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Abstract

Purpose The choice of distal fusion level in adolescent
idiopathic scoliosis (AIS) patients with major thora-
columbar or lumbar (TL/L) curves (Lenke type 3C, 5C, or
6C) remains debatable. One of the most controversial
issues involves stopping the distal fusion at L3, which
might result in an increased risk of decompensation but
save more mobile spinal segments. The purpose of this
study was to evaluate and compare the clinical and radio-
logical outcomes of corrective surgery for AIS with major
TL/L curves according to the distal fusion level.

Methods 229 AIS patients with Lenke type 3C, 5C, or 6C
curves that underwent corrective surgery were included.
Patients were grouped according to distal fusion level,
either L3 (group A) or L4 (group B), and followed up for
over 2 years. Group A was further divided into lower end
vertebra (LEV) and last touching vertebra (LTV). The
SRS-22 score was used to assess clinical outcomes. All
radiological parameters were assessed pre- and postopera-
tively by standing anteroposterior whole-spine radiographs.
Clinical and radiological parameters were compared
between the groups.

Results Postoperative decompensation was found in
4.6 % (9/197) of group A patients and 9.3 % (3/32) of
group B patients. This difference was not statistically sig-
nificant (P = 0.258). No difference was found in the
clinical and radiological parameters between the two
groups either pre- or postoperatively. Subgroup analysis
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showed that the scoliosis correction rate and postoperative
apical vertebral translation were lower in cases with an
LEV < L4 or LTV = L5 when the fusion stopped at L3
distally. The adjacent disc wedge angle was aggravated
postoperatively in these cases, although this did not reach
statistical significance.

Conclusions There is no difference in the radiological
and clinical outcomes in AIS according to the distal fusion
level. Major TL/L curve correction in AIS may be suffi-
cient distally at L3 in cases with an LEV > L3 and
LTV > L4. However, stopping fusion at L3 requires cau-
tion in LEV < L4 or LTV = LS patients, as this correction
rate might be suboptimal and causes a possible progression
of the adjacent disc wedge angle.

Keywords Adolescent idiopathic scoliosis - Distal fusion
level - Decompensation - Thoracolumbar curve - Lumbar
curve

Introduction

The selection of distal fusion level in adolescent idiopathic
scoliosis (AIS) patients with large thoracolumbar/lumbar
(TL/L) curves has previously been addressed [1-3]. Saving
the lumbar mobile segments during scoliosis surgery might
preserve lumbar function and reduce the risk of back pain,
although this hypothesis lacks definitive evidence [4, 5].
However, the risk of decompensation or unsatisfactory
correction may theoretically be increased by shortening the
distal fusion level.

Following the introduction of powerful instrumentation
systems, several groups have attempted to reduce the distal
fusion level in idiopathic scoliosis with major TL/L curves
[2, 3, 6]. Traction X-ray has been used to reduce the distal
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fusion level in cases with Lenke 3C or 6C curves [6].
Another study reported no benefit to extending the fusion
beyond the lower end vertebra [3]. There has been no
definitive conclusion concerning the distal fusion level in
AIS with major TL/L curves. The sufficiency of stopping
the distal fusion at L3 remains debatable.

The aim of this study was to investigate the clinical and
radiological benefits of extending distal fusion to L4 in the
correction of AIS with major TL/L.

Materials and methods

This study included 229 patients who underwent corrective
surgery for AIS with major TL/L curves (Lenke type 3C,
5C, or 6C) between January 2006 and December 2011 at
our hospital. Patients with other types of scoliosis, such as
neuromuscular scoliosis or syndrome-related scoliosis,
were excluded. Demographic data, including sex, age,
height, weight, and body mass index (BMI), were obtained
from the electronic medical records. Radiological data
were obtained from whole-spine anteroposterior (AP) and
lateral radiographs using the picture archiving communi-
cation system at our institution. Plain radiographs were
obtained with the patients in an upright, standing position
in both views and with arms folded forward in lateral
views. Whole-spine AP radiographs were preoperatively
obtained in the prone and active bending positions. Pre-
and postoperative SRS-22 scores were used to assess
clinical outcomes.

All patients underwent posterior surgery using the rod
derotation method with pedicle screw fixations by single
surgeon (C.S.L.) [7]. The patients were divided by the
distal fusion level, L3 (group A) and L4 (group B). Group
A was divided into two subgroups by lower end vertebra
(LEV) and last touching vertebra (LTV). Patients were
regularly followed up at 1, 6, and 12 months post-surgery
and annually thereafter. This study was approved by the
Institutional Review Board of our institution, which waived
the requirement for informed consent due to the retro-
spective nature of the analysis.

Radiological assessment

The scoliosis angle was assessed by the Cobb’s angles of
the major TL/L curves pre- and postoperatively. The
coronal plane trunk shift was defined as the distance
between the C7 plumb line and the central sacral vertical
line. Coronal plane decompensation was defined as a trunk
shift over 20 mm. The shoulder height difference was
defined as the difference between the horizontal lines
passing both tips of the acromion. The apical vertebral
translation (AVT) was defined as the distance between the

central sacral vertical line and the center of the apical
vertebrae. The apical vertebral rotation (AVR) was defined
by Pedriolle’s method [8]. The pelvic obliquity was defined
as the angle between the line linking the highest point of
both iliac crests and the horizontal line. The LIV+1 tilt was
defined as the slanted angle of the upper endplate of the
vertebra just inferior to the lowest instrumented vertebra
(LIV). In addition, bone maturity was assessed by the
degree of ossification in iliac crest (Risser sign) [9]. Tho-
racic kyphosis was assessed by the angle between upper
endplate of T1 and lower endplate of T12. Lumbar lordosis
was assessed by the angle between upper endplate of L1
and S1. Postoperative radiological parameters were mea-
sured at most recent follow-up. Radiological parameters
were measured by the orthopedic surgeon (J.H.C.) who had
5-year experience as a spine surgeon, and did not relate
with the subjects of this study. All radiological measure-
ments are summarized in Fig. 1.

Statistical analysis

Demographic data were compared between the two groups
using the Student’s ¢ test or the Chi square test. Pre- and
postoperative radiological parameters between groups were
compared using the Student’s ¢ test. Chi square test was
used to compare the frequency of postoperative decom-
pensation. SRS-22 scores were compared pre- and post-
operatively between both groups. Postoperative changes in
clinical and radiological parameters were compared using a
paired ¢ test. Statistical analyses were performed using the
Statistical Package for Social Sciences (version 21.0, SPSS
Inc., Chicago, IL) with P values <0.05 considered statis-
tically significant.

Results
Demographic data and curve types

Of the 229 patients in our current series, 31 were male and
198 were female. The mean age was 15.6 + 4.0 years. The
mean height of the patients was 159.6 & 7.5 cm, and the
mean weight was 50.5 4 9.8 kg. The mean BMI of the
patients was 19.8 + 2.9 kg/m*. The mean follow-up period
was 44.9 £ 14.8 months. The distribution of specific
Lenke types is depicted in Fig. 2. There was no significant
difference between group A and group B with respect to
the demographic data or curve types (Table 1). The most
frequently selected upper instrumented vertebra was T4
(107 cases, 46.7 %), followed by T5 (55 cases, 24.0 %), T3
(20 cases, 8.7 %), and T9 (13 cases, 5.7 %). The distri-
bution of upper instrumented vertebra was similar between
both the groups (P = 0.131).
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Fig. 1 Measurement of radiological parameters. a Preoperative radiograph (CSVL central sacral vertical line; LEV lowest end vertebra; LTV last
touching vertebra). b Postoperative radiograph (L/V lowest instrumented vertebra)

Radiological outcomes

The mean scoliosis angle of the major curves was
57.5 £ 11.6°. The mean angle decreased to 42.3 £ 12.4°
in the prone position, 29.0 & 14.2° in the bending position,
and 13.6 £ 8.7° postoperatively (P < 0.001). The mean
correction rate after surgery was 76.8 &= 14.9 %. The pre-
operative trunk shift, shoulder height difference, and apical
vertebral translation were 6.6 £ 15.5, 7.9 £ 10.8, and
43.2 £ 134 mm, respectively.  Thoracic  kyphosis
improved from 25.4 to 28.8° postoperatively (P < 0.001).
However, lumbar lordosis did not show any difference.
Postoperative changes in these radiological parameters are
described in Table 2.

Preoperative radiological parameters were compared
between our two study groups (Table 3). In group B, more
immaturity was shown; however, this was not statistically
significant (P = 0.160). Although the scoliotic curve was
more severe in group B, this was not statistically significant
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(P = 0.064). The trunk shift, shoulder height difference,
thoracic kyphosis, lumbar lordosis and apical vertebral
translation did not differ between the two groups preop-
eratively. However, the proportion of LEV <14 or
LTV = L5 cases was significantly higher in group B.

Postoperative decompensation was found in 12 cases.
The frequency of decompensation was lower in group A
(4.6 %, 9/197) than in group B (9.3 %, 3/32), although this
difference was not statistically significant (P = 0.258).
Revision surgery was not performed in either study group
until the final follow-up. Radiological parameters did not
differ postoperatively except the number of fusion level
(Table 4). Figure 3 depicts a case of fusion to L3, and
Fig. 4 illustrates a case of fusion to L4.

Subgroup analysis by LEV for the group A patients is
summarized in Table 5. The correction rate of scoliotic
curves was lower when LEV < L4 (73.3 vs. 78.8 %). The
trunk shift, decompensation, and LIV + 1 tilt were not
different postoperatively. However, the degrees of AVT
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Fig. 2 Distribution of curve types based on the Lenke classification

decreased less in the patients with LEV < L4 postopera-
tively (34.3 vs. 59.8 %). Although the adjacent disc wedge
angle was different between our two study groups, this
difference was not statistically significant (P = 0.053).

The results of the subgroup analysis by LTV for group A
were similar to the results for LEV (Table 6). Postoperative
AVT changes were lower in LTV < L5 cases (33.7 vs.
54.8 %). The LIV + 1 tilt differed pre- and postoperatively
in both the groups (P < 0.001). However, the trunk shift
and decompensation did not differ between our study
groups.

Clinical outcomes

SRS-22 scores did not change between the pre- and post-
operative periods (3.58 vs. 3.56, P = 0.956). However,
function/activity domain scores significantly decreased
between the pre- and postoperative periods (4.02 vs. 3.54,
P = 0.036). The pain and mental health scores also
decreased between the pre- and postoperative periods (3.97

Table 1 Demographic data and

curve types of both groups Group A” (n = 196) Group B (n = 33) P value
Age (years) 157 £42 149 £ 3.0 0.226
Sex
M 24 7 0.164
F 172 26
Height (cm) 1553 + 7.3 161.4 &+ 8.5 0.145
Weight (kg) 50.6 & 9.4 49.8 + 12.1 0.683
BMI (kg/m?) 19.9 + 2.9 19.0 + 3.3 0.132
Lenke type
3C 76 11 0.279
5C 73 9
6C 48 12
F/U period (months) 445 £ 14.6 477 £ 15.5 0.213

Table 2 Comparisons of
radiological parameters between
pre- and postoperative periods

ES . . . . . . . .
Mean and standard variation in continuous variables and number of cases in categorical variables

M male, F female, BMI body mass index, F/U follow-up

Preoperative Postoperative P value
Scoliosis angle (°) 575 £ 11.6 13.6 + 8.7 <0.001
Trunk shift (mm)?* —6.6 £ 15.5 —44 £ 9.6 0.037
Shoulder height difference (mm)b 7.9 £ 10.8 —4.6 £ 10.1 <0.001
Thoracic kyphosis (°) 254 £ 9.8 28.8 £9.2 <0.001
Lumbar lordosis (°) 46.8 + 10.8 46.9 + 9.1 0.932
Apical vertebral translation (mm) 432 + 13.4 192 +94 <0.001

Data represent mean and standard deviation
? Negative means trunk is shifted to left side
b Negative means left shoulder is more elevated than right shoulder
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Table 3 Comparisons of
preoperative radiological
parameters between both groups

Group A (n = 196) Group B (n = 33) P value
Scoliosis angle in neutral view (°) 57.0 £ 11.1 61.1 £ 14.1 0.064
Scoliosis angle in prone position (°) 41.7 £ 12.1 46.2 £ 13.8 0.058
Scoliosis angle in bending view (°) 28.8 £ 142 30.7 £ 143 0.485
Trunk shift (mm)?* —74 £ 153 —2.0+£ 16.2 0.070
Pelvic obliquity (°)° 20+24 1.7 +3.0 0.518
Shoulder height difference (mm)° 7.7 £ 103 9.6 + 13.6 0.342
Thoracic kyphosis (°) 25.8 £ 9.6 23.3 +£10.7 0.193
Lumbar lordosis (°) 46.9 + 11.1 463 £ 93 0.762
Risser grade 35+ 1.6 3.1 1.5 0.160
AVT (mm) 43.1 £ 132 43.9 £+ 14.8 0.764
AVR (<Gr. 2: >Gr. 3) 181:15 27:6 0.053
LEV (>L3: <1L4) 136:60 9:24 <0.001
LTV (=L4: L5) 169:27 22:11 0.005

Data represent mean and standard deviation for continuous variables and numbers of patients for cate-

gorical variables

AVT apical vertebral translation, AVR apical vertebral rotation, Gr. grade, LEV lower end vertebra, LTV last

touching vertebra

? Negative means trunk is shifted to left side

" Negative means pelvis tilts to the right

¢ Negative means left shoulder is more elevated than right shoulder

Table 4 Comparisons of
postoperative radiological

parameters between both groups

Group A (n = 196) Group B (n = 33) P value
Number of fusion level 99 £20 11.1 £22 0.002
Scoliosis angle (°) 13.2 £ 8.9 142 + 8.2 0.779
Correction rate (%) 76.8 + 12.2 76.7 + 22.0 0.973
Trunk shift (mm)?* —42 +93 -57+£114 0.416
Decompensation 9/197 (4.6 %) 3/32 (9.3 %) 0.258
Shoulder height difference (mm)° —-5.0 £10.2 —-19+9.0 0.108
Thoracic kyphosis (°) 293 +9.2 263 +£9.3 0.101
Lumbar lordosis (°) 47.0 £9.3 464 + 84 0.762
Apical vertebral translation (mm) 19.6 £ 9.1 16.9 £+ 10.5 0.131
Adjacent disc wedge angle (°) 29+19 25+23 0.466
LIV+1 tilt (°)° 59+ 38 49 + 34 0.325

Data represent mean and standard deviation

? Negative means trunk is shifted to left side

b Negative means left shoulder is more elevated than right shoulder

¢ LIV + 1: Caudal adjacent vertebra of lower instrumented vertebra

vs. 3.75 and 3.65 vs. 3.62, respectively), although these
differences were not statistically significant (P = 0.110
and P = 0.953, respectively). The self-image domain score
significantly increased between the pre- and postoperative
periods (2.87 vs. 3.35, P = 0.037). The satisfaction score
also increased between the pre- and postoperative periods
(3.03 vs. 3.53), although this difference was not statisti-
cally significant (P = 0.099).

The preoperative and final follow-up SRS-22 domain
scores for groups A and B are presented in Table 7. No

@ Springer

differences were found between the pre- and postoperative
periods.

Discussion

The selection of the distal fusion level in AIS patients has
been widely discussed. For Lenke type 1 curves in single
thoracic idiopathic scoliosis, a neutral vertebra is important
for selecting the distal fusion level [10]. Proper selection of
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Fig. 3 a, b Preoperative radiographs of a 12-year-old female patient
diagnosed with Lenke type 3CN idiopathic scoliosis and a 63°
thoracolumbar curve. ¢, d Postoperative (4 years) radiograph

the distal fusion level is important for preventing a distal
adding-on phenomenon in single thoracic idiopathic scol-
iosis [11, 12]. However, selection of the distal fusion level
in major TL/L curves is associated with the preservation of
lumbar motion.

Cotrel-Dubousset instrumentation has been used to
preserve distal motion segments in AIS patients [13].
However, distal fusion to L4 has been recommended even
in cases that did not meet the specific requirements for this
procedure [13]. Although Lenke classification can be used
to systematically determine the fusion levels [14], fusion
level selection varies widely among surgeons [15]. A
favorable outcome was reported previously when the pre-
operative L3 crossed the mid-sacral line with a rotation of
less than grade II in bending radiographs [1]. However, that
study was limited by a small sample size, an arbitrary
definition of unfavorable outcomes, and a lack of clinical
outcomes. Another previous study also found no difference
between distal fusion to L3 or L4 in terms of the subse-
quent quality of life of AIS patients [2]. However, that
study included a heterogeneous group of curves (Lenke
type 1A, 1C, 2C, and 4C). Although lumbar mobility and
health-related quality of life were also reported as moder-
ately correlated with the distal fusion level, the study in

demonstrating maintenance of the coronal balance and shoulder
balance of this patient following distal fusion to L3. (7K thoracic
kyphosis; LL lumbar lordosis)

question was limited by its small sample size [16]. Our
present study had the advantage of analyzing a much larger
cohort of patients.

In our present analyses, there were no differences
observed in the clinical and radiological outcomes between
groups A and B at final follow-up, with the exception of LEV
and LTV. A trend towards extending the fusion to L4 in cases
where the LEV <14 or LTV = L5 was observed. In
LEV < L4orLTV = L5 cases also, the degree of correction
was lower when the fusion stopped at L3. In addition, the
subjacent disc wedge angle was slightly higher in these
patients, although this difference was not statistically sig-
nificant. This observation might be indicative of early disc
degeneration or an adding-on phenomenon. However,
coronal decompensation and trunk shift did not differ by
LEVorLTV.Incasesof LEV > L3 and LTV > L4, fusion
to L3 was sufficient. Based on our present findings, fusion to
L3 might be cautiously considered in cases where a subop-
timal correction rate is acceptable.

In our current study patients treated at an earlier stage,
distal fusion to L4 was primarily performed. However, in
many cases, distal fusion was stopped at L3 due to the
numerous benefits of this approach. First, sacral slanting,
which can stop distal fusion at L3, has been frequently
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Fig. 4 a, b Preoperative radiographs of a 12-year-old female patient
diagnosed with Lenke type 3CN idiopathic scoliosis with a 60°
thoracolumbar curve. ¢, d Postoperative (3 years) radiograph

Table 5 Comparisons of radiological parameters by LEV in group A

demonstrating maintenance of the coronal balance and shoulder
balance of the patient following distal fusion to L4. (TK thoracic
kyphosis; LL lumbar lordosis)

Preoperative Postoperative

LEV > L3 LEV <14 P value LEV > L3 LEV <14 P value
Scoliosis angle (°) 55.1 £ 10.8 61.0 £ 10.7 <0.001 124 +£ 9.5 16.1 £ 7.3 0.034
Correction rate (%) - - - 78.8 £ 12.1 733 £ 11.5 0.021
Trunk shift (mm)* —-9.0 £ 16.0 -3.8 £ 13.0 0.028 —4.1 £9.1 —45+98 0.774
Decompensation - - - 5/136 (3.7 %) 4/61 (6.6 %) 0.371
AVT (mm) 47.1 £ 129 34.1 £ 8.8 <0.001 18.6 £ 9.7 217+ 175 0.031
Changes of AVT (%) - - - 59.8 £ 17.7 343 £ 279 <0.001
Adjacent disc wedge angle (°) 34 +3.1 30+£22 0.315 32+25 39+27 0.053
LIV4+1 tilt (°)° 20.0 £ 6.3 16.4 £ 5.6 <0.001 84 +46 89 +£39 0.472

Data represent mean and standard deviation
LEV: lowest end vertebra, AVT apical vertebral translation
* Negative means trunk is shifted to left side

" LIV 4 1 Caudal adjacent vertebra of lower instrumented vertebra

observed in patients with AIS [17]. A trunk shift might be
aggravated by extending the fusion to L4 [17]. Second,
lumbosacral transitional vertebrae (LSTV) have been
observed in one-eighth of AIS patients [18]. Due to the
fusion of L5-S1 in LSTV, saving one lumbar segment is of
critical importance. Third, early disc degeneration at the
L5-S1 level is related to larger lumbar curves [18]

@ Springer

indicating that the preservation of further disc levels is
more important than previously thought.

In addition, two things based on the current study could
support stopping distal fusion at L3. First, extending the
fusion to L4 can cause decompensation because of fewer
mobile levels to compensate. Second, whatever the LIV is,
clinical outcomes are not affected.
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Table 6 Comparisons of radiological parameters by LTV in group A
Preoperative Postoperative
LTV > L4 LTV =15 P value LTV > L4 LTV <L5 P value
Scoliosis angle (°) 56.0 = 10.2 63.1 + 14.4 0.002 12.8 + 7.8 193 + 12.6 0.006
Correction rate (%) - - - 779 £ 11.5 70.1 &+ 14.2 0.016
Trunk shift (mm)® —6.7 £ 153 —11.7 £ 14.6 0.116 —44 £ 89 —3.0=x11.7 0.560
Decompensation - - - 7/170 (4.1 %) 2127 (7.4 %) 0.447
AVT (mm) 42.1 + 12.6 493 + 154 0.009 179 £ 8.0 299 +£95 <0.001
Changes of AVT (%) - - - 54.8 £ 21.7 33.7 £ 32.1 <0.001
Adjacent disc wedge angle (°) 33+£29 29+ 21 0.453 33+24 42 £33 0.091
LIV tilt (°)° 182 +£59 23.1+72 <0.001 8.0 + 4.0 124 +£ 47 <0.001
Data represent mean and standard deviation
LTV last touching vertebra, AVT apical vertebral translation
* Negative means trunk is shifted to left side
® LIV + 1: Caudal adjacent vertebra of lower instrumented vertebra
Table 7 SRS-22 scores of both - - .
. . Domain Preoperative Final
groups in the preoperative
period and final follow-up Group A Group B P value  Group A Group B P value
Function/activity ~ 3.96 £ 1.00  4.08 £ 0.92  0.562 358 £076 351+073 0.740
Pain 394 +£1.13 400093 0.786 381 +£084 3.65+1.02 0524
Self-image 293 £080 2.81+0.78 0478 342 +£083 328+0.73 0508
Mental health 374 +£078 353+081 0.174 365 +088 3594075 0774
Satisfaction 3.06 + 1.21 3.00£0.79  0.790 356 £137 360+ 125 0677
Total 3.61 £0.70 356 £ 0.62  0.752 3.60+£0.75 353+071 0712

Data represent mean and standard deviation

There are a number of controversial issues that have
made the decision-making process more complex in AIS.
Selective thoracic fusion (STF) may be considered in
Lenke type 3C curves and can save additional lumbar
segments. Several studies have reported good radiological
outcomes from STF in properly selected cases [19-21]. In
addition, the direct vertebral rotation (DVR) method may
minimize the distal fusion level, as it corrects rotational
deformity more frequently than the rod derotation method
[22]. However, we do not have experience with the DVR
method in our own clinical settings. Furthermore, it
remains unclear whether saving more lumbar segments
leads to decreased back pain or increased functional
activity [4, 5]. In a previous cadaveric study, intradiscal
pressure was reported to be higher in the caudal adjacent
disc level [23]. Furthermore, the degree of back pain was
reported to be higher in patients with a fusion to L4
compared with a control group [24]. Hence, reduction of
the distal fusion level should be attempted whenever pos-
sible. However, it was reported that proximal junctional
angle increased if the location of LIV was above or equal to
L3 after posterior selective TL/L curve fusion [25]. This
demands caution to select distal fusion level.

This study had several limitations, mainly due to its
retrospective nature. First, the sample size of the AIS
patients fused to L4 was smaller than patients fused to L3.
This was due to our preference of stopping the distal fusion
at L3. Second, the selection criteria we used for the distal
fusion level were not standardized. However, preoperative
clinical and radiological parameters did not differ between
our two study groups except LEV and LTV. Third, our
follow-up period was relatively short, which might explain
the lack of differences we observed between the two
groups.

The strengths of our present study include its relatively
large sample size and its focus on AIS patients with major
TL/L curves. The clinical and radiological outcomes were
similar regardless of the distal fusion level in our current
AIS patient cohort. However, the correction rate was often
suboptimal in cases of LEV < L4 or LTV = L5 and the
fusion was stopped distally at L3 in these patients.

In conclusion, stopping the distal fusion at L3 might be a
good option for saving mobile lumbar segments in cases of
idiopathic scoliosis with major TL/L curves where the
LEV > L3 and LTV > L4. It is also a possible option in
cases where the LEV < L4 or LTV = L5. However,
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caution is required in selecting the distal fusion level in
such cases, as the correction rate might be suboptimal, and
there can be progression of the distal disc wedge angle.
Further comparative, long-term follow-up studies are
required to establish definitive guidelines for the selection
of the distal fusion level when treating AIS.
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