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ABSTRACT

Objective: It is important to protect the mobile segment in the lumbar region in scoliosis surgery. The aim of this study was to compare
the clinical and radiological results of patients who underwent surgery for a diagnosis of adolescent idiopathic scoliosis (AIS) with the
lowest instrumented vertebra (LIV) at L3 or L4 level.

Methods: The study included 36 patients who underwent surgical treatment in our institution for a diagnosis of Lenke type 5 and 6 AIS
with a follow-up period of at least 24 months. The patients were separated into 2 groups according to the LIV level of L3 (n=21) and
L4 (n=15). These 2 groups were compared preoperatively (PO), early postoperative (EPO), and at the final follow-up examination (last
control (LC)) with respect to radiological parameters in the coronal and sagittal planes, and the Scoliosis Research Society - 22 (SRS-22)
questionnaire values.

Results: In both groups the mean age (L3: 16 + 7.3; L4: 17 + 6.1 years) and follow-up periods (L3: 44 + 20; L4: 47 + 18 months) were similar.
Radiologically, the L4 group had a greater Cobb angle in the scoliosis main curves measured PO (P=.001). The Cobb angles measured at
EPO (P=.767) and at LC (P=.674) were similar in both groups. No significant difference was observed between the 2 groups in respect
of the LIV tilt values at PO (P=.469), EPO (P=.297), and LC (P=.065). When the groups were evaluated separately, the LIV tilt values at
EPO and LC were similar in the L4 group (EPO: 6.93 + 3.058; LC: 7.26 + 2.313; P=.618). In the L3 patients, although there seemed to be a
significant increase in LIV tilt values when EPO values were compared with LC values (EPO: 8.47 + 3.970; LC: 9.57 + 3.76; P=.030), this
was within the error range of Cobb angle measurement. The results of the SRS-22 questionnaire showed significantly better results in the
L3 group in the domains of pain, function/activity, mental health, and satisfaction with treatment (P=.011, P=.002, P=.019, P=.046,
respectively).

Conclusion: There was no radiological superiority between L3 and L4 LIV groups in the thoracolumbar/lumbar curve patients. However,
according to the SRS-22 questionnaire, the results of patients with L3 level LIV were better in the areas of pain, function/activity, mental

health, and satisfaction with treatment.

Level of Evidence: Level III, Therapeutic Study.

Introduction

Adolescent idiopathic scoliosis (AIS) is a spinal coro-
nal deformity of >10°, diagnosed between the ages of
10 and 18 years."* The aims of surgical treatment of
AIS are to correct the spine in the coronal and sagit-
tal planes and to provide trunk and shoulder balance.?
Classification of AIS is important with respect to sur-
gical planning.* Selection of the appropriate fusion
level is always a challenge for surgeons. Inclusion
of the lower lumbar vertebrae in fusion can lead to
restriction in lumbar movements.® Although the long-
term effect of protecting distal fusion levels is not
known, some authors have observed a correlation
between the distal fusion length and the severity of
back pain and disc degeneration.® Loss of mobility in
the trunk is unavoidable following fusion surgery,”*
and this can lead to problems in the physical activ-
ity of patients in the postoperative period.” Long-
term results have been examined in previous studies
related to the number of mobile lumbar vertebrae,
but the effect on health-related quality of life is not
clearly known as there are no data about preoperative

spinal mobility.” Nevertheless, the generally accepted
view is to leave as many mobile lumbar vertebrae as
possible. Most authors believe that the protection of
at least 3 distal disc spaces will have a positive effect
on the long-term results.'™* Although there are many
studies in the literature on the selection of the low-
est instrumented vertebra (LIV) in thoracolumbar
and lumbar (TL/L) curves, there is no consensus, and
there are still some differences of opinion among

spine surgeons.'!*

The aim of this study was to compare the clinical and
radiological results of patients who underwent poste-
rior surgery with the distal fusion level of L3 or L4
because of Lenke type 5 or 6 AIS.

Materials and methods

A retrospective review was made of 234 patients who
underwent surgery in our institution for a diagno-
sis of AIS and were followed up for at least 2 years.
These patients were categorized into 6 types accord-
ing to the Lenke classification. Of the 62 patients with
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Lenke types 5 and 6, 36 patients with regular clinical and radiological
follow-up were included in the study. The total 36 patients, compris-
ing 28 females and 8 males, were separated into 2 groups according to
the LIV level of L3 (n: 21) and L4 (n: 15). The patients in the L3 group
were 18 females and 3 males with a mean age of 15.92 + 7.304 years,
and the L4 group comprised 10 females and 5 males with a mean
age of 16.85 + 6.109 years (Table 1). The radiographs of the patients
in these 2 groups were evaluated preoperatively (PO), in the early
postoperative period (EPO) and at the final follow-up examination
[(last control (LC)]. In the radiological evaluation, the Cobb angles of
the structural and non-structural curvatures, the C7 vertebra-central
sacral vertical line (C7-CSVL), and the lowest and uppermost instru-
mented vertebra (LIV, UIV) tilt angles were measured in the coronal
plane on the posterior-anterior and lateral orthoroentgenograms
taken of the whole spine with the patient standing.” The UIV-CSVL
and LIV-CSVL values were also examined. Lumbar lordosis and tho-
racic kyphosis angles were measured in the sagittal plane (Figures 1
and 2). All patients completed the Turkish validated SRS-22 question-
naire to assess the quality of life and perception of deformity at the
final follow-up visit.’* The data of the radiological evaluations and
the SRS-22 questionnaire of all the patients were analyzed statisti-
cally, and the results were compared between the 2 groups (Figure 3).

Ethics approval and informed consent

This study was performed in line with the principles of the
Declaration of Helsinki. The study was approved by the Institutional
Ethics Committee of Gazi University (Date: March 10, 2023 / Decision
No: 10).

All patients included in the research study were provided with
comprehensive information regarding the study and subsequently
endorsed an informed consent document.

Surgical technique

The radiological assessment of AIS patients is performed using stand-
ing orthoroentgenogram radiographs of the entire spine (including
the craniocervical junction and pelvis). In patients scheduled for sur-
gery, in addition to standing plain radiographs, right and left bending
radiographs are also evaluated to assess spinal flexibility and deter-
mine the degree of fusion (Figure 4A, B). In major TL/L curves, if the
bending radiographs correct the rotation of the L3 and L4 vertebrae
and correct the angulation of the L3-L4 and L4-L5 disc spaces, it is
preferred to remain at L3 as the LIV level. If the bending radiographs
do not show improvement in L3 spinal rotation and the angulation of
the L3-L4 disc space and axial rotation of the distal vertebrae persists,
a further radiological evaluation may be made with the patient on
the operating table under general anesthesia in the prone position. In
this position, after placing a screw in the pedicle on the convex side

HIGHLIGHTS

In scoliosis surgery, it is important to preserve the distal mobile segment in
thoracolumbar and lumbar curves. The aim of this study was to compare the
clinical and radiological outcomes of patients with Lenke type 5 and 5 adoles-
cent idiopathic scoliosis with the lowest instrumented level L3 or L4.

The results of the study showed that the mean age and follow-up time were
similar in both groups. Radiographically, patients in the LIV level L4 group
had higher Cobb angles than the L3 group. There was no significant difference
between the Cobb angles of the two groups of patients on plain radiographs at
early and final postoperative follow-up. Although the LIV tilt increased more
in the L3 group, this increase was within the limits of Cobb angle measure-
ment error.

Clinically, the results of the SRS-22 questionnaire showed significantly better
results in the LIV level L3 group in the areas of pain, function/activity, mental
health and satisfaction with treatment.

Table 1. The demographic characteristics and follow-up periods of the patients

L3 group L4 group
Patients (n) 21 (F: 18; M: 3) 15 (F: 10; M: 5)
Mean age + SD (years) 15.92 + 7.304 16.85 + 6.109

Follow-up + SD (months) 44.37 + 19.862 46.67 + 18.075

F, female; M, male; SD, standard deviation.

of L3, using the placed screw and screwdriver, a posterior-anterior
radiograph is taken while trying to correct the lumbar scoliosis by
pushing the spine to the concave side with the vertebral derotation
maneuver to L3. In patients with improved rotation of the L3 and L4
vertebrae and disc wedging on this X-ray, the L3 vertebra is selected
as the LIV level. However, if both L3 and L4 rotation and disc space
angulation to the convex side persist despite recent maneuvers, the
L4 vertebra is selected as the LIV level (Figure 5A, B).

All surgical procedures were performed by a single senior spine sur-
geon (A.S.) at a tertiary-level hospital. The posterior approach was
performed with meticulous technique to minimize bleeding, and the
paraspinal muscles were stripped subperiosteally, exposing the pos-
terior elements of the predetermined fusion levels. Pedicle screws
were inserted using a freehand technique with screw sizes of 6.5 mm
in the lower thoracic and lumbar regions and 5.5 mm in the middle
and upper thoracic regions. The position of the screws was checked
with posterior-anterior and lateral radiographs.

Schwab 1 osteotomy was performed to gain flexibility and facet
fusion at all instrumented levels. The 6 mm diameter titanium rods
were manually aligned with proper sagittal alignment. The rod on the
concave side was inserted first, then after the scoliosis was slightly
corrected by rotating the rod approximately 90 degrees clockwise,
the rod was fixed by tightening the crown screw on the neutral verte-
bra. The rod of the convex side was then placed. Following the place-
ment of derotation tubes on the neutral and apical vertebrae, the
apical vertebra was derotated appropriately, and distraction of the
concave side and compression of the convex side were performed,
and the upper screws were tightened. All these procedures were
performed under continuous monitoring of sensorimotor and motor-
evoked potentials. No patient underwent thoracoplasty. Patients who
were hemodynamically stable were mobilized on the first postopera-
tive day. No brace was worn by any patient after surgery.

Statistical analysis

The data obtained in the study were analyzed statistically using
Statistical Package for the Social Sciences (SPSS) for Windows,
version 26.0 software (IBM SPSS Corp., Armonk, NY, USA). For
descriptive analysis, continuous variables were presented as mean
and standard deviation (SD) values, and categorical variables as fre-
quencies and percentages. Chi-squared tests were used to compare
categorical variables across different groups. The normal distribu-
tion of continuous variables was assessed using analytical techniques
(Kolmogorov-Smirnov/Shapiro-Wilk tests) and visual methods
(histograms and probability plots). As the data did not conform to
normal distribution, non-parametric analyses were performed. The
Wilcoxon signed-rank test and the Kruskal—-Wallis test were used to
compare preoperative, postoperative, and final follow-up data sets. A
value of P < .05 was considered statistically significant.

The sample size was determined with a consideration of a 20% differ-
ence between the 2 groups, utilizing a significance level (alpha) of 5%
and achieving a statistical power of 80%. Consequently, each group
included a minimum of 14 subjects."”
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Figure 1. Preoperative (A: coronal, B: sagittal) and postoperative (C: coronal, D: sagittal) plain radiographs of patients with lowest instrumented vertebra level L3 vertebra.

Results

The mean follow-up period was calculated as 44.37 + 19.862 months
in the L3 group and 46.67 + 18.075 months in the L4 group. The
Risser results were similar in the 2 groups (P=.975) (Table 1).

In the radiological evaluation of the TL/L curves in the coronal plane,
the preoperative TL/L curves of the L4 (56.0 + 10.0°) group patients
were found to be larger than those of the L3 (48.14 + 3.1°) group
(P=.001). No statistically significant difference was determined
between the groups with respect to the Cobb angle values measured
in the EPO (P =.767) and at the final follow-up examination (P=.674)
(Table 2).

No significant difference was determined between the 2 groups
in the EPO and LC values of LIV tilt (EPO: P=.297; LC: P=.065)
(Table 3). When the groups were evaluated separately, LIV tilt
increased from 8.47 + 3.970° to 9.57 + 3.76° in the L3 group, and
from 6.93 + 3.058° to 7.26 + 2.313° in the L4 group. The increase in
LIV tilt in the L3 group was determined to be statistically significant
(L3: P=.030; L4: P=.618) but was within the range of measurement
error (Tables 4 and 5).

When the 2 groups were compared according to the UIV tilt results,
the PO UIV tilt was seen to be greater in the L4 group (P=.005),
and the UIV tilt values were similar in both groups at EPO and LC

Figure 2. Preoperative (A: coronal, B: sagittal) and postoperative (C: coronal, D: sagittal) plain radiographs of patients with lowest instrumented vertebra level L4 vertebra.
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In this study, 234 patients who
underwent surgery with a
diagnosis of AIS were
retrospectively analysed.

'

1: 84; II: 43; III: 25; IV:

All patients were categorized according to
the Lenke classification:

20; V:25; VI: 37

v

Inclusion criteria:

1) Lenke type 5 and 6 AIS

2) Patients undergoing posterior
surgery

3) Regular clinical and radiological
follow-up of the patient

4) At least two years of follow-up

Exclusion criteria:

1) Scoliosis patients other than AIS

2) Lenke Type 1, 2, 3 and 4 AIS

3) Those who underwent anterior surgery

4) Those without regular clinical and
radiological follow-up

5) Those with less than two years of follow-up

v

28 female; 8

The study included 36 patients:
Lenke type 5: 17 patients
Lenke type 6: 19 patients

male.

v

Patients were divided into two groups as

L3 and L4 according to LIV level.

\ 4
LIV level of L3 (n:21)

'

v

LIV level of L4 (n:15)

v

the last control.

All data obtained were statistically
the two groups were compared.

Radiological assessment was performed on preoperative (PO),
early postoperative (EPO), and last control (LC) radiographs.

The SRS 22 questionnaire was administered to the patients at

analysed and the results of

Figure 3. Flow chart of the study. AIS, adolescent idiopathic scoliosis.

(P=.870, P=.843, respectively) (Table 3). The UIV tilt angles were
similar in the EPO and LC measurements in both the L3 and L4
groups (L3: P=.974; L4: P=.943) (Tables 4 and 5).

When the 2 groups were compared in respect of the LIV-CSVL results,
no statistically significant difference was determined between the
groups at PO, EPO, and LC (P=.663, P=.571, P=.683, respectively)
(Table 3).

In the L3 group, the LC value was 6.52 + 3.736 mm, and there was
no statistically significant difference between EPO and LC values
(P=.06) (Table 4). In the L4 group, LIV-CSVL values at EPO (7.13 +
2.948 mm) and L.C (7.00 + 3.872 mm) were similar (P=.674) (Table 5).

In the comparisons of the UIV-CSVL results of the 2 groups, the
values at PO, EPO, and LC were found to be similar in both groups

(P=.595, P=.683, P=.987, respectively) (Table 3). In the L3 group,
the differences between EPO and LC values were statistically signifi-
cant (P=.005) (Table 4). There was a significant improvement in LC
in the L4 group (LC: 5.73 + 2.218 mm) (P=.032) (Table 5).

When analyzing the C7-CSVL results, a significant improvement was
observed in both groups (Table 3). While there was a greater improve-
ment in EPO C7-CSVL values in the L4 group (L3: 9.76 + 2.913 mm
and L4: 6.86 + 2.099 mm) (P=.002), there was no significant differ-
ence between the 2 groups in LC (L3: 6.61 + 3.756 mm and L4: 6.60 +
3.756 mm) (P=.820) (Table 3).

In the results of the SRRS-22 questionnaire, there were seen to be
similar results in the subscale of selfimage/appearance for both
groups (L3: 4.105; L4: 4.133; P=.899). Significantly better results
were obtained by the patients in the L3 group in the subscales of
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Figure 4 . Right (A) and left (B) bending radiographs to assess the flexibility of the scoliosis.

pain, function/activity, mental health, and satisfaction with treat-
ment (P=.011, P=.002, P=.019, P=.046, respectively). The differ-
ences between the groups were 0.343 for the pain domain, 0.501
for the function/activity domain, and 0.409 for the satisfaction with
treatment domain (Table 6).

Discussion

Lowest instrumented vertebra selection, especially in the lumbar
region, should be one of the most important steps in preoperative
planning of the surgical treatment of AIS patients. This effort helps
to leave more mobile segments caudally. The aim of this study was to
compare the clinical and radiological results of patients who under-
went posterior instrumentation surgery because of Lenke type 5 and
6 AIS, with a distal fusion level of L.3 and L4.

While it is attempted to obtain the optimum correction in scolio-
sis surgery, protection of the more distal mobile lumbar segment
is important for the quality of life of the patient.® In a study of 49
patients by Ketenci et al,* the preoperative, 1- and 3-year radiological
and clinical results were compared for patients with Lenke type 5
AIS who underwent posterior surgery with the LIV level of the lower
end vertebra (LEV) and the vertebra above the lower end (LEV-1).
Radiologically, the TL/L Cobb angle, thoracic Cobb angle, thoracic
kyphosis angle, lumbar lordosis angle, and C7-CSVL values were
examined, and clinically, the SRS-22 and SF-36 scores. The results
showed an increase in LIV translation radiologically in the LEV-1
group. However, at the 1- and 3-year follow-up examinations, no dif-
ference was seen between the 2 groups in either the coronal or sag-
ittal plane. The LEV-1 group patients were also seen to have better
results in the function/activity subscale of the SRS-22. The results of

=9 nimiyom bt

Figure 5. Assessment of distal spinal axial rotation and disc space angulation of the intervertebral. A: Before corrective maneuver; B: After corrective maneuver.
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Table 2. Results of the radiographic evaluation of thoracic, thoracolumbar/lumbar
Cobb angles in the coronal plane and thoracic kyphosis and lumbar lordosis angles
in the sagittal plane

L3 group (mean + SD) L4 group (mean + SD) P

TL/L Cobb angle

PO 48.14 + 3.183 56.00 + 10.085 .001

EPO 6.19 + 4.423 6.33 + 3.457 767

LC 7.771 + 4.496 6.80 + 3.668 674
T Cobb angle

PO 29.33 + 10.442 36.20 + 11.169 931

EPO 5.81+4.479 5.53 + 4.969 .550

LC 5.91+3.744 6.33 + 5.640 .283
Thoracic kyphosis angle

PO 31.95 + 9.265 33.00 + 8.229 .588

EPO 34.38 +£5.315 32.73 +£5.285 .950

LC 35.29 + 4.209 35.07 +£4.743 542
Lumbar lordosis angle

PO 55.19 + 5.997 53.00 + 10.488 129

EPO 52.33 +4.115 48.67 + 7.247 172

LC 51.90 + 3.562 49.87 +£5.975 131

EPO, early postoperative control; F, female; LC, last control; M, male; PO, preoperative; SD, standard
deviation; T, thoracic; TL/L, thoracolumbar/lumbar.

Table 3. Radiological evaluation results of the patients

Group N Mean + SD P

LIV

PO L3 21 27.8095 + 4.89509 469
L4 15 28.9333 + 4.93481

EPO L3 21 8.4762 + 3.97013 279
L4 15 6.9333 + 3.05817

LC L3 21 9.5714 + 3.76260 .065
L4 15 7.2667 + 2.31352

uIv

PO L3 21 12.4286 + 4.97566 .005
L4 15 19.6667 + 7.87098

EPO L3 21 6.8095 + 2.33707 .870
L4 15 6.6000 + 1.84391

LC L3 21 6.7619 + 1.78619 .843
L4 15 6.6667 + 2.02367

LIV-CSVL

PO L3 21 18.9048 + 10.94945 663
L4 15 20.6000 + 11.35656

EPO L3 21 7.8095 + 3.26526 571
L4 15 7.1333 + 2.94877

LC L3 21 6.5238 + 3.73656 .683
L4 15 7.0000 + 3.87298

UIV-CSVL

PO L3 21 20.4286 + 10.85620 .595
L4 15 22.2000 + 11.44677

EPO L3 21 8.1429 + 2.55511 .683
L4 15 7.7333 + 2.28244

LC L3 21 5.6667 + 1.98326 .987
L4 15 5.7333 £ 2.21897

C7-CSVL

PO L3 21 21.3333 £ 12.62273 1961
L4 15 21.4000 + 13.53725

EPO L3 21 9.7619 + 2.91384 .002
L4 15 6.8667 + 2.09989

LC L3 21 6.6190 + 3.30872 .820
L4 15 6.6000 + 3.75690

Risser sign
L3 21 2.8095 + 0.74960 975
L4 15 2.8000 + 0.77460

C7-CSVL, C7 vertebra—central sacral vertical line; EPO, early postoperative control; F, female; LG, last
control; LIV, lowest instrumented vertebra; LIV-CSVL, lowest instrumented vertebra—central sacral vertical
line; M, male; PO, preoperative; SD, standard deviation; UIV, uppermost instrumented vertebra; UIV-CSVL,
uppermost instrumented vertebra—central sacral vertical line.

the current study showed no significant difference in the radiological
EPO and LC results between the 2 groups. However, in the results of
the SRS-22 questionnaire, with the exception of the similar results
obtained in the self-image/appearance subscale of both groups, the
values of the L3 group patients were better (Tables 3 and 6).

Halm et al' suggested that posterior surgery with pedicle screws in
TL and L scoliosis could be just as effective as anterior selective sur-
gery in both the correction of scoliosis and in the fusion levels of the
spine. The study was conducted on 12 AIS patients with Cobb angle
varying between 41° and 59°, and distal end vertebrae were defined
as the LIV level. Radiological evaluations were made in the coronal
and sagittal planes on radiographs taken PO, then at postoperative 2
years, and at the final follow-up examination. There was seen to be a
significant improvement in the coronal and sagittal planes, the LIV
tilt improved from 28.5° to 8.7°, and was found to be mean 9.4° on
the final follow-up radiographs.* In the current study, patients with
LIV levels of L3 and L4 showed a slight increase in LIV tilt values
within the measurement error range in the early postoperative and
last control radiographs, and no statistically significant difference
was detected (Table 3).

In a study by Shufflebarger et al of 61 patients with Lenke type 3C, 5,
and 6 AIS, the coronal TL/L Cobb angle measured PO, early postop-
erative, and at the final follow-up examination was 52°, 10°, and 11°,
respectively, the lumbar lordosis angle was 41°, 42°, and 42°, and the
thoracic kyphosis angle was 26°, 29°, and 30°.*° In the current study,
these values in the L3 group were TL/L Cobb angle of PO 48.14°, EPO
6.19°, and LC 7.71°, the lumbar lordosis angle was 55.19°, 52.33°,
and 51.90°, and the thoracic kyphosis angle was 31.95°, 34.38°, and
35.29°, respectively. In the L4 group, these values at PO, EPO, and
LC were TL/L Cobb angle of 56.00°, 6.33°, and 6.80°, lumbar lordosis
angle of 53.00°, 48.67°, and 49.87°, and the thoracic kyphosis angle of
33.00°, 32.73°, and 35.07°, respectively (Table 2).

Li et al*! reported the results after posterior surgery of 27 patients
diagnosed with Lenke type 5C AIS.? The LIV levels of the patients
were L3 in 18 cases, L4 in 8, and L5 in 1. After a mean follow-up
period of 34.1 + 6.1 months, no statistically significant difference
was determined between the postoperative and final follow-up
measurements of the Cobb angle, thoracic kyphosis angle, LIV tilt
angle, C7-CSVL distance, and LIV-CSVL distance. In 4 patients with
C7-CSVL distance exceeding 15 mm radiographically, there was seen
to be global coronal imbalance postoperatively in the clinical evalua-
tion, and as the LIV tilt was >8° postoperatively, it was reported that
these 4 patients could be at risk of coronal imbalance.

In another study by Shetty et al,* 23 patients with Lenke type 5C AIS
underwent posterior surgery and were followed up for a mean of 36
months.? The LIV level was equal to LEV (LIV=LEV) in 12 patients,
1 level below LEV in 10 (LIV=LEV+1), and 2 levels below LEV in 1
(LIV=LEV+2). There was an improvement in scoliosis curvatures in
the coronal plane from a mean of 55.01° to 15.19°. The LIV tilt val-
ues were a mean of 27.2° PO, 9.18° postoperatively, and 8.14° at the
final follow-up examination, and the C7-CSVL values were measured
as a mean of 24.77 mm, 20.28 mm, and 12.90 mm, respectively. The
LIV tilt angle was emphasized in particular in that study, and it was
reported that a preoperative LIV tilt of >25° increased the probability
of coronal imbalance in the long term.

The values obtained in the current study differed from those
reported by Li and Shetty. The mean follow-up period of the patients
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Table 4. Comparison of postoperative and last control results of patients in the L3 group

LIV uIv LIV-CSVL UIV-CSVL C7-CSVL
LC EPO LC EPO LC EPO LC EPO LC EPO
VA —2.167°¢ —0.032" —1.880" —2.799" —2.828"
Asymp. sig. (2-tailed)" 0.030 0.974 0.060 0.005 0.005

C7-CSVL, C7 vertebra—central sacral vertical line; EPO, early postoperative control; LC, last control; LIV, lowest instrumented vertebra; LIV-CSVL, lowest instrumented vertebra—central sacral vertical line; UIV, uppermost

instrumented vertebra; UIV-CSVL, uppermost instrumented vertebra—central sacral vertical line.
“Wilcoxon signed-rank test.

*Based on positive ranks.

“Based on negative ranks.

Table 5. Comparison of postoperative and last control results of patients in the L4 group

LIV uUlv LIV-CSVL UIV-CSVL C7-CSVL
LC EPO LC EPO LC EPO LC EPO LC EPO
7 —0.499° -0.071° —0.421° —2.143" —0.792°
Asymp.Sig. (2-tailed) * 0.618 0.943 0.674 0.032 0.428

C7-CSVL, C7 vertebra—central sacral vertical line; EPO, early postoperative control; LG, last control; LIV, lowest instrumented vertebra; LIV-CSVL, lowest instrumented vertebra—central sacral vertical line; UIV, uppermost

instrumented vertebra; UIV-CSVL, uppermost instrumented vertebra—central sacral vertical line.
“Wilcoxon signed-rank test.

"Based on positive ranks.

“Based on negative ranks.

Table 6. The SRS-22 questionnaire results of the patients

L3 group (mean) L3 group (mean) P
Pain 4.476 4.133 .011
Self-image/appearance 4.105 4.133 .899
Function/activity 4.448 3.947 .002
Mental health 3.838 3.413 .019
Satisfaction with treatment 4.476 4.067 .046
Total 4.2403 3.9212 .005

in the current study was longer (L3: 44.37 months, L4: 46.67 months)
and the number of patients was greater than in the studies by Li and
Shetty. In the current study, the LIV tilt was 27.8° PO in the L3 group
and 28.9° in the L4 group. Postoperatively, these values were 8.47° in
the L3 group and 6.9° in the L4, and at LC, 9.5° and 7.2°, respectively.
The C7-CSVL distance values were similar in both groups postopera-
tively and at the final follow-up examination. At LC, the mean value
was 6.6 mm, and was >10 mm in only 2 patients in the L3 group and
in 4 patients in the L4 group. However, as there was no clinically
significant coronal imbalance in the external appearance, no addi-
tional surgical procedure was performed. Although the LIV values
in the current study were higher in the preoperative and postopera-
tive periods than those reported by Li and Shetty, the fact that there
was no significant coronal imbalance was attributed to the surgical
technique applied. In addition to the procedures routinely applied
in the surgical technique (rod derotation, apical vertebra derotation,
distraction of the concave side, and compression of the convex side),
to correct truncal shift, the rods were locked by pushing the apical
vertebra to the convex side while at the same time applying derota-
tion to the apical vertebra with the aid of derotation tubes, thereby
correcting truncal shift.

In a study by Barsi et al,*® which examined the 2-year values, deterio-
ration in LIV L4 tilt was determined.?® At the end of a 10-year follow-
up period, Chang et al** determined a worsening of LIV tilt angles in
AIS patients.” In the current study, an increase was observed in the
final measurements of the LIV tilt angle compared to the EPO in the
L3 group (P=.03) (Table 4), and there was no difference in the L4
group (P=.618) (Table 5). No significant difference was determined
between the L3 and L4 groups in respect of UIV tilt, and there was
also no difference in the amount of shift according to the C7-CSVL
(Table 3).

In the literature on this subject without differentiation of Lenke type,
a prospective, multicenter study with a 10-year follow-up period by

Ohashi et al*® compared the SRS-22 results of 2 groups according
to the LIV level of L1 and above and LIV level of L2 and below. It
was reported that patients with a distal fusion level had significantly
lower points in the subscales of pain, function/activity, and satisfac-
tion with treatment (P < .05). The results of the current study showed
that patients with LIV level of L3 had better scores in the SRS-22 sub-
scales of function/activity, mental health, and satisfaction with treat-
ment. The results of the current study showed that patients with LIV
level L3 had better scores on the function/activity, mental health,
and satisfaction with treatment subscales of the SRS-22. However,
the differences in the SRS-22 questionnaire scores were not very
large. There are studies in the literature that have evaluated the
results of the SRS-22 questionnaire after scoliosis surgery in terms of
the minimal clinically important difference (MCID), and MCID val-
ues between 0.2 and 0.4 have been reported.?*** In an MCID study of
SRS-22 questionnaire domains after AIS surgery,*® the MCID for the
pain domain was reported to be 0.20, whereas in the present study
it was 0.343. While the MCID for the function/activity domain was
0.08 in the previous study, it was 0.5 in the current study. Therefore,
the significant differences in the SRS 22 questionnaire scores in the
current study can be considered to be clinically significant.

In the surgical treatment of TL/L curvatures in our clinic, it is consid-
ered that the effort made not to go down to L4 is important in respect
of the quality of life of patients. However, the decision on this subject
should be made specific to each patient. It is known that to obtain bet-
ter correction in large and rigid TL/L curves it is necessary to extend
as far as the L4 vertebra for the LIV level, and as seen in the results of
previous studies, it may be necessary to extend the fusion to a lower
vertebra when the situation requires that.*

The postoperative rate of adding on in TL/L curves has been reported
to be between 5% and 13%.%° An LIV to CSVL distance of less than
5 mm and an LIV tilt of more than 5 degrees have been defined as
adding on.* However, most of these patients are asymptomatic, with
only 6%-7% reported to be symptomatic and requiring surgical inter-
vention.*! In the current study, the LIV tilt was more than 5 degrees
in both groups of patients. However, none of the patients underwent
revision surgery because they were asymptomatic.

There were some limitations to this study, primarily the retrospective
design and relatively low number of patients. There was no evalua-
tion of the operating time or amount of blood loss. A further limita-
tion was that the SRS-22 was only completed at the final follow-up
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examination, and therefore the results could not be compared with
the preoperative and EPOs.

In conclusion, the results of this study showed that radiological out-
comes were similar in patients with LIV levels L3 and L4. However,
there was a more favorable result for patient satisfaction and func-
tional outcome in the L3 group. Therefore, stopping at L3 in major
TL/L curves may be better for the quality of life of patients. Stopping
at L3 as the lowest fusion level in TL and L curves is important for
patient quality of life, and it can be considered that with appropri-
ate correction/derotation maneuvers, going down to L4 should be
avoided.
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