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Study Design: Retrospective cohort study.
Purpose: This study aimed to evaluate the relationship between C7 plumb line (C7PL) decompensation and the Scoliosis Research 
Society (SRS) 22-item patient questionnaire scores, including those related to self-image, preoperatively and 2 years after surgery.
Overview of Literature: In the surgical treatment of adolescent idiopathic scoliosis (AIS), inferior trunk balance caused by C7PL 
decompensation can negatively affect patients’ quality of life. However, there are few reports in the literature that describe or clarify 
how postoperative trunk imbalance affects each SRS-22 domain, including self-image domain scores.
Methods: A total of 120 patients with AIS who underwent posterior spinal fusion from August 2006 to March 2017 at our facility and 
were followed up for 2 years or more were included. Radiological parameters were measured on whole-spine anteroposterior and 
lateral radiographs. Revised SRS-22 (SRS-22r) values were also recorded. Coronal trunk imbalance was defined as a deviation of ≥2.0 
cm between the C7PL and the central sacral vertical line. Patients with and without coronal trunk imbalance at 2 years after surgery 
were defined as D (+) (decompensation type) and D (-), respectively. Mean SRS-22r values, including function, pain, self-image, men-
tal health, and subtotal were compared between the D (+) and D (-) groups. Logistic regression analysis was performed to detect the 
preoperative factors related to D (+) using predictors, including curve type, maximum Cobb angle, and coronal trunk imbalance.
Results: At 2 years after surgery, the D (+) group had a significantly lower self-image in the domain of SRS-22r scores compared with 
the D (-) group. Preoperative coronal trunk imbalance was significantly related to D (+) but not to significant changes in the postopera-
tive SRS-22 score in any of the SRS-22 domains.
Conclusions: Postoperative C7PL deviation lowers the self-image in patients with AIS. Patients with preoperative coronal trunk im-
balance were significantly more likely to be D (+).
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Introduction

An ideal standing trunk balance in the treatment of ado-
lescent idiopathic scoliosis (AIS) is defined by the align-
ment of the C7 plumb line (C7PL) and central sacral ver-
tical line (CSVL) on the coronal plane and C7PL located 
at the posterosuperior edge of the first sacral vertebrae in 
the sagittal view [1,2]. Despite achieving a good postop-
erative correction of scoliosis, residual decompensation 
of the coronal trunk balance is occasionally observed due 
to coronal decompensation. In such cases, inferior trunk 
balance caused by C7PL decompensation, which is not 
directly related to the functional disorder, can negatively 
affect patients’ quality of life. Given that AIS commonly 
presents in sensitive adolescent patients who are prone to 
be affected by psychological stress, the mental health of 
patients with residual decompensation should be carefully 
considered [3]. The the Scoliosis Research Society (SRS) 
22-item patient questionnaire is a widely adopted method 
for evaluating AIS. The questionnaire’s self-image domain 
score—which includes the patient’s impression of their ap-
pearance while clothed, the presence of depressed mood, 
and treatment satisfaction—accurately reflects the pa-
tient’s psychological traits [3]. Although good trunk bal-
ance (i.e., an ability to maintain postural control without 
coronal trunk deviation as measured with a plumb line 
from C7 to S1) was associated with little pain [4], there 
are few reports in the literature that describe or clarify 
how postoperative trunk imbalance affects each SRS-22 
domain, including self-image domain scores.

In this study, we evaluated the relationship between 
C7PL decompensation and SRS-22 scores, including those 
relating to self-image, before and 2 years after surgery.

Materials and Methods

We conducted this study in compliance with the prin-
ciples of the Declaration of Helsinki. The study’s protocol 
was reviewed and approved by the Institutional Review 
Board of Shinshu University (IRB approval no., 3716). Af-
ter obtaining written informed consent, 120 patients with 
AIS (12 males and 108 females; mean±standard deviation 
age, 14.9±2.1 years) who underwent posterior spinal fu-
sion between August 2006 and March 2017 at our facility 
and were followed up for ≥2 years were enrolled in the 
study.

In terms of the frontal trunk balance, the SRS defines 

“compensation” as having a C7PL decompensation of less 
than 1.5 cm from the CSVL. Although there are some 
variations in how “decompensation” is defined, in the 
context of poor trunk balance, most patients exhibit a de-
viation of 2.0 cm or more [5,6]. Therefore, patients in this 
study with a C7PL deviation of ≥2.0 cm from the CSVL at 
2 years after surgery were defined as having decompensa-
tion type and denoted as D (+), and patients with <2.0 cm 
deviation were denoted as D (-). Clinical outcomes were 
assessed and compared between the D (+)/D (-) groups. 
For clinical evaluations, the results   of the SRS-22 ques-
tionnaire for function, pain, self-image, mental health, 
subtotal, and satisfaction were compared. Scoring was 
performed using the Japanese version of the original SRS-
22 questionnaire [7,8]. Measurements were performed 3 
times by the first author, who had not attended the sur-
gery, and the mean value was calculated.

An unpaired t-test and Fisher’s exact test were used to 
compare D (+)/(-). Logistic regression analysis was per-
formed to detect the associated factors of D (+) by using 
the preoperative curve type, preoperative maximum Cobb 
angle, and preoperative coronal trunk imbalance (C7PL 
deviation of ≥2.0 cm from the CSVL) as candidate factors. 
All p-values of <0.05 were considered statistically signifi-
cant. Statistical analysis was performed using IBM SPSS 
Statistics ver. 21.0 (IBM Corp., Armonk, NY, USA).

Results

Among the 120 cases, there were 18 cases of D (+) and 
102 cases of D (-) (Table 1). The mean±standard devia-
tion postoperative C7PL deviation was 1.1±0.1 cm, and 
15 of 18 D (+) patients exhibited a trunk imbalance with 
C7PL >2.0 cm immediately after surgery. The remaining 
three patients showed a C7PL <2.0 cm at 3 months post-
operatively but subsequently became D (+). There were 
no significant differences in age, sex, height, weight, body 
mass index, Lenke curve type, number of fused vertebrae, 
or surgical time between the two groups.

1. Clinical performance evaluation (SRS-22r)

When all the data were analyzed, improvements in the 
postoperative SRS-22 scores were observed. All domains 
achieved statistically significant improvements except for 
the pain domain (Fig. 1). Function improved from 4.5 
points to 4.7 points (difference, 0.2 points; 95% confidence 
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interval [CI], 0.1–0.3; p<0.01); pain, 4.3 to 4.5 (difference, 
0.2; 95% CI, 0.0–0.3; p=0.12); self-image, 2.7 to 3.9 (differ-
ence, 1.2; 95% CI, 1.1–1.5; p<0.01); mental health, 4.0 to 

4.4 (difference 0.5; 95% CI, 0.3–0.6; p<0.01); and subtotal, 
4.0 to 4.4 (difference, 0.4; 95% CI, 0.4–0.6; p<0.01).

At 2 years after surgery, the D (+) was significantly 
lower compared with the D (-) in self-image and satisfac-
tion in the revised SRS-22 (SRS-22r) domain scores (Fig. 
2). The results were as follows: mean function: D (+), 4.6 
points (95% CI, 4.5–4.7) and D (-), 4.7 (95% CI, 4.6–4.8), 
p=0.14; pain: D (+), 4.3 (95% CI, 4.1–4.5) and D (-) 4.5 
(95% CI, 4.3–4.6), p=0.62; self-image: D (+), 3.5 (95% CI, 
3.3–3.7) and D (-), 4.0 (95% CI, 3.9–4.2), p<0.01; mental 
health: D (+), 4.2 (95% CI, 4.0–4.4) and D (-), 4.5 (95% 
CI, 4.3–4.6), p=0.50; subtotal: D (+), 4.2 (95% CI, 4.1–4.3) 
and D (-), 4.4 (95% CI, 4.3–4.5), p=0.54; and satisfac-
tion, D (+), 3.6 (95% CI, 3.3–3.8) and D (-), 4.1 (95% CI, 
3.9–4.3), p=0.01. According to stratification by the degree 
of coronal deviation, the mean self-image score was 4.1 in 
the group with postoperative C7PL deviation <1 cm and 
4.0 in the group with postoperative C7PL deviation >1 
cm to <2 cm, with no significant difference between the 
groups (p=0.50). Similarly, the respective mean satisfac-
tion scores were comparable at 4.2 and 4.0 (p=0.26).

The minimal clinically important difference (MCID) for 
self-image is reported to be 0.98 [9]. In terms of postop-
erative self-image, the D (-) showed better mean improve-
ment than 0.98, whereas the D (+) did not, and there was 
a significant difference in the improvement score (p=0.03). 
The improvement in D (-) was 1.4 (95% CI, 1.2–1.6), 
and that of D (+) was 0.9 (95% CI, 0.7–1.2). The number 
of patients who achieved MCID in the D (-) and D (+) 
groups were 68 (67%) of 102 patients and 9 (50%) of 18 

Table 1. Baseline patient characteristics

Characteristic Total D (+) D (−)
D (+) vs. D 

(−)
p-value

No. of patients 120 18 102

Age (yr)   14.8±2.1   14.2±2.0   14.9±2.1 0.33

Sex 0.97

Male   12    2 10

Female 108 16 92

Height (cm) 154.4±7.5 160.9±1.8 153.7±7.5 0.12

Weight (kg)   45.0±7.3   48.2±4.6   44.7±7.4 0.44

Body mass index (kg/m2)   19.0±2.5   18.6±1.7   19.1±2.6 0.77

Lenke curve type 0.55

1 53 8 45

2 15 1 14

3   2 1   1

4   3 0   3

5 29 4 25

6 18 4 14

No. of fused vertebrae     8.9±2.8   10.1±2.7     8.7±2.7 0.16

Surgical time (min)   203±75   242±93   196±70 0.08

Amount of bleeding (mL)     833±695  1,235±851     768±644 0.05

Values are presented as number for categorical variables or mean±standard 
deviation for continuous variables.
D (+), decompensation group at 2 years after the operation; D (−), compensation 
group at 2 years after the operation.
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Fig. 1. (A–E) Scoliosis Research Society 22-
item patient questionnaire score changes of all 
subjects. Error bars represent 95% confidence 
intervals. Preop, preoperation; Postop, 2 years 
after the operation. *p<0.05.
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patients, respectively, with no significant differences in the 
rate of MCID achievement between the groups (p=0.17).

2.   Preoperative curve profile associated with postopera-
tive decompensation

We examined the curve type, maximum Cobb angle, and 
coronal trunk imbalance, and only the coronal trunk im-
balance showed a significant association with D (+) (Table 
2). Although the thoracolumbar/lumbar curve was signifi-
cantly associated with preoperative trunk imbalance (Table 
3), no clear association was observed with postoperative 
coronal balance (Table 2). There was no clear association 
between the maximum Cobb angle and preoperative and 

postoperative coronal trunk imbalance (Tables 2, 3).
It was unclear how the curve profile changed by surgery 

affected the decompensation type. The correction rate of 
the thoracic curve for D (+) and D (-) was 59% and 52%, 
respectively, with no significant difference between the 
groups (p=0.45). Comparable findings were observed for 
the correction rate of the TL/L curve (58% and 60%, re-
spectively; p=0.84).

3.   Influence of preoperative coronal trunk imbalance 
on the clinical outcome

There were no significant differences in the SRS-22 score 
in any domains between patients with and without pre-
operative coronal trunk imbalance (Fig. 3). The SRS-22 
scores were as follows: mean function of those with pre-
operative decompensation of coronal balance, 4.5 points 
(95% CI, 4.3–4.7), and those with preoperative non-
decompensation of coronal balance, 4.5 (95% CI, 4.3–4.6), 
showing no significant difference (p=0.99); pain, 4.3 (95% 
CI, 4.2–4.4) and 4.3 (95% CI, 4.1–4.4), p=0.08; self-image, 
2.8 (95% CI, 2.6–2.9) and 2.7 (95% CI, 2.5–2.8), p=0.10; 
mental health, 4.0 (95% CI, 4.3–4.7) and 4.0 (95% CI, 
3.8−4.2), p=0.70; and subtotal, 4.1 (95% CI, 3.9–4.2) and 
3.9 (95% CI, 3.9–4.1), p=0.42.

In the D (+) group, five patients exhibited C7PL <2.0 
cm preoperatively. These cases revealed no distinctive fea-
tures in terms of the position of the major curve and the 
size of the Cobb angle (Table 4).

4. Report of a typical case

A 14-year-old female was diagnosed with AIS by a nearby 
hospital and visited our department. Her condition was 

Table 2. Preoperative associated factors for postoperative coronal decompen-
sation

Candidate Odds ratio 
(95% CI) p-value

Preoperative coronal imbalance (more than 2 cm)   5.1 (1.3–20.8)   0.02*

Main curve site (TL/L curve) 1.7 (0.4–6.5) 0.44

Cobb angle (+10°) 1.3 (0.8–2.2) 0.30

CI, confidence interval; TL/L, thoracolumbar or lumbar.
*p<0.05.

Table 3. Preoperative associated factors for preoperative coronal decompensa-
tion

Candidate Odds ratio (95% CI) p-value

Main curve site (TL/L curve) 3.4 (1.2–9.9)   0.03*

Cobb angle (+10°) 1.1 (0.7–1.7) 0.77

CI, confidence interval; TL/L, thoracolumbar or lumbar.
*p<0.05.
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Lenke type 6C (main thoracic curve=45°, thoracolumbar 
curve=74°) (Fig. 4A). C7PL decompensation was 3.5 cm 
to the left. Her SRS-22 scores were as follows: pain, 4.0; 
function, 3.8; self-image, 3.0; mental health, 3.4; and sub-
total, 3.55. Posterior correction and fusion (Th2–L3) were 
performed. At 2 years postoperatively, the Cobb angle at 
the thoracic and thoracolumbar curves were 14° and 19°, 
respectively (Fig. 4B); C7PL deviation was 2.1 cm to the 
left; and SRS-22 scores were pain 4.8, function 3.8, self-
image 3.4, mental health 4.8, subtotal 4.2, and satisfaction 
2.0.

Discussion

Our study showed that postoperative C7PL deviation is 

a factor that worsens the self-image in patients with AIS. 
Interestingly, there was no apparent association between 
C7PL deviation and self-image preoperatively. At 2 years 
after surgery, however, the self-image of patients with a 
C7PL deviation of 2 cm or more from CSVL was signifi-
cantly poorer than patients with a deviation of 2 cm or 
less.

There have been some reports on the relationship be-
tween trunk balance and SRS score in patients with AIS. 
Fortin et al. [4] reported no relationship between trunk 
balance failure and either function, pain, self-image, or 
mental health, in 55 patients with AIS who did not un-
dergo surgery. Watanabe et al. [10] suggested a ≥40° Cobb 
angle and a ≥20° of rotation angle in surgically untreated 
AIS to be factors that worsen patients’ self-image; on the 
other hand, inferior trunk balance with C7PL decompen-
sation of 20 to 30 mm was found to not affect self-image. 
Thus, Fortin et al. [4] and Watanabe et al. [10] both con-
cluded that trunk balance was not remarkably associated 
with the self-image of patients with unoperated scoliosis. 
These results are consistent with our study, which showed 
no significant differences in SRS-22 score between the pa-
tients with or without preoperative coronal trunk imbal-
ance.

It has been reported that the improvement in self-image 
after AIS is associated with the correction of breast asym-
metry and shoulder balance [11]. However, few reports 
in the literature have examined the relationship between 
C7PL and self-image. D’Andrea et al. [12] investigated the 
association between preoperative and 2-year postoperative 
radiographic imaging scores from the Harms Study Group 
and SRS scores in 78 patients with AIS. The radiographic 
scoring system of the Harms Study Group was measured 
on a 100-point scale, and a C7PL deviation of <2.0 from 
CSVL was defined as 5 points, with 1 point deducted for 

Fig. 4. Posteroanterior radiograph of a typical case. (A) Before surgery. (B) 2 
Years postoperatively.

Table 4. Clinical features of patients who switched from non-imbalance to D (+)

Case no. Age (yr) Sex Lenke type
Preoperative Postoperative

Satisfaction
Cobb angle (°) C7PL (cm) Self-image C7PL (cm) Self-image

1 11 Female 6 51 Lt. 1.1 2.4 Lt. 2.4 3.8 5

2 17 Female 2 43 Rt. 0.6 2.6 Lt. 2.0 3.4 4

3 12 Female 1 48 Rt. 0.8 2.4 Lt. 2.3 3.4 4

4 15 Female 3 87 Lt. 1.2 2.6 Lt. 3.5 4.2 4

5 12 Female 1 52 Rt. 1.1 1.8 Lt. 3.5 3.6 4

D (+), decompensation group at 2 years after the operation; C7PL, C7 plumb line; Rt, right; Lt, left.

A B
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every 1.0-cm increase in deviation. Therefore, the overall 
effect of C7PL on this scoring method is underestimated. 
In a study on 890 patients with AIS, Gomez et al. [13] 
found no difference in SRS-22 scores between those with 
and without residual decompensation of coronal trunk 
balance at 2 years postoperatively; however, there is no 
mention of self-image in the study. Our study revealed 
that postoperative C7PL decompensation adversely affect-
ed self-image. Although preoperative C7PL decompensa-
tion had a small effect on self-image in patients with AIS, 
the surgical correction of scoliosis enabled a greater effect 
of C7PL decompensation on self-image, and we speculate 
that D (+) cases thus tend to result in poor self-image.

The patients with preoperative coronal imbalance in our 
study showed a significantly higher possibility of D (+). 
This result was consistent with that of a study by Karami 
et al. [5] that included 120 patients with AIS and showed 
that preoperative coronal trunk imbalance was a risk fac-
tor for trunk imbalance at 2 years postoperatively. In our 
study, early postoperative radiographs showed that cases 
with C7PL >2.0 cm tended to become D (+), and there 
were several cases in which trunk imbalance had subse-
quently progressed at 3 months to 2 years postoperatively. 
Munakata et al. [14] proposed the modified S-line as a 
method to prevent postoperative D (+). In surgery for 
Lenke 1 type cases, it might be possible to keep the post-
operative C7PL deviation within 1 cm by determining the 
upper instrumented vertebra based on the modified S-
line.

In this study, the preoperative major curve was thora-
columbar/lumbar, which was a risk factor for imbalance 
before the operation. There are similar reports in the 
literature. Gauchard et al. [15] studied the position of the 
major curve and Cobb angle in 102 patients with AIS who 
underwent conservative treatment and compared patients 
with either a thoracic or thoracolumbar/lumbar major 
curve, reporting that those with a thoracic curve showed 
smaller trunk balance decompensation. Fortin et al. [4] 
studied 55 patients with AIS who underwent conservative 
treatment and found that having a thoracolumbar/lumbar 
curve as a major curve was mildly associated with the 
decompensation of trunk balance. However, the position 
of the curve did not affect postoperative imbalance in this 
study. In addition, the size of the preoperative major curve 
was not related to the postoperative imbalance. Gomez et 
al. [13] reported no association between the residual cases 
of trunk imbalance and the size of the major curve before 

surgery, which was a similar finding to that in our study.
In this study, the satisfaction in the D (-) group was 

significantly higher than in the D (+) group. As a factor to 
improve satisfaction, Watanabe et al. [16] suggested the 
importance of self-image, because the improvement in 
self-image is related to improved treatment satisfaction, 
regardless of major curve pattern or pain. Together with 
the results of this study, it appears that C7PL correction 
can result in improved self-image, and subsequently, im-
proved satisfaction.

There are two notable limitations in this study. First, 
the number of D (+) patients (n=18) was small, which 
made it difficult to conduct a multivariate analysis. Fac-
tors that affect self-image can include those other than 
C7PL deviation (e.g., Cobb angle correction, waist line, 
and shoulder balance). Further analysis might be war-
ranted, with a larger sample size. Next, we were unable to 
find any remarkable characteristics in the five patients in 
whom the well-balanced coronal trunk became D (+). The 
mean postoperative self-image of these five patients was 
3.7, which was higher than the mean of 3.6 for all those 
D (+), and we believe that it was unlikely that these five 
patients posed any substantial effect on our overall results. 
However, the cause of deterioration in balance warrants 
further investigation.

In patients with AIS, the value of self-image was signifi-
cantly lower in decompensation cases with a C7PL devia-
tion of 2.0 cm or more at 2 years after surgery compared 
with patients with less than a 2.0 cm deviation. The pa-
tients with preoperative coronal trunk imbalance showed 
a greater tendency to have postoperative decompensation; 
thus, special attention should be paid in the correction of 
C7PL deviation.
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