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Abstract

Purpose Little information is available on the relation-

ship between cervical sagittal alignment and health-related

quality of life (HRQOL) in adolescent idiopathic scoliosis

(AIS) patients. The aim of this study was to identify rela-

tionships between postoperative cervical sagittal alignment

and HRQOL in AIS.

Methods The study and control groups comprised 67 AIS

patients (51 girls and 16 boys). All underwent anteropos-

terior and lateral plain radiography and completed clinical

questionnaires. The radiographic parameters investigated

were pre- and postoperative C2–C7 lordosis, C2–C7

sagittal vertical axis (SVA), T1 slope, T1 slope minus C2–

C7 lordosis (TS-CL), thoracic kyphosis (TK), lumbar lor-

dosis (LL), pelvic tilt (PT), sacral slope (SS), and pelvic

incidence (PI). The Korean version of the SRS-22 ques-

tionnaire and the previously validated Short Form-36 (SF-

36) outcome questionnaire were administered to evaluate

HRQOL at last follow-up visits. Statistical analysis was

performed to determine the significances of differences

between preoperative and last follow-up radiological

findings. In addition, correlations between radiological

parameters and clinical questionnaire scores were sought.

Results Radiological sagittal parameters were found to be

significantly increased after surgical correction in terms of

C2–C7 lordosis (3.5 ± 11.4), C2–C7 SVA (1.5 ± 6.0), T1

slope (3.5 ± 6.1), and TK (6.0 ± 8.1). However, no sig-

nificant difference was observed for TS-CL, LL, PT, SS,

and PI (P[ 0.05). Correlation analysis revealed significant

relationships between radiographic parameters and ques-

tionnaire scores. Multiple regression analysis was per-

formed to identify predictors of HRQOL, and the results

obtained revealed that postoperative T1 slope significantly

predicted SRS, PCS, and MCS scores and that postopera-

tive C2–C7 SVA predicted SRS scores.

Conclusions Changes in cervical sagittal parameters were

significant after deformity correction in AIS patients. Cor-

relation analysis revealed significant relationships between

postoperative radiographic parameters and HRQOL. In

particular, T1 slope and C2–C7 SVA were found to be

significant predictors of HRQOL in AIS patient.

Keywords Adolescent idiopathic scoliosis � Cervical

sagittal parameter � Quality of life

Introduction

Scoliosis is a three-dimensional deformity of the spine and

idiopathic cases of scoliosis usually exhibit a flattening of

the sagittal profile. Coronal and sagittal plane correction is

critical to the long-term success of scoliosis surgery.

However, the sagittal profile often deteriorates when the

Harrington technique is used, and its consequences include

a flat back, an angular increase in lumbar lordosis below

the fusion level, and low back pain [3, 16, 26].
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The restoration of normal coronal and sagittal balances

is an important goal for the surgical treatment of adolescent

idiopathic scoliosis (AIS). The concave derotation tech-

nique involving rod prebending is able to restore thoracic

kyphosis in hypokyphotic patients and maintains or regains

normal lumbar lordosis in a considerable percentage of

patients [1, 2, 6, 12]. Studies on the effects of scoliosis

surgery on sagittal alignment of the cervical spine are

scarce and it is possible that scoliotic patients treated sur-

gically have a greater incidence of cervicodorsal pain than

normal subjects [4, 12]. Furthermore, recent publications

have shown regional cervical sagittal alignment is corre-

lated with health-related quality of life (HRQOL) and

reciprocally affected by changes in global sagittal align-

ment [10, 19, 20, 27].

Therefore, we considered that knowledge of correlations

between cervical sagittal alignment and HRQOL would

provide valuable information for treatment decision mak-

ing and planning in AIS. However, the specific impact of

cervical sagittal alignment on general health status has not

been studied in AIS patients. Accordingly, the aim of this

study was to identify relationships between postoperative

cervical sagittal parameters and HRQOL in AIS patients. In

addition, we attempted to identify cervical sagittal param-

eters that predict HRQOL.

Materials and methods

Sixty-seven consecutive patients with AIS that underwent

spinal fusion were retrospectively reviewed. The study

inclusion criteria were age below 16 years at time of sur-

gery, a Lenke Type 1 curve, and at least 2 years of

radiographic follow-up with adequate visualization of the

cervical spine on preoperative and postoperative films. The

surgeries were performed between March 2005 and August

2011. Curve correction was performed in all patients using

all pedicle screw constructs, and deformity correction by

concave rod derotation and additional intraoperative rod

bending. Pedicle screws were inserted at every segment on

both sides if possible. The precontoured titanium rod

(6.5 mm) was rotated on the concave side subsequently

bended more using intraoperative bending device for fur-

ther sagittal and coronal correction. After completely

locking the concave rod to each screw, another precon-

toured rod was attached to the convex.

Demographic characteristics and clinical assessment

scores obtained using Korean version of Scoliosis Research

Society-22 (SRS-22) [18] questionnaire and the Short-

Form 36 (SF-36) questionnaire (MCS; mental component

score and PCS; physical component score) [7] were

analyzed. Sixty-seven subjects underwent whole spine

radiographs preoperatively and at last follow-up. The study

was approved by the Clinical Research Ethics Committee

of our institution.

Standing anteroposterior and lateral radiography was

taken in a comfortable upright position by one technician at

a distance of 72 inches using a standard technique and the

same machine. Also the standing lateral radiograph was

taken with the upper extremities positioned gently flexed

anterior to the body and with a horizontal gaze (Fig. 1).

Radiographic parameters examined included C2–C7 lor-

dosis, C2–C7 sagittal vertical axis (SVA), T1 slope, T1

slope minus C2–C7 lordosis (TS-CL), thoracic kyphosis

(TK), lumbar lordosis (LL), pelvic tilt (PT), sacral slope

(SS), and pelvic incidence (PI) (Fig. 2). C2–C7 SVA was

defined as the distance between C2 and C7 sagittal plumb

lines. The C2 sagittal plumb line was drawn as a lateral

Fig. 1 Posture of taking lateral radiography
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gravity line from the center of C2. The center of C2 was

defined as the point of intersection of crossing diagonals of

the vertebral body of C2 on a lateral radiograph. The C7

sagittal plumb line was defined as the lateral gravity plumb

line from the center of C7. Anterior displacement of the

sagittal plumb line was defined as positive. T1 slope was

defined as the angle formed between the T1 upper end plate

and the horizontal plane. All measurements were per-

formed twice independently by three spine surgeons with

an interval of 2 weeks between the two measurements to

decrease intraobserver (Pearson correlation coeffi-

cient = 0.945, range 0.909–0.964) and interobserver errors

(Pearson correlation coefficient = 0.939, range

0.902–0.959).

Statistical analysis was performed using SPSS Ver. 11.5

for Windows (SPSS, Chicago, IL, USA). Results are

expressed as means ± standard deviations. Changes from

pre-operative to post-operative alignment were compared

using paired t test, and correlation analysis was performed

using Pearson’s correlation to explore relationships

between variables. Multiple regression analysis was used to

identify parameters that predicted HRQOL. P values of

\0.05 were deemed statistically significant.

Results

Measurements of radiological sagittal parameters

Table 1 summarizes the preoperative and postoperative (as

determined at last follow-up visits) sagittal parameters of

the 67 AIS patients. Radiological sagittal parameters were

Fig. 2 Cervical sagittal parameters of preoperative and last follow-up radiographs

Table 1 Details of preoperative and postoperative radiologic

findings

Preoperative Postoperative P value

C2–C7 lordosis -7.4 ± 12.9 -3.8 ± 9.2 0.0132

C2–C7 SVA 5.1 ± 7.2 6.7 ± 9.3 0.0404

T1 slope 12.8 ± 6.6 16.3 ± 6.4 \0.0001

TS-CL 20.2 ± 11.5 20.2 ± 8.9 0.9947

TK 26.5 ± 8.3 32.5 ± 8.9 \0.0001

LL 43.7 ± 11.5 44.4 ± 10.7 0.4907

PT 10.2 ± 6.9 10.7 ± 6.6 0.3980

SS 37.3 ± 7.5 36.0 ± 9.4 0.1287

PI 45.6 ± 11.6 45.4 ± 13.1 0.8495

Angle of major curve 51.1 ± 8.6 10.0 ± 7.7 \0.0001
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found to be significantly increased after surgical correction

in terms of C2–C7 lordosis (3.5 ± 11.4), C2–C7 SVA

(1.5 ± 6.0), T1 slope (3.5 ± 6.1), and TK (6.0 ± 8.1).

However, no significant intergroup difference was

observed for TS-CL, LL, PT, SS, or PI (P[ 0.05).

Correlation between cervical sagittal parameters

Table 2 summarizes correlations between cervical sagittal

parameters. Statistically significant correlations were

observed between the following variables (Fig. 3): C2–C7

lordosis and T1 slope (r = 0.392, P = 0.001), C2–C7

lordosis and TS-CL (r = -0.751, P\ 0.001), C2–C7

lordosis and TK (r = 0.405, P = 0.0007), and T1 slope

and TS-CL (r = 0.312, P = 0.01), and T1 slope and TK

(r = 0.864, P =\0.0001). C2–C7 SVA was only corre-

lated with LL (r = 0.437, P = 0.0002).

Correlation between cervical sagittal parameters

and HRQOL

Postoperative C2–C7 lordosis and T1 slope were found to

be significantly correlated with HRQOL by correlation

analysis (Table 3). However, postoperative C2–C7 lordosis

and TS-CL were not found to be correlated with any of the

three HRQOL scores (SRS, PCS, and MCS scores).

Multiple regression analysis was performed to identify

predictors of QOL and showed postoperative T1 slope

significantly predicted SRS, PCS, and MCS scores and that

postoperative C2–C7 SVA significantly predicted SRS

score (Table 4).

Discussion

Sagittal alignment of the thoracolumbar spine and pelvis,

and long-term outcome in patients with AIS has become an

increasingly important consideration in the spine field [24].

Although an abnormal spinopelvic morphology and flat-

tened sagittal balance with loss of cervical lordosis (CL)

are common in AIS patients, the relevance of cervical

sagittal balance in AIS remains unclear. Earlier studies on

TK and LL failed to address cervical sagittal alignment in

their analyses but some authors have noted an inverse

correlation between the thoracic and cervical alignment [9,

12]. Pesenti et al. [23] reported T1 slope was increased

after scoliosis correction and is a good indicator of poste-

operative changes for regional (cervical lordosis and tho-

racic kyphosis) and global parameters. However, relatively

few studies have addressed relations between AIS and

specific radiologic cervical parameters. Furthermore, the

relationships established between cervical sagittal param-

eters and HRQOL in AIS are lacking.

Standing C2–C7 SVAs are closely maintained in a tight

range in the normal cervical spine [8, 14, 15]. In particular,

C2-S1 and C7-S1 SVAs are maintained to ensure align-

ment of the spine over the pelvis and femoral heads [15]. In

degenerative cervical diseases, some parameters, namely

C2–C7 lordosis, C2–C7 SVA, T1 slope, and TS-CL, can be

used to assess cervical sagittal balance [22, 25]. Therefore,

if cervical sagittal parameters are changed by disease, one

could theorize that alterations in cervical sagittal alignment

might affect clinical outcomes.

Table 2 Correlations of the parameters

AS patients (n = 67) C2–C7 lordosis C2–C7 SVA T1 slope TS-CL TK LL PT SS PI

C2–C7 lordosis -0.059 0.392* -0.751* 0.405* -0.027 0.014 -0.015 0.025

C2–C7 SVA r 0.020 0.075 0.078 0.437* -0.101 -0.001 -0.055

T1 slope r 0.312** 0.864* 0.168 -0.018 0.155 0.150

TS-CL r 0.201 0.149 -0.159 0.126 0.082

TK r 0.305** -0.018 0.154 0.124

LL 0.216 0.711* 0.608*

PT 0.302** 0.663*

SS 0.855*

PI

* Significant correlation was established at the 0.01 level

** Significant correlation was established at the 0.05 level

Fig. 3 Correlation between cervical sagittal parameters
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Malalignment of the cervical spine following anterior

cervical surgery affects the development of clinical adja-

cent segment pathology [5, 22] and overall cervical sagittal

alignments in postoperative radiographs were more

kyphotic in patients with radiographically adjacent level

degeneration [13]. Although few studies have addressed

the topic, we felt that similar relations might be found

between cervical sagittal parameters and HRQOL in AIS.

In the present study, cervical sagittal parameters were

significantly changed by surgical correction in AIS patients

and were related to each other. Although no correlations

between cervical sagittal parameters and the development

of spinal disorders have been confirmed in AIS, differences

and relationships between sagittal radiological parameters

can provide clues when cervical spinal deformities are

examined in AIS. In the present study, AIS patients

exhibited higher levels of C2–C7 lordosis, C2–C7 SVA, T1

slope, and TK after surgical correction, which suggests that

cervical sagittal orientation is closely related to thora-

columbar deformity changes in AIS. Higher levels of C2–

C7 lordosis might have occurred to compensate for

increased TK, T1 Slope, and C2–C7 SVA of AIS patients.

Thus, it appears that cervical sagittal parameters might be

used as tools to predict HRQOL in AIS patients.

Furthermore, few studies have addressed relationships

between HRQOL instrument scores and cervical sagittal

measurements. However, these cervical parameters could

be significantly correlated with HRQOL measures, and

thus, could be important when analyzing radiographic

alignment. In the present study, HRQOL scores were found

to be significantly correlated with postoperative C2–C7

SVA and T1 slope. In fact, multiple regression analysis

showed postoperative T1 slope (defined as the angle

formed between the T1 upper end plate and the horizontal

plane) was significantly related to HRQOL and a signifi-

cant predictor of HRQOL. These findings indicate changes

in spinal sagittal alignments are closely related to HRQOL

and suggest that spinal alignment be considered by sur-

geons when treating AIS.

This study has several limitations that require consid-

eration. First, the number of subjects tested was relatively

small and no control group used, which diminished the

statistical power of the study and its ability to detect cor-

relations. Second, other radiological measurements (e.g.,

global sagittal balance) that could affect HRQOL were not

included. Third, because no control group was enrolled, the

incidence of cervicodorsal pain and muscle spasm and

HRQOL differences between fused patients and unfused

patients were not determined. According to some previous

reports on normal subjects, T1 slope is a key factor

determining cervical sagittal balance, and measurements of

cervicothoracic junctional structures were identified as

important predictors of chronic neck pain. So T1 slope is

inferred to be a relevant factor on HRQOL of normal

subjects too [17, 21]. Fourth, because children are notably

more sensitive to the carcinogenic effects of ionizing

radiation, judicious use of imaging methods and a search

for newer technologies remain necessary [11]. These issues

also require further investigation.

Nonetheless, this study shows significant relationships

exist between cervical sagittal parameters in AIS patients

and that significant changes in cervical sagittal parameters

occur after surgical correction. Furthermore, correlation

analysis revealed significant relationships between post-

operative cervical sagittal parameters and HRQOL scores.

In particular, a high T1 slope was found to negatively

affect HRQOL scores. These findings should be taken into

consideration when recommending the surgical correction

of AIS.
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Table 3 Correlations of the

cervical sagittal parameters and

clinical outcomes in AIS

patients

SF36 men (4.1 ± 1.4) SF36 Phy (33.1 ± 13.6) SRS22 (34.9 ± 13.5)

C2–C7 lordosis r -0.007 -0.067 -0.069

C2–C7 SVA r -0.241* -0.141 -0.279*

T1 slope r -0.251* -0.300* -0.251*

TS-CL r -0.173 -0.146 -0.109

* Significant correlation was established at the 0.05 level

Table 4 Multiple regression analysis in AIS patients

Variables Coefficient t r P value

SF36 men

T1 slope -0.2972 -2.086 -0.251 0.0409

Constant 72.956

SF36 Phy

T1 slope -0.3378 -2.540 -0.300 0.0135

Constant 79.861

SRS22

C2–C7 SVA -0.0111 -2.359 -0.283 0.0214

T1 slope -0.0145 -2.556 -0.256 0.0384

Constant 4.4125
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