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Abstract

Purpose The aim of this study is to evaluate the factors that affect health-related quality of life (HRQoL) in untreated ado-
lescent idiopathic scoliosis (AIS) patients in adulthood. We investigate the effect of clinical and radiological parameters on
the SRS-22 results.

Methods A total of 286 untreated adolescent idiopathic scoliosis patients at adult age between April 2021 and April 2022
who were admitted to our clinic were included in the study. Rotational deformities were evaluated with a scoliometer. Cobb
angles, coronal balance, clavicle angle, coronal pelvic tilt, trunk shift, and apical vertebral translation were measured in
standing anteroposterior X-rays. The effect of each clinical and radiological parameter on SRS-22 results was evaluated.
Results No correlation was found between gender, age, curve type, presence of gibbosity or diagnosis time, and SRS-22
scores. A negative correlation was found between the BMI of the patients and the self-image scores (r= —0.246, p <0.01)
and function scores (r= —0.193, p <0.05). Main thoracic (MT) gibbosity negatively correlates with self-image and total
SRS-22 scores. Also, negative correlations were found between lumbar/thoracolumbar (LTL) gibbosity, function, and pain
scores. MT Cobb angle magnitude was negatively correlated with self-image, mental health, and total SRS-22 scores. There
were negative correlations between clavicle angle and mental health score, coronal pelvic tilt and self-image score, and apical
vertebral translation and pain score.

Conclusion BMI, MT gibbosity, LTL gibbosity, MT Cobb angle, clavicle angle, coronal pelvic tilt, and apical vertebral
translation were negatively correlated with SRS-22 domains in untreated AIS patients in adulthood.
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Introduction

Adolescent idiopathic scoliosis (AIS) is defined as a> 10°
of lateral curvature of the spine with vertebral rotation.
Although AIS affects 2-3% of adolescents, only 0.3-0.5%
of the curves progress to more than 20° and require treat-
ment. Patients with Cobb’s angle of 20—40° require con-
servative treatment methods, while patients with a deformity
of > 40° deformity and growth potential require surgery in
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adolescence [1-4]. Curves >40-50° are expected to increase
by 1° every year in adulthood; recently, curve progression
has been reported to continue even after skeletal maturity,
especially in patients with>30° [1, 5, 6]. Patients with
neglected curves, those who refuse treatment, those who do
not notice their deformity until adulthood, and those who are
lost to follow-up prevent us from knowing the exact fate of
non-operated deformities in adulthood. Some alterations in
the quality of life can be expected in such patients.

Several studies have investigated the health-related qual-
ity of life (HRQoL) of adult patients with untreated AIS
patients in adulthood and have demonstrated comparable
results to those without spinal deformity [5, 6]. Although
these patients experience back pain, respiratory problems,
lower physical performance, psychological disturbance, and
body image anxiety, they do not lag behind in adulthood
functions, such as having a job, getting married, and having
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children [1, 5-7]. These studies investigated the effects of
age, surgical or non-surgical treatments, Cobb’s angles, and
body mass index (BMI) on HRQoL. Additionally, the effects
of gibbosity as a clinical feature and radiological features
that can affect HRQoL such as coronal balance, clavicle
angle, and trunk shift were evaluated. However, the effect
of the period after the diagnosis of scoliosis on the quality
of life has never been investigated.

The HRQoL of patients with AIS is a widely studied sub-
ject and scoliosis-specific questionnaires have been devel-
oped to evaluate the disease-specific quality of life. The
SRS-22 especially emphasizes the aforementioned problems
that patients with AIS experience and can also be used for
assessment in adulthood or after undergoing different treat-
ments [5-14]. We aimed to evaluate the clinical and radio-
logical factors that could affect HRQoL in adult patients
with untreated AIS in adulthood. We investigated the effect
of clinical and radiological parameters on the SRS-22 results
in these patients.

Methods

Our institutional review board reviewed and approved this
single-center cross-sectional study (2021/113). All patients
were fully informed and written informed consent was
obtained. Adult patients with untreated AIS admitted to our
clinic between April 2021 and April 2022 were included
in the study. All the included patients were aware that they
had scoliosis or had been referred to a spine specialist by
another physician. The inclusion criteria were patients who
were 20-50 years old, with or without a previous diagnosis
of AIS in childhood. Patients with postural disturbances,
coronal plane deformities < 10°, and with congenital, neuro-
muscular, or other secondary scoliosis were excluded from
the study. Finally, 286 patients (194 females and 92 males)
were enrolled in the study. Patients were defined as untreated
if they did not undergo a standard physiotherapy program.
All patients were asked to complete the SRS-22 ques-
tionnaire before the radiological evaluation. The SRS-22
is the most widely used disease-specific questionnaire, and
the reliability and validity of the Turkish version have been
demonstrated [10]. The SRS-22 evaluates the self-reported
pain, the functional capacity of the patient, the self-image
perception of the patient, and mental health. The age, sex,
occupation, weight, and height of the patients were recorded,
and the BMI was calculated for all patients. Patients were
asked when the diagnosis of scoliosis was made by a doc-
tor and was recorded. Rotational deformities were clinically
evaluated using a scoliometer in the proximal thoracic (PT),
main thoracic, and lumbar/thoracolumbar (LTL) regions.
The Cobb’s angle, coronal balance, clavicle angle, coronal
pelvic tilt, trunk shift, and apical vertebral translation were

measured on standing anteroposterior spine radiographs.
Because it was not appropriate to use the Lenke classifica-
tion for the curvatures included in the study, the patients
were divided into three groups according to the gibbosity
apex measurements using a scoliometer: thoracic curves,
LTL curves, and double curves according to the gibbosity
measurements with scoliometer at the apex. If the direc-
tion of the scoliometer changed in the thoracic and lum-
bar curves, it was considered as a double curve. The effects
of each clinical and radiological parameter on the SRS-22
results were evaluated.

SPSS (version 20, IBM, Chicago, IL, USA) program was
used for the statistical analysis. The Shapiro—Wilk test was
used to examine the normal distribution of the continuous
data with normal distribution. Among the descriptive sta-
tistics, age is expressed as mean + standard deviation. Since
the SRS-22 scores and angle values did not fit the normal
distribution, they are expressed as medians (min-max) in
the tables. The number and percentage values are provided
for nominal variables. Relationships between the SRS scores
and continuous data were examined using Spearman's cor-
relation coefficient (Fig. 1).

Results

The average age of the patients was 28.64 +7.41 years (range
20-50 years) and the average time to scoliosis diagnosis was
5.97+6.21 years (0-30 years). Sixty-eight of the patients
(24%) had just received their scoliosis diagnosis. The aver-
age BMI of the patients was 23.51 +2.58 kg/m?.

Of the included patients, 34 patients (11.9%) had a
PT gibbosity, 220 (76.9%) had an MT gibbosity, and 198
(69.2%) had an LTL gibbosity. PT Cobb’s angle was meas-
ured in 48 patients (16.7%), MT Cobb’s angle was measured
in 235 patients (82.1%) and LTL Cobb’s angle was measured
in 209 patients (73%). The clinical and radiological measure-
ments of the patients are presented in Table 1. The SRS-22
scores for the entire cohort were 4.06 +0.60 for function,
3.29+0.79 for pain, 3.25+0.74 for self-image, 3.16 +0.82
for mental health, and 3.50+0.87 for satisfaction; the total
score was 3.45+0.57. There were no significant differences
in the SRS-22 domains according to the curve type.

No correlation was found between sex, age, curve type,
or presence of gibbosity and the SRS-22 scores. A nega-
tive correlation was found between the patients’ BMI and
the SRS-22 self-image scores (r= —0.246, p=0.003) and
function scores (r= —0.193, p=0.021). As the BMI val-
ues of the patients increased, their self-image and function
scores decreased. Although we found no correlation between
age and the SRS-22 results, self-image scores decreased as
the time since scoliosis diagnosis increased (r=—0.189,
p=0.024) (Table 2).
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Table 1 Clinical and radiological measurements of the patients

n % Median Min—-max
PT gibbosity 34*% 119 2 2-9
286 100 O 0-9
MT gibbosity 220* 769 5 2-21
286 100 4 0-21
LTL gibbosity 198* 69.2 5 2-20
286 100 3 0-20
PT Cobb (°) 48* 16.7 19 6-37
286 100 16 0-37
MT Cobb (°) 235% 82.1 22 11-67
286 100 19 0-67
LTL Cobb (°) 209* 73 18 6-49
286 100 15 0-49
Coronal balance (mm) 286 100 8 0-37
Clavicle angle (°) 286 100 0-5
Pelvic angle (°) 286 100 O 0-8
Apical vertebral translation (mm) 286 100 16 0-67
Trunk shift (mm) 286 100 6 0-37

*The number of patients who had a measurement other than zero

When the effect of scoliometer measurements on
SRS-22 scores was evaluated, no relationship was found
between PT gibbosity and the SRS-22 scores. MT gib-
bosity negatively correlates with self-image (r=-0.170,
p=0.042) and total SRS-22 (r=-0.182, p=0.030) scores
(Fig. 2). In addition, negative correlations were found
between LTL gibbosity and the function (r=-0.184,
p=0.028), and pain (r=-0.202 p=0.015) scores (Fig. 3).
No correlations were found for other the SRS-22 sub-
scores (Table 3).

The magnitudes of the PT and LTL Cobb angles did
not affect the SRS-22 scores. The MT Cobb angle magni-
tude was negatively correlated with the self-image, mental
health, and total SRS-22 scores (Fig. 4). Other correla-
tions between the radiological measurements and SRS-22
scores are shown in Table 4. There were negative cor-
relations between the clavicle angle and mental health
score, between coronal pelvic tilt and self-image score,

and between apical vertebral translation and pain score.
The trunk shift did not affect the SRS-22 scores (Table 4).

Discussion

The natural history of AIS has been proposed in previous
studies. Recently, patient-perceived questionnaires have been
used to determine HRQoL. A decrease in physical capacity,
cosmetic issues, and respiratory trouble have been revealed
as the main problems experienced by patients with untreated
AIS [1, 2, 6, 15]. Although the HRQoL of untreated AIS
patients has recently been studied, the relationship between
clinical or radiological parameters and HRQoL remains
unclear. The SRS-22 is ideal for demonstrating HRQoL in
adult patients with untreated AIS [12, 16]. In this study, we
found correlations between our measurements and SRS-22
domains.

Although high BMI values delay the diagnosis of cur-
vature in adolescence, preoperative BMI was found to have
no relation to curve correction in adolescence. Both low
BMI and high BMI values are associated with worse out-
comes and satisfaction scores [7, 17—19]. Similar to adoles-
cent patients, overweight adult patients with scoliosis have
worse quality of life scores than normal or underweight
patients [20, 21]. Kieser et al. demonstrated the effect of
BMI on pain and function scores in adult patients with spinal
deformities using various questionnaires including the total
SRS-22 score. However, they did not evaluate all domains
of the SRS-22 [21]. In this study, BMI was found to be nega-
tively correlated with the self-image and function domains.
Although this study demonstrated lower function and self-
image scores, high BMI did not affect SRS-22 pain scores.
Increased BMI was found to be associated with chronic low
back pain in both normal and scoliosis patients [21, 22]. It is
expected that additional weight on a curved spine can cause
more pain on a straight one. This study could not demon-
strate a relationship between pain scores and BMI.

The study by Watanabe et al. found that patients with
non-operated AIS with structural LTL curves experienced
more pain than MT and DM curves in the middle ages. The

Table 2 Correlations between

8 . Age BMI Duration

patients' age, BMI and duration

of scoliosis, and SRS22 Scale r¥ p r¥ P r¥ P

scores
SRS function —0.144 0.086 —0.1937 0.0217F —0.046 0.582
SRS pain —0.056 0.508 -0.076 0.363 —0.057 0.497
SRS self-image —0.067 0.423 —0.2467 0.003F —0.1897 0.0247
SRS mental health 0.049 0.564 —-0.036 0.670 —0.108 0.197
SRS satisfaction —0.002 0.986 0.087 0.361 —0.133 0.160
SRS total —0.038 0.651 -0.150 0.073 —0.115 0.171

*Spearman’s correlation coefficient, r Correlation coefficient, fStatistically significance

@ Springer



European Spine Journal (2023) 32:1196-1203

1199

Fig. 1 a Coronal balance is the distance between CSVL and C7PL.
The clavicle angle represents the angle between the line connecting
the highest points of the clavicles and the horizontal line. Coronal
pelvic tilt represents the angle between the line connecting the highest
points of the iliac crest and horizontal line b Apical vertebral trans-
lation is the distance between CSVL and the midpoint of the apical

Fig.2 Correlations between 6
main thoracic gibbosity and
SRS-22 scores
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study included 107 patients with curves >30° [6]. In con-
trast, we included all curves > 10°, and they were classified
according to the gibbosity in thoracic and LTL regions.
Ohashi et al. found a correlation between low back pain and
L3-L4 tilt [S]. Erwin et al. compared thoracic and thora-
columbar curves and found that patients with thoracolum-
bar curves had worse scores. Contrary to these results, we
found no differences between the curve types when using the
SRS-22 questionnaire in this study. We probably obtained
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different results due be the inclusion of smaller curves that
produced less pain or L3-L4 tilt. Including all the curves
allowed us to obtain more accurate correlations. Moreover,
not using standard radiological classifications and using gib-
bosity to determine the structural curves may have affected
our results.

In addition to using a rib hump measured with a scoliom-
eter to determine the structural curves in this study, the cor-
relations between the magnitude of gibbosity magnitude and
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Fig.3 Correlations between 6
lumbar/thoracolumbar gibbosity
and SRS-22 scores 5
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Table3 Correlations between PT gibbosity MT gibbosity LTL gibbosity
scoliometer measurements and
SRS-22 scores r¥ p r¥ )4 r¥ p
SRS function 0.045 0.597 -0.162 0.053 0.1847 0.0287
SRS pain 0.100 0.237 -0.116 0.169 0.202F 0.015%
SRS self-image 0.060 0.477 —0.1707 0.042% 0.117 0.163
SRS mental health 0.077 0.360 -0.131 0.118 0.004 0.963
SRS satisfaction 0.105 0.269 —0.160 0.091 -0.111 0.241
SRS total 0.080 0.344 —0.1827 0.0307F 0.124 0.142
*Spearman’s correlation coefficient,  Correlation coefficient, fStatistically significance
Fig.4 Correlations between 6
main thoracic Cobb angles and
SRS-22 scores
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SRS-22 domains were analyzed. The increase in the thoracic
rib hump caused a decrease in the self-image scores and total
SRS-22 scores of the patients. Additionally, LTL gibbosity
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tion and pain scores. In contrast to previous studies, we used
the rib hump as a quality-of-life parameter, and not as a
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method of evaluating the efficacy of treatment; our results
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The present study had several limitations. First, this study
did not evaluate the patient deformity at maturity due to its
cross-sectional design, and we were unable to demonstrate
the relationship between HRQoL and curve progression. In
addition, as this was a single-center study, some sociocul-
tural or socioeconomic differences may have affected the
results of our study. In our opinion, since our hospital is
easily accessible in the country's capital and serves different
socio-cultural groups, this limitation may have only mini-
mally affected the results.

Conclusions

It is very difficult to establish the effect of each parameter
in a patient with a deformity especially when several factors
can affect it at the same time. We determined and evaluated
suspicious clinical and radiological suspicious parameters
and evaluated them. BMI, MT gibbosity, LTL gibbosity, MT
Cobb’s angle, clavicle angle, coronal pelvic tilt, and api-
cal vertebral translation were negatively correlated with the
SRS-22 domains in adult patients with untreated AIS. Our
results can guide physicians in the management of patients
with untreated AIS.
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