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Abstract 

Background:  

Varying degrees of hip displacement have been observed in up to 75% of paediatric 

patients with cerebral palsy (CP). Conflicting data exists regarding the incidence of 

significant hip pain associated with displacement, and whether surgical intervention 

benefits such patients with known high recurrence and complication rates. There is a 

paucity of evidence regarding the outcomes of reconstructive hip surgery in an African 

environment.    

Study objective: To establish medium-term functional and radiological outcomes of 

reconstructive hip surgery, in a cohort of non-ambulatory patients with CP, within an 

African context.    

 

Methods: 

This was a single centre, 5-year, retrospective study, reviewing non-ambulant Gross 

Motor Function Classification System (GMFCS) Level IV and V patients who 

underwent reconstructive hip surgery, between 2013 – 2017.  

 

Each primary caregiver completed a caretaker questionnaire. Pre- versus post-

operative sitting function, hip pain frequency and intensity, activities of daily living 

(ADL’s), radiological outcomes and complications were explored. Descriptive 

statistics, Wilcoxon signed rank and Spearman Rho non-parametric tests were used 

to analyse and present the findings.  
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Results: 

Forty-one participants were included, who underwent varus derotation osteotomy 

(VDRO) and adductor tenotomy, performed on 75 hips. Mean age at surgery was 8.7 

years (3.3 – 16.3 years), and mean follow up was 6.3 years, (3.2 – 8.4 years). Surgery 

was bilateral in 34 cases. Ease of changing diapers and maintaining perineal hygiene 

was the only ADL to have improved (p=0.027). No improvement in sitting ability was 

noted. Significant hip pain decreased from 88% pre-operatively, to 32% post-

operatively. (p<0.001). Using Reimer’s migration percentage (MP), both groups 

demonstrated significant improvement in hip containment (p=0.029). GMFCS Level V 

patients experienced more complications (60%), compared to Level IV patients. 

  

Conclusion: 

Natural sequalae of CP renders these patients susceptible to painful hip instability. 

Although most patients in this study experienced improved hip abduction with 

increased ease of perineal hygiene, improved pain relief and better post-operative hip 

enlocation, the high incidence of complications emphasizes the importance of close 

follow up of patients living with CP.  

 

Level of evidence: IV – Therapeutic. 

 

Keywords: 

Cerebral palsy (CP)  

Varus derotation osteotomy (VDRO) 

Hip dislocation  

Hip reconstruction  

Outcomes 
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Introduction 

Most children with CP are born with anatomically normal, functional hips [1,2]. Muscle 

spasticity worsens with growth and accelerates as skeletal growth rates peak. There 

is increased hip adductor and flexor tone leading to progressive posterolateral femoral 

head subluxation, limb scissoring and hip instability [3,4]. Often described as a “silent 

subluxation” these individuals are frequently asymptomatic, only alluding to pain once 

hip subluxation is advanced or completely dislocated [4-6]. 

Varying degrees of hip displacement have been observed in up to 75% of patients with 

CP [7-11]. However, there is conflicting data to suggest that all displaced hips generate 

pain. The incidence of significantly painful hip displacement in the short to medium 

term is reportedly 30 – 50% [12-14]. When analysing the longer-term effects of hip 

displacement in patients with CP, Wawrzuta et al. reported hip pain in 72% of their 

participants [15].  

Bagg et al. noted that dislocated hips, subluxed hips and hips that had been reduced, 

all shared a similar level of increased pain. Eithy nine percent of dislocated hips 

experienced moderate to severe pain, with 45% of subluxed hips experiencing some 

pain [16].  

Bischof and Erken compared operative versus non-operatively managed hips of 

children with CP. They found no significant difference in pain scores or frequency 

between the two groups, but rather a deterioration in sitting ability in the operative 

group [17]. Bischof and Chirwa assessed pain whilst performing common activities of 

daily living (ADL’s) among non-ambulant adults living with CP with hip dislocations. 

Pain was reported in one third of patients and was intermittent in nature. [18]. Samilson 
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et al. described only 6 of their 274 patients with CP as having pain originating from a 

subluxed hip [19]. Similarly, Pritchett stated that one third of study participants with 

dislocated hips had mild pain, and 62% had no pain [20].  

The success of hip surveillance programs at preventing hip dislocation and its 

associated pain and morbidity is evidenced by the global decrease in salvage 

procedures and increase in reconstruction procedures [21-23]. Typically, pelvifemoral 

osteotomies yield better functional and radiological outcomes compared to femoral 

varus derotation osteotomies (VDRO) alone [24,25].  

From their systematic review regarding interventions for children with CP, Novak et al. 

stated that up to 40% of interventions had no documented evidence to support their 

use, and a further 20% of interventions were “ineffectual, unnecessary or even 

harmful” [26].  

 

Considering the inherent risks and complexity of managing patients with CP, and the 

conflicting data regarding pain origination, is there justifiable evidence to support the 

use of reconstructive hip surgeries in this non-ambulant CP population? 

 

The aim of this study was to establish the functional and radiological outcomes of 

reconstructive hip surgery among non-ambulant patients with CP, managed 

specifically within our African environment. Study objectives were to assess ADL’s, 

sitting ability, and hip pain. Further objectives were to assess radiological outcomes 

and the complications of surgery.    
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Materials and Methods 

This was a retrospective cohort study with prospective recall, analysing medium-term 

outcomes of non-ambulant, GMFCS Level IV and V children with CP, who underwent 

a proximal femoral VDRO and adductor tenotomy, at a single tertiary centre in South 

Africa. The 5-year review period was from January 2013 to December 2017, with a 

minimum 24 months recovery period before assessment. Institutional ethics clearance 

was obtained prior to commencing the study. 

 

A database of all patients fulfilling the above criteria was compiled, and 142 

participants were included. Primary caregivers were telephonically invited to 

participate in the study, and a follow-up appointment confirmed.   

 

A questionnaire was compiled to obtain information from the child’s primary caregiver. 

Pre- and post-operative performance of ADL’s and perceptions of pain were 

evaluated.  

 

Pre-operative sitting ability was obtained from the caregiver. Sitting ability at follow-up 

was classified using the Chailey levels of box sitting [27]. Sitting function was recorded 

as being able to sit unassisted, able to sit assisted, and unable to sit.  

 

The location, intensity and frequency of hip pain were assessed. This was done by 

performing a single brisk hip abduction movement, and comparing to pre-operative 

medical records and caregiver recollection. Pain was classified as significant or 

insignificant. Significant pain was defined as a recurring, reproducible pain 
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experienced at least several times a week, that occurred with the same movement, 

position or ADL, causing a sudden increase in irritability, crying, breath holding, muscle 

tensing, or facial grimacing. Insignificant pain produced the same clinical response, 

but in a random, non-reproducible manner, or on occasion.  

 

The Faces, Legs, Activity, Cry and Consolability (FLACC) pain scoring tool was used 

to further assess pain. This scoring system provides a simple 0 – 10 score for 

qualifying pain behaviours in children unable to verbalise the presence or intensity of 

their pain [28,29].  

 

Radiographic assessment of Reimer’s migration percentage (MP) [30], was performed 

using a standardized anterior-posterior (AP) pelvic radiograph, as recommended by 

the Australian Hip Surveillance Guidelines [14]. Pre- and post-operative MP’s were 

compared and each hip was classified as contained (MP ≤ 30%), subluxed (MP 31 – 

89%), or dislocated (MP ≥ 90%). Radiological complications were also documented.  

 

Data Analysis: 

Due to limited sample sizes the Wilcoxon signed rank and Spearman Rho non-

parametric tests were used, along with descriptive statistics. Individually, pre- and 

post-operative comparisons were made, as well as comparison between both GMFCS 

groups. Statistical significance was standardised with p < 0.05. Data were collected 

and stored on Microsoft Excel, and analysed by Statistical Package for Social 

Sciences (SPSS) version 25.  
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Results 

Forty-one of 142 patients were followed-up in the study. Factors contributing to the 

low patient recall were; patients deceased prior to follow-up (13), caregivers declining 

participation (11), caregivers untraceable (77). The cohort included 18 females and 23 

males. There were 24 GMFCS Level IV and 17 Level V patients. The mean age at 

time of surgery was 8.7 years old (3.3 – 16.3 years), and the mean follow up period 

was 6.3 years, (3.2 – 8.4 years). Surgery was bilateral in 34 cases, with a total of 75 

hips undergoing VDRO and adductor tenotomy. Eleven hips underwent a 

simultaneous pelvic osteotomy. Three hips underwent revision surgery, outside of the 

review period.  

Caregivers reporting on ADL’s were asked to categorized their answers into one of 

four choices; with ease, slight challenge but possible, very difficult but possible, or 

impossible. (Table I). The only statistically significant ADL to improve post-operatively 

was changing of diapers, (p=0.027). Pre-operatively, changing diapers was 

categorized as with ease in 8 of the 41 patients (20%), which improved to 35 of 41 

(85%) post-operatively. Five of the 41 patients (12%), were described as very difficult 

but possible pre-operatively, with none in this category post-operatively.   

Hip abduction is a primary movement involved in the changing of diapers. Post-

operative clinical assessment of hip abduction revealed significant increases in both 

GMFCS Levels IV and V, (p=0.043 and p=0.018) respectively, with an average 

increase of 15.2° abduction observed per operated hip. (Table II)    
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Table I: Activities of daily living 

*   Pre ~ Pre-operative;   Post~ Post-operative 

 

 Table II: Hip abduction 

 

In comparing pre- and post-operative sitting function, (Table III) there was insignificant 

improvement in the GMFCS Level IV group, (p=0.187) where two of the 24 GMFCS 

Level IV patients improved from the able to sit with assistance group, to the able to sit, 

unassisted group. There was no difference in sitting function noted among GMFCS 

Level V patients.  

Activities of daily living     

(n = 41) 
With ease 

Slight challenge, 

but possible 

Very difficult, but 

possible 
Impossible 

 Pre Post Pre Post Pre Post Pre Post 

Bathing (Lower limbs) 9 31 26 8 6 2 - - 

Changing diapers / 

underwear 
8 35 28 6 5 - - - 

Dressing / Undressing 

lower limbs 
17 30 21 9 3 2 - - 

Transferring (In/Out bed) 19 16 22 24 - 1 - - 

Transferring (In/Out chair) 12 13 25 27 4 1 - - 

Ability to stand 

(with/without assistance) 
0 0 2 1 11 12 27 28 

 Pre-Operative Post-Operative Improvement 

GMFCS IV: 
(n = 24) 

34.2° 44.6° 10.4° 

GMFCS V: 
(n = 17) 

25.7° 46.7° 21.0° 

Combined groups: 
(n = 41) 

31.1° 45.1° 15.2° 
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Table III: Sitting ability 

 

Significant pain was reported in 36 of the 41 patients pre-operatively (88%). This 

improved to 13 of the 41 patients post-operatively (32%) (p< 0.001). Pre-operatively, 

only 1 of 41 patients (2.4%) had no pain, compared to 15 of 41 patients (37%), post-

operatively. Using the post-operative FLACC score 28 patients demonstrated mild to 

no pain, and 13 demonstrated moderate to severe pain. (Table IV). 

Table IV: Hip pain 

 

 

 

 

 

 

 

 

 

 Pre-Operative  Post-Operative  

 GMFCS IV GMFCS V GMFCS IV GMFCS V 

Able to sit unassisted 10 0 12 0 

Able to sit assisted 13 13 11 13 

Unable to sit 1 4 1 4 

 Pre-Operative (n=41) Post-Operative (n=41) 

Significant Pain 36 13 

Insignificant Pain 4 13 

No Pain 1 15 

 

Post-operative FLACC Scores (n=41) 

Mild-No pain  (0 – 3 points) 28 

Moderate pain  (4 – 6 points) 11 

Severe pain  (7 – 10 points) 2 
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Radiological assessment revealed that hip containment was significantly improved in 

both GMFCS groups. In the GMFCS Level IV group, 10 of 44 hips (23%) were 

contained pre-operatively, compared to 34 of 44 hips (77%), post-operatively, 

representing a 54% improvement in the number of contained hips. (p=0.006). In the 

GMFCS Level V group 7 of 31 hips (23%) were contained pre-operatively, which 

improved to 16 hips (52%) post-operatively; representing a 29% improvement in the 

number of contained hips. (p=0.037). (Table V). By combining both GMFCS groups, 

two thirds of all hips operated on were still contained (MP ≤ 30%) at the time of follow-

up.  

Table V: Hip containment 

 

 

 

 

A total of 42 surgical and radiological complications were observed in 34 hips, (Table 

VI); a complication rate of 45% (34 of 75 hips). Three separate complications occurred 

in one hip, two complications occurred in 6 hips and a single complication occurred in 

27 hips.  

Seventeen of the 42 complications (40%) occurred in the GMFCS Level IV group 

(n=44), affecting 14 patients. This resulted in 32% of GMFCS IV patients experiencing 

at least one complication. (p=0.033) 

 Pre-Operative Post-Operative 

 
GMFCS IV 

(n=44) 

GMFCS V 

(n=31) 

GMFCS IV 

(n=44) 

GMFCS V 

(n=31) 

Contained Hip 10 7 34 16 

Subluxed Hip 23 14 7 9 

Dislocated Hip 11 10 3 6 
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Twenty five of the 42 complications (60%) occurred in the GMFCS Level V group 

(n=31), affecting 20 patients. This resulted in 65% of GMFCS V patients experiencing 

at least one complication. (p=0.046).  

Table VI: Radiological and surgical complications 

 

 

 

 

 

 

 

 

 GMFCS IV (n=44) GMFCS V (n=31) TOTAL: 

Femoral vein injury 1 2.3% 0 - 1 

Hardware failure 0 - 1 3.2% 1 

Pressure sore 1 2.3% 2 6.5% 3 

Surgical site infection 2 4.5% 1 3.2% 3 

Avascular necrosis 1 2.3% 2 6.5% 3 

Heterotopic ossification 4 9.1% 2 6.5% 6 

Hip dislocation 2 4.5% 7 22.6% 9 

Hip subluxation 6 13.6% 10 32.3% 16 

TOTAL: 17 40% 25 60% 42 
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Discussion 

A low patient recall was encountered in this study. Early mortality occurred in 13 of the 

41 participants (9,2%) in keeping with the lower life-expectancy of children profoundly 

affected by CP [31-33].  

All primary caregivers agreed that performing ADL’s increases in difficulty as the child 

grows. Pre-operatively, the most difficult ADL to perform and most common pain 

generators were actions that caused hip abduction or flexion, such as maintaining 

perineal hygiene and changing diapers. Post-operatively, transferring from chair to 

toilet, or bed, or into a vehicle was the most difficult ADL. All caregivers reported a 

subjective improvement in ease of changing diapers and maintaining perineal hygiene 

post-operatively, as in keeping with published literature [34,35]. Any changes in the 

reported difficulty of transferring the child from bed to chair or toilet or vehicle, were 

negligible and insignificant. The ability to stand was the only ADL that worsened at 

follow-up, but this change was not statistically significant. This reported deterioration 

was likely due to the child’s growth and becoming physically heavier.  

Table II highlights a significant improvement in post-operative hip abduction in both 

GMFCS groups. Similar improvements in hip abduction were reported by De Souza et 

al., and by Krebs et al. [34,35]  

Sitting ability remained unchanged following surgery, except for two patients in the 

GMFCS IV group who improved. Of note, there was no deterioration in sitting ability, 

as was previously reported by Bischof & Erken [17].  

Post-operative significant hip pain was reduced in both GMFCS groups by 56% and 

53%, respectively. Pre-operatively 36 patients reported significant hip pain, compared 
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to 13 patients post-operatively (Table IV). Of these 13 patients, 12 were reportedly 

painful pre-operatively, and one had no pain pre-operatively. The FLACC pain scoring 

tool is a validated pain scoring instrument that was used as an additional, independent 

measure of pain [28,29]. There was a correlation between the FLACC scoring and the 

descriptive pain scoring. FLACC recorded 28 patients in the mild to no pain category, 

in keeping with the 15 patients with no pain and the 13 patients with insignificant pain. 

Combining the moderate and severe pain categories of the FLACC score, these 13 

patients correlated directly with the 13 patients classified with significant hip pain 

according to the descriptive pain scoring.  

 

Reimer’s MP is considered by many authors as the most accurate, single radiographic 

measure of hip instability in children with CP [3,22]. Radiological assessment (Table 

V) revealed a 54% improvement in the number of contained hips (MP ≤ 30%) in the 

GMFCS IV group, and a 29% improvement in the GMFCS Level V group, at follow-

up. By combining both GMFCS groups (n=75), the number of contained hips increased 

from 17 pre-operatively, to 50 post-operatively. This produced a post-operative hip 

containment rate of 67%, which is in keeping with recent literature. Hip containment 

following VDRO was reported as 84% by Chang et al. [36], 63% by Shore et al. [37], 

and 52% by Ruzbarsky et al. [11]. Of note among the GMFCS IV patients, all 10 hips 

that were contained pre-operatively, remained contained at time of follow-up. Among 

the GMFCS level V group, of the 7 pre-operative contained hips only 5 were still 

contained at follow-up.     

 

The number of subluxed hips decreased from 37 pre-operatively to 16 post-

operatively; a 57% reduction. The number of dislocated hips decreased from 21 pre-
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operatively to 9 post-operatively; a 57% reduction. This was corroborated clinically by 

the improved hip abduction scores and subjectively by the reported greater ease of 

perineal care.  

 

There was a high complication rate in this cohort of patients, with seven hips having 

multiple complications. Complication rates reported for non-ambulatory children with 

CP undergoing hip reconstruction vary widely with rates up to 92% [11,15,38]. Failure 

to maintain hip containment accounted for 60% of all complications in this study.  

A greater number of overall complications occurred in the GMFCS Level V group (27 

complications) compared to the Level IV group (15 complications), also noted by 

Bayusentono et al. [39].  

 

Heterotopic ossification (HO), occurred in 6 of the 75 hips (6%) post-operatively, none 

of which warranted surgical resection. Post-operative HO formation has a reported 

2.3% – 53% occurrence [40-43]. Avascular necrosis (AVN) occurred in 3 of the 75 hips 

(4%). AVN secondary to VDRO is reportedly 2 – 10% in the literature [11,36].   

 

The single case of iatrogenic femoral vein injury was explored and repaired by a 

vascular surgeon at the time of index surgery. The child made a full recovery. The 

single case of hardware failure progressed to re-dislocation. Revision surgery was 

performed outside of the study review period.  

 

Most complications encountered did not cause significant morbidity nor require further 

surgical interventions. All complications noted were in keeping with published literature 

[11,15,38,40-44].  
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Study Limitations: 

Study limitations include the use of retrospective data. The total number of study 

participants was low, with a participation rate of 29%. There was reliance on caregiver 

recall, which may have resulted in inaccurate reporting of pre-operative ADL’s, 

function, and pain. There was a potential for bias from primary caregivers who may 

have over-emphasised any improvements or benefits experienced by the child.  

 

Conclusion 

After reviewing the individual aims of the study, the only ADL to have shown 

improvement was the changing of diapers; which is integral to maintaining perineal 

hygiene and patient comfort. Post-operative hip abduction improved with reported 

increased ease of patient care. No improvement in sitting ability was observed. 

Significant hip pain was reduced in this cohort. However, 32% still experienced 

significant pain at follow up. Hip enlocation was improved post-operatively, however 

hip instability persisted in one third of participants and was the most common 

complication noted. All complications observed were in keeping with published 

literature, most of which did not require further intervention. The overall complication 

rate following VDRO and adductor tenotomy remains high, with more complications 

noted among GMFCS Level V patients.  

 

This data may be used in counselling parents and caregivers, and for healthcare 

providers caring for children with CP within the African environment. Although 68% of 

patients in this cohort experienced improved hip abduction, 56% improved pain relief 

and 44% improved post-operative hip enlocation, the high incidence of complications 

emphasizes the importance of close follow up of patients living with CP.  
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