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Abstract

Purpose To identify factors contributing to persistent postop-
erative pain in patients treated surgically for idiopathic scoli-
osis.

Methods In total, 280 patients aged ten through 25 years
at surgery, were identified in the Swedish Spine registry; all
having preoperative and postoperative visual analogue scale
(VAS) for back pain scores. The patients were divided into
a high and low postoperative pain group based on the re-
ported postoperative VAS for back pain scores (by using 45
mm on the 0 mm to 100 mm VAS scale as a cut-off). The pa-
tient-reported questionnaire included VAS for back pain, the
3-level version of EuroQol 5-dimensional (EQ-5D-3L) instru-
ment, the EuroQol VAS (EQ-VAS) and the Scoliosis Research
Society 22r instrument (SRS-22r). Predictors of postoperative
back pain were searched in the preoperative data.

Results The 67 (24%) patients that reported high postopera-
tive VAS back pain (> 45 mm) also reported lower postoper-
ative EQ-5D-3L, EQ-VAS and SRS-22r than patients with low
postoperative VAS back pain (all p < 0.001). Two preoperative
variables were independently associated with postoperative
pain; each millimetre increase in preoperative VAS back pain
(on the 0 mm to 100 mm scale) was associated with a higher
risk of being in the high postoperative back pain group (odds
ratio (OR) 1.03; 95% confidence interval (Cl) 1.02 to 1.05)
and each 1 point decrease on the preoperative SRS-22r men-
tal health (scale from 1 to 5) was associated with a higher risk
of being in the high postoperative back pain group (OR 1.68;
95% Cl 1.03 to 2.73).
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Introduction

Idiopathic scoliosis is the most common type of spinal defor-
mity with an estimated prevalence of 3%."2 The majority of
the patients with idiopathic scoliosis are treated conserva-
tively.> Nevertheless, around 10% will require fusion sur-
gery and correction? in order to prevent long-term health
problems such as respiratory dysfunction and back pain.*

Traditionally, the outcome of surgical treatment for idio-
pathic scoliosis has been mainly evaluated by radiographic
changes, such as the change in the magnitude and correc-
tion of the curve, but these parameters have failed to cor-
relate with persistent pain after the surgery® and have been
shown to be weak predictors of patient satisfaction.® Only in
the past several years have the incorporation of standardized,
disease-specific patient-reported outcome questionnaires
shown that, although deformity correction and spinal fusion
may improve quality of life in patients with idiopathic scoli-
osis,”" it can result in persistent back pain and dissatisfac-
tion.'®2 Thus, identifying possible predictors of poor clinical
outcome in patients treated surgically for idiopathic scolio-
sis could have important clinical implications. Additionally,
demographic parameters, such as sex, age and body mass
index (BMI), which could influence the course of postopera-
tive satisfaction and quality of life, are still unexplored.

The aim of this study was to identify specific preoperative
characteristics in patients reporting high postoperative pain.

Materials and methods

We hypothesized that patients with high postoperative
pain would report high preoperative pain as compared
with patients with no or minor postoperative pain. The
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identification of these characteristics could pave the way
to further improve scoliosis surgery outcome. To our
knowledge, this is the first nationwide study searching for
factors of importance for poor clinical outcome in patients
treated surgically for idiopathic scoliosis.

This is a retrospective analysis of prospectively collected
data from the deformity part of the Swedish spine registry
(Swespine).”® Swespine contains information on surgeries
for spinal deformity since October 1 2006, and include
preoperative, one-, two-, five- and ten-year patient-re-
ported questionnaire data and surgeon reported data at
time of surgery, and has more than 97% diagnostic accu-
racy."'> We identified patients treated surgically with pos-
terior fusion for idiopathic scoliosis until 20 June 2017, aged
between ten and 25 years at surgery, having both preop-
erative and a minimum of two-year follow-up patient-re-
ported outcome data for visual analogue scale (VAS) back
pain. A total of 280 patients met the inclusion criteria for
the study (Fig. 1); 183 patients had two-year follow-up data
and 97 patients in the cohort had five-year follow-up data,
giving a mean follow-up of three years. We used 45 mm on
the VAS scale as a cut off in order to define the ‘high pain
group’ as it has been shown by previous investigators that
scores equal to or above 45 mm on the VAS scale may be
considered moderate and severe pain.'®

Patient demographics and surgeon-reported data

Patient demographics including age, sex and BMI were
collected from Swespine. Surgical data were reported
by the surgeon at the time of discharge. Data included

Individuals treated surgically for
deformities between 1 Oct 2006 and
June 20, 2017, registered in the
Swespine registry.

n=2847

Not aged 10 through 25 years
> at surgery.

n=744

v
n=2103
n= 1560
v
n=762

Other than primary posterior
fusion surgery

n=>543

Other than Idiopathic
Scoliosis

n=798

Missing VAS for back pain
> scores at baseline and/or
follow-up

n=482

n=280

Fig. 1 Flow chart for the inclusion of patients in the study (VAS,
visual analogue scale).
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preoperative Cobb angle of the primary curve, operat-
ing time, type of surgery, blood loss, operated vertebrae,
complications and length of stay at the hospital. Informa-
tion about any revision surgeries recorded until 20 June
2017, was searched in the Swespine registry.

Patient-reported questionnaire

The patient-reported questionnaire included VAS for back
pain,” the EuroQol 5-dimensional quality of life ques-
tionnaire, 3 level (EQ-5D-3L) instrument,' the EuroQol
VAS (EQ-VAS)'™ and after February 2008 also the Scoliosis
Research Society 22r instrument (SRS-22r)."

VAS for back pain is a measure of pain intensity; it
ranges from O (no pain) to 100 (worst possible pain)."”

The EQ-5D-3L is a non-disease-specific instrument
used for describing and valuing health-related quality of
life. The UK-tariff was used. It ranges from -0.59 (worst) to
1.00 (best). The EQ-VAS ranges from O (worst imaginable
health state) to 100 (best imaginable health state).'

The SRS-22r questionnaire contains five domains; func-
tion, pain, self-image, mental health and satisfaction.
These domains are then used to calculate the subscore
(excluding the satisfaction domain) and the total score
(including all domains). Domains, subscore and total
score range from 1 (worst) to 5 (best)."

Statistical analysis

Descriptive data are presented as mean (range or SD) or
number (%). Analysis of variance, the Pearson chi-squared
test, paired samples t-test, the Fisher exact test or binomial
logistic regression were used for statistical analysis. In the
case of missing data, exclusions have been made analysis
by analysis. Statistical significance was set at p < 0.05. IBM
SPSS statistical software version 23 was used for statistical
analyses (IBM SPSS Statistics for Windows; Armonk, New
York).

Results

Overall, 67 (24%) out of the 280 patients reported high
VAS for back pain scores (= 45 mm) at the mean three-
year follow-up. There was a higher proportion of female
patients in the high postoperative pain group (p = 0.028)
but no significant differences in baseline age, BMI, radio-
graphic or surgical parameters compared with the group
with low postoperative pain (all p = 0.05) (Table 1). At
baseline, patients in the high postoperative pain group
reported significantly higher VAS for back pain scores,
lower EQ-VAS scores and significantly lower SRS-22r
domain scores and subscores compared with the low
postoperative pain group (all p = 0.039) (data not shown;
results summarized in this paragraph).
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At follow-up, patients in the high postoperative pain
group reported significantly lower EQ-5D-3L, EQ-VAS and
SRS-22r (including domains, subscores and total scores)
compared with the low postoperative pain group (all p <
0.001) (Table 1).

Patients in the high postoperative pain group demon-
strated a significant postoperative deterioration with
increased VAS back pain and decreased EQ-5D-3L, EQ-VAS
and SRS-22r pain compared with preoperatively (all p =
0.037) (Table 2). In contrast, patients in the low postoper-
ative pain group demonstrated a significant postoperative
improvement in all scores (all p < 0.001), with the excep-
tion of SRS-22r mental health score (p = 0.3) (Table 3).

Regression analysis

Logistic regression analyses were performed to ascertain
predictors of high postoperative back pain. Variables that
were found to differ significantly at baseline (sex, VAS
back pain, EQ-VAS, SRS-22r function, SRS-22r pain, SRS-
22r self-image, SRS-22r mental health) were identified
as risk factors correlating with postoperative back pain
(Table 4). The same variables were entered in a forward
stepwise selection in a multiple logistic regression model.

Table 1T Comparison of baseline characteristics and postoperative scores
between patients in the high and low postoperative pain group

High Low p-value

postoperative postoperative

VAS back pain VAS back pain

group group

(n=67) (n=213)
Baseline data
Female patients, n (%) 59 (88) 163 (76) 0.028—
Mean age, yrs (sD) 16.9 (2.7) 16.3 (2.4) 0.09+
Mean BMI, m/kg? (sD) 21.6 (3.7) 20.5 (3.7) 0.05+
Mean preoperative Cobb angle, 53 (9) 55(10) 0.14+
° (sp)
Number of fused vertebrae (%) 11 (2) 1) 0.3+
Mean duration of surgery, mins 227 (76) 257 (151) 0.1+
(sD)
Mean blood loss, ml (sD) 1098 (720) 1176 (860) 0.5¢
Mean length of stay, days (sD) 7 (2) 7 (2) 0.5¢
Postoperative scores
Mean VAS back pain, score (sp) 61 (12) 13(12) < 0.001+
Mean EQ-5D-3L, score (SD) 0.61 (0.26) 0.86 (0.14) < 0.001+
Mean EQ-VAS, score (D) 65 (20) 84 (15) < 0.001+
Mean SRS-22r function, score 3.8(0.8) 4.6 (0.4) < 0.001+
(sD)
Mean SRS-22r pain, score (SD) 3.0(0.9) 4.3 (0.6) < 0.001+
Mean SRS-22r self-image, score 3.1 (0.8) 4.1 (0.7) < 0.001+
(sD)
Mean SRS-22r mental health, 3.5(0.9) 4.0 (0.8) < 0.001+
score (SD)
Mean SRS-22r satisfaction, score 3.3 (1) 4.3 (0.8) < 0.001+
(sD)
Mean SRS-22r subscore (SD) 3.4 (0.7) 4.3 (0.5) < 0.001+
Mean SRS-22r total score (SD) 3.4 (0.6) 4.3 (0.5) < 0.001+

VAS, visual analogue scale; BMI, body mass index; EQ-5D-3L, EuroQol
5-dimensional quality of life questionnaire, 3 level; EQ-VAS, EuroQol VAS;
SRS-22r, Scoliosis Research Society questionnaire 22r instrument. Bold
values indicate statistical significance (p< 0.05)

T chi-squared test

+ UNIANOVA

460

Table 2 Changes from preoperative to postoperative in the high postop-
erative visual analogue scale (VAS) back pain group (n = 67)

Preoperative  Postoperative p-value
Mean VAS back pain, score 43 (23) 61 (12) < 0.001F
(sp)
Mean EQ-5D-3L, score (SD) 0.72 (0.17) 0.61 (0.26) 0.004F
Mean EQ-VAS, score (sD) 71 (19) 65 (20) 0.037%
Mean SRS-22r function, score 4.0 (0.7) 3.8(0.8) 0.05F
(sp)
Mean SRS-22r pain, score (sp) 3.4 (0.9) 3.0(0.9) 0.005F
Mean SRS-22r self-image, 2.8 (0.8) 3.1(0.8) 0.1%
score (SD)
Mean SRS-22r mental health, 3.5 (0.8) 3.5(0.9) 0.8F
score (SD)
Mean SRS-22r subscore (sD) 3.4 (0.6) 3.4 (0.7) 0.3F

EQ-5D-3L, EuroQol 5-dimensional quality of life questionnaire, 3 level;
EQ-VAS, EuroQol VAS; SRS-22r, Scoliosis Research Society questionnaire 22r
instrument. Bold values indicate statistical significance (p< 0.05)

T Paired samples t-test

Table 3 Changes from preoperative to postoperative in the low
postoperative visual analogue scale (VAS) back pain group (n = 213)

Preoperative Postoperative p-value

Mean VAS back pain, score (sp) 24 (23) 13(12) < 0.001F}
Mean EQ-5D-3L, score (sD) 0.77 (0.18) 0.86 (0.14) < 0.001}
Mean EQ-VAS, score (SD) 77 (21) 84 (15) < 0.001}
Mean SRS-22r function, score 4.4 (0.6) 4.6 (0.4) < 0.001F
(sp)

Mean SRS-22r pain, score (sb) 4.0 (0.7) 4.3 (0.6) < 0.001F
Mean SRS-22r self-image, score 3.1 (0.8) 4.1 (0.7) < 0.001F}
(sp)

Mean SRS-22r mental health, 3.9 (0.7) 4.0 (0.8) 0.3%
score (SD)

Mean SRS-22r subscore (sD) 3.9 (0.5) 4.3 (0.5) < 0.001F

EQ-5D-3L, EuroQol 5-dimensional quality of life questionnaire, 3 level;
EQ-VAS, EuroQol VAS; SRS-22r, Scoliosis Research Society questionnaire 22r
instrument. Bold values indicate statistical significance (p< 0.05)

T Paired samples t-test

The model explained 19% (Nagelkerke R?) of the variance
and correctly classified 80% of the cases. An increase in
the preoperative VAS back pain was independently associ-
ated with a higher risk of being in the high postoperative
back pain group (odds ratio (OR) 1.03; 95% confidence
interval (CI) 1.02 to 1.05 per mm increase) (Fig. 2). A
decrease in the preoperative SRS-22r mental health was
independently associated with a higher risk of being in
the high postoperative back pain group (OR 1.68; 95% ClI
1.03 to 2.73 per point decrease) (Fig. 3).

Revision rate

Overall, 20 (7%) patients required revision surgery at a
mean of 2.7 years (0.3 to 9.2) after the index surgery; 11 for
an infection, four to remove an implant, one for pseudar-
throsis and four for other reasons not specified by the sur-
geon. There were more revision cases reported in the high
(nine out of 67 cases) than in the low postoperative pain
group (11 out of 213 cases) (p = 0.030, Fisher’s exact test).
At follow-up, patients who underwent revision surgery
reported significantly higher VAS for back pain scores, lower

J Child Orthop 2021;15:458-463
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Table 4 Results from the logistic regression showing the risk of being
in the group with the highest postoperative back pain (= 45 mm on the
visual analogue scale (VAS) back pain 0 mm to 100 mm scale) for sex

(female versus male) and preoperative variables (continuous) that differed
at baseline between the high and the low postoperative back pain group

Variable Odds 95% confidence p-value
ratio interval

Sex (female versus male) 2.26 1.01 to 5.05 0.046%

Preoperative variables

VAS back pain (per mm increase) 1.03 1.02 to 1.04 <0.001%

EQ-VAS (per point decrease) 1.01 1.00 to 1.02 0.042%

SRS-22r function (per point 2.79 1.68 to 4.60 <0.001%

decrease)

SRS-22r pain (per point decrease) 2.70 1.78 to 4.09 <0.001%

SRS-22r self-image (per point 1.58 1.05t0 2.38 0.027%

decrease)

SRS-22r mental health (per point  2.09 1.37t0 3.19 0.001%

decrease)

EQ-VAS, EuroQol VAS; SRS-22r, Scoliosis Research Society questionnaire 22r
instrument. Bold values indicate statistical significance (p< 0.05)
¥ Binomial logistic regression
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Fig. 2 Thisfigure demonstrates the results of the multiple logistic
regression analysis. Each millimetre increase in preoperative
visual analogue scale (VAS) back pain (on the 0 mm to 100 mm
scale) was independently associated with a higher risk of being
in the high postoperative back pain group (odds ratio 1.03; 95%
confidence interval 1.02 to 1.05).

EQ-5D-3L and significantly lower SRS-22r satisfaction scores,
subscores and SRS-22r total scores compared with patients
who did not undergo revision surgery (all p = 0.042) (data
not shown; results summarized in this paragraph).

Discussion

In this nationwide study with data from Swespine we
found high preoperative pain and low patient-reported
outcome measures to be independent predictors of pain
after surgery for idiopathic scoliosis.

We demonstrated that persistent postoperative pain
is prevalent among patients treated with fusion surgery

J Child Orthop 2021;15:458-463
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Fig. 3 Thisfigure demonstrates the results of the multiple logistic
regression analysis. Each point decrease on the preoperative
Scoliosis Research Society (SRS) 22r mental health instrument
(scale from 1 to 5) was associated with a higher risk of being in
the high postoperative back pain group (odds ratio 1.68; 95%
confidence interval 1.03 to 2.73).

for idiopathic scoliosis, with a considerable 24% of them
reporting high VAS for back pain scores at the mean three-
year follow-up. These patients were found to have signifi-
cantly higher preoperative VAS for back pain and lower
scores in all SRS-22r domains compared with the low
postoperative back pain group.

Interestingly, patients with persistent pain after sur-
gery did not demonstrate any significant improvement
in the SRS-22r self-image scores. In contrast, the greatest
improvement in patients with low postoperative pain was
noticed in the self-image domain of the SRS-22r ques-
tionnaire. In line with our results, in a retrospective anal-
ysis of 1433 patients with adolescent idiopathic scoliosis,
Landman et al'® found a higher Spinal Appearance Ques-
tionnaire (SAQ) score — indicating a higher perception of
deformity — to be associated with greater preoperative
pain and less postoperative pain reduction. It seems that
patients’ perception of deformity is an important variable
associated with pain reduction and satisfaction after sco-
liosis surgery. In fact, patients in the high postoperative
pain group reported significantly lower (worse) SRS-22r
satisfaction scores. This finding may also be attributed
to a correlation between the SRS-22r self-image and the
satisfaction domain. Correlations between the SRS-22r
domains and satisfaction scores have been reported in the
literature; Asher et al,? found strong correlations between
the satisfaction and self-image domains and between the
satisfaction and the SRS subscore, reporting correlation
coefficients of 0.66 and 0.67, respectively. This can be
expected given the fact that, in these otherwise healthy
patients, appearance is the most evident result of sur-
gery. Although not a subject of investigation in this study,
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our results support previous findings on the relationship
between self-image and satisfaction following spinal
fusion for idiopathic scoliosis.

Beyond self-image, mental health may be influencing
pain experience in patients with idiopathic scoliosis. In
the current study, patients in the high postoperative pain
group reported significantly lower (worse) mental health
scores compared with the low postoperative pain group,
and low mental health also independently predicted high
postoperative pain. Previous investigators reported on the
association between mental health scores and high lev-
els of preoperative pain.?' Hwang et al?' in a retrospective
analysis of 2585 patients treated surgically for idiopathic
scoliosis, found lower mental health scores in the SRS-22r
questionnaire to be associated with greater preoperative
pain. Our results support and expand these findings; we
found preoperative back pain and mental health to be
independent predictors of postoperative pain; thus, we
demonstrated that patients with high levels of preoper-
ative pain and low mental health_scores may not experi-
ence a beneficial effect of scoliosis surgery in terms of pain
reduction.

The reoperation rate of 7% observed in this study was
similar to rates reported in the literature.?>?* Not unex-
pected, a higher reoperation rate was observed in the high
postoperative pain group; patients that were revised after
index scoliosis surgery reported higher postoperative pain
scores, worse quality of life and lower (worse) SRS-22r
scores than the others. Our results, consistent with previ-
ous reports in the literature, suggest that reoperation in
scoliosis surgery is associated with a negative impact on
clinical outcome and quality of life.

There are certainly some limitations to this study. It is
retrospective in nature and, therefore, prone to selection
bias. However, this limitation is compensated for by the
large and nationwide sample size giving the data high
external validity. Opioid use in relation to pain was not
investigated either in the immediate postoperative period
nor at follow-up. The adjusted R? value in our regression
model was moderate to low, indicating that other variables
of importance, not included in our analysis, may have an
impact on the scores. In addition, anxiety sensitivity as
well as pain catastrophizing that have been shown to be
predictors of postoperative pain? were not assessed in this
study since such variables are not registered in Swespine.
Cultural and ethnic background that may influence how
individuals perceive pain was not investigated.?*? Post-
operative radiographic analyses were not carried out
since postoperative radiographic data are not collected
in Swespine, which has an emphasis on patient-reported
outcome measures. However, in the current study there
were no differences in preoperative curve severity and ear-
lier studies have shown no correlation between postop-
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erative curve size, implant density, amount of correction
and patient reported outcome scores in patients treated
with spinal fusion for idiopathic scoliosis.*¢™

Conclusion

The results of this study suggest that high levels of preop-
erative pain and low patient-reported outcome measures
may be factors associated with high levels of postoperative
pain in patients treated surgically for idiopathic scoliosis.
Future studies should focus on preventive strategies and
preoperative patient education in a systematic and mul-
tidisciplinary fashion in order to reduce the incidence of
persistent pain in this population.
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