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Background: Hip displacement is common in children with cer-
ebral palsy (CP). Spasticity in the hip adductor muscles, hip
flexors, and medial hamstrings has been identified as a possible
cause of progressive hip displacement. Selective dorsal rhizotomy
(SDR) aims to reduce lower extremity spasticity in children with
CP. Here, we investigate the influence of SDR on hip displace-
ment in children with CP at long-term follow-up, a minimum of
5 years post-SDR.
Methods: A retrospective review of children undergoing SDR at
a Canadian pediatric hospital was completed. Migration per-
centage (MP) was measured on pelvis radiographs taken in the
6 months before SDR and minimum 5 years post-SDR or before
hip surgery. The number of hips with displacement, defined as
MP > 30%, and the number of children with at least 1 hip dis-
placed were determined. A linear mixed-effects model was used
to assess potential risk factors for poor outcome post-SDR, de-
fined as having MP > 40% or surgical intervention for hip dis-
placement.
Results: Ninety children [50 males, 40 females, Gross Motor
Function Classification System (GMFCS) levels I to V: 1/13/24/

43/9] with a mean follow-up of 8.5 years (SD 5.1) were included.
The mean age at SDR was 4.9 years (SD 1.5); more than half of
children (52%) had hip displacement at the time of SDR. Post-
SDR, MP exceeded 30% in 0 (0%) of children at GMFCS level I,
1 (8%) at II, 11 (46%) at III, 31 (72%) at IV, and 7 (78%) at V. A
poor outcome was associated with preoperative MP, age, and
GMFCS level.
Conclusions: The incidence of hip displacement post-SDR was
consistent with population-based studies when evaluated by
GMFCS. Our findings suggest that SDR has neither a positive
nor negative effect on hip displacement when assessed at least
5 years postintervention.
Level of Evidence: Level IV.
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Overall, 1 in 3 children with cerebral palsy (CP) will
have hip displacement.1–3 Spasticity and muscle im-

balance around the hip have long been felt to be a
contributing factor in progressive hip displacement. It has
been suggested that increased tone in the hip adductors,
hip flexors, and medial hamstrings overpower the rela-
tively weaker antagonist muscles, the hip abductors, and
extensors.4,5 This imbalance of muscle forces around the
hip is thought to shift the mechanical axis, resulting in the
hip dislocating posteriorly and superolaterally.4,6–8 Recent
publications have suggested that motor type may
have less impact on hip displacement than previously
hypothesized.9,10 Rather, it has been suggested that ab-
ductor weakness and limitations in weight-bearing lead to
changes in the proximal femoral geometry.9–11

Selective dorsal rhizotomy (SDR) is a neurosurgical
procedure that aims to reduce spasticity in children with
cerebral palsy.12–14 The impact of this decrease in spas-
ticity on hip displacement is unclear. In 2017, a systematic
review found 7 articles reporting the impact of rhizotomy
on hip displacement.15 These studies reported positive,
neutral, and negative effects on hip displacement after
SDR. All studies were classified as being a low level of
evidence (level IV) and had small sample sizes, ranging
from 6 to 82 subjects.
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The largest study, with a mean follow-up of 48
± 32.4 months, was from our institution in 2005.16 The
authors concluded that SDR was more likely to have a
positive effect or no effect on hip subluxation than a neg-
ative effect. They also noted that more severe preoperative
involvement, as measured using the Gross Motor Function
Classification System (GMFCS), may predispose to
worsening hip displacement.16–18 This publication was be-
fore population-based studies that demonstrated the direct
relationship between GMFCS and hip displacement. Un-
fortunately, as noted by the study authors, a limitation of
this review was the use of center-edge angle to measure hip
displacement. Migration percentage (MP), defined as the
percentage of the femoral head that sits outside the lateral
margin of the acetabulum, has been accepted as the most
valid and reliable method of monitoring hip displacement
from anterior-posterior pelvis radiographs taken with the
child in a standardized position.19,20 Center-edge angle
relies on the accurate definition of the center of the femoral
head and is considered less reliable for measuring hip
displacement.4,20

Small sample sizes and lack of long-term follow-up
limit the conclusions that can be made from the existing
literature on the impact of SDR on hip displacement. The
objective of this study was to investigate the influence of
SDR on hip displacement in children with CP a minimum
of 5 years post-SDR.

METHODS
A retrospective chart review was completed on a

consecutive series of children who had an SDR between
February 1987 and December 2012 at British Columbia’s
Children’s Hospital. Participants were identified from a
database of children who underwent an SDR at our in-
stitution. The study was reviewed and approved by the
local Research Ethics Board. To be included, partici-
pants had to have a diagnosis of CP, undergone SDR
(L2-S1) before age 18 years, had an anteroposterior (AP)
pelvis radiograph in the 6 months before SDR, and an
AP pelvis radiograph a minimum of 5 years post-SDR. If
hip surgery was performed during this 5-year follow-up
period, an AP pelvis radiograph before hip surgery was
required.

Age, GMFCS level, hip range of motion, and or-
thopaedic surgical history were collected pre-SDR, before
an orthopaedic hip intervention, and at last follow-up
from the child’s medical chart and SDR preoperative
physical therapy assessments. When necessary, GMFCS
level was retrospectively assigned utilizing detailed func-
tional descriptors in the physical therapy or neurosurgeon
notes; it is acceptable to classify GMFCS using reported
findings.17 GMFCS levels at the final follow-up were used
for analysis. Adductor tone, as measured on the Ashworth
Scale or Modified Ashworth scale, was retrieved from pre-
SDR, 1-year follow-up and last follow-up assessments.

Radiographs were available digitally in the Picture
Archiving and Communication System at our institution
starting in 2004; hard copy films of radiographs before this

date were retrieved. MP was measured for all preoperative
films. The most recent post-SDR radiograph was
identified, and MP was measured. For those participants
undergoing hip surgery, MP was measured on the last AP
pelvis radiograph completed before orthopaedic surgery.

Surgical Procedure
Partial rhizotomies of bilateral dorsal roots were

completed from L2 to S1 or S2. The amount of dorsal nerve
rootlets cut at these levels varied from 20% to 90%. Initially,
the selection of rootlets was based almost exclusively on
electrophysiological responses to intraoperative electrical
stimulation. Over time, this evolved to include both clinical
and intraoperative electrophysiological criteria.21 Between
1997 and 2005, bilateral laminar cuts from L1 to S1 were
performed for exposure of rootlets. In 2006, the procedure
changed to a laminectomy at the level of the conus
medullaris.22

Statistical Analysis
We used descriptive statistics both overall and

stratified by post-SDR hip surgery (yes/no) to evaluate
MP and hip displacement pre-SDR and post-SDR. The
mean MP for both hips was calculated for pre-SDR im-
ages and at the final follow-up, which was defined as either
most recent pelvis x-ray (minimum 5 y post-SDR) or the
last x-ray before hip surgery. The number of hips with
displacement, defined as MP >30%, and the number of
children with at least 1 hip displaced were determined.

For regression analysis, a poor outcome post-SDR
was defined as having MP >40% or surgical intervention
for hip displacement. To assess possible risk factors as-
sociated with higher postoperative displacement, we used
a linear mixed-effects model (to account for pairs of hips
from the same individuals), including age at the time of
SDR, GMFCS level, preoperative MP, and asymmetry of
hip subluxation. Results are summarized as mean differ-
ences and 95% CIs. All analyses were conducted using
R statistical software version 4.0.3.

RESULTS
Two hundred forty-eight children had an SDR during

the study period. Ninety children (50 males, 40 females)
were included in the review. The reasons for exclusion are
shown in Table 1. Of those included in the present study, 43

TABLE 1. Reasons for Exclusion From Study
Reason for exclusion No. participants

Could not locate radiographs/chart 68
No pre-SDR hip AP pelvis radiograph 54
No 5-year post-SDR AP pelvis radiograph 29
Non-CP diagnosis 2
Hip surgery post-SDR with no pre-op hip x-ray 2
SDR completed >18 years 1
SDR included L5/S1 rootlets only 2
TOTAL 158

AP indicates anteroposterior; CP, cerebral palsy; SDR, selective dorsal rhi-
zotomy.
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(47.8%) were included in the previous study from our
institution.16 The mean age at the time of SDR was
4.9 years (SD 1.5 y), ranging from 2.7 to 11.6 years. The
mean percentage of dorsal nerve rootlets of L2 to S1 cut was
55.6% (SD 14.9). Before SDR, 1 child had undergone an
acetabular osteotomy (pre-SDR MPs 9%, 29%), and 5 had
undergone adductor releases. GMFCS levels (Table 2) had
to be retrospectively assigned to 25 (27.7%) children at the
final follow-up. The GMFCS for 17 (18.9%) participants
differed at the final follow-up compared with pre-SDR. No
GMFCS level changed by more than 1 level. Six children
went to a lower GMFCS level, whereas 9 moved to a higher
level; it was most common (6 children) to change from level
III to IV. Adductor spasticity decreased on the Ashworth
Scale or Modified Ashworth Scale post-SDR in all but 2
participants.

The mean MP of all hips and the number of hips with
displacement pre-SDR and post-SDR are shown in Table 2.
After SDR, 34 (37.8%) children underwent hip surgery,
including 15 adductor releases, 15 varus derotation
osteotomies (with or without a pelvic osteotomy), 3 salvage
procedures, and 1 hip replacement. MP at the time of hip
surgery for all hips was 44.4% (SD 24.2). In considering only
the most affected hip in each subject, the mean MP before
hip surgery was 58.9% (SD 23.2) at a mean of 4.2 years (SD
3.2) post-SDR. Five subjects had an adductor release, and 2
had reconstructive hip surgery when MPs were <40%. In the
group that did not have hip surgery, the meanMP at follow-
up was 27.3% (SD 22.5) for all hips or 32.8% (SD 24.5) for
only the most affected hip.

Overall, 37 children (42%) met the definition of a
poor outcome of either requiring a surgical intervention
for hip displacement or having MP ≥ 40% at the final
follow-up. This included 16 hips in 10 children who did
not have hip surgery. The 7 subjects who had hip surgery
with MP <40% were not included in the regression anal-
ysis. Preoperative variables associated with a poor out-
come included GMFCS level, preoperative MP, and age
at SDR (Fig. 1, Table 3).

DISCUSSION
This study is the largest long-term follow-up study

investigating hip displacement after SDR. In this review,
hip displacement post-SDR was associated with GMFCS
level, and the rate of displacement, when evaluated by
GMFCS, was consistent with that reported in published
population studies (Table 4). On the basis of our findings,
we hypothesize that SDR does not positively or negatively
affect hip displacement when reviewed 5 years post-SDR.

Population-based studies have reported between
62% and 90% of children at GMFCS levels IV and V are
expected to have displacement defined as an MP > 30% to
33%.1–3 We found MP > 30% in 72% to 78% of children at
GMFCS levels IV and V after SDR. There were more
children at GMFCS level IV than any other GMFCS level
in our review. Before SDR, 63% of the children
at GMFCS level IV already had hip displacement > 30%
at a mean age of 5.2 years (SD 1.6); this increased to 72%
at follow-up. There were a small number of children at
GMFCS level V who had an SDR dating back as many as
25 years to a time when SDR was offered to children and
families to address goals related to care and comfort. The
availability of intrathecal baclofen pumps has changed
practice, and SDR is no longer offered to children at
GMFCS level V in our institution. Of the 9 children at
GMFCS level V who were reviewed, 7 had an MP >30%
in 1 or both hips at follow-up. There were 5 dislocated hips
in 3 of these 9 children, including 1 child who had a uni-
lateral dislocation before SDR.

Children at GMFCS level III are at moderate risk of
hip displacement and are often considered candidates for
SDR. In this review, the frequency of MP greater than
30% at final follow-up was again consistent with the lit-
erature. We found that 46% of children at GMFCS level

TABLE 2. Participant Data Pre- and Post-Selective Dorsal
Rhizotomy

All No hip surgery Hip surgery

No. children (hips) 90 (180) 56 (112) 34 (68)
GMFCS levels (I/II/III/IV/V) 1/13/24/43/9 1/13/16/22/4 0/0/8/21/5
Age at SDR (y): mean (SD) 4.9 (1.5) 4.8 (1.3) 5.0 (1.8)
Pre-SDR
MP range (%) 0–100 0–64 9 – 100
MP (all hips): mean (SD) 28.7 (13.9) 25.1 (12.5) 34.5 (14.2)
Level I 12.5 (1.5) 12.5 (1.5) NA
Level II 17.8 (10.1) 17.8 (10.1) NA
Level III 30.1 (14.2) 26.5 (13.7) 37.3 (12.9)
Level IV 30.8 (11.5) 29.7 (11.2) 31.9 (11.8)
Level V 31.8 (20.4) 20.1 (9.6) 41.1 (22.2)

No. (%) children: hips MP
> 30%

47 (52): 72
(40)

21 (38): 35 (31) 26 (77): 37
(54)

Level I 0 (0): 0 (0) 0 (0): 0 (0) 0 (0): 0 (0)
Level II 2 (15): 3 (12) 2 (15): 3 (12) 0 (0): 0 (0)
Level III 13 (54): 20

(42)
6 (38): 9 (28) 7 (88): 11

(69)
Level IV 27 (63): 40

(47)
12 (55): 21 (48) 15 (71): 19

(45)
Level V 5 (56): 9 (50) 1 (25): 2 (25) 4 (80): 7 (70)

Post-SDR
Length of follow-up/time to
hip surgery (y): mean (SD)

8.5 (5.1) 11.1 (4.3) 4.2 (3.2)

Range in follow-up time (y) 0.5–25.0 5.0–25.0 0.5–13.5
Age at follow-up (y):mean (SD) 13.4 (5.4) 16.0 (4.5) 9.2 (3.9)
MP at follow-up or prehip
surgery: mean (SD)

33.7 (24.5) 27.3 (22.5) 44.4 (24.2)

Level I 13.5 (4.5) 13.5 (4.5) NA
Level II 14.7 (8.1) 14.7 (8.1) NA
Level III 33.2 (21.4) 27.7 (20.0) 44.3 (20.2)
Level IV 35.5 (23.4) 28.5 (19.4) 42.8 (25.5)
Level V 56.7 (32.4) 63.1 (40.2) 51.5 (25.6)

No. (%)children: hips MP
> 30%

50 (56): 70
(39)

19 (34): 26 (23) 31 (91): 44
(65)

Level I 0 (0): 0 (0) 0 (0): 0 (0) 0 (0): 0 (0)
Level II 1 (8): 1(4) 1 (8): 1(4) 0 (0): 0 (0)
Level III 11 (46):

16 (33)
4 (25): 7 (22) 7 (88): 9 (56)

Level IV 31 (72): 42
(49)

11 (50): 13 (30) 20 (95): 29
(69)

Level V 7 (78):
11 (61)

3 (75): 5 (63) 4 (80); 6 (60)

SDR indicates Selective dorsal rhizotomy; MP, Migration percentage;
GMFCS, Gross Motor Function Classification System.
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III had hip displacement compared with literature
values ranging from 41% to 50%.1,2 Although there was a
reduction in the percentage of children with MP >30% in
this group from pre-SDR to final follow-up, this reflects a
change of only 2 children and may be due to the small
sample size. Further assessment of the impact of SDR on
hip displacement at this GMFCS level is required.

A previous case series suggested that hip displacement
may increase post-SDR.23 Our findings do not support any
increased risk. The overall incidence of hip displacement in
this cohort, defined as MP > 30%, was high at 53% com-
pared with the rates between 26% and 35% in population-

based studies.1–3,24,25 However, the cohort studied here was
not reflective of a population of children with CP; it was
heavily weighted to children with more severe CP and,
therefore, a higher rate of hip displacement is expected.
There was no increased risk when stratified by GMFCS
levels. Any increased risk would be particularly concerning
in ambulatory children; we found no increased risk of hip
displacement in this group. No child at GMFCS level I or II
had hip surgery in our study; 1 child at GMFCS level II had
1 hip with MP over 30% at the final follow-up, measuring
32%. Although the incidence (Table 4) of hip displacement
in children at GMFCS level II decreased from 15% pre-
SDR to 8% at follow-up, this difference again reflects the
small sample size, with the difference being due to
improvement in MP in 1 child from 32% to 25% between
the ages of 4.8 and 10.2 years. Improvement in MP in
ambulatory children has previously been described.3,25

Hip displacement can start at a young age, having
been reported before 2 years of age, with the greatest risk
for displacement being reported as between the ages of 3
to 5 years.2,25–27 The mean age of children at SDR in this
review was 4.9 years (SD 1.5), with over half of children
already having at least 1 hip with MP > 30%. Our finding
that outcome was associated with both age at SDR and
pre-SDR MP likely reflects this known association be-
tween age and MP. In their study of 53 children and youth
aged 4 to 15 years, Chan et al28 concluded that SDR had a
neutral effect on hip displacement, with preoperative hip
radiologic measurement as the most important predictive
factor in determining hip status after SDR. In our review,
there were 23 children who had an SDR before the age of
4 years. Eight of these children already had at least 1 hip
with an MP > 30%; all but 1 child either had hip surgery
post-SDR or an MP > 40% at the final follow-up. Ten of
the remaining 15 children were at GMFCS levels III and
IV; 1 of 3 children at GMFCS level III and three of 7
children at GMFCS level IV progressed to MP > 40%.
Although these numbers are too small to draw con-
clusions, the results suggest progressive hip displacement
still occurs even when spasticity is reduced through SDR
in a young child who does not yet have hip displacement.

This study has a number of limitations. This was a
retrospective review that included data collected from re-
cords spanning over 2 decades. As a result, only 35% of
those children who underwent an SDR at our institution
were included, which may lead to selection bias. The most
common reasons for exclusion were the inability to locate
records and the lack of pre-SDR hip radiograph. Many
children came from other provinces and, therefore, their
imaging was done in their home province. There are a
number of confounding variables, including additional
tone management strategies, such as oral baclofen and
botulinum toxin, physiotherapy, and positioning devices,
that may influence hip displacement for which we could
not control. Four subjects had a procedure related to the
hip before their SDR; they were included in the review
because imaging was available after their initial proce-
dures, before the SDR. This additional surgery may
have had a positive or negative impact on their long-term

TABLE 3. Regression Coefficients for Risk Factors for Greater
Migration Percentage Postrhizotomy

Risk factors
Mean migration
percentage (SD)

Adjusted mean difference
(95% CI) *

GMFCS level I 13.5 (4.5) Reference
GMFCS level II 14.7 (7.9) −7.04 (−39.12, 25.05)
GMFCS level III 27.7 (19.7) 4.14 (−27.52, 35.80)
GMFCS level IV 28.5 (19.1) 4.50 (−27.09, 36.09)
GMFCS level V 63.1 (37.6) 27.71 (−5.51, 60.93)
Age (per year
increase)

— 2.30 (0.02, 4.58)

Asymmetry
(per 1 degree
increase)

— −0.03 (−0.41, 0.36)

Pre-SDR MP
(per 1 degree)

— 0.68 (0.42, 0.94)

*Estimated using multivariable linear mixed-effects model with above variables
and adjustment for length of follow-up time.

GMFCS indicates Gross Motor Function Classification System; MP, migration
percentage; SDR, selective dorsal rhizotomy.

FIGURE 1. Final migration percentage by gross motor function
classification system level. GMFCS indicates Gross Motor
Function Classification System; MP, migration percentage.
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outcomes. Additional procedures may have been
completed between SDR and follow-up without our
knowledge. We chose not to evaluate displacement be-
tween SDR and the final follow-up, given our institution
already published data related to short-term follow-up.16

However, this may have provided additional insights into
change in displacement over time. Children in this review
were treated before the development of the GMFCS and,
therefore, GMFCS level had to be retrospectively assigned
for some participants. Although detailed physiotherapy
and neurosurgical notes made the assignment of GMFCS
levels possible, there remains a risk for error. To improve
the overall accuracy of the assignment of the GMFCS, the
most recent GMFCS level assigned to the child was uti-
lized. Radiographs were completed before the im-
plementation of the province’s hip surveillance program,
and therefore, standardized positioning for MP was not in
place. However, when measuring MP, the authors made
the decision, based on the degree of hip abduction and
adduction, pelvic tilt, and pelvic rotation whether MP
could be accurately measured. Finally, although we aimed
to have long-term follow-up by only including children with
a minimum of 5 years post-SDR follow-up, hip displacement
can occur until and beyond skeletal maturity, and continued
follow-up is needed to understand final outcomes.

CONCLUSIONS
The incidence of hip displacement post-SDR in our

cohort was consistent with literature values when evaluated
by GMFCS level. Overall, our findings continue to suggest
that the most important factor in determining the risk for
hip displacement is a child’s GMFCS level. A multicenter,
nonequivalent group design, stratified by GMFCS and
appropriately powered to detect a clinical significance, with
children followed to skeletal maturity, is required to further
understand the impact of SDR on hip displacement.
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