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Background and purpose There have been few prospective
reports on quality of life in patients treated surgically for scoliosis.
We compared patients with idiopathic, congenital, and neuromus-
cular scoliosis.

Methods Data on 9- to 20-year-old patients were collected
from the SweSpine registry. EQ-5D and (for a subset) SRS-22r
were assessed preoperatively and after 1 and 2 years.

Results 211 patients had preoperative data: 168 with idio-
pathic, 11 with congenital, and 32 with neuromuscular scoliosis.
Of the total, 158 patients responded to the 1-year follow-up and
149 responded to the 2-year follow-up. Preoperatively, the mean
(SE) EQ-5D index was 0.76 (0.02) in the idiopathic group, 0.74
(0.07) in the congenital group, and 0.10 (0.06) in the neuromuscu-
lar group, and the SRS-22r index was 3.8 (0.1) in the idiopathic
group, 4.0 (0.3) in the congenital group, and 3.3 (0.2) in the neu-
romuscular group. The mean EQ-5D increased by 0.06 points at
2 years in the idiopathic group, by 0.16 points in the congenital
group, and by 0.15 points in the neuromuscular group. The mean
SRS-22r index increased by 0.4 points at 2 years in the idiopathic
group, by 0.4 points in the congenital group, and by 0.5 points
in the neuromuscular group. The changes were statistically sig-
nificant, with the exception of the congenital group. The number
of patients who sustained at least 1 complication was 13 in the
idiopathic group, 2 in the congenital group, and 9 in the neuro-
muscular group (p = 0.003).

Interpretation The general quality of life in the idiopathic and
neuromuscular group improved after surgery.

Scoliosis, a 3-dimensional structural deformity of the spine,
is defined as a curve angle of more than 10° measured on a
standard anterior-posterior radiographic projection using the
Cobb technique (Cobb 1948, Willner and Uden 1982). Scolio-

sis is divided into different types depending on etiology. The
main types are idiopathic scoliosis, congenital scoliosis, and
neuromuscular scoliosis.

Idiopathic scoliosis is the most common type of structural
scoliosis (Shands and Eisberg 1955, Willner and Uden 1982).
The general belief is that idiopathic scoliosis is a multifac-
torial condition, with a hereditary component (Grauers et al.
2012). The prevalence of idiopathic scoliosis in Sweden is 3%
and it is commonest in girls. Around 10% of the children with
idiopathic scoliosis curves progress to the level at which treat-
ment is suggested (Willner and Uden 1982).

Congenital scoliosis results from defects in the embryologi-
cal vertebral development. The defects are classified as fail-
ure of formation, failure of segmentation, or a combination of
these 2 types. Congenital scoliosis may occur together with
other organ malformations (Hedequist and Emans 2007). The
incidence of congenital scoliosis has been estimated to be 0.5
per 1,000 births (Shands and Eisberg 1955).

Neuromuscular scoliosis occurs in patients with neuro-
logical or muscular disorders, including cerebral palsy (CP),
myelomeningocele, muscular dystrophies, and spinal atro-
phies. The curves are often long, extending into the sacrum
and associated with pelvic obliquity (Madigan and Wallace
1981, Sarwark and Sarwahi 2007).

Large curves increase the risk of health problems such as
respiratory issues, disability, and pain (Pehrsson et al. 1992,
Danielsson et al. 2001, Sarwark and Sarwahi 2007). Patients
with a Cobbs’ angle greater than 45-50° are generally recom-
mended surgical treatment, but age, curve progression, symp-
toms, and underlying disorders are important factors to con-
sider (Willner and Uden 1982, Hedequist and Emans 2007,
Sarwark and Sarwahi 2007, Kim et al. 2009). The primary
treatment goal is to prevent curve progression and the second-
ary goal is to achieve curve correction. The correction is pro-
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vided by spinal instrumentation (e.g. pedicle screws, hooks, or
wires attached to rods) and the fusion is done by bone grafting
(Hedequist and Emans 2007, Sarwark and Sarwahi 2007, Kim
et al. 2009).

Results after scoliosis surgery have mainly been reported
as radiographic changes, such as magnitude and correction
of the curve. However, these radiological changes have been
shown to be weak predictors of patient satisfaction (Wilson et
al. 2002). Measurement of quality of life has therefore become
increasingly common in the evaluation of surgical treatment
of scoliosis.

Few studies including both preoperative and postoperative
data on quality of life in patients operated for idiopathic sco-
liosis have been published (Merola et al. 2002). In addition,
there have been very few data published on quality of life
postoperatively in patients with neuromuscular and congenital
scoliosis (Bridwell et al. 1999, Jones et al. 2003, Larsson et al.
2005, 2009, Tsirikos et al. 2008, Jalanko et al. 2011).

Here we describe the quality of life—as assessed by the
EQ-5D and the SRS-22r questionnaires—preoperatively and 1
and 2 years postoperatively in children and young adults who
were treated surgically for idiopathic, congenital, and neuro-
muscular scoliosis in Sweden.

Patients and methods

This was a registry-based study with data collected from the
SweSpine registry. The SweSpine registry began in 1993 with
registration of surgery in the lumbar spine (Stromqvist et al.
2013). The deformity part of the SweSpine registry, which
was used in this study, was started in 2006. Participating clin-
ics register data on a voluntary basis.

Patients

A flow chart of extraction of the cohort data from the SweS-
pine registry for this specific study is presented in Figure 1.
To enable a 2-year follow-up, patients who underwent surgery
later than December 31, 2009 were excluded. Only patients
with no previous spinal surgery were included. Patients who
had subsequent surgical procedures for scoliosis, other than
reoperations, were excluded.

Only surgeries on patients with idiopathic, congenital, and
neuromuscular scoliosis were included, since these 3 groups
were estimated to be large enough for analysis. The diagno-
sis was the one indicated by the surgeon in the registry at the
time of surgery. The diagnoses included in the neuromuscu-
lar scoliosis group were: muscular dystrophy, upper motor
neuron disease (e.g. cerebral paresis, tumors, or spinocerebel-
lar degeneration), and lower motor neuron disease (e.g. post-
polio syndrome or spinal muscle atrophy).

We excluded surgeries on patients registered without diag-
nosis, or with more than 1 diagnosis. Patients younger than 9
years, or 21 years or older at the time of surgery were excluded.

Individuals treated surgically for spinal
deformity in the Swespine Registry
between 2006 and 2009
n =671

Incomplete date of birth (n = 3) ‘

Previous surgery (n = 95) ‘

New surgery in the Registry (n =17) ‘

Other than idiopathic, neuromuscular
or congenital scoliosis (n = 180)

Younger than 9 or 21 years and older
at surgery (n = 64)

Unit without follow-up (n = 28) ‘

Preop. EQ-5D not available (n = 73) ‘

Study sample
n=211

Figure 1. Flow chart for the inclusion of patients in the study.

Of the participating hospitals, 1 did not have follow-up
data for any of the patients and was therefore excluded. We
only included patients for which EQ-5D data were avail-
able preoperatively. The final study sample consisted of 211
patients.

Surgeon-reported variables

The preoperative Cobb angle of the primary curve—and if
important for the surgical decision, the Cobb angle of any
kyphosis—was reported. Operating time, blood loss, type of
surgery, hospital stay, operated vertebrae, and complications
were reported at the time of discharge. A subjective preopera-
tive estimate of the cognitive function of the patient was made
by the surgeon and graded as normal, mild, or severe cogni-
tive disability. Reoperations were registered in the SweSpine
registry by the surgeon.

Mortality data

Data on mortality were obtained through the population reg-
istry.

Patient-reported variables

A questionnaire was answered by the patient preoperatively.
An identical questionnaire was mailed to the patient 1 and 2
years postoperatively. The questionnaire contained the Euro-
Qol (EQ-5D) instrument and after February, 2008, the Scolio-
sis Research Society 22r instrument (SRS-22r). In addition,
at the 1-year follow-up patients were asked whether they had
had complications within 3 months after the surgery. Spe-
cific complications asked for were: thrombosis, pulmonary
embolism, superficial infection treated with antibiotics, deep
infection treated with antibiotics for more than 6 weeks, weak-
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Table 1. Data at the time of surgery (mean (SD) or number (n)) for the 211 patients in the study. In
cases of missing data, the number of patients who were available is given in the table. The p-values
were obtained from the chi-square test or the Welch F-test

Idiopathic Congenital ~ Neuromuscular  p-value
(n=168) (n=11) (n=32)
Females 138 6 16 < 0.001
Age at time of surgery, years 15.7 (2.1) 14.6 (2.7) 14.7 (2.8) 0.08
Largest Cobb angle before surgery, degrees 55 (10) 49 (14) 67 (20) 0.005
Clinically important kyphosis, degrees 2 44 (17) 35 (10) 63 (25) 0.07
number of cases 8 3 10
Duration of surgery, min 255 (87) 235 (96) 340 (126) 0.02
number of cases 139 7 27
Intraoperative blood loss, L 1.2(1.2) 1.0 (0.7) 2.6 (2.2) 0.01
Number of operated vertebrae 11 (3) 7 (4) 15 (2) < 0.001
Hospital stay, days 9(3) 9(2) 12 (4) < 0.001

2 Kyphosis was reported by the surgeon only in cases of clinical significance.

ness or paralysis in the lower extremities, and urinary or fecal
incontinence.

EQ-5D is available in a validated Swedish version, which
is being increasingly used (Burstrom et al. 2001). The EQ-5D
consists of 5 questions (domains) regarding mobility, usual
activities, self care, pain, and anxiety, which are translated to
an index. The index reflects the societal view of health. There
are no Swedish index data, so the UK EQ-5D index tariff was
used (Dolan et al. 1996, Dolan 1997). An index of 1 corre-
sponds to perfect health and O to death. The construction of the
index also allows negative values, i.e. a quality of life worse
than death.

The SRS instrument was constructed to evaluate quality of
life after surgical treatment in adolescent idiopathic scoliosis
(Asher et al. 2006). The current revised version of SRS22, the
SRS-22r, has been translated into Swedish and validated (A.
Danielsson, personal communication). The SRS22r consists
of 22 questions divided into 5 different domains: function,
pain, self image, mental health, and satisfaction. For each
question, domain, and total index, a score between 1 (worst
possible) and 5 (best possible) can be obtained. In contrast to
the EQ-5D index, which reflects the societal view of health,
the SRS22r index represents the individual’s subjective expe-
rience of health. The satisfaction domain is a measure of treat-
ment satisfaction and in this study it is only presented for
2-year postoperative data.

Statistics

Since group sizes and many variances were unequal, the
Welch-Satterthwaite t-test or the Welch F-test was used to
assess group differences. The Wilcoxon signed ranks test was
performed to analyze dependent variables. The chi-square test
or Fisher’s exact test was used when dichotomous variables
were compared. Descriptive data are presented as mean (SD),
except for the EQ-5D and the SRS-22r index in which mean
(SE) is presented, since these have been commonest in most
previous reports. When comparing the different domains in the

EQ-5D, patients with problems were compared with patients
without problems. Any p-value less than 0.05 was considered
significant. The statistical analyses were performed using IBM
SPSS version 20.0.

Ethical approval

The study was performed in accordance with the Helsinki
Declaration and approved by the Ethical review board in
Stockholm (number 2012/172-31/4).

Results
Surgeon-reported variables

Of the 211 patients who were finally included, 168 had an idio-
pathic scoliosis, 11 had a congenital scoliosis, and 32 had a neu-
romuscular scoliosis (Table 1). In the idiopathic group, 148 had
been treated with posterior surgery, 16 with anterior surgery,
and 4 with anterior and posterior surgery. The corresponding
figures for the patients in the congenital group were 9, 1, and 1
and in the neuromuscular group they were 29, 0, and 3.

The proportion of women in the idiopathic scoliosis group
was considerably larger than in the congenital and neuromus-
cular scoliosis groups. In the neuromuscular group, the mean
number of operated vertebra and the intraoperative blood
loss were greater than in the idiopathic and congenital group,
and the duration of surgery and the hospital stay were longer
(Table 1). 15 of the 32 patients in the neuromuscular group
had a severe cognitive disability, while no patients in the other
2 groups had a severe cognitive disability.

Mortality data

1 patient in the idiopathic group died before the 2-year follow-
up.

Patient-reported variables

The number of patients who responded to the EQ-5D and/
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Table 2. Preoperative, 1-year, and 2-year postoperative EQ-5D-index in the 3 groups

Number of patients

of scoliosis patients. Data are mean (SE). The p-values given are from the Welch 601
F-test for comparison between groups at the different time points ]
50
EQ-5D index Idiopathic Congenital ~ Neuromuscular  p-value 40
Preoperatively 0.76 (0.02) 0.74 (0.07) 0.10 (0.06) < 0.001 307
number of cases 2 168 11 32 201
1 year postoperatively 0.82 (0.02) 0.78 (0.07) 0.31 (0.08) < 0.001
number of cases 2 128 9 21 101
2 years postoperatively 0.82 (0.02) 0.87 (0.05) 0.25 (0.09) < 0.001 (
number of cases 2 111 7 16 o-—=r=H M

-050  0.00 0.50 1.00

2 number of patients who answered the questionnaire.

Table 3. Preoperative, 1-year, and 2-year postoperative SRS-22r-index, excluding

Preoperative EQ-5D index

Figure 2. Distribution of the EQ-5D index. The data
shown are for the 211 patients who answered the
EQ-5D preoperatively.

Number of patients

the satisfaction domain, in the 3 groups of scoliosis patients. The SRS-22r was intro- 20
duced later than the EQ-5D in the registry, and was therefore not available for all -
patients. Data are mean (SE). The p-values given are from the Welch F-test for com-
parison between groups at the different time points 15
SRS-22r index Idiopathic Congenital  Neuromuscular  p-value 10
Preoperatively 3.8 (0.1) 4.0 (0.3) 3.3(0.2) 0.2 5+
number of cases 2 93 6 15
1 year postoperatively 4.2 (0.1) 4.3 (0.2) 4.0 (0.2) 0.4 0T
number of cases 2 108 9 18 % 20 30 40 50
2 years postoperatively 4.1 (0.1) 4.5 (0.2) 4.0 (0.2) 0.2 Preoperative SRS22r index
number of cases 2 123 7 13

2 n = number of patients who answered the questionnaire.

or the SRS-22r instruments was 158 (75%) at the 1-year fol-
low-up and 149 (71%) at the 2-year follow-up. Of the 149
patients who responded at the 2-year follow-up, 126 had also
responded at the 1-year follow-up.

When we compared all patients who responded, the EQ-5D
index was lower at all time points for the group of patients
with neuromuscular scoliosis. When comparing those who
responded preoperatively and at the 2-year follow-up, the
EQ-5D index increased by 0.06 (0.02) points in the idiopathic
group (p = 0.001), by 0.16 (0.08) points in the congenital
group (p = 0.07), and 0.15 (0.06) points in the neuromuscular
group (p = 0.02) (Table 2, and Figures 2 and 3)

When we examined the specific domains of EQ-5D, and
compared individuals with and without problems in each
domain (mobility, usual activities, self care, pain, and anxi-
ety), any amount of pain was experienced by 93 of 122 (76%)
in the idiopathic group preoperatively and by 70 of 122 (57%)
2 years postoperatively (p < 0.001). In the group of neuromus-
cular patients, 12 of 14 patients experienced pain preopera-
tively and 6 of 14 experienced pain 2 years postoperatively
(p =0.01). The patients in the idiopathic scoliosis group expe-
rienced less problems with mobility (p = 0.02) and anxiety 2

Figure 3. Distribution of the SRS22r index. The data
shown are for the 114 patients who answered the
SRS22r preoperatively.

years postoperatively (p = 0.008). No other significant changes
were observed (all p > 0.08; data not shown).

The SRS-22r was not available for all patients since it
was introduced in the registry at a later time point than the
EQ-5D. When we compared the different groups of respond-
ing patients preoperatively and 1 and 2 years postoperatively,
the SRS-22r index was similar (Table 3). When comparing
those who responded preoperatively and at the 2-year follow-
up, the SRS-22r index improved by 0.4 (0.1) points at 2 years
in the idiopathic group (p < 0.001), by 0.4 (0.1) points in the
congenital group (p = 0.07), and by 0.5 (0.2) points in the
neuromuscular group (p = 0.024).

When we compared the different domains in the SRS-22r
preoperatively and 2 years postoperatively, the neuromuscu-
lar group experienced improved function (p = 0.008) and the
idiopathic group experienced less pain (p = 0.007). Both the
idiopathic group and the neuromuscular group experienced
a better self image (p < 0.001 and p = 0.011, respectively).
Mental health was unchanged in all 3 groups (data not shown).

The mean score for the satisfaction domain in the SRS-22r
was similar between the 3 groups 2 years postoperatively: 4.1
(0.1) in the idiopathic group, 4.1 (0.4) in the congenital group,



Acta Orthopaedica 2013; 84 (6): 537-543

541

and 4.2 (0.2) in the neuromuscular group. Of those patients
who answered question 21 regarding treatment satisfaction in
SRS-22r, 108 of 141 (77%) were satisfied or very satisfied, 23
of 141 (16%) were neither satisfied nor dissatisfied, and 10 of
141 (7%) were dissatisfied or very dissatisfied.

Complications

The number of patients who sustained at least 1 complication
(patient- or surgeon-reported) was 13 (8%) in the idiopathic
group, 2 in the congenital group, and 9 in the neuromuscular
group (p = 0.003). The number of patients who were reoper-
ated during the 2-year follow-up was 10 (6%) in the idiopathic
group, 1 in the congenital group, and 4 in the neuromuscular
group (p =0.3).

When we compared patients with and without complica-
tions in the idiopathic group, there were no statistically signifi-
cant differences at the 2-year follow-up for the EQ-5D index,
the SRS22r index (excluding the satisfaction domain), and
the SRS22r satisfaction domain (all p > 0.25). The congenital
group was too small for analysis. No difference was found in
the neuromuscular group (all p > 0.08).

Discussion

This study has been the first to use data from the SweSpine
registry to evaluate quality of life before and after surgery in
patients in Sweden who were treated surgically for scoliosis.
The results suggested that quality of life remained unchanged
or was slightly improved 2 years after surgery.

Few studies have used the EQ-5D as a measurement of qual-
ity of life in scoliosis patients. 2 years postoperatively, patients
in the idiopathic and congenital groups of the present study
had only slightly lower indices than the Swedish reference
value (0.89) for ages 20-29 (Burstrom et al. 2001), indicat-
ing fairly good health in these patients. A Norwegian study
involving 86 patients with idiopathic scoliosis 10 years after
spinal fusion found a mean EQ-5D index of 0.83 (Bjerkreim
et al. 2007), which is comparable to the mean of 0.82 in the
idiopathic group in our study. In the same study, it was found
that about half of the surgically treated individuals with idio-
pathic scoliosis experienced pain, according to the EQ-5D.
The present 2-year follow-up showed a significant decrease in
pain after surgery, but 57% of the idiopathic scoliosis patients
still experienced pain—which is considerably higher than the
prevalence of 28% found in the part of the normal Swedish
population aged 20-29 years (Burstrom et al. 2001).

We have not found any published prospective pre- and post-
operative data regarding the SRS-22r instrument. The positive
effects using the SRS-22r instrument found in patients with
idiopathic scoliosis are consistent with a previous report using
the SRS-24 instrument, in which the preoperative mean index
of 3.7 improved to 4.6 at the 2-year follow-up (Merola et al.
2002).

The magnitude and direction of change for the EQ-5D and
the SRS22r indices in the small congenital group were sim-
ilar to those of the other 2 groups. We have found 1 study
that measured quality of life in patients who were surgically
treated for congenital scoliosis. However, the authors only
presented postoperative data for the SRS-24, up to 1-7 years
after surgery (Jalanko et al. 2011). These results appear to be
comparable to the results for the congenital group in the pres-
ent study.

It is not surprising that patients in the neuromuscular group
had lower general health scores than the normal population,
considering the severity of their underlying diseases. Studies
on outcome after surgery in patients with neuromuscular sco-
liosis have not used any of the EQ-5D or SRS instruments,
so direct comparisons cannot be made. Using other question-
naires, these studies have shown a similar positive effect of
surgery on overall quality of life (Bridwell et al. 1999, Jones
et al. 2003, Larsson et al. 2005, 2009, Tsirikos et al. 2008).

The SRS instrument was constructed to evaluate idiopathic
scoliosis in an active ambulatory population and has not been
validated for patients with congenital and neuromuscular sco-
liosis (Asher et al. 2006). As a consequence, the importance
of the results of the SRS-22r in the congenital and neuromus-
cular groups is uncertain. However, no instruments that have
been sufficiently validated are available for evaluation of treat-
ment of non-idiopathic scoliosis. Interestingly, the EQ-5D
and the SRS22r indices behaved similarly in the idiopathic,
congenital, and neuromuscular groups, but the changes were
not statistically significant in the small congenital group. This
indicates that even though general health and the etiologies
of the spinal deformities are different, it is possible that all
groups appreciate the surgical procedure in the same way.

Even though the mean improvement for the SRS22r did
not exceed the minimal clinically important difference of 0.6
as suggested by Bago et al. (2009), most patients were satis-
fied with the treatment. Whether or not the minimal clinically
important difference was reached for the EQ-5D index cannot
be determined, since estimates for the surgical treatment of
scoliosis are lacking.

The treatment goal with surgery is to prevent curve progres-
sion, since large curves increase the risk of health problems
(Pehrsson et al. 1992, Danielsson et al. 2001, Sarwark and
Sarwahi 2007). Better knowledge of the long-term outcome of
surgery for scoliosis would be beneficial for both surgeons and
patients regarding the decision for or against surgical treat-
ment. There have been long-term follow-ups after surgery on
patients with idiopathic scoliosis, but these have lacked pre-
operative data and they involved patients treated with surgi-
cal techniques that are seldom used today. These studies have
indicated that surgically treated individuals with idiopathic
scoliosis have a slightly lower quality of life than the general
population (Danielsson et al. 2001, Andersen et al. 2006, Bjer-
kreim et al. 2007). The future prospective data collection of
the SweSpine registry, at 5 and 10 years after surgery, will
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be useful and can provide prospective data on a large-scale,
nationwide basis.

The present study had some limitations. The response rate
was rather low. Nevertheless, the response rate for the defor-
mity part is comparable to other parts of the SweSpine registry
(Stromqvist et al. 2013). The neuromuscular group had a large
number of patients with cognitive impairment and functional
disability, which could explain the low response rate in this
group. This is further illustrated by the fact that the proportion
of patients with neuromuscular scoliosis among those without
preoperative EQ-5D data was greater than among the study
participants (data not shown). The accuracy of the complica-
tion rate in the present study has not been assessed, but com-
plication rates are similar to those in previous reports (Weiss
and Goodall 2008).

The EQ-5D can be used to compare spinal deformity sur-
gery with that for other diseases and to achieve a utility index
in the evaluation of cost effectiveness, while SRS-22r gener-
ates more specific information that can be used to evaluate the
patient’s back-related health over time (Adobor et al. 2010).

The EQ-5D was developed for use in adults. This must be
taken into consideration when interpreting the results, since
age at the time of surgery was 20 years or less in all 3 groups.
A Swedish pilot version for children and adolescents, the EQ-
5D-Y, has recently been presented (Burstrom et al. 2011).
However, if we have different questionnaires for specific
subgroups and ages we would run the risk of reducing the
response rate even further, but the use of the EQ-5D-Y in the
registry could be discussed.

In summary, data from the SweSpine registry indicates
that quality of life, assessed by the EQ-5D and the SRS22r,
improved after surgery in the idiopathic and neuromuscular
groups, and was unchanged in the congenital group.

AE: data analysis, drafting of and commenting on manuscript. PG: study
design, hypothesis, data analysis, finalizing of manuscript.
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