
The treatment of developmental dysplasia of the

hip (DDH) between ages 1-3 years is controversial.

Particularly controversial is the age after which

pelvic osteotomy should be added to the treatment. In

the present study, the outcomes of DDH patients aged

1-3 years treated with anterior open reduction alone

were evaluated, and the relationship between inade-

quate acetabular development, the need for second-

ary pelvic osteotomy, and age was investigated. A

total of 53 patients (70 hips) who had begun walking,

who had undergone open reduction through an

anterolateral approach, who had a follow-up period

of at least 2 years, and who had Tönnis grade III and

IV hip dysplasia were included in the study. They

were grouped according to treatment age (pre-18

months : Group I ; post-18 months : Group II), and

the two groups were compared with regard to radio-

logical and functional outcomes and the need for a

secondary acetabular procedure. In Group I there

were 29 hips (mean age : 16.09 months) and in

group II there were 41 hips (mean age : 23.1 months),

and the mean follow-up period was 48.9 months.

According to the modified Trevor score, in Group I

outcomes were excellent in 23 hips (79.3%) and good

in 6 hips (20.7%), while in group II outcomes were

excellent in 30 hips (73.2%), good in 10 hips (24.4%),

and fair in 1 hip (2.1%). The difference between out-

comes was not significant (P > 0.05). Inadequate

acetabular development was determined in 11 hips in

group I (37.9%) and in 16 hips in group II (39%).

There was no difference between groups in terms of

inadequate acetabular development or the need for

acetabular prodecures (p > 0.05). No significant

difference  was determined between DDH patients

treated before 18months and those treated after

18 months with regard to unsatisfactory acetabular

development or the need for secondary acetabular

procedures. According to these results, reduction

prior to 18 months does not always achieve satisfac -

tory acetabular development, and secondary acetab-

ular procedures are not always necessary in patients

who undergo reduction after 18 months. In the treat-

ment of DDH, the decision to perform primary pelvic

osteotomy in addition to open reduction should be

made not according to whether the patient is older or

younger than 18 months, but according to stability,

and all patients should be followed closely with

regard to the need for pelvic osteotomy.
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INTRODUCTION

The goal in the treatment of developmental dys-
plasia of the hip (DDH) is to achieve and maintain
concentric reduction. if concentric reduction can be
maintained, then it is assumed that the acetabular
abnormalities will be corrected and normal devel-
opment will take place (1,5,6,15,23).

inadequate treatment leads to secondary acetabu-
lar dysplasia and, in the young adult period, second-
ary osteoarthritis. in order to prevent secondary
acetabular dysplasia and osteoarthritis, the first
treatment must be carried out early, correctly, and
adequately (7,14,16,17,21).

The method of treatment in children aged 1-
3 years with DDH is controversial (3,9,12). in the
literature  various treatment methods in this age
group are reported, including closed reduction
alone, open reduction alone, and open reduction
along with pelvic and/or femoral osteotomy (3,6,

9,17). in general, there is a widespread tendency for
open reduction alone before 18 months, and open
reduction along with femoral and/or pelvic osteo -
tomy after 18 months. This tendency is based on the
notion that the acetabulum will not be corrected in
patients who do not undergo osteotomy after
18 months and that secondary acetabular dysplasia
will develop. However, it is not known how true
this notion is.

in the present study, the outcomes of children
treated with open reduction alone between ages 1-3
were evaluated, and the relationship between the
development of secondary acetabular dysplasia, the
need for a secondary acetabular procedure, and
treatment age was investigated.

MATERIALS AND METHODS

A total of 53 patients (46 female, 7 male ; 70 hips)
treated in our clinic between 1999 and 2009, the
youngest 13 months and the oldest 32 months, were
investigated. All had undergone open reduction through
an anterolateral approach after the onset of walking, had
follow-up periods of at least 2 years, and had Tönnis
grade iii or iV hip dysplasia. left hip dislocation was
present in 21 patients, right hip dislocation in 15, and
bilateral dislocation in 17.

Patients were placed into two groups according to
treatment age : Group i (younger than 18 months) and
Group ii (older than 18 months). in Group i, 29 hips of
24 patients were evaluated. The mean age was
16.06 months (± 1.16), the youngest being 13 months
and the oldest 17 months. in Group ii, 41 hips of
29 patients were evaluated. The mean age was
22.87 months (± 4.54), the youngest being 19 months
and the oldest 39 months. The total follow-up period was
at least 24 months, the longest being 136 months, with an
average follow-up period of 48.92 months (± 33.61).

Skeletal or skin traction was not performed in any of
the patients in the period prior to surgery.

in the patients’ preoperative radiological assessment,
neutral pelvis A-P radiographs were taken. Because all
patients were Tönnis grade iii or grade iV, the treatment
planning did not require radiography in other positions.

Clinical and radiological evaluation was carried out
according to the modified scoring system of Trevor et
al (18). in this system, the maximum is 20 points and the
minimum 5 points. Hips are classified as excellent at 18-
20 points, good at 15-17 points, fair at 12-14 points, and
poor below 12 points.

images taken at the final follow-up were used in
measuring the acetabular index and Wiberg’s central-
edge angle. Radiographic evaluation of osteo necrosis
was performed according to Kalamchi and MacEwen’s
classification (10). The two groups were compared with
regard to radiological and functional outcomes and the
need for a secondary acetabular procedure. A broken
Shenton-Menard line, and/or an upward-oriented ace -
tabular sourcil and an acetabular index (Ai) of 35° or
higher 2 years after reduction were considered to be
indicative of secondary acetabular dysplasia (2,11,12).

Between-group descriptive statistics included the
mean, the standard deviation, and the minimum and
maximum values. The suitability of continuous variables
for the normal distribution hypothesis was investigated
using the Kolmogorov-Smirnov test, and homogeneity
by the levene test. The independent Student’s t test was
used in the comparison of between-group averages, and
the chi-square test was used in assessments of frequency
(countability).

A 95% confidence interval was used in all tests in this
study. Descriptive statistics and analyses were carried
out using an SPSS 15.0 package program for Windows.

RESULTS

in Group i, the preoperative mean acetabular
index was 39.38 (± 5.86), the final mean control
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acetabular index was 25.21 (± 6.70), and the final
mean control CE index was 21.06 (± 6.89). in
Group ii, the preoperative mean acetabular index
was 39.12 (± 5.13), the final mean control acetabu-
lar index was 25.10 (± 6.75), and the final mean
control CE was 20.02 (± 5.56). no statisically sig-
nificant difference was found between groups in the
preoperative and final mean control acetabular
index angles and the final mean control CE angle
(p > 0.05).

According to the modified Trevor score, in
Group i outcomes were excellent in 23 hips (79.3%)
and good in 6 hips (20.7%), while in Group ii out-
comes were excellent in 30 hips (73.2%), good in
10 hips (24.4%), and fair in 1 hip (2.4%) (Fig. 1).
The difference in outcomes was not significant
(p > 0.05).

AVn ratios were evaluated according to the
Kalamchi-MacEwen classification. However,
because our cases did not have adequate intermedi-
ate follow-up images, grade iV avacular necrosis
was present only in 2 hips in which we thought it
affected the hips’ functional outcome. One hip in
Group i, the other one in Group ii.

The two groups were compared with regard to
inadequate acetabular development and the need
for a secondary acetabular procedure. inadequate
acetabular development was found and a second-
ary surgical procedure required in 11 hips in
Group i (37.9%) and in 16 hips in Group ii (39%).

The first preoperative (open reduction) mean
acetabular index was 40.44 (± 4.66) in those
requiring  a secondary surgical procedure, and
38.47 (± 5.74) in those not requiring one. The dif-
ference was not statistically significant (p > 0.05).

no neurovascular damage or surgical site infec-
tion was found in any of our cases. Blood trans -
fusion was not necessary in the intraoperative or
postoperative period.

DISCUSSION

The goal in the treatment of DDH is to achieve
concentric reduction and to maintain it throughout
childhood and adolescence. When concentric and
stable reduction is achieved, it is assumed that
hip pathologies will be corrected and that there
will be normal growth and development (2,3,16,17).
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Fig. 1. — (A) 15 months old female patient with right DDH,
(B) X-ray three years postoperatively shows secondery acetab-
ular dysplasia, Ai is 39°, and Shenton-line is broken (C) three
years after Pemberton Osteotomy, x-ray shows good coverage.

A

B

C
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Secondary dysplasia resulting from inappropriate
treatment leads to early degenerative joint disease.
There is much data showing a relationship between
the success of the primary treatment and degenera-
tive joint disease. Malvitz and Weinstein reported
that degenerative joint disease developed in 46% of
Severin grade iii and iV cases, and in only 3% of
grade i and ii cases (14). There are two ways to
avoid these negative outcomes of secondary dyspla-
sia. The first is to perform the primary treatment of
DDH appropriately to the patient’s age, and the sec-
ond is the early identification of patients developing
secondary dysplasia, and the addition of secondary
pelvic osteotomy. However, the treatment of DDH
between 1-3 years is a subject of debate (2,3,9). The
age after which pelvic osteotomies should be added
to the primary treatment is particularly controver-
sial (8,19). Alongside authors recommending early,
routine osteotomy (17), there are those who think
that this is unnecessary for many patients (1,5).
Generally, open reduction alone is prevalent before
18 months, and there is a tendency to perform
femoral and/or pelvic osteotomy in addition to open
reduction after 18 months. This tendency is based
on the notion that the acetabulum will not improve
and that secondary acetabular dysplasia will
develop  in patients not undergoing osteotomy after
18 months. However, it is not known how true this
notion is. in the present study, the outcomes of
patients younger and older than 18 months who
were treated with anterior open reduction and who
did not undergo pelvic or femoral osteotomy in
addition to their primary treatment were compared
with regard to the development of secondary
acetabular dysplasia and the need for a secondary
acetabular procedure. High rates of secondary
acetabular dysplasia and the need for a secondary
acetabular procedure were found both in the first
group, with a mean age of 16.06 months, and in the
second group, with a mean age of 22.87 months,
and the rates were similar in the two groups.
According to these results, the notion that second-
ary dysplasia will be rare in patients younger than
18 months receiving appropriate treatment but that
it will nearly always develop in patients older than
18 months if pelvic osteotomy is not added to the
primary treatment is not correct. Adding early rou-
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Fig. 2. — (A) 28 months old child with left hip DDH, (B) x-
ray two years postoperatively, (C) and eight years postopera-
tively ,showing an Ai angle of 18° and CE angle of 25°.
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tine pelvic osteotomy to the primary treatment of
every DDH patient older than 18 months amounts
to unnecessary pelvic osteotomy in 60% of patients.
According to our findings, the decision to perform
a primary acetabular procedure in addition to open
reduction in the treatment of DDH should be made
not according to whether the patient is younger or
older than 18 months, but according to stability, and
every patient should be followed closely with
regard to acetabular development.

it is debated whether the pre-reduction Ai value
should be used as a criterion in the decision to add
an acetabular procedure to the primary treatment (8,

11,12). in the present study, the preoperative mean
acetabular index was found to be 40.44 (± 4.66) in
cases requiring a secondary surgical procedure, and
38.47 (± 5.74) in those not requiring one. The dif-
ference was not statistically significant (p > 0.05).
in light of this finding, we think that preoperatively
measured acetabular index value should not be a
criterion in early primary pelvic osteotomy. The
preoperative acetabular index improvement rate
and the final value of the acetabular index are more
important criteria.

it is of great importance to identify residual
acetabular dysplasia correctly and at an early age.
in this way, secondary surgeries performed at
young ages in hips that are likely to have bad out-
comes could positively change the outcomes, and
unnecessary secondary surgeries at young ages
would be prevented for dysplasias that are likely to
have good outcomes (1,2,11,12,22). For this, the diag-
nostic criteria for residual acetabular dysplasia need
to be clear and predictive. However, different diag-
nostic criteria are used by different authors in the
literature on this subject (2,11,12,20). The predictors
of residual acetabular dysplasia include V-shaped
teardrops, a broken Shenton line, and upward-ori-
ented acetabular sourcil Albinana et al (2) found
that acetabular index is an early predictor of
Severin classification in the adult period, and that in
cases where the acetabular index is 35° or greater
two years after reduction, there is an 80% chance of
a Severin classification of iii or iV in adulthood.
Kim et al (12,13) report that the center-head distance
difference (CHDD), previously described by Chen
et al (5), is predictive of outcome in patients treated

with closed reduction and followed up for an aver-
age of 13 years. They report that if the CHDD is 6%
or greater at 4-5 years of age, and if the acetabular
sourcil has an upward slope, then dysplasia is per-
manent and requires secondary surgical correction.
While many radiographic diagnostic criteria have
been identified, these are inadequate, particularly in
borderline cases. Wakayashi et al state that, while
there is a high signal intensity region in the weight
bearing section of acetabular cartilage on T2-
weighted coronal MRi cross sections, the high sig-
nal intensity region disappears or decreases in the
postoperative period (20). in the present study, we
used three diagnostic criteria for residual acetabular
dysplasia : a broken Shenton-Menard line and/or an
upward-oriented acetabular sourcil, as well as an Ai
of greater than 35° in the second year after open
reduction. While these diagnostic criteria are contro -
versial, this will not affect the results of the study,
since the same criteria were used in both groups.

This study has three weaknesses. The first is that
one of the parameters according to the modified
Trevor score, which evaluates the functional status
of the hips, is Wiberg’s CE angle. However,
because some of our patients were younger than
6 years at follow-up, the appropriateness of the CE
angle is debatable. The second is that, although the
follow-up period was sufficient (at least 2 years),
we think that a longer follow-up time is needed for
the determination of long-term complications such
as osteoarthritis. The third is that AVn ratios could
not be thoroughly evaluated because the intermedi-
ate follow-up images were missing.

in terms of inadequate acetabular development
and the need for a secondary acetabular procedure,
there was no difference between patients treated
before 18 months and those treated after. Open
reduction performed before 18 months does not
always achieve adequate acetabular development,
and patients undergoing reduction after 18 months
do not always require a secondary acetabular proce-
dure. The decision to perform primary pelvic
osteotomy in addition to open reduction should be
made not according to whether the patient is
younger or older than 18 months, but according to
stability, and every patient should be followed
closely with regard to acetabular development.

Acta Orthopædica Belgica, Vol. 80 - 2 - 2014

TREATMEnT OF DDH 209

09-Arslan- (geen correcties in mail van 22/5)(A)_Opmaak 1  19/06/14  10:51  Pagina 209



REFERENCES

1. Akagi S, Tanabe T, Ogawa R. Acetabular development
after open reduction for developmental dislocation of the
hip : 15-year follow-up of 22 hips without additional sur-
gery. Acta Orthop Scand 1998 ; 69 : 17-20.

2. Albinana J, Morcuende JA, Weinstein SL. Value of the
tear-drop figure in congenital dysplasia of the hip : a quanti-
tative study. J Bone Joint Surg (Am) 1996 ; 78-A : 1048-1055.

3. Berkeley ME, Dickson JH, Cain TE, Donovan MM.

Surgical therapy for congenital dysplasia of the hip in
patients who are twelve to thirty-six months old. J Bone

Joint Surg (Am) 1984 ; 66-A : 412-420.
4. Bialik V, Benyamini O. Developmental dysplasia of the

hip : pathophysiology and surgical indications in the first
two years of life. J Pediatr Orthop 1994 ; 3 : 1-4.

5. Chen IH, Kuo KBN, Lubicky JP. Prognosticating factors
in acetabular development following reduction in congeni-
tal dislocation of the hip. J Pediatr Orthop 1994 ; 14 : 3-8.

6. Forlin E, Choi IH, Guille JT, Bowen RJ, Glutting J.

Prognostic factors in congenital dislocation of the hip treat-
ed with closed reduction : the importance of arthrographic
evaluation. J Bone Joint Surg (Am) 1992 ; 74-A : 1140-1152.

7. Galpin RD, Roach JW, Wenger DR, Herring JA, Birch

JG. One-stage treatment of congenital dislocation of the
hip in older children, including femoral shortening. J Bone

Joint Surg (Am) 1989 ; 71-A : 734-741.
8. Harris NH, Lloyd-Roberts GC, Gallien R. Acetabular

development in congenital dislocation of the hip, with
special  reference to the indications for acetabuloplasty and
pelvic or femoral realignment osteotomy. J Bone Joint

Surg  (Br) 1975 ; 57-B : 46-52.
9. Huang S-C, Wang J-H. A comparative study of nonoper-

ative versus operative treatment of developmental dyspla-
sia of the hip in patients of walking age. J Pediatr Orthop

1997 ; 17 : 181-188.
10. Kalamchi A, MacEwen GD. Avascular necrosis following

treatment of congenital dislocation of the hip. J Bone Joint

Surg (Am) 1980 ; 62 : 876-888.
11. Kim HT, Kim JI, Yoo CI. Acetabular development after

closed reduction of developmental dislocation of the hip.
J Pediatr Orthop 2000 ; 20 : 701-708.

12. Kim HT, Kim JI, Yoo CI. Diagnosing childhood acetabu-
lar dysplasia using the lateral margin of the sourcil.
J Pediatr Orthop 2000 ; 20 : 709-717.

13. Kitoh H, Kitakoji T, Katoh M, Ishiguro N. Prediction of
acetabuler development after closed reduction by overhead
traction in developmental dysplasia of hip. J Orthop Sci

2006 ; 11 : 473-477.
14. Malvitz TA, Weinstein SL. Closed reduction for congeni-

tal hip dysplasia : functional and radiographic results after
an average of thirty years. J Bone Joint Surg (Am) 1994 ;
76-A : 1777-1792.

15. Noritake K, Yoshihashi Y, Hattori T, Miura T.

Acetabular development after closed reduction of congeni-
tal dislocation of the hip. J Bone Joint Surg (Br) 1993 ; 75-
B : 737-743.

16. Papavasiliou VA, Piggott H. Acetabular floor thickening
and femoral head enlargement in congenital dislocation of
the hip : lateral displacement of femoral head. J Pediatr

Orthop 1983 ; 3 : 22-27.
17. Salter RB, Dubos JP. The first fifteen years’ experience

with innominate osteotomy in the treatment of develop-
mental hip dysplasia and subluxation of the hip. Clin

Orthop 1974 ; 98 : 72-103.
18. Trevor D, Johns DL, Fixsen JA. Acetabuloplasty in the

treatment of congenital dislocation of the hip. J Bone Joint

Surg Br 1975 ; 57 : 167-174.
19. Tumer Y, Agus H, Bicimoglu A. When should seconder

procedurs be performed in residual hip dysplasia. Acta

Orthop Traumatol Turc 2007 ; 41 suppl 1 : 60-67.
20. Wakabayashi K, Wada I, Horiuchi O et al. MRi Findings

in Residual Hip Dysplasia. J Pediatr Orthop 2011 ; 31 :
381-387.

21. Weinstein SL. natural history of congenital hip disloca-
tion (CDH) and hip dysplasia. Clin Orthop 1987 ; 225 : 62-
76.

22. Wenger DR, Frick SL. Early surgical correction of resid-
ual hip dysplasia : the San Diego Children’s Hospital
approach. Acta Orthop Belg 1999 ; 65 : 277-287.

23. Zionts LE, MacEwen GD. Treatment of congenital dis -
location of the hip in children between the ages of one
and three years. J Bone Joint Surg (Am) 1986 ; 68-A : 829-
34.

210 H. ARSlAn, E. SuCu, E. ÖzKul, M. GEM, B. Kişin

Acta Orthopædica Belgica, Vol. 80 - 2 - 2014

09-Arslan- (geen correcties in mail van 22/5)(A)_Opmaak 1  19/06/14  10:51  Pagina 210




