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Objective: To compare the radiological outcomes in Lenke 5C type patients whose lowest
instrumented vertebra (LIV) was L3 or L4 in a case-match study.

Methods: We conducted a retrospective case-match study and included 82 patients in the
study. Radiological results before surgery, after surgery, and at last follow-up were recorded
and analyzed in the L3 and L4 groups.

Results: After matching the age, Risser’s sign, sex, and main Cobb, 41 pairs of patients were
enrolled in our study. The total fusion segments in the L3 group (median [interquartile range]:
5.0 [6.0-5.0]) were shorter than those in the L4 group (6.0 [6.5-6.0]). The main curve was
significantly corrected after surgery in both groups, and was comparable at the last follow-
up between groups. In addition, according to the results of Fisher precision probability test,
there was no significant difference of coronal or sagittal imbalance between the 2 groups at
the 2-year follow-up.

Conclusion: The correction in coronal and sagittal planes in L3 group and L4 group remains
similar. On account of more motion segments, L3 could be an ideal choice as LIV in mod-
erate Lenke 5C type AIS. Long-term follow-up is needed to evaluate the effect of larger com-
pensatory lumbar-sacral curve when stopping at L3.

Keywords: Adolescent idiopathic scoliosis, Lowest instrumented vertebra, Radiologic out-

comes

lection criteria for LIV in posterior lumbar fusion in these pa-
tients,*” taking variable measurements of LIV into consideration.

The Lenke 5 type adolescent idiopathic scoliosis (AIS) refers
to scoliosis with main curve in thoracolumbar/lumbar segments,'
which has evoked widely controversy especially about the choice
of lowest instrumented vertebra (LIV). Balancing stability and
mobility are of the utmost importance, since longer segments
involved impair mobility;” while shorter segments induce insta-
bility to the alignments and may cause an adding-on phenome-
non after surgery.’ Previous literature has reported multiple se-
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L3 and L4 are the 2 most common selections as the LIV.
Many studies recommend L3 as the LIV over L4, citing benefits
such as longer fusions below L3 that might lead to severe im-
pairment of lumbar motion function,® and the patients’ coronal
trunks adjusting themselves to balance positions as long as there
were more than 2 motion segments left below the fused section.’
In addition, on account of increasing intradiscal pressure near

the LIV, Auerbach et al." urged that the longer segments pre-
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served below LIV, the better long-term prognosis could be achi-
eved. However, some studies discouraged the widespread selec-
tion of L3 as LIV because of possibility of distal adding-on and
distal junctional kyphosis (DJK)," although the specific rate of
distal adding-on phenomenon and DJK has sparsely discussed.
Therefore, it is still mandatory to explore the radiological out-
comes of LIV at L3 or L4 in Lenke 5C type AIS to assist the choice
of LIV.

The implications of LIV was variable among different authors,
as the degree of rotation and the stable vertebra are of highly
concerned in selection of LIV."* However, the selection of LIV
varies among surgeons even the baseline factors are similar. There-
fore, in order to state the adequacy of L3 with little rotation de-
gree as LIV in Lenke 5C type AIS, we conducted a case-match
study of 82 patients to compare the incidence of postoperation-
al adding-on phenomenon and DJK, with a minimum 2-year
follow-up. We hypothesized that L3 may be an effective choice
for LIV in Lenke 5C type AIS.

MATERIALS AND METHODS

Following Institutional Review Board approval of Peking
Union Medical College Hospital (I-23PJ961) regarding human
subjects, 2 groups of Lenke 5C AIS patients who underwent
posterior spinal fusion surgeries were retrospectively analyzed.
The L3 group refers to patients whose LIV located at L3, and
the L4 group involves patients with LIV at L4. Inclusion criteria
were as follows: (1) patients diagnosed with Lenke 5C type AIS;
(2) patients who underwent selective posterior thoracolumbar/

lumbar fusion surgery at Peking Union Medical College Hospi-
tal from 2015-2020; (3) LIV was L3 or L4; (4) acquired informed
patient consent; (5) with a minimum of 2-year follow-up. Pa-
tients with incomplete clinical data were excluded. Our LIV se-
lection criteria were as follows®: (1) the most cephalad vertebrae
touched by central sacrum vertical line (CSVL); (2) the Nash-
Moe rotation is grade II or less on the standing anteroposterior
(AP) radiograph®; (3) the CSVL crosses between the 2 pedicles
of LIV on concave bending film; (4) the vertebrae which is not
at the kyphosis apex. All 4 criteria must be met for a vertebra to
be considered as the LIV. One thing should be noted is that the
CSVL in our criteria is different from that in the SRS defini-
tion,"* which is the plumb line through the sacrum center. Our
CSVL follows the King classification definition," which is per-
pendicular to the crest line.

1. Surgical Procedure

The detailed procedure of the surgery is as follows*: patients
were placed in the prone position on a radiolucent table. After
making a standard midline incision, we made a subperiosteal
dissection of the posterior soft tissues to the tips of the trans-
verse processes. We placed uniplanar pedicle screws bilaterally
at every segment in all patients with a free-hand technique. For
rigid curves or ones with the lower instrumented vertebra bare-
ly touched by the coronal spinal vertical line on the preopera-
tive AP view, multiple-level Ponte osteotomies were performed.
After inserting contoured cobalt-chromium-molybdenum al-
loy rods, bilateral rod rotation and segmental derotation tech-
nique was used to correct the deformity. If necessary, compres-

Fig. 1. The scheme of anteriorposterior and lateral x-rays before surgery (A, B), after surgery (C, D), and at the last follow-up (E, F).
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sion, distraction, and in situ bending maneuvers were added
under fluoroscopic control. The alignment of the disc below
lower instrumented vertebra was evaluated again with fluoros-
copy. The lamina and transverse processes were thoroughly de-
corticated, and allograft bone material was used for fusion. Dur-
ing the whole procedure, neurophysiological monitoring was
done with motor-evoked potentials, somatosensory-evoked po-
tential, and electromyography.

The function of case-control matching in IBM SPSS Statistics
ver. 23.0 (IBM Co., Armonk, NY, USA) was used in this study.
We applied 1:1 case-control matching for cases from 2 groups
by Risser’s sign (+0), sex (+0), lowest end vertebra (LEV) (£0),
age (£2), and main Cobb angle (+5). Finally, 41 pairs of pa-
tients were included in this study. The analytic results were as-
sessed by comparing the radiographic outcomes between the 2
groups. The scheme of AP and lateral X-rays before surgery, af-
ter surgery and at the last follow-up is shown in Fig. 1.

At the time of surgery, baseline data including age, sex, Risser
grade, height, weight, body mass index, and follow-up time were
collected. The number of total fusion levels and thoracic fusion
levels were collected after the surgery. To assess the stability of
the spine postsurgery, the following subjects were recorded be-
fore surgery, after surgery and at the last follow-up: (1) coronal
lumbar Cobb angle; (2) coronal thoracic Cobb angle; (3) AHumoulders:
the height difference between 2 shoulders, which is defined as
positive when left shoulder is higher while negative at the op-
posite; (4) trunk shift: evaluated by the distance between C7
plumb line and CSVL. The negative value indicated the left-
ward trunk shift, while positive value indicated the rightward
trunk shift; (5) coronal balance/coronal imbalance (CIB): rep-
resents the number of patients without or with coronal imbal-
ance. If the trunk shift exceeds 2 cm, it is defined with coronal
imbalance; (6) sagittal vertebral axis (SVA): evaluated by the
horizontal distance between a plumb line drawn from center of
C7 and posterior superior sacral end plate; (7) sagittal balance/
sagittal imbalance (SIB): represents the number of patients with-
out or with sagittal balance. SIB is defined with SVA exceeding
4 cm; (8) distal junctional angle (DJA): sagittal Cobb angle of
the intervertebral disc below the LIV, while negative value stands
for lordosis; (9) DJK: defined with DJA larger than 10° (10) lum-
bar-sacral compensational curve: Cobb angle between inferior
endplate of the LEV and the superior endplate of the SI; (11)
sacral slanting: defined with the angle between the horizontal
line and the upper end plate of the sacrum on the AP radiology
larger than 5°% (12) LIV rotation: the degree of rotation of LIV,
evaluated by Nash-Moe classification'®; (13) LIV tilt: the angle
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of the inferior endplate of the LIV from the horizontal plane;
(14) LIV translation: the distance between the center of LIV
and CSVL; (15) touched vertebra: the lowest barely touched
vertebra refers to the most cephalad vertebra touch by CSVL,
while the lowest substantial touched vertebra refers to the most
cephalad vertebra whose pedicle is touched by CSVL. Accord-
ing to different definition of CSVL by King et al."” and SRS,"
there are 2 set of touched vertebra listed in the table; (16) add-
ing-on phenomenon'’: defined as the extension of the involved
vertebrae within the distal curve between the first erect radio-
graph and the latest one, with either an increase larger than 5
mm in the deviation of the first vertebra below the LIV or an
increase of more than 5° in the angulation of the first disc be-
low the LIV. All data were collected by 2 individual experienced
orthopedists with crosschecking, when the data were no consis-
tent, a third confirmation by another orthopedist was made.
We used IBM SPSS Statistics ver. 23.0 to analyze the data col-
lected above. Categorical variables were summarized as frequen-
cies, and continuous variables as median (interquartile range).
Mann-Whitney U-test and Wilcoxon test were used in signifi-
cant tests for continuous variables, while chi-square test was
used in significant test for categorical variables, and the chosen
level of significance was 0.05. To evaluate the prevalence of CIB,
SIB, adding-on phenomenon and DJK, we calculated the odds
ratio (OR) between the 2 groups and the 2-sided exact signifi-

Table 1. Demographic information

Variable L3 group L4 group p-value
Age (yr) 14.0 (16.0-13.0) 14.0 (16.0-132)  0.742
Sex, female:male 40:1
Risser’s sign

0 5(12.2)

1 0(0)

2 3(7.3)

3 6 (14.6)

4 25 (61.0)

5 2(4.9)
Fused segments 5.0 (6.0-5.0) 6.0 (6.5-6.0) <0.001
Fused T segments* 2.0 (3.0-2.0) 2.0 (2.5-2.0) 0.152
Height (m) 1.62 (1.66-1.56) 1.61 (1.65-1.57) 0.845
Weight (kg) 49.0 (52.2-45.5) 49.0 (53.3-44.5) 0.993
BMI (kg/m?) 19.1 (20.3-17.8) 189 (20.6-17.3)  0.795
Follow-up (yr) 2.0 (4.0-2.0) 2.0 (4.3-2.8) 0.150

Values are presented as median (interquartile range) or number (%).
BMI, body mass index.
*Indicating the fused segments in thoracic vertebra.
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cant value through Fisher precision probability test.

RESULTS

1. Demographic Information

Table 1 lists the baseline information of the patients included
in this study. After case-matching, there were 1 male and 40 fe-
males in each group. There was a significant difference in total
fusion segments between both groups. The total fusion segments
in the L3 group (median [interquartile range]: 5.0 [6.0-5.0]) were
shorter than those in the L4 group (6.0 [6.5-6.0]), while the tho-

racic fusion segments in the L3 group (2.0 [3.0-2.0]) were simi-
lar with those in L4 group (2.0 [2.5-2.0]).

2. Comparison of Deformity Correction

There was no significant difference of lumbar and thoracic
Cobb angle at any time-spot, indicating comparable deformity
correction effect of the main curve between the 2 groups. Fur-
thermore, to evaluate the alignment balance, the comparisons
of AHpoutders, trunk shift, SVA, and lumbar-sacral compensation-
al curve were carried out in Table 2. As a result, apart from the
DJA and lumbar-sacral compensational curve, there was no sig-

Table 2. Radiologic assessments of alignments in L3 and L4 groups

Subject L3 group L4 group p-value
Coronal lumbar Cobb (°)

Preoperative 41.7 (45.0-36.0) 41.0 (47.0-38.1) 0.422

Preoperative flexibility 0.8 (0.9-0.7) 0.7 (0.9-0.5) 0.112

Postoperative 6.0 (9.8-0.3) 8.0 (11.0-3.9) 0.046

At last follow-up 11.0 (15.5-5.9) 10.5 (15.2-5.9) 0.815
Coronal thoracic Cobb (°)

Preoperative 25.3(29.8-15.5) 25.7 (29.7-21.5) 0.364

Preoperative flexibility 0.7 (0.9-0.5) 0.7 (0.9-0.5) 0.701

Postoperative 12.0 (17.0-6.8) 12.2 (18.4-5.4) 0.842

At last follow-up 12.1 (19.5-6.0) 15.1 (23.4-7.6) 0.444
AHihouders

Preoperative 0.5(3.9t0 -3.1) 1.2 (6.8to-5.1) 0.824

Postoperative 0.0 (3.1to0 -2.8) 0.0 (4.3t0-3.2) 0.920

At last follow-up 2.1 (4.0-0.0) 0.0 (4.1-0.0) 0.689
Trunk shift

Preoperative -4.1(5.1to -11.6) -4.4 (7.7 to -11.9) 0.962

Postoperative 0.0 (3.0to -5.3) 0.0 (4.1 to -5.5) 0.359

At last follow-up 0.0 (4.6-0.0) 0.7 (4.2 to -2.5) 0.729
SVA

Preoperative -17.5 (0.0 to -40.0) -12.0 (1.0 to -30.5) 0.388

Postoperative -10.0 (0.0 to -27.5) -13.0 (0.0 to -28.0) 0.966

At last follow-up -8.0 (0.0 to -20.0) 0.0 (4.1 to -30.4) 0.788
DJA ()

Preoperative -17.8 (-14.0 to -22.0) -18.7 (-14.7 to -25.0) 0.287

Postoperative -14.5 (-10.1 to -18.2) -20.1 (-16.0 to -24.5) <0.001

At last follow-up -15.8 (-12.1t0 -19.9) -25.7 (-19.2t0 -29.2) <0.001
Lumbar-sacral compensational curve

Preoperative 3.0 (5.0-2.0) 2.0 (3.0-1.0) 0.006

At last follow-up 4.0 (5.0-2.0) 2.0 (3.0-1.0) <0.001

Values are presented as median (interquartile range).

SVA, sagittal vertebral axis; DJA, distal junctional angle; AHouders, the height difference between the 2 shoulders.
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nificance of alignment balance between the 2 groups. As for the
DJA, the more negative value in L4 group indicated the larger
lordosis reconstructed by the LIV at L4 (p <0.001). Lumbar-sacral
compensational curve was significantly lower in L4 group than
that in the L3 group after surgery (p=0.006) and at the last fol-
low-up (p <0.001). There was no significance of sacral slanting
between both groups in the follow-up.

3. The Parameters of LIV

The LIV rotation was large in L3 group than L4 group at pre-
operative (p=0.005), and decreased to 0° at the last follow-up
in both groups. L4 group had larger LIV tilt than L3 group at
the last follow-up (p=0.036). The LIV translation and LIV Cobb
were comparable at preoperative, postoperative and the latest
follow-up in both group (p=0.05) (Table 3).

4. Alignment Imbalance Related to Different LIV

To assess the contribution of LIV at L3 to postoperational
alignment imbalance, we introduced the OR to evaluate wheth-

Table 3. The parameters of LIV

er LIV at L3 was risk factor or protective factor, results were
shown in Table 4. As a result, LIV at L3 turned out to be protec-
tive factors for coronal and sagittal balance after the surgery.
For the adding-on phenomenon, LIV at L4 might be minor
protective factors in the long term. The sacral slanting of both
groups remained similar before the operation, after the opera-
tion and at the last follow-up. According to the results of Fisher
precision probability test, there was no significant difference of
postoperational alignment imbalance between the 2 groups.

DISCUSSION

The selection of LIV for Lenke type 5C has been a controver-
sial topic. The main concerns for the decision lie in the main
Cobb angle and last ended vertebra.>*'* Wang et al."” developed
a formula to assist the selection of LIV in Lenke type 5C AIS
from a 2-year follow-up study, with which the postoperative
distance between thoracic/lumbar apical vertebra and CSVL
could be predicted by the preoperative distance between LIV

Variable L3 group L4 group p-value
LIV rotation

Preoperative 2.0 (2.0-1.0) 1.0 (1.0-1.0) 0.005

Postoperative 1.0 (1.0-0.0) 0.0 (1.0-0.0) 0.310

At last follow-up 0.0 (1.0-0.0) 0.0 (1.0-0.0) 0.308
LIV tilt (°)

Preoperative -20.0 (-10.5 to -23.3) -18.2 (-14.3 to -23.0) 0.922

Postoperative 0.0 (4.0 to -3.0) -1.4 (1.8 to -5.4) 0.096

At last follow-up 0.0 (4.3t0-3.4) -2.0 (0.0 to -5.5) 0.036
LIV translation (mm)

Preoperative -17.8 (-7.1 to -20.9) -13.5(-4.6 to -17.6) 0.117

Postoperative -5.9 (-1.1to -8.8) -4.7 (3.5t0-7.9) 0.565

At last follow-up -4.6 (1.3 t0 -8.2) -6.5 (0.0 to -4.3) 0.925
LIV Cobb (°)

Preoperative -2.3(0.7 to -4.8) -5.0 (1.0 to -9.0) 0.074

Postoperative 0.8 (3.4to-1.9) 0.0 (2.0 to -1.0) 0.776

At last follow-up 1.9 (5.6t0-3.2) 1.0 (6.3 to -1.0) 0.348
Touched vertebra

King-LBTV 3.0 (4.0-3.0) 4.0 (4.0-4.0) 0.002

King-LSTV 4.0 (4.0-4.0) 5.0 (5.0-4.0) <0.001

SRS-LBTV 4.0 (4.0-3.0) 4.0 (4.0-4.0) <0.001

SRS-LSTV 4.0 (4.0-4.0) 5.0 (5.0-4.0) <0.001

Values are presented as median (interquartile range).

LIV, lowest instrumented vertebra; LBTV, lowest barely touched vertebra; LSTV, lowest substantially touched vertebra.
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Table 4. Coronal and sagittal alignment related to different
LIV

Variable L3 group L4 group p-value L3 OR
CB/CIB*
Preoperative 33/7 26/15 0.080  0.37
Postoperative 36/4 35/6 0.738  0.65
At last follow-up 33/2 38/0 0.226
SB/SIB'
Preoperative 30/9 31/9 1.000  1.03
Postoperative 39/2 34/7 0.155  0.25
At last follow-up 30/3 34/3 1.000  1.13
Adding-on phenomenon?*
Postoperative 2/37 1/39 0.615 211
At last follow-up 9/25 3/33  0.059  3.96
DJK
Postoperative 41/0 41/0 1.000
At last follow-up 41/0 40/1 1.000
Sacral slanting"
Preoperative 15/25 19/19 0266 0.6
Postoperative 5/33 8/33 0.550  0.625
At last follow-up 9/30 16/25  0.152  0.469

LIV, lowest instrumented vertebra; OR, odds ratio; CB/CIB, coronal
balance/coronal imbalance; SB/SIB, sagittal balance/sagittal imbal-
ance; DJA, distal junctional angle.

*CB/CIB: the number of patients whose trunk shift were less/larger
than 2 cm. 'SB/SIB: the number of patients whose SVA were less/larg-
er than 4 cm. *Adding-on phenomenon: the number of patients with/
without adding-on phenomenon. *DJK: the number of patients with/
without DJK phenomenon. "Sacral slanting: the number of patients
with/without sacral slanting.

and CSVL. Furthermore, Erdem et al.* found out that the ap-
plication of preoperative traction x-rays under general anesthe-
sia is able to assess the proper LIV more accurately than stand-
ing AP and lateral x-rays. No matter what assessments are ap-
plied by different surgeons, balancing the stability and range of
motion (ROM) of instrumented spine is the key to acquiring
the satisfactory correction, as extending the instrumented seg-
ments might advance better stability but impair the ROM of
whole alignments. Although there are tremendous selection
criteria for LTV, most of them chose L3 or L4 as the LIV. In or-
der to compare the efficacy of the 2 most selected choices, we
presented a case-match study by dividing the LIV to L3 or L4.
As the arguments of the selection of LIV concentrate on the
balance of stability and mobility, the fused segment was highly
concerned in our study. As the results showed, the overall fused
segments in the L3 group (5.0 [6.0-5.0]) are significantly (p <0.001)

https://doi.org/10.14245/ns.2346822.411

shorter than those in L4 group (6.0 [6.5-6.0]), while the fused
segments in thoracic segments in the L3 group (2.0 [3.0-2.0])
are similar with those in the L4 group (2.0 [2.5-2.0]). The tho-
racic spine is considered to have a restricted ROM during flex-
ion and extension compared with that of cervical and lumbar
spine, because of the existence of the rib cage. Therefore, with
more reserved motion segments in L3 group, the ROM in L3
group was probably higher than that in L4 group.

The deformity correction is crucial for Lenke 5C type AIS.
Banno et al.*! retrospectively reported a cohort of 49 AIS pa-
tients with Lenke type 5C curves whose LIV was at L3 or L4.
The results indicated that the thoracic/lumbar curve was re-
duced to a similar degree (p=0.925, p=0.082). Ozkunt et al.”
analyzed the correction effect of 42 patients with Lenke type 5
AIS, the Cobb angle was reduced to 7.68° and 7.98° in L3 group
and L4 group, without significant difference between the 2 groups.
Consistent with the reported articles, the thoracic/lumbar curve
in our cohort was reduced to a similar degree with mild residu-
al Cobb angle in both groups, indicating both L3 and L4 are
both adequate selections to achieve satisfying curve correction.
Both groups achieved good radiologic outcomes according to
LIV parameters, which confirmed the selection criteria of LIV
of Lenke 5C AIS patients according to our center could be co-
opted. Given the similar results of shoulders’ height and trunk
shift, it is showed that the coronal alignment balance was satis-
factorily reconstructed by LIV at L3 or L4. As for the sagittal
alignment, once the satisfactory postoperational balance was
achieved, sagittal trunk imbalance seems not to be an impor-
tant issue, which differs from that in Lenke 1C type AIS. In our
research, similar SVA between both groups during the whole
follow-up time proved the validity of L3 and L4 as LIV to re-
construct the sagittal balance.

It is important to note that selecting the wrong LIV can result
in complications and deformity progression. Unsatisfactory clini-
cal outcome after surgery, as defined by Chang et al.,”” includes
adding-on phenomenon, LIV tilt > 10° or coronal balance >2
cm. Distal adding-on phenomenon refers to progressive cor-
rection loss of distal segments, caused by lumbar vertebral de-
viation or LIV disc angulation.” DJA is defined as the sagittal
Cobb angle of intervertebral disc inferior to the LIV, which pre-
dicts the occurrence of DJK once it is higher than 10°. As shown
in previous study, inappropriate selection of LIV, larger LIV trans-
lation, and skeletal immaturity rise the risk for postoperational
distal adding-on effect, especially in Lenke 1A and 2A AIS.»*
Moreover, it has been reported® that there is higher risk of un-
satisfactory clinical outcomes in the L3 group than in the L4
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group. In addition, Hyun et al.”” reported that adding-on phe-
nomenon and DJK is more likely prevalent after anterior spinal
fusion than after posterior spinal fusion, even if the LIV in both
groups were L3. As for posterior spinal fusion, the prevalence
of DJK or adding-on phenomenon at the last follow-up was re-
ported as 13.1%." To prevent DJK, Yang et al.*® advised that cho-
osing the LIV at or below stable sagittal vertebra can reduce the
risk of DJK. However, in our study, LIV at L3 seemed to be a
protective factor from coronal/SIB and adding-on phenome-
non, although without any significant difference. In addition,
there were no reports of DJA in both the L3 and L4 group, indi-
cating similar corrective effect whether the LIV locate at L3 or
L4. Furthermore, Enercan et al.”’ demonstrated similar rates of
disc degeneration and facet joint degeneration between groups
of LIV at L3 and L4. Koller et al.* reported similar lumbar-sacral
compensational curve with LIV at L3 or L4 in patients with Len-
ke 3, 4, and 6 AIS. On the contrary, our results showed there was
a larger compensational curve in the L3 group than that in the
L4 group, although the angles in both groups remained in a low
range. However, as Koller et al.* pointed out, lumbar-sacral curve
might compensate the postoperational residual curve, which
would be impeded by longer fusion. Longer follow-up is need-
ed to clarify whether larger compensational curve would accel-
erate the disc degeneration and joint facet degeneration or com-
pensate the residual curve. Furthermore, sacral slanting might
be a way for scoliotic spine to compensate itself, and should be
a critical consideration in selecting LIV. As Lee et al.*' reported,
postoperational sacral slanting could negate the bending force
when the directions of sacral slanting and L4 tilt were the same,
which diminished the rate of adding-on phenomenon. In our
study, the incidence of coronal imbalance and adding-on phe-
nomenon was low. Therefore, a larger prospective cohort study
is needed for further exploration of the importance of sacral slant-
ing in Lenke 5C AIS.

As a result, selection of LIV at L3 results in similar correction
outcomes as LIV at L4. However, the lumbar-sacral compensa-
tion curve is significantly larger in L3 group than that in 14 group,
indicating a higher possibility of emergence of lumbar-sacral
compensation whose LIV is L3. Furthermore, the LIV at L3 might
be helpful to avoid coronal/SIB after surgery. Therefore, the se-
lection of L3 as LIV might have some merit in maintaining bet-
ter stability and mobility for the whole alignments.

The advantages of this study are as follows: Firstly, we include
a relatively large group of patients with Lenke type 5C AIS, which
verified the results of our study. Secondary, all of the surgeries
were conducted by a single team of doctors, certifying the con-
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sistency of the data in both groups. Thirdly, we match the cases
with preconditions to eliminate the differences of preoperation-
al parameters between different groups, in order to compare
clinical outcomes objectively.

However, there are still some limitations in our study. First,
we only matched the sex, age, Risser’s sign, LEV position and
preoperational coronal Cobb angle between the 2 groups, leav-
ing other confounding factors. Secondary, this study is retro-
spective and could not avoid missing data. Therefore, a further
random, prospective study with a longer follow-up about the
different clinical outcomes of LIV at L3 or L4 should be con-
ducted in the near future.

CONCLUSION

In conclusion, the clinical outcomes of LIV at L3 and L4 were
compared in Lenke type 5C AIS. LIV at L3 could preserve more
motion segments for patients with Lenke 5C AIS. The selection
of LIV of L3 or L4 may not have negative effect on radiologic
complications such as SIB, CIB, PJK, adding-on phenomenon.
Therefore, due to the efficiency and safety in moderate Lenke
type 5C AIS, L3 could be a competent choice as LIV.
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