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The purpose of this study was to evaluate the long-term outcome of adults with spina bifida 
cystica (SBC) who had been treated either operatively or non-operatively for scoliosis 
during childhood.

We reviewed 45 patients with a SBC scoliosis (Cobb angle ≥ 50º) who had been treated at 
one of two children’s hospitals between 1991 and 2007. Of these, 34 (75.6%) had been 
treated operatively and 11 (24.4%) non-operatively. After a mean follow-up of 14.1 years 
(standard deviation (SD) 4.3) clinical, radiological and health-related quality of life (HRQOL) 
outcomes were evaluated using the Spina Bifida Spine Questionnaire (SBSQ) and the 36-
Item Short Form Health Survey (SF-36).

Although patients in the two groups were demographically similar, those who had 
undergone surgery had a larger mean Cobb angle (88.0º (SD 20.5; 50.0 to 122.0); versus 65.7º 
(SD 22.0; 51.0 to 115.0); p < 0.01) and a larger mean clavicle–rib intersection difference 
(12.3 mm; (SD 8.5; 1 to 37); versus 4.1 mm, (SD 5.9; 0 to 16); p = 0.01) than those treated non-
operatively. Both groups were statistically similar at follow-up with respect to walking 
capacity, neurological motor level, sitting balance and health-related quality of life (HRQOL) 
outcomes.

Spinal fusion in SBC scoliosis corrects coronal deformity and stops progression of the 
curve but has no clear effect on HRQOL.

Cite this article: Bone Joint J 2014; 96-B:1244–51

Scoliosis affects up to 50% of patients with
spina bifida cystica (SBC) and can progress to
affect sitting balance.1-5 Spinal fusion has
been advocated to correct deformity, prevent
curve progression, improve sitting balance
and increase function.1,6 Unfortunately, stud-
ies have reported a decreased ability to carry
out the activities of daily living (ADL) after
surgery.2,7-11 Mazur et al12 reported an
improvement in sitting balance but a
decreased ability to walk in patients with SBC
after a spinal fusion. Other studies have
reported no significant relationship between
spinal deformity and physical function, self-
perception or self-motivation.3,13 Although
spinal fusion is frequently undertaken, its
functional benefit for patients with SBC
remains uncertain.3,14

Despite complication rates approaching
80%, few studies have evaluated the post-
operative health-related quality of life
(HRQOL) of patients with SBC.15-19 The pur-
pose of this study was to evaluate the
HRQOL outcomes of adults with SBC who
had been treated either operatively or non-
operatively for scoliosis during childhood.

Patients and Methods
This was a two-centre retrospective comparative
review. All patients diagnosed with SBC and
treated between 1 January 1991 and
31 December 2007 were identified from their
respective hospital databases. Ethical approval
was obtained before enrolling patients in the
study.

We included patients with SBC (meningo-
myelocoele, meningocoele, lipomeningocoele
or lipomeningomyelocoele) who were
≤ 18 years of age with a primary Cobb angle
≥ 50º and a fixed coronal curve on
anteroposterior (AP) radiographs.20 Patients
with other causes of scoliosis (idiopathic or
traumatic) and those undergoing a non-
instrumented fusion or isolated kyphectomy
(apical vertebrae resection, decancellation
techniques or vertebral osteotomies) were
excluded. SBC patients with congenital
deformities (sacral agenesis, unsegmented
bars or hemivertebrae) were included.

Of 170 eligible patients, 129 (75.8%)
underwent fusion and 41 (24.1%) were treated
non-operatively; 125 failed to respond to our
request for participation (Table I), giving a
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participation rate of 26.5% (45 of 170 patients). This is similar
to that achieved by another multicentre study of this population
(~30%).21 Reasons for not participating included lack of
interest (n = 53) and inability to locate the patient (n = 63). In all,
nine of the 125 (7.2%) patients had died. The mean age of non-
responders at follow-up was 29.0 years (standard deviation (SD)
4.4; 19.4 to 38.0). For non-responders, the mean baseline Cobb
angle of patients who had undergone fusion was 84.3º (SD 19.8;
50° to 130°) and the last known Cobb angle of patients treated
non-operatively was 68.1º (SD 18.0; 50° to 110°). Overall, non-
responders were pretty similar in their demographics and
radiological measurements to the patients enrolled in the study 

Of the 45 (26.5%) patients who participated in the study,
21 (46.7%) were men and 24 (53.3%) were women. Of
these, 34 (75.6%) underwent fusion and 11 (24.4%) were
treated non-operatively. With respect to location,
35 (77.8%) were treated at the Hospital for Sick Children,
Toronto, Canada, and the other ten (22.2%) at The
Children’s Hospital of Eastern Ontario, Ottawa, Canada.

After giving informed consent, 28 (62.2%) patients
attended outpatients for clinical and radiological
assessment and were given a HRQOL questionnaire to
complete. 17 patients (37.8%) who were interested in
participating but unable to attend (‘remote participants’)

Table I. Baseline assessments of study respondersversus non-responders

Responders n = 45 (%) Non-responders n = 125 (%) p-value*

Gender Male 21 (46.7) 49 (39.2) 0.39
Female 24 (53.3) 76 (60.8)

Institution Hospital for Sick Children 35 (77.8) 87 (69.6) 0.34
Children’s Hospital of Eastern 
Ontario

10 (22.2) 38 (30.4)

Treatment Operative 34 (75.6) 95 (76.0) 0.99
Non-operative 11 (24.4) 30 (24.0)

Mean age at follow-up (yrs) (SD; range) 26.7 (SD 4.7; 18.8 to 34.7) 29.0 (SD 4.4; 19.4 to 38) 0.01
Mean Last Known Cobb Angle (o) 56.3 (SD 31.2; 12 to 162) 52.6 (SD 27.5; 8 to 154) 0.50

SD, standard deviation
* Continuous variables; independent t-test; categorical variables; chi-squared test

Table II. Baseline assessment of the study cohort (Mean values with standard deviations (SD) and range where appropriate)

Operative n = 34 (%) Non-operative n = 11 (%) Total n = 45 p-value*

Gender (%) Male 18 (52.9) 3 (27.3) 21 (46.7) 0.18
Female 16 (47.1) 8 (72.7) 24 (53.3)

Living status (%) Home 32 (94.1) 11 (100) 43 (95.6) 0.41
Long-term care facility 2 (5.9) 0 (0) 2 (4.4)

Neurological motor level (%) Thoracic-L3 25 (73.5) 7 (63.6) 32 (71.1) 0.70
L4-Sacral 9 (26.5) 4 (36.4) 13 (28.9)

Hoffer classification (%) Ambulatory (I-II) 11 (32.4) 4 (36.4) 15 (33.3) 0.54
Non-ambulatory (III-IV)23 (67.6) 7 (63.6) 30 (66.7)

Pressure ulcers (%) 9 (26.5) 1 (9.1) 10 (22.2) 0.41
Urinary incontinence (%) 31 (91.2) 10 (90.9) 41 (91.1) 0.69
Gastrostomy tube (%) 6 (17.6) 1 (9.1) 7 (15.6) 0.66
Ventriculoperitoneal shunt (%) 29 (85.3) 7 (63.6) 36 (80.0) 0.19
Baseline radiology Cobb angle (o) 88.0 (SD 20.5; 50.0 to 122.0) 65.7 (SD 22.0; 51.0 to 115.0) 82.5 

(SD 22.8; 50.0 to 122.0)
< 0.01

n = 34 n = 11 n = 45
Kyphosis (o) 41.2 (SD 24.8; 2 to 90) 53.3 (SD 18.6; 22 to 75) 44.9

(SD 23.5; 2 to 90)
0.16

n = 25 n = 11 n = 36
Lordosis (o) 61.8 (SD 45.2; 15 to 170) 54.9 (SD 38.5; 2 to 115) 59.6

(SD 42.7; 2 to 170)
0.67

n = 23 n = 11 n = 34
Pelvic obliquity (o) 18.8 (SD 12.6; 5 to 45) 10.8 (SD 8.1; 0 to 25) 16.6 

(SD 12.0; 0 to 45)
0.06

n = 29 n = 11 n = 40
Coronal balance (mm) 40.1 (SD 28.0; 4 to 105) 22.9 (SD 17.8; 0 to 48) 35.0 

(SD 26.4; 0 to 105)
0.07

n = 26 n = 11 n = 37
Clavicle-rib intersec-
tion difference (mm)

12.3 (SD 8.5; 1 to 37) 4.1 (SD 5.9; 0 to 16) 9.9 
(SD 8.6; 0 to 37)

0.01

n = 27 n = 11 n = 38

*Continuous variables: independent samples t-test; categorical variables: chi-squared test
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had their HRQOL questionnaire and ambulatory status
determined by telephone.
Baseline assessment. The patients’ demographic details
and radiographs were retrieved from their records and their
relevant medical comorbidities recorded (Table II).14,16,22-24

Living status was categorised as living ‘at home’ or living in
‘long-term care facilities’ for four or more days per week.
Peri- and post-operative complications were also recorded
(Table III).25 Surgical site infections (SSI) were categorised
as early (less than three months) or late (three months or
more),26 and as superficial or deep.27,28 Pseudarthrosis was
defined as movement demonstrated radiologically or at
surgical exploration.29,30 Baseline pulmonary function tests
(PFTs) were obtained and were undertaken six months
before fusion.31 Baseline PFTs were not available for
patients who had been treated non-operatively.

The demographics of patients in the two groups were
statistically similar, with the exception of the baseline Cobb
angle (p < 0.01, independent t-test) (Table II).

The 34 fusions were performed by eight surgeons (five
from The Hospital for Sick Children and three from the
Children’s Hospital of Eastern Ontario) (Table III) with a
concurrent kyphectomy in five patients.

The implants used for fusion were classified as pedicle
screws and rods, sublaminar wiring and rods, or a
combination of these. The surgical approach in each case
was categorised as anterior, combined anterior and
posterior (staged or non-staged) or posterior.

All 11 patients treated non-operatively had treatment
which consisted of routine clinical and radiological
assessment, bracing for comfort, modification of their walking
aids or chair, sacral ulcer prevention and other treatments as
necessary, similar to those patients who had undergone fusion.
Radiological assessment. We reviewed all chest and full-
length AP and lateral radiographs of the spine, with the
exception of traction or bending films. At follow-up, new
full-length sitting AP and lateral spine radiographs were
obtained. Measurements were performed by a single
observer to reduce variability.20 

The Cobb angle and the clavicle-rib intersection difference
(CRID) were measured as previously described.32-34 Pelvic
obliquity was measured by the method described by Osebold
et al.35 Coronal imbalance was measured using the method of
Li et al.33 Thoracic kyphosis and lumbar lordosis were
measured using the techniques described by Jackson and
McManus.36 If radiographs were unavailable, the radiology
reports were reviewed. If the radiological parameters were not
included in the reports, they were not calculated.37

The imaging of patients who underwent fusion was
reviewed at three intervals: zero to three months before
fusion (‘baseline’), less than three months after fusion
(‘post-operative’), and more than six years after fusion
(‘follow-up’). The imaging of patients treated non-
operatively was reviewed at two time-points: a) first clinical
assessment with Cobb angle ≥ 50º (‘baseline’), and b) more
than six years after the initial assessment (‘follow-up’).

Table III. Peri- and post-operative assessments (Mean values with standard deviations (SD) and range where appropriate)

Operative patients n = 34

Age at surgery (yrs) 12.2 (SD 2.8; 5.4 to 16)
Haematocrit 0.34 (SD 0.04; 0.3 to 0.4)
Surgical duration (min) 592.0 (SD D 102.4; 255 to 720)
Blood loss (ml/kg) 63.8 (SD 38.3; 5.1 to 175.4)
Peri-operative blood transfusion (%) 28 (82.4)
ASA* physical status classification > 3 (%) 17 (50)
Approach (%) Anterior 4 (11.8)

Anterior + posterior 25 (73.5)
Posterior 5 (14.7)

Instrumentation (%) Pedicle screws and rod 7 (20.6)
Sublaminar wiring and rod 12 (35.3)
Combination 15 (44.1)

Bone graft (%) Autograft 8 (24.2)
Allograft 5 (15.2)
Combined 20 (60.6)

Distal extension (%) Lumbar 10 (29.4)
Sacrum/pelvis 24 (70.6)

Length of arthrodesis (number of movement segments) 12.9 (SD 3.5; 5 to 17)
Duration of admission (days) 12.0 (SD 6.2; 4 to 37)
Immediate post-operative Cobb angle (o) 40.4 (SD 19.2)Min:10.4Max:72.9

Kyphosis (o) 40.8 (SD 27.3; 3 to 119)
Lordosis (o) 46.9 (SD 23.5; 5 to 86)
Pelvic obliquity (o) 6.5 (SD 6.1; 0 to 25)
Coronal balance (mm) 28.1 (SD 22.4; 0 to 80)
Clavicle–rib intersection differ-
ence (mm)

9.0 (SD 8.0; 0 to 30)

* American Society of Anesthesiologists25
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Follow-up clinical assessment. At follow-up, the most
distal neurological motor level (NML) as described by
the International Myelodysplasia Study Protocol, the
Hoffer classification for ambulation, and the Sitting
Balance Scale (SBS) were determined.3,13,38 Follow-up
NML or SBS scores were not available for remote
participants.
Health-related quality of life outcomes. Two HRQOL
questionnaires were administered: the Spina Bifida Spine
Questionnaire (SBSQ)39 and the United States English-
language Medical Outcome Study 36-item Short Form
Health Survey (SF-36v2, QualityMetric, Inc., Lincoln,
Rhode Island).40 Remote patients completed their
questionnaires by telephone, a previously used practice for
spine-specific conditions.41-44 The SBSQ is a spina bifida
and scoliosis specific HRQOL instrument previously
developed by our group and has high test-retest
reliability.2,3,45 The SF-36 survey has high validity in adults
with SBC.20,23,40,46-48 The composite physical component
summary (PCS) and mental component summary (MCS)
scores were calculated as described by Ware and
Sherbourne.40 
Statistical analysis. Data were analysed by a bio-statistician
who used independent samples t-tests for continuous
variables, and the chi-squared test or Fisher’s exact test for
categorical variables.37 Mean differences were calculated
for continuous variables with 95% confidence intervals
(CI).37 Linear regression models (Pearson) with R2 and p-
values were used to evaluate relationships between
HRQOL and Cobb angles.37 Statistical significance was set
a p-value < 0.05.

Results
There were no peri-operative deaths. Peri-operative
complications included two patients with hypotension and one
each of respiratory depression, lumbar vertebral body fracture
and latex anaphylaxis. Post-operative complications included
four patients with leakage of cerebrospinal fluid or shunt
externalisations which required repair; seven respiratory or
urinary tract infections; two cases each of pneumothorax or
pulmonary oedema and delirium; and one case of sepsis.

Peri-operative records for one patient were not available.
PFTs followed a restrictive pattern, with reduced mean
percent-predicted force vital capacity (%FVC) (53.8,
SD 18.6; 28 to 92) and mean percent-predicted forced
expiratory volume in one second (%FEV1) (57.7, SD 19.2;
32 to 100) values.31

There were 11 (32.4%) surgical site infections. A total of
five of the six early infections and two of the five late
infections were superficial. Six patients (17.6%) developed
a pseudarthrosis and seven (20.6%) needed to have their
instrumentation removed, four for infection and three due
to its distal prominence.

The mean age of the patients at follow-up was 27.0 years
(SD 4.6; 18.8 to 34.7) for patients who had undergone fusion
and 25.6 years (SD 5.1; 20.2 to 33.6) for those treated non-
operatively. Overall, the mean time to follow-up was
14.1 years (SD 4.3; 6.7 to 21.4). The mean time to follow-up
(from fusion to the administration of HRQOL outcomes) was
14.9 years (SD 3.9; 6.7 to 21.4) and 11.6 years (SD 4.7; 6.7 to
20.9) (from the date of being a candidate for surgery to the
administration of HRQOL outcomes) for patients treated
non-operatively (Table IV). 

Table IV. Follow-up assessments of the study cohort (Mean values with standard deviations (SD) and range where appropriate)

Operative n = 34 Non-operative n = 11 Total n = 45 p-value*

Age at follow-up (years) 27.0 (SD 4.6; 18.8 to 34.7) 25.6 (SD 5.1; 20.2 to 33.6) 26.7 (SD 4.7; 18.8 to 34.7) 0.380
Neurological motor level (%) Thoracic-L3 14 (73.6) 7 (77.8) 21 (75.0) 0.30

L4-Sacral 5 (26.3) 2 (22.2) 7 (25.0)
Hoffer classification36 (%) Ambulatory (I-II) 6 (17.6) 4 (36.4) 10 (22.2) 0.23

Non-ambulatory (III-IV) 28 (82.4) 7 (63.6) 35 (77.8)
Sitting Balance Scale (%) Requiring arms 5 (26.3) 3 (33.3) 8 (28.6) 0.89

Not requiring arms 0 (0) 0 (0) 0 (0)
Able to reach 6 (31.6) 3 (33.3) 9 (32.1)
Able to shift weight 8 (42.1) 3 (33.3) 11 (39.3)

Follow-up radiology Cobb angle (o) 47.3 (SD 22.4; 12 to 96) 85.4 (SD 38.4; 55 to 162) 56.3 (SD 31.2; 12 to 162) < 0.01
n = 32 n = 10 n = 42

Kyphosis (o) 39.2 (SD 25.3; 5.6 to 140) 45.7 (SD 22.9; 10 to 76) 40.8 (SD 24.6; 5.6 to 140) 0.48
n = 31 n = 10 n = 41

Lordosis (o) 47.2 (SD 25.6; 5 to 102) 62.3 (SD 52.7; 5 to 169) 50.8 (SD 34.0; 5 to 169) 0.23
n = 31 n = 10 n = 41

Pelvic obliquity (o) 9.7 (SD 8.1; 0 to 28) 12.9 (SD 12.5; 1 to 40.5) 10.5 (SD 9.3, 0 to 40.5) 0.35
n = 31 n = 10 n = 41

Coronal balance (mm) 27.4 (SD 21.9; 0 to 78) 30.5 (SD 42.1; 0 to 143.5) 28.2 (SD 27.6; 0 to 143.5) 0.76
n = 31 n = 10 n = 41

Clavicle rib intersection 
difference (mm)

7.3 (SD 8.9; 0 to 35) 10.7 (SD 9.7; 0 to 24.8) 8.1 (SD 9.1; 0 to 35) 0.31

n = 31 n = 10 n = 41

* Continuous variables: independent samples t-test; categorical variables: chi-squared test or Fisher’s exact test
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At follow-up, patients who had undergone fusion had a
smaller mean Cobb angle (p < 0.01, independent t-test) but
similar pelvic obliquity, coronal imbalance and CRID to
patients who had been treated non-operatively. The Cobb
angles at follow-up were not related to SBSQ (R2 = 0.04,
p = 0.21), PCS (R2 = 0.24, p = 0.33) or MCS (R-< 0.01,
p = 0.99) (Fig. 1). Furthermore, patients treated operatively
did not differ in SBSQ or SF-36 PCS and MCS scores from
those treated non-operatively (Table V). Similarly, Cobb
angles were not related to SF-36 component scores in those
treated operatively (PCS: R²=0.08, p=0.13, MCS: R² < 0.01,

p = 0.73) or non-operatively (PCS: R² = 0.30, p = 0.10, MCS:
R² = 0.03, p = 0.61) (Fig. 2).

Subgroup analysis revealed that, irrespective of treatment,
patients who could walk had a significantly higher mean PCS
score (43.9, SD 9.4; 25.2 to 57.8) than those who could not
(35.9, SD 8.7; 15.6 to 54.4), p = 0.03 (independent t-test);
mean difference: 8.0 (95% CI 0.9 to 15.1) (Fig. 3a).
Although not statistically significant, non-walkers had a
slightly higher mean MCS score (59.6, SD 10.4; 24.7 to 72.2)
than those who could walk (50.9, SD 11.7; 29.7 to 63.1), p =
0.052 (independent t-test); mean difference: 8.8 (95% CI 0.1

Cobb angle at follow-up
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Fig. 1

Follow-up Cobb angles plotted against 36-Item Short Form Health
Survey physical component summary (PCS) (filled circles) and mental
component summary (MCS) (unfilled squares) scores for all patients
(n = 45). Best-fit lines for PCS (solid line) and MCS (dashed line) also
depicted.

Table V. Health-related quality of life assessments of the study cohort (Mean values with standard deviations (SD) and range where appropriate)

Operative n = 34 Non-operative n = 11
Mean 
difference (MD)

95% CI* of 
MD - lower

95% CI of 
MD - upper p-value†

SF-36
Physical functioning 26.1 (SD 24.6; 0 to 100) 37.3 (SD 32.7; 0 to 100) –11.2 –34.2 11.9 0.24
Role-physical 73.5 (SD 34.8; 0 to 100) 90.9 (SD 23.1; 25 to 100) –17.4 –36.2 1.5 0.13
Bodily pain 79.7 (SD 27.4; 22 to 100) 78.6 (SD 26.1; 20 to 100) 1.1 –18.2 20.4 0.91
General health 
perception

74.8 (SD 19.0; 25 to 100) 69.0 (SD 22.1; 30 to 100) 5.8 –10.0 21.6 0.40

Energy/vitality 67.7 (SD 19.8; 10 to 95) 73.2 (SD 20.8; 40 to 95) –5.5 –20.6 9.6 0.43
Social functioning 83.5 (SD 20.3; 25 to 100) 86.4 (SD 19.7; 50 to 100) –2.9 –17.4 11.6 0.68
Role-emotional 89.2 (SD 24.2; 0 to 100) 85.8 (SD 32.1, 10 to 100) 3.5 –19.2 26.1 0.71
Mental health 78.8 (SD 16.7; 40 to 100) 79.9 (SD 14.8; 44 to 96) –1.1 –12.2 10.0 0.84
Physical component 
summary

36.7 (SD 9.1; 15.6 to 57.8) 40.6 (SD 10.3; 25.2 to 56.9) –3.9 –11.2 3.5 0.24

Mental Component
summary

57.8 (SD 10.7; 24.7 to 72.2) 57.3 (SD 13.3; 29.7 to 68.7) 0.5 –9.0 10.0 0.90

Spina bifida scoliosis 
questionnaire

65.2 (SD 20.7; 20.7 to 97.9) 65.2 (SD 28.5; 14.6 to 98.4) 0.0 –20.0 20.0 0.99

* CI, confidence interval 
† Independent samples t-test
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to 17.6) (Fig. 3b). There was no difference in mean Cobb
angle between the two groups at follow-up (p = 0.39;
ambulatory mean 49.4; SD 21.4; 15 to 81 versus non-
ambulatory mean 58.2; SD 33.4; 12 to 162). A total of five
patients who underwent fusion could walk at ‘baseline’ but
were unable to at follow-up. There were no patients who
were unable to walk at ‘baseline’ who could walk at follow-

up. Although not significant, the five patients whose ability
to walk declined had lower mean PCS scores (31.6, SD 12.0;
15.6 to 48.4) than the other 40 patients who did not decline
(38.5, SD 8.9; 21.6 to 57.8) (p = 0.12, independent t-test).
These five patients had slightly higher mean MCS scores
(62.2, SD 4.2; 58.8 to 68.4 vs 57.1, SD 11.7; 24.7 to 72.2)
(p = 0.35, independent t-test). 

Cobb angle at follow-up
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Fig. 2

Follow-up Cobb angles plotted against 36-Item Short Form Health Survey 
physical component summary (PCS) (filled circles) and mental 
component summary (MCS) (unfilled squares) scores for operative (n = 
34) and non-operative (n = 11) patients. Best-fit lines for PCS (solid line) 
and MCS (dashed line) also depicted.

Hoffer classification at follow-up

Error bars: 95% CI
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Fig. 3a

Follow-up 36-Item Short Form Health Survey (SF-36) a) physical and b) component summary scores of ambulatory (n = 10) and non-ambulatory 
patients (n = 35).
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Discussion 
This study adds to the small body of literature about scoliosis
in SBC and has the advantage of being the first to evaluate
patients with SBC and include patients treated operatively as
well as some treated non-operatively, and also include long-
term follow-up and quality of life assessment.

In the Adolescents with Spina Bifida in the Netherlands
study (ASPINE), 138 adolescents with spina bifida were
compared with a control population using SF-36.23

However, the size of the curve and the surgical history of
the participants were not included.23 Our findings confirm
previous studies showing that spinal fusion improves
coronal deformity but has an uncertain effect on
HRQOL.12-14,18 Cobb angles did not correlate with
HRQOL for all SF-36 and SBSQ scores for either group of
patients. These findings support the work of Wai et al13

who reported no relationship between spinal deformity and
self-perception or physical function, and Sibinski et al3 who
reported that the size of the curve was not related to
functional outcome.

Spinal fusion has been advocated to prevent the loss of
physical function and the ability to walk.14,18 However,
Kahanovitz and Duncan7 reported that the ability of
patients with SBC to walk declined over the 20 years after
spinal fusion. Muller et al,8 in a series of 14 patients,
showed that there was no difference in a patient’s ability to
manage the ADL post-operatively but half lost their ability
to walk independently. In our study, 11 patients who
underwent spinal fusion could walk before their operation
but only six could do so at follow-up. By contrast, the same
number of patients treated non-operatively (n = 4) could
walk both at the time of initial assessment (baseline) and at
follow-up. Schoenmakers et al15 reported that independent
mobility was the most important determinant of HRQOL
in patients with SBC. Similarly, Buffart et al21 found that
the ability to walk independently was the main determinant
of SF-36 PCS scores. Although surgery may achieve and
maintain correction of the scoliosis, the reduction in ability
to walk and the increased stiffness after fusion may have a
detrimental effect on HRQOL.

Spinal fusion can help sitting balance and correct pelvic
obliquity.12,31 Curves of lesser degree have been associated
with lower sitting pressures, although this is not
consistently associated with a decrease in the occurrence of
pressure induced ulceration.11,31 Ouellet et al11 reported
that, despite significant curve correction, fusion did not
reduce the risk of skin ulceration. In our study, clinical
sitting balance did not differ at follow-up between patients
treated operatively and non-operatively.

The life expectancy of patients with SBC has increased;
consequently, iatrogenic morbidity has become more
important.23 Registry studies have reported complication
rates of approximately 17.9% for children undergoing
surgery for a neuromuscular scoliosis.49,50 In our study
32.4% of the patients had a post-operative infection, with
many requiring subsequent procedures and revisions.

The unique aspect of our study was the inclusion of
patients who had been treated non-operatively. However, the
groups were not comparable at the initial assessment. In
addition to the concern that the two groups of patients were
not matched, our study had other potential limitations. First,
we lacked HRQOL measurements at initial assessment and
immediately after operation, and were therefore unable to
comment on any interval changes. The HRQOL for fused
patients may initially have been lower than that of patients
treated non-operatively, resulting in selection bias. Second,
our sample size was small, especially for the cohort treated
non-operatively, resulting in low statistical power.

We incorporated two study centres in an attempt to
minimise bias in terms of patient characteristics, surgical
technique, surgeon preference and post-operative care.
Third, no late outcomes such as PFTs were collected.
Therefore, we were unable to assess whether surgery had
any long-term influence on pulmonary function. Fourth,
our recruitment rate was relatively low but our response
rate and reasons for non-participation were consistent with
those of other large studies.21-23

While the mean difference between the HRQOL scores of
patients treated operatively and non-operatively was
strikingly small, the 95% CIs were large. In these cases,
HRQOL outcome measures across or within groups can be
evaluated against the ‘minimal important difference’ (MID),
described as the ‘smallest change that is important to
patients’.51,52 Based on the way in which it is constructed, the
MID for the SF-36 PCS measure, for various spinal
procedures in adults, has ranged from 1.26 to 5.95.51 In our
study, the mean difference in PCS scores was 3.9, which is
lower than the upper threshold of the MID. However, given
that the large CIs encompass the MID threshold, larger
studies are still needed to conclude that HRQOL is not
different between the two groups. Thus, although this study
cannot be used to conclude that scoliosis surgery is not
beneficial for patients with SBC, it is the only study to have
long-term results, to use validated HRQOL outcomes, and
to evaluate patients treated operatively and non-operatively.

In conclusion, spinal fusion for an SBC scoliosis corrects
coronal deformity and halts its progression but has a high
complication rate and no clear effect on HRQOL.

We would like to thank Dr K. Doughty and Ms L. Caspi for their assistance
throughout this project.

No benefits in any form have been received or will be received from a
commercial party related directly or indirectly to the subject of this article.

This article was primary edited by A. C. Ross and first proof edited by G. Scott.

References
1. Müller EB, Nordwall A, Odén A. Progression of scoliosis in children with

myelomeningocele. Spine (Phila Pa 1976) 1994;19:147–150.
2. Wai EK, Owen J, Fehlings D, Wright FG. Assessing physical disability in children

with spina bifida and scoliosis. J Pediatr Orthop 2000;20:765–770.
3. Sibinski M, Synder M, Higgs ZCJ, Kujawa J, Grzegorzewski A. Quality of life

and functional disability in skeletally mature patients with myelomeningocele-related
spinal deformity. J Pediatr Orthop B 2013;22:106–109.

4. Piggott H. Natural-history of scoliosis in myelodysplasia. J Bone Joint Surg [Br]
1980;62-B:54–58.



LONG-TERM OUTCOME OF PATIENTS TREATED FOR SCOLIOSIS DEFORMITY SECONDARY TO SPINA BIFIDA 1251

VOL. 96-B, No. 9, SEPTEMBER 2014

5. Samuelsson L, Eklof O. Scoliosis in myelomeningocele. Acta Orthop Scand
1988;59:122–127.

6. Müller EB, Nordwall A. Brace treatment of scoliosis in children with
myelomeningocele. Spine (Phila Pa 1976) 1994;19:151–155.

7. Kahanovitz N, Duncan JW. The role of scoliosis and pelvic obliquity on functional
disability in myelomeningocele. Spine (Phila Pa 1976) 1981;6:494–497.

8. Müller EB, Nordwall A, von Wendt L. Influence of surgical treatment of scoliosis
in children with spina bifida on ambulation and motoric skills. Acta Paediatr
1992;81:173–176.

9. Schoenmakers MA, Gulmans VA, Gooskens RH, Pruijs JE, Helders PJ. Spinal
fusion in children with spina bifida: influence on ambulation level and functional
abilities. Eur Spine J 2005;14:415–422.

10. Askin GN, Hallett R, Hare N, Webb JK. The outcome of scoliosis surgery in the
severely physically handicapped child: an objective and subjective assessment. Spine
(Phila Pa 1976) 1997;22:44–50.

11. Ouellet JA, Geller L, Strydom WS, et al. Pressure mapping as an outcome
measure for spinal surgery in patients with myelomeningocele. Spine (Phila Pa 1976)
2009;34:2679–2685.

12. Mazur J, Menelaus MB, Dickens DR, Doig WG. Efficacy of surgical-management
for scoliosis in myelomeningocele: correction of deformity and alteration of functional
status. J Pediatr Orthop 1986;6:568–575.

13. Wai EK, Young NL, Feldman BM, Badley EM, Wright JG. The relationship
between function, self-perception, and spinal deformity: implications for treatment of
scoliosis in children with spina bifida. J Pediatr Orthop 2005;25:64–69.

14. Wright JG. Hip and spine surgery is of questionable value in spina bifida: an
evidence-based review. Clin Orthop Relat Res 2011;469:1258–1264.

15. Schoenmakers MA, Uiterwaal CS, Gulmans VA, Gooskens RH, Helders PJ.
Determinants of functional independence and quality of life in children with spina
bifida. Clin Rehabil 2005;19:677–685.

16. Master DL, Poe-Kochert C, Son-Hing J, Armstrong DG, Thompson GH. Wound
infections after surgery for neuromuscular scoliosis: risk factors and treatment
outcomes. Spine (Phila Pa 1976) 2011;36:E179–E185.

17. Berven S, Bradford DS. Neuromuscular scoliosis: causes of deformity and
principles for evaluation and management. Semin Neurol 2002;22:167–178.

18. Mercado E, Alman B, Wright JG. Does spinal fusion influence quality of life in
neuromuscular scoliosis? Spine (Phila Pa 1976) 2007;32:S120–S1S5.

19. Banta JV, Slakey J, Thomson J. The natural history of scoliosis in
myelomeningocele. Spina Bifida. Tokyo: Springer-Verlag, 1999:345–347.

20. Gupta MC, Wijesekera S, Sossan A, et al. Reliability of radiographic parameters
in neuromuscular scoliosis. Spine (Phila Pa 1976) 2007;32:691–695.

21. Buffart LM, van den Berg-Emons RJ, van Meeteren J, Stam HJ,
Roebroeck ME. Lifestyle, participation, and health-related quality of life in
adolescents and young adults with myelomeningocele. Dev Med Child Neurol
2009;51:886–894.

22. Verhoef M, Bark HA, van Asbeck FW, Gooskens RH, Prevo AJ. Secondary
impairments in young adults with spina bifida. Dev Med Child Neurol 2004;46:420–427.

23. Verhoef M, Post MW, Barf HA, et al. Perceived health in young adults with spina
bifida. Dev Med Child Neurol 2007;49:192–197.

24. Sponseller PD, LaPorte DM, Hungerford MW, et al. Deep wound infections after
neuromuscular scoliosis surgery: a multicenter study of risk factors and treatment
outcomes. Spine (Phila Pa 1976) 2000;25:2461–2466.

25. No authors listed. American Society of Anesthesiologists. ASA Physical Status
Classification System. http://www.asahq.org/Home/For-Members/Clinical-
Information/ (date last accessed 17 July 2014).

26. Hedequist D, Haugen A, Hresko T, Emans J. Failure of attempted implant
retention in spinal deformity delayed surgical site infections. Spine (Phila Pa 1976)
2009;34:60–64.

27. Horan TC, Gaynes RP, Martone WJ, Jarvis WR, Emori TG. Cdc definitions of
nosocomial surgical site infections, 1992: a modification of cdc definitions of surgical
wound infections. Infect Control Hosp Epidemiol 1992;13:606–608.

28. Horan TC, Andrus M, Dudeck MA. CDC/NHSN surveillance definition of health
care-associated infection and criteria for specific types of infections in the acute care
setting. Am J Infect Control 2008;36:309–332.

29. Dawson EG, Clader TJ, Bassett LW. A comparison of different methods used to
diagnose pseudarthrosis following posterior spinal-fusion for scoliosis. J Bone Joint
Surg [Am] 1985;67-A:1153–1159.

30. Kim YJ, Bridwell KH, Lenke LG, Rhim S, Cheh G. Pseudarthrosis in long adult spi-
nal deformity instrumentation and fusion to the sacrum: prevalence and risk factor
analysis of 144 cases. Spine (Phila Pa 1976) 2006;31:2329–2336.

31. Patel J, Walker JL, Talwalkar VR, Iwinski HJ, Milbrandt TA. Correlation of
spine deformity, lung function, and seat pressure in spina bifida. Clin Orthop Relat Res
2011;469:1302–1307.

32. Bagó J, Carrera L, March B, Villanueva C. Four radiological measures to estimate
shoulder balance in scoliosis. J Pediatr Orthop B 1996;5:31–34.

33. Li JF, Hwang SW, Shi ZC, et al. Analysis of radiographic parameters relevant to the
lowest instrumented vertebrae and postoperative coronal balance in Lenke 5C
patients. Spine (Phila Pa 1976) 2011;36:1673–1678.

34. Akel I, Pekmezci M, Hayran M, et al. Evaluation of shoulder balance in the normal
adolescent population and its correlation with radiological parameters. Eur Spine J
2008;17:348–354.

35. Osebold WR, Mayfield JK, Winter RB, Moe JH. Surgical-treatment of paralytic sco-
liosis associated with myelomeningocele. J Bone Joint Surg [Am] 1982;64-A:841–856.

36. Jackson RP, McManus AC. Radiographic analysis of sagittal plane alignment and bal-
ance in standing volunteers and patients with low-back-pain matched for age, sex, and
size: a prospective controlled clinical-study. Spine (Phila Pa 1976) 1994;19:1611–1618.

37. Armitage P, Berry G, Matthews JNS. Statistical methods in medical research.
Fourth ed. Malden: Wiley-Blackwell, 2002.

38. Hoffer MM, Feiwell E, Perry R, Perry J, Bonnett C. Functional ambulation in
patients with myelomeningocele. J Bone Joint Surg [Am] 1973;55-A:137–148.

39. Sawin KJ, Bellin MH. Quality of life in individuals with spina bifida: a research
update. Dev Disabil Res Rev 2010;16:47–59.

40. Ware JE, Sherbourne CD. The MOS 36-item short-form health survey (SF-36): I.
Conceptual framework and item selection. Med Care 1992;30:473–483.

41. Hazard RG, Spratt KF, McDonough CM, et al. The impact of personal functional
goal achievement on patient satisfaction with progress one year following comple-
tion of a functional restoration program for chronic disabling spinal disorders. Spine
(Phila Pa 1976) 2009;34:2797–2802.

42. Nork SE, Hu SS, Workman KL, Glazer PA, Bradford DS. Patient outcomes after
decompression and instrumented posterior spinal fusion for degenerative spon-
dylolisthesis. Spine (Phila Pa 1976) 1999;24:561–569.

43. Gautschi OP, Seule MA, Cadosch D, et al. Health-related quality of life following
spinal cordectomy for syringomyelia. Acta Neurochirurgica 2011;153:575–579.

44. Lin MR, Hwang HF, Chen CY, Chiu WT. Comparisons of the brief form of the World
Health Organization Quality of Life and Short Form-36 for persons with spinal cord
injuries. Am J Phys Med Rehabil 2007;86:104–113.

45. Bowen RE, Abel MF, Arlet V, et al. Outcome assessment in neuromuscular spinal
deformity. J Pediatr Orthop 2012;32:792–798.

46. Padua L, Rendeli C, Ausili E, et al. Relationship between the clinical-neurophysi-
ologic pattern, disability, and quality of life in adolescents with spina bifida. J Child
Neurol 2004;19:952–957.

47. Lemelle JL, Guillemin F, Aubert D, et al. Quality of life and continence in patients
with spina bifida. Qual Life Res 2006;15:1481–1492.

48. Lassmann J1, Garibay Gonzalez F, Melchionni JB, Pasquariello PS Jr,
Snyder HM 3rd. Sexual function in adult patients with spina bifida and its impact on
quality of life. J Urol 2007;178:1611–1614.

49. Smith JS, Shaffrey CI, Sansur CA, et al. Rates of infection after spine surgery
based on 108,419 procedures: a report from the Scoliosis Research Society Morbidity
and Mortality Committee. Spine (Phila Pa 1976) 2011;36:556–563.

50. Reames DL, Smith JS, Fu KMG, et al. Complications in the surgical treatment of
19,360 cases of pediatric scoliosis: a review of the Scoliosis Research Society Mor-
bidity and Mortality database. Spine (Phila Pa 1976) 2011;36:1484–1491.

51. Copay AG, Glassman SD, Subach BR, et al. Minimum clinically important differ-
ence in lumbar spine surgery patients: a choice of methods using the Oswestry Disa-
bility Index, Medical Outcomes Study questionnaire Short Form 36, and Pain Scales.
Spine J 2008;8:968–974.

52. Stratford PW, Binkley JM, Riddle DL, Guyatt GH. Sensitivity to change of the
Roland-Morris Back Pain Questionnaire: part 1. Phys Ther 1998;78:1186–1196.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /Sabon-Bold
    /Sabon-BoldItalic
    /SabonCE-Bold
    /SabonCE-BoldItalic
    /SabonCE-Italic
    /SabonCE-Roman
    /Sabon-Italic
    /Sabon-Roman
    /Univers
    /Univers-Bold
    /Univers-BoldOblique
    /UniversCE-Bold
    /UniversCE-BoldOblique
    /UniversCE-Medium
    /UniversCE-Oblique
    /Univers-CondensedBold
    /Univers-CondensedBoldOblique
    /Univers-CondensedLight
    /Univers-CondensedLightOblique
    /Univers-Oblique
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG ()
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


