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Abstract 

Hip displacement is a common and debilitating 

complication in children with cerebral palsy (CP), 

particularly those classified as GMFCS levels II and 

III. Traditional reconstructive surgeries, while 

effective, are associated with higher morbidity. 

Minimally invasive surgical (MIS) techniques offer a 

promising alternative for managing hip subluxation 

and dislocation in this population. Methods: This 

retrospective study evaluated 20 children (mean age: 

9.4 years) with CP (GMFCS levels II and III) who 

underwent minimally invasive pelvic and femoral 

osteotomies between 2010 and 2020. Radiographic 

parameters, including migration percentage (MP), 

acetabular index (AI), and neck-shaft angle (NSA), 

were assessed preoperatively and postoperatively. 

Functional outcomes were measured using the 

CPCHILD questionnaire. The mean follow-up 

duration was 6.5 years. Results: Surgical intervention 

significantly improved radiographic outcomes: mean 

MP decreased from 59% to 14%, AI from 38.5° to 

19°, and NSA from 153° to 128% (all p < 0.001). All 
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patients retained preoperative ambulatory status and 

reported significant improvements in CPCHILD 

scores (p < 0.001). Complications were minimal, with 

no infections or non-unions. Only one patient 

required reoperation due to a postoperative fracture. 

Conclusions: Minimally invasive pelvic and femoral 

osteotomies effectively restore hip stability, improve 

quality of life, and minimize surgical morbidity in 

ambulatory children with CP. This approach offers a 

viable alternative to traditional methods, with 

favorable clinical and radiographic outcomes. 

Keywords: Cerebral palsy; Hip dislocation; 

Minimally invasive surgery 

 

Introduction 

Cerebral Palsy (CP) is the most common cause of 

physical disability in children, with hip displacement 

representing a significant complication that affects 

mobility and quality of life. The likelihood of hip 

displacement is strongly correlated with Gross Motor 

Function Classification System (GMFCS) levels [1]. 

While non-ambulatory children (GMFCS IV and V) 

face the higher risk, ambulatory children classified as 

GMFCS II and III are also significantly affected, with 

rates of hip displacement reaching 50% [2]. Hip 

displacement begins insidiously and progresses over 

time; the imbalance between spastic hip adductors 

and flexors and weaker hip abductors and extensors 

contributes to the migration of the femoral head out 

of the acetabulum, leading to abnormal acetabular 

loading and acetabular dysplasia [3]. The uncovered 

femoral head is subjected to abnormal forces that 

alter its shape and damage cartilage, while pain and 

osteoarthritis start developing over time. For 

ambulatory patients, untreated hip subluxation or 

dislocation can jeopardize walking ability and quality 

of life [4]. Current treatment strategies are influenced 

by the hip condition and patient’s age, while no 

universal consensus exists [5]. Soft tissue surgery can 

be effective in early stages to correct muscle 

imbalance and slow progression, but definitive 

surgical interventions, such as pelvic and femoral 

osteotomies, are often required once dislocation 

occurs [6]. Traditional approaches, especially in cases 

requiring bilateral reconstruction, are generally safe 

and effective, with favorable outcomes for achieving 

hip stability despite being associated with relatively 

higher complication rates, such as extended operative 

times and increased blood loss [7]. Advancements in 

minimally invasive techniques offer promising 

alternatives, with the potential to reduce 

complications and improve recovery [8]. This 

retrospective study evaluates the long-term 

effectiveness of this approach in children with CP 

classified as GMFCS II – III. The primary goals are 

to maintain hip symmetry, minimize surgical 

morbidity and operative time. 

 

Materials and Methods 

This retrospective study included 20 children 

suffering from CP, classified as GMFCS levels II or 

III. Children at GMFCS level II can walk in most 

settings but may require support for long distances or 

challenging terrains, while those at GMFCS level III 

typically use assistive devices such as crutches or 

walkers for mobility and may require a wheelchair 

for longer distances. These patients underwent 

surgical treatment for hip subluxation or dislocation 

between 2010 and 2020. A total of 22 pelvic 

osteotomies (18 unilateral and 2 bilateral) and 40 

proximal femoral osteotomies were performed by the 

same team of highly specialized surgeons at the same 

hospital. Soft tissue release procedures, including 

adductor lengthening were performed concurrently in 
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16 cases. Among the 20 patients, six had previously 

undergone a soft tissue procedure, and one had a 

history of proximal femoral osteotomy. The mean age 

at the time of surgery was 9.4 years (range, 6–13 

years). The mean follow-up duration was 6.5 years 

(range, 3.5–13 years), and the mean age at the final 

follow-up was 15.5 years (range, 9–20 years). 

Preoperatively, only one patient reported hip pain, 

while the diagnosis of hip subluxation or dislocation 

in all cases was made based on radiographic findings 

obtained through the regular hip surveillance 

program. As part of our standard of care, standard 

Anteroposterior (AP) pelvic radiographs are acquired 

in the supine position for all patients with CP every 

12 months for hip surveillance.  

Radiographic measurements include: 

 Reimer’s Migration Percentage (MP) 

defined as the percentage of the femoral 

head located outside the acetabular bony 

margin. It is calculated as the ratio between 

the lateral uncovered portion of the femoral 

head and the total width of the femoral head.  

 Hilgenreiner’s Acetabular Index (AI) 

measured as the angle formed by 

Hilgenreiner’s line—a horizontal line 

passing through the triradiate cartilage—and 

the roof of the acetabulum. An increasing AI 

value indicates worsening dysplasia. 

 Neck-shaft angle (NSA) to evaluate coxa 

vara/valga, measured as the angle formed 

between the axis of the femoral neck and the 

axis of the femoral shaft. 

 Pelvic obliquity is not standardly measured. 

The surgical indications for pelvic and femoral 

osteotomies in this cohort were a MP > 45%, an AI > 

30°, and an NSA > 145°, as measured on standard AP 

X-rays. Contraindications were radiographic 

evidence of advanced hip joint degeneration (Figure 

1).
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Figure 1: (Left) Measurement of the Acetabular Index (AI), defined as the angle between Hilgenreiner’s line (H) 

and the line extending from the most lateral portion of the acetabulum to Hilgenreiner’s line. (Right) Measurement 

of Reimer’s index (or migration percentage), calculated as the ratio of the uncovered portion of the femoral head (A) 

to the total width of the femoral head (A + B), multiplied by 100. Pre operative AP view of a 9 year-old male, 

GMFCS level III. 

 

Surgical procedure 

Patients were positioned supine on a radiolucent 

surgical table, and a mobile image intensifier was 

used intraoperatively. Draping allowed access for 

bilateral procedures without re-prepping or re-

draping. Percutaneous adductor lengthening was 

performed using an 18G needle. The second 

operative step involved the pelvic procedure, 

performed through a 4 cm skin incision (range: 3.5–5 

cm) along the external edge of the anterior iliac crest, 

following part of the classical bikini incision 

technique (Figure 2). Subperiosteal dissection was 

used to expose the outer iliac table while preserving 

theiliac apophysis and avoiding exposure of the inner 

iliac table. The gluteal muscles were carefully 

retracted to expose the hip capsule inferiorly and the 

large ischial notch posteriorly. Before the pelvic 

osteotomy, the femoral osteotomy was completed 

through a lateral femoral approach. Wedge bone cuts 

were made in the intertrochanteric area using an 

oscillating saw. Fixation was achieved with a 90° 

cannulated pediatric osteotomy system blade plate, 

ensuring an anteversion angle of approximately 15° 

to 20°, based on the patient’s age. The periacetabular 

osteotomy was then performed under image 

intensifier guidance, following the original 

Pemberton or Dega technique, as determined by the 

coverage required. The procedure utilized the bone 

graft obtained from the femoral osteotomy without 

the need for additional fixation. This approach 

allowed controlled reorientation of the acetabulum to 

improve femoral head coverage. For patients with 

unilateral pelvic osteotomies, contralateral femoral 

osteotomies were performed to optimize symmetry in 

varus-valgus alignment and femoral neck 

anteversion. Limb length discrepancies exceeding 1 
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cm were corrected during the procedure. Residual 

discrepancies of up to 1 cm, favoring the more 

affected side, were left uncorrected. In all cases, the 

operative sequence began with adductor release, then 

pelvic approach and preparation, followed by the 

femoral osteotomy on the ipsilateral side. Pelvic 

osteotomy was then performed with the femoral 

resection being used as autograft. In case of unilateral 

pelvic osteotomy, the contralateral femoral osteotomy 

was performed last (Figure 3). After surgery, a knee 

splint brace was applied in the OR for 4 weeks to 

help control pain and avoid unfavorable postures. 

Physical therapy protocol included immediate 

mobilization, immediate stretching, immediate seated 

positioning, and the use of knee braces for a 

maximum of 3–4 weeks. Weight bearing is permitted 

at 6 weeks post-surgery. 

Our standard follow-up protocol includes an initial 

clinical visit with a hip X-ray at 6 weeks post-

surgery. If no complications are observed, a second 

X-ray is performed at 3 months, followed by 

additional X-rays at 6 months and 12 months. In this 

cohort of patients, radiological measurements of AI, 

RI, and NSA were obtained preoperatively, 

postoperatively, and at 3, 6, and 12 months after 

surgery; for each radiographic parameters, the mean 

pre operative and post operative changes have been 

recorded. Complications of surgery during the whole 

follow-up period were recorded. The Caregiver 

Priorities & Child Health Index of Life with 

Disabilities (CPCHILD) questionnaire was employed 

to assess the health-related quality of life and 

caregiver priorities [9]. This validated tool is 

designed to capture the physical, emotional, and 

social well-being of children with severe disabilities 

through caregiver-reported outcomes. It comprises 

six domains: activities of daily living/personal care, 

positioning, transferring and mobility, comfort and 

emotions, communication and social interaction, 

health, and overall quality of life. The questionnaire 

was administered preoperatively and at follow-up 

visits, with caregivers providing responses on a 

Likert scale [10], which were subsequently converted 

into domain-specific and total scores. Higher scores 

indicate better quality of life. The CPCHILD has 

been shown to have excellent reliability and 

sensitivity for detecting clinically meaningful 

changes in this patient population. Data collection 

and analysis were performed using Excel (v16.82).

 

 

Figure 2: Skin incision. 
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Figure 3: Post operative bilateral femoral osteotomy and left pelvic osteotomy. 

 

Results 

Between 2010 and 2020, 20 patients classified as 

GMFCS II and III, all affected by hip subluxation or 

dislocation, underwent surgical intervention. This 

included 22 pelvic osteotomies (two bilateral and 18 

unilateral) and 40 proximal femoral osteotomies. 

Preoperative radiological parameters indicated 

significant hip dysplasia and subluxation, which were 

effectively corrected through surgical intervention. 

The mean preoperative Migration Percentage (MP) 

was 59% (range, 45%–90%) and improved to a mean 

of 14% (range, 10%–29%) postoperatively (P = 

0.0002). Similarly, the mean preoperative Acetabular 

Index (AI) of 38.5° (range, 34°–42°) decreased to 19° 

(range, 15°–28°) after surgery (P = 0.0002). The 

Neck-Shaft Angle (NSA) also demonstrated marked 

improvement, with a mean preoperative value of 153° 

(range, 145°–160°) decreasing to 128° (range, 115°–

140°)postoperatively (P = 0.0002). Femoral 

anteversion, assessed preoperatively using the 

trochanteric prominence angle, was addressed and 

corrected during surgery as needed (Figure 4).
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Figure 4: (Left) Preoperative imaging showing bilateral femoral subluxation and acetabular dysplasia. (Right) 

Postoperative imaging demonstrating bilateral Varus Derotational Osteotomy (VDRO) and pelvic osteotomy. 

 

Postoperative management included pain control with 

an epidural catheter for 48 to 72 hours, supplemented 

by anti-spastic treatment with Diazepam for 15 to 20 

days. Notably, only one patient reported pain during 

the pre-operative assessment, and all patients 

remained pain-free throughout the follow-up period. 

One patient, who underwent bilateral pelvic and 

femoral osteotomies, required a single unit of blood 

transfusion. Complications were minimal, with no 

cases of superficial or deep infections, delayed 

healing, non-union, or skin ulcers reported. One 

patient sustained a femoral fracture during a 

postoperative transfer to the Radiology Department, 

requiring reoperation to replace the blade plate with a 

3.5 LCP (Figure 5). All patients retained their 

preoperative ambulatory status and successfully 

returned to their baseline functional level (GMFCS), 

as expected. The Caregiver Priorities & Child Health 

Index of Life with Disabilities (CPCHILD) outcomes 

showed a significant improvement in quality of life 

(P = 0.0008). Postoperative assessments revealed 

enhancements across all domains of the CPCHILD 

questionnaire, including activities of daily living, 

personal care, positioning, transferring, mobility, 

comfort, emotions, communication, social 

interaction, health, and overall quality of life.
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Figure 5: (Top) Preoperative AP X-ray of the pelvis showing right hip dislocation and left hip subluxation. (Top 

left) Imaging of a left femoral fracture. (Top right) Postoperative imaging of the left femoral fracture after reduction 

and synthesis. 

 

Discussion  

Hip displacement is a significant health concern in 

children with CP due to its high prevalence and its 

potential to severely impact patient comfort, care, 

mobility, and health-related quality of life if left 

untreated. The primary objective of managing hip 

displacement in children with CP is to preserve 

flexible, well-located, and pain-free hips with a 

symmetrical range of motion [11]. When the 

migration percentage exceeds 50% and hip 

subluxation or dislocation occurs without femoral 

head degeneration, reconstructive hip surgery, 

including femoral and/or acetabular osteotomy, is 

recommended to restore normal hip anatomy and 

biomechanics in ambulatory patients with CP [3]. 

The necessity of bilateral corrective surgical 

osteotomy remains a topic of debate, but it is 

generally accepted in practice [12]. The results of this 

study further support the efficacy of reconstructive 

surgery in addressing hip displacement in ambulatory 

CP patients. Combined minimally invasive pelvic and 

femoral osteotomies not only achieve significant 
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improvements in key radiographic parameters, such 

as Migration Percentage (MP) and Acetabular Index 

(AI), but also maintain preoperative GMFCS levels 

while delivering favorable clinical outcomes, 

including a low complication rate and improved 

quality of life. These results align with the primary 

goals of hip reconstruction: restoring anatomical 

alignment and preserving functional mobility. 

Moreover, the findings are consistent with existing 

literature, which demonstrates the long-term stability 

and effectiveness of combined pelvic and femoral 

reconstructions, regardless of ambulatory status 

[11,13]. The minimally invasive surgical technique 

described in this study offers several distinct 

advantages, further supporting its adoption in the 

management of hip displacement in CP patients. By 

utilizing a streamlined operative approach, including 

a 4 cm incision along the anterior iliac crest, careful 

subperiosteal dissection to preserve the iliac 

apophysis, and controlled reorientation of the 

acetabulum, this method minimizes surgical trauma. 

The use of percutaneous adductor lengthening with 

an 18G needle and local adrenaline injection further 

reduces soft tissue damage and minimizes the risk of 

hematoma and swelling. This meticulous technique 

ensures effective correction while limiting exposure 

and preserving surrounding structures. The benefits 

are evident in the significant reduction of surgical 

time, which lowers the risk of postoperative 

infections [14]. Importantly, no infections were 

recorded during the follow-up period, a notable 

achievement given that infections following pelvic 

osteotomy have been reported in up to 18.75% of 

cases in prior studies [15]. Additionally, the 

technique results in low blood loss, with a transfusion 

rate of only 10%, which is markedly lower than rates 

previously reported in the literature [16,17]. The 

optimized surgical sequence—beginning with 

adductor release, followed by pelvic preparation, 

femoral osteotomy, and autograft utilization—further 

streamlines the procedure and enhances its safety and 

efficiency. These findings, along with the reduced 

risks associated with the minimally invasive 

technique, establish it as a viable alternative for 

performing periacetabular osteotomies in CP patients, 

as also discussed by Canavese [8]. Statistical analysis 

of this study revealed a significant improvement in 

overall quality of life, as measured by the CPCHILD 

Index (P = 0.0008). This result highlights the broader 

impact of the minimally invasive technique, 

extending beyond radiographic and surgical 

outcomes to include meaningful enhancements in 

daily living, comfort, mobility, and emotional well-

being. These improvements underscore the 

technique’s role in addressing not only the physical 

but also the psychosocial aspects of care for CP 

patients. 

While the findings of this study are encouraging, 

several limitations should be acknowledged. The 

retrospective design inherently imposes certain 

constraints on the analysis. Furthermore, the 

relatively small sample size may limit the 

generalizability of the results, as it may not fully 

represent the broader variability in outcomes that 

could be observed in a larger or more diverse patient 

population. However, the uniformity in patient 

characteristics, such as age and functional levels, 

combined with the use of a standardized surgical 

technique performed by a single experienced 

surgeon, helps to mitigate these concerns. Although 

the absence of a control group prevents direct 

comparisons with traditional methods, the positive 

outcomes reported are consistent with existing 

literature. This consistency supports the conclusion 
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that the minimally invasive approach is a viable and 

effective option for managing hip dysplasia in 

ambulatory CP patients. 
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