia (Fig. 5) in
the AOR group. For this patient, we planned a revision surgery
including pelvic osteotomy and if necessary, proximal femoral
osteotomy.
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Fig. 1 Radiographic views of

a hip undergoing AOR. The
anteroposterior radiographs of
a 9-month old female with right
DDH before (a) and 12 years
following AOR

Fig.2 Radiographic views of

a hip undergoing MOR. The
anteroposterior radiographs of
a 7-month old female with right
DDH before (a) and 11 years
following MOR

Discussion

In the management of DDH, although several authors
reported favorable results for open reduction with either
AOR or MOR [3, 4, 7-35], only few studies directly com-
pared the outcomes of both approaches in the literature [1,
6, 39—41]. Therefore, this study provides additional evi-
dence that MOR and AOR approaches could confer similar
clinical and radiographic outcomes at mid- to long-term
follow-up. Besides, AVN and NFS constitute the most vital
problems that may jeopardize the outcome of a success-
fully performed open reduction in the postoperative period
of DDH [52]. Hence, comparing the AVN and NFS rates
was chosen as primary outcomes in this study.

Based on our comprehensive review of the current lit-
erature, AVN rates associated with MOR varied from 0

to 43%, with majority of investigations reporting 10-30%
[3, 4, 7-22]. Even though the reported AVN rates follow-
ing AOR have ranged from 0 to 35% [23-35], these ratios
are under the top rates in MOR studies. Similar to AVN,
FCS rates following the open reduction of DDH seemed
inconsistent. MOR rates varied from 0 to 53%, with most
authors reporting <30% [7, 9, 11-17, 20, 36]. Likewise,
FCS following AOR showed a range from 0 to 57%, with
majority of researchers reporting <30% [23-25, 29, 33,
34]. For both MOR and AOR, the AVN (20% and 32%,
respectively) and FCS (12% and 22%, respectively) rates
obtained in this study are consistent with those in the
literature.

Based on the aforementioned information, previous
reports have focused on the risk assessment of AVN
and FCS for open reductions of DDH. Nonetheless, few
clinical studies have directly compared the AVN and FCS
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Primary Outcomes of The Study

35%

30%

25%

20%
15%
10%
5%
0%
The Rate of AVN
B Group AOR 32%
B Group MOR 20%

The Rate of NRS
22%
12%

B Group AOR  ® Group MOR

Fig.3 Charts illustrating rates of AVN and FCS for both approaches

Fig.4 Hip radiograph of a patient aged 12 years old with unilateral
type 4 AVN (right hip) illustrates coxa breva and overgrowth of the
greater trochanter following MOR. The patient underwent Salter’s
innominate osteotomy for residual acetabular dysplasia after open
reduction at 5 years old

rates for both approaches to date (Table 7) [1, 6, 39, 41].
In one study, Bulut et al. [41] found that the AVN rate
was lower in the medial approach (6%, 3/47 hips) than
that in the anterior approach (30%, 4/13 hips) in children

@ Springer

aged < 24 months. In contrast, the authors observed no
significant difference in FCS between medial (21%, 10/47
hips) and anterior approaches (6%, 4/14 hips). In another
comparative study, Tarassoli et al. [1] prospectively
assessed AVN and FCS risks for both approaches, with a
mean follow-up of 70 (range 26-228) months. The authors
concluded that children treated via an early MOR were not
highly at risk of AVN at the early to mid-term follow-up
as compared to those treated via a delayed AOR. Similar
to Tarassoli et al. but with longer follow-up, early MOR
was found to carry similar risks in terms of AVN and FCS
as compared to delayed AOR. Although statistically insig-
nificant, it is also worth noting that in our series, AVN is
more frequent in AOR but more severe in MOR according
to Kalamchi and MacEwen criteria.

With a new perspective on the issue, Gardner et al. [53]
conducted a systematic review of 14 studies to identify the
rate of clinically significant AVN following MOR. There-
fore, the authors did not include type I AVN because it
has an insignificant impact on the outcome and found that
the rate of clinically significant AVN (types 2—4) was 20%
(149/734 hips). Based on Gardner et al.’s study design, the
rate of clinically significant AVN in our study was higher
in the MOR group (25%) than those in the AOR group
(12%) despite no statistical significance.
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Fig.5 Serial follow-up hip radiographs with a 1-year interval show the development and progress of caput valgum deformity secondary to uni-
lateral type 2 AVN (left hip) and residual acetabular dysplasia following AOR

Table 6 Need for further corrective surgery in both groups

Group AOR Group MOR p value
Need for further corrective surgery
Yes 5 (22%) 4 (12%) 0.464%
No 18 (78%) 29 (88%)

Salter osteot-
omy =2 patients omy =3 patients
Open reduction: 1 ~ Open reduction=1
Femoral osteotomy: Femoral osteotomy:
2 1

Type of revision  Salter osteot-

surgery

# Fisher’s Exact Test, p <0.05

The primary limitation of this and previous comparative
studies [1, 39—41] is the higher age profile in the AOR group
than that in the MOR, which may have influenced the results.
Hoellwarth et al. [6] attempted to eliminate this potential
confounder by comparing two techniques in an age-matched
manner (mean age: 6 [range 1.4-14.9] months) and found no
relationship between the surgical approach and risk of AVN
(22%, 4/18 hips in MOR and 28%, 5/18 hips in AOR) and
FCS (21%, 4/19 hips in MOR and 37%, 7/19 in AOR). Nev-
ertheless, drawing a definitive conclusion is difficult due to

the small sample size. Therefore, prospective, matched-pair,
and observational designed further studies including larger
sample sizes are needed to better clarify these relationships.

The final radiographic outcomes in this study were
assessed based on the Severin classification due to its reli-
ability [54]. In the literature, the mean rate of excellent and
good radiographic results according to Severin classification
is 73.8% (range 33-96%) in the AOR series [8, 10, 25, 27,
40, 55], and 62.9% (range 45.7-79%) in the MOR series
[12, 56, 57]. Therefore, our radiographic results for both
AOR and MOR groups seemed favorable without significant
difference and are comparable to other series. Therefore,
if the follow-up period is short, physicians must be more
careful in making judgments regarding the final outcome
since the Severin criteria become more reliable with increas-
ing patient age. Considering our follow-up period that is
longer than most studies cited above, we believe that this
study can particularly confer strong evidence on the radio-
graphic results of open reduction treatment in patients with
DDH. In contrast, although some children had been regularly
followed by clinical and radiographic evaluation for many
years in both groups, most of them had solely a few years
of follow-up because of the absence of complaints about
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their hips. Thus, we could not evaluate the changes in Al
on subsequent radiographs, which can be considered as a
limitation.

Furthermore, the clinical outcomes should also be dis-
cussed. To evaluate the patients’ final clinical status, the
modified McKay criteria that is mostly preferred in the liter-
ature have been used. Excellent and good clinical outcomes
have been reported with a rate of 84.6-98% for the AOR
series [33, 35, 41] and 83-98% for the MOR series [11, 25,
35, 58-60]. For both surgical approaches, the rate of excel-
lent and good clinical outcomes in our study is favorably
comparable with those in previous studies. Nonetheless, the
modified McKay criteria are a subjective scoring system to
evaluate the functional status of the hip joint. Therefore,
unlike most studies, the hip ROM was measured with a
universal goniometer in addition to hip flexor and abductor
muscle strength using a portable, hand-held dynamometer,
a reliable and validated method, in order to provide more
objective functional results. Our measurements indicated
that although no differences in ROM and abductor muscle
strength existed, the flexor muscle strength was significantly
higher in the AOR group than that in the MOR.

When interpreting the findings in this study, some limita-
tions and strengths should be considered. The first limitation
was its retrospective nature. Second, despite the use of an
upper age limit, children in the AOR group had a higher
mean age, which may have affected our results. Otherwise,
the two groups were comparable in terms of Tonnis classi-
fication, which may be a determinant for the risk of AVN or
FCS. Third, since type II AVN frequently does not become
evident for several years after surgery [52], the mid-term fol-
low-up of the current study is insufficient to make an accu-
rate judgment concerning the rate of type II AVN. Last, the
current study is a non-randomized, surgeon dependent study
where three different surgeons performed all the operations.
This may have biased the results because of surgeon’s pref-
erence and experience. Despite these limitations, our study
is one of few studies [1, 39-41] that compare clinical and
radiological outcomes of AOR and MOR as the surgical
treatment for DDH.

Conclusion

Evidence from this study has demonstrated that in the
management of DDH, AOR and MOR can provide similar
favorable clinical and radiological outcomes with no signifi-
cant relation to AVN and FCS at the mid-term follow-up.
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