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Abstract

Background Adolescent idiopathic scoliosis (AIS) is the most common spine deformity in
adolescent patients. Although structural deformity may affect spinal biomechanics of patients
with AIS, little is known regarding various period prevalence proportions of back pain and

chronic back pain and factors associated with back pain in such patients.

Questions/purposes (1) What are the period prevalence rates of back pain among teenagers with

AIS? (2) Is back pain in patients with AIS associated with curve severity?

Methods A total of 987 patients with AIS who were treated without surgery were recruited from
a single center’s scoliosis clinic. Between December 2016 and July 2017, this center treated 1116
patients with suspected AlS. During that time, patients were offered surgery when their Cobb
angle was at least 50° and had evidence of curve progression between two visits, and most of the
patients who were offered surgery underwent it; other patients with AIS were managed
nonsurgically with regular observation, brace prescription, posture training, and reassurance. To
be included in this prospective, cross-sectional study, a patient needed to be aged between 10 and
18 years with a Cobb angle > 10°. No followup data were required. A total of 1097 patients with
AIS were managed nonsurgically (98.3% of the group seen during the period in question). After
obtaining parental consent, patients provided data related to their demographics; physical activity
levels; lifetime, 12-month, 30-day, 7-day, and current thoracic pain and low back pain (LBP);
chronic back pain (thoracic pain/LBP); brace use; and treatments for scoliosis/back pain. Pain

was rated on a 10-point numeric rating scale for pain. The Insomnia Severity Index, Epworth
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Sleepiness Scale, and Depression Anxiety Stress Scales were also assessed. These features and
radiologic study parameters between patients with and without back pain were also compared.
Factors associated with current and 12-month back pain as well as chronic back pain were

analyzed by multivariate analyses.

Results Depending on the types of period prevalence, the prevalence of thoracic pain ranged
from 6% (55 of 987) within 12 months to 14% (139 of 987) within 7 days, whereas that of LBP
ranged from 6% (54 of 987) to 29% (289 of 987). Specifically, chronic thoracic pain or LBP had
the lowest prevalence. Compared with the no pain group, patients with current back pain had
more severe insomnia (odds ratio [OR], 1.80; p = 0.02; 95% confidence interval [Cl1], 1.10-2.93)
and daytime sleepiness (OR, 2.41; p < 0.001, 95% ClI, 1.43-4.07). Those with chronic back pain
had the same problems along with moderate depression (OR, 2.49; p = 0.03; 95% CI, 1.08-5.71).
Older age (OR range, 1.17-1.42; all p values < 0.030) and Cobb angle > 40° (OR range, 2.38-
3.74; all p values < 0.015), daytime sleepiness (OR range, 2.39-2.41; all p values < 0.011), and
insomnia (OR range, 1.76-2.31; all p values < 0.001) were associated with episodic and/or
chronic back pain. Females were more likely to experience back pain in the last 12 months than
males. Moderate depression (OR, 3.29; 1.45-7.47; p = 0.004) and wearing a brace (OR, 3.00;

1.47-6.15; p = 0.003) were independently associated with chronic back pain.

Conclusions Biopsychosocial factors are associated with the presence and severity of back pain
in the AIS population. Our results highlight the importance of considering back pain

screening/management for patients with AIS with their psychosocial profile in addition to curve
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42 magnitude monitoring. In particular, sleep quality should be routinely assessed. Longitudinal

43 changes and effects of psychotherapy should be determined in future studies.

44  Level of Evidence: Level Il, prognostic study.
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Introduction

Adolescent idiopathic scoliosis (AlS) is the most common form of spinal deformity affecting 1%
to 3% of teenagers [44]. Conventionally, AlS is defined as a three-dimensional spinal deviation
with a Cobb angle > 10° of unknown origin occurring in teenagers aged 10 years and older [31].
The presence of spinal deformity may alter the spinal biomechanics and paraspinal musculature
function, cause pain, and increase inflammatory responses, thereby increasing the risk of
developing back pain [15]. Back pain leads to tremendous socioeconomic and psychologic
distressful consequences [17]. Patients with AIS have reported a higher prevalence of back pain
than individuals without scoliosis [4], although controversial findings have also been reported
[37]. Depending on the types of period prevalence, the reported prevalence of back pain in
patients with AIS ranged from 23% to 85% [12,24,27,36,37,39,41]. Sato et al. [38] found that the
point prevalence and lifetime prevalence of back pain in adolescents with AIS were higher than
that of adolescents without scoliosis (28% versus 11% and 59% versus 33%, respectively).
Unfortunately, their findings were limited by a small number of adolescents with AIS (55 of
44,000 adolescents) [38]. Another retrospective study found that the lifetime prevalence of back
pain in adolescents with AIS was 47% [40], which was higher than that in adolescents (40%) [7].
However, this study was limited by unclear definitions of back pain and inconsistent data
reporting in medical records. Imperatively, no studies have systematically determined different
period prevalence rates of back pain or chronic back pain within the same cohort to help

understand the extent of the problem and to improve back pain management in this population.
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Because early onset or persistence of back pain in adolescents was a predictor for future back
pain and healthcare utilization in adults [5,21,23,28,32,33], multiple studies have attempted to
identify potential factors associated with back pain development in adolescents with AIS so that
proper preventive measures can be developed and implemented [24,39-41]. A retrospective study
found that patients with reported thoracic scoliosis in their medical records were four times more
likely to have thoracic pain than those without a thoracic curve. However, the severity of the
Cobb angle was unrelated to pain intensity. Similarly, a cross-sectional study of 500 patients
found that older age, not wearing a brace, and a more severe main thoracic curve and lumbar
curve were independently associated with respective thoracic and lumbar pain intensity [41].
However, because these studies did not consider other potential physical and psychosocial
factors that may be associated with back pain in patients with AlIS, the actual association
between spinal deformity and back pain remains unclear. Importantly, because no prior studies
have been conducted to identify the factors associated with chronic back pain in this population,

some high-risk individuals may have been missed for timely back pain interventions.

Therefore, our study questions are: (1) What are the period prevalence rates of back pain among

teenagers with AIS? (2) Is back pain in patients with AIS associated with curve severity?
Patients and Methods

The current prospective cross-sectional study was conducted in a tertiary scoliosis outpatient
clinic between December 2016 and July 2017. This is one of only two clinics in Hong Kong that

receives patients with scoliosis in the region with a long-standing scoliosis screening program
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[16]. Hence, our clinic is representative of the entire local population of patients with scoliosis. A
researcher (PWHC) approached consecutive patients and their guardians attending the clinic for
recruitment. Patients aged between 10 and 18 years with a spinal Cobb angle of at least 10° were
eligible for the study. Individuals were excluded if they could not communicate in both written
and verbal forms of traditional Chinese. Other exclusion criteria included the presence of
scoliosis other than idiopathic origin or other orthopaedic deformities such as juvenile idiopathic
scoliosis; a history of spinal injury, like a fracture or spinal surgery; spondylolisthesis; spinal
inflammation; spinal cancer; illiteracy; or developmental delay. On completion of parental
written consent, patients were asked to fill out a set of questionnaires that asked about
demographic data such as educational level, physical activity level, current and past back pain (if
present), back pain treatments, brace wearing duration per day (thermal sensors), depression,
anxiety, the quality and quantity of sleep, daytime sleepiness, physical function, appearance of
AIS, and satisfaction of AIS treatments. All patients under brace treatment were prescribed
underarm braces. For younger participants who could not complete the questionnaires by
themselves, they would complete the questionnaires with assistance from their parents/guardians.
The researcher (PWHC) immediately reviewed the completed questionnaires to ensure there
were no missing data and to clarify any uncertain answers. The medical and radiologic
information of participants was retrieved from the respective electronic medical records. The
current study was approved by the institutional review board of The University of Hong

Kong/Hospital Authority Hong Kong West Cluster (UW15-584).
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In all, 1116 potential participants were approached in the clinic; 987 met the inclusion criteria
and provided consent to participate (Fig. 1). Individuals were excluded because of inappropriate
age (n = 93), a history of spinal surgery (n = 16), declined participation (n = 11), juvenile
idiopathic scoliosis (n = 6), or absence of scoliosis (n = 3). Compared with female participants (n
=719), male participants (n = 268) were older, taller, and displayed a smaller Cobb angle at the
main thoracic curve (Table 1). This study took place at one time point for each patient and no
followup was performed. Patients were asked to recall their symptoms as per questionnaire

responses.
Outcome Instruments
Demographic and Pain Questionnaire

The questionnaire comprised questions related to participants’ educational level, their parents’
educational levels and occupations, physical activity levels in the last 7 days, brace use, and daily
duration brace use for those who used it. We classified the respondents’ physical activity level as
light (all or most leisure time spent in minimal physical activity), moderate (two to six times in
the last week participating in physical activity/exercises during leisure time), and vigorous

(seven or more times in the last week participating in physical activity/exercises during leisure

time).

Additionally, the questionnaire also collected data regarding current pain in the thoracic and
lumbar region; thoracic and lumbar pain at rest or during activity in the last 7 days, 30 days, 12

months, and lifetime as well as chronic thoracic and lumbar pain that lasted for at least 3 months
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during the last 12 months. If respondents reported back pain during any of those periods, they
rated their pain using a 11-point numeric pain rating scale (NPRS), where 0 means no pain and
10 means the worst imaginable pain [46]. The minimal clinical important difference for the
NPRS is 2 [8,10]. They also answered questions regarding the types of healthcare practitioners
they visited for the current or previous spinal pain; the presence of radiating leg pain at rest or
during activity in the last 7 days, 30 days, and 12 months; the number of recurrent back pain
episodes in the last 12 months; and the impact of pain on one’s studying hours, working hours,
and leisure activities. Participants also rated their degrees of satisfaction with their back pain
treatments and their perceived acceptance of living with thoracic or lumbar pain for the rest of
their life on an 11-point numeric rating scale (-5 means extremely unsatisfied and 5 means

extremely satisfied).

A human body silhouette was used to help the respondent demarcate the location of their pain
and the nature of the pain such as burning, pins and needles, dull ache, or sharp pain. A similar

method has been used in prior research to document back pain in adolescents with AIS [27].
Depression, Anxiety, and Stress Scale-21 (DASS-21)

The DASS-21 is the shortened form of DASS for the assessment of the 1-week emotional states
of depression, anxiety, and stress [34]. It includes three seven-item subscales. Each subscale can
be administered separately to evaluate respective emotional states. Each item is rated on a 4-

point Likert-type scale; 0 means does not apply to the respondent, whereas 3 indicates applies to

the respondent very much or most of the time. The sum of the item scores within each subscale
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equals the subscale scores (ranging from 0 to 21). From the subscale scores, the emotional
condition is classified into normal (0-6), moderate to severe (7-13), and very severe (> 14). In the
current study, only the depression and anxiety subscales were used to minimize the burden of
respondents. The depression subscale assesses dysphoria, hopelessness, devaluation of life, self-
deprecation, lack of interest/involvement, anhedonia, and inertia. The anxiety subscale evaluates
autonomic arousal, skeletal muscle effects, situational anxiety, and subjective experience of
anxious affect. The use of the DASS-21 has been validated for assessing depression and anxiety
among adolescents in various countries with excellent psychometric properties (such as
reliability) and good internal consistency [25,43]. Because only 2.0% of participants reported
very severe depression and 3.2% reported anxiety, participants were dichotomized into having no

depression/anxiety and moderate-to-very severe depression/anxiety categories.
Insomnia Severity Index (ISI)

This seven-item scale evaluates the severity of insomnia, the satisfactory level with sleep,
noticeability of insomnia, perceived stress associated with insomnia, and interference of
insomnia on daily functioning. It is a clinically reliable instrument in detecting insomnia [47].
Each item is rated on a 5-point Likert scale, where 0 indicates no problem and 4 indicates a very
severe problem, yielding a high score of 28. The overall score is interpreted as follows: absence
of clinically significant insomnia (0-7), subthreshold insomnia (8-14), moderate insomnia (15—
21), and severe insomnia (22-28). The Chinese version of the ISI has demonstrated satisfactory

test-retest reliability (r = 0.79) and high validity in detecting clinical insomnia among adolescents
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in Hong Kong [11]. Because only 2.6% of participants reported having moderate insomnia and
0.1% reported having severe insomnia, participants were dichotomized into no insomnia and

having subthreshold-to-severe insomnia categories.
Epworth Sleepiness Scale (ESS)

This eight-item self-reported questionnaire measures daytime sleep tendency [11]. Respondents
rated their tendency of dozing under eight daily living situations on a 3-point scale, where 0
indicates never dozing, whereas 3 indicates high propensity of dozing. From the overall scores of
the ESS, participants were classified into normal daytime sleepiness (< 10), mild-to-moderate
excessive daytime sleepiness (10-15), and severe excessive daytime sleepiness (16-24). Previous
research has adopted the ESS in assessing daytime sleepiness of local adolescents with high test-
retest reliability [11]. Because only 1% of the participants reported having severe excessive
daytime sleepiness, participants were dichotomized as normal daytime sleepiness and mild-to-

severe daytime sleepiness categories.
Refined Scoliosis Research Society-22 (SRS-22r) Patient Questionnaire

This questionnaire is the most commonly used self-reported outcome measure for evaluating
adolescents with AIS [1,2]. The Chinese version of the SRS-22r has demonstrated high
reliability and concurrent validity in the local population [9]. The questionnaire consists of 22
questions encompassing five domains: function/activity (five items); pain (five items); self-
perceived image (five items); mental health (five items); and satisfaction with scoliosis treatment

(two items). Each item is rated at a 5-point scale ranging from 1 (worst) to 5 (best). The total
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scores in the first four domains range from 5 to 25, whereas that in the satisfaction domain
ranges from 2 to 10. The highest total sum of all domains scores is 110. In the current study, the
average score in each domain (total scores within the domain divided by the respective number
of items) and average total score of the SRS-22r questionnaire were calculated to estimate

differences between people with and without back pain.
Medical and Radiology Records

A blinded investigator (PWHC) retrieved the most recent medical information regarding
comorbidities, age, sex, height, and weight from each participant’s electronic medical record,
whereas an experienced orthopaedic specialist (JPYC), who was blinded to the questionnaire
results, collected the radiographic information of each consented participant from the same
system. Specifically, the standing coronal and sagittal radiographs were used to classify the
spinal curve type of each participant using the Lenke classification [26]. The coronal Cobb
angles of all curves were measured and were classified as proximal thoracic, main thoracic,
thoracolumbar/lumbar, and lumbar curves. Apical vertebral rotation (AVR) was measured at the
apex of the spinal curve(s) using the Nash-Moe method [30]. Thoracic kyphosis between T5 and
T12 was classified into hypokyphosis (< 10°), normal kyphosis (10°-40°), and hyperkyphosis (>

40°) [26]. Risser staging (0-5) was also documented on the same radiograph.
Statistical Analysis

SPSS Version 24.0 software (IBM, Armonk, NY, USA) was used for statistical analyses.

Descriptive data are expressed as means, SDs, or percentages. To identify the factors associated
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with back pain (thoracic, low back pain, or concurrent thoracic and low back pain) in adolescents
with current back pain and back pain in the last 12 months, the demographic data (including age,
sex, height, weight, body mass index, physical activity level, brace wearing status), radiologic
data (Cobb angles at the proximal thoracic curve, main thoracic curve, thoracolumbar curve,
lumbar curve, AVR at the four spinal regions, sagittal Cobb angles at the main thoracic region,
single curve to double curve ratio, Lenke grades, Risser grades), depression, anxiety, and sleep-
related factors between adolescents with and without back pain at present and in the last 12
months were first compared by independent t-tests, Mann-Whitney tests, or chi-square tests
depending on the normality and types of data, either continuous or categorical. Potential
parameters (that is, Cobb angles at the main thoracic and lumbar curves, AVR at the
thoracolumbar region, Risser sign, anxiety, depression, dichotomized ISl variable, and
dichotomized ESS variable) that showed considerable differences between groups (p < 0.20)
were then entered into the respective stepwise logistic regression models. Specifically, we
entered each dichotomized pain variable such as current back pain, back pain in the last 12
months, or chronic back pain in the last 12 months as a dependent variable while we entered the
potential variables as independent variables. Age and sex were also entered into the models as
independent variables because prior research reported that they might be factors associated with
spinal pain in patients with AIS [41]. On completion of the multivariate analyses, we found that
Cobb angles at the main thoracic and the lumbar regions were related to back pain. To help
clinicians apply these findings when identifying patients with AIS at risk for back pain,

especially chronic back pain, we repeated separate multivariate analyses using dichotomized
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Cobb angles at the main thoracic and lumbar curves with cutoffs at 20°, 30°, and 40°. The
significance level was set at < 0.05. Odds ratios (ORs) and 95% confidence intervals (Cls) were

used to assess the strength of association and precision, respectively.
Results
Point Prevalence, 7-day, 30-day, 12-month, and Lifetime Prevalence of Back Pain

Because approximately 2% to 8% of participants reported concurrent thoracic and low back pain
at different time periods, these individuals were only counted once in the estimation of
prevalence of back pain. There was no difference in all period prevalence rates of back pain
(thoracic or lumbar pain) between male and female participants except that female participants
(37%) had a higher lifetime prevalence than male participants (30%) (OR, 1.1; 95% CI, 1.02-1.2;
p = 0.028) (Table 2). The point prevalence of thoracic pain was 9%, the 7-day prevalence was
11%, 30-day prevalence was 12%, 12-month was 13%, and lifetime prevalence of thoracic pain
was 14%. For low back pain, the point prevalence was 13%, 7-day was 14%, 30-day was 20%,
12-month was 25%, and lifetime prevalence was 29%. Similarly, the point prevalence of back
pain (thoracic pain, low back pain, or concurrent thoracic and low back pain) was 18%, 7-day
was 21%, 30-day prevalence was 25%, 12-month was 30%, and lifetime prevalence was 36%
(Table 2). The 12-month prevalence of chronic thoracic pain was 6%, for low back pain it was

6%, and for back pain it was 9%.

Factors Associated With Current Back Pain, Back Pain in the Last 12 Months and Chronic Back

Pain
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After controlling for potential confounding variables (including Risser sign, Cobb angles of the
lumbar curve), our analysis revealed that the presence of insomnia (OR, 2.48; 95% ClI, 1.10-
2.93), moderate/severe daytime sleepiness (OR, 1.75; 95% ClI, 1.43-4.07), older age (OR, 1.18
per year; 95% CI, 1.02-1.36), and larger Cobb angles at the main thoracic curve (OR, 1.03 per
degree; 95% CI, 1.01-1.04) were independent factors associated with the presence of current
back pain (Table 3). Similarly, insomnia (OR, 2.40; 95% ClI, 1.58-3.64), female sex (OR, 1.73;
95% CI, 1.08-2.77), older age (OR, 1.40 per year; 95% CI, 1.23-1.60), and larger Cobb angles at
the lumbar curve (OR, 1.03 per degree; 95% CI, 1.01-1.05) were factors associated with back
pain in the last 12 months. The factors associated with chronic back pain in patients with AIS
included the presence of a single curve (OR, 3.85; 95% CI, 1.85-8.01), brace wearing (OR, 3.19;
95% CI, 1.56-6.52), moderate depression (OR, 2.49; 95% CI, 1.08-5.71), moderate/severe
daytime sleepiness (OR, 2.17; 95% CI, 1.10-4.28), and older age (OR, 1.24 per year; 95% ClI,

1.01-1.51) (Table 3).

After controlling for potential confounding variables such as height, weight, and body mass
index, we found that a coronal Cobb angle > 40° at the main thoracic curve and older age were
universal independent factors associated with back pain episodes and chronic back pain in
patients with AIS (Table 4). The factors associated with current back pain included a main
thoracic curve with coronal Cobb angles > 40° (OR, 2.93; 95% CI, 1.42-6.05), moderate/severe
daytime sleepiness (OR, 2.41; 95% CI, 1.43-4.07), subthreshold or severe insomnia (OR, 1.76;

95% CI, 1.08-2.87), and older age (OR, 1.17 per year; 95% ClI, 1.02-1.35). Likewise, a main
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thoracic curve with coronal Cobb angles > 40° (OR, 2.38; 95% CI, 1.18-4.80), subthreshold to
severe insomnia (OR, 2.31; 95% CI, 1.53-3.51), older age (OR, 1.42 per year; 95% CI, 1.25-
1.61), and females (OR, 1.71; 95% ClI, 1.07-2.74) were factors associated with back pain within
the last 12 months. Similarly, patients were likely to have chronic back pain if they had main
thoracic Cobb angles > 40° (OR, 3.74; 95% CI, 1.45-9.66), presented with moderate depression
(OR, 3.74; 95% CI, 1.45-9.66), daytime sleepiness (OR, 2.39; 95% CI, 1.23-4.68), wore a brace
(OR, 3.00; 95% ClI, 1.47-6.15), and were older (OR, 1.25 per year; 95% ClI, 1.03-1.52) (Table 4).
Although the dichotomized variable of Cobb angles > 30° was also related to current back pain
(OR, 1.83; 95% CI, 1.06-3.15) and back pain in the last 12 months (OR, 1.74; 95% CI, 1.07-
2.84) in two of the multivariate analyses, it was not associated with chronic back pain in the last
12 months (Appendix 1 [Supplemental materials are available with the online version of

CORR®.]).

Discussion

Patients with AIS appear to have a higher prevalence of back pain, but it is unclear whether there
IS any important association between this symptom and spinal deformity. There is also limited
understanding of the severity of this problem and factors associated with its occurrence, severity,
or chronicity [7,38,41,42]. Our results suggest that back pain is not uncommon (8.6%) among
these patients. However, more importantly, patients with AIS and back pain not only experienced
pain and physical dysfunction, but also demonstrated clinically significant anxiety, depression,

insomnia, and daytime sleepiness. Factors including main thoracic Cobb angles > 30°, moderate-
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to-severe insomnia or daytime sleepiness, older age, and female sex were closely related to back
pain at present or over a 12-month period. Other associated factors with chronic back pain
include Cobb angles > 40°, brace wearing, depression, moderate-to-serve insomnia, and daytime
sleepiness. These revelations suggest that clinicians should not only focus on the curve
magnitude, but also investigate if there is any back pain and modifiable psychosocial factors

such as sleep quality and depression.

Like with any study, limitations exist. Recall bias is an important and commonly encountered
limitation with a cross-sectional study design because patients may have difficulty in recalling
pain over longer periods and may overestimate/underestimate pain episodes based on current
mood or current pain intensity [14,18,22]. Because the longer the recall period, the greater the
risk of unreliable data [20,29], we only asked patients to recall pain intensity within 7 days or
chronic pain intensity within the last 12 months. This recall period aligns well with other similar
epidemiologic studies [29]. The current study was also limited by the adoption of some
questionnaires (the DASS-21, ISI, and ESS) that have not been validated in Chinese teenagers
with AIS. However, because they have been used in the pediatric population, our results should
be relevant. Additionally, although the questionnaires used to collect data regarding the presence
of back pain at different time periods or the perceived acceptance of living with back pain for the
rest of their life have not validated, these questionnaires are simple and straightforward, and their
findings should be easy to interpret. Even so, without validation, we urge some caution in their

application.
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Similar to prior research on the epidemiology of back pain in adolescents [29], our participants
were asked to report back pain episodes over different time periods regardless of pain intensity
or pain at rest or during activity. Although this might have overestimated some period prevalence
rates of back pain in adolescents with AIS, this simple definition of pain could minimize the
burden on adolescents in answering the questionnaire. Future studies should investigate the
impacts of different definitions of back pain in affecting the reported prevalence of back pain in
this population. In addition, the causal relationship between the identified factors and back pain
cannot be established by our study. A prospective study design is warranted to address this
relationship. Furthermore, because extra radiographic imaging was not taken at the time of this
study, the spinal parameters were measured from the latest radiologic images in the electronic
medical record. However, because patients usually undergo annual radiography, the changes in
spinal structures should not be substantial. Limited analysis of sagittal spinopelvic parameters
was conducted in the current study. Sagittal parameters like the sagittal vertical axis or pelvic
incidence may play a role in back pain, although other factors (such as Lenke type) may also be
associated with both with sagittal parameters and back pain. A dedicated future study on sagittal
alignment in the AIS population is warranted.

The current study has the advantage of representing a large homogenous sample of Chinese
patients with AIS, whereby various confounding variables often found in mixed populations are
diminished. Furthermore, the degree of relationship explored in our study suggests that the
association of fundamental ethnic and cultural values may not be as strong. That said, evidence

should be generated in future studies to address the generalizability of the findings to other
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populations. Importantly, given the very large sample size of the present study and the use of
multiple radiographic parameters and psychosocial factors, robust multivariate analyses were
performed to identify key determinants for back pain in adolescents with AIS. Our findings
suggest that some modifiable and nonmodifiable factors are closely related to back pain in these
adolescents. Clinicians should identify patients who experience back pain alongside insomnia
and depression symptoms so that proper treatments can be given to minimize the risk of
developing chronic back pain.

The reported prevalence rates of back pain in adolescents with AIS in prior studies range from
23% to 85% [13,36,37,41,45]. Sato et al. [38] conducted a cross-sectional population-based
study to compare the prevalence of back pain in elementary schoolchildren with and without
AIS. Their reported point and lifetime prevalence rates of children with AIS were 27.5% and
58.8%, which were much higher than the reported point (9%) and lifetime prevalence (23%) of
patients with scoliosis found by Ramirez et al. [37]. In the current study, our point (18.0%) and
lifetime prevalence (35.4%) were between the ranges reported by these two studies. The
discrepancy might be attributed to differences in data collection methods (population-based
research versus consecutive sampling from scoliosis clinics) and sampling populations. Although
Sato et al. [38] recruited approximately 44,000 participants, only 55 of them had AIS. Their
results should be interpreted with caution. Although both Ramirez et al. [37] and the current
study recruited patients from scoliosis clinics, Ramirez et al. included patients aged between 9
months and 22 years old. As such, some of their findings were unrelated to adolescents with AlS.

Given these results, our findings help clinicians better understand various period prevalence rates
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of back pain in patients with AIS. Future longitudinal studies should adopt a similar approach to

determine trajectories of back pain in teenagers with AlS.

Compared with asymptomatic patients with AlS, those with back pain demonstrated poorer
physical function and sleep problems. Although it is known that back pain can cause functional
limitations in adolescents, the current study found that these young individuals with back pain
were experiencing insomnia and daytime sleepiness, which may affect their learning, back pain
perpetuation, and even scoliosis curve progression [3]. Auvinen et al. [3] found that adolescents
with insufficient sleep at 16 years old were more likely to experience neck, shoulder, and low
back pain at age 18 years (OR range, 2.4-3.2) as compared with those without sleep problems.
Given the findings from previous research [3,35] and ours about the relationship between sleep
and pain, it seems important that surgeons should consider referring young patients with AlS and
back pain to sleep therapists for sleep hygiene training. Additionally, because the insomnia-
related deprivation of melatonin may be related to the curve progression in patients with AIS
[19], special attention should be given to the sleep quantity and quality of patients with AIS so

that proper interventions can be implemented in these young and vulnerable individuals.

Prior research has reported that certain spinal deformities such as the location of the thoracic
curve is related to the corresponding regional pain [40]. Their findings were limited by the lack
of adjustment for various physical and psychosocial factors. Because the causes of back pain are
multifactorial [6], it is necessary to account for the effects of various potential confounders to

clarify the relation between spinal deformity and back pain. For instance, depression, anxiety, or
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physical activity levels can influence the perception and perpetuation of pain. Thereby, the
current study included multiple potential physical and psychosocial factors in the multivariate
analyses so as to identify the modifiable and nonmodifiable factors associated with back pain in
adolescents with AIS. Our results corroborate previous findings that the severity of the main
thoracic curve and older age are related to the presence of back pain in these patients [41].
Interestingly, although Théroux et al. [41] and Smorgick et al. [39] found that braced patients
with AIS reported less pain than their nonbraced counterparts, we found that brace wearing is a
factor associated with chronic back pain. The discrepancy may be attributed to the fact that
patients with a larger spinal curve are prescribed brace treatment. Because larger Cobb angles are
found to be a factor associated with pain in the current study, the revelation of brace wearing as a

factor associated with chronic back pain further substantiates this notion.

In conclusion, our large-scale study found that the presence of back pain, regardless of whether it
was acute or chronic, was associated with decreased sleep quantity and quality in young patients.
Importantly, after adjusting for age, sex, and other psychosocial factors, we noted that a main
thoracic Cobb angle > 40° was found to increase the odds of having back pain in adolescents
with AIS, underscoring the critical implications of a curve magnitude threshold on pain
generation. Because an early onset of back pain in adolescents can heighten the risk of
recurrence in adulthood [5,21,23,28,32,33], future studies should determine if some of the novel
factors associated with pain identified in our study can successfully predict back pain and further

flag such high-risk individuals. Our study further underscores the need to prospectively and
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longitudinally assess the implications of such parameters in the development of back pain and its
natural history. Additional studies are needed to further replicate our findings in other ethnic

populations and assess their implications on quality of life and healthcare-related costs.
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Legend

Fig. 1 STROBE diagram showing the recruitment process of study patients. After exclusion, a

total of 987 patients were enrolled into the study.
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Table 1. Univariate analyses of demographic and radiologic characteristics of adolescent
patients with idiopathic scoliosis

Continuous variables, Total (n = Male (n = Female (n  p value
mean + SD 987) 268) =719)
Age (years) 14.7+1.8 154 +15 145+18 <0.001"
Height (cm) 161+9 170+ 8 160+ 8 <0.001"
Weight (kg) 50 + 10 55+8 48 +8 <0.001"
Body mass index (kg/m?) 20+ 16 21 + 22 20+ 13 0.320
Educational level (years) 9+2 9+2 9+2 <0.001"
CA of the proximal 53+104 6.6+11.0 49+102 0.0217
thoracic curve (°)
CA of the main thoracic ~ 18.5+14.2 15.0+13.1 19.8+14.4 <0.001"
curve (°)
CA of the thoracolumbar 3.3+ 8.8 3485 3.3+9.0 0.849
curve (°)
CA of the lumbar curve 14.6 +14.0 12.2+12.9 155+ 14.3 <0.001"
)
Categorical variables, sample size (%)
CA of the largest curve
11°-20° 282 (28%) 89 (32%) 193 (27%) 0.014
21°-30° 439 (44%) 124 (44%) 315 (44%)
31°-40° 178 (18%) 39 (14%) 139 (19%)
41° or above 104 (10%) 28 (10%) 76 (11%)
Physical activity level
Light 768 (78%) 205 (77%) 563 (78%) 0.593
Moderate 112 (11%) 28 (10%) 84 (12%)
Vigorous 107 (11%) 35 (13%) 72 (10%)
Wearing a brace 257 (26%) 63 (24%) 194 (27%) 0.289
Lenke classification
1 170 (17%) 49 (18%) 120 (17%) 0.319
2 75 (8%) 22 (8%) 53 (8%)
3 228 (23%) 57 (21%) 171 (24%)
4 74 (8%) 22 (8%) 52 (7%)
5 213 (22%) 67 (25%) 146 (20%)
6 227 (23%) 51 (19%) 176 (25%)

“Denotes statistical significance; CA = Cobb angle.



Table 3. Univariate analyses of pain intensity and SRS-22r with back pain

Factor Current back pain p Back pain in the last 7 p value | Chronic back pain in the last 12 | p value
value | days months
No (n = Yes (n = No (n = Yes (n = No (n=878) | Yes (n=109)
798) 189) 745) 242)
Pain intensity 0.0+0.1 25120 <0.01 | 02+02 |30zx21 <0.01 [4.0%20 39+£20 <0.01
SRS-22r
Function 49+0.3 47+05 <0.01 49+03 4704 <0.01 [49%03 46+0.7 <0.01
Pain 48+0.3 4304 0.05 48+03 |44+£04 <0.01 4804 42+04 <0.01
Appearance 41+0.6 3.7+0.6 0.72 41+06 3806 0.78 40+0.6 35106 0.27
Mental health | 4.4 £ 0.6 41+0.7 0.12 44+06 |42+07 0.07 44+06 39107 0.10
Satisfaction 09+0.9 09+17 0.85 09+17 (0916 0.53 09+17 11+17 0.28
Total 45+04 4204 0.11 45+0.3 43104 <0.01 451204 4005 0.01

“Denotes statistical significance; chronic low back pain defined as pain lasting 3 months or greater; descriptive statistics represented as
mean = SD.
SRS-22r: refined Scoliosis Research Society-22 item questionnaire




Table 4. Risk factors for back pain using a categorical Cobb angle variable with a cutoff at 40°

Factors associated with
back pain

Current back pain

Back pain in the last 12
months

Chronic back pain in the last 12
months

Odds ratio | 95% CI p value | Odds 95% ClI p value | Odds 95% CI | p value
ratio ratio

Age 1.17 1.02-1.35 | 0.030 1.42 1.25-1.61 | <0.001 | 1.25 1.03-1.52 | 0.025
Female |- |- e 1.71 1.07-2.74 1 0.026 | ----- | - | -
Wearingabrace =~ | ---- | ememe 0 emeee e e oo 3.00 1.47-6.15 | 0.003
Cobb angle > 40° at the | 2.93 1.42-6.05 | 0.004 2.38 1.18-4.80 | 0.015 |3.74 1.45-9.66 | 0.005
main thoracic region
Presence of moderate | ---—-- | ---- | emeem e e e 3.29 1.45-7.47 | 0.004
depression
Subthreshold or severe | 1.76 1.08-2.87 | 0.001 2.31 1.53-351 | <0.001 | ----- | === | -
insomnia
Moderate or severe 241 143-4.07 | <0.001 | ----- | - | -me-- 2.39 1.23-4.68 | 0.011
daytime sleepiness

Empty cells indicate variables that did not fit the model as covariates for the corresponding dependent variable of pain; Cl =

confidence interval.
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