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The aim of the study study is to determine whether 
bilateral pedicle screw placement and posterior only 
spinal fusion improves sagittal correction parameters 
compared to alternate posterior segmental fixation in 
adolescent idiopathic scoliosis. 49 patients with Lenke 
Type 1 main thoracic curves who underwent single 
stage posterior only instrumentation and spinal fu-
sion at a single center were retrospectively evaluated 
according to coronal radiological parameters. Pa-
tients divided into two groups of treatment strategy. 
Bilateral segmental fixation group’s results were sim-
ilar to alternate fixation group. Although quality of 
life or cosmetic evaluation of patients not involved in 
this study, alternate fixation provides similar results 
as bilateral segmental fixation in adolescen idiopathic 
scoliosis.

Keywords : adolescent idiopathic scoliosis ; Lenke type 
1 curve ; fusion ; radiographical measurement.

Introduction 

The use of pedicle screw implants for adolescent 
idiopathic scoliosis (AIS) take place of hook im-
plants over several years. Pedicle screws have been 
shown to be safe and effective with their greater 
correction power in coronal, sagittal and axial plains 
in the treatment of AIS (2,3,6,8,14,16,23,24). Beside 
this, pedicle screws were shown to have superior 
biomechanical properties from other instrumenta-
tion techniques (13,15). 

Pedicle screw fixation in the toracic spine first 
used for trauma and tumors (21). In 1995 Suk et al. 
reported thoracic pedicle screw fixation in the treat-
ment of AIS (24). They found better coronal correc-
tion with all screw constructs than all hook con-
structs. Correspondingly Kim et al. found 75% 
major curve correction in all screw group and 49% 
in all hook group. Lowenstein et al. observed better 
correction of main thoracic curve in the all screw 
construct group (9,17). 

There are limited studies investigating whether 
bilateral pedicle screw placement improves correc-
tion of deformity compared to alternate segmental 
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fixation in AIS (19,27). Quan retrospectively re-
viewed Lenke Type 1 AIS who underwent one stage 
posterior only spinal fusion and found bilateral seg-
mental fixation did not improve curve correction 
compared to unilateral or alternate segmental fixa-
tion (19). Yang et al. evaluate the relationship be-
tween implant density, Cobb angle correction and 
cosmesis and found that increasing density did not 
improve Cobb angle and did not change cosmesis 
parameters (27). 

Radiological evaluation of AIS is not limited 
only with Cobb angle. T1 tilt angle clavicle angle, 
apical vertebral translation, trunk shift are para
meters evaluating coronal balance in AIS (10,26). 
This study evaluates sagittal parameters of posterior 
only instrumented Lenke Type1 AIS patients 
between bilateral segmental fixation group and 
alternate segmental fixation groups.

The purpose of this retrospective study is to de-
termine whether bilateral pedicle screw placement 
and posterior only spinal fusion improves sagittal 

correction parameters compared to alternate poste-
rior segmental fixation in AIS.

Materials and methods

49 consecutive (7 males, 42 females) adolescent idio-
pathic scoliosis patients with Lenke Type 1 main thoracic 
curves who underwent single stage posterior only instru-
mentation and spinal fusion at a single center were retro-
spectively evaluated. Magnetic resonance imaging was 
routinely performed before the surgery and no neurologi-
cal abnormality which could affect surgery strategy was 
detected. Apex of the major thoracic curves was between 
T6 and T10. The average age at the time of surgery was 
14 ± 0,9. Patients were divided into two groups accord-
ing to implantation as alternate segmenral fixation group 
and bilateral segmental fixation group (Fig. 1, 2).

Coronal radiograhic analyses include Cobb angles, 
apical vertebral translation (AVT), coronal balance (CB), 
T1 tilt angles (T1A), clavicle angles (CA), and trunk shift 
(TS). Standing whole spine anteroposterior radiographs 
before the surgery and at last follow up were evaluated. 

Fig. 1. — Preoperative and 4 year postoperative x-ray of a patient in alternate fixation group
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Patients without standard X ray were excluded from the 
study. Average follow up was 48 months. 

All surgeries were performed by the same surgery 
group at a single institution, senior author was the major 
surgeon of all surgeries. Treatment was selective thoracic 
fusion usually extended from one level above the proxi-
mal end vertebra to one level below the distal end 
vertebrae. All pedicle screws were inserted using free 
hand technique under continuous neuromonitorization. 
Correction was performed by rod derotation, translation, 
segmental derotation and compression-disraction man-
uevers. The posterior elements were decorticated and and 
autologous bone grafts mixed with demineralized bone 
matrix placed along the decorticated fusion bed. 

We used the SPSS software package (version 15.0, 
SPSS, Chicago, IL) and expressed categorical variables 
as percentages and continuous variables as mean ± 
standard deviation (SD) or median (quartiles). We used 
the Kolmogorov-Smirnov test to evaluate whether the 
distribution of continuous variables was normal. For 

parameters that showed normal distribution we used the 
paired sample t test and for parameters that did not show 
normal distribution we used the Mann-Whitney U-test. 
We used the Chi-square test to analyze categorical 
variables. Statistical significance was set at p < 0.05.

Results

Patient age at the the time of surgery was 
14,09 ± 0,84 in bilateral segmental fixation group of 
23 (20 female, 3 male) patients and 13,96 ± 0,99 in 
alternate segmental fixation group of 26 (22 female, 
4 male) patients (p = 0,64). Average follow up 
period of the groups was 4,00 ± 0,85 and 3,69 ± 1,08 
years respectively (p = 0,28). 

In preoperative radiologic evaluation no signifi-
cant difference found between the groups in Cobb 
angles of proximal thoracic, main thoracic and 
lumbar curves. Also the other coronal plane angles ; 

Fig. 2. — Preoperative and 3 year postoperative x-ray of a patient in bilateral fixation group
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this study we measured these paramaters and found 
no significant difference in global balance between 
bilateral segmental fixation and alternate fixation 
groups in Lenke 1 AIS patients. 

Pedicle screws provides longer moment arm and 
better 3 column control compared with laminar 
hooks and for this reason segmental systems are 
currently decided to be the gold standard to correct 
deformities (5,15). As a result of these more correc-
tion of curves can be expected with bilateral seg-
mental fixation. Lowenstein et al. compare all screw 
and hybrid constructs and found no significant dif-
ference between grops although beter correction 
trend of main thoracic curves with all screw con-
struct (17). Quan found no correlation between im-
plant density and magnitude of coronal or sagittal 
correction in his study of 49 Lenke 1 AIS patients. 
Diametrically Dobbs et al. reported significant 
curve correction with pedicle screws versus hooks 
in major thoracic compensatory lomber C modifier 
curves. They evaluate apical vertebral translation-
and global balance beside cobb angles. Additionally 
they also found more correction in uninstrumented 
lumbar curve (5). In this study we evaluate Cobb 
angles, apical vertebral translation, coronal balance, 
T1 tilt angles, clavicle angles and trunk shift and 
found no significant difference between bilateral 
segmental fixation and alternate fixation group in all 
parameters.

In fact radiographic evaluation is not the only 
method that determines the coronal balance. Asher 
et al. reported posterior trunk surface topography of 
44 idiopathic scoliosis patients treated with primary 

apical vertebral translation, coronal balance, trunk 
shift, T1 tilt angles and clavice angles found similar 
between groups (Table I). In postoperative radio-
logic evaluation correction of deformities did not 
differ and in last follow-up no significant difference 
was found according to mentioned parameteres (Ta-
ble II). 

Discussion 

Pedicle screw fixation for deformity surgery in 
thoracic spine became popular. It has been shown to 
be safe and accurate method and even in large 
curves can be used without pedicle screw related 
visceral or neurologic complications in experienced 
hands (8,12,19). The aim of our study was to compare 
two different treatment strategies for Lenke 1 aldo-
lescent idiopathic scoliosis retrospectively. There 
was no significant difference between the groups. 
Bilateral segmental pedicle screw fixation did not 
improve curve correction compared with unilateral 
or alternate segmental fixation. 

In this study T1 tilt angle and clavicle angle were 
used to evaluate shoulder balance. Although these 
parameters found only partially correlated or non 
correlated with cosmetic appereance of shoulder in 
AIS patents (7,20), they frequently used in the litera-
ture (11,18,22). The current study demonstrate no dif-
ference in T1 tilt angle, clavicle angle and shoulder 
balance according to treatment strategy. Trunk shift, 
apical vertebral translation and coronal balance 
were paramaters used to assess the global balance of 
the body pre and postoperatively in AIS (25,26). In 

Table I. — Preoperative coronal parameters
Bilateral Fixation Alternate Fixation p

Proximal thoracic (°) 0,43 ± 0,89 0,54 ± 0,85 0,68*
Main thoracic (°) 3,61 ± 3,04 4,46 ± 2,84 0,31*
Lumbar (°) 1,91 ± 2,62 1,54 ± 1,52 0,54*
Apical vertebral translation (mm) 5,65 ± 6,23 7,73 ± 4,09 0,17*
Coronal balance (mm) 5,09 ± 3,99 4,54 ± 3,30 0,60*
Trunk shift (mm) 4,65 ± 4,141 3,92 ± 4,07 0,53*
T1 tilt angle (°) 0 (0-4) 0 (0-3) 0,53†

Clavicle angle (°) 1 (0-5) 0 (0-4) 0,57†

* unpaired sample t test, † Mann Whitney U test. 
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