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Abstract

Purpose Our previous study reported a good health-related
quality of life (HRQOL) in adolescent idiopathic scoliosis
(AIS) patients 21 years or more after surgery. The purpose
of this study is to investigate midlife changes in HRQOL
among AIS patients who passed further 5 years from the
previous survey.

Methods Subjects were 252 individuals who underwent
spinal fusion for AIS between 1968 and 1988. The survey
was administered twice—in 2009 and in 2014 using Scolio-
sis Research Society Patient Questionnaire (SRS-22). We
analysed survey responses from 42 individuals (39 females,
3 males) who responded to both surveys.

Results The average scores for each respective domain
of the SRS-22 in 2009 and 2014, respectively, were: func-
tion, 4.3 and 4.2; pain, 4.3 and 4.3; self-image, 3.0 and 2.9;
mental, 3.9 and 3.8; satisfaction, 3.6 and 3.5. There were
no significant differences in any domain of the SRS-22
between 2009 and 2014. Comparing non-fused segments
of the lumbar spine of patients with fewer than four discs
remaining with patients with four discs or more remaining,
SRS-22 satisfaction score decreased more in patients with
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fewer than four discs (change in patients with four discs or
more: —0.02; change in patients with fewer than four discs:
—0.38; P =0.05).

Conclusion Each SRS-22 subscore was similar between
2009 and 2014 surveys. Those scoliosis patients who under-
went spinal fusion during adolescence had good HRQOL
scores in midlife. Even after five years passed, good condi-
tions were maintained.

Keywords Adolescent idiopathic scoliosis - Long-term
clinical outcome - Health-related quality of life - Patient-
reported outcome

Introduction

Surgeries for adolescent idiopathic scoliosis (AIS) are per-
formed on patients in the second decade of life. Long-term
health is therefore an important consideration. Recently,
health-related quality of life (HRQOL) has been reported
using patient-reported outcomes in order to characterize
long-term health after surgery. In a study of post-operative
AIS patients 11 years after surgery (mean age 32.3) using
SF-36, Gotze et al. found physical functioning equivalent to
the German population mean [1]. In a study of AIS patients
20 years after surgery (mean age 38.8), Mariconda et al.
reported each domain of the SRS-24 equivalent to healthy
individuals [2]. Additionally, in a study of AIS patients
20 years after surgery (mean age 39.7), Danielsson et al.
found no significant difference in SF-36 compared with
national means [3]. Indeed, there are many reports of long-
term health status equivalent to healthy subjects among post-
operative AIS patients in their 30 s.

Nevertheless, there are few reports on post-operative
AIS patients in their 40 s. It is a serious concern whether
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post-operative AIS patients can maintain health status in
middle age. We investigated HRQOL in a group of AIS
patients 2141 years after surgery (mean age 46) [4]. We
reported that function and self-image domains of SRS-22
were significantly lower compared with healthy subjects.
It is concerning that this may represent the beginning of a
decline in health status of AIS patients as they reach middle
age, compared with healthy subjects. Therefore, knowing the
HRQOL changes that occur in middle age may be valuable
for predicting what kind of health status patients will have
later in life. Nevertheless, there are no reports investigating
the natural history of such HRQOL changes in post-opera-
tive AIS patients.

The purpose of this study is to investigate midlife changes
in HRQOL among AIS patients who underwent spinal
fusion during adolescence. Our hypothesis is that HRQOL
may decline for AIS patients who have reached middle age.

Materials and methods

The institutional review board approved the present study.
Subjects were 252 individuals who underwent spinal fusion
for AIS between 1968 and 1988. Mean age at time of opera-
tion was 14.8; mean Cobb angle was 68.3 degrees preop-
eratively and 39.4 degrees 2 years post-operatively. Letters
were sent to each such surgical patient. Those who con-
sented were administered a questionnaire. For the question-
naire, we used the Japanese version of Scoliosis Research
Society Patient Questionnaire (SRS-22) [5]. The survey
was administered twice—in 2009 and in 2014. For the 2009
survey, we received responses from 66 individuals; there
were 66 non-respondents, 112 unknowns, and 8 deaths. In
2014, responses were obtained from 48 individuals; there
were 62 non-respondents, 134 unknowns, and 8 deaths. We
analysed survey responses from 42 individuals (39 females,
3 males) who responded to both surveys. The mean age of
these 42 individuals was 50.8 (40-60) at the time of inves-
tigation, with an average follow-up period of 36.4 (26—45)
years. Thirty-seven patients underwent posterior spinal
fusion (Harrington rod: 26 cases; Harrington rod with wir-
ing: 8 cases; multiple hook: 3 cases). Five patients under-
went anterior spinal fusion (Dwyer method: 2 cases; Zielke
method: 3 cases). The lowest instrumented vertebrae were:
T12—3 cases; L1—8 cases; L2—10 cases; L3—S8 cases;
L4—6 cases; L5—2 cases; unknown—>5 cases. We analysed
change in survey response from 2009 to 2014 for each ques-
tionnaire item.

Healthy volunteers were recruited in our institution by
bulletin board posting in the following criteria: (1) healthy
individuals, (2) age 40-60 years, (3) no history of scoliosis,
(4) no history of spine surgery. A total of 38 healthy volun-
teers were asked to fill out SRS-22 questionnaire. Previously
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undiagnosed scoliosis was discovered in three individuals,
while tumours were found in two individuals, and these five
individuals were excluded from the study. The 33 individuals
who matched the patients in age and gender demographics
were enrolled as control group.

Statistical analyses were conducted using SPSS Statistics
version 22.0 (International Business Machines Corporation,
NY, USA). Paired 7 test was used to compare 2009 and 2014
survey responses. Unpaired 7 test was used for comparisons
of worsened versus non-worsened cases for each score, num-
ber of non-fused segments, comparison of scoliosis group
versus control group, and comparison of participants versus
non-participants. P value less than 5% was regarded as a
significant difference.

Results

The average scores for each respective domain of the SRS-
22 in 2009 and 2014, respectively, were: function, 4.3 and
4.2; pain, 4.3 and 4.3; self-image, 3.0 and 2.9; mental, 3.9
and 3.8; satisfaction, 3.6 and 3.5. There were no significant
differences in any domain of the SRS-22 between 2009 and
2014 (Table 1). Individuals with lower 2014 scores in each
domain of the SRS-22 were, respectively: function, 16 indi-
viduals (38.1%); pain, 12 individuals (28.6%); self-image,
24 individuals (57.1%); mental, 15 individuals (35.7%); sat-
isfaction, 18 individuals (42.9%) (Fig. 1).

We compared those whose SRS-22 scores worsened with
individuals whose scores did not worsen, for each domain.
There were no significant differences in present age, length
of follow-up period from spinal fusion surgery, or body mass
index for each domain (Table 2).

Comparing non-fused segments of the lumbar spine of
patients with fewer than four discs remaining with patients
with four discs or more remaining, SRS-22 satisfaction
score decreased more in patients with fewer than four discs
(change in patients with four discs or more —0.02; change in
patients with fewer than four discs —0.38; P = 0.05). There
was no significant difference in any other domain of the
SRS-22 (Table 3).

Table 1 SRS-22 scores in 2009 and 2014

2009 2014 P
Function 43+0.7 42 +0.7 0.67
Pain 43+0.7 43+0.7 0.81
Self-image 3.0+0.7 29+0.8 0.13
Mental 39+09 3.8+09 0.83
Satisfaction 3.6+0.7 35+0.7 0.15

Values are mean (+standard division)
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Fig. 1 Changes of SRS-22 scores from 2009 survey to 2014 survey. a Function domain. b Pain domain. ¢ Self-image domain. d Mental domain.

e Satisfaction domain

Scoliosis group and control group comparisons

The 42 patients in the scoliosis group were compared to the
33 individuals without scoliosis in the control group. There
were no significant differences between groups in age (sco-
liosis group 50.3 + 5.6 years, control group 48.8 + 5.6 years,
P = 0.251) and percentage of females (scoliosis group
92.9%, control group 90.9%, P = 0.758).

SRS-22 scores for function (scoliosis group 4.2 + 0.7,
control group 4.8 & 0.5, P < 0.001) and self-image (scoliosis
group 2.9 + 0.8, control group 3.9 + 0.7, P < 0.001) were
significantly lower in the scoliosis group. There were no
significant differences between the two groups in pain (sco-
liosis group 4.3 + 0.7, control group 4.4 + 0.5, P = 0.373)
or mental health (scoliosis group 3.8 + 0.9, control group
4.1 £ 0.8, P =0.199) scores on the SRS-22.
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Table 2 Comparison between patients whose SRS-22 scores worsened and patients whose scores did not worsen, for each domain

Patients whose function scores worsened Patients whose function scores did not P
worsen
Present age, years 52.1+5.6 503 +5.5 0.345
FU period from surgery, years 37.5+5.6 36.1 +5.1 0.439
Body mass index, kg/m? 203 +53 20.5+25 0.897

Patients whose pain scores worsened

Patients whose pain scores did not worsen P

Present age, years 51.2+4.0
FU period from surgery, years 36.5+5.2
Body mass index, kg/m? 208 +£5.7

51.0x6.1 0.902
36.6 £5.4 0.964
20227 0.751

Patients whose self-image scores wors-

Patients whose self-image scores did not P

ened worsen
Present age, years 514+54 50.5+5.9 0.641
FU period from surgery, years 36.8+5.0 36.3+5.8 0.782
Body mass index, kg/m? 203 +2.5 20.6 +5.3 0.869
Patients whose mental scores worsened  Patients whose mental scores did not P
worsen
Present age, years 502 +5.1 514 +5.8 0.524
FU period from surgery, years 36.3+4.6 36.8 £5.7 0.802
Body mass index, kg/m? 20.8 +3.1 20.2 +4.0 0.647

Patients whose satisfaction scores

Patients whose satisfaction scores did not P

worsened worsen
Present age, years 49.8 +4.6 52.0+6.2 0.207
FU period from surgery, years 354 +4.6 37.6 +£5.7 0.196
Body mass index, kg/m? 20.5+2.5 20.3 +4.5 0.859

Values are mean (+standard division)
FU follow-up

Table 3 Comparison between patients with patients with four discs
or more remaining and fewer than four discs remaining

Four discs or Fewer than four P
more discs
Function —0.02 —0.05 0.81
Pain 0.13 0.00 0.46
Self-image -0.21 —0.05 0.33
Mental 0.05 0.06 0.69
Satisfaction —0.02 —0.38 0.05

Comparison between participants and non-participants

Demographics of the 42 participants enrolled in both sur-
veys (2009 and 2014) were compared to the 210 non-par-
ticipants. No statistically significant differences were noted
in patient age at surgery (participants 14.6 + 2.0 years,
non-participants: 14.8 + 2.1 years, P = 0.555), preopera-
tive Cobb angle (participants 70.0° + 23.0°, non-participants
67.9° + 19.5°, P = 0.584), and post-operative Cobb angle
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2 years after surgery (participants 41.4 + 2.8°, non-partic-
ipants 38.9° + 15.8°, P = 0.416). When the percentages of
participants and non-participants were compared by sex,
there was no significant difference between these groups in
percentage of females (participants: 92.9%, non-participants:
90.0%, P = 0.565). Therefore, the patients who participated
in this study can be considered representative of the entire
252 patients.

Discussion

In terms of SRS-22, middle-aged AIS patients did not
undergo change in HRQOL during the 5-year period. We
speculated that HRQOL would decline for middle-aged AIS
patients, but that hypothesis was incorrect.

There are several reports on the minimal clinically
important difference (MCID) of SRS-22 in post-operative
AIS patients [6, 7]. In ROC analysis, Bago et al. report
0.6 MCID for the pain domain and 1.3 MCID for the self-
image domain; in analysis using standard error, MCID for
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the function domain was 0.8, and MCID for the mental
domain was reported to be 0.4 [6]. Considering the function
MCID 0.8, in the present study, 40 subjects had no change,
2 showed improvement, and O deteriorated. Similarly, tak-
ing into consideration the pain MCID 0.6, 31 subjects had
no change, 5 improved, and 6 deteriorated. In terms of the
self-image MCID 1.3, 39 subjects showed no change, 1
improved, and 2 deteriorated. In terms of the mental MCID
0.4, 22 subjects did not change, 9 improved, and 11 wors-
ened. That is to say, even looking at MCID, HRQOL in mid-
dle-aged AIS patients remained in large part unchanged or
improved, thereby indicating maintenance of health status.

Taking into consideration the long-term course of AIS
patients who underwent spinal fusion, there are reports that
it is better to preserve more non-fused segments. Danielsson
et al. [8] examined AIS patients with fixation through L4 or
L5 in detail with MRI and determined that there is interver-
tebral disc degeneration 25 years after surgery associated
with low back pain. Likewise, Akazawa et al. found that in
the long-term, those whose lowest instrumented vertebrae
are L3 or higher and hence have more non-fused segments
undergo less incidence of intervertebral disc degeneration
[9]. In the present study, SRS-22 satisfaction scores were
higher in patients with non-fused segments at four or more
levels.

There are several limitations to the present research.
Because of the very long-term follow-up, our response rate
was low. Half the patients had relocated, and we were unable
to pursue these cases because there is no national registra-
tion system in Japan. Also, 25% of patients unfortunately did
not respond. This study had a rather long follow-up period,
and it was impossible to enrol more patients. However, the
response rate was low at 16.6%; there was no significant
difference between the 42 participants and non-participants
in patient age at surgery, preoperative Cobb angle, post-oper-
ative Cobb angle, and percentage of females. Therefore, the
patients who participated in this study can be considered
representative of the entire 252 patients. Going forward, we
are considering new attempts to contact patients who did
not respond to our initial solicitation. In the era when our
study subjects underwent surgery, patient-reported outcome
tools such as SRS-22 were not established. Since we did
not survey subjects using SRS-22 in the short term before
surgery or during the perioperative period, we cannot know
the state of QOL before subjects reached middle age. In the
future, we plan to accumulate SRS-22 data and use this for
long-term investigation.

Conclusions

Each SRS-22 subscore was similar between 2009 and 2014
surveys. AIS patients who underwent spinal fusion during

adolescence had good HRQOL scores in midlife. Even after
five years passed, good conditions were maintained.
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