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Clinical and Radiological Outcomes of Dega Pelvic Osteotomy in Developmental Dysplasia of the Hip: A Case Series of 12 Hips in Children
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ABSTRACT 
	Introduction: 
Developmental dysplasia of the hip (DDH) diagnosed after walking age often requires surgical correction to restore adequate femoral head coverage and prevent long-term joint degeneration. Among pelvic osteotomies, the Dega osteotomy is widely used in skeletally immature patients because it allows controlled acetabular remodeling while preserving pelvic stability.
Methods:
We conducted a retrospective case series including 12 dysplastic hips in 8 children treated with Dega pelvic osteotomy between December 2020 and December 2023 in a tertiary pediatric orthopedic center. Clinical outcomes were assessed using the modified McKay classification. Radiological evaluation included the acetabular index (AI), lateral center-edge angle (LCEA), Wagner index, and Tönnis and Severin classifications.
Results:
The mean age at surgery was 4 years (range: 2–6 years) with a female predominance (75%). At final follow-up (mean: 18 months; range: 6–36 months), satisfactory clinical outcomes (McKay grades I and II) were observed in 87.5% of patients.. The mean acetabular index improved from 30.9° preoperatively to 11.3°at final follow-up, while the mean lateral center-edge angle increased from 16° to 28.9°. The Wagner index normalized with a mean value of 90%. Radiological outcomes according to the Tönnis and Severin classifications were satisfactory in all hips. Complications were limited and included transient stiffness, one recurrence and one patient presented an avascular necrosis of the hip.
Conclusion:
In this retrospective case series of 12 hips in 8 children with a mean follow-up of 18 months, Dega pelvic osteotomy proved to be a reliable surgical option for the treatment of pediatric hip dysplasia, providing significant improvement in acetabular coverage and satisfactory clinical outcomes with a low complication rate. Longer follow-up studies are required to confirm the durability of these results.
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1. INTRODUCTION 

Several types of pelvic osteotomies have been developed with the aim of improving femoral head coverage and enhancing the stability of the hip joint. Among the most commonly used techniques are reorientation osteotomies, such as the Salter innominate osteotomy and the triple pelvic osteotomy described by Pol Le Cœur; acetabuloplasties, including the Pemberton and Dega procedures; the Chiari medial displacement osteotomy; as well as pelvic osteotomies performed in the management of bladder exstrophy [1].

Developmental dysplasia of the hip (DDH) represents one of the most common pediatric orthopedic disorders and, if left untreated, may lead to progressive joint instability, gait abnormalities, and early degenerative osteoarthritis in adulthood. Early and appropriate management is therefore essential to restore normal hip biomechanics and prevent long-term disability.

Dega osteotomy is one of the most frequently used surgical techniques for the treatment of developmental dysplasia of the hip (DDH) in children. The procedure was first performed and recorded by Wiktor Dega in 1958 at the Poznan Hospital in Poland [2]. Although briefly mentioned in a German publication in 1964, the technique was fully described only in 1969 in a Polish publication, where it was referred to as a semicircular supra-acetabular osteotomy [2].

Dega osteotomy is an iliac acetabuloplasty that modifies the shape and inclination of the acetabulum, allowing selective correction of anterior, lateral, and particularly posterior acetabular deficiencies. Unlike complete reorientation osteotomies, this technique preserves the posterior pelvic column and provides stable yet adaptable acetabular remodeling, making it particularly suitable for skeletally immature patients.

The aim of this study was to evaluate the clinical and radiological outcomes of Dega pelvic osteotomy in children presenting with developmental dysplasia of the hip beyond the walking age, and to assess its effectiveness in improving acetabular coverage and hip stability in a retrospective case series of 12 hips in 8 patients.
2. material and methods 
This retrospective case series was conducted over a three-year period, from December 2020 to December 2023, and included 12 dysplastic hips in 8 pediatric patients treated and followed at the Pediatric Trauma and Orthopedic Surgery Department of CHU Mohammed VI, Tangier. The mean postoperative follow-up was 18 months (range: 6–36 months), allowing adequate clinical and radiological evaluation of surgical outcomes.
This study was conducted in accordance with the ethical standards of the institutional review board of CHU Mohammed VI Tangier and with the principles of the Declaration of Helsinki. Given the retrospective observational design of the study, formal ethical committee approval was waived according to institutional regulations.

The study included children presenting with hip dysplasia, either isolated or occurring in the context of congenital or neurologic hip dislocation, who were treated with Dega pelvic osteotomy. Patients with incomplete medical records, those lost to follow-up, those with a follow-up period shorter than six months, and patients treated with surgical techniques other than Dega osteotomy were excluded from the analysis.

Data were retrospectively collected from hospitalization records, operative reports, and clinical and radiological follow-up files. A specifically designed data collection form was used to compile epidemiological, clinical, therapeutic, and outcome-related data. 
Clinical outcomes were analyzed per patient, whereas radiological outcomes were analyzed per hip, since several patients presented bilateral involvement.

Clinical evaluation at the last follow-up visit was performed using the modified McKay classification [3], which assesses pain, joint mobility, muscle strength, and gait. Outcomes were classified as excellent, good, fair, or poor, with excellent and good results considered satisfactory outcomes. During the same consultation, lower limb length discrepancy was systematically assessed using clinical measurement and recorded in centimeters.

Radiological evaluation was based on standard anteroposterior pelvic radiographs. The acetabular index (AI), also referred to as Hilgenreiner’s angle in some literature (HTE) [4], was measured preoperatively and at the last follow-up. 
The severity of hip dysplasia was assessed using the Tönnis classification [5]. At final follow-up, hips were evaluated using the Severin classification, which assesses acetabular morphology and femoral head coverage.

All radiological measurements were performed on standardized anteroposterior pelvic radiographs obtained with the patient in the supine position and both lower limbs in neutral rotation in order to ensure measurement reproducibility.

All surgical procedures were performed under general anesthesia, with the patient positioned supine and a bolster placed beneath the ipsilateral buttock. A bikini-type incision was made approximately 1 cm below the iliac crest, followed by detachment of the abdominal wall muscles from the iliac crest and longitudinal splitting of the iliac cartilage. Subperiosteal dissection of the outer iliac table was carried out from the anterior superior iliac spine to the sciatic notch, with careful protection of the sciatic nerve.

3. RESULTS
A total of 12 dysplastic hips in 8 patients were included in this study. The mean age at surgery was 4 years (range: 2–6 years). A female predominance was observed, with six girls (75.0%) and two boys (25.0%).
Hip involvement was bilateral in four patients, while two patients had left-sided involvement and two had right-sided involvement. No significant personal or familial medical history was identified in most patients, except for one case in which the mother had a history of oligohydramnios.
The main circumstances leading to diagnosis were predominantly clinical. Six patients (75.0%) presented with gait limping, one patient (12.5%) reported pain during walking, and one patient (12.5%), who had a neurologic hip dislocation, presented with delayed walking.
Regarding the final diagnosis, congenital hip dislocation was identified in six patients (75.0%), isolated congenital hip dysplasia in one patient (12.5%), and neurologic hip dislocation in one patient (12.5%).
Preoperative radiological assessment was performed using standard anteroposterior pelvic radiographs. Radiological outcomes were analyzed per hip, as 12 dysplastic hips were treated in 8 patients.
Preoperative radiological measurements showed marked acetabular insufficiency. The mean acetabular index (AI) was 30.9° (range: 29°–34°), the mean lateral center-edge (VCE) angle was 16° (range: 10°–21°), and the mean Wagner index (acetabular coverage ratio) was 44.0% (range: 40%–61%).
Immediate postoperative radiological evaluation demonstrated a significant improvement in acetabular coverage (Figure 1). The mean acetabular index decreased from 30.9° preoperatively to 15.08°, the mean VCE angle increased from 16° to 20°, and the Wagner index increased from 44.0% to 70.5%.
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Figure 1: Immediate postoperative pelvic radiograph demonstrating improved acetabular coverage following Dega pelvic osteotomy.

According to the Tönnis classification, two hips (16.7%) were classified as Grade I and ten hips (83.3%) as Grade II in the immediate postoperative period.
At the final follow-up (mean: 18 months; range: 6–36 months), radiological parameters continued to improve. The mean acetabular index further decreased to 11.3° (range: 11°–13°), indicating sustained acetabular correction (Figure 2). The mean VCE angle increased to 28.9° (range: 21°–45°), and the Wagner index normalized with a mean value of 90% (range: 80%–92%).
According to the Tönnis classification at final follow-up, five hips (41.7%) were classified as Grade I and seven hips (58.3%) as Grade II, indicating satisfactory radiological outcomes in all cases.
Clinical follow-up also demonstrated improvement in functional outcomes. At the last follow-up visit, six patients (75.0%) had no residual limping, while one patient (12.5%) presented with persistent limping related to recurrence requiring surgical revision. Clinical gait evaluation was not conclusive in one patient (12.5%) due to neurologic hip dislocation.
Lower limb length discrepancy was absent in four patients (50.0%), less than 1 cm in three patients (37.5%), and between 1 and 2 cm in one patient (12.5%).
According to the modified McKay classification, postoperative clinical outcomes were satisfactory in the majority of patients: one patient (12.5%) was classified as Grade I, six patients (75.0%) as Grade II, and one patient (12.5%) as Grade III, resulting in 87.5% satisfactory outcomes (Grades I and II).
Postoperative complications were limited. Ten hips (83.3%) had no complications, while one hip (8.3%) developed postoperative stiffness and one hip (8.3%) developed a superficial wound infection. In addition, one hip (8.3%) developed radiographic signs of avascular necrosis of the femoral head during follow-up.
Overall, both clinical and radiological outcomes demonstrated significant improvement following Dega pelvic osteotomy, with restoration of acetabular coverage and satisfactory functional outcomes in the majority of patients.

 The mean acetabular index (AI) decreased from 30.9° preoperatively to 15.08°, the mean VCE angle increased from 16° to 20°, and the mean Wagner index (acetabular coverage ratio) increased from 44.0% to 70.5%.According to the Tönnis classification, two hips (16.7%) were classified as Grade I and ten hips (83.3%) as Grade II in the immediate postoperative period.

At the final follow-up, performed after a mean duration of 18 months postoperatively (range: 6–36 months), radiological parameters continued to improve and approached physiological values.The mean acetabular index (AI) further decreased to 11.3° (range: 11°–13°), indicating sustained acetabular correction (Figure 2).


[image: ]
[bookmark: _GoBack]Figure 2:Pelvic radiograph at 6-month follow-up showing maintained correction and satisfactory acetabular remodeling.

 

4.DISCUSSION
 The optimal timing of pelvic osteotomy in pediatric hip dysplasia remains debated, and age alone does not appear to be a consistent predictor of radiological outcome. Several studies have reported no significant correlation between surgical results and the age at the time of surgery [6], suggesting that a younger age at intervention does not necessarily guarantee superior radiological outcomes [2]. In our series, the mean age at surgery was 4 years, which is consistent with previously reported series where the mean age ranged from 1.3 to 5.8 years [2,7–11]. These findings support the concept that Dega osteotomy can be effectively performed across a broad pediatric age range, particularly while the triradiate cartilage remains open and flexible. Most authors consider the optimal indication for this procedure between 2 and 6 years of age [12].
A female predominance in developmental dysplasia of the hip is consistently reported in the literature. In our cohort, females represented 75% of patients, which corresponds to the range reported in previous studies (approximately 66.6% to 90%) [2,7–11]. Similarly, the distribution of baseline diagnoses in our series reflects patterns described in other reports. Czubak et al. noted that approximately 73% of dysplastic hips were associated with congenital dislocation and 27% with isolated dysplasia [2]. In our population, most hips were dysplastic in the context of congenital hip dislocation, with a smaller proportion of isolated dysplasia and one neurologic hip dislocation.
Clinically, hip dysplasia diagnosed after walking age often presents with limping or pain during walking. In our series, limping was the most frequent presenting symptom, highlighting the importance of clinical evaluation in older children. Physical examination remains essential for assessing range of motion, gait abnormalities, and muscle strength. Limitation of hip abduction is often an early and characteristic finding in dysplastic hips [13]. Pecquer reported reduced abduction and internal rotation compared with the contralateral side [14], observations that were also consistent with our clinical findings.
Radiological evaluation remains the cornerstone of diagnosis and postoperative assessment. Standard anteroposterior pelvic radiographs allow measurement of key parameters such as the acetabular index (AI), the lateral center-edge (VCE) angle of Wiberg, and other indices used to assess acetabular coverage and hip stability. Radiographic evaluation also allows classification-based analysis using systems such as the Tönnis and Severin classifications [5]. Although conventional radiography does not provide early diagnosis in infancy, it remains essential for evaluating dysplasia severity, monitoring acetabular remodeling, and assessing treatment outcomes.
Advanced imaging techniques may provide complementary information in selected cases. Computed tomography can offer more precise evaluation of anterior and posterior acetabular coverage and femoral version through axial measurements [13,15], while three-dimensional reconstructions allow improved visualization of acetabular morphology [16]. Magnetic resonance imaging may also be useful for evaluating cartilaginous structures and determining sectoral acetabular deficiencies, which may assist in selecting the most appropriate pelvic osteotomy technique [17]. In our clinical setting, however, advanced imaging was used sparingly due to contextual constraints.
Our radiological results demonstrate a significant improvement in acetabular coverage following Dega osteotomy. The acetabular index decreased substantially from the preoperative period to the immediate postoperative stage and continued to improve at the final follow-up. Similarly, the VCE angle increased toward values considered satisfactory. The Wagner index also normalized, reaching values regarded as normal in the literature (≥80%) [18]. These improvements are consistent with previously published studies reporting significant postoperative gains in acetabular coverage after Dega osteotomy. For example, Czubak et al. reported a mean postoperative VCE angle of approximately 26° [19], while Ruszkowski and Pucher observed postoperative acetabular index values close to 11° [8]. Overall, published studies report postoperative acetabular index values between 11° and 25°, with VCE angles generally in the mid-to-high twenties or higher [2,7–10]. Our results fall within these reported ranges, supporting the reliability and reproducibility of Dega osteotomy.
From a technical standpoint, Dega osteotomy is particularly advantageous in skeletally immature patients because it is an incomplete transiliac osteotomy that preserves the posterior pelvic column. By using the flexibility of the triradiate cartilage, this procedure allows controlled reshaping of the acetabular roof and targeted correction of acetabular deficiency, particularly in the anterolateral region [1]. Compared with complete reorientation osteotomies, acetabuloplasties such as Dega and Pemberton primarily reshape the acetabulum while maintaining pelvic stability [6].
Reorientation osteotomies, such as Salter’s innominate osteotomy described in 1961, rotate the acetabulum to improve femoral head coverage but require a complete pelvic osteotomy and structural grafting [21–23]. Double and triple pelvic osteotomies were later developed to overcome limitations related to pelvic stiffness; however, these procedures are technically more demanding and may be associated with higher complication rates [6,20,24]. In contrast, acetabuloplasties maintain a cortical hinge near the triradiate cartilage and allow progressive remodeling of the acetabular roof [6]. More complex procedures such as periacetabular osteotomy (Ganz technique) are usually reserved for older adolescents or adults [25], whereas salvage procedures such as Chiari osteotomy are generally indicated in severe or neglected cases [23,26]. These comparisons highlight the practical role of Dega osteotomy as a balanced surgical option in young children with acetabular dysplasia.
Postoperative complications must also be considered when evaluating the outcomes of pelvic osteotomy. In our series, complications were limited and mainly included transient stiffness, one superficial infection, and one recurrence. Similar complications have been described in the literature. El-Sayed et al. reported superficial wound infection, transient lateral femoral cutaneous nerve injury, and femoral shaft fracture after cast removal [10]. These findings emphasize the importance of meticulous surgical technique, careful postoperative immobilization, and appropriate rehabilitation to minimize complications.
Avascular necrosis (AVN) of the femoral head is another recognized complication following surgical treatment of developmental dysplasia of the hip. This complication is usually related to excessive pressure on the femoral head after reduction, prolonged immobilization, or aggressive surgical manipulation. In our series, one case of avascular necrosis was observed during follow-up. Although the mean follow-up period was 18 months, longer observation is required to evaluate the long-term evolution of such complications.
Overall, our results suggest that Dega pelvic osteotomy is an effective surgical option for the treatment of developmental dysplasia of the hip in children, providing meaningful radiological improvement and satisfactory clinical outcomes in most cases. However, this study has several limitations, including the relatively small sample size and the short follow-up period inherent to a single-center retrospective case series. Longer follow-up studies with larger cohorts are therefore required to better evaluate the durability of acetabular remodeling and long-term hip stability after Dega osteotomy.



4. Conclusion

Dega pelvic osteotomy represents an effective and reliable surgical option in the management of pediatric hip dysplasia. In our case series of 12 dysplastic hips, this technique provided significant clinical and radiological improvement, particularly in terms of acetabular coverage, hip stability, and functional outcome. Its incomplete transiliac design allows controlled acetabular remodeling while preserving pelvic stability, making it especially suitable for skeletally immature patients.

Despite its favorable results, careful patient selection, accurate preoperative planning, and meticulous surgical technique remain essential to minimize complications and optimize outcomes. The procedure should be integrated into an individualized treatment strategy that considers patient age, severity of dysplasia, and associated deformities.

Nevertheless, the relatively short follow-up period represents a limitation of this study, as long-term evaluation is required to fully assess the durability of acetabular remodeling and hip stability after Dega osteotomy.

Further studies with longer follow-up periods and larger cohorts are warranted to better assess the long-term outcomes of Dega osteotomy and to compare its effectiveness with other pelvic osteotomies in the treatment of developmental dysplasia of the hip.
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