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Abstract 

Background: Developmental dysplasia of the hip (DDH) 
in walking-age children presents unique surgical challenges. 
One-stage open reduction combined with Dega pelvic osteot-
omy, with or without femoral shortening and varusderotation 
osteotomy, has been proposed to restore hip stability and ace-
tabular coverage. 

Aim of Study: The aim of this study is to evaluate the re-
sults of Degaacetabuloplasty in treatment of DDH in walking 
children under 4 years of age. 

Patients and Methods: A prospective case series was con-
ducted on 24 patients (30 hips) between March 2012 and March 
2015. All patients underwent open reduction and Dega pelvic 
osteotomy, with femoral shortening and/or varusderotation 
osteotomy performed as indicated. Preoperative and postoper-
ative evaluations included acetabular index (AI), center-edge 
angle (CEA), modified McKay clinical criteria, and Severin 
radiological classification. The mean follow-up period was 24 
months (range, 18–36). 

Results: At final follow-up, 28 hips (93.33%) achieved 
satisfactory clinical outcomes (excellent or good) and 28 hips 
(93.33%) achieved satisfactory radiological outcomes (Sev-
erin grades I–II). The mean AI improved from 47.28°±3.36° 
preoperatively to 16.07°±2.42° postoperatively (p<0.001). 
The mean postoperative CEA was 32.97°±5.88°, with higher 
CEA values significantly associated with better clinical re-
sults (p=0.002). Younger age at surgery correlated with supe-
rior clinical outcomes (p=0.013). No redislocations occurred. 
Complications included two superficial wound infections, one 
transient femoral nerve palsy, and radiographic avascular ne-
crosis in a small proportion of hips. 

Correspondence to: Dr. Eyad A.A. Elgebaly, The Department 
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Conclusions: One-stage open reduction with Dega pelvic 
osteotomy, supplemented by femoral shortening and varus-
derotation osteotomy when required, yields excellent short-

term stability and acetabular remodeling in walking-age chil-
dren with DDH, especially when performed before the age of 
two years. 
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Introduction 

DEVELOPMENTAL dysplasia of the hip (DDH) 
represents a spectrum of anatomical abnormalities 
affecting the formation of the acetabulum and fem-
oral head, ranging from mild acetabular dysplasia 
to frank dislocation. It is one of the most common 
orthopedic conditions in pediatric populations, 
with an estimated incidence of 1–2 per 1,000 live 
births. While early detection and non-operative 
interventions such as Pavlik harness application 
or closed reduction can achieve excellent results, 
late-presenting DDH particularly in walking chil-
dren remains a significant clinical challenge [1]. 

In walking children under 4 years of age, the 
hip joint has already undergone significant adap-
tive changes due to abnormal biomechanics. The 
femoral head may be displaced, and the acetabu-
lum often shows shallow architecture and deficient 
anterolateral coverage. At this stage, non-opera-
tive treatment is typically ineffective, and surgical 
correction becomes the mainstay of management. 
The surgical goal is not only to achieve concentric 
reduction of the femoral head but also to remodel 
the acetabulum to provide stable coverage that pro-
motes long-term joint congruency and function [2]. 
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Degaacetabuloplasty, first described by Wik-
torDega in 1969, is a pericapsular osteotomy de-
signed to reshape and reorient the acetabulum 
without entering the triradiate cartilage. It allows 
selective reorientation, providing improved antero-
lateral coverage while preserving growth potential. 
The technique is especially suitable for children 
with open triradiate cartilage, as it promotes ace-
tabular remodeling over time. Its partial, incom-
plete osteotomy design maintains pelvic stability 
and reduces the risk of disturbing pelvic growth, 
making it a favored option in young walking chil-
dren with DDH [3]. 

The evaluation of Degaacetabuloplasty out-
comes in this specific age group is essential for 
several reasons. First, walking children present 
unique surgical challenges soft tissue contractures 
are more severe, and acetabular deficiency is more 
pronounced than in infants. Second, the window 
for optimal remodeling narrows as the child grows 
older; thus, understanding age-specific results can 
guide surgical decision-making. Finally, a system-
atic analysis of functional and radiographic out-
comes provides valuable insight into long-term 
prognosis, including the likelihood of achieving a 
pain-free, stable hip in adulthood [4]. 

Previous studies have reported favorable results 
with Degaacetabuloplasty in younger children, 
with improved acetabular index and hip stability, 
but variations in technique, patient age, and preop-
erative hip morphology have led to heterogeneous 
outcomes [4]. 

Patients and Methods 

Study design: 
This prospective case series was conducted 

between March 2012 and March 2015. The study 
aimed to evaluate the outcomes of one-stage open 
reduction combined with Dega pelvic osteotomy, 
with or without femoral shortening and varus-
derotation osteotomy, in walking-age children di-
agnosed with developmental dysplasia of the hip 
(DDH). 

Participants: 
A total of twenty-four consecutive patients, 

involving thirty hips, met the eligibility criteria 
and were included in the study. Nineteen patients 
(79.17%) were female and five (20.83%) were 
male. The mean age at surgery was 1.99 years, 
ranging from 1.5 to 3.7 years. Thirteen patients 
(54.17%) were younger than two years, seven pa-
tients (29.17%) were between two and 2.5 years,  

and four patients (16.67%) were older than 2.5 
years. Laterality analysis showed that eighteen pa-
tients (75%) had unilateral involvement twelve on 
the left side and six on the right while six patients 
(25%) had bilateral involvement. 

Inclusion and exclusion criteria: 

Inclusion criteria were walking children young-
er than four years with radiographically confirmed 
DDH and no previous operative intervention. Ex-
clusion criteria included children younger than 
walking age or older than four years, any prior sur-
gical treatment for DDH, and dislocations of terato-
logic, post-septic, or neuromuscular origin. 

Preoperative evaluation: 
All patients underwent detailed history taking 

and thorough physical examination. Historical data 
obtained from the parents included perinatal and 
obstetric history, family history of DDH, previous 
conservative management, and onset of gait abnor-
malities. Abnormal gait was present in all cases, 
with two patients (7%) reporting a family history 
of DDH in siblings. Ninety percent of patients had 
normal obstetric histories; three patients had been 
delivered in breech presentation, one of which oc-
curred in a twin pregnancy. Clinical examination 
assessed gait pattern, Trendelenburg sign, skin fold 
symmetry, hip abduction range, limb length dis-
crepancy, Galeazzi sign, and flexion deformities. In 
unilateral dislocations, hip abduction was limited 
to 15–20 degrees and limb shortening ranged from 
1 to 2.5cm. Bilateral cases frequently showed wad-
dling gait, wide perineum, lumbar hyperlordosis, 
and symmetrical limitation of hip abduction. 

Radiographic evaluation included standardized 
anteroposterior pelvic radiographs to measure ac-
etabular index (AI) and center-edge angle (CEA), 
and to classify dislocation severity according to the 
Tönnis system. The AI ranged from 34° to 51° with 
a mean ± standard deviation of 47.28°±3.36°, and 
all hips demonstrated negative CEA values preop-
eratively. Based on the Tönnis classification, twen-
ty-four hips (80%) were grade 4, four hips (13.33%) 
were grade 3, and two hips (6.67%) were grade 2. 

Surgical technique: 
All operations were performed under general 

anesthesia on a radiolucent table with the patient 
in the supine position and the affected hemipelvis 
slightly elevated on a padded roll. The surgical 
field, including the entire lower limb and affect-
ed half of the pelvis, was prepared and draped in 
a sterile fashion. An adductor tenotomy was per- 
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formed as the first step to improve exposure and 
hip abduction. Surgical exposure was achieved 
through an anterolateral “Bikini” incision, careful-
ly protecting the lateral femoral cutaneous nerve. 
The iliac apophysis was split longitudinally, and 
the abductor muscles were reflected laterally to ex-
pose the outer and inner iliac surfaces. A T-shaped 
capsulotomy was then performed, preserving a 4–6 
mm medial rim for later repair. Hypertrophied liga-
mentumteres and intra-acetabular fibro-fatty tissue 
were excised to facilitate concentric reduction of 
the femoral head. 

Hip stability was assessed intraoperatively in 
various positions. Dega pelvic osteotomy was per-
formed when stability was achieved only in flexion 
and abduction. Femoral varusderotation osteotomy 
was added when stability required internal rotation 
and abduction, and femoral shortening osteotomy 
was undertaken if the femoral head reduced under 
tension in neutral position. The Dega osteotomy 
was executed under fluoroscopic control, preserv-
ing a posterior hinge, and the osteotomy gap was 
filled with appropriately sized iliac crest or femoral 
shortening grafts. Capsulorrhaphy was carried out 
in an overlapping fashion to reduce capsular redun-
dancy before layered wound closure. 

Postoperative management and follow-up: 

All patients were immobilized in a hip spica 
cast for 8–12 weeks, maintaining 20° abduction, 
20° flexion, and neutral rotation. After cast remov-
al, a structured rehabilitation program was initiat-
ed, including active mobilization, hydrotherapy, 
and gradual weight-bearing. Radiographic evalua-
tions were performed immediately postoperatively, 
at the time of cast removal, and at three and six 
months, with annual follow-up thereafter. Clinical 
outcomes were assessed according to the modified 
McKay criteria, while radiographic results were 
graded using the Severin classification. The fol-
low-up period ranged from 18 to 36 months, with a 
mean duration of 24 months. 

Statistical analysis: 

Data were analyzed using the Statistical Pack-
age for the Social Sciences (SPSS, version XX, 
IBM Corp., Armonk, NY, USA). Continuous vari-
ables were expressed as mean ± standard deviation 
(SD) and compared using the student’s t-test. Cate-
gorical variables were presented as frequencies and 
percentages, and analyzed using the Chi-square 
or Fisher’s exact test when appropriate. A p-value 
<0.05 was considered statistically significant. 

Results 

Clinical results: 

At the final follow-up (18–36 months), clini-
cal evaluation using the modified McKay criteria 
demonstrated excellent results in 10 hips (33.3%), 
good in 18 hips (60%), and fair in only 2 hips 
(6.7%), with no poor outcomes encountered. There-
fore, the overall satisfactory rate (excellent + good) 
reached 93.3%, while unsatisfactory outcomes ac-
counted for only 6.7%. 

Radiological results: 

Radiological evaluation according to Severin’s 
classification revealed that 24 hips (80%) were 
graded as I, 4 hips (13.3%) as II, and 2 hips (6.7%) 
as III. None of the hips were classified as IV. There-
fore, the overall radiological satisfactory rate was 
93.3%. 

Acetabular Index (AI): 

The mean preoperative AI was 47.3° (range 34– 
51°), which improved significantly postoperative-
ly to 16.1° (range 12–21°) (p<0.001). This reflects 
marked acetabular remodeling. Preoperative AI did 
not significantly affect the final clinical outcome 
(p=0.472). However, hips that achieved lower final 
AI values had significantly better clinical outcomes 
(p=0.005). 

Center-Edge (CE) Angle: 
Preoperatively, the CE angle was negative in all 

hips. At the final follow-up, the CE angle improved 
remarkably, ranging from 16–45° (mean 33°). This 
indicates restoration of acetabular coverage. High-
er CE angles were significantly associated with su-
perior clinical outcomes (p=0.002). 

Age at surgery and clinical outcome: 

Age at surgery showed a significant effect 
(p=0.013). Patients younger than 2 years achieved 
the highest proportion of excellent results (47%). 
Both hips with fair results were in this group. Pa-
tients between 2–2.5 years achieved only good re-
sults, while older patients still showed satisfactory 
but fewer excellent outcomes. 

Sex and clinical outcome: 

Sex was not significantly associated with out-
come (p=0.056). Both males and females achieved 
comparable satisfactory results. 

Side of involvement and clinical outcome: 

Laterality of involvement (right vs left hip) did 
not show any significant association with clinical 
results (p=0.135). 
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Radiological relations: 

Preoperative AI did not significantly influence 
final radiological outcomes (p=0.590). Lower fi-
nal AI values were associated with better Severin 
grades (p=0.04). Similarly, higher CE angles at fol-
low-up correlated with more favorable radiological 
outcomes (p=0.003). 

Correlation between clinical and radiological 
results: 

There was a strong correlation between clinical 
and radiological results (p=0.001). All hips with 
Severin Grade I achieved satisfactory clinical re-
sults, all hips with Severin Grade II were clinically 
good, and the two hips with Grade III showed only 
fair clinical results. 

Table (1): Clinical Results According to Modified McKay Cri- 
teria. 

Table (2): Radiological Results According to Severin’s Clas-
sification. 

Clinical results McKay Radilogocal Severin’s Class 

Grading of the results No. of hips % No. % 

Fair 2 6.67 Grade I 24 80.00 

Good 18 60.00 Grade II 4 13.33 

Excellent 10 33.33 Grade III 2 6.67 

Total 30 100.00 Total 30 100.00 

Table (3): Preoperative (AI) and final clinical outcome. Table (4): Relationship between acetabular index final and final 
clinical outcome. 

Clinical 

results 

McKay 

Pre-A Index ANOVA 
Clinical 

results 

McKay 
0.472  

Post-A Index ANOVA 

Range Mean ± SD F 
p-

value Range Mean ± SD F 
p- 

value Fair 

Good 

Excellent 

45.000-45.000 

42.000-51.000 

34.000-51.000 

45.000±0.000 

47.824±2.298 

46.800±4.872 

0.773 
Fair 

Good 

Excellent 

17.000-19.000 

12.000-21.000 

12.000-16.000 

18.000±1.414 

16.889±2.374 

14.200±1.398 

6.376 0.005* 

Table (5): Relation between the center edge angle preoperative-
ly and at the end of follow-up. 

Table (6): CE Angle final and final clinical outcome. 

  

Fair 16.000-33.000 24.500±12.021 8.292 0.002* 
Good  24.000-39.000 31.444±4.668 

Post- 16.000-45.000  32.967±5.881 Excellent 33.000-45.000 37.400±3.438 
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Table (7): Relationship between age at time of surgery and final clinical outcomes. 

Clinical 

results 

McKay 

Age group 
Chi-Square 

<2 2-2.5 >2.5 Total 

N % N % N % N % X
2  p-value 

Fair 2 6.67 0 0.00 0 0.00 2 6.67 12.606 0.013* 

Good 7 23.33 9 30.00 2 6.67 18 60.00 

Excellent 8 26.67 0 0.00 2 6.67 10 33.33 

Total 17 56.67 9 30.00 4 13.33 30 100.00 

Table (8): Relationship between sex and clinical results. 

Clinical results McKay 

Sex 
Chi-Square 

Fair Good Excellent Total 

N % N % N % N % X2 p-value 

Male 0 0.00 5 16.67 0 0.00 5 16.67 5.763 0.056 

Female 2 6.67 13 43.33 10 33.33 25 83.33 

Total 2 6.67 18 60.00 10 33.33 30 100.00 

Table (9): Relationship between side of involvement and clinical results. 

Clinical results McKay 
Chi-Square 

Fair Good Excellent Total Laterality 

N % N % N % N % X
2  p-value 

RT 0 0.00 6 20.00 6 20.00 12 40.00 4.006 0.135 

LT 2 6.67 12 40.00 4 13.33 18 60.00 

Total 2 6.67 18 60.00 10 33.33 30 100.00 

Table (10): Relationship between preoperative AI and radiolog-
ical results. 

Table (11): Relationship between final AI and radiological re-
sults. 

Radilogocal Pre-A Index ANOVA Radilogocal 

Severin’s 

Class  

Final-A Index ANOVA 

Severin’s 

Class Range Mean ± SD F 
p- 

value 
Range Mean ± SD F 

p-

value 

Grade I 

Grade II 

Grade III 

34.000-51.000 

46.000-49.000 

45.000-45.000 

47.348±3.676 

48.000±1.414 

45.000±0.000 

0.539 0. 590 Grade I 

Grade II 

Grade III 

12.000-21.000 

15.000-20.000 

17.000-19.000 

14.625±2.374 

17.750±2.217 

18.000±1.414 

2.767 0.04 



Table (13): Correlation between clinical and radiological results. 

Clinical 

results 

McKay 

Radilogocal Severin’s Class 
Chi-Square 

Grade I Grade II Grade III Total 

N % N % N % N % X
2  p-value 

Fair 0 0.00 0 0.00 2 6.67 2 6.67 18.593 0.001* 

Good 14 46.67 4 13.33 0 0.00 18 60.00 

Excellent 10 33.33 0 0.00 0 0.00 10 333.33 

Total 24 80.00 4 13.33 2 6.67 30 100.00 

Radilogocal Severin’s 

Class 

Grade I 

Grade II 

Grade III 

(A) 

(C) 

24.000-45.000 

26.000-38.000 

16.000-33.000 

Range Mean ± SD F p-value 

Post-CE ang. ANOVA 

33.875±5.127 

31.750±5.315 

24.500±12.021 

2.938 0.003* 

(B) 

(D) 
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Table (12): Relationship between final CE angle and radiological results. 

Fig. (1): Radiographs of a 1-year-9-month-old child with left DDH. (A) Preoperative image shows acetabular dysplasia with high 
dislocation. (B) Early postoperative radiograph demonstrates successful concentric reduction after adductor tenotomy, open 
reduction, and Dega osteotomy. (C & D) Follow-up radiographs at 6 and 12 months reveal maintained reduction with im-
proved acetabular index and hip stability. 



(A) 

(C) 

(E) 

(A) (B) (C) 

Fig. (2): Radiographs of a 2-years old child with 
right DDH. (A) Preoperative radiograph shows ac-
etabular index of 46° and grade IV dislocation. (B) 
Early postoperative film demonstrates concentric re-
duction. (C–E) Serial follow-up radiographs shows 
AI 16° and CE angle 16°. 

(B) 

(D) 
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Fig. (3): Radiographs of a 1-year-10-months old child with right DDH. (A) Preoperative image showing severe acetabular dysplasia. 
(B) Immediate postoperative radiograph after Dega osteotomy demonstrating concentric reduction. (C) Follow-up X-ray 
with Severin’s grade I radiographic result. 



(A) 

(C) 

(B) 

(D) 

(A) (B) 
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Fig. (4): Radiographs of a 2.5-years old child with left DDH. (A) Preoperative film with high dislocation. (B) Early postoperative 
image showing successful reduction. (C & D) Follow-up X-rays at 6 and 12 months showsmaintained central reduction and 
AI 14° and CE angle 40°. 

Fig. (5): Radiographs of a 1-year-9-months old child with left DDH. (A) Preoperative film showing AI 45°. (B) Early postoperative 
radiograph confirming concentric reduction. (C) Follow-up X-ray shows AI 12° and CE angle 12°. 
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Discussion 

It has been estimated that degenerative joint 
disease of the hip is secondary to subluxation or 
dysplasia of the acetabulum in 20–50% of affected 
hips, and that approximately half of patients with 
osteoarthritis associated with acetabular dysplasia 
undergo their first reconstructive hip procedure be-
fore the age of 60 years, compared with less than 
5% after the age of 70 years [5]. The younger the 
patient at the time of diagnosis and management, 
the better the anticipated clinical outcome. The 
age group in the present study walking-age chil-
dren younger than four years was chosen because 
of the recognized importance of early reduction for 
the development of a normal hip joint and the high 
remodeling potential of the acetabulum in early 
childhood [4]. 

Regarding the final clinical outcomes, the cur-
rent study revealed that at the 18–36 months fol-
low-up, one-third of the hips demonstrated excel-
lent results, and nearly two-thirds showed good 
results according to the modified McKay criteria, 
with only a small fraction classified as fair and 
no poor outcomes recorded. Consequently, the 
overall satisfactory rate reached more than nine-
tenths of the cases, while the unsatisfactory rate 
was minimal. 

These findings are in agreement with Merckaert 
et al. [6], who reported that more than nine-tenths 
of their cases achieved satisfactory results, with the 
majority graded as good or excellent. Conversely, 
Lucchesi et al. [7] , observed a lower satisfactory 
rate of about three-fourths, which they attributed 
to older age at the time of surgery and delayed di-
agnosis. 

Concerning the radiological outcomes, the 
current study showed that according to Severin’s 
classification, four-fifths of the hips were graded 
as class I, while a small proportion were class II, 
and only a few cases were class III. No hips were 
graded as class IV. This resulted in an overall radi-
ological satisfactory rate of more than nine-tenths, 
reflecting a strong correlation with the high clinical 
success rate observed in the study. These results 
are consistent with Gigi et al. [8], who reported that 
more than nine-tenths of hips were graded as Sev-
erin class I or II at final follow-up. 

Regarding the acetabular index (AI), the cur-
rent study demonstrated that the mean preoperative 
AI of slightly less than 50° showed a significant 
postoperative improvement to slightly above 15°, 
indicating marked acetabular remodeling after 
Degaacetabuloplasty. The statistical analysis con- 

firmed that this improvement was highly significant 
(p<0.001), emphasizing the procedure’s effective-
ness in restoring normal acetabular morphology. 
Preoperative AI did not significantly influence the 
final clinical outcome, suggesting that the surgery 
can yield favorable results even in patients with 
markedly elevated preoperative AI values. 

However, hips that achieved lower final AI val-
ues demonstrated significantly better clinical out-
comes (p=0.005), highlighting the importance of 
postoperative acetabular correction in functional 
recovery. It may be due to the fact that achieving 
optimal acetabular coverage facilitates better hip 
stability, improved biomechanics, and reduced risk 
of residual dysplasia, thus enhancing the overall 
functional prognosis. 

These findings are in agreement with Lucchesi 
et al. [7], who reported a similar significant im-
provement in mean AI postoperatively, with final 
AI strongly correlating with better McKay clinical 
scores. Conversely, Axt and Wadley [9], observed 
that although AI improved significantly after sur-
gery, preoperative AI was a predictor of outcome in 
their series, which may be attributed to differences 
in surgical timing and patient age compared to the 
present study. 

Regarding the center-edge (CE) angle, the pres-
ent study revealed that all hips had a negative CE 
angle preoperatively, reflecting severe deficiency in 
acetabular coverage. At the final follow-up, there 
was a remarkable improvement, with CE angles 
ranging from slightly above 15° to mid-40s, and 
a mean value of approximately 33°, indicating ef-
fective restoration of acetabular coverage after De-
gaacetabuloplasty. 

These findings are consistent with Lyu et al. [10], 
who reported a significant postoperative increase in 
mean CE angle, with values above 25° correlating 
strongly with excellent and good McKay clinical 
grades. 

Regarding the radiological relations, the current 
study demonstrated that the preoperative acetabu-
lar index (AI) did not have a statistically signifi-
cant influence on the final radiological outcomes 
(p=0.590), suggesting that the initial severity of 
acetabular dysplasia alone may not be a strong de-
terminant of long-term radiological success after 
Degaacetabuloplasty. However, hips that achieved 
lower final AI values postoperatively were sig-
nificantly associated with better Severin grades 
(p=0.04), indicating that improved acetabular slope 
correction contributes to enhanced joint congruen-
cy. It may be due to the fact that a lower postoper- 
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ative AI reflects a more horizontal acetabular roof, 
which provides superior femoral head coverage 
and reduces the risk of residual dysplasia. 

These results are in agreement with Wen et 
al. [11], who reported that hips with postoperative 
AI <20° and CE angle >25° achieved the highest 
rates of Severin grade I classification. Conversely, 
Danişman et al. [4], observed that while CE angle 
improvement was consistently linked to favorable 
outcomes, AI reduction alone did not always guar-
antee optimal radiographic classification, suggest-
ing that combined parameters should be considered 
when evaluating surgical success. 

Regarding the correlation between clinical and 
radiological results, the present study revealed 
a strong and statistically significant association 
(p=0.001) between the two outcome measures. All 
hips classified as Severin Grade I achieved satis-
factory clinical results, all hips with Severin Grade 
II were clinically graded as good, and the two hips 
with Grade III demonstrated only fair clinical out-
comes. It may be due to the fact that optimal radi-
ological restoration of acetabular morphology di-
rectly improves joint biomechanics, femoral head 
containment, and range of motion, which collec-
tively translate into superior functional outcomes. 
This finding is consistent with Beck et al. [12], who 
reported that the majority of hips with Severin 
Grade I had excellent or good clinical scores ac-
cording to the McKay criteria. 

Conclusion: 
One-stage open reduction combined with Dega 

pelvic osteotomy provides reliable clinical and 
radiological correction of DDH in walking-age 
children. The study results demonstrate that this 
approach achieves high rates of stable reduction 
and favorable acetabular remodeling, with mini-
mal complications, when performed by meticulous 
technique. Age at surgery remains a key determi-
nant of outcome, with earlier intervention associ-
ated with superior results. Given the absence of re-
dislocation and the strong correlation between final 
radiographic parameters and clinical success, this 
method can be recommended as a primary surgi-
cal option in appropriately selected patients. Long-
term follow-up into skeletal maturity is warranted 
to confirm the durability of these outcomes. 
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