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Article info: : ABSTRACT
03 Aug 2025
20 Jan 2026 :  Background: Surgical intervention in adolescent idiopathic scoliosis (AIS) is typically reserved
04 Feb 2026 ¢ for patients with curves exceeding 45°, leaving those with moderate curves often managed
:  conservatively.

Objectives: This study aimed to evaluate the clinical and radiologic outcomes of posterior spinal
fusion (PSF) in AIS patients with preoperative moderate scoliotic curves, with a particular focus
on patient-reported outcomes.

Methods: This retrospective cohort study was conducted at a single tertiary hospital. AIS
patients aged 10-20 years with preoperative Cobb angles between 35" and 45° who underwent
PSF were included. Radiologic parameters and quality of life were assessed preoperatively and
at least one year postoperatively using anterior-posterior and lateral total spine X-rays in standing
position and the scoliosis research society-22r (SRS-22r) questionnaire. Statistical analysis was
performed using SPSS software, version 19.

Results: Forty patients were included (36 females, 4 males) with a mean age of 15.58+2.76

Keywords: years. The mean thoracic and thoracolumbar Cobb angles decreased significantly postoperatively
Adolescent idiopathic : (P<0.001). While changes in other radiologic parameters were limited, patients demonstrated
scoliosis (AIS), Posterior :  significant improvement in overall SRS22r scores (from 3.59+0.65 to 3.98+0.54, P<0.001),
spinal fusion (PSF), ¢ particularly in the self-image (P=0.008), function (P=0.001), and satisfaction with management
Scoliosis surgery, : (P<0.001) domains. No significant differences were observed based on prior bracing, fusion
Scoliosis Research :  type, gender, or Lenke classification.

Society-22r (SRS-22r) Conclusion: AIS patients with moderate curves may benefit from surgical correction in terms
questionnaire, Patient- . of improved self-image and satisfaction, even when radiographic changes are limited. These
reported outcome findings highlight the importance of incorporating patient-reported outcomes in surgical decision-
measures, Self-image . making for this underrepresented group.
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Introduction

dolescent idiopathic scoliosis (AIS) is the

most common type of scoliosis, with treat-

ment options ranging from observation or

bracing to surgery [1, 2]. Surgery is typical-

ly reserved for patients with severe curves,

especially those with Cobb angles >40-45",
due to the risk of curve progression and potential com-
plications [3, 4]. However, this threshold may overlook
patients who could benefit from surgery.

In addition to Cobb angle, factors, such as coronal im-
balance, curve progression despite conservative man-
agement, and significant back pain influence surgical de-
cisions, even for mild-to-moderate curves [5, 6]. Despite
this, there is limited evidence on surgical outcomes for
AIS patients with curves between 35" and 45°, a group
often considered for conservative management. Most
studies on AIS treatments focus on surgical approaches
for advanced deformities, overlooking patients with in-
termediate curvatures but significant clinical symptoms
[7-12].

This study aimed to evaluate the role of corrective pos-
terior spinal fusion (PSF) surgery in AIS patients with
Cobb angles between 35" and 45° to focus on radiologic
and clinical outcomes.

Methods

This retrospective cohort study was conducted at two
tertiary orthopedic hospitals. Ethical approval for this
study was obtained from the institutional review board.
Data were collected from patients aged 10-20 years who
underwent PSF surgery for AIS between March 2021
and April 2024. Eligible patients demonstrated a preop-
erative main Cobb angle between 35" and 45°, measured
on standing total-spine anteroposterior radiographs. All
Lenke curve types were included to represent the full
spectrum of AIS curve patterns. The follow-up period
was at least one year. Patients were excluded if they had
incomplete clinical or radiographic data, a history of pre-
vious spinal surgery, or any other spinal pathology that
could influence surgical outcomes.

Demographic and clinical data were extracted from
medical records, including age at surgery, sex, history of
bracing, and follow-up duration. Radiographic parameters
were assessed preoperatively and at the last follow-up.

Radiographic evaluation included measurements of the
main Cobb angle, thoracic kyphosis (TK), lumbar lordo-
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sis (LL), sacral slope, pelvic tilt (PT), pelvic obliquity,
radiographic shoulder height, coronal balance, and sagit-
tal balance. All measurements were performed on stand-
ing full-spine anteroposterior and lateral radiographs by
two spine surgeons.

Surgical data collected included the levels of upper
and lower instrumented vertebrae and classification of
the surgery as selective or non-selective. Surgeries were
considered selective if instrumentation included only the
main structural curve (Figures 1 and 2).

Health-related quality of life was assessed using the
scoliosis research society-22r (SRS-22r) questionnaire,
which consists of 22 items divided into five domains:
Self-image/appearance, function/activity, pain, mental
health, and satisfaction with management. Higher scores
indicate a better quality of life. The questionnaire was
administered preoperatively and at last follow-up to
evaluate changes in patient-reported outcomes. A vali-
dated Persian version of the SRS-22r was used [13, 14].

Statistical analysis was performed using SPSS soft-
ware, version 19. Continuous variables were reported as
Mean£SD, and categorical variables as frequencies and
percentages. The normality of data was assessed using
the Kolmogorov-Smirnov test, and paired t-tests were
used to compare preoperative and last follow-up radio-
graphic parameters and SRS-22r scores. A P<0.05 was
considered statistically significant.

Results

A total of 40 patients with AIS and preoperative Cobb
angles <45° were included. The cohort consisted of 36
females (90%) and 4 males (10%), with a mean age of
15.58+2.76 years at surgery. The mean follow-up dura-
tion was 20.84+12.69 months. Eighteen patients (45%)
had a history of brace treatment, while 55% did not. The
most common Lenke classification was type 5 (55%),
followed by type 1 (22.5%), type 6 (15%), type 3 (5%),
and type 2 (2.5%) (Table 1).

Significant improvements were observed in scoliotic
curves after surgery. The mean preoperative thoracic
Cobb angle decreased from 31.3549.84° to 10.96+7.07°
(P<0.001), and the thoracolumbar Cobb angle reduced
from 34.03£9.08° to 11.60+7.48° (P<0.001). Postop-
erative TK decreased significantly from 43.92+13.86°
to 37.38+12.09° (P=0.027), and LL decreased from
58.97+11.97° to 51.20+11.69° (P=0.002). PT showed a
slight but significant increase (P=0.043), while chang-
es in sacral slope did not reach statistical significance
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Figure 1. Pre- and postoperative radiographic and clinical images of a patient with a moderate curve who underwent selective

short PSF for scoliosis correction

aand b) Standing anteroposterior and lateral radiographs demonstrating preoperative thoracolumbar Cobb angle of 36, ¢) and
d) Standing anteroposterior and lateral radiographs at final follow-up showing correction of the scoliotic deformity follow-
ing PSF, e) Preoperative clinical photograph showing trunk asymmetry, f) Postoperative clinical photograph demonstrating

improved trunk alignment and coronal balance

(P=0.058). Additionally, no significant changes were ob-
served in coronal and sagittal balance, shoulder height,
or pelvic obliquity following surgery. Table 2 presents
the complete preoperative and postoperative radiologic
measurements.

The mean total SRS-22r score improved significantly
from 3.59+0.65 preoperatively to 3.98+0.54 postopera-
tively (P<0.001). Among the individual domains, self-
image improved significantly (P=0.008), and satisfaction
with management increased markedly from 2.63+1.29
to 4.30+£0.72 (P<0.001). Although the pain and func-

tion subdomains demonstrated improvements, only the
change in function approached statistical significance
(P=0.001), while changes in mental health were not
statistically significant (P=0.486). Table 3 presents the
detailed preoperative and postoperative SRS-22r scores.

Further analysis revealed no statistically significant
differences in postoperative SRS scores based on prior
bracing, selective versus non-selective fusion, gender,
or Lenke classification. Additionally, no correlation was
found between follow-up duration and clinical outcomes.
Table 4 presents detailed results of these analyses.

Chehrassan M, et al. Surgery for AIS with Cobb Angle 35-45°. J. Res Orthop Sci. 2026; 13(2):57-64.
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Figure 2. Pre- and postoperative radiographic and clinical images of a patient with a moderate curve who underwent PSF for

scoliosis correction

a and b) Standing anteroposterior and lateral radiographs demonstrating preoperative thoracic and thoracolumbar Cobb an-
gles of 31" and 37, respectively, ¢ and d) Standing anteroposterior and lateral radiographs at final follow-up showing correc-
tion of the scoliotic deformity following PSF, e) Preoperative clinical photograph showing Trunk asymmetry and rib hump, f)
Postoperative clinical photograph demonstrating improved trunk alignment and coronal balance

Discussion

Our findings are consistent with those of previous
studies that have shown significant improvements in
total PROMs, particularly in the self-image and satis-
faction with management domains, following surgical
correction for AIS. Several studies have demonstrated
meaningful postoperative gains in these areas [8-10].

In addition, studies using minimal clinically important
difference (MCID) thresholds have further validated
self-image and satisfaction as the most responsive and
meaningful domains after surgery [10, 11]. Fernandes et
al. reported that 96.4% of patients reached MCID in self-
image, while domains including pain and function often
failed to meet clinical relevance [12]. A key difference
is that these studies either excluded or did not isolate

Chehrassan M, et al. Surgery for AIS with Cobb Angle 35-45°. J. Res Orthop Sci. 2026; 13(2):57-64.
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Table 1. Demographic and clinical characteristics of the study population (n=40)

Variables MeanzSD/No. (%)
Age at surgery (y) 15.58+2.76
Female 36(90)
Gender Male 4(10)
Follow-up duration (months) 20.84+12.69
Yes 18(45)
History of bracing
No 22(55)
Type 1 9(22.5)
Type 2 1(2.5)
Lenke classification Type 3 2(5)
Type 5 22(55)
Type 6 6(15)
Orthopedic Science

patients with moderate curves (35-45°), a population
frequently caught in the gray zone of surgical decision-
making. By specifically evaluating this underrepresent-
ed group, our study confirm that such patients can also

ticularly self-image and satisfaction with management—
often occur independent of the degree of curve correc-
tion, deformity magnitude, or instrumentation type [10,
13, 14]. In our cohort, although the Cobb angle was sig-

experience substantial subjective improvement despite
having less severe deformities.

Our results also consistent with the findings of previous
studies emphasized that improvements in PROMs—ypar-

nificantly corrected, other radiologic parameters such as
spinopelvic parameters and sagittal and coronal balance
did not change substantially. Yet, patients still reported
meaningful improvement in self-image and satisfaction
with management. This supports the notion that radio-

Table 2. Comparison of preoperative and postoperative radiologic measurements

MeantSD
Parameter P

Preoperative Postoperative

Mid-thoracic Cobb angle (°) 31.35+9.84 10.96+7.07 <0.001"
Thoracolumbar Cobb angle (°) 34.03+9.08 11.647.48 <0.001"
Thoracic kyphosis (°) 43.92+13.86 37.38+12.09 0.027"
Lumbar lordosis (°) 58.97+11.97 51.2+11.69 0.002"
Pelvic tilt (°) 7.51+7.31 9.12+7.81 0.043"
Sacral slope (°) 40.08 +8.29 37.13+9.27 0.058
Coronal balance (mm) 17.9+£12.22 15.96+10.65 0.296
Sagittal balance (mm) -11.54+28.77 -7.52+38.59 0457
Shoulder imbalance (RSH, mm) 1046.95 7.7917.96 0.294
Pelvic obliquity (°) 2.28+1.6 2.61£2.22 0.237
RSH: Radiologic shoulder height. Orthopedic Science
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Table 3. Comparison of preoperative and postoperative SRS-22r scores

MeantSD
SRS-30 Domain P
Preoperative Postoperative
Total score 3.59+0.65 3.98+0.54 <0.001"
Self-image/appearance 3.33+1.13 3.87+0.9 0.008"
Satisfaction with management 2.63+1.29 4.3+0.72 <0.001"
Function/activity 3.68+0.57 3.84+0.54 <0.001"
Pain 4.14+0.72 4.34+0.55 0.079
Mental health 3.63+0.93 3.72+0.96 0.486
SRS-22r: Scoliosis research society-22r. Orthopedic Science
logic changes alone may not fully explain the benefits Conclusion

of surgery, and that PROMs can reflect a broader psy-
chosocial response. However, it should be noted that this
relationship remains controversial, as other studies, such
as Chaudhary et al.’s study, reported a strong correlation
between Cobb correction and PROM gains [15].

In a longitudinal study by Diarbakerli et al., non-op-
erative and brace-treated patients showed slightly better
health-related quality of life than those who had under-
gone surgery [16]. However, it is important to note that
patients who undergo surgery often present with more
severe curves and greater spinal imbalance, which can
inherently influence their outcomes. Diarbakerli’s find-
ings suggest that quality of life tends to equilibrate across
treatment groups over time. Our study, by focusing on
early postoperative results in a moderate curve popula-
tion, provides valuable context for short-term decision-
making. It highlights that even patients with mid-range
deformities can achieve significant gains in self-image,
satisfaction with management, and function, which are
especially relevant during adolescence—a period when
psychosocial concerns reach a peak.

Table 4. Subgroup analysis of postoperative total SRS-22r scores

This study highlights that patients with AIS and moder-
ate curves (35—45°) can experience significant improve-
ments in self-image, satisfaction with management, and
function following surgical correction, even with limited
radiologic changes beyond Cobb angle correction. These
findings emphasize the importance of incorporating pa-
tient-reported outcomes into surgical decision-making,
especially for patients in the gray zone between opera-
tive and conservative treatments.

This study has several limitations that should be ac-
knowledged. First, the sample size was relatively small,
which may limit the generalizability of our findings.
Larger, multicenter studies would help validate these
results and provide broader applicability. Second, the
follow-up period was limited to early postoperative
outcomes. While our findings offer important insight
into the short-term benefits of surgery in AIS patients
with moderate curves, longer follow-up is necessary to
determine the durability of these improvements as pa-
tients transition into adulthood. Furthermore, while we

Subgroup P
Bracing (yes vs no) 0.968
Fusion type (selective vs non-selective) 0.961
Gender (male vs female) 0.717
Lenke type (1-6) 0.658
Follow-up duration (correlation) 0.588

SRS-22r: Scoliosis research society-22r.
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observed significant improvements in PROMs, particu-
larly in self-image and satisfaction, we acknowledge that
these subjective measures may be influenced by individ-
ual expectations, cultural factors, and psychosocial con-
text—elements that were not fully captured in our analy-
sis. Lastly, the lack of a non-operative comparison group
limits our ability to directly compare surgical outcomes
with those of conservative management in moderate AIS
cases. Including a matched non-operative cohort in fu-
ture studies would help clarify the relative benefits of
surgical intervention in this “gray zone” population and
inform more personalized, evidence-based treatment de-
cisions.
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