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Abstract We postulated that the lowest instrumented
vertebra (LIV) can be determined based on the apical
vertebra. Seventy-two Lenke type 1 patients (average age:
13.6 years) receiving posterior spinal fusion were rando-
mised into two groups. In group A, the apical vertebra was
used to determine the LIV and in group B the neutral
vertebra was used. All patients had Cobb angles <90° and
average follow-up was over three years. Posteroanterior and
lateral standing radiographs were used to assess flexibility,
Cobb angle and distance from the C7 line to the central
sacral vertical line. Both methods produced statistically
significant changes in Cobb angle, sagittal T5–T12 and
plumb line deviation, and there were no significant differ-
ences between the two methods. More cases of imbalance
occurred in group B (five) than group A (two). We
conclude that the apical vertebra can be used to determine
the LIV in patients with Lenke type 1 adolescent idiopathic
scoliosis.

Introduction

The aims of surgical treatment for adolescent idiopathic
scoliosis (AIS) are to correct the deformity in the coronal
plane, to restore balance in the sagittal plane, to derotate the
spinal column and to fuse as few spinal segments as possible.
Loss of balance after surgery leads to complications [1, 3, 6],
and the most important factor causing loss of balance is
selection of the wrong segments for fusion, especially
selecting the wrong lowest instrumented vertebra (LIV) [7,
12]. Different evaluation standards, however, lead to
variability in the choice of fusion segments.

At present, most surgeons believe that a coronal Cobb
angle of more than 40 or 45° is a clear indication for
surgical treatment of scoliosis, but the best method for
choosing the most appropriate LIV in a posterior fusion
for Lenke type 1 scoliosis is still debated [4]. Newer
systems are able to correct for rotation as well as curvature
and allow a shorter fusion length [2, 4, 10]. Lenke
considered that fusion was required for Lenke type 1
curves in AIS, but did not clearly define the segments to be
fused [5, 6]. A method commonly used to determine fusion
length with newer instrumentation that uses the end
vertebra and the neutral vertebra was devised by Suk et
al. [11]. However, the selection of these two vertebrae is not
very precise, as study has shown that observers agree on the
exact vertebral level of each of these two parameters only
50% of the time [8], probably because the method used to
select the vertebrae is somewhat indirect.

Another parameter determined during the treatment of
AIS is the apical vertebra, i.e. the vertebra in the major
curve that is parallel to the vertical axis and whose distance
from the plumb line shows the horizontal extent of the
curve [9]. The apical vertebra can be determined more
accurately than the end or neutral vertebrae. We postulated
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that the apical vertebra can substitute for the neutral
vertebrae in determining the LIV in patients with AIS
undergoing spinal fusion. Thus, the aim of this prospective
case-matched study was to compare the outcomes of using
the neutral vertebra versus the apical vertebra to determine
the LIV in patients with AIS undergoing posterior spinal
fusion.

Patients and methods

In total, 72 patients with AIS and Lenke type 1 curves were
recruited into this prospective case-matched study. The
study was approved by Institutional Review Board of our
hospital and informed consent was obtained for all patients.
The average patient age was 13.6 years (range: 11.2–
16.3 years) and the average follow-up time was more than
three years (range: 2.1–4.6 years). All patients had Cobb
angles <90° and leg lengths were equal in all patients.

The patients were divided into two groups, an apical
vertebra method group (group A) and a neutral vertebra
method group (group B), with 36 patients in each group;
thus, the groups were matched 1:1 with respect to method
of LIV determination. No matching was performed with
respect to patient age, Risser sign, scoliosis in the coronal
plane or kyphosis angle in the sagittal plane. All radio-
graphs were assessed by two surgeons having the same
clinical experience in AIS surgery and the same standards
for reading the radiographs. Determination of the apical
vertebra, end vertebra, etc. was made by agreement of the
two surgeons. Thus, the evaluation standard in this study
was uniform and the identification of the stable and neutral
vertebrae by the two surgeons was similar to that in clinical
practice. The neutral vertebra is the most cephalad vertebra
inferior to the apex of the distal structural curve, the
pedicles of which are symmetrically situated (neutral
rotation) within the vertebral body. The apical vertebra is
the most cephalad vertebra below the end vertebra of the
distal structural curve, which is most closely bisected by the
central sacral vertical line (CSVL).

Preoperatively, posteroanterior and lateral standing
radiographs were used to assess curvatures and left and
right lateral bending radiographs were used to assess
flexibility. Radiographs in the standing position were taken
at the last follow-up to assess deformity correction and
spinal balance. The Cobb angle of the scoliosis was
measured and the diagnostic criteria for loss of balance in
the coronal plane was defined as a distance from the C7
vertical line to the CSVL >2 cm. Disc wedging was not
evaluated in this study.

In group A, the LIV was selected based on the vertebral
level of the apical vertebra as follows: T11 was selected if
the apical vertebra was the vertebral body of the T6–T6/7

intervertebral space (2 cases); T12 was selected if the apical
vertebra was the vertebral body of T7 or T8 (15 cases); L1
was selected if the apical vertebra was the T8/9 intervertebral
space or the vertebral body of T10.

In group B, the LIV was selected using the method of
Suk et al. [11]. The neutral vertebra was selected as the LIV
when the neutral vertebra was identical to the end vertebra
or one level distal; the vertebra one level above the neutral
vertebra was selected as the LIV when the neutral vertebra
was two or more levels distal to the end vertebra.

All patients underwent posterior fixation and fusion in
the period from 2003 to 2006. None of the patients had
anterior release nor was thoracoplasty performed. Hybrid
hook/screw instrumentation was used for 21 cases and
pedicle screw fixation for 51 cases. One or two screws were
inserted for every two vertebrae, or screws were placed for
each vertebra in the correction side. The superior vertebra
of the apical vertebra was the upper level of instrumenta-
tion. Bone grafting using either autologous (harvested from
the iliac crest) or homologous (femoral epiphysis harvested
from our Bone Bank) was carried out at the same time as
placement of the internal fixation instruments. During
surgery, spinal cord integrity was monitored in all patients
using somatosensory evoked potential. The instrumentation
used included Cotrel-Dubousset-Hopf (CDH), Moss Miami
(DePuy Spine, Inc., Raynham, MA, USA) and Isola
(DePuy Spine, Inc., Raynham, MA, USA).

Statistical analysis

To determine any baseline differences, groups were com-
pared using independent two-sample t tests. The Mann-
Whitney U test was performed to determine the baseline
group difference in the Risser sign. Paired t tests in both
groups were employed to analyse the results of differences
in outcome parameters (Cobb angle, sagittal T5–T12,
plumb line deviation from the CSVL) between before and
after surgery. Independent two-sample t tests were used to
detect pre- and postoperative differences in outcome
measurements. Continuous data were presented as mean ±
standard deviation and categorical data as number and
percentage. Statistical analyses were performed using SPSS
15.0 statistics software (SPSS Inc., Chicago, IL, USA). All
statistical assessments were two-sided and P<0.05 was
considered to indicate statistical significance.

Results

Demographic and preoperative data of the two groups of
patients are presented in Table 1. Due to the matching
process, the apical, end and neutral vertebrae were similar
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in the two groups. Both groups included Lenke type A, B
and C curvatures (data not shown). There were no
significant differences between the two groups in age,
Risser sign, duration of follow-up, preoperative side-
bending values, Cobb angle, sagittal T5–T12, T10–L2
Cobb angle, LIV tilt or plumb line deviation from the
CSVL (all P>0.05).

Outcome measurements of the two groups are shown in
Table 2. The Cobb angle was significantly (P<0.001)
decreased after surgery in both group A (preoperative 52.47±
10.83°; postoperative 14.78±8.19°; Fig. 1a) and group B
(preoperative 52.97±9.85°; postoperative 16.41±7.78°;
Fig. 1b). However, there was no significant difference
between the two groups in the amount of decrease, nor was
there a significant difference between the two groups in the

related parameter, thoracic correction rate (group A 72.86±
10.51%; group B 70.09±9.20%; P=0.238).

Sagittal T5–T12 increased significantly after surgery in
both group A (preoperative 20.53±4.83°; postoperative
23.42±5.08°; P=0.003; Fig. 2a) and group B (preoperative
21.42±4.63°; postoperative 22.61±5.27°; P=0.020;
Fig. 2b). However, there was no significant change in the
T10–L2 Cobb angle between before and after surgery in
either group A (P=0.309; Fig. 3a) or group B (P=0.857;
Fig. 3b). LIV tilt decreased significantly after surgery in
both group A (preoperative 20.69±5.27 cm; postoperative
8.53±2.74 cm; P<0.001; Fig. 4a) and group B (preoperative
21.17±5.75 cm; postoperative 5.94±2.27 cm; P<0.001;
Fig. 4b). Plumb line deviation from the CSVL also decreased
significantly after surgery in group A (preoperative 1.40±

Group A (n=36) Group B (n=36) P value

Apical vertebra

T6–T6/7 2 (5.6%) 2 (5.6%) Matched design
T7–T8 15 (41.7%) 15 (41.7%)

T8/9–T10 19 (52.7%) 19 (52.7%)

Neutral vertebra

L1–L3 24 (66.7%) 24 (66.7%) Matched design
T10–T12 12 (33.3%) 12 (33.3%)

Age (years)a 13.56±1.17 13.70±1.34 0.648

Risser signb

0 3 (8.3%) 2 (5.6%) 0.967
1 1 (2.8%) 1 (2.8%)

2 6 (16.7%) 8 (22.2%)

3 12 (33.3%) 11 (30.6%)

4 13 (36.1%) 12 (33.3%)

5 1 (2.8%) 2 (5.6%)

Duration of follow-up (years)a 3.03±0.75 2.99±0.54 0.831

Preoperative data

Side-bindinga 17.11±8.27 19.36±7.91 0.242

Cobb angle (°)a 52.47±10.83 52.97±9.85 0.828

Sagittal T5 T12 (°)a 20.53±4.83 21.42±4.63 0.428

T10 L2 Cobb (°)a 9.25±4.87 8.19±5.41 0.387

LIV tilt (cm)a 20.69±5.67 21.17±5.75 0.718

Plumb line deviation from the CSVL (cm)a 1.40±0.82 1.29±0.70 0.529

Table 1 Patient demographic
and preoperative data

P values are based on
a independent two-sample t test
and bMann-Whitney U test

Data are displayed as mean ±
standard deviation or number
(percentage)

Group A (n=36) Group B (n=36) P value

Mean change between before and after operation

Cobb angle (°) −37.69±6.62 −36.56±4.87 0.408

Sagittal T5–T12 (°) 2.89±5.44 1.19±2.95 0.106

T10–L2 Cobb (°) −0.72±4.20 0.14±4.59 0.409

LIV tilt (cm) −15.72±5.20 −15.22±5.36 0.689

Plumb line deviation from the CSVL (cm) −0.89±0.97 −0.57±1.03 0.179

Thoracic curve correction (%) 72.86±10.51 70.09±9.20 0.238

Thoracic curve flexibility (%) 68.36±10.02 64.38±8.92 0.080

Table 2 Outcome
measurement data

P values are based on
independent two-sample t test
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0.82 cm; postoperative 0.51±0.79 cm; P<0.001; Fig. 5a)
and group B (preoperative 1.29±0.70 cm; postoperative
0.72±0.89 cm; P=0.002; Fig. 5b). No significant difference
was seen between the two groups in the mean increase in
sagittal T5–T11, the mean decrease in LIV tilt or the mean
decrease in plumb line deviation. However, two patients
(5.6%) in group A and five patients (13.9%) in group B had
more than 2 cm of plumb line deviation from the CSVL.

For the two cases in group A in which the apical vertebra
was at T6–T6/7, T11 was selected as the LIV and the
average correction rate was 62% and no imbalance was
found. For the 15 cases in which the apical vertebra was at
T7–T8, T12 was selected as the LIV and the average
correction rate was 71%, but imbalance occurred in one
case. For the 19 cases in which the apical vertebra was at T8/

9–T10, L1 was selected as the LIV and the average
correction rate was 75% and imbalance occurred in one case.

For the two cases in group B in which the apical vertebra
was at T6–T6/7, T11 was selected as the LIV and the
average correction rate was 70% and no imbalance was
found. For 15 patients in group B in which the apical
vertebra was at T7–T8, T11 was selected as the LIV for one
patient, T12 for nine patients, L1 for two patients and L2
for three patients. The average correction rate for these 15
patients was 72% and imbalance occurred in two cases. For
the 19 patients in which the apical vertebra was T8/9–T10,
T12 was selected as the LIV for one patient, L1 for 16
patients and L2 for one patient. The average correction rate
in these 19 patients was 73% and imbalance occurred in
three cases (Table 3).

Fig. 1 Comparison of Cobb angles before and after surgery. a Group A. b Group B

Fig. 2 Comparison of sagittal T5–T12 before and after surgery. a Group A. b Group B
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In the control group, there were two patients with
shoulder height asymmetry. No pseudarthrosis was found
in the two groups.

Discussion

The results of this study show that it is feasible to use the
apical vertebra as the basis for LIV selection in Lenke type
1 AIS. T11 was selected as the LIV when the apical vertebra
was T6–T6/7, T12 was selected as the LIV when the apical
vertebra was T7–T8 and L1 was selected as the LIV when the
apical vertebra was T8/9–T10. The patients were followed up
for 2–4.6 years, and in group A (apical vertebra used to select
LIV) imbalance occurred in two of the 36 patients. In group B,
imbalance occurred in five of the 36 patients.

In group A, imbalance occurred in one patient in the T7–
T8 group and one in the T8/9–T10 group. However, the
imbalance seemed to have no relationship to the positions
of the neutral vertebra and the end vertebra in that both
cases were Lenke type 1C, that is, the apex of the lumbar
curve was completely off the midline. In group B (neutral
vertebra used), imbalance occurred in two patients in the
group whose apical vertebra was T7–T8; both of the
patients were also Lenke type 1C. In patients in group B
whose apical vertebra was T8/9–T10, imbalance occurred
in three patients, one that was Lenke type 1A, one that was
Lenke type 1B and one that was Lenke type 1C. There were
no differences in the scoliosis correction rate between the
two groups, but the retention of motion segments in group
A was greater than that in group B. In addition, the
postoperative correction rate did not depend on the

Fig. 3 Comparison of T10–L2 Cobb angle before and after surgery. a Group A. b Group B

Fig. 4 Comparison of LIV tilt before and after surgery. a Group A. b Group B
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instrumentation chosen as different instrumentations achieved
similar correction rates.

These results suggest that when the Cobb angle does not
exceed 90°, as in the two patient groups studied, the LIV
can be selected quantitatively based on the apical vertebra.
That is, the same apical vertebrae will result in the same
LIV. Moreover, the lowest LIV selected in group Awas L1,
but L2 was selected for four cases in group B, which
suggests that the retention of motion segments in group A
was superior to that in group B. As more motion segments
in the lumbar spine are preserved, more self-correction of
scoliosis occurs, and there is less likelihood of imbalance
and possible pain and back problems in later life.

Suk et al. [11] analysed 42 cases of King type III patients
using the neutral vertebra as the criteria for assessment of
the thoracic fusion range. They reported that when the
neutral vertebra and end vertebra were the same vertebra or
differed by one vertebral level, and the neutral vertebra was
selected as the LIV, good results were achieved in all 14
patients who met these criteria. When the neutral vertebra

was two or more levels below the end vertebra, and the
spine was fused to the vertebra one level above the neutral
vertebra, good results were achieved in all of the nine
patients thus treated. However, when the spine was fused to
two or more levels above the neutral vertebra, imbalance
occurred in 14 of 19 patients. In comparing our results with
those of Suk et al. [11], we found that 80% of the LIV
selection results were identical. At the same time, our
results are similar to those of Lenke et al. [6] that imbalance
is more likely to occur in type C scoliosis. In the two groups,
most of the cases with imbalance were type C scoliosis. This
warrants further study, even if the compensatory flexibility
of the lumbar scoliosis is good.

Compared to posterior spinal fusion, anterior spinal fusion
(ASF) for the treatment of AIS is associated with shorter
fusion segments and thus less loss of mobility of the lumbar
spine. In a study of ASF for the treatment of AIS, Liu et al. [7]
showed that preservation of mobile segments and selection
of the LIV was associated with trunk balance. The authors
concluded that fusion that was too short can lead to disc
wedging distal to the LIV and result in trunk imbalance.

In this study, we choose to use side-bending radiographs
instead of fulcrum bending. Because the average age of our
patients was approximately 13 years, flexibility was good.
In assessment of spinal flexibility, the error of side-bending
radiographs is less than that of fulcrum bending radiographs;
possibly because patients may feel discomfort during
fulcrum bending radiographs, which results in muscle
tension and a complete evaluation of the spinal flexibility
becomes impossible. In addition, differences in the location
of the fulcrum placed at the apex of the scoliosis may induce
error. These errors are avoided with side-bending radio-
graphs; hence we used side-bending radiographs for evalu-
ating spinal flexibility.

Fig. 5 Comparison of plumb line deviation from the CSVL before and after surgery. a Group A. b Group B

Table 3 Comparisons of the vertebral fusion range

LIV/AV T6–T6/7 (n=2) T7–T8 (n=15) T8/9–T10 (n=19)

Group A

T11 2 - -

T12 - 15 -

L1 - - 19

Group B

T11 2 1 -

T12 - 9 2

L1 - 2 16

L2 - 3 1
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In summary, the apical vertebra can be used for LIV
selection in patients with Lenke type 1 AIS. Compared to
LIV selection using the neutral vertebra, results using the
apical vertebra offer higher reliability and repeatability and
more motion segments are retained. T11 is selected as the
LIV when the apical vertebra is T6–6/7, T12 when the
apical vertebra is T7–T8 and L1 when the apical vertebra is
located at T8/9–T10. The scoliosis curvature of the patients
included in this study was <90°; thus, further observational
studies including more patients with greater scoliosis and
low spinal flexibility are warranted.

Conflicts of interest None.
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