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Objective Explore changes in roentgenoanatomical parameters of the pediatric hip joint following multilevel reconstructive 
surgeries performed for CP patients in combination with derotation varus osteotomy (DVO) alone or DVO and acetabuloplasty 
(AP). Material and methods The study included 49 children (30 GMFCS level IV and 19 GMFCS level V patients). Either 
DVO (n = 28, 44 joints, mean age 6.98 ± 2.2 years) or DVO and AP (n = 21, 38  oints, mean age 7.0 ± 2.04 years) were produced 
in combination with multilevel reconstructive surgeries to eliminate contractures of the knee and ankle joints and correct foot 
deformities. The acetabular angle, the Reimers' index, the acetabular depth ratio (ADR), the Wiberg center-edge angle were 
measured preoperatively, straight after surgery and at 1, 2, 3 years postsurgery. Results Normal relationship between the 
femoral head and  acetabulum persisted at a long-term follow-up. The parameters evaluating acetabular morphology (Wiberg 
angle, AI and ADR) were shown to improve or remain stable. The mean annual increase in the Reimers' index was not more 
than 3 % after DVO and not more than 2% following DVO and AP. A reverse statistically significant correlation was detected 
between the AI and Wiberg angle after DVO alone or DVO combined with AP throughout the observation period. This sort 
of correlation facilitated beneficial development of the operated hips at a long term following reconstructive interventions. 
Moderate correlation was observed in changed AI values after DVO at 3 years postsurgery and changes in the Wiberg angle 
at three-year observation comparing relative measurement changes and the age when surgery was performed. Age appeared 
to have a minor effect on the development of the hip following multilevel procedures produced for the cohort of patients. 
Conclusion Appropriate conditions should be provided for normal development of the hip to address hip dislocation using 
growth-remaining potential and remodeling the articular ends. Single-event multilevel surgery involving hip reconstruction 
and addressing knee and ankle contractures is practical for providing favorable conditions for postural management and 
passive verticalization of patients to maintain axial loading on the limbs.
Keywords:  hip dislocation, cerebral palsy, single-event multilevel orthopedic surgery

INTRODUCTION

The reported incidence of hip dislocation and 
subluxation in children with cerebral palsy (CP) has 
ranged from 2.6 % to 75 % [1–4]. However, children 
who are unable to stay in an upright posture and 
ambulate are at risk for developing hip displacement 
or dislocation in 60–90 % [5]. Hip dislocation may 
lead to notable functional impairments affecting the 
ability to sit, keep upright posture and predispose 
to early coxarthrosis and severe pain, challenges 
in socialization and participation [3, 6–9]. Current 
concepts on hip reconstructive surgeries in children 
with CP have developed widely accepted indications 
including optimal age and recommended surgical 
approaches (derotation varus osteotomy (DVO) of the 
proximal femur, angular stable plating combined with 
acetabuloplasty (AP) or without pelvic intervention 
[10–17]. CP children need to continue with follow 
up to monitor the development and growth of the hip 
joint after hip reconstruction. Several radiographic 
measurements have been reported, but the most 

widely used are Reimer’s migration index, center-
edge (CE) angle of Wiberg and the acetabular index 
(AI) with the mean yearly increase in the values [10, 
18–20]. In the unfavorable scenario, the recurrence of 
hip displacement or dislocation after reconstructive 
surgery can range between 5.6 to 25.7 % [18, 21–23]. 
However, there are findings in the literature focusing 
on outcomes of interventions and the development 
of the hip joint following isolated hip reconstruction 
neglecting concurrent correction of contractures of the 
knee and ankle joints and foot deformities that would 
have facilitated comprehensive postural management 
and passive support to lower limbs [24–27]. And 
outcome assessment of reconstructive procedures 
is not reported separately for the groups of patients 
who undergo standalone DVO and DVO combined 
with AP [28]. Changes in radiological and anatomical 
parameters of the hip joint following reconstructive 
multilevel interventions have been explored separately 
in DVO group and DVO+AP group.
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MATERIAL AND METHODS

The study included 49 children who had undergone 
hip reconstructive surgery for hip displacement or 
dislocation and followed up for at least three years. 
All CP patients had a spastic movement disorder as an 
underlying condition. Using the Gross Motor Function 
Classification System (GMFCS) 30 patients were 
classified as GMFCS level IV and 19 as GMFCS level 
V. Depending on indications either DVO standalone 
(n=28, 44 joints, mean age at start of treatment 
6.98 ± 2.2 years) or DVO and AP (n = 21, 38 joints, 
mean age at start of treatment 7.0 ± 2.04 years) were 
produced for the patients. The surgeries were added 
by knee level (lengthening of knee flexor muscles) 
and/or ankle level interventions and foot deformity 
correction (different modifications of triceps surae 

lengthening, Grice subtalar arthrodesis, hallux valgus 
correction) [28]. Comparison of the acetabular 
angle, the Reimers' index, the acetabular depth ratio 
(ADR), the Wiberg center-edge angle measured 
preoperatively, straight after surgery and at 1, 2, 
3 years postsurgery using anteroposterior radiographs 
of the pelvis [29] was produced to identify the impact 
of DVO or DVO+AP on the development of the 
hips. Statistical data analysis was performed using 
the tools of AtteStat 12.0.5 and Microsoft Excel 
2016 programs. The data obtained were summarized 
as means (M) ± standard deviations (SD) using 
descriptive statistical methods. The Spearman Rank 
correlation and Pearson’s chi-square tests were used 
to evaluate correlations between the variables.

RESULTS

Table 1 presents changes in radiological parameters 
(M ± SD) after DVO. Progressive decrease in AI was 
observed within 3 years after DVO as compared to 
preoperative measurements with slight increase in the 
Wiberg angle. Table 2 shows changes in radiological 
parameters (M ± SD) after DVO combined with AP.

A tendency towards progressive increase in AI 
observed within 3 years following DVO+AP was 
opposed to that in angle parameters measured after 
DVO. The Wiberg angle was shown to increase at 
one-year postsurgery followed by stabilization. Both 
surgical options demonstrated improved radiological 
and anatomical parameters and their changes within 
an age-specific normal range indicated to the favorable 
development of the hips Fig. 1, 2). The mean yearly 

increase in the Reimers' index was not more than 3 
% after DVO and not more than 2 % after DVO+AP. 
There was a tendency towards incresae in Wiberg 
angle at a two-year follow-up of DVO and at a one-
year follow-up of DVO+AP. Both groups showed 
normal parameters throughout the whole period of 
postoperative observation.

Absolute and relative changes (M ± SD) in the 
angles measured postoperatively in both groups 
are presented in Tables 3–5. Absolute and relative 
changes in the AI during postoperative acetabulum 
reconstruction are thought to demonstrate 
normalization of the hip parameters. The Reimers' 
index has been shown to increase slightly and 
evaluated as a positive prognostic factor.

Table 1
Changes in radiological parameters (M ± SD) after DVO

Angle Pre-op Post-op One-year  
follow-up 

Two-year  
follow-up 

Three-year 
follow-up 

AI; ˚ 24.0 ± 5.3 24.0 ± 5.3 21.1 ± 4.1 19.4 ± 3.6 19.7 ± 4.1
Reimers; % 46.8 ± 22.5 6.6 ± 8.5 7.8 ± 8.4 11.6 ± 9.2 14.3 ± 10.2
ADR 4.6 ± 0.9 4.6 ± 0.9 4.4 ± 0.8 4.1 ± 0.8 3.9 ± 1.3
Wiberg; ˚ – 23.3 ± 6.4 26.1 ± 6.5 28.6 ± 5.9 28.3 ± 6.8

Table 2
Changes in radiological parameters (M ± SD) after DVO+AP

Angle Pre-op Post-op One-year  
follow-up 

Two-year  
follow-up 

Three-year 
follow-up 

AI; ˚ 34.2 ± 25.3 16.7 ± 3.9 16.8 ± 3.9 16.9 ± 3.4 17.2 ± 3.1
Reimers; % 73.4 ± 23.4 3.5 ± 8.1 3.4 ± 6.8 7.4 ± 7.7 8.3 ± 6.9
ADR 5.6 ± 1.4 4.1 ± 0.97 4.05 ± 0.9 3.8 ± 0.6 3.7 ± 0.9
Wiberg; ˚ – 26.8 ± 8.9 29.3 ± 7.1 28.6 ± 5.7 29.3 ± 4.97
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Fig. 1 Anteroposterior radiographs of the pelvis of a 5-yo patient M. showing development of the hip joints following DVO: (a) pre-
op Reimers' index of 41 % on the right and 32 % on the left; AI 25° on the right and AI 28˚ on the left; ADR 3.9 on the right and 4.0 
on the left; (b) postoperative Reimers' index of 7 % on the right and 23 % on the left; AI 25° on the right and 28˚ on the left; ADR 3.9 
on the right and 4.0 on the left; Wiberg angle measuring 21° on the right and 18° on the left; (c) Reimers' index of 10 % on the right, 
17 % on the left; AI 15° on the right and AI 20˚ on the left; ADR 4.3 on the right and 4.6 on the left; Wiberg angle 24° on the right and 
19° on the left at one-year follow-up; (d) Reimers' index of 9 % on the right and 10 % on the left; AI 17° on the right and AI 16˚on the 
left; ADR 4.2 on the right and 4.1 on the left; Wiberg angle 23° on the right and 21° on the left at three-year follow-up

Fig. 2 Anteroposterior radiographs of the pelvis of a 6-yo patient S. showing development of the left hip joint following DVO+AP: 
(a) pre-op Reimers' index of 49 %; AI 40°; ADR 6.3; (b) postoperative Reimers' index of 0 %; AI 10°; ADR 5.0; Wiberg angle 
measuring 38°; (c) Reimers' index of 0 %; AI 10°; ADR 5.1; Wiberg angle 40° at one-year follow-up; (d) Reimers' index of 0 %; 
AI 12°; ADR 4.1; Wiberg angle 37° at two-year follow-up; (e) Reimers' index of 0 %; AI 11°; ADR 4.3; Wiberg angle 36° at three-
year follow-up; development of the right hip joint following DVO+AP: (a), (b) pre-op Reimers' index of 6 %; AI 13°; ADR 4.2; 
(c) postoperative projectional neck-to-shaft angle of 113°; Reimers' index of 0 %; AI 13°; ADR 4.1; Wiberg angle measuring 34°; 
(d) Reimers' index of 0 %; AI 11°; ADR 4.1; Wiberg angle 35° at one-year follow-up;(e) Reimers' index of 0 %; AI 11°; ADR 4.3; 
Wiberg angle 36° at two-year follow-up; (e) Reimers' index of 0 %; AI 11°; ADR 4.3; Wiberg angle 36° at three-year follow-up
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Table 3
Postoperative changes in the AI

Group
Absolute changes; ˚ Relative changes; %

1 year 2 years 3 years 1 year 2 years 3 years

DVO -2.9 ± 4.4 -4.9 ± 5.7 -4.9 ± 4.8 -0.6 ± 17.3 -16.2 ± 23.6 -17.5 ± 20.5

DVO + AP 0.13 ± 3.1 -0.3 ± 2.9 0.5 ± 2.6 3.1 ± 23.7 0.9 ± 20.7 6.3 ± 17.8

Table 4
Postoperative changes in the Reimers' index

Group
Absolute changes; %

1 year 2 years 3 years

DVO 4.2 ± 9.2 5.4 ± 11.4 6.2 ± 9.6

DVO + AP -0.2 ± 7.6 3.9 ± 9.4 3.2 ± 11.04

Table 5
Postoperative changes in the Wiberg angle

Group
Absolute changes; ˚ Relative changes; %

1 year 2 years 3 years 1 year 2 years 3 years

DVO 2.8 ± 4.7 5.1 ± 5.07 3.9 ± 5.4 15.9 ± 26.8 26.1 ± 28.7 20.3 ± 26.0

DVO + AP 2.5 ± 5.3 1.8 ± 7.2 4.9 ± 8.1 18.1 ± 33.2 23.6 ± 70.2 17.8 ± 27.95

Absolute and relative changes in the Wiberg angle 
as an integrated index for the development of the hip 
joint after eliminated displacement/dislocation of the 
hip indicated to maximal remodeling following DVO 
at two-year follow-up and mild remodeling following 
DVO combined with AP at two-to-three-year follow-
up. The Spearman Rank correlation test showed 
strength of relationship between relative changes in 
the hip angles and the patient's age at surgery for the 
AI following DVO at three-year follow-up (0.461, р = 
0.964) and for the Wiberg angle at three-year follow-
up (-0.445, р = 0.978). There were no statistically 
significant differences between the patient's age 
at surgery and the extent of remodeling of the hip 
evaluated with radiological and anatomical parameters 
following standard high-technology surgical 
interventions. The Spearman Rank correlation test 

showed strength of «AI – Wiberg angle» relationship 
presented in Table 6.

Table 6
Postoperative «AI - Wiberg angle» correlation

Follow-up DVO DVO + AP

1 year -0.461 (р = 0.999) -0.718 (р = 0.999)

2 years -0.479 (р = 0.998) -0.676 (р = 0.999)

3 years -0.580 (р = 0.991) -0.735 (р = 0.999)

The «AI – Wiberg angle» correlation was found 

to be statistically significant on the Chaddock scale 

showing reverse moderate, evident profile following 

DVO. High reverse strength of correlation was 

shown to be statistically significant at one- and three-

year follow-up. This sort of correlation facilitated 

beneficial development of the operated hips at a long 

term following reconstructive interventions.

DISCUSSION

The natural course of orthopaedic complications 
like displaced/dislocated hip is associated with the 
mean yearly increase in the Reimer’s migration index 
that can vary in CP patients with different extent 
of neurological impairment. The annual migration 
percentage (MP) increase of 10 % in spastic CP was 
found by Reimers [30], and Terjesen reported a 9.2 % 

increase in MP in quadriplegics [9]. In patients with 
GMFCS levels I, II, III, IV and V, MP increased by 
0.2 %/year, 1.2 %/year, 1.3 %/year, 3.9 %/year and 
9.5°/year, respectively, according to Terjesen. An 
annual increase in MP of more than 4 % (Terjesen 
[9]), 6–7 % (Soo et al. [31] и Connelly et al. [32]) 
can be associated with hip dislocation. In our opinion, 
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MP is important for postoperative prognosis in the 
development of the hip. Retrospective analysis of 
short- and long-term outcomes with a mean follow-up 
of 6.9 years performed by McNerney et al. indicated 
to changes in MP from preoperative 66 % to MP of 
5 % postsurgery with slight increase in MP to 11 % 
at a long-term follow-up [10]. The AI changed from 
26° to 13° at a short term and to 11° at a longer term. 
Kalen et al. reported improvements in the mean MP 
from 84 % to 8 % at a short term and to 14 % at a 
long term in the retrospective analysis with a mean 
follow-up of 56 months [33]. Jozwiak et al. reported 
adequate correction of radiological parameters in 25 
CP patients (30 hip joints) with changes in the AI 
from 22° до 23°, MP from 11 % to 23 % and Wiberg 
angle from 16° to 23° at a long term [18]. Reidy K. et 
al. also reported on changes in MP from preoperative 
63.6 % to postoperative 2.7 % at a short term, and to 
9.7 % at a longer term [20]. 

In our series, normal relationship between the 
femoral head and acetabulum persisted at a long-term 
follow-up. The parameters evaluating acetabular 
morphology (Wiberg angle, AI and ADR) were shown 
to improve or remain stable. The mean annual increase 
in the Reimers' index was not more than 3 % after 
DVO and not more than 2 % following DVO and AP. 
Bayusentono et al. found that the postoperative MP 
increased by 2.0 % per year in patients with GMFCS 
level IV and by 3.5 % per year in those with level V 
was associated with stabilization of other radiological 
parameters of coxometry with no recurrence 
of displaced/dislocated hips reported [19]. No 
recurrence of displaced/dislocated hips was observed 
in our series at three-year follow-up. Continuous 
physical postural management programs have been 
shown to play a role in passive verticalization of 

patients with severe CP to expedite axial loads to 
lower limbs preventing hip dislocation and creating 
proper conditions for the development of the hip 
joint [13, 24, 27]. Our findings suggest that single-
event multilevel surgery involving hip reconstruction 
can also be practical to facilitate comprehensive 
postural management programs for children with CP 
to enhance participation and activity postsurgery. In 
our series, progressive decrease in the AI compared 
to postoperative values with increase in Wiberg angle 
was observed over the three-year follow-up period 
in the patients who underwent standalone DVO. An 
opposite tendency towards progressive increase in 
the AI reaching normal age-specific values was noted 
over the three-year follow-up period in the patients 
who underwent DVO + AP versus scenario observed 
with standalone DVO. Either way, both reconstructive 
options were shown to ensure normal radiological 
and anatomical parameters and the subsequent 
changes within age-specific normal range facilitating 
beneficial development of the hip joints. 

The «AI – Wiberg angle» correlation was found to 
be statistically significant showing reverse moderate, 
evident profile following DVO. High reverse strength 
of correlation was shown to be statistically significant 
for combined interventions of DVO and AP. This sort 
of correlation facilitated beneficial development of the 
operated hips at a long term following reconstructive 
interventions. Moderate correlation was observed in 
changed AI values after DVO at 3 years postsurgery 
and changes in the Wiberg angle at three-year 
observation comparing relative measurement changes 
and the age when surgery was performed. Age 
appeared to have a minor effect on the development 
of the hip following multilevel procedures produced 
for the cohort of patients. 

CONCLUSION

Appropriate conditions should be provided for 
normal development of the hip following surgical 
elimination of hip dislocation using growth-
remaining potential and remodeling the articular 
ends. Single-event multilevel surgery involving 

hip reconstruction and addressing knee and ankle 
contractures is practical for providing favorable 
conditions for postural management and passive 
verticalization of patients to maintain axial loading 
on the limbs.
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