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Abstract

Purpose This study sought to analyze factors that predict postoperative shoulder balance based on clinical photography.
Methods Based on inclusion criteria, 132 AIS patients were selected. Age, sex, and BMI of each patient were recorded.
The following parameters were recorded from radiographs: clavicle angle, T1 tilt, the upper instrumented vertebra (UIV),
lowest instrumented vertebra (LIV) thoracic kyphosis, lumbar modifier, preoperative and postoperative proximal thoracic
Cobb angle, preoperative and postoperative main thoracic Cobb angle, and preoperative and postoperative thoracolumbar
Cobb angle, if applicable. Two spine surgeons independently assigned the photographs shoulder balance grades based on
the WRVAS (1-2 = Acceptable, 3-5 = Unacceptable). Surgeons were blinded as to whether the photographs were taken
preoperatively or postoperatively. The shoulders were also graded as right high, left high, or balanced.

Results Of all variables analyzed, only main thoracic Cobb angle correction (MTCAC) showed a statistically significant
relationship with postoperative shoulder balance (p=0.01). Odds of having unacceptable shoulder balance increase by 21%
for every 5° increase in MTCAC (Adjusted OR=1.21, 95% CI 1.015-1.452). The odds of unbalanced shoulders are 4.7
times higher for patients whose MTCAC is 40° or more (p =0.001). Inter-rater reliability was excellent (k=0.7). Intra rater
reliability was perfect for Surgeon 1 (kappa=1.0) and showed substantial agreement for Surgeon 2 (kappa=0.8)
Conclusions Greater correction of main thoracic Cobb angle predicts unacceptable postoperative shoulder balance with 40°
of correction signifying a major dichotomy between acceptable and unacceptable.

Keywords Adolescent idiopathic scoliosis - Shoulder balance - Posterior spinal fusion and instrumentation

Introduction

Adolescent idiopathic scoliosis (AIS) is a three-dimensional
deformity of the spine affecting up to 3% of the population.
While often benign, the natural progression of AIS may
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result in disturbances of the body that affect morphology and
physiology [1]. One of the greatest concerns of the patient is
the overall body appearance, both before and after surgery.
Shoulder balance, as measured by the Walter Reed Visual
Assessment Scale (WRVAS), is one of the most commonly
rated specific appearance concerns described by children
with AIS and has shown validity as a means for assessment
of scoliotic deformity [2]. In one review of 112 surgically
treated patients with AIS, preoperative shoulder imbalance
was a concern in 75% and postoperative imbalance was still
a concern in 24% [1]. Even more disappointing is the patient
with acceptable shoulder balance before surgery who unex-
pectedly has unacceptable shoulder balance postoperatively.

Shoulder balance can be measured clinically, radio-
graphically, and/or by clinical photography [3]. Ono et al.
showed that shoulder height asymmetry based on clinical
photography can be subclassified into two distinct regions,
lateral and medial [4]. Medial shoulder balance was reflected
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in trapezial prominence and lateral shoulder balance was
reflected in lateral shoulder asymmetry. Studies using pre-
operative and postoperative radiographs suggest that several
parameters affect final shoulder balance after AIS surgery,
particularly the amount of correction of the coronal curva-
tures and the preoperative shoulder level [5]. More recently,
Yang et al. showed that the ratio of preoperative proximal
thoracic to main thoracic curvature is predictive of post-
operative shoulder imbalance [6]. However, this literature
was radiographic based, without consideration of shoulder
balance based on clinical appearance. One study used the
soft-tissue shadows present on radiographs to assess shoul-
der balance [7]. More recently, Sielatycki et al. assessed
shoulder balance with clinical photographs, but their study
involved anterior photographs [8].

Since patients worry about their visible appearance,
understanding the variables that affect shoulder balance may
be useful when discussing surgical treatment with patients
and their families. This study sought to analyze factors that
predict postoperative shoulder balance based on clinical pho-
tography, so that informed patient consent can be discussed.
Proper consent requires addressing the percent likelihood of
shoulder imbalance given their preoperative clinical appear-
ance and the desired amount of coronal plane correction.

Materials and methods

This was a level 3 case—control, IRB approved study.

Patient Selection—A search of RedCAP data base of the
operative spine patients of two surgeons at our institution
from 2007-2016 revealed 277 patients with adolescent idi-
opathic scoliosis based on SRS M&M classification. One
hundred and forty of these patients met the study population
criteria.

Inclusion criteria

(1) Children with adolescent idiopathic scoliosis who
underwent posterior spinal fusion and instrumentation
between the ages of 10-18 years.

(2) Quality preoperative and postoperative photographs
that showed the shoulders within 3—6 months of sur-
gery.

(3) Adequate preoperative and postoperative standing PA
and lateral scoliosis radiographs.

4) All Lenke AIS classification types.

Exclusion criteria

(1) Inadequate radiographs or clinical photography.
(2) Unable to hide postoperative incision from image.
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A review of patient medical records was conducted
to identify patient age, sex, and body mass index (BMI).
Radiographs were reviewed using InteleViewer™ radiol-
ogy system to assess clavicle angle (angle subtended by
two highest points on the clavicle and a horizontal), T1 tilt
(angle subtended by the superior endplate of T1 and a hori-
zontal), thoracic kyphosis (T5-12), lumbar modifier (A, B
or C), preoperative proximal thoracic Cobb angle, preopera-
tive main thoracic Cobb angle, preoperative thoracolumbar
Cobb angle, upper instrumented vertebra (UIV), lowest
instrumented vertebra (LIV), postoperative proximal tho-
racic Cobb angle, postoperative main thoracic Cobb angle,
and postoperative thoracolumbar Cobb angle if applicable.
Clavicle angle was defined as positive if the left shoulder
was higher than the right, consistent with the previous stud-
ies. The amount of Cobb angle correction (defined as preop-
erative Cobb angle minus postoperative Cobb angle), Lenke
classification, and thoracic sagittal profile (N, —, +) were
then determined.

A total of 132 patients had adequate preoperative and
postoperative clinical photographs. All of the photographs
were obtained between the 3 and 6 months postoperative
period. Patients faced a wall in neutral standing position on
level ground. The midline was covered to blind the reviewers
as to whether the photographs were taken preoperatively or
postoperatively (Fig. 1).

Shoulder Balance Grading Reference—the clinical pho-
tographs of eight idiopathic scoliosis patients who were
not in the study were randomly selected. The photographs
were examined by two experienced pediatric spine surgeons.
Using the Delphi process and iterative rounds, the two sur-
geons were: (1) surveyed for current practice of analyzing
shoulder balance; (2) presented with a detailed systematic
review of relevant literature about shoulder balance; (3)
given the opportunity to voice opinion collectively; and
(4) asked to vote for acceptable or unacceptable shoulder
balance privately. Shoulder balance was assessed using the
WRVAS with a score of 1 or 2 deemed as acceptable shoul-
der balance while a 3-5 was graded as unacceptable (Fig. 2).
Round 1 was conducted using a paper survey. Initial results
were compiled and discussed face-to face. Round 2 was con-
ducted allowing participants to vote for acceptable or unac-
ceptable shoulder balance. Agreement of >80% was consid-
ered consensus. Grading without consensus was discussed
and revised, if feasible. These eight patients then served as
a grading reference for all the photographs included in the
study.

A ten-patient trial was then conducted using photo-
graphs of patients with AIS who did not meet all inclusion
criteria. The trial had a kappa=0.7 showing excellent
inter-rater reliability. The tester was then repeated 11 days
later. Surgeon 1’s responses on the retrial matched with
his original responses on all 10 photographs (kappa=1.0)
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Fig. 1 Clinical photographs
had superimposed rectangles
to blind surgeons to patient’s
operative status during grading

Fig.2 Walter Reed Visual
Analog Scale for shoulder
balance. Pineda S, Bago J,
Gilperez C, et al. Validity of the

Walter Reed Visual Assessment
Scale to measure subjective
perception of spine deformity in
patients with idiopathic scolio-
sis. Scoliosis 2006; 11: 18

showing excellent agreement. Surgeon 2’s responses
matched on 9 of 10 photographs (kappa=0.8) showing
substantial agreement. With confidence in the level of
surgeon reliability established, the surgeons analyzed the
280 clinical photographs for the study using the WRVAS.
The surgeons also graded each patient’s shoulder balance
as balanced shoulders, right shoulder high, or left shoul-
der high. All WRVAS scores equal to 1 or 2 were graded
as balanced. The high/low analysis was used to determine
if certain preoperative shoulder elevations predispose to
postoperative balance status. The photographs that were
scored as 3-5 on the WRVAS were graded as right high
or left high based on surgeon perception.

Results

Of the 132 patients, 112 were female and 20 were male.
There were 76 type 1 Lenke curves (57%), 20 Lenke 2
(15%), 16 Lenke 3, (12%), 14 Lenke 5 (11%), and 5 Lenke
6 (4%), with only one Lenke 4 curve. Descriptive statistics
for the study are shown in Table 1.

Prior to surgery, 71 patients (54%) had acceptable
shoulder balance. Postoperatively, 91 patients (69%) had
acceptable shoulder balance. Although many patients
improved with surgery, some did not achieve accept-
able shoulder balance and others went from acceptable
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Table 1 Descriptive statistics of study population

Variable N Mean (all patients) Mean (postop unacceptable) ~ Mean (postop acceptable) P value
Age (years) 132 13.8 13.7 13.9 0.61
Sex 132 20 male, 112 female 9 male, 32 female 11 male, 80 female 0.14
BMI (kg/m?) 132 21.7 20.8 222 0.13
Preop UT Cobb (degrees) 21 47 47 47 0.99
Preop MT Cobb (degrees) 118 62 65 61 0.10
Preop TL Cobb (degrees) 36 55 57 55 0.63
Postop UT Cobb (degrees) 21 28 31 25 0.08
Postop MT Cobb (degrees) 118 20 19 21 0.28
Postop TL Cobb (degrees) 36 21 21 20 0.72
UT Cobb correction (degrees) 21 19 16 22 0.07
MT Cobb correction (degrees) 118 41 45 39 0.01*
TL Cobb correction (degrees) 36 35 37 35 0.63
Clavicular angle (degrees) 132 3 3 3 0.45
TK (degrees) 132 27 25 28 0.28
Upper instrumented vertebra (UIV) 132 T4 (Median) T4 (Median) T4 (Median) 0.45
Lowest instrumented vertebra (LIV) 132 L2 (Median) L2 (Median) L2 (Median) 0.98
T1 tilt (degrees) 132 -0.8 0.2 -1.3 0.31

Table 2 High shoulder analysis preopratively and postoperatively

Postoperative status

Acceptable Unacceptable Total P value
Preop- Balanced 53 26 79 *
erative  Tefthigh 4 4 8 0.88
SIS pighthigh 34 1 45 011
Total 91 41 132

Chart compares patients’ preoperative status with their postoperative
outcome

“P values were calculated by comparing patients with a high shoulder
to the balanced, group so there is no P value for patients who were
balanced preoperatively

to unacceptable (Table 2). Patients with acceptable post-
operative shoulder balance showed a mean preoperative
thoracic Cobb angle of 61°, while unacceptable postopera-
tive shoulder balance patients had a preoperative thoracic
Cobb angle of 65°. Of the 91 patients who had acceptable

postoperative shoulder balance, the average main thoracic
Cobb angle correction (MTCAC) was 39°. For the 41
patients with unacceptable shoulder balance postopera-
tively, the MTCAC was 45° (p=0.01). The median preop-
erative thoracic Cobb angle for patients who had accept-
able shoulder balance postoperatively was 58° versus 63°
in those considered unbalanced postoperatively (p =0.02).

Chi -quare tests and ¢ tests were performed on each input
variable to determine if it affected postoperative shoulder
balance (Table 1). MTCAC was the only variable that cor-
related with postoperative shoulder balance (p=0.01).

Table 2 illustrates the postoperative shoulder balance sta-
tus based on preoperative shoulder level (right high, left high
or balanced). No correlation was found between preoperative
shoulder level and postoperative balance (p=0.3).

A multivariate logistic regression model was used
to evaluate possible factors predictive of postoperative
shoulder balance. The variables chosen were preoperative
shoulder balance status, clavicle angle, BMI, and MTCAC
(Table 3). These variables were chosen based on the

Table 3 Multivariate logistic
regression model

Adjusted  95% CI for
odds ratio adjusted odds

P value foraOR OR 95% CIOR P value for OR

ratio
Preop balance status 1.6 (0.7-3.8) 0.25
Clavicle angle 0.7 (0.3-1.7) 0.37
BMI 1.0 (0.9-1.1) 0.28
Main thoracic Cobb 1.2 (1.0-1.5) 0.03 1.2 (1.1-1.5) 0.01
angle correction
MTCAC >40 degrees 4.7 (1.9-11.8) 0.001 53 (2.2-13.1) 0.0003
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experimental hypothesis with the exception of MTCAC,
which was chosen because of demonstrated significance
in the univariate analysis. MTCAC was the only variable
that had statistical significance (p =0.03). The model also
revealed that for every 5° correction of the main thoracic
curve Cobb angle, the odds of having unbalanced shoul-
ders postoperatively increased by 21% (95% CI 1.0-1.5).
In other words, a patient with a 50° MTCAC would have a
21% greater chance of having unbalanced shoulders than
an identical patient with a 45° MTCAC (adjusted odds

Fig.3 Image A is a preopera-
tive radiograph of a patient with
main thoracic Cobb angle of 68°
Image B is same patient’s clini-
cal photograph preoperatively.
Image C shows the patient’s
main thoracic Cobb angle which
has been corrected to 17°.
Image D is the patient’s clinical
photograph with unbalanced
shoulders due to overcorrection
of main thoracic Cobb angle

ratio of 1.2, p=0.01). Additionally, logistic regression
analysis demonstrated that patients with MTCAC greater
than or equal to 40° had 4.7 times the odds of having
unbalanced shoulders (95% CI 1.9-11.8). Of those with
greater than or equal to a 40° MTCAC, 46.7% had unbal-
anced shoulders, while only 14.6% of those with less than
a 40° MTCAC had unbalanced shoulders (p =0.0001).

Figures 3 and 4 illustrate patients with excessive and
desirable MTCAC, respectively.
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Fig.4 Image A is a preopera-
tive radiograph of a patient with
a main thoracic Cobb angle of
58¢. Image B is same patient’s
clinical photograph preop-
eratively. Image C shows the
patient’s main thoracic Cobb
angle has been corrected to 21°.
Image D shows the patient’s
clinical photograph with bal-
anced shoulders due to adequate
correction of main thoracic
Cobb angle

Discussion

This study sought predictors of postoperative shoulder
balance based on clinical appearance. A major concern

@ Springer
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for 24-34% of patients is the persistence of unbalanced
shoulders following surgery, demonstrating a need for a
more thorough understanding of factors that predict shoul-
der balance [1, 9]. Our study showed that the amount of



Spine Deformity (2020) 8:1279-1286

1285

correction of the main thoracic Cobb angle was the only
significant variable predictive of shoulder balance. We also
demonstrated that a higher preoperative main thoracic Cobb
angle corresponded with an increased likelihood for unbal-
anced shoulders postoperatively. These findings build off
each other as a larger preoperative Cobb angle naturally
lends itself to increased correction. Gotfryd et al. proposed
that overcorrection of the main thoracic curve can drive the
contralateral shoulder toward imbalance if the shoulders are
symmetrical preoperatively [10]. This could explain the 26
patients that were initially balanced preoperatively, but were
unbalanced postoperatively in this study.

Many studies have examined radiographic variables that
predict postoperative shoulder balance with varying results.
Kuklo et al. showed that clavicle angle correlated with both
radiographic and patient perception of shoulder balance [7].
T1 tilt has also been implicated as a predictive factor of
shoulder balance, but conflicting evidence exists regarding
this variable [7, 10, 11]. Ono et al., however, found that
T1 tilt correlated with medial trapezial prominence [4]. We
did not find that T1 tilt or clavicle angle was predictive of
shoulder balance. However, the WRVAS is probably a bet-
ter assessment of lateral shoulder balance, so the contribu-
tion of T1 tilt to shoulder balance, as reflected by trapezial
prominence, may be underappreciated in our study. Similar
to the findings of our study, some recent studies have shown
that the most important variable may be the degree of cor-
rection of the main thoracic curve [8, 10, 12-14]. Brooks
et al. reviewed three groups of patients based on the UIV:
T2, T3, or T4. They found that patients fused to T4 had
more balanced shoulders postoperatively compared to those
with a UIV of T2 or T3 regardless of which shoulder was
elevated preoperatively [15]. Likewise, we also did not find
that preoperative shoulder position was predictive of post-
operative balance. Unlike their study, however, we found
that UI'V was not predictive of shoulder balance. Perhaps,
their use of radiographs to assess shoulder balance rather
than clinical photographs accounts for the difference in find-
ings. Our study also found that the LIV was not predictive
of postoperative shoulder balance. Yaszay et al. analyzed
shoulder balance in Lenke 5 curves and found that although
half had an elevated contralateral shoulder preoperatively,
most were balanced postoperatively regardless of whether
or not the compensatory thoracic curve was included in the
construct [16].

To our knowledge, only a few studies have used clinical
photography as a means for assessing the outcome of post-
operative shoulder balance [3, 8, 17-19]. Sielatycki et al.
demonstrated that undercorrection of the proximal tho-
racic curve and overcorrection of the main thoracic curve
increased the likelihood of unbalanced shoulders postopera-
tively [8]. The study used anterior photographs of patients
with Lenke 1 and 2 curves. Our study differed as we used

posterior photographs and included all Lenke curve types,
although 72% of our cohort had either Lenke 1 or 2 curve
types. However, our study yielded similar findings regard-
ing main thoracic curve correction, but we found a numeri-
cal relationship based on the absolute degree of correction,
rather than percentage correction. This absolute degree of
correction may provide surgeons and patients with a sim-
pler interpretation of the numerical relationship between
MTCAC and shoulder balance. Theologis et al. and Raso
et al., also used clinical photographs to study trunk deform-
ity, but neither study evaluated shoulder balance, specifically
[17, 18]. Dzulkarnain et al. examined anterior photographs
of 84 patients with Lenke 1 and 2 curves and found that
leveling the upper thoracic spine does not guarantee clini-
cally balanced shoulders, particularly lateral shoulder bal-
ance [19]. Our findings were similar in that neither upper
thoracic curve Cobb angle correction nor the UIV was found
to be predictive of postoperative shoulder balance.

The use of clinical photography is useful, because patients
and their families can observe their appearance and use it as
a benchmark to gauge the success of their surgery. Our study
demonstrated that for every 5° of additional correction of the
MTCAUC, the likelihood of unbalanced shoulders increases
by 21%. Forty degrees of MTCAC appears to provide a
threshold at which increasing correction yields diminish-
ing outcomes. Knowledge of this relationship is valuable
for surgeons as it allows for more educated decision-making
regarding the desired amount of correction. Additionally, it
has value for patients as information from this study will
allow surgeons to give a more realistic expectation of post-
operative appearance based on individual profile. This is an
important discussion to have with the family, as it should be
a realistic constraint on their expectation to have their child
“as straight as possible”.

This study had several major limitations. Adequate preoper-
ative and postoperative clinical photographs were only availa-
ble for 132 of the 277 patients who had surgery for AIS during
the period of the study. Therefore, patients were selected based
on photograph availability and were not consecutive patients
in a series, which potentially introduces selection bias. Photo-
graphs were taken 6 months postoperatively for a majority of
patients, but 3-month postoperative photos were used when
necessary. This short duration of follow up does not allow for
observation of long-term changes that may develop in sub-
sequent years. There were also few patients in the study with
Lenke curve types 2—6, so we were underpowered to make
conclusions about patients with these curve types. Future stud-
ies based on clinical appearance of shoulder balance with more
patients with these curve types would be helpful. Furthermore,
we did not analyze specific surgical details, such as correction
techniques, as two surgeons were involved in the care of the
subjects, and surgical techniques have evolved to some extent
over the time frame of the study. In general, however, it has
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been standard for T2 to be the UIV in patients with structural
proximal thoracic curves and/or preoperative left shoulder
elevation. Additionally, it has been our practice to instrument
and fuse all structural curves. Finally, we only examined cor-
rection of the coronal plane. There may be different relation-
ships when both the sagittal and axial planes are considered.

Key Points

1) Increased surgical coronal plane correction leads to
an increased likelihood of unacceptable postoperative
shoulder balance.

2) A higher preoperative Cobb angle of the primary curve
correlates with less likelihood of acceptable postopera-
tive shoulder balance.

3) For every 5° of additional correction of the MTCAC, the
likelihood of unbalanced shoulders increases by 21%.
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