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Abstract

Purpose To investigate which pre- and postoperative

radiographic parameters are significantly correlated with

the immediate postoperative coronal balance (CB) in

Lenke 5C AIS patients, and to identify any radiographic

parameter that is correlated with the ultimate CB at a

minimum follow-up of 2 years.

Methods Forty Lenke 5C AIS patients were recruited in

the current study. Preoperative, immediate postoperative,

and the latest follow-up radiographs were reviewed mea-

suring various radiographic parameters related to UIV and

LIV. The correlations between different parameters and CB

were then studied.

Results The average follow-up time was 35.2 months.

Correlation analysis showed that the following radio-

graphic parameters significantly associated with the

immediate postoperative CB in Lenke 5C patients: preop-

erative CB (r = 0.66, p \ 0.01), preoperative UIV trans-

lation (r = 0.61, p \ 0.01), preoperative LIV tilt (r =

0.61, p \ 0.01), postoperative UIV translation (r = 0.51,

p \ 0.05), and postoperative LIV tilt (r = 0.50, p \ 0.05).

At the last follow-up, only the final UIV tilt was inversely

correlated with the ultimate CB (r = -0.58, p \ 0.05).

Seven patients presented with coronal imbalance immedi-

ately after surgery. However, only one of the seven patients

presented with coronal imbalance at the last follow-up, and

the other six achieved C7PL–CSVL distance within

10 mm.

Conclusions In Lenke 5C patients, preoperative UIV

translation and LIV tilt are two important parameters that

can predict the immediate postoperative CB. During the

postoperative follow-up, UIV tilt may play a very impor-

tant role in compensating for postoperative coronal

imbalance.
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Introduction

Patients with adolescent idiopathic scoliosis (AIS) can be

treated by spinal fusion using diverse types of instrumen-

tations [1]. It is of primary importance that not only this

surgery offers long-term stability until biological stability

is achieved [2], but also restore a well-balanced spine in the

coronal and sagittal planes [3]. Traditionally, coronal bal-

ance (CB) is measured and quantified by the perpendicular

distance between the coronal C7 plumbline (C7PL) and the

central sacral vertical line (CSVL), with a value [20 mm

being defined as imbalance [4]. Numerous studies have

used the C7PL–CSVL distance as an assessment tool for

surgical outcomes of AIS [5–8], but there is a paucity of

data specifically addressing the postoperative CB in AIS

[9], especially the ultimate CB after a long period of

follow-up.

A recent study [9] investigated the associations between

the preoperative radiographic parameters and the immedi-

ate postoperative CB in 27 Lenke 5C patients and found

that the preoperative lowest instrumented vertebra (LIV)

Z. Liu and J. Guo contributed equally to the study.

Z. Liu � J. Guo � Z. Zhu � B. Qian � X. Sun � L. Xu �
Y. Qiu (&)

Spine Surgery, The Affiliated Drum Tower Hospital of Nanjing

University Medical School, Nanjing 210008, China

e-mail: scoliosis2002@sina.com

123

Eur Spine J (2013) 22:2392–2398

DOI 10.1007/s00586-013-2808-3



tilt was strongly associated with the postoperative CB [9].

In addition, preoperative LIV tilt C25� and postoperative

LIV tilt C8� were found to be two risk factors for devel-

oping coronal imbalance after surgery [9]. However, two

limitations were also noted in their study [9]. First, it

lacked the consideration of the probable effect of the upper

instrumented vertebra (UIV) on regulating postoperative

CB. Second, ‘‘postoperative’’ was just referred to ‘‘imme-

diately after surgery’’, other than the long-term CB.

In our practice, we have noticed that during selective

posterior fusion for Lenke 5C patients, centering the UIV

in the midline was difficult in some patients, and coronal

imbalance might occur in these patients immediately after

surgery, indicating that the coronal imbalance might

associate with the translation of the UIV. In addition, we

also noticed that over a longer period of follow-up, the

postoperative coronal imbalance could be compensated for,

implying that the final outcome of CB of the Lenke 5C

patients after selective posterior fusion and instrumentation

might not be simply dependent on the aforementioned

radiographic parameters. Hence, the purpose of this study

was to investigate which of the pre- and postoperative

radiographic parameters, including the parameters perti-

nent to the UIV and the LIV, significantly correlated with

the immediate postoperative CB in Lenke 5C AIS patients.

Furthermore, we also attempted to identify any radio-

graphic parameter that is correlated with the ultimate CB at

a minimum follow-up of 2 years.

Materials and methods

Subjects

This is a retrospective case series study approved by the

institution review board (IRB) of our hospital. From

January 2006 to September 2009, 40 Lenke 5C AIS patients

who underwent selective posterior spinal fusion at a single

institution were recruited. The inclusion criteria were as

follows: (1) patients diagnosed with AIS who had a major

thoracolumbar/lumbar curve classified as type 5C according

to the Lenke classification system [10], (2) patients who

underwent a one-stage selective posterior surgery, and

(3) patients who had a minimum follow-up of 2 years. The

average age at surgery was 14.6 ± 1.5 years (range

12–18 years). There were 36 females and 4 males. At the

time of surgery, skeletal maturity according to Risser’s sign

was 3 in 10 cases, 4 in 25, and 5 in 5 with a mean of 4.1. Any

AIS girl with one or more of the following features was

excluded: evidence of congenital deformities, neuromus-

cular diseases, metabolic diseases, skeletal dysplasia, con-

nective tissue abnormalities, mental retardation, or a history

of recent steroid intake.

Posterior fusion was accomplished with local and iliac

bone, and the fusion levels were basically decided

according to Lenke et al. [11]. Specific screw–rod instru-

mentation systems used in this series were the TSRH

system (Medtronic Sofamor Danek, USA) in 10 cases, the

CDH Legacy system (Medtronic Sofamor Danek, USA) in

26 cases and the Expedium system (DePuy Spine, USA) in

the remaining 4 cases. All the surgeries were performed by

one team under intraoperative neuroelectrophysiological

monitoring.

Radiographic evaluation

Pre- and postoperative standing upright posteroanterior and

lateral radiographs as well as preoperative supine left and

right side-bending radiographs were used for radiographic

assessment. Preoperative, immediate postoperative (10 days

after surgery), and the latest follow-up radiographs were

obtained on long-cassette films in routine fashion. All

radiographic and clinical data collections were done by an

independent observer (Z.L.) who was not involved in the

treatment of the patients. A total of 34 patients had a left-

sided thoracolumbar/lumbar (TL/L) curve, while the

remaining 6 patients had a right-sided TL/L curve whose

radiographs were measured as mirror images.

Cobb angles of the major TL/L curve and minor thoracic

curve were measured on all radiographs using the standard

method [12]. Coronal balance was measured in millimeters

as the perpendicular distance between the C7 plumbline

and the central sacral vertical line (C7PL–CSVL) [9]. The

radiographic parameters relevant to the UIV and LIV were

measured as follows [9]: (1) UIV and LIV translation was

defined as the distance in millimeters from the geometric

center of the UIV and LIV to the CSVL, (2) UIV and LIV

rotation was graded according to the Nash-Moe technique

[13], (3) UIV and LIV tilt was defined as the inclination in

degrees of the superior endplate to the horizontal for the

UIV and of the inferior endplate to the horizontal for the

LIV, (4) UIV disc angle was defined as the angle subtended

between the superior endplate of the UIV relative to the

inferior endplate of the adjacent upper vertebra, while LIV

disc angle was subtended between the inferior endplate of

the LIV relative to the superior endplate of the adjacent

lower vertebra. If the C7PL or the center of UIV and LIV

shifted to the preoperative convex side relative to the

CSVL, the CB or UIV and LIV translation was accordingly

defined as ‘‘?’’, otherwise as ‘‘-’’. The UIV and LIV tilt

and disc angle were defined as ‘‘?’’ when opening to the

preoperative concave side and as ‘‘-’’ when opening to the

preoperative convex side. Using Surgimap Spine imaging

software (download from www.surgimap.com, Version:

1.1.2.271, provided by Nemaris Inc., New York), all the

radiographic parameters were measured.
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Statistics

The data were analyzed using SPSS 16.0 statistical soft-

ware (SPSS Inc., Chicago, IL). All the data were pre-

sented as mean ± SD. Paired student’s t tests were

performed to assess the differences of radiographic

parameters between three time points (preoperatively,

immediate postoperatively and at the last follow-up).

Bivariate correlation tests were carried out to analyze the

correlation of each radiographic parameter to the CB

immediately after surgery and at the last follow-up.

Spearman’s correlation coefficient was used for the ordi-

nal data, while Pearson’s correlation coefficient was used

for the continuous data. Correlation coefficient of ‘‘r’’ was

stratified as follows: high correlation (0.80–1.00), marked

correlation (0.60–0.79), moderate correlation (0.40–0.59),

and \0.40 was regarded as low or no correlation. In

addition, curve estimation analysis was performed to

determine the best-fit trend (e.g., linear, quadratic, cubic,

etc.) of the correlation between significant radiographic

parameters and postoperative CB. A p value \0.05 was

considered to be significant.

Results

In the current study, the upper end vertebra (UEV) and the

lower end vertebra (LEV) were determined using the Cobb

method. The UIV was T10 (n = 20), T11 (n = 18), or T12

(n = 2). The UIV was equal to the UEV (UIV = UEV) in

22 patients, 1 above the UEV (UIV = UEV-1) in 14

patients, and 1 below the UEV (UIV = UEV ? 1) in 4

patients. The LIV was L3 (n = 28) or L4 (n = 12). The

LIV was equal to the LEV (LIV = LEV) in 28 patients, 1

above the LEV (LIV = LEV-1) in 8 patients, and 1 below

the LEV (LIV = LEV ? 1) in 4 patients.

The preoperative and postoperative characteristics of the

AIS patients are presented in Table 1. The average follow-

up time was 35.2 months (range 24–55 months). The

average preoperative Cobb angle of the TL/L curve was

48.9� ± 4.8�, and the average immediate postoperative

Cobb angle of the TL/L curve was 13.1� ± 2.7�, repre-

senting an average surgical correction rate of

74.3 ± 10.2 %. As for the thoracic curve, the average

preoperative Cobb angle was 26.5� ± 6.8�, and the average

immediate postoperative Cobb angle was 11.5� ± 7.6�,

representing an average surgical correction rate of

60.0 ± 26.9 %. In addition, there were significant differ-

ences between the pre- and postoperative CB (17.4 ± 11.4

vs. 7.1 ± 7.8 mm, p \ 0.05). The average preoperative

UIV tilt was 17.7� ± 4.0� and the average preoperative

UIV disc angle was 2.2� ± 1.8�, while the average pre-

operative LIV tilt was 22.9� ± 4.0� and the average

preoperative LIV disc angle was 3.4� ± 3.6�. The preop-

erative UIV rotation was grade 0 in 24, grade 1 in 15

patients, and grade 2 in the remaining 1 patients. The

preoperative LIV rotation was grade 0 in 12 patients, grade

1 in 24 patients, and grade 2 in the remaining 4 patients.

The average preoperative supine side-bending Cobb angles

of the TL/L curve and thoracic curve were, respectively,

12.5� ± 7.9� and 10.3� ± 5.2�, representing an average

preoperative curve flexibility of 72.4 ± 15.6 % for the TL/

L curve and 62.0 ± 17.8 % for the thoracic curve. Fur-

thermore, on the convex side-bending radiograph, the UIV/

LIV should be derotated to neutral position (Nash-Moe

Grade 0), and meanwhile all the UIV and LIV were hori-

zontal in the preoperative side-bending films.

Correlation analysis showed that the following radio-

graphic parameters significantly associated with the

immediate postoperative CB: preoperative CB (r = 0.66,

p \ 0.01), preoperative UIV translation (r = 0.61,

p \ 0.01), preoperative LIV tilt (r = 0.61, p \ 0.01),

postoperative UIV translation (r = 0.51, p \ 0.05), and

postoperative LIV tilt (r = 0.50, p \ 0.05). Curve esti-

mation analysis demonstrated that the preoperative UIV

translation and LIV tilt both exhibited a quadratic trend

with the immediate postoperative CB (Figs. 1, 2).

However, neither the preoperative radiographic para-

meters nor the immediate postoperative parameters were

associated with the final CB. Only the final UIV tilt was

inversely correlated with the ultimate CB (r = -0.58,

p \ 0.05). Curve estimation analysis demonstrated that the

Table 1 Preoperative and postoperative radiographic characteristics

of Lenke 5C patients

Preoperation Postoperation Last follow-up

TL/L Cobb angle

(�)

48.9 ± 4.8 13.1 ± 2.7a 15.4 ± 3.1a

Thoracic Cobb

angle (�)

26.5 ± 6.8 11.5 ± 7.6a 14.1 ± 7.4a

Coronal balance

(mm)

17.4 ± 11.4 7.1 ± 7.8a 6.6 ± 7.3a

UIV translation

(mm)

20.3 ± 7.0 4.8 ± 9.5a 3.6 ± 10.0a

UIV tilt (�) 17.7 ± 4.0 6.2 ± 3.4a 7.2 ± 3.4a

UIV disc angle (�) 2.2 ± 1.8 0.4 ± 2.2a 0.1 ± 2.3a

LIV translation

(mm)

19.7 ± 4.6 11.4 ± 3.3a 11.4 ± 4.1a

LIV tilt (�) 22.9 ± 4.0 2.5 ± 2.9a 2.9 ± 3.0a

LIV disc angle (�) 3.4 ± 3.6 -6.1 ± 2.8a -5.1 ± 2.6a

Thoracic kyphosis 12.4 ± 7.7 20.0 ± 8.0a 24.0 ± 7.8a

Lumbar lordosis -49.6 ± 6.8b -47.8 ± 6.8b -54.4 ± 6.8

a Significantly different from the preoperative value, p \ 0.05
b Significantly different from the last follow-up value, p \ 0.05
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final UIV tilt exhibited a cubic trend with the final follow-

up CB (Fig. 3).

Fusion was achieved in all patients at the last follow-up

and no instrumentation-related complications were noted.

Seven patients presented with coronal imbalance immedi-

ately after surgery. Five of the seven patients exhibited

pre-existing coronal imbalance before surgery. The

preoperative UIV translation of these seven patients was

equal to or greater than 25 mm, and the preoperative LIV

tilt of all the seven patients exceeded 25�. The postopera-

tive UIV translation of all seven patients failed to reduce to

\10 mm, whereas all but one patient achieved C7PL–

CSVL distance within 10 mm at the last follow-up, with

the average UIV tilt increased from 3.8� postoperatively to

8.4� at the last follow-up.

Discussion

CB has been commonly used as an evaluation tool for

scoliosis correction [14–17]. However, few authors have

explicitly addressed postoperative CB in Lenke 5C AIS

patients [9]. Li et al. [9] observed a strong relationship

between postoperative CB and preoperative LIV tilt, as

well as between postoperative CB and postoperative LIV

tilt. Nevertheless, his study [9] was limited because it

overlooked the significance of UIV and lacked analysis of

the final CB at the last follow-up. In Lenke 5C patients,

UIV was frequently selected as the vertebra at the thora-

columbar junction, which might also have an effect on

regulating postoperative CB. In addition, a postoperatively

imbalanced spine can be rebalanced over a period of

follow-up according to the compensatory mechanism.

Therefore, the significance of UIV and the final outcome of

CB have to be recognized to further improve the surgical

treatment of AIS patients with Lenke type 5.

To our best knowledge, this is the first study that com-

prehensively investigated the correlations between radio-

graphic parameters and postoperative CB in Lenke 5C

patients with a long-term follow-up. Our study demon-

strated that preoperative CB, UIV translation, and LIV tilt

had significant correlation with immediate postoperative

CB. Again, postoperative UIV translation and LIV tilt also

had significant correlation with immediate postoperative

CB. However, the postoperative CB was not related to the

preoperative UIV/LIV rotation. The above results indicated

that the Lenke 5C AIS patients who had a greater UIV

translation and LIV tilt before surgery might be at higher

risk of developing immediate postoperative coronal

imbalance. We further analyzed seven patients who pre-

sented with coronal imbalance immediately after surgery in

our cohort. The preoperative UIV rotation was grade 0 in

Fig. 1 Correlation of the preoperative LIV tilt and the postoperative

coronal balance

Fig. 2 Correlation of the preoperative UIV translation and the

postoperative coronal balance

Fig. 3 Correlation of the final UIV tilt and the final coronal balance
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five patients, grade 1 in one patient, and grade 2 in the

remaining one patient. The preoperative LIV rotation was

grade 0 in two patients, grade 1 in four patients, and grade

2 in the remaining one patient. Furthermore, the preoper-

ative UIV and LIV rotation in the side-bending radiographs

were neutral (grade 0) in all the seven patients. The com-

mon radiographic features of these seven patients were as

follows: preoperative UIV translation C25 mm, postoper-

ative UIV translation C10 mm, and preoperative LIV tilt

C25�. Based on these results, we concluded that, in Lenke

5C AIS patients, preoperative UIV translation equal to or

exceeding 25 mm and preoperative LIV tilt equal to or

exceeding 25�, as well as the inability of surgical correc-

tion to decrease the postoperative UIV translation below

10 mm were risk factors for developing coronal imbalance

immediately after surgery.

With regard to the CB at the last follow-up, surprisingly,

only the final UIV tilt was inversely correlated with the

C7PL–CSVL distance. This result suggests that the ulti-

mate outcome of CB may not be dependent on either

preoperative or postoperative radiographic status, but on

self-compensation during follow-up. Further analysis of the

seven patients who presented with immediate postoperative

coronal imbalance revealed that only one of them still had

coronal imbalance at the last follow-up, and the other six

patients all demonstrated good CB with C7PL–CSVL

distance \10 mm. The common radiographic feature of

these six patients was that the postoperative UIV tilt

Fig. 4 a, b Preoperative

radiographs of a 14-year-old girl

with Lenke 5C AIS showed a

major TL/L curve of 48� and a

minor thoracic curve of 32�.

Preoperative C7PL–CSVL

distance was 22 mm.

Preoperative UIV (T11)

translation was 26 mm and

preoperative LIV (L4) tilt was

27�. c, d Immediate

postoperative radiographs of the

same patient showed that

postoperative C7PL–CSVL

distance was increased to

28 mm, with a postoperative

UIV translation of 16 mm and a

postoperative LIV tilt of 8�. The

TL/L curve was corrected to 10�
(correction rate, 79.2 %) and the

thoracic curve was corrected to

9� (correction rate, 71.9 %).

Postoperative UIV tilt was 2�.

e, f As shown in the final

radiographs (28 months after

surgery), the final C7PL–CSVL

distance was reduced to 1 mm,

with an increase of UIV tilt up

to 7�. The final UIV translation

was 6 mm and the final LIV tilt

was 6�. The TL/L curve mildly

increased to 13� (correction

rate, 72.9 %), while the thoracic

curve markedly increased to 15�
(correction rate, 53.1 %)
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increased during the follow-up, with an average increment

of approximately 5�. Accordingly, the patient who still had

coronal imbalance at the last follow-up presented the same

degrees of UIV tilt as it was postoperatively. Based on

these results, we concluded that, in Lenke 5C type curves,

patients with coronal imbalance immediately after surgery

may not be associated with a higher risk of presenting

coronal imbalance at the 2-year follow-up, and the UIV tilt

was of primary importance in compensating for coronal

imbalance during the postoperative period of follow-up

(Fig. 4).

After selective posterior fusion and instrumentation, the

major structural TL/L curve is directly corrected, with

spontaneous correction of the minor thoracic curve.

According to the results of the current study, UIV tilt may

play a very important role in this process, because it is the

inflection point connecting the upper non-instrumented

thoracic spine and the lower instrumented TL/L spine. The

equilibrium of the thoracic curve and TL/L curve can be

easily restored by simply increasing the inclination of the

UIV. In the authors’ opinions, two mechanisms could lead

to increase in the UIV tilt. One possible mechanism is the

decrease of the LIV tilt, and the other is the loss of cor-

rection of the TL/L curve. In most cases, both mechanisms

simultaneously contribute to the inclination of the UIV.

This is supported by our results that the UIV tilt was

negatively correlated with the LIV tilt and TL/L correction

rate. Furthermore, as the UIV tilts, the upper thoracic curve

increases accordingly. Finally, the equilibrium of the tho-

racic curve and TL/L curve could be obtained, which in

turn leads to a well-balanced spine in the coronal plane.

One possible negative effect of the UIV compensation is

the loss of correction of the thoracic and TL/L curve.

Analysis of the imaging features of the six patients who

restored CB at the last follow-up showed mild changes in

the postoperative Cobb angle and correction rate of the TL/

L curve at the last follow-up, probably because the TL/L

curve was fused, but the average thoracic Cobb angle

significantly increased from 11.1� postoperatively to 15.9�
at the last follow-up. Therefore, it is concluded that the

compensation for postoperative coronal imbalance via the

UIV tilt can be obtained, however, probably, at the price of

correction loss of the unfused thoracic spine.

Though the final CB was negatively correlated with the

final UIV tilt, over-inclination of the UIV may likewise

lead to the imbalance of the spine. Curve estimation

analysis showed that the final UIV tilt exhibited a cubic

trend with the final CB (Fig. 3), which meant that too small

or too large UIV tilt both could result in increasing C7PL–

CSVL distance, but in different directions.

The choice of UIV and LIV in Lenke 5C patients has

been a subject of debate in the past decade [18, 19].

Although rare general algorithms have been proposed for

reference, spine surgeons usually select the UIV and LIV

prior to surgery based on experiences and preferences. In

this study, the flexibility and rotation of the lumbar curve

both in standing and side-bending films were two important

factors for determining the fusion levels. In addition, our

study indicated that preoperative UIV translation and LIV

tilt were strongly correlated with immediate postoperative

CB and should be considered as essential factors in deci-

sion-making for Lenke 5C patients. When the preoperative

UIV translation was equal to or greater than 25 mm in

Lenke 5C patients, we recommend extending the instru-

mentation to one more upper vertebra to obtain better CB

after surgery. Similarly, when the planned LIV tilts by

more than 25�, we recommend extending the instrumen-

tation to one more lower vertebra.

One primary limitation of the current study was a lack of

investigation into the preoperative and postoperative

quality of life in Lenke 5C patients. Evaluation of patients’

quality of life serves as an important tool that determines

the long-term outcome of surgical intervention. Further

studies that include patients’ quality of life at different

stages may be conducted in a similar manner to refine our

findings.

Conclusions

In Lenke 5C patients, preoperative UIV translation and

LIV tilt are two important parameters that can predict the

immediate postoperative CB. Preoperative UIV translation

C25 mm and LIV tilt C25� are associated with a high risk

of developing immediate postoperative coronal imbalance.

During the postoperative follow-up, UIV tilt may play a

very important role in compensating for postoperative

coronal imbalance.
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