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Comparing Health-related Quality of Life of Lenke 1–2, 
and Lenke 5–6 Severe AIS Adolescent Idiopathic Scoliosis 
Patients 2 Years after Surgery Using SRS-22 Questionnaire
Wai-Wang Chau1, Victor Illescas2, Bobby Kin-Wah Ng3

Ab s t r ac t​
Introduction: Lenke classification organizes curve patterns into six major “curve types”. Health-related quality of life (HRQOL) in AIS patients is 
gaining attention particularly on whose undergone surgery and findings are sometimes not expected. Comparisons of HRQOL in severe patients 
between Lenke 1 (main thoracic) and Lenke 2 (double thoracic) and patients with Lenke 5 (thoracolumbar/lumbar) and Lenke 6 (thoracolumbar/
lumbar-main thoracic) curve types have yet to be carried out.
Materials and methods: Forty-six severe AIS patients classified Lenke type 1, 2, 4, and 5 undergone surgery from 2016 to 2019 were recruited. 
Demographic variables and surgical details were collected. Patients filled out the SRS-22 questionnaire at (1) Before surgery (preoperative), (2) 
Before hospital discharge (post-op1), (3) 1 year postoperative (post-op2), and (4) 2 years post-op (post-op3). Statistical comparisons of HRQOL 
domain scores were carried out between Lenke 1 + 2 group and Lenke 5 + 6 group longitudinally and between groups.
Results: The mean age at surgery is 18.14 years. Longitudinal comparisons showed “Function” and “Pain” scores dropped before hospital discharge 
and recovered at post-op follow-ups. “Function” and “Pain” in Lenke 1 + 2 group at between-group comparisons were significantly higher than 
Lenke 5 + 6. Self-image, satisfaction, and mean scores were also higher in Lenke 1 + 2 without statistical significance.
Conclusion: All domains showed improvements 2 years after surgery in both Lenke type groups, of which significant improvements were 
statistically found in “Function”, “Pain”, and “Mental health” in Lenke 1 + 2 patients.
Key messages: 
•  �All HRQOL domains in both Lenke 1 + 2 (main thoracic + double thoracic) group and Lenke 5 + 6 (thoracolumbar/lumbar + thoracolumbar/

lumbar-main thoracic) group improved after spinal surgery.
•  �“Function”, “Pain”, and “Mental health” in patients of Lenke 1 + 2 group significantly were improved statistically than patients in Lenke 5 + 6 group.
•  �“Self-image” and “Satisfaction” were also improved without statistical significance.
Keywords: Adolescent idiopathic scoliosis, Lenke classification, Quality of life, Surgery.
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In t r o d u c t i o n​
Lenke classification established in 2001 being a new classification 
system with three components: curve type, a lumbar spine modifier, 
and a sagittal thoracic modifier.1,2 Apart from a few reports on 
surgical treatment of Lenke 1 (main thoracic) and Lenke 2 (double 
thoracic) suffering severe AIS patients, and similar reports on Lenke 
5 (thoracolumbar/lumbar) and Lenke 6 (thoracolumbar/lumbar-
main thoracic) severely suffering AIS patients. Surprisingly, none 
discussed the health-related quality of life (HRQOL) of these two 
groups of patients. Structural changes after surgery leading to 
change in the quality of life in these two groups of patients have 
yet to be discussed. Surgeons and researchers might have their 
underlying “answers” to the changes of HRQOL after surgery in 
these two groups of patients, however, no study has been carried 
out to prove their “answers” and the results may be different from 
expectations.

Surgical strategy on the effectiveness of fusion approach 
[applying anterior (ASF) or posterior (PSF) or both (ASF + PSF)]
and levels was widely discussed. O’Donnell et al. reported ASF 
had saved a fusion level but required more surgical time than 
PSF.3 Another study demonstrated anterior approach provided 
greater correction of thoracolumbar curves when treating Lenke 
5c curves.4 Major thoracolumbar/lumbar curve fusion in Lenke 5C 

AIS could be achieved by both anterior and posterior techniques.5 A 
Japanese group included the SRS-22 questionnaire in the evaluation 
of posterior correction and fusion surgery using pedicle-screw 
constructs for Lenke type 5C AIS patients.6 However, results on 
SRS-22 were debatable without showing any actual data suggesting 
the quality of life assessment was only a minor part of this study.6 
Structural differences in these types of patients were definitive; 
however, the HRQOL of these two types of patients who operated 
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has not been discussed. Majority of the articles discussing Lenke 1 
+ 27,8 and Lenke 5 + 63,9–11 patients focused on surgical techniques 
and approaches leading to promising surgical outcomes in terms 
of cosmetic improvements and truck balance.

Adolescent idiopathic scoliosis (AIS) is a three-dimensional 
deformity presenting with back deformity, a rib hump, and/or 
shoulder asymmetry.12 The etiology is complex and still unknown 
although the genetic influence is reported to have played a 
major role.13–18 The prognosis of AIS depends on several factors 
including curve morphology, trunk imbalance, curve magnitude, 
age of onset, stage of bone growth, and rate of progression.13–15,19 
Progression results in body deformities such as uneven shoulders, 
and asymmetric waistline that leads to chronic pain, decreased or 
poor function self-image and mental health, and in severe cases 
disturbed pulmonary function.20–23 There is a higher risk of health 
problems beyond maturity once the Cobb angle exceeds 50° in a 
progressive curve, causing cosmetic deformity and progressive 
functional limitations.13,14,20–23 The current indications of surgery 
are curves >45–50° at skeletal maturity or patients with 1–2 years 
of growth remaining.15,19 Our team recently published a report on 
the changes in HRQOL in operative AIS patients over 30 years, and 
the patients were at their perimenopause.24

The outcome of corrective scoliosis surgery is dependent on 
radiographic improvements as well as the patient’s perspective and 
satisfaction.25 Objective success in correction is not correlated with 
subjective satisfaction of the patient and the family because their 
perception of appearance differs from that of surgeons and other 
factors.26 Improvements in the general self-image, function, level 
of activity domains, and pain are reported after surgical correction 
and had no significant correlation between the magnitude of 
curve correction and outcome scores.13,27 SRS-22 is proven to be a 
valid and reliable instrument for assessing patients with AIS that 
is sensitive to changes following surgery.28 The questionnaire is 
reliable with internal consistency and reproducibility. It is shorter 
and more focused on the health issues related to idiopathic scoliosis 
than SF-36.29

Literatures on the quality of life of AIS patients who have 
undergone surgery were few. The underestimation of different 
HRQOL scores on major complications in lumbar degenerative 
scoliosis surgery in 138 patients was an important finding, although 
the data generalizability was limited to adult patients (mean age: 
59.8) and those who underwent lumbar deformities.30 Another 
single-institute study on the effect of age on the quality of life for 
adult patients with spinal deformity after surgery demonstrated 
age was an important factor in patients’ perceptions of their 
functions and mental health.31 Another Japanese group worked 
on long-term health outcomes in severe AIS patients and noticed 
significant decreases in function and self-image with controls 
many years after surgery.32,33 The statistical comparisons were 
straightforward without considering any preoperative conditions. 
A literature review on the influences of surgery on the quality 
of life of AIS patients using SRS outcomes concluded general 
improvements in pain and self-image domains from baseline 
to 2 years postoperatively, and the natural history of AIS was 
important in surgical decision-making.34 Health-related quality of 
life in AIS shoulder balance in Lenke 1 and 2 curve types as well as 
curve flexibility on patient-centric outcomes were published.35,36 
However, the lack of discussion on the relationship between the 
change in spinal curvatures before and after surgery and HRQOL 
explained by SRS domains remains an important area to explore.

The purpose of this study is to compare the HRQOL of surgical 
AIS patients between curve type Lenke 1 + 2 and Lenke 5 + 6 
using SRS-22.

Mat e r ia  l s a n d Me t h o d s​
We reviewed 46 AIS patients who had undergone spinal surgery 
from 2016 to 2019. Informed consent was signed and obtained 
from every study participant and their legal guardians as required. 
Ethical approval was obtained from the ethics review board of the 
joint NTEC/CUHK Ethics Committee (Research Ethics Committee 
approval number: 2019.213).

Demographic variables, e.g., age at surgery, years of follow-up, 
sex, Lenke stage, fusion levels, number of fusion levels, surgical and 
clinical details, and measurements were collected.

SRS-22 Questionnaire
SRS-22 protocol and methods to deliver the questionnaire through 
mobile devices have been discussed in our previous report.24 Briefly 
speaking, severe AIS patients completed the SRS-22 questionnaire 
before surgery (preoperative), immediate before hospital discharge 
after surgery (post-op 1), 1 year postoperatively (post-op 2), and 2 
years postoperatively through mobile devices.

Statistical Analysis
Demographic variables of both groups were calculated and 
compared using Student’s T-test (mean ± standard deviation) or 
Chi-square test [N (%)] where appropriate. Surgical information 
regarding the three curvatures was tabulated. SRS-22 domain 
scores (function, pain, self-image, mental, satisfaction, and mean) 
and before surgery (preoperative) and follow-up sessions after 
surgery, i.e., immediate before hospital discharge (post-op 1), 1 
year after surgery (post-op 2), and 2 years after surgery (post-op 
3) were compared using one-way ANOVA. Other comparisons of 
SRS-22 domain scores using follow-up period instead of follow-up 
sessions (≤12, 12–24, and >24 months) were also carried out using 
one-way ANOVA. Between-group comparisons (between Lenke 
1 + 2 group vs Lenke 5 + 6 group) at different time points were 
performed using Student’s T-test. Data analysis was carried out 
using IBM SPSS 26.0 (Armonk, New York). A two-sided p value ≤0.05 
was considered statistically significant.

Re s u lts​
The mean age at surgery is 18.14 years (Table 1). The average number 
of pedicle screws placed was 17.75 with an average pedicle screw 
density of 73.49%. The mean years of follow-up were 1.53 years 
(range: 0.25–2.75 years).

Surgical Information
Statistical significances were observed in most of the main thoracic 
curves and all lumbar curve characteristics comparing between the 
two groups (Table 2).

Table 1A: Demographic variables (numeric) (mean ± SD)

Demographic 
variable

Lenke 1 and 2 
(N = 26)

Lenke 4 and 5 
(N = 20) p value

Age 18.0 ± 3.9 18.3 ± 4.5 0.82
Years of follow-up 1.5 ± 0.8 1.6 ± 0.7 0.85
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SRS-22 Domain Scores across the Treatment Periods
SRS-22 mean scores were calculated through two different 
approaches on how the follow-up period was classified (i.e., X-
axis) (Table 3). The follow-up period was classified by (1) follow-up 
time points (preoperative, postoperative 1, postoperative 2, and 
postoperative 3), and (2) ≤12, 12–24, and >24 months since the 
surgery. The reason for using these two classifications serves two 
purposes: (1) the first series showed the SRS-22 domain scores by 
clinic visit without considering the period between follow-up, and 

(2) the second series defined the x-axis as a definitive follow-up 
period which made the comparisons more clinically meaningful.

The corresponding findings were also graphically presented in 
two figure series (Figs 1 and 2). “Function” and “Pain” scores showed 
a similar pattern of score changing over the four time points. Mean 
scores were dropped at “Post-op 1” and gradually returned back 
to “Preoperative 1”. The mean scores at “Post-op 3” were higher 
than “Post-op 2”; however, the mean score differences between 
“Post-op 3” and “Post-op 2” were much smaller compared with 
the differences between “Post-op 1” and “Preoperative”. The mean 
scores of “Mental”, “Self-image”, and “Satisfaction” were gradually 
increasing over the four time points, e.g., from 3.24, 3.74, 4.06, to 
4.08 in “Self-image”. “Mean” scores were momentously similar at 
the four time points. Except “Mental”, statistical significances were 
observed in the other five mean scores.

The patterns of SRS-22 score changes over the three time 
periods were similar in the six domain scores except for a slight 
difference in “Satisfaction”, which showed an increase 12–24 months 
after surgery, and the scores at “>24 months” returned to the scores.

In between-group comparisons, Lenke 1 + 2 patients scored 
significantly higher than Lenke 5 + 6 patients in “Function” at 
Post-op 2 (4.4 vs 3.9, p = 0.01) and Post-op 3 (4.6 vs 3.9, p = 0.01), as 
well as “Pain” (4.0 vs 3.1, p < 0.01), “Mental” (4.1 vs 3.3, p < 0.01), and 
“Mean” (3.9 vs 3.4, p = 0.01) at Post-op 1. The significantly better 
“Function” domains in Lenke 1 + 2 patients observed above (by 
follow-up sessions) was also observed when follow-up periods 
applied. “Function” in Lenke 1 + 2 patients was significantly better 
than Lenke 5 + 6 patients at <12 months (4.2 vs 3.8, p = 0.01), and 
12–24 months (4.6 vs 3.9, p = 0.03) postoperatively.

Di s c u s s i o n​
Comparing with AIS Lenke 5 + 6 patients, AIS Lenke 1 + 2 
patients demonstrated significantly persistent improvements in 
their functional capabilities after spinal correction until 2 years 
postoperatively, better pain management, and mental health at 
hospital discharge after surgery. Self-image, Satisfaction, and Mean 
showed no difference between the two groups from before surgery 
to 2 years after surgery.

Table 1B: Demographic variables (categorical) [N (%)]

Demographic 
variable

Lenke 1 and 2 
(N = 26)

Lenke 4 and 5 
(N = 20) p value

Sex
  Male   6 (23.1)   5 (25.0) 0.58
  Female 20 (76.9) 15 (75.0)
Lenke stage
  1   9 (34.6) – –
  2 17 (65.4) –
  4 – 10 (50.0)
  5 – 10 (50.0)
Fusion levels
  From T2 13 (50.0)   2 (10.0) <0.01
  From T3   7 (26.9)   4 (20.0)
  From T4   6 (23.1)   3 (15.0)
  From T5   0   2 (10.0)
  From T9   0   5 (25.0)
  From T10   0   3 (15.0)
  From T11   0   1 (5.0)
Number of fused levels
  ≤10 11 (42.3) 11 (55.0) 0.31
  11   5 (19.2)   2 (10.0)
  12   4 (15.4)   6 (30.0)
  13   4 (15.4)   1 (5.0)
  14   2 (7.7)   0

Table 2: Comparing surgical information and different Cobb angles between patients at Lenke 1 and 2, and patients 
at Lenke 5 and 6 (mean ± SD)

Surgical and clinical details and measurements Lenke 1 and 2 Lenke 5 and 6 p value
Proximal thoracic curve
  Proximal thoracic curve (preoperative Cobb) 40.1 ± 14.9 – –
  Proximal thoracic curve (Left SB Cobb) 33.5 ± 14.8 – –
  Proximal thoracic curve (postoperative Cobb) 21.7 ± 8.5 – –
  Proximal thoracic curve (FU Cobb) 23.7 ± 10.3 – –
Main thoracic curve
  Main thoracic curve (preoperative Cobb) 66.3 ± 12.1 40.7 ± 14.4 <0.01
  Main thoracic curve (Right SB Cobb) 42.7 ± 13.6 31.6 ± 14.8 0.01
  Main thoracic curve (postoperative Cobb) 17.4 ± 6.6 19.7 ± 5.9 0.22
  Main thoracic curve (FU Cobb) 18.7 ± 7.1 22.5 ± 6.8 0.08
Lumbar curve
  Lumbar curve (preoperative Cobb) 32.9 ± 8.9 62.8 ± 8.1 <0.01
  Lumbar curve (Left SB Cobb) 8.0 ± 6.7 32.5 ± 10.1 <0.01
  Lumbar curve (postoperative Cobb) 7.7 ± 5.3 18.9 ± 8.3 <0.01
  Lumbar curve (FU Cobb) 8.7 ± 7.5 22.8 ± 9.1 <0.01

Notes: SB, side bending; FU, follow-up



HRQOL in AIS Different Lenke Stages Contributors

Journal of Orthopedics and Joint Surgery, Volume 3 Issue 1 (January–June 2021)26

Surprisingly, “Self-image” and “Satisfaction” (Satisfaction with 
management) were similar between Lenke 1 + 2 and Lenke 5 + 6 
patients throughout the study period (before and after 2 years of 
surgery). Self-image was kept improving after spinal correction in 
both groups. This a novel finding in which most of the surgeons and 
clinicians expected self-image was much improved in Lenke 5 + 6 
patients than Lenke 1 + 2 in terms of different regional structural 
characteristics. Correcting the major curvatures at main thoracic 
(MT) or double thoracic (DT) provide a similar effect when correcting 
at thoracolumbar/lumbar (TL/L) or thoracolumbar/lumbar-MT 
(TL/L-MT). Our published article showed female with Lenke 2 curve 
before surgery was the group which was best beneficial from the 
surgery using regression models.36 At that time, however, we did 
not consider the effects of different Lenke curvatures on HRQOL. 
Through this study results, self-image improves after surgery 

regardless of curve types and patients. Therefore, the regional 
structural characteristics (curve type) are not crucial factors when 
considering surgery. In addition, results from our another article 
concluded better self-image could be conserved when surgery was 
performed on patients with higher curve flexibility.35 As a result, 
curve flexibility, not curve type, is a factor to consider surgery.

Function, pain management, and mental health improved 
significantly in AIS Lenke 1 + 2 patients than Lenke 5 + 6 patients. 
Lenke 1 patients showed that distal segments were more flexible 
than the proximal ones as seen through the differences in 
fulcrum-bending flexibility.37 A Spanish group reviewing articles 
concerning AIS bracing and surgical patients and found patients 
treated surgically were found to have a better self-image than when 
they were on the brace.38 Our reports showed better self-image 
after an operation and that could be associated with better curve 

Table 3A: SRS-22 domains scores comparing among preoperative and succeeding follow-up consultations

SRS-22 domain scores Preoperative Post-op 1 Post-op 2 Post-op 3 p value
Lenke 1 and 2
  Years since – – 1.0 ± 0.7 1.6 ± 0.8
  Function 4.6 ± 0.4a 3.4 ± 1.0a,b,c 4.4 ± 0.5b 4.6 ± 0.4c <0.01
  Pain 4.3 ± 0.6 4.0 ± 0.5d,e 4.4 ± 0.6d 4.6 ± 0.3e 0.11
  Self-image 3.2 ± 0.4f,g,h 3.8 ± 0.5f 4.0 ± 0.5g 4.1 ± 0.5h <0.01
  Mental 4.0 ± 0.6 4.1 ± 0.6 4.3 ± 0.5 4.1 ± 0.7 0.47
  Satisfaction 4.0 ± 0.9 4.0 ± 0.8 4.4 ± 0.5 4.4 ± 0.6 0.16
  Mean 4.0 ± 0.3 3.9 ± 0.5 4.30 ± 0.4 4.4 ± 0.4 <0.01
Lenke 5 and 6
  Years since – – 0.8 ± 0.9 1.4 ± 0.5
  Function 4.5 ± 0.4i 3.2 ± 0.8i,j 3.9 ± 0.5j 3.9 ± 0.6 <0.01
  Pain 4.3 ± 0.6k 3.1 ± 0.9k,l,m 4.3 ± 0.6l 4.0 ± 0.8m <0.01
  Self-image 3.0 ± 0.6n,o 3.6 ± 0.4 4.1 ± 0.5n 3.9 ± 0.6o <0.01
  Mental 3.7 ± 0.6 3.3 ± 0.5 3.9 ± 0.6 3.6 ± 0.7 0.10
  Satisfaction 4.1 ± 1.0 4.0 ± 0.8 4.6 ± 0.5 4.3 ± 0.8 0.25
  Mean 3.9 ± 0.4p 3.4 ± 0.4p,q 4.2 ± 0.4q 3.9 ± 0.6 <0.01

a to q: statistical significance pairs at p < 0.05

Table 3B: SRS-22 domains scores comparing among follow-up time points

SRS-22 domain scores ≤12 months 12–24 months >24 months p value
Lenke 1 and 2
  Months since surgery 6.6 ± 3.6 20.4 ± 3.1 30.8 ± 2.9 –
  Function 4.3 ± 0.4a 4.6 ± 0.4 4.9 ± 0.2a 0.02
  Pain 4.3 ± 0.6 4.5 ± 0.5 4.9 ± 0.2 0.23
  Self-image 4.0 ± 0.5 4.1 ± 0.5 4.6 ± 0.4 0.11
  Mental 4.0 ± 0.5 4.4 ± 0.5 4.7 ± 0.4 0.04
  Satisfaction 4.4 ± 0.6 4.4 ± 0.5 4.6 ± 0.5 0.78
  Mean 4.2 ± 0.4 4.4 ± 0.4 4.7 ± 0.2 0.06
Lenke 5 and 6
  Months since surgery 6.8 ± 3.8 19.2 ± 3.3 34.5 ± 6.4 –
  Function 3.8 ± 0.4 3.9 ± 0.8 4.6 ± 0.3 0.15
  Pain 4.3 ± 0.5 3.9 ± 1.1 4.3 ± 1.0 0.56
  Self-image 4.2 ± 0.5 3.8 ± 0.6 3.9 ± 0.4 0.38
  Mental 3.8 ± 0.5 3.6 ± 1.0 4.3 ± 1.0 0.48
  Satisfaction 4.6 ± 0.5 3.9 ± 0.8 5.0 ± 0.0 0.05
  Mean 4.1 ± 3.4 3.8 ± 0.8 4.4 ± 0.5 0.28

a: statistical significance pair at p < 0.05
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flexibility.36 Function and pain were dropped immediately after 
surgery and recovered back to pre-surgical level, and mental health 
was relatively stable.39 Searching for eligible studies on HRQOL in 
severe AIS patients with TL/L and/or TL/L-MT curve types returned 
very few results. A European group reported the radiological 
and clinical outcomes of 78 AIS Lenke 5 patients who underwent 
either selective (35) or hyperselective (43) posterior fusions with 
a minimum of 2 years postoperative follow-up.40 SRS-22 function 
domain score was significantly better after short-segment fusions 
(p = 0.03) and SRS-22 pain scores were above 4 in both groups.40 

A Colorado-based AIS study on Lenke 5 curve types treated with 
either anterior (N = 98) or posterior spinal fusion (N = 51) measuring 
their SRS-22 outcomes found no statistically significant difference 
between the ASF and PSF groups both preoperatively and at 2 years 
(p > 0.05).3 This study summarized and compared the HRQOL of 
Lenke 1 + 2 as well as Lenke 5 + 6 AIS surgical subjects. This article 
compared the HRQOL of two groups of severely suffering AIS 
patients with relatively different curve types.

Discussions on the relationship between Lenke curve types 
and HRQOL were scarce. A French-based study of 45 patients 

Figs 1A to F: (A) SRS22 function scores of Lenke 1 and 2, and Lenke 5 and 6 patients during follow-up time points; (B) SRS22 pain scores of Lenke 
1 and 2, and Lenke 5 and 6 patients during follow-up time points; (C) SRS22 self-image scores of Lenke 1 and 2, and Lenke 5 and 6 patients during 
follow-up time points; (D) SRS22 mental scores of Lenke 1 and 2, and Lenke 5 and 6 patients during follow-up time points; (E) SRS22 satisfaction 
scores of Lenke 1 and 2, and Lenke 5 and 6 patients during follow-up time points; (F) SRS22 mean scores of Lenke 1 and 2, and Lenke 5 and 6 
patients during follow-up time points
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(Lenke 1 = 21, Lenke 2 = 2, Lenke 3 = 13, Lenke 5 = 9) fully 
completed SRS-22 at their 2 years or more after surgery, and 
results showed no difference in functional SRS-22 health status in 
patients according to Lenke classification.41 However, the results 
were poorly convinced because the authors employed ANOVA 
as the statistical test by comparing domain scores with different 
Lenke types provided very few sample sizes in certain Lenke types. 
A retrospective review of patient and spinal curve characteristics 
in 1,912 surgical cases with Lenke types showed Lenke type 4 

patients had lower preoperative SRS self-image scores than 
patients with type 1 curves (p = 0.01). We observed no difference 
in preoperative self-image scores between Lenke type 5 + 6 and 1 
+ 2.42 Lenke type 4 donates triple major with structural proximal 
thoracic curvature, while type 5 and 6 represent non-structural 
proximal thoracic curves. Lenke type 1 curve also denotes non-
structural proximal thoracic curvatures and that would explain 
the discrepancy. A Japanese research group looked for factors 
contributing to self-image (SRS-22r) in AIS.43 One example with 

Figs 2A to F: (A) SRS22 function scores of Lenke 1 and 2, and Lenke 5 and 6 patients ≤12 months, 12–24 months, and >24 months after surgery; (B) 
SRS22 pain scores of Lenke 1 and 2, and Lenke 5 and 6 patients ≤12 months, 12–24 months, and >24 months after surgery; (C) SRS22 Self-image 
scores of Lenke 1 and 2, and Lenke 5 and 6 patients ≤12 months, 12–24 months, and >24 months after surgery; (D) SRS22 Mental scores of Lenke 
1 and 2, and Lenke 5 and 6 patients ≤12 months, 12–24 months, and >24 months after surgery; (E) SRS22 Satisfaction scores of Lenke 1 and 2, 
and Lenke 5 and 6 patients ≤12 months, 12–24 months, and >24 months after surgery; (F) SRS22 mean scores of Lenke 1 and 2, and Lenke 5 and 
6 patients ≤12 months, 12–24 months, and >24 months after surgery
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Lenke type 1AN scored the SRS-22r self-image before and after 
2 years of surgery as 1.8 and 4.8, respectively. Another example 
of Lenke type 1C scored 3.0 and 3.2, respectively. The authors 
concluded apical vertebral translation at preoperative and 
persistent thoracolumbar/lumbar curvature were associated with 
a low self-image. The authors did not go into details utilizing the 
SRS-22 data. This article provides extensive comparisons and 
reviews of HRQOL in two different curve types.

Ceiling effect in SRS-22 self-image and mental domains is a 
known documented criticism of SRS questionnaires44–46 and in 
subcategories.47 Caronni et al. created the SRS-7 despite sacrificing 
the ability to detect HRQOL.45 A recent systematic review and 
meta-analysis mentioned the ceiling effect when assessing the 
functional changes would become less sensitive in those highly 
functional patients.48 SRS-22 function domains in both groups are 
above 4 before surgery, therefore, we believe the ceiling effect in 
this study is not detrimental to the results and findings in this study.

Further study is warranted by applying a similar research 
protocol on AIS patients with other Lenke curve types with 
increased sample sizes. Gender difference in the outcomes is 
another interesting topic. Moreover, the effect of different surgical 
approaches (anterior, posterior, or anterio-posterior) on severe 
AIS Lenke 1 + 2 and 5 + 6 would worth exploring the influences 
of mechanical changes in spinal geometry on these two types of 
patients and their health-related outcomes.

Limi   tat i o n s​
The statistical results might have been limited by the number of 
patients in both groups. Recall bias being the retrospective nature 
of this study is inevitable. Reactions to surgical intervention are 
individual and that affected very much on perception of health-
related outcomes. The ceiling effect in SRS-22 self-image and 
mental domains is a known issue particularly for postoperative 
patients, however, the effect is not significant in this study possibly 
controlled by Lenke types.

Co n c lu s i o n​
Spinal correction in AIS patients improves function, pain, and 
mental health, and the effects are significantly sorted in severe 
AIS Lenke 1 + 2 (main thoracic + double thoracic) patients than 
Lenke 5 + 6 (thoracolumbar/lumbar + thoracolumbar/lumbar-main 
thoracic). Self-image and Satisfaction were also improved without 
statistical significance after surgery in both groups.
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