
ORIGINAL ARTICLE

Predictors of shoulder level after spinal fusion in adolescent
idiopathic scoliosis

Jan Henrik Terheyden1
• Mark Wetterkamp1

• Georg Gosheger1
• Viola Bullmann2

•

Ulf Liljenqvist3
• Tobias Lange1

• Albert Schulze Bövingloh1
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Abstract

Background For patients with adolescent idiopathic scol-

iosis, shoulder balance influences their treatment satisfac-

tion and psychological well-being. Several parameters are

known to affect postoperative shoulder balance, but few

prognostic models are as yet available.

Purpose This study aimed to identify independent pre-

dictive factors that can be used to assess preoperatively

which patients are at risk of postoperative shoulder eleva-

tion, and to build a linear prediction model.

Methods N = 102 patients with all Lenke types were

reviewed radiographically before surgery and 1 year

afterward. The outcome measures were coracoid height

difference (CHD), clavicular angle (CA), and clavicle–first

rib intersection difference (CiRID). Predictive factors

commonly used in the literature were investigated using

correlation analysis and statistical testing. Significant

contributing factors were included in three multiple linear

regression models (for CHD, CA, and CiRID).

Results The mean shoulder level (CHD) significantly

changed from a lower left shoulder value of -8.5 mm

before surgery to 3.3 mm at the follow-up examination. A

high preoperative left shoulder level by CiRID, a large

amount of Cobb angle correction of the distal thoracic

curve, a low preoperative Cobb angle in the lumbar curve,

and a structural proximal thoracic curve proved to be

determinants and thus risk factors for left-sided shoulder

elevation after surgery. The three models predicting CHD,

CA, and CiRID at the follow-up examination included

these four risk factors and were significant.

Conclusions Preoperative variables have the strongest

influence on shoulder level after spinal instrumentation.

Additionally, extensive correction of the distal thoracic

curve can cause elevation of the left shoulder.

Keywords Adolescent idiopathic scoliosis � Shoulder
balance � Prediction model � Corrective surgery

Introduction

Good outcomes after surgical treatment for adolescent

idiopathic scoliosis (AIS) have for a considerable period

been primarily defined by adequate correction of the spinal

curves on all three planes. In addition, other factors such as

shoulder level, clinical rib and lumbar hump, as well as

scar size, play a major role in the evaluation of treatment

success. These factors influence not only the surgeon’s

degree of satisfaction with the procedure, but—more

importantly—patients’ satisfaction with the therapy and

also their psychological well-being afterward [1–8].

The type of scoliotic curvature has an influence on both

the preoperative and postoperative shoulder level in AIS. In

the literature, Lenke 2 curves or King V curves (double
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thoracic curves) in particular [9, 10] have been reported to

be associated with elevation of the left shoulder before and

also after surgery [11, 12]. Patients with this type of curve

are at risk of severe shoulder imbalance, particularly if the

high thoracic structural curve is not included in the spinal

instrumentation [13, 14].

Other factors potentially influencing postoperative

shoulder level have been analyzed by several authors.

Previous studies have found that various radiographic

measures of preoperative shoulder level [3, 8, 14–17], as

well as numerous preoperative variables for spinal curva-

tures and fusion technique [3, 8, 11, 12, 15, 18–21], are

predictive for postoperative shoulder balance. Many dif-

ferent variables are consequently in clinical use. However,

it is unclear which of the various factors are the most rel-

evant, and there is a lack of data in the literature comparing

the various factors in systematic analyses. There is also a

scarcity of linear prediction models.

The aim of this study was to identify the most relevant

independent predictive variables for postoperative shoulder

level in patients with AIS, from among the various factors

previously described. All Lenke types were to be included.

The study also aimed to identify predictive factors that may

even be independent of the Lenke type. In contrast to

similar investigations, which have usually categorized

influencing variables dichotomously to determine risk

factors, the intention in the present study was to build

linear models using nominal, ordinal and interval data to

enhance the accuracy of linear prediction.

Materials and methods

Patient data were collected from the spinal deformity

database at a single institution. The institution’s ethics

committee approved the study (reg. no. 2009-350-f-S). A

total of 210 scoliosis patients were available in the data-

base. The inclusion criteria for this study were adolescent

idiopathic scoliosis, right thoracic curve pattern, treatment

with posterior spinal fusion (PSF) or anterior spinal fusion

(ASF) and a minimum follow-up period of 12 months, as

the literature shows that a stable situation in relation to

shoulder level is reached 1 year after surgery [22, 23].

Patients who underwent revision operations after the index

corrective procedure were excluded from the study, as well

as all patients with nonidiopathic scoliosis and patients

with reasons for shoulder imbalance other than idiopathic

scoliosis. Variables noted for the study included gender,

age at surgery, age at follow-up, upper instrumented ver-

tebra (UIV), type of surgical approach (PSF vs. ASF), and

radiographic measurements (see below).

The patients were selected for either PSF or selective

ASF. PSF included posterior corrective pedicle screw

instrumentation with a dual-rod titanium system and

addition of autologous local bone graft and silicate-sub-

stituted calcium phosphate as the bone graft substitute. All

ASF patients underwent open procedures with disc resec-

tion and titanium screw fixation with the dual-rod system in

the convexity of the curve. In ASF cases, the proximal end

vertebrae were chosen as the UIV, whereas in PSF cases

the UIV was determined in accordance with the recom-

mendations in the literature regarding preoperative Cobb

angle and the flexibility of the proximal curve and preop-

erative shoulder level [24].

Standing anteroposterior and lateral radiographs of the

whole spine were taken preoperatively, postoperatively,

and at the follow-up examination, with a tube–film distance

of 3 m. The radiographs depicted the relevant anatomic

structures in the shoulders. Side-bending radiographs were

taken preoperatively. The digitized images were saved and

processed using the PACS program (GE Medical Systems,

2006).

The parameters used for radiographic evaluation inclu-

ded the Cobb angles of the proximal thoracic curve (PTC),

distal thoracic curve (DTC) and lumbar or thoracolumbar

curve (LC) on preoperative, side-bending, postoperative,

and follow-up radiographs and vertebral apical rotation (in

accordance with Perdriolle and Vidal [25]) on preoperative

images. In addition, the Lenke classification was used

[9, 26]. Curve flexibilities (flex) and curve correction rates

(corr) were calculated using the formulas: flex

(%) = (preoperative coronal Cobb angle - side-bending

Cobb angle)/preoperative coronal Cobb angle 9 100% and

corr (%) = (preoperative Cobb angle - postoperative

Cobb angle)/preoperative Cobb angle 9 100%

[11, 20, 27].

Fig. 1 Sample radiograph illustrating how the three outcome shoul-

der parameters (CHD coracoid height difference, CA clavicular angle,

CiRID clavicle–first rib intersection difference) were obtained
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Three measurements for shoulder level (Fig. 1) were

chosen due to their good reliability [28] and ability to

predict clinical shoulder imbalance [29]. Their reliability

was also tested on a subset of patients (see below). The

variables were assessed preoperatively and at follow-up.

Coracoid height difference (CHD, in millimeters) was the

distance between two horizontal lines touching the upper

margins of the two coracoid processes [7, 19]. The clav-

icular angle (CA, in degrees) described the angle between a

horizontal tangent at the highest point of the left clavicle

and the line between the highest points of both the left and

right clavicles [7, 8, 19, 30, 31]. The clavicle–first rib

intersection difference (CiRID, in millimeters) was defined

by the distance between two horizontal lines through the

superior medial intersection point of the first rib with the

clavicle on each side.

The T1 Tilt Angle (T1T, in degrees) was defined as the

degree of inclination of the T1 cephalad end plate toward

the horizontal line [16, 19, 30, 31].

In all of these shoulder parameters and in T1 tilt angle, a

positive value represents elevation on the left side, whereas

a negative value indicates that the left side is lowered.

To obtain the reliability of our measurements, a sample

of 30 preoperative or follow-up radiographs was randomly

chosen. Cobb angles, shoulder parameters and T1 Tilt

Angles were remeasured independently by two of the

authors. One of them had performed the initial measure-

ments in all 102 patients more than 6 months before these

second measurements.

The prospectively collected data were analyzed in an

exploratory way using IBM SPSS Statistics for Windows,

version 22 (IBM Corporation, Armonk, New York, USA).

Intraclass correlation coefficients (ICC) were calculated to

assess test–retest and inter-rater reliability. Potential factors

influencing shoulder balance at follow-up were investigated

and compared using correlation analyses, testing, and linear

regression analysis. Spearman’s rank-order correlation coef-

ficients of potential predictive factors for postoperative

shoulder balance were calculated in a two-tailed fashion.

Statistical testing was carried out using the Mann–Whitney

U test (for two independent samples, e.g., postoperative

shoulder level in patients with structural vs. non-structural

PTC), the Kruskal–Wallis test (for[2 independent samples,

e.g., postoperative shoulder level in patients with different

PTC rotations), the Wilcoxon signed rank test (for paired

samples, e.g., preoperative vs. postoperative shoulder level)

and the Chi2 test (for cross tables, e.g., location of the upper

instrumented vertebra vs. structurality of the proximal tho-

racic curve). To identify the most relevant among the signif-

icant factors, multiple regression analyses were performed

with the target variable of shoulder level at follow-up (CHD,

CA, CiRID). The threshold for including variables in the

multiple linear regression analysis was P = 0.05, with

stepwise model selection. P values\0.05 were considered

statistically significant. Graphs were created using R (R

Development Core Team, version 3.2.5, Vienna, Austria) and

Matlab�, version 2015a (The MathWorks, Natick, Mas-

sachusetts, USA).

Results

N = 102 consecutive patients (86 females, 16 males) with

a mean follow-up period of 14 months met the inclusion

criteria and were available for the study. PSF was per-

formed in 77 patients (with anterior release in six patients)

while selective ASF was performed in 25 patients between

June 2009 and February 2014. The mean age in the study

group at the time of surgery was 15.8 years (range

11–26 years). Among the 102 individuals, 45 patients had

Lenke type 1 curves, 14 had type 2, 12 had type 3, two had

type 4, 17 had type 5, and 12 had type 6.

Table 1 shows that postoperative improvements were

significant for proximal thoracic, distal thoracic and lumbar

curves. Patients with a rigid PTC (Lenke types 2 and 4) had

a significantly higher correction rate of the PTC than

patients with a flexible PTC (Lenke types 1, 3, 5, 6). All

left shoulder parameters at the follow-up examination were

significantly higher than the corresponding preoperative

levels (Table 2). Differentiating patients with a rigid PTC

(Lenke types 2 and 4) from those with a flexible PTC

(Lenke types 1, 3, 5, and 6) showed that both groups

developed left shoulder elevation (Figs. 2, 3; Table 2)—

bearing in mind that only those with Lenke type 2 and 4

curves underwent complete instrumentation of the PTC.

The test–retest reliability and inter-rater reliability of the

Cobb angles, shoulder measurements and T1 tilt angle in a

subsample proved excellent with intraclass correlation

coefficients[0.90 (Table 3).

CHD, CA, and CiRID correlated significantly with each

other, with coefficients ranging from 0.77 to 0.93. Their

correlations with T1T were significant, but weaker

(r = 0.58–0.61). Structural proximal thoracic curves were

significantly associated with more proximal upper levels of

instrumentation compared to non-structural proximal tho-

racic curves (P\ 0.0001, Table 4).

In correlation analysis, preoperative shoulder parameters

(CHD, CA, CiRID), preoperative Cobb angle of the PTC,

absolute and relative correction of the PTC, preoperative

Cobb angle of the LC, absolute correction of the LC and

preoperative Cobb angle ratios (PTC:DTC, DTC:LC,

PTC:LC) were significant univariable predictors of shoul-

der level at the follow-up examination (Table 5). Preop-

erative T1 Tilt angle and absolute correction of the DTC

were significant univariable predictors for some shoulder

parameters at the follow-up examination.
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Moreover, having a structural proximal thoracic curve

(including a higher proximal instrumentations level) was a

significant univariable predictor of a higher left shoulder at

the follow-up examination compared to patients with a

non-structural PTC (Table 2). Apical rotation of the PTC

of at least 10� (Perdriolle) was a significant univariable

predictor of higher left shoulder levels (CHD, CiRID) at

the follow-up examination (P B 0.027). The surgical

approach used (PSF vs. ASF) did not predict postoperative

elevation of the left shoulder (P C 0.180).

To identify the most relevant among the significant

factors, multiple regression analyses were performed with

the target variable of shoulder level at follow-up (CHD,

CA, CiRID). The three regression equations are:

CHDfollow-up ¼ 0:498 � CiRIDpreop:�0:222

� LC Cobb anglepreop:þ 0:245 � DDTC þ 5:865

CAfollow-up ¼ 0:126 � CiRIDpreop:�0:054

� LC Cobb anglepreop:þ 0:053 � DDTC þ 1:609

CiRIDfollow-up ¼ 0:318 � CiRIDpreop:�0:124

� LC Cobb anglepreop:þ 5:769 � PTCstructural þ 8:450

where predictors: CiRIDpreop.: preoperative clavicle–first

rib intersection difference, DDTC: absolute correction

angle of distal thoracic curve, LC Cobb anglepreop.: pre-

operative lumbar curve Cobb angle, PTCstructural: proxi-

mal thoracic curve is structural.

The respective adjusted R2 values were 0.343 for the

model CHDfollow-up, 0.264 for the model CAfollow-up and

0.429 for the model CiRIDfollow-up.

A higher preoperative left shoulder level (CiRID) and

greater absolute correction of the DTCwere predictive for left

shoulder elevation at follow-up. By contrast, higher preoper-

ative LC Cobb angles were associated with lower left shoul-

ders at the follow-up examination. Patients with structural

PTCwere at particular risk of having left shoulder elevation at

follow-up. A difference of 5 mm in preoperative CiRID had

effects on the shoulder level at the follow-up examination that

were similar to a difference of 10� in DTC correction; and to a

preoperative LCCobb angle differing by 10�. Altogether their
effect on the predicted shoulder level at follow-up was less

than the effect of the PTC being structural. The highest

adjusted R2 value was found for the CiRID model at follow-

up, indicating that thismodel appeared to be the best. Figure 4

visualizes the relationships of the variables derived from the

regression equations, focusing on CiRID and CHD at follow-

up, as these two factors had the best adjusted R2 values.

Discussion

Possible reasons for shoulder imbalance after surgical

correction of AIS have previously been investigated by

several research groups. Most importantly, the rigidity of

Table 1 Descriptive preoperative and postoperative statistics for the whole patient cohort and two subcategories (structural proximal thoracic

curves or non-structural proximal thoracic curves) in relation to spinal curves

Preoperative Cobb

angle

Flexibility Correction

rate

Postoperative Cobb

angle

Preoperative vs.

postoperative

Follow-up Cobb

angle

Proximal thoracic curve

All 29� ± 15� 34 ± 25% 24 ± 48% 20� ± 10� P\ 0.0001 19� ± 11�
Structural PTC 45� ± 18� 21 ± 17% 42 ± 16% 27� ± 14� P\ 0.0001 29� ± 13�
Non-structural

PTC

26� ± 12� 37 ± 26% 21 ± 51% 18� ± 8� P\ 0.0001 17� ± 9�

P\ 0.0001 P = 0.039 P = 0.038 P = 0.018 P\ 0.0001

Distal thoracic curve

All 56� ± 19� 35 ± 17% 58 ± 20% 23� ± 12� P\ 0.0001 25� ± 11�
Structural PTC 66� ± 17� 33 ± 16% 64 ± 16% 25� ± 14� P\ 0.0001 26� ± 13�
Non-structural

PTC

54� ± 19� 36 ± 18% 57 ± 21% 22� ± 11� P\ 0.0001 25� ± 10�

P = 0.037 P = 0.655 P = 0.350 P = 0.437 P = 0.807

Lumbar curve

All 43� ± 13� 61 ± 21% 62 ± 18% 16� ± 8� P\ 0.0001 18� ± 9�
Structural PTC 34� ± 12� 60 ± 24% 63 ± 12% 14� ± 8� P = 0.001 14� ± 9�
Non-structural

PTC

44� ± 13� 62 ± 20% 62 ± 19% 16� ± 8� P\ 0.0001 19� ± 9�

P = 0.007 P = 0.789 P = 0.832 P = 0.290 P = 0.065

PTC proximal thoracic curve
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the proximal thoracic curve in AIS has been described as a

key component involved in the postoperative shoulder

level. The behavior of a rigid PTC and the need to

instrument it were consequently analyzed in earlier reports.

In double thoracic AIS, King et al. [10] proposed left

shoulder or first rib elevation, relative rigidity of the PTC,

and a positive T1T as indications for instrumentation of the

PTC with a Harrington rod. The Lenke classification

[9, 26] later recommended a PTC bending Cobb angle

[25� and/or T2–T5 kyphosis [20� as indications for

proximal fusion, with good results in other reports [32, 33].

For the present report, a heterogeneous cohort of 102

patients with all curve types after PSF or ASF was studied

retrospectively using linear regression analysis. The types

and levels of instrumentation were chosen in accordance

with the current literature. As with Kuklo et al. [8, 18], it

was not found that UIV or the type of surgery were asso-

ciated with postoperative shoulder elevation.

The patients in the present study had elevations of the

left shoulder level after surgery similar to the cases

described by other authors [19, 33]. They included patients

with structural PTC (Lenke 2, 4), as found by Li et al. [33].

However, there were no significant differences in shoulder

elevation as a result of surgery between individuals with

fused or unfused PTC (P C 0.338). The criteria for prox-

imal instrumentation used here were therefore relatively

valid.

The Cobb angles and shoulder levels among the patients

in this study were within the range described for other

cohorts in the literature [3, 8, 16, 18, 19, 31, 32]. A high

upper level of instrumentation was chosen less frequently

in the patients in the present study in comparison with Yagi

et al. [15]. Test–retest reliability and inter-rater reliability

of the Cobb angles and shoulder measurements were

excellent in a subsample of 30 radiographs. It was therefore

valid to use these parameters for further analysis.

Four independent predictive factors for shoulder level at

the follow-up examination were identified using multiple

linear regression, on the basis of significant correlations.

First, the preoperative shoulder level appeared to be the

most relevant factor contributing to the postoperative

shoulder level. Earlier reports reported correlations with

the postoperative shoulder height for preoperative shoulder

height difference [15–17], clavicular angle

[3, 8, 19, 30, 34], clavicle height difference [19], first rib

angle [3], clavicle–rib intersection difference [19], and

clavicle–chest cage angle difference (CCAD) [15]. Luh-

mann et al. [31] did not find any significant correlations

between the preoperative clavicular angle and postopera-

tive radiographic shoulder height. By contrast, the present

findings support the view that the postoperative shoulder

height is influenced by the preoperative shoulder level. The

reliable variables CHD, CA and CiRID were investigated.

Linear regression analysis showed that CiRID was the best

out of these three predictors of shoulder level at the follow-

up examination. Hong et al. [19] found that CHD and CA

predicted postoperative shoulder imbalance aggravation

equally well, but they did not quantify aggravation in their

analysis. As the correlations between preoperative T1T and

shoulder level at follow-up were weak, we would agree

with previous reports that rejected preoperative T1T as a

predictive factor for the postoperative shoulder level

[14, 30, 31]. The association between preoperative T1T and

postoperative shoulder elevation described earlier [3, 19] is

probably of less practical relevance in comparison with

other shoulder parameters.

The second major variable for predicting postoperative

shoulder level in this study was the amount of Cobb angle

correction of the DTC. Shoulder elevation has previously

been reported to be associated with strong correction of the

DTC [3, 11, 12, 15, 16, 19, 21, 33, 34]. Although this

Table 2 Left shoulder level and T1 Tilt Angle statistics

(mean ± SD) for all patients and two subcategories (structural

proximal thoracic curves or non-structural proximal thoracic curves)

before surgery and at the follow-up examination

Preoperative Follow-up

CHD

All -9 ± 11 mm 3 ± 10 mm P\ 0.0001

Structural PTC 0 ± 11 mm 10 ± 8 mm P = 0.004

Non-structural

PTC

-10 ± 10 mm 2 ± 10 mm P\ 0.0001

P = 0.002 P = 0.005

CA

All -3� ± 3� 1� ± 3� P\ 0.0001

Structural PTC -1� ± 2� 3� ± 2� P = 0.001

Non-structural

PTC

-3� ± 3� 0� ± 2� P\ 0.0001

P = 0.003 P = 0.001

CiRID

All -3 mm ± 7 mm 3 ± 6 mm P\ 0.0001

Structural PTC -1 mm ± 6 mm 10 ± 7 mm P\ 0.0001

Non-structural

PTC

-4 mm ± 6 mm 2 ± 5 mm P\ 0.0001

P = 0.007 P\ 0.0001

T1T

All -2� ± 8� 2� ± 7� P\ 0.0001

Structural PTC 5� ± 10� 10� ± 6� P = 0.02

Non-structural

PTC

-3� ± 7� 1� ± 6� P\ 0.0001

P\ 0.0001 P\ 0.0001

CA clavicular angle, CHD coracoid height difference, CiRID clavi-

cle–first rib intersection difference, PTC proximal thoracic curve, T1T

T1 tilt angle
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parameter cannot be measured before surgery to perform a

risk assessment, it still is highly relevant and needs to be

considered in patients undergoing scoliosis surgery as soon

as the operative treatment is planned. This variable had a

major relevance both in univariable analysis and in mul-

tiple regression. Relative overcorrection of a right thoracic

DTC can lead to postoperative left shoulder elevation and

this problem became more common after the establishment

of segmental instrumentations that allow stronger correc-

tion [3, 12, 16]. This factor does not appear in the regres-

sion equation for CiRID, but it is still an essential

component of postoperative shoulder imbalance, as it may

aggravate shoulder elevation during surgery in several

different curve types [35]. As a practical consequence, we

would suggest limiting the amount of Cobb angle correc-

tion of the DTC by performing only slight concave dis-

traction and instead focusing on derotation of the DTC.

Third, a relationship was found between a larger pre-

operative LC Cobb angle and less shoulder elevation at the

follow-up examination. This correlation was present in the

overall analysis of all Lenke types, but also in a subgroup

analysis for Lenke 1 and 2 curves (non-structural lumbar

curves; r B -0.300, P B 0.021). This supports the findings

of previous reports [19–21] hypothesizing a compensatory

function of unfused lumbar curves reducing shoulder ele-

vation that occurs due to thoracic instrumentation. In

contrast to these findings, Cao et al. [11] in a report on

Lenke 2 curves did not describe any significant differences

in preoperative LC Cobb angles in a comparison of patients

with shoulder balance vs. imbalance at follow-up.

In addition to the potentially protective effect of mild

lumbar curves in relation to postoperative shoulder eleva-

tion, structural lumbar curves of course require instru-

mentation for purposes of trunk balancing, which can also

influence shoulder balance [36].

The fourth major predictive factor for postoperative

shoulder level identified in the regression analysis was

whether the PTC is structural in accordance with Lenke’s

criteria [9, 26]. As noted before, a structural PTC is a risk

factor for developing shoulder elevation after surgery

Fig. 2 Numbers of patients

with elevated/leveled/lowered

left shoulders or T1 Tilt before

surgery and at the follow-up

examination, showing the

differences between Lenke 1, 3,

5, 6 curves (non-structural

proximal thoracic curve) and

Lenke 2, 4 curves (structural

proximal thoracic curve). For

this diagram, leveled shoulders

were defined as

a -10 mm B coracoid height

difference (CHD) B 10 mm; or

b -3� B clavicular angle

(CA) B 3�; or
c -5 mm B clavicle–first rib

intersection difference

(CiRID) B 5 mm; or

d -5� B T1 tilt angle

(T1T) B 5�
[3, 14, 16, 28, 29, 33]
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[8, 13, 16, 22, 33]. This factor played a role in predicting

CiRID at follow-up, but an influence on CHD and CA at

follow-up was only evident in the univariable analysis. The

upper level of instrumentation needs to be selected with

consideration of the fact that patients with Lenke 2 and 4

curves are at particular risk of having an imbalanced

shoulder level—i.e., left shoulder elevation. The flexibility

of the PTC and shoulder level at the follow-up examina-

tions did not correlate significantly in the present report, or

in the case series described by Smyrnis et al. [3]. Also, the

preoperative PTC Cobb angle did not predict postoperative

shoulder level in the multiple regression models presented

here. It showed relatively high univariable correlations

with all shoulder parameters at the follow-up examination

nonetheless. So its relevance as a predictor of postoperative

shoulder level remains unclear and should be evaluated in

further multivariable analyses that consider the individual

Lenke types.

Regression models were used in earlier studies to find

preoperative predictors for postoperative shoulder level

[3, 15–18, 21]. However, a consistent threshold value for

defining imbalanced shoulders is lacking in the literature

[3, 7, 11, 16, 29, 30, 37]. Since all binary models

Fig. 3 Shoulder asymmetry

according to a coracoid height

difference (CHD), b clavicular

angle (CA), c clavicle–first rib

intersection difference (CiRID),

and d T1 tilt angle (T1T) before

surgery and at follow-up. The

width of each plot represents the

percentage of patients with the

corresponding shoulder height

Table 3 Intraclass correlation coefficients (ICC) and their 95%

confidence intervals (95% CI) comparing initial and repeated mea-

surements of shoulder parameters, T1 tilt angles and Cobb angles on

30 randomly selected radiographs

Test–retest reliability Inter-rater reliability

ICC 95% CI ICC 95% CI

CHD 0.996 0.991, 0.998 0.991 0.982, 0.996

CA 0.995 0.989, 0.998 0.941 0.877, 0.972

CiRID 0.958 0.912, 0.980 0.951 0.898, 0.977

T1T 0.982 0.963, 0.992 0.983 0.964, 0.992

PTC 0.990 0.978, 0.995 0.974 0.945, 0.988

DTC 0.995 0.990, 0.998 0.986 0.972, 0.994

LC 0.986 0.971, 0.993 0.980 0.958, 0.990

CA clavicular angle, CHD coracoid height difference, CiRID clavi-

cle–first rib intersection difference, DTC distal thoracic curve, LC

lumbar curve, PTC proximal thoracic curve, T1T T1 tilt angle
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[15, 17, 21] need to define such a threshold, the present

study used nominal data to build a linear prediction model,

without a need to define a threshold for imbalanced

shoulders. As a consequence, the results make it possible to

quantify the extent to which each of the four parameters in

the multivariable analysis contributed to postoperative

shoulder level changes. The effects of a difference of 5 mm

in preoperative CiRID, a difference of 10� in DTC cor-

rection and a difference of 10� in preoperative LC Cobb

angle on the shoulder level at the follow-up examination

were similar according to the models. A structural PTC

even had a higher relevance than these factors. Smyrnis

et al. [3] also built a linear model to estimate the postop-

erative shoulder level, but they only analyzed the influence

of six preoperative variables, in a smaller cohort of 56

patients. Since the preoperative shoulder level has been

found to predict postoperative shoulder balance in most

multivariable models in the literature [3, 15, 17, 21],

including our own models, it appears to be a highly rele-

vant factor.

This study has several limitations. Only a few patients

with structural PTC (especially Lenke 4 curves) were

included. It is therefore difficult to make reliable prog-

nostic statements for this specific subgroup. Moreover,

global coronal parameters such as trunk balance and

sagittal parameters that might influence shoulder level were

not taken into account. Patient-reported outcomes and

clinical shoulder parameters were not assessed, although

the best radiographic results do not always correlate with

patient perception or clinical findings [7, 37, 38]. In

Table 4 Upper instrumented vertebrae in patients with non-structural proximal thoracic curves (i.e., Lenke 1, 3, 5, 6 curves) vs. structural

proximal thoracic curves (i.e., Lenke 2, 4 curves)

UIV location No. of patients with non-structural PTC No. of patients with structural PTC

Apical vertebra of PTC or higher 4 9

Between apical vertebra and lower end vertebra of PTC 26 5

Below lower end vertebra of PTC 56 2

PTC proximal thoracic curve, UIV upper instrumented vertebra

Table 5 Correlation

coefficients for shoulder

parameters at the follow-up

examination and potential

predictive factors for them in

univariable analysis

CHD at follow-up CA at follow-up CiRID at follow-up

CHD preop. (mm) 0.349* 0.339* 0.321*

CA preop. (�) 0.278* 0.321* 0.364*

CiRID preop. (mm) 0.296* 0.307* 0.469*

T1T preop. (�) 0.238* 0.194 0.343*

PTC preop. (�) 0.379* 0.332* 0.341*

PTC flexibility (%) -0.076 -0.089 -0.202

PTC correction (%) 0.279* 0.217* 0.244*

PTC difference (�) 0.384* 0.320* 0.342*

DTC preop. (�) 0.170 0.186 0.039

DTC flexibility (%) -0.016 -0.030 0.038

DTC correction (%) 0.165 0.148 0.162

DTC difference (�) 0.236* 0.230* 0.141

LC preop. (�) -0.351* -0.329* -0.387*

LC flexibility (%) 0.030 0.040 0.077

LC correction (%) -0.053 -0.018 -0.073

LC difference (�) -0.281* -0.249* -0.323*

PTC:DTC ratio of Cobb angle 0.272* 0.207* 0.307*

DTC:LC ratio of Cobb angle 0.378* 0.335* 0.348*

PTC:LC ratio of Cobb angle 0.394* 0.320* 0.375*

Correction, relative correction; difference, absolute correction angle; flexibility, relative flexibility

CA clavicular angle, CHD coracoid height difference, CiRID clavicle–first rib intersection difference, DTC

distal thoracic curve, LC lumbar curve, preop. preoperative, PTC proximal thoracic curve, T1T T1 tilt angle

* Indicates significant correlations at the 5% level
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addition, the regression models have not been tested with a

separate set of patients. Future research on this topic should

also focus on specific curve types and use multivariable

approaches to allow more detailed predictions on the

individual patient level.

Conclusions

• Preoperative shoulder level, the amount of Cobb angle

correction of the distal thoracic curve, the preoperative

Cobb angle of the lumbar curve, and the structurality of

the proximal thoracic curve are relevant determinants

of shoulder elevation after surgery.

• In the study cohort, the effect of preoperative shoulder

level on shoulder height at the follow-up examination

was approximately twice as high as distal thoracic

Cobb angle correction or the preoperative Cobb angle

of the lumbar curve.

• Patients with rigid proximal thoracic curves (Lenke 2

and 4) are at particular risk of postoperative shoulder

elevation even with proximal thoracic instrumentation.

• The preoperative clavicle–first rib intersection differ-

ence was a better predictor of the postoperative

shoulder level than the preoperative coracoid height

difference or the preoperative clavicular angle in a

multiple regression model.
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