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Abstract

Background: Disfiguring complications of adolescent idiopathic scoliosis (AIS) could significantly affect the patients’ satisfaction.
In this regard, shoulder imbalance has recently received much attention in spite of its poorly understood challenge.
Objectives: While the majority of previous studies have attempted to explore preoperative determinants of postoperative shoulder
imbalance, in this study we aimed to investigate the factors correlated with the preoperative shoulder imbalance.
Methods: A total of 72 AIS patients with no previous history of corrective surgery took part in this study. The study sample comprised
63 females and 9 males with the mean age of 15.72±3.08 years, ranging from 11 to 26 years. Shoulder imbalance parameters including
T1 tilt, first rib angle (FRA), and clavicle angle (CA) were assessed and their correlation with radiographic characteristics of the curves
and patients’ demographic data including age and sex was evaluated.
Results: T1 tilt was more severe in males (mean -8.2°) than females (mean -2.8°) (P = 0.04). Moreover, a significant correlation was
found between age and FRA (P = 0.04). A significant correlation was also observed between main thoracic (MT) curve size and all the
three parameters of shoulder imbalance (P < 0.001). The reverse correlation of T5 - T12 kyphosis angle with FRA was also significant
(P = 0.04).
Conclusions: According to our results, in AIS, pre-operative radiographic shoulder imbalance could be affected by some curve pa-
rameters including MT and kyphosis size and demographic characteristics of patients including age and gender.
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1. Background

Adolescent idiopathic scoliosis (AIS) is defined as a lat-
eral curvature of the spine greater than 10 degrees accom-
panied by vertebral rotation with unknown etiology. It af-
fects 2 to 4 percent of children aged 10 to 16 years. How-
ever, in only 10% of AIS cases the curve progresses to the
point that treatment is warranted. In these patients, cos-
metic considerations also significantly affect their satisfac-
tion both before and after surgery (1, 2).

It is well acknowledged that the spinal deformity in
scoliosis is only part of the complex body disfigurement
which includes sagittal, coronal, and axial plane distor-
tion of the chest wall, trunk, pelvis, shoulder, and neck (3).
Among them, shoulder imbalance in AIS has recently re-
ceived much attention in spite of its poorly understood
challenge (2, 4). Determining the components of AIS which
preoperatively affect the shoulder balance could help the
better management of shoulder imbalance through pre-
operative and postoperative assessment of such parame-
ters (3).

Several studies have investigated preoperative deter-
minants of postoperative shoulder imbalance. Menon et
al. evaluated the preoperative shoulder imbalance in AIS
and reported that theoretically surgical balancing of the
shoulder should not depend only on the stiffness and mag-
nitude of proximal thoracic (PT) curve (2). Kuklo et al.
also reported that the clavicle angle rather than T1 tilt,
upright proximal thoracic, or side-bending proximal tho-
racic Cobb can provide the best preoperative prediction of
postoperative shoulder imbalance (4). Hong et al. eval-
uated the factors affecting shoulder balance after correc-
tive surgery in scoliosis and reported the significant cor-
relations of correction rate of middle and distal curvature
with postoperative shoulder balance. They also reported
that preoperative shoulder level could be a determinant of
postoperative shoulder balance (5).

2. Objectives

In spite of many previous studies that have attempted
to show determinants of postoperative shoulder imbal-
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ance, we aimed to evaluate the factors influencing preop-
erative shoulder imbalance regardless of postoperative re-
sults.

Despite the enormous advances in cross-sectional
imaging over the past decades, radiography still remains
as the mainstay of scoliosis evaluation (6). Consequently,
we used radiographic parameters of the shoulder imbal-
ance to explore their potential correlations with scoliosis
curvatures. We also evaluated some demographic charac-
teristics of the patients which could potentially affect the
shoulder imbalance in AIS patients.

3. Methods

A total of 72 AIS patients who had been selected for
corrective surgery took part in the present cross-sectional
study. Over a 2-year period starting from 2013, the patients
were evaluated for shoulder imbalance. The study was con-
ducted on 63 females and 9 males with the mean age of
15.72 ± 3.08 years, ranging from 11 to 26 years. The radio-
demographic characteristics of patients have been demon-
strated in Table 1 in detail.

Our exclusion criteria included previous corrective
surgery, left thoracic curve, and scoliosis of known origin
including congenital disorders, cerebral palsy, etc. Whole
spine standing postero-anterior (PA), lateral and supine
side-bending radiographs were obtained and used for ra-
diographic evaluations.

Three parameters of shoulder imbalance including T1
tilt, first rib angle (FRA), and clavicle angle (CA) were as-
sessed. In this regard, T1 tilt was defined as tilting of
cephalic endplate of T1, FRA as inclination of line through
superior border of both first ribs, and CA as inclination of
line between uppermost superior borders of both clavicles
(7) (Figure 1).

A positive T1 tilt was correlated with the left proximal
vertebral body up and right lower vertebral body down
and a positive clavicle angle and first rib angle, like T1 tilt,
were correlated with the left clavicle and first rib up and
right side down (7).

Radiographic evaluation of the curves included the
evaluation of proximal thoracic (PT) curve, main thoracic
(MT) curve, and thoracolumbar/lumbar (TL/L) curve. Cobb
angles were measured to quantify the magnitude of the
curves (8). In addition, standard demographic data includ-
ing sex and age were recorded for each patient. The curves
were classified according to Lenke classification. Briefly,
Lenke classification is composed of 3 components includ-
ing curve type (Type 1 - 6), lumbar spine modifier (A, B, or
C), and sagittal thoracic modifier (-, N,+)(9).

This study was approved by the ethics committee of
our university and written consent was obtained from all

Figure 1. Schematic Drawing of Radiographic Parameters of Shoulder Imbalance
Including Clavicle Angle (CA), T1 Tilt, and First Rib Angle (FRA)

the patients taking part in the study or their parents.
Unpaired T-test and ANOVA were used to analyze the

significance of continuous variables such as radiographic
parameters. Pearson correlation coefficients were used to
assess the linear correlation between radiographic param-
eters. IBM SPSS Statistics 23 was used for all statistic analysis
and P < 0.05 was considered statistically significant.

4. Results

Mean values of PT, MT, and TL/L curve were 20.50 ±
10.82°, 52.33 ± 19.42°, and 38.00 ± 15.04°, respectively.
The Mean kyphosis angle was 39.70±16.52°. Moreover, the
mean values of T1 tilt, FRA, and CA were -3.54 ± 7.55°, -3.52
± 7.22°, and -2.12 ± 3.88°, respectively (Table 2).

Overall, 34 (47.2%) patients with lumbar modifier A, 13
with lumbar modifier B (18.1%), and 25 with lumbar mod-
ifier C (34.7%) were observed. Also, 3 patients with nega-
tive, 35 patients with normal, and 34 patients with positive
sagittal thoracic modifier were identified in this study.

The MT curve was more severe in males (mean 67.7°)
than females (mean 50.1) (P = 0.03), while no significant dif-
ference was observed in PT and TL/L curves based on gen-
der. A significant correlation was also found between MT
curve size and all the three parameters of shoulder imbal-
ance (P < 0.001). The strength of the correlation was -0.55, -
0.56, and -0.46 for T1 tilt, CA and FRA, respectively. However,
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Table 1. Patients’ Radiographic and Demographic Characteristics

Parameter Groups No. % Mean T1 Tilt° Mean CA° Mean FRA°

Gender
Male 9 (12.5) -8.22 -3.77 -7.44

Female 63 (87.5) -2.87 -1.88 -2.96

Lenke type

1 32 (44.4) -4.21 -2.15 -4.34

2 17 (23.6) -1.35 -2.29 -1.52

3 7 (9.7) -7.71 -6.00 -7.14

4 4 (5.6) -7.25 -2.75 -7.75

5 8 (11.1) +0.62 +0.75 +0.62

6 4 (5.6) -4.75 +0.50 -3.25

Lumbar
modifier

A 34 (47.2) -3.44 -2.29 -3.55

B 13 (18.1) -6.23 -2.92 -6.15

C 25 (34.7) -2.28 -1.48 -2.12

Sagittal
thoracic
modifier

Negative 3 (4.2) -1.33 0.66 -1.33

Normal 35 (48.6) -4.91 -2.74 -5.20

Positive 34 (47.2) -2.32 -1.73 -2.00

zCA, clavicle angle; FRA; first rib angle.

Table 2. The Mean ± SD of Radiographic Data of Shoulder Imbalance and Curve Pa-
rameters

Radiographic Measurements, ° Mean ± SD Range

Cobb-PT 20.50 ± 10.82 0 - 44

Cobb-MT 52.33 ± 19.42 5 - 110

Cobb-TL/L 38.00 ± 15.04 4 - 78

Cobb-Kyphosis 39.70 ± 16.52 5 - 80

T1 tilt -3.54 ± 7.55 -30 to 12

FRA -3.52 ± 7.22 -30 to 10

CA -2.12 ± 3.88 -10 to 8

zCA, Clavicle Angle; FRA, First Rib Angle; L, Lumbar; MT, Main Thoracic; PT, Prox-
imal Thoracic; TL, Thoracolumbar.

the correlation of PT and TL/L curves with shoulder imbal-
ance was not significant.

T1 tilt was more severe in males (mean -8.2°) than fe-
males (mean -2.8°) (P = 0.04). Nevertheless, gender did not
significantly affect CA and FRA. In addition, a significant
correlation between age and FRA (r= -0.23, P = 0.04) was no-
ticed. In this regard, more severe FRA were seen in older
patients. Even though, the correlation of age with other
shoulder imbalance data including CA and T1 tilt was not
significant.

The reverse correlation of T5 - T12 kyphosis angle with
FRA was also significant (r = 0.23, P = 0.04). Moreover, pa-

tients with Lenke type 3 and 4 had more severe T1 tilt and
FRA, although this difference was not statistically signifi-
cant. Lumbar modifier and sagittal thoracic modifier did
not show any significant correlation with shoulder imbal-
ance parameters.

The results of the mean differences and correlation
analysis have been demonstrated in Tables 2 and 3.

5. Discussion

In spite of our rudimentary understanding of shoul-
der imbalance in AIS patients, the attachment of pelvic gir-
dle to the spine through sacroiliac joint could understand-
ably link the spine deformities to the corresponding tilts
in pelvis. In addition, the pectoral girdle is indirectly con-
nected to the spine through a series of articulated levers
made of bone and joints. Scapula is also attached to the
chest wall through the corresponding muscles. While the
association of spinal deformity with shoulder imbalance
is expected, the quality and quantity of this correlation re-
main to be resolved. In this regard, two aspects of this cor-
relation attract more attention including how spinal de-
formity produces shoulder imbalance and how manipula-
tion of the spine is translated into the realignment of the
shoulder.

Kuklo et al. evaluated the correlation of postopera-
tive shoulder balance with preoperative radiographic mea-
surements in order to aid preoperative planning of the
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Table 3. Statistical Analysis of Patients’ Radiographic and Demographic Characteristicsa

Value PT (R and P
Value)

MT (r and P
Value)

TL/L (r and P
Value)

Kyphosis (r
and P Value)

Age (r and P
Value)

Sex (P Value) Lumbar
Modifier (P

Value)

Lenke Curve
Type

T1 tilt
-0.02 -0.55 -0.16 0.20 -0.22 ¥b Ωc Ωc

0.82 0.00d 0.16 0.09 0.054 0.04d 0.31 0.31

FRA
-0.06 -0.56 -0.13 0.23 -0.23 ¥b Ω Ωc

0.59 0.00d 0.26 0.04d 0.04d 0.08 0.26 0.18

CA
-0.19 -0.46 -0.11 0.17 -0.15 ¥b Ωc Ωc

0.10 0.00d 0.34 0.14 0.19 0.17 0.52 0.15

aNo sign: Pearson test
b¥: t test
cΩ: ANOVA test
dP < 0.05 is considered statistically significant

surgery. They reported that CA, rather than T1 tilt, up-
right proximal thoracic, or side-bending proximal thoracic
Cobb, provides the best preoperative radiographic predic-
tion of postoperative shoulder imbalance (4). Winter re-
ported that positive overcorrection of the lower thoracic
curve beyond the spontaneous correctability of upper tho-
racic curve may lead to undesirable shoulder asymmetry
(10). Hong et al. also analyzed the factors that could af-
fect shoulder balance after surgical correction in scolio-
sis and concluded that patients with smaller preoperative
shoulder imbalance show higher chance of aggravation
after surgery, and preoperative shoulder level difference
could be used as a determinant of postoperative shoul-
der balance (5). Furthermore, Namikava et al. assessed
shoulder imbalance following posterior spinal fusion for
thoracic AIS and reported that sufficient correction of PT
curve, which is matched with the correction of MT curve,
is necessary to prevent postoperative shoulder imbalance
(11).

While the majority of previous studies have investi-
gated the factors affecting postoperative shoulder imbal-
ance, a limited number of investigations including our
study have been assigned to explore the potential factors
which could affect shoulder imbalance before surgical cor-
rection of the spine.

Menon et al. evaluated the patterns of preoperative
shoulder imbalance in AIS patients. They reported that
preoperative shoulder level could be concordant or discor-
dant with T1 tilt and the shoulder might be MT dependent
or PT dependent. Therefore, they concluded that surgical
balancing of the shoulder and upper instrumented verte-
bra placement should not only depend on the magnitude
and stiffness of PT curve (2). However, the application of
T1 tilt as a determinant of shoulder level has been demon-
strated to less correlate with clinical picture than CA and

coracoids height difference (CHD) (4, 12-14).
According to our results, shoulder level was found to

be correlated with both demographic and curve character-
istics of AIS patients. In terms of demographic characteris-
tics, we found a significant correlation between male gen-
der and T1 tilt. In addition, FRA was also found to signif-
icantly be correlated with the age of the patients so that
older patients showed more severe FRA. To the best of our
knowledge, the correlation of demographic data of AIS pa-
tients with shoulder imbalance has not been previously
evaluated and these data could help surgeons more ac-
curately evaluate shoulder imbalance both pre- and post-
operatively. However, some other demographic data in-
cluding BMI and height of the patients could affect the
shoulder level in AIS patients which need to be evaluated
in future investigations.

On the other hand, a significant correlation between
shoulder imbalance parameters and curvature type was
also found in our study. In this regard, MT curve was found
to be significantly correlated with three shoulder imbal-
ance parameters. Moreover, Kyphosis angle was signifi-
cantly reverse correlated with FRA.

Our study also encountered some preliminary limita-
tions. For example, the unequal number of males and fe-
males, and the small number of subjects in some types of
scoliosis (e.g. Lenke type 5) could be referred.

The present understanding of shoulder imbalance in
AIS patients could help the physician and patients pre-
evaluate the cosmetic complications of the disease and
eventually prevent shoulder imbalance postoperatively.
Prediction of high shoulder imbalance possibility in an
AIS patient could lead to a more accurate strategy during
surgery.

Considering the more significant correlation between
MT curve and shoulder imbalance parameters, it could be
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suggested that more attention be paid to the MT curve
management in the AIS shoulder imbalance prediction
and correction.

Inquiring a link between pre- and post-operative deter-
minants of shoulder imbalance could be even more advan-
tageous and is considered as our next mission, as several
previous studies have shown the correlation of preopera-
tive radiographic parameters with postoperative shoulder
imbalance.

According to our results, T1 tilt was found to be signifi-
cantly more severe in male AIS patients. In addition, more
severe FRA was seen in older patients. Moreover, MT curve
severity was significantly correlated with T1 tilt, FRA, and
CA. Kyphosis angle significantly was correlated with FRA, as
well. However, Lenke curve type and lumbar modifier had
no significant effect on shoulder balance parameters.
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