
Full Terms & Conditions of access and use can be found at
https://informahealthcare.com/action/journalInformation?journalCode=iort20

Acta Orthopaedica

ISSN: (Print) (Online) Journal homepage: informahealthcare.com/journals/iort20

Range of hip abduction after preventive and
reconstructive surgery in cerebral palsy: a
longitudinal registry study of 307 children

Gunnar Hägglund & Philippe Wagner

To cite this article: Gunnar Hägglund & Philippe Wagner (25 Oct 2021): Range of hip abduction
after preventive and reconstructive surgery in cerebral palsy: a longitudinal registry study of
307 children, Acta Orthopaedica, DOI: 10.1080/17453674.2021.1995813

To link to this article:  https://doi.org/10.1080/17453674.2021.1995813

© 2021 The Author(s). Published by Taylor &
Francis on behalf of the Nordic Orthopedic
Federation.

Published online: 25 Oct 2021.

Submit your article to this journal 

Article views: 6572

View related articles 

View Crossmark data

https://informahealthcare.com/action/journalInformation?journalCode=iort20
https://informahealthcare.com/journals/iort20?src=pdf
https://informahealthcare.com/action/showCitFormats?doi=10.1080/17453674.2021.1995813
https://doi.org/10.1080/17453674.2021.1995813
https://informahealthcare.com/action/authorSubmission?journalCode=iort20&show=instructions&src=pdf
https://informahealthcare.com/action/authorSubmission?journalCode=iort20&show=instructions&src=pdf
https://informahealthcare.com/doi/mlt/10.1080/17453674.2021.1995813?src=pdf
https://informahealthcare.com/doi/mlt/10.1080/17453674.2021.1995813?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/17453674.2021.1995813&domain=pdf&date_stamp=25 Oct 2021
http://crossmark.crossref.org/dialog/?doi=10.1080/17453674.2021.1995813&domain=pdf&date_stamp=25 Oct 2021


Acta Orthopaedica 2021; 92 (x): x–x 1

Range of hip abduction after preventive and reconstructive surgery 
in cerebral palsy: a longitudinal registry study of 307 children

Gunnar HÄGGLUND 1,2 and Philippe WAGNER 1,3 

1 Lund University, Department of Clinical Sciences, Lund, Orthopedics; 2 Department of Orthopedics, Skane University Hospital, Lund; 3 Centre for Clinical 
Research, Uppsala University, Region Västmanland, Västerås, Sweden
Correspondence: gunnar.hagglund@med.lu.se
Submitted 2021-06-25. Accepted 2021-09-30.

© 2021 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group, on behalf of the Nordic Orthopedic Federation. This is an 
Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits 
 unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

DOI 10.1080/17453674.2021.1995813

Background and purpose — Hip dislocation in cerebral 
palsy (CP) is caused by altered muscle forces on the joint 
during typical hip positioning in adduction–flexion–inward 
rotation. Preventive surgery includes adductor–psoas length-
ening (APL) or varus derotation osteotomy (VDRO) of the 
proximal femur. We assessed the changes in the hip abduc-
tion range after these operations.

Patients and methods — Data were obtained from 
the Swedish Surveillance Programme for CP. The range of 
hip abduction before and up to 18–36 months after surgery 
was assessed for all children who underwent APL or VDRO. 
Data for 1 hip per child was assessed. Ordinary linear regres-
sion was used.

Results — In the 150 children who underwent APL, the 
mean range of abduction increased from 29° (95% confi-
dence interval [CI] 28–32) preoperatively to 37° (CI 35–39) 
at 18–36 months. In the 157 children who underwent VDRO, 
the respective mean values were 30° (CI 29–32) and 29° 
(CI 28–31). The mean difference in preoperative abduc-
tion between sides was greater in children who underwent 
unilateral (9.4°, CI 7.8–11) than bilateral (5.5°, CI 3.4–7.6) 
VDRO. At 18–36 months postoperatively, the differences 
between sides were almost unchanged.

Interpretation — The range of hip abduction increased 
after APL but remained unchanged after VDRO. This may 
explain the normal development of hip displacement after 
these operations. Differences in abduction between sides 
were not substantially affected by whether VDRO was per-
formed uni- or bilaterally.

Hip dislocation in cerebral palsy (CP) is caused by altered 
muscle forces on the hip joint. The stronger and more spastic 
adductor and flexor muscles shift the force vector from the 
anteromedial to posterolateral direction during hip positioning 
in adduction, flexion, and inward rotation (1). 

The passive range of hip abduction normally decreases with 
age in children with CP (2). A spastic muscle will not allow 
stretch to the same degree as a muscle with normal tone. As 
a consequence, spasticity may inhibit growth in the length of 
the muscle, which results in the development of muscle con-
tracture as measured by a decreasing range of joint motion (3). 
There are 2 principal surgical methods to treat hip dislocation 
in CP: preventive and reconstructive surgery. Lengthening of 
the adductor and iliopsoas muscles or tendons (APL) is a pre-
ventive surgery that aims to reduce the muscle imbalance and 
increase the capacity for abduction. There is a consensus that 
this operation should be performed bilaterally to prevent later 
contralateral dislocation (4-6). 

Proximal femoral varus derotation osteotomy (VDRO), 
sometimes combined with pelvic osteotomy, is a reconstruc-
tive surgery that aims to correct the displacement momen-
tarily. This varization can reduce the range of abduction and, 
to compensate for this, VDRO is often combined with APL 
and shortening of the femur. Opinions differ as to whether 
VDRO should be performed bilaterally, even in patients with 
unilateral hip displacement (7-9). After both APL and VDRO, 
there is a risk of recurrent hip displacement and the need for 
repeated surgery (10-12).

The Swedish Surveillance Programme for CP (CPUP) is a 
follow-up program and register for individuals with CP. CPUP 
started in southern Sweden (1.2 million inhabitants) in 1994 
and, since 2006, has included > 95% of all children and ado-
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lescents with CP in Sweden (10.4 million inhabitants) born 
in 2000 and later (13). In CPUP, the hips are examined with 
repeated measurements of passive range of hip motion. We 
used CPUP data to compare the development of the range of 
hip abduction after APL and VDRO. We compared the indi-
vidual differences in abduction between sides between chil-
dren operated on unilaterally and bilaterally. 

Patients and methods

This was a longitudinal register-based study that used data 
from CPUP. In CPUP, children are examined by their local 
physiotherapist at intervals based on age and gross motor 
function according to the Gross Motor Function Classification 
Scale (GMFCS), a 5-point scale in which level V indicates 
the greatest disability (14). Children in levels II–V are exam-
ined twice a year until age 6 years and thereafter annually 
until age 18 years. The examination includes measurement of 
hip abduction with a goniometer according to a manual that 
describes the positions of the child and the goniometer arms. 
Hip abduction is measured in the supine position with the 
hips extended and knees flexed. The stationary arm is placed 
along a line joining the 2 anterior superior iliac spines, and the 
movable arm is placed parallel to the longitudinal axis of the 
femur. The abduction of the hip is done slowly (2). 

In Sweden, surgical procedures to prevent hip dislocation in 
children with CP are performed in 7 university hospitals and 5 
regional hospitals (10). Preventive surgery is recommended when 
the migration percentage (MP) (5) exceeds 40%. However, there 
are no specific recommendations regarding when APT or VDRO 
should be performed, nor when VDRO should be combined with 
pelvic osteotomy or whether VDRO should be performed uni- or 
bilaterally in children with unilateral displacement.

This study included all children in CPUP in GMFCS levels 
II–V who underwent surgery with APL or VDRO before the 
age of 14 years and who had data reported for the range of hip 
abduction preoperatively and 6–18 and 18–36 months postop-
eratively. For children who underwent APL, only those who 
had this operation as their 1st hip operation were included. 
For children who underwent VDRO, those who were operated 
on with simultaneous APL and those who had been operated 
on with APL before the index operation were also included. 
Those operated on with a second operation before the 18–36-
month examination were excluded. Sex, GMFCS level, and 
age at the time of surgery were registered. For VDRO, we 
recorded whether the operation was performed uni- or bilater-
ally. Hips operated on with VDRO in combination with pelvic 
osteotomy were analyzed separately.

Statistics
The mean value, standard deviation (SD), and 95% confidence 
interval (CI) were calculated for variables for all children. 
These values were obtained before and at 6–18 months and 

18–36 months after the operation.
In the assessment of the postoperative range of abduction, 

data from 1 hip per child was used. In children who under-
went a bilateral operation, the hip with the lowest preoperative 
range of abduction was included. In those who underwent a 
bilateral operation but whose hips had symmetrical mobility 
preoperatively, the side included in the data analysis was ran-
domized. In the analysis of the differences between sides, the 
difference between the 2 hips was calculated preoperatively 
and at 6–18 and 18–36 months postoperatively.

To adjust for possible confounders we used ordinary linear 
regression with the postoperative measurement as the depen-
dent variable. As the independent variables, treatment indica-
tor variables for APL versus VDRO, and the age at the time 
of the operation, sex, GMFCS level, and preoperative abduc-
tion level were used. Residuals were checked by plotting them 
against each covariate as well as in a Q–Q plot to ensure the 
model fit the data. 

Ethics, funding, and potential conflicts of interest
The study was approved by the Medical Research Ethics 
Committee at Lund University (LU-443-99). The study was 
funded by Stiftelsen för bistånd åt rörelsehindrade i Skåne. 
The authors declare no conflict of interest.

Results

307 children (179 boys, 128 girls) who received APL (n = 
150) or VDRO (n = 157) fulfilled the inclusion criteria and 
were included in this study. In addition to these, 23 children 
were excluded due to second surgery before the 18–36-month 
follow-up: 13 were primarily operated on with APL, 10 with 
VDRO. There mean range of abduction preoperatively was 29° 
(CI 28–31). Children who underwent VDRO were more often 
in GMFCS level V, and their mean age at surgery was 1.7 years 
higher compared with children operated on with APL (Table). 
Of the 157 children who underwent VDRO, 64 also had a pelvic 
osteotomy.

Number of children (%) according to sex, GMFCS level, and type 
of operation

 APL VDRO Total
Factor n = 150 n = 157 n = 307
   
Boys   88 (59)   91 (58) 179
Girls   62 (42)   66 (42) 128
GMFCS level
 II     4 (4)     3 (2) 7
 III     17 (11)   12 (8) 29
 IV   55 (37)   34 (22) 89
 V   74 (49) 108 (69) 182
Mean age at time of the 
 operation, years (SD) 5.4 (2.8) 7.1 (2.8) 
 range 1.2–13.8 2.2–13.8



Acta Orthopaedica 2021; 92 (x): x–x 3

In children who underwent APL, the mean range of abduc-
tion increased from 29° (CI 27–31) preoperatively to 39°(CI 
37–40) at 6–18 months, and 37° (CI 35–39) at 18–36 months 
postoperatively (Figure 1). In children who underwent VDRO, 
the respective values were 30° (CI 28–32), 29° (CI 28–31), 
and 29° (CI 27–31) at the same follow-up intervals. In chil-
dren who received the VDRO in combination with a pelvic 
osteotomy, the respective values were 28° (CI 25–31), 27° (CI 
25–30), and 27° (CI 24–30) at the same follow-up intervals. 
The mean change in range of abduction was 8.8° (CI 6.8–11) 
after APL and –1.4° (CI –3.4 to 0.5) after VDRO at 18–36 
months. The unadjusted difference in mean change between 
APL and VDRO was 10° (CI 7.4–13); the adjusted difference 
was 8.0° (CI 5.4–11). 

The absolute preoperative difference in hip abduction 
between sides was higher in children who received a uni-
lateral VDRO (9.4°, CI 7.8–11) than in those who received 
a bilateral VDRO (5.5°, CI 3.4–7.6) or bilateral APL (6.1°, 
CI 5.0–7.2) (Figure 2). After unilateral VDRO, the difference 
between sides increased marginally to 11° (CI 8.9–12) at 6–18 
and 11° (CI 8.7–13) at 18–36 months postoperatively. In chil-
dren who received a bilateral VDRO, the difference decreased 
to 4.8° (CI 2.8–6.6) at 6–18 months but then increased to 5.9° 
(CI 3.7–8.1) at 18–36 months. In children who underwent a 
bilateral APL, the difference between sides decreased to 5.1° 
(CI 4.1–6.1) and then increased slightly to 5.4° (CI 4.3–6.5) at 
18–36 months. The crude changes in the difference between 
sides from the baseline to 18–36 months was for bilateral 
VDRO 1.1° (CI –1.4 to 3.7), for unilateral VDRO 1.9° (CI 
–0.5 to 4.2), and for APL 0.5° (CI –1.0 to 2.0). Adjusted com-
parisons yielded 0.3° (CI –2.0 to 2.5) difference for bilateral 
VDRO and 3.5° (CI 1.4–5.7) for unilateral VDRO, respec-
tively. Bootstrap standard errors were generated for all models 
of side differences, but results were similar (data not shown) 
and original results were retained. 

Discussion

The most important finding was that the mean range of hip 
abduction increased after APL but remained unchanged after 
VDRO. The change in mean difference in abduction between 
sides after VDRO was < 6° at 18–36 months after the opera-
tion, regardless of whether the operation was performed uni- 
or bilaterally.

The joint range of motion decreases gradually with age in 
children with CP. A previous study of the total population of 
children with CP in southern Sweden showed a reduced range 
of abduction from 43° to 34° between the ages of 2 and 14 
years (2). From the age of 6 years, the magnitude of reduction 
did not differ between children in GMFCS levels IV and V 
in that study, which suggests that the differences in the dis-
tribution of GMFCS level and age between the children who 
received the APL or VDRO in our study did not affect the 
results. This was confirmed by the multiple regression analy-
sis after adjustment for possible confounders. 

After preventive surgery with APL, the mean lateral dis-
placement as measured using Reimers’ MP (5) decreases 
gradually or continues to increase at a slower velocity (15). 
This may reflect the increased ability to abduct postopera-
tively and the resultant altered force vector over the hip joint. 
A study of standing exercise after APL showed that children 
standing with 30° abduction had a faster reduction in MP and 
a reduced recurrence rate compared with those standing with 
fewer degrees of abduction (16).

After reconstructive surgery with VDRO, there is an instan-
taneous reduction in MP. A study based on data from CPUP 
(15) showed that this immediate postoperative reduction is fol-
lowed by a gradual increase in the mean MP. The unchanged 
range of abduction postoperatively indicates that VDRO does 
not affect the postoperative positioning of the hip, which leaves 
the force vector unchanged and may explain the increasing 
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Figure 1. Mean range of hip abduction with 95% confidence intervals 
preoperatively and at 6–18 and 18–36 months after adductor–psoas 
lengthening (APL) and varus derotation osteotomy performed (VDRO).

Figure 2. Mean difference in range of hip abduction between sides 
with 95% confidence intervals preoperatively and at 6–18 and 18–36 
months after bilateral adductor–psoas lengthening (APL) and varus 
derotation osteotomy performed bilaterally (VDRO bi) and unilaterally 
(VDRO uni).
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MP postoperatively. Shore et al. (12) found that VDRO com-
bined with APL reduced the risk for recurrence, which could 
be explained by an increased capability for abduction and 
improved positioning postoperatively.

After both APL and VDRO, there is a substantial risk of 
recurrence and the need for repeated surgery (9-12,17). Studies 
have shown that the strongest predictor of outcome after APL 
is a preoperative high degree of displacement (11,17). This 
may be because the postoperative change in the force vector 
is not sufficient to reverse the development of lateralization 
in these hips. The strongest predictor of outcome after VDRO 
is young age at the time of the operation (12). The gradually 
increasing lateralization after VDRO means that children who 
are operated on at an early age have a longer period of devel-
opment ahead of them and a longer period of time for the dis-
placement to increase. 

The postoperative difference in abduction was similar 
between sides after VDRO in our study, regardless of whether 
the operation was performed uni- or bilaterally. The maxi-
mum possible mean differences between uni- and bilateral in 
change from baseline to 18–36 months given the confidence 
intervals was < 6°. 

Owers et al. (18) performed bilateral APL and VDRO on 30 
children with the goal of creating symmetry between the hips. 
At the 3-year follow-up, 13 of the children had a windswept 
deformity, compared with 15 preoperatively. This finding sug-
gests that the muscle imbalance that creates unilateral hip dis-
placement is not permanently rebalanced by bilateral surgery. 

Our study has some limitations. We did not have data on 
the degree of varization, amount of shortening, and soft-tissue 
release for children who received a VDRO. A strength of our 
study is that the data were obtained from the total population of 
children in Sweden in GMFCS levels ≥ III, reducing the risk of 
selection bias, and that the measurements were performed in a 
standardized way. Only 23 children were excluded due to early 
reoperation and this should not have affected the result.

In conclusion, the range of hip abduction increased after APL 
but remained unchanged after VDRO. This finding increases 
understanding of hip development after these operations. The 
difference in abduction between sides was not greatly affected 
by whether VDRO was performed uni- or bilaterally. 

Study design: GH, PW. Data collection: GH. Statistical analysis: PW. Man-
uscript preparation: GH, PW. The study was reported according to STROBE 
guidelines. 

Acta thanks Erich Rutz and Michael Sussman for help with peer review of 
this study.
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