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Abstract
Background  It is recognized that pain related to adult individuals with idiopathic scoliosis (IS) substantially impacts 
individuals’ daily activities and quality of life. The objective of this study was to identify the possible predictors of pain 
intensity in non‑surgically treated adults with IS.

Methods  This cross-sectional study included 58 adults individuals with Lenke type 1 IS. Participants’ 
sociodemographic characteristics were recorded, and pain severity, curvature severity, trunk rotation angle, disability, 
spinal mobility, cosmetic deformity perception, and quality of life were assessed. Regression analyses with various 
models were performed to determine the predictors of pain severity and the best model was selected based on 
performance criteria.

Results  Strong associations were found between pain severity with curvature severity, spinal mobility, trunk rotation 
angle, perception of cosmetic deformity, disability, and quality of life (p < 0.05). It was observed that Lasso regression 
was the best model based on the performance criteria considered. According to this model, the primary predictors 
of pain intensity in adult IS were determined as curvature severity, spinal mobility, trunk rotation angle, cosmetic 
deformity perception, back-related disability and quality of life, in order of importance.

Conclusion  In accordance with the findings of this study, which examined for the first time the determinants of 
pain intensity in adult individuals with Lenke type 1 IS, we suggest that mentioned possible factors affecting and 
determining pain should be taken into consideration when establishing evaluation and treatment programs.
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Introduction
Idiopathic scoliosis (IS) is a complex three-dimensional 
deformity of the spine, defined as a lateral curvature of the 
spine greater than 10° of unknown cause. The deformity 
occurs during skeletal growth and affects approximately 
1–4% of children [1]. Most children with IS are asymptom-
atic, but progressive curvatures need to be treated in order 
to change the natural course of the deformity [2]. Surgical 
treatment is recommended for curvatures exceeding 45°-50° 
in order to prevent progression of the curve after the skel-
eton matures and subsequent adverse effects in adulthood 
[3]. Exercise therapy, steroid injections, non-steroidal anti-
inflammatory drugs, and the use of narcotics are among the 
non-surgical treatment methods for IS [4].

Adult spinal deformities (ASD) encompass a range of 
pathologies with various radiographic and clinical findings. 
Furthermore, the estimated prevalence in the general pop-
ulation of adults aged 60 years and older is approximately 
60–70% [5]. Adult IS is one of these types of ASD and is 
characterized by progression of spinal deformity beginning 
in the adolescent years. Thus, adult IS typically has deformi-
ties in the coronal, sagittal, and axial planes and frequently 
involves both the thoracic and lumbar spines. This should 
not be confused with degenerative scoliosis, another com-
mon form of ASD, which occurs due to asymmetric aging of 
the intervertebral discs and facet joints [6].

Adults with chronic pain associated with IS with major 
curves that are not surgically corrected face many prob-
lems. It is reported that most adult individuals with IS suffer 
from chronic pain, and pain severity may related to age and 
degree of curvature [7]. Adult individuals with IS usually 
have back pain, leg pain, neurological deficit and claudica-
tion symptoms [8, 9]. Back pain is considered an expression 
of muscle fatigue or mechanical imbalance. Paravertebral 
back muscles, when unstable, overloaded, or strained, can 
induce significant pain and diminish their stabilizing capac-
ity. This phenomenon may initiate a vicious cycle charac-
terized by persistent, non-specific back pain and muscle 
spasm. However, the source of pain in adult individuals with 
IS is currently not completely clear [8].

In previous studies, it was concluded that conditions such 
as age, curve size, sleep disturbance, kinesiophobia, depres-
sion, and anxiety were associated with pain intensity in 
individuals with scoliosis [10–14]. For example, Fekete et 
al. [15] reported that age affected pain intensity in adoles-
cent idiopathic scoliosis (AIS) and adult individuals with IS. 
In another study, Gremeaux et al. [16] reported that Cobb 
angle and trunk rotation angle (TRA) were associated with 
pain intensity in adult individuals with IS with low back 
pain. However, there are also some studies, minority of 
which indicate that pain intensity is not significantly corre-
lated with age, skeletal maturity, and type of curvature [17].

To the best of the authors’ knowledge, no study in the lit-
erature has investigated the predictive factors influencing 

pain intensity in adult individuals with IS. Identifying the 
independent determinants of pain in adult individuals with 
IS could provide valuable guidance for clinicians in moni-
toring pain and developing assessment and treatment pro-
tocols. Therefore, the objective of this study was to identify 
the independent predictors of pain intensity in adult indi-
viduals with IS.

Materials and methods
Study design and ethical aspects
This cross-sectional study adhered to the STROBE guide-
lines, aimed at enhancing the reporting quality of obser-
vational epidemiological studies. Approval for the study 
protocol was granted by the Ethics Committee of Muş 
Alparslan University (Decision no: 6-2024/20). Prior to 
participation, all patients provided both written and verbal 
informed consent. The study was conducted in compliance 
with the ethical principles outlined in the Declaration of 
Helsinki.

Participants
In this multicenter study conducted in Turkey, individuals 
who applied to the Orthopaedics and Traumatology Out-
patient Clinics, were diagnosed with adult IS by a special-
ist physician, and met the inclusion criteria were included 
in the study. Inclusion criteria comprised Lenke type 1 adult 
individuals with IS with a thoracic Cobb angle > 30°, no his-
tory of surgical intervention, age over 18 years with a Risser 
stage of 5, and absence of conservative scoliosis treatment 
within the past year. The exclusion criteria encompassed 
patients with scoliosis types other than idiopathic (e.g., neu-
romuscular, syndromic, congenital, or secondary scoliosis), 
as well as those with other Lenke types of scoliosis (types 
2–6), a history of prior spinal surgery or trauma, and diag-
noses of rheumatic or neurological disorders. Demographic 
and clinical parameters were documented, and subsequent 
assessments were conducted.

Assessment of pain intensity
Back pain intensity at the time of test completion among 
adult individuals with IS was evaluated utilizing the Visual 
Analogue Scale (VAS), which features a 10 cm linear scale 
extending from “no pain” to “the most severe pain imagin-
able.” Participants were asked to mark their perceived pain 
intensity on the line. Subsequently, the distance from the 
“no pain” endpoint to the marked location was measured 
using a millimeter ruler, and pain intensity was quantified in 
centimeters (cm) [18].

Assessment of quality of life
The assessment of quality of life of the adult individuals with 
IS employed the Scoliosis Research Society-22 (SRS-22), 
a specialized 22-item questionnaire designed to evaluate 
scoliosis-specific quality of life. The SRS-22 encompasses 
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domains such as pain, body image/appearance, func-
tional capacity, mental health, and treatment satisfaction. 
Responses to each question are rated on a scale ranging 
from 0 (worst) to 5 (best), with higher scores reflecting a 
higher quality of life [19].

Assessment of cosmetic deformity perception
The Turkish version of the Walter Reed Visual Assessment 
Scale (WRVAS) was used to evaluate the patients’ percep-
tion of cosmetic deformity [20]. This scale comprises seven 
items, each featuring figures representing various aspects of 
spinal deformity: thoracic deformity, shoulder asymmetry, 
spinal curvature, lumbar protrusion, scapular asymmetry, 
and rib protrusion. Each figure in the items is scored, rang-
ing from 1 point for ‘no deformity’ to 5 points for ‘severe 
deformity’. A higher score indicates a perception of a more 
severe deformity [21].

Assessment of curvature severity
The Cobb method, which is accepted as the gold standard 
measurement method, was used to evaluate the severity of 
the scoliosis curve in patients. The Cobb angle was mea-
sured on a standard standing posteroanterior spine radio-
graph [22].

Assessment of trunk rotation angle
The thoracic TRA was evaluated using a Bunnell scoliom-
eter in the Adam’s forward bending test position, with the 
scoliometer positioned perpendicular to the axial axis of the 
spine and aligned with the spinous process of the apical ver-
tebra. The rotation angle was then recorded in degrees [23].

Assessment of disability
The Turkish version of the Oswestry Disability Index (ODI) 
was used to assess functional disability associated with 
scoliosis [24]. The ODI stands out as the predominant dis-
ease-specific patient-reported outcome questionnaire for 
assessing functional disability related to back pain. Within 
the index, various daily life activities are assessed from 
diverse angles. A high score signifies the utmost degree of 
functional disability concerning back pain. A high percent-
age value obtained from the index indicates high disability 
[25].

Assessment of spinal mobility
Spinal mobility was measured with a computerized por-
table electromechanical device (The Spinal Mouse System, 
Idiag, Fehraltorf, Switzerland) which has been proven to be 
reliable and valid. Measurements were made between the 
spinous process of C7 and the apex of the anal fold (approxi-
mately S3). The maximum degrees of flexion-extension in 
the sagittal plane (SP) and maximum degrees of right-left 
lateral flexion in the frontal plane (FP) were measured and 
recorded [26].

Statistical methods
Initially, the descriptive statistics of the employed data have 
been summarised as frequencies and percentages for quali-
tative values, and as mean, standard deviation, minimum 
and maximum values for quantitative variables. The cor-
relations between the variables that were found to be nor-
mally distributed using visual and analytical methods were 
evaluated using Pearson correlation analysis. A correlation 
coefficient below 0.30 was interpreted as indicating low cor-
relation, between 0.30 and 0.60 as moderate correlation, and 
above 0.60 as high correlation [27].

A number of advanced regression models including for-
ward regression, backward regression, stepwise regression, 
ridge regression [28], lasso regression [29], and elastic net 
regression [30] have been employed to predict the VAS 
scores of individuals with IS. In order to detect whether 
there was multicollinearity, tolerance and variance inflation 
factor (VIF) values were calculated for each independent 
variables SRS-22, WRVAS, Cobb angle, TRA, ODI, total FP 
motion, and total SP motion, which were normally distrib-
uted. For all variables, tolerance values greater than 0.10 and 
VIF values less than 10 were accepted as having no multicol-
linearity [31]. The regression analysis process can be briefly 
outlined as follows:

 	– The data has been split into 75% for training and 
the rest for testing data. The models have been 
developed using training data and the performance 
metrics have been calculated on the test data.

 	– As the cross-validation (CV) method, five-times 
repeated five-folds CV has been implemented.

 	– Thirty-valued grid space for lambda parameter has 
been investigated as the parameter space for the 
ridge, lasso and elastic net regression models, and 
optimum parameterized models have been found 
following CV.

 	– The root mean squared error (RMSE), mean 
absolute error (MAE) and R2 (the coefficient of 
determination) have been considered as performance 
criteria which are calculated as follows:

	
RMSE =

√
1
n

∑
n
i=1(ti − yi)

2

	
MAE =

1
n

∑
n
i=1 |ti − yi|

	
R2 = 1 −

∑
n
i=1(ti − yi)

2

∑
n
i=1(ti − t̄)2

where the target value (ti) and the predicted value (yi) 
by the model. When interpreting these metrics, the lower 
value of RMSE or MAE indicates a better model, higher 
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values of R2 provides a more explainable model. The 
coefficient estimates have been obtained and interpreted 
utilizing the optimum regression model. The agreement 
between the model predictions and actual VAS scores 
has then been supported through a scatter plot. The anal-
ysis of the study has been conducted with the R software 
(v.4.3.2), some R packages including caret [32], tidymod-
els [33] and the statistical significance value has been 
taken as 0.05 in the analysis process.

Results
In total, 82 adults with IS were referred for evaluation. Of 
these, 24 individuals were excluded from the study who 
did not have a Lenke type 1 curve (n = 11), had under-
gone conservative scoliosis treatment within the last year 
(n = 8), and had a history of previous spine surgery or 
trauma (n = 5). As a result, the study was completed with 
58 adult individuals with IS. The summary statistics of 
the study and the correlation levels between variables are 
presented in Tables  1 and 2, respectively. Based on the 
results in Table 1, the ages of the individuals participated 
in the study is 29.31 ± 4.53, the mean VAS score is 6.05 
and the standard deviation is 1.26. The participants, 39% 
of whom are women, are mostly individuals with no exer-
cise behavior (86.21%).

The results of the correlation analysis showed that 
there were high positive correlations between.

VAS score and SRS-22 score, WRVAS score, Cobb 
angle, TRA, and ODI score, while there were high nega-
tive correlations between VAS score and total FP and SP 
motions (Table 2).

Tolerance values for all independent variables were 
found between 0.63 and 0.92 and were higher than 
0.10. VIF values were found between 1.55 and 2.36 
and were less than 10. These findings confirmed the 
absence of multicollinearity. The performance met-
rics of six regression models are reported in Table  3. It 
is clear from Table  3 that the Lasso regression outper-
forms the rest of the models in terms of all three criteria 
(RMSE = 0.247, MAE = 0.216 and R2 = 0.959). The 
Lasso regression is able to explain 95.9% of the variation 
in VAS score (Table 3).

The coefficient values of these models considered in 
the study with their optimum parameters on the test data 
are listed in Table  4. The following conclusions can be 
inferred by analyzing the coefficients given in Table 4.

Table 1  The descriptive statistics of the dataset used in this 
study

Mean ± SD Minimum Maximum
Age (years) 29.31 ± 4.53 21.00 39.00
BMI (kg/m2) 25.38 ± 2.37 20.20 31.13
SRS-22 (point) 3.11 ± 0.56 2.00 4.00
WRVAS (point) 18.38 ± 3.76 12.00 25.00
Cobb angle (º) 50.98 ± 7.75 37.00 55.00
Trunk rotation angle (º) 25.55 ± 4.60 16.00 30.00
Oswestry Disability Index (%) 33.38 ± 8.05 16.00 46.00
Total FP motion (º) 52.07 ± 11.85 27.00 76.00
Total SP motion (º) 94.26 ± 11.52 69.00 116.00
VAS (cm) 6.05 ± 1.26 3.00 9.00

Count Percent-
age

Gender Female 39 67.24
Male 19 32.76

Dominant side Right 53 91.38
Left 5 8.62

Curve type Right thoracic 38 65.52
Left thoracic 20 34.48

Exercise behaviour Yes 8 13.79
No 50 86.21

SD: Standart deviation, BMI: Body mass index, SRS-22: Scoliosis Research 
Society-22, WRVAS: Walter Reed Visual Assessment Scale, FP: Frontal plane, SP: 
Sagittal plane, VAS: Visual Analogue Scale

Table 2  Results of the correlation analysis between the VAS score and other variables
Variables SRS-22 WRVAS Cobb angle TRA ODI Total FP motion Total SP motion
VAS r

(p)
r
(p)

r
(p)

r
(p)

r
(p)

r
(p)

r
(p)

0.75 (0.012) 0.91 (0.006) 0.92 (0.017) 0.85 (0.003) 0.91 (0.009) -0.88 (0.011) -0.89 (0.016)
VAS: Visual Analogue Scale, SRS-22: Scoliosis Research Society-22, WRVAS: Walter Reed Visual Assessment Scale, TRA: Trunk rotation angle, ODI: Oswestry Disability 
Index, FP: Frontal plane, SP: Sagittal plane

Table 3  The comparison results of model performances with respect to three different metric scores
Metric/ Model Forward regression Backward 

regression
Stepwise 
regression

Ridge regression Lasso regression Elastic Net 
regression

RMSE 0.341 0.415 0.341 0.252 0.247 0.249
MAE 0.280 0.348 0.281 0.331 0.216 0.247
R2 0.924 0.871 0.925 0.947 0.959 0.958
Optimum parameters lambda = 0.405 lambda = 0.413 lambda = 0.055
RMSE: Root mean squared error, MAE: Mean absolute error, R2: the coefficient of determination
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i.	 The most restrictive models are forward and 

stepwise regressions, while the most flexible models 
are ridge and elastic net regressions. The forward 
and stepwise regressions retained the least number 
of variables in the model and only Cobb angle, ODI 
and total SP motion measurements found to be 
significant.

ii.	 The ODI and total SP motion measurements are 
significant and beneficial across the all models.

The mathematical model derived for Lasso regression, as 
the best model, can be expressed as follows:

	

VAS Score = 5.270 + 0.122 × Cobb angle + 0.021 × SRS − 22
+0.033 × Trunk rotation angle + 0.033 × WRVAS
+0.032 × Oswestry Disability Index − 0.039 × Total SP motion

When the model coefficients are analyzed, it can be said 
that a one-unit increase in the Cobb angle increases the 
VAS score by 0.122 units on average, holding other mea-
surements as constant. Likewise, the mean VAS score 
tends to increase when the total SP motion measure-
ment decreases or the TRA, WRVAS, ODI, and SRS-22 
scores increase (Table 4). The scatter plots of each model 
are given in Figs. 1, 2 and 3 to assess the fit between the 
observed VAS value and model predictions. Based on 
these figures, it is clear that the Lasso regression pre-
dicts the measured VAS score better than the other mod-
els and the difference between them is relatively small 
(Fig. 3).

Table 4  The coefficient estimates derived based on each 
regression model by using the test data
Model Forward Regression Backward Regression
Coefficients Intercept = 5.355

Cobb angle = 0.061
Total SP motion= -0.042
ODI = 0.0390

Intercept = 6.435
TRA = 0.065
ODI = 0.046
Total SP motion= -0.043
WRVAS = 0.041

Model Stepwise Regression Ridge Regression
Coefficients Intercept = 5.356

Cobb angle = 0.062
Total SP motion= -0.0425
ODI = 0.039

Intercept = 3.537
Cobb angle = 0.302
TRA = 0.096
WRVAS = 0.038
Exercise behaviour 
(no) = 0.037
ODI = 0.026
SRS-22 = 0.025
Total SP motion= -0.023
Total FP motion= -0.010
Age = 0.008

Model Lasso Regression Elastic Net Regression
Coefficients Intercept = 5.270

Cobb angle = 0.122
Total SP motion= -0.039
TRA = 0.033
WRVAS = 0.033
ODI = 0.032
SRS-22 = 0.021

Intercept = 3.534
Cobb angle = 0.301
TRA = 0.096
WRVAS = 0.039
Exercise behaviour 
(no) = 0.037
ODI = 0.026
SRS-22 = 0.025
Total SP motion= -0.023
Total FP motion= -0.011
Age = 0.008

SRS-22: Scoliosis Research Society-22, WRVAS: Walter Reed Visual Assessment 
Scale, TRA: Trunk rotation angle, ODI: Oswestry Disability Index, FP: Frontal 
plane, SP: Sagittal plane

Fig. 1  The comparison of observed and predicted VAS scores based on forward and backward regression models
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Discussion
To the best of our knowledge, this first study examin-
ing independent predictors of pain intensity in adult IS 
revealed that the Lasso regression model exhibited the 
highest performance across the evaluated criteria, eluci-
dating 95.9% of the variation in VAS scores. As per this 
model, the leading determinants of pain severity in adult 
IS, ranked by significance, encompassed curvature sever-
ity, spinal mobility, TRA, perception of cosmetic defor-
mity, disability related to the back, and quality of life.

Adult scoliosis represents a significant condition 
impacting the aging spine. Given the trend towards an 
aging population, it is crucial to ascertain the factors 
influencing the manifestation of symptoms, such as pain, 
in patients diagnosed with scoliosis [34]. Decreased phys-
ical capacity, respiratory problems, back pain, decreased 
spinal mobility, and cosmetic problems are the main 
problems suffered by patients with unsurgically treated 
adult IS [35].

Cobb angle is the most widely utilized radiologic 
parameter to assess the severity and progression of 

Fig. 3  The comparison of observed and predicted VAS scores based on Lasso and elastic net regression models

 

Fig. 2  The comparison of observed and predicted VAS scores based on stepwise and ridge regression models
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deformity in individuals with scoliosis, as well as the 
effectiveness of treatments [36]. In the literature, sev-
eral studies have explored the correlation between Cobb 
angle and pain intensity. Among these, a study on adult 
individuals with lumbar scoliosis revealed a relation-
ship between pain intensity and radiologic parameters 
such as Cobb angle and TRA, and it was proposed that 
curve severity is a factor that increases pain intensity 
[16]. Notably, Fortin et al. [37] established significant 
correlations, indicating that lower Cobb angles were 
linked to reduced pain severity in patients diagnosed 
with AIS. Highlighting that pain in scoliosis primar-
ily stems from the concavity of the curves, encompass-
ing discogenic, radicular, and facet joint origins, Jackson 
et al. [38] observed a positive correlation between pain 
intensity and the degree of scoliotic curvature. It has 
been documented that the consideration of vertebral 
axial rotation is important in assessing the severity and 
prognosis of scoliosis. Ferrero et al. [39] reported a sig-
nificant association between vertebral axial rotation and 
pain intensity in adults with scoliosis, noting that pain 
intensity notably increased in patients exhibiting more 
than 10° of vertebral axial rotation. However, in another 
study, Fekete et al. [15] reported that there was no rela-
tionship between pain intensity and Cobb angle in adults 
with IS. In parallel with the results of the majority of the 
studies in the literature [38, 39], this study revealed that 
there are strong relationships between Cobb angle and 
TRA and pain intensity and that Cobb angle and TRA are 
two important determinants of pain intensity according 
to the best performing regression model. These results 
suggest that imbalance resulting from compression and 
tension stresses due to asymmetric loading in the discs, 
facet joints, muscles, and ligaments in the spine may have 
caused pain.

Patients with scoliosis have reduced spinal mobility 
and flexibility due to structural deformity of the spine, 
which can deteriorate over time. The negative effects of 
loss of spinal mobility may include more back pain, trunk 
rigidity, and a lower quality of life [40]. Deviren et al. [40] 
assessed axial pain and flexibility among patients with 
IS, identifying a noteworthy correlation between flex-
ibility and pain intensity. Danielsson et al. [41] assessed 
spinal mobility, muscle endurance, back pain, and func-
tional outcomes in individuals with AIS two decades fol-
lowing brace treatment, revealing significant correlations 
between spinal mobility and the severity of back pain. 
In the present study, total SP motion, one of the param-
eters used to determine spinal mobility, was found to be 
the second most important predictor of pain intensity 
according to the best performing regression model. Also, 
consistent with the literature, strong associations were 
observed between spinal mobility and pain intensity. 
Scoliosis, which decreases the flexibility and mobility of 

the spine and adversely affects its alignment, may have 
impaired the postural reflex mechanism and involvement 
of paraspinal muscles, leading to the onset and exacer-
bation of pain. However, given the quite limited number 
of studies examining the relationships between spinal 
mobility and pain intensity in adult IS, it is recommended 
that these relationships be investigated more extensively 
in future studies.

As per SOSORT guidelines, examining the cosmetic 
deformity perception among individuals with scolio-
sis holds significance in the development of assessment 
and treatment protocols [2]. Pineda et al. [42] docu-
mented that the WRVAS scale exhibits sensitivity to 
cosmetic alterations arising from either deterioration or 
improvement in the scoliotic deformity. Relatively few 
studies on scoliosis, about 5%, include an evaluation of 
cosmetic appearance [2]. Savvides et al. [43] reported 
that individuals with IS were more concerned with their 
cosmetic appearance than individuals without scoliosis. 
Studies have shown that patients with thoracic curvature 
greater than 40° and trunk rotation greater than 20° have 
a negative self-image regarding their cosmetic appear-
ance [42, 44, 45]. Pineda et al. [42] found a moderately 
significant relationship between the pain subdomain of 
the SRS-22 scale and the WRVAS score in individuals 
with IS. In another study conducted by Makino et al. [46] 
to determine possible risk factors for back pain in indi-
viduals with AIS, it was proposed that poor self-image, 
determined according to the SRS-22 scale, may be a risk 
factor for back pain. In the current study, a high corre-
lation was observed between pain intensity and the cos-
metic deformity perception score measured by WRVAS, 
in agreement with these studies. Another notable finding 
of this study was that WRVAS score may be an important 
predictive factor for pain intensity. This result suggests 
that cosmetic deformity perception may be a predictor of 
pain intensity in adult individuals with IS. Poor cosmetic 
deformity perception may have negatively affected the 
psychological state of the individuals, altering their pain 
perception processes and causing them to experience 
more pain.

In general, individuals with scoliosis typically do not 
encounter significant functional impairment that would 
substantially impede their ability to carry out daily activi-
ties [47]. Nonetheless, adolescents and adults with sco-
liosis exhibit a markedly higher incidence of back pain 
compared to the general population, with the risk of 
experiencing pain, functional impairment, and disabil-
ity escalating with age [5, 34, 48]. Studies have reported 
that back pain may be associated with disability in adult 
individuals with IS [49]. In alignment with these findings, 
Jeon et al. [50] identified a strong correlation between the 
severity of back pain, as assessed by VAS, and the ODI 
score among adult individuals with scoliosis. On the 
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other hand, Smith et al. [51] reported that the majority of 
individuals with adult scoliosis had significant back pain 
and disability, and that more back pain in these individu-
als was associated with more disability and poorer health 
status. In the present study, a robust association was 
detected between pain intensity and ODI score in sup-
port of the literature, and it was also revealed that ODI 
score was an important possible predictor of pain inten-
sity according to the best-performing Lasso regression 
model. Considering these findings in the literature and in 
the present study, it can be said that disability level is a 
significant determinant of pain severity in adults IS.

In this study, the strong correlation between the level of 
quality of life assessed according to the SRS-22 scale and 
pain severity was consistent with the literature. Another 
interesting finding of the study was that the quality of 
life parameter was a possible predictor of pain intensity. 
Studies point to possible relationships between qual-
ity of life and pain intensity in individuals with scolio-
sis. Makino et al. [13] reported that low back pain may 
be associated with poor quality of life in individuals with 
AIS. Similarly, in another study conducted in individuals 
with IS, Lia et al. [52] documented significant relation-
ships between the pain subscale score of the SRS-22 scale 
and the Short Form-36 quality of life questionnaire score. 
In another study conducted in adult individuals with 
scoliosis, moderate significant relationships were found 
between pain intensity and Short Form-36 quality of life 
questionnaire scores [50]. Makino et al. [46] suggested 
that self-image and mental health sub-parameters of the 
SRS-22 may be possible risk factors for chronic back 
pain in their study in individuals with AIS, and they also 
reported that postural changes in spinal alignment and 
psychological problems may play important roles in the 
occurrence of back pain. In the current study, quality of 
life was found to be a possible influential factor in pain in 
adult individuals with IS, suggesting that negative impact 
on quality of life may have effects on the processes of 
pain occurrence and perception, including psychologi-
cal status. However, it may be useful to investigate these 
possible mechanisms in further studies to reach a more 
definitive conclusion. To the best of our knowledge, no 
study has investigated the possible effects of quality of life 
on pain in adult individuals with IS, limiting our ability 
to adequately discuss our findings with the literature. To 
the best of the authors’ knowledge, this is the first study 
to suggest that quality of life may be a predictor of pain 
severity in individuals with adult IS.

This study has some limitations. The first of these 
is that only individuals with non-degenerative IS with 
Lenke type 1 curvature were included in the study. There-
fore, generalization of the results of this study to individ-
uals with other curve types or degenerative adult scoliosis 
may not be appropriate. The second is that psychological 

variables were not included in the methodology when 
the study was planned. Considering that psychological 
problems may be factors that may affect pain, further 
studies are needed to examine the determinants of pain 
including psychological factors in adult individuals with 
different curve types and degenerative scoliosis. Another 
limitation is that individuals’ quality of life was assessed 
with SRS-22. It has been reported that SRS-22 may have 
a ceiling effect in the assessment of quality of life in IS 
[53]. Therefore, in future studies, it may be more appro-
priate to assess quality of life in adult individuals with IS 
using the Brace Questionnaire or the Italian Spine Youth 
Quality of Life questionnaire.

Conclusion
In this study, which examined for the first time the deter-
minants of pain severity in individuals with non-surgi-
cally treated Lenke type 1 adult IS, strong associations 
were found between pain severity with curvature sever-
ity, spinal mobility, TRA, perception of cosmetic defor-
mity, disability, and quality of life. Regression analysis 
showed that Lasso regression was the best model accord-
ing to performance criteria. According to this model, the 
primary determinants of pain severity in adult IS, listed 
in order of significance, include curvature severity, spinal 
mobility, TRA, perception of cosmetic deformity, back-
related disability, and quality of life. Given that pain sub-
stantially impacts the daily activities and quality of life of 
individuals with IS, it is beneficial to consider the men-
tioned possible factors that affect and determine pain 
when establishing assessment and treatment programs.

Acknowledgements
Not applicable.

Author contributions
MY and MC were both involved in the design and supervision of the study. HY 
completed the writing of the first draft and participated in data collection and 
statistical analysis. HK, NTY, IV, and HA were involved in data collection and 
statistical analysis. All authors contributed to the revision of the manuscript 
and approved the final submitted version.

Funding
Not applicable.

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
This study was performed in line with the principles of the Declaration of 
Helsinki. Approval was granted by the Muş Alparslan University Scientific 
Research and Publication Ethics Committee (Date: 15.04.2024, Number: 
138036).

Consent for publication
Patients signed an informed consent regarding publishing their data and 
photographs.



Page 9 of 10Yetiş et al. Journal of Orthopaedic Surgery and Research          (2024) 19:406 

Competing interests
The authors declare no competing interests.

Received: 16 May 2024 / Accepted: 11 July 2024

References
1.	 Cheng JC, et al. Adolescent idiopathic scoliosis. Nat Reviews Disease Primers. 

2015;1(1):1–21.
2.	 Negrini S, et al. Why do we treat adolescent idiopathic scoliosis? What we 

want to obtain and to avoid for our patients. SOSORT 2005 Consensus paper. 
Scoliosis. 2006;1:1–14.

3.	 Weinstein S, Zavala DC, Ponseti I. Idiopathic scoliosis: long-term follow-up 
and prognosis in untreated patients. JBJS. 1981;63(5):702–12.

4.	 Bettany-Saltikov J, et al. A comparison of patient-reported outcome measures 
following different treatment approaches for adolescents with severe idio‑
pathic scoliosis: a systematic review. Asian Spine J. 2016;10(6):1170.

5.	 Schwab F, et al. Adult scoliosis: prevalence, SF-36, and nutritional parameters 
in an elderly volunteer population. Spine. 2005;30(9):1082–5.

6.	 Nolte MT, et al. Sagittal balance in adult idiopathic scoliosis. Clin Spine Surg. 
2020;33(2):53–61.

7.	 Ferguson LW. Adult idiopathic scoliosis: the tethered spine. J Bodyw Mov 
Ther. 2014;18(1):99–111.

8.	 Aebi M. The adult scoliosis. Eur Spine J. 2005;14:925–48.
9.	 Kuklo TR. Principles for selecting fusion levels in adult spinal deformity 

with particular attention to lumbar curves and double major curves. Spine. 
2006;31(19S):S132–8.

10.	 Théroux J, et al. Back pain prevalence is associated with curve-type and 
severity in adolescents with idiopathic scoliosis: a cross-sectional study. 
Spine. 2017;42(15):E914–9.

11.	 Wong AY, et al. How common is back pain and what biopsychosocial factors 
are associated with back pain in patients with adolescent idiopathic scolio‑
sis? Clin Orthop Relat Research®. 2019;477(4):676–86.

12.	 Smorgick Y, et al. Predictors of back pain in adolescent idiopathic scoliosis 
surgical candidates. J Pediatr Orthop. 2013;33(3):289–92.

13.	 Makino T, et al. Low back pain and patient-reported QOL outcomes in 
patients with adolescent idiopathic scoliosis without corrective surgery. 
Springerplus. 2015;4:1–6.

14.	 Figueras C, et al. The relationship of kinesiophobia with pain and quality of 
life in idiopathic scoliosis. Spine. 2021;46(21):1455–60.

15.	 Fekete TF, et al. Back pain and its change after surgery in adolescents and 
young adults with idiopathic scoliosis. Spine Deformity. 2019;7(5):754–8.

16.	 Gremeaux V, et al. Analysis of low back pain in adults with scoliosis. Spine. 
2008;33(4):402–5.

17.	 Babaee T, et al. Milwaukee brace or thoracolumbosacral orthosis? Which 
one affects the quality of life of adolescents with idiopathic scoliosis more? 
A cross-sectional study using the SRS-22 questionnaire. Curr Orthop Pract. 
2014;25(5):478–83.

18.	 Langley G, Sheppeard H. The visual analogue scale: its use in pain measure‑
ment. Rheumatol Int. 1985;5(4):145–8.

19.	 Alanay A, et al. Reliability and validity of adapted Turkish version of Scoliosis 
Research Society-22 (SRS-22) questionnaire. Spine. 2005;30(21):2464–8.

20.	 Colak I, Colak TK. A study of the reliability and validity of the Turkish version 
of the Walter reed visual assessment scale in adolescents with idiopathic 
scoliosis. J Turkish Spinal Surg. 2020;31(3):125–30.

21.	 Sanders JO, et al. Analysis of patient and parent assessment of deformity 
in idiopathic scoliosis using the Walter reed visual assessment scale. Spine. 
2003;28(18):2158–63.

22.	 Deacon P, Flood B, Dickson R. Idiopathic scoliosis in three dimensions. A 
radiographic and morphometric analysis. J Bone Joint Surg Br Volume. 
1984;66(4):509–12.

23.	 Amendt LE, et al. Validity and reliability testing of the Scoliometer®. Phys Ther. 
1990;70(2):108–17.

24.	 Yakut E, et al. Validation of the Turkish version of the Oswestry disability index 
for patients with low back pain. Spine. 2004;29(5):581–5.

25.	 Fairbank JC, Pynsent PB. The Oswestry disability index. Spine. 
2000;25(22):2940–53.

26.	 Demir E et al. The reliability of measurements with the spinal mouse device in 
frontal and sagittal planes in asymptomatic female adolescents. Annals Clin 
Anal Med. 2020;11(2).

27.	 Terwee CB, et al. Quality criteria were proposed for measurement properties 
of health status questionnaires. J Clin Epidemiol. 2007;60(1):34–42.

28.	 Hoerl AE, Kennard RW. Ridge regression: applications to nonorthogonal 
problems. Technometrics. 1970;12(1):69–82.

29.	 Tibshirani R. Regression shrinkage and selection via the lasso. J Royal Stat Soc 
Ser B: Stat Methodol. 1996;58(1):267–88.

30.	 Zou H, Hastie T. Regularization and variable selection via the elastic net. J 
Royal Stat Soc Ser B: Stat Methodol. 2005;67(2):301–20.

31.	 Prihatono I, Wijaya INA, Barus FF. The influence of the executive characteristics 
and audit committee on tax avoidance. Int J Bus Econ Law. 2019;19(5):361–9.

32.	 Kuhn M. Caret: classification and regression training. Astrophys Source Code 
Libr. 2015:ascl:1505.003.

33.	 Kuhn M, Wickham H. Tidymodels: a collection of packages for modeling and 
machine learning using tidyverse principles. 2020, Boston, MA, USA, https://
www.tidymodels.org

34.	 Glassman SD, et al. Correlation of radiographic parameters and clinical symp‑
toms in adult scoliosis. Spine. 2005;30(6):682–8.

35.	 Erşen Ö, et al. Effect of clinical and radiological parameters on the quality of 
life in adult patients with untreated adolescent idiopathic scoliosis: a cross-
sectional study. Eur Spine J. 2023;32(4):1196–203.

36.	 Langensiepen S, et al. Measuring procedures to determine the Cobb angle in 
idiopathic scoliosis: a systematic review. Eur Spine J. 2013;22:2360–71.

37.	 Fortin C, et al. Trunk imbalance in adolescent idiopathic scoliosis. Spine J. 
2016;16(6):687–93.

38.	 Jackson RP, Simmons EH, STRIPINIS D. Incidence and severity of back pain in 
adult idiopathic scoliosis. Spine. 1983;8(7):749–56.

39.	 Ferrero E, et al. Tridimensional analysis of rotatory subluxation and sagittal 
spinopelvic alignment in the setting of adult spinal deformity. Spine Defor‑
mity. 2017;5(4):255–64.

40.	 Deviren V, et al. Predictors of flexibility and pain patterns in thoracolumbar 
and lumbar idiopathic scoliosis. Spine. 2002;27(21):2346–9.

41.	 Danielsson AJ, Romberg K, Nachemson AL. Spinal range of motion, muscle 
endurance, and back pain and function at least 20 years after fusion or brace 
treatment for adolescent idiopathic scoliosis: a case-control study. Spine. 
2006;31(3):275–83.

42.	 Pineda S, et al. Validity of the Walter reed visual assessment scale to measure 
subjective perception of spine deformity in patients with idiopathic scoliosis. 
Scoliosis. 2006;1:1–8.

43.	 Savvides P, et al. Self-experienced trunk appearance in individuals with and 
without idiopathic scoliosis. Spine. 2020;45(8):522–7.

44.	 Bago J, et al. Further evaluation of the Walter reed visual assessment 
scale: correlation with curve pattern and radiological deformity. Scoliosis. 
2007;2:1–7.

45.	 Watanabe K, et al. Use of the scoliosis research society outcomes instrument 
to evaluate patient outcome in untreated idiopathic scoliosis patients in 
Japan: part I: comparison with nonscoliosis group: preliminary/limited review 
in a Japanese population. Spine. 2005;30(10):1197–201.

46.	 Makino T, et al. Health-related quality of life and postural changes of 
spinal alignment in female adolescents associated with back pain in 
adolescent idiopathic scoliosis: a prospective cross-sectional study. Spine. 
2019;44(14):E833–40.

47.	 Gabos PG, et al. Long-term follow-up of female patients with idiopathic 
scoliosis treated with the Wilmington orthosis. JBJS. 2004;86(9):1891–9.

48.	 Pratt RK, et al. Patient and parental perception of adolescent idiopathic sco‑
liosis before and after surgery in comparison with surface and radiographic 
measurements. Spine. 2002;27(14):1543–50.

49.	 Tones M, Moss N, Polly DW Jr. A review of quality of life and psychosocial 
issues in scoliosis. Spine. 2006;31(26):3027–38.

50.	 Jeon C-H, et al. Prospective investigation of Oswestry disability index and 
short form 36 subscale scores related to sagittal and coronal parameters in 
patients with degenerative lumbar scoliosis. Eur Spine J. 2021;30:1164–72.

51.	 Smith JS, et al. Improvement of back pain with operative and nonoperative 
treatment in adults with scoliosis. Neurosurgery. 2009;65(1):86–94.

52.	 Lai S-M, Asher M, Burton D. Estimating SRS-22 quality of life measures with 
SF-36: application in idiopathic scoliosis. Spine. 2006;31(4):473–8.

https://www.tidymodels.org
https://www.tidymodels.org


Page 10 of 10Yetiş et al. Journal of Orthopaedic Surgery and Research          (2024) 19:406 

53.	 Babaee T, et al. Disease-specific outcome measures evaluating the health-
related quality of life of children and adolescents with idiopathic scoliosis 
and Scheuermann’s kyphosis: a literature review. Spine Surg Relat Res. 
2022;6(3):197–223.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿Determination of predictors associated with pain in non‑surgically treated adults with idiopathic scoliosis
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Study design and ethical aspects
	﻿Participants
	﻿Assessment of pain intensity
	﻿Assessment of quality of life
	﻿Assessment of cosmetic deformity perception
	﻿Assessment of curvature severity
	﻿Assessment of trunk rotation angle
	﻿Assessment of disability
	﻿Assessment of spinal mobility
	﻿Statistical methods

	﻿Results
	﻿Discussion
	﻿Conclusion
	﻿References


