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Abstract

Study Design: Retrospective study.

Objective: The aim of this study was to assess long-term radiographic and clinical outcomes in Lenke 5C adolescent idiopathic
scoliosis (AIS) patients after posterior selective fusion.

Methods: Lenke 5C AIS patients who underwent posterior selective thoracolumbar/lumbar (TL/L) fusion in our hospital from
January 2007 to January 2010 were recruited. Radiographic parameters were measured preoperatively and at the 3-month, 1-
year, 2-year, 5-year, and 10-year follow-ups. The SRS-22 (Scoliosis Research Society) questionnaire was used to assess the clinical
outcomes.

Results:We included 37 patients who underwent posterior selective TL/L fusion surgery in our study, and the mean follow-up time
was 11.26+ 0.85 years. The average preoperative Cobb angles of the thoracic and TL/L curves were 24.0+ 9.0� and 45.4+ 6.3�,
respectively, which were corrected to 12.2� and 12.4� at the 3-month follow-up postoperatively, with correction losses of 2.2� and
1.5� at the 10-year follow-up. In the sagittal plane, the degree of thoracic kyphosis (TK) gradually increased over the follow-up
period. The proximal junctional angle (PJA) also gradually increased from 6.7 + 4.6 to 13.7+ 5.6 during the follow-up period. For
the clinical outcomes, correction surgery improved the SRS-22 scores in each domain, especially in the self-image domain.

Conclusions: Posterior selective TL/L fusion can effectively correct spinal deformities, leading to stable outcomes for 10 years
postoperatively. During the follow-up period, the degree of TK presented an increasing trend that remained almost constant after
the 1-year follow-up. Moreover, the variation in the PJA was highly significant in the postoperative period, and it showed an
increasing trend until the 2-year follow-up.
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Lenke type 5C adolescent idiopathic scoliosis (AIS) is charac-

terized by a structural thoracolumbar/lumbar (TL/L) curve with

a compensatory thoracic curvature.1 Both posterior and ante-

rior spinal fusion techniques have been used to treat Lenke type

5C AIS patients in recent years. With advancements in pedicle

screw fixation, the posterior approach is becoming more wide-

spread and is considered reliable and effective.2 Compared to

the anterior approach, posterior spinal surgery has the advan-

tages of yielding larger coronal corrections, a shorter length of

hospital stay, a smaller degree of correction lost over time, and

a lower pseudarthrosis rate. However, the optimal surgical

treatment for patients with Lenke type 5C AIS is still contro-

versial. When formulating a proper surgical strategy, the goal

for both surgeons and patients is to spare as much motion in the

unaffected segments as possible.3 Therefore, Lenke et al4

advised that fusion surgeries should include the TL/L region,

and these types of surgery are called selective fusion.

Nevertheless, related radiographic and clinical complica-

tions caused by posterior procedures, such as the adding-on

phenomenon,5,6 coronal imbalance,7 and proximal junctional

kyphosis,8 should be seriously considered. Currently, the

widely accepted standard length of follow-up used to assess

AIS orthopedic surgeries is 2 years.9 However, as AIS

patients grow from students to independent adults, changes

can occur. Moreover, whether thoracic curves can sponta-

neously correct, global balance can be restored, and related

complications remain immutable remain unknown. There-

fore, long-term follow-ups are necessary and meaningful.

Louer et al10 reported that selective fusion of the primary

TL/L curve results in spontaneous correction of the uninstru-

mented curve and improves coronal balance, which can be

maintained for at least 10 years. However, posterior pedicle

screw constructs for TL/L curves were used in 3 patients only

in their study cohort. The purpose of this study was to assess

long-term radiographic and clinical outcomes associated with

spontaneous curve correction, coronal balance, sagittal bal-

ance, and potential complications in Lenke 5C AIS patients

with posterior selective TL/L fusion.

Methods and Materials

Study Design and Patient Population

Lenke 5C AIS patients who underwent posterior selective TL/L

fusion in our hospital from January 2007 to January 2010 were

recruited. The inclusion criteria are shown in Figure 1 as fol-

lows: (1) AIS patients classified as having Lenke type 5C

curves and no history of an additional flexibility-modifying

surgery; (2) patients with a TL/L curve of more than 40� who
underwent selective TL/L fusion, with the upper instrumented

vertebra being T9 or an inferior vertebra; (3) patients with at

least 10 years of follow-up; and (4) patients with radiographic

measures collected preoperatively, at the first in-clinic assess-

ment after the operation (generally 3 months), and at 1 year, 2

years, 5 years, and 10 years postoperatively. This study was

approved by the institutional review board at our hospital.

Surgical Technique

Lenke 5C AIS patients who were undergoing posterior proce-

dures were placed in the prone position on a Jackson radiolu-

cent spinal table after general anesthesia was induced. The

Figure 1. Flow chart showing the process of selection.
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surgeon made a midline incision and dissected the paraspinal

muscle to the tip of the transverse process at all levels of spinal

fusion. All the included patients underwent posterior pedicle

screw instrumentation with arranged intervals and alternate

screw instrumentation on the convex or concave side according

to their spinal flexibility. Posterior release consisted of exten-

sive facetectomies, and local bone grafts harvested from the

compound of posterior elements and allogeneic bone were used

to promote fusion. Curve correction was achieved using a lift-

ing tool from both ends toward the middle, followed by a slight

concave distraction and convex compression. Somatosensory-

evoked potentials were routinely assessed for the intraoperative

monitoring of spinal cord function. Finally, a subfascial drain

was inserted before the completion of the surgery. All opera-

tions were performed by a single experienced spine surgeon

with professional spine assistants using the same operative

technique.

Data Collection and Clinical Assessment

Preoperative and 3-month, 1-year, 2-year, 5-year, and 10-year

postoperative radiographs were obtained on long cassettes in

accordance with standardized protocols. Supine side-bending

radiographs were taken preoperatively for all patients.

Demographic data, including sex, age, and body mass index

(BMI), was recorded. Three surgeons individually measured

radiological parameters using Surgimap software and then cal-

culated the mean value. The parameters recorded in the coronal

plane included the Risser sign, upper instrumented vertebra

(UIV), lower instrumented vertebra (LIV), number of fused

vertebrae, number of pedicle screws, thoracic and TL/L Cobb

angles, translation of the thoracic apex (the distance between

the vertebra at the apex of the thoracic curve and C7 plumb line

[C7PL]), TL/L Cobb angle, translation of the lumbar apex (the

distance between the vertebra at the apex of the lumbar curve

and central sacral vertical line [CSVL]), radiographic shoulder

height (RSH; the difference in soft tissue shadow directly

superior to the acromioclavicular joint on standing anteropos-

terior radiographs), coronal balance (the horizontal distance

between the center of the S1 vertebra and vertical line drawn

from the center of C7 [C7-CSVL]), and trunk shift (TS; the

horizontal distance from the center sacral line to a line that

bisects the lateral distance from the lateral edges of the rib

margins in the midthoracic area). The parameters measured

in the sagittal plane included the degree of thoracic kyphosis

(TK; the Cobb angle between the upper endplate of the T4

vertebra and the lower endplate of the T12 vertebra), degree

of lumbar lordosis (LL; the Cobb angle between the upper

endplate of the L1 vertebra and the lower endplate of the S1

vertebra), thoracolumbar junctional angle (TJLA; the Cobb

angle between the upper endplate of the T10 vertebra and the

lower endplate of the L2 vertebra), sagittal vertical axis (SVA;

the horizontal offset from the posterosuperior corner of S1 to

the vertebral body of C7), and proximal junctional angle (PJA;

the angle measured from the caudal endplate of the UIV to the

cranial endplate of 2 supra-adjacent vertebrae above the UIV).

In addition, the thoracic and TL/L Cobb angles on preoperative

supine side-bending radiographs were also obtained to assess

flexibility.

Coronal decompensation was defined as a distance of >2cm

between theC7plumb line and theCSVL.According to theLenke

sagittal modifier classification, TK <10� corresponded to a neg-
ative sign or hypokyphosis, while 10� � TK � 40� indicated

normal values of kyphosis. PJK was defined as PJA� 10�.
The Scoliosis Research Society questionnaire (SRS-22) was

given to the patients at each follow-up for the assessment of

health-related quality of life.

Statistical Analyses

Statistical analysis was performed using SPSS 19.0 statistics

software (SPSS Inc). Descriptive statistics are listed as the

mean + standard deviation (SD). Repeated-measures analysis

of variance was used to assess the difference in the follow-ups

postoperatively. When there was a significant difference, the

Student-Newman-Keuls (SNK) method was used for pairwise

comparisons. Paired t tests or Mann-Whitney U tests were used

to analyze the quantitative data. Statistical significance was

defined as P < .05.

Results

Patient Demographics

Of the 37 patients in our current series, 35 were female, and 2

were male. The average age at the time of surgery was 15.27+
1.81 years old. The average length of follow-up was 11.26 +
0.85 years. The average Risser sign was 3.92 + 1.06�. In
addition, BMI at the time of surgery was calculated to be

Table 1. Demographic and Clinical Characteristics of All Subjects.

Variables (N ¼ 37) Value

Age at surgery (years) 15.27 + 1.81
Gender (female/male) 35/2
Follow-up (years) 11.26 + 0.85
Body mass index 18.13 + 1.52
Risser sign 3.92 + 1.06
Thoracic BCR (%) 64.8 + 21.3
Lumbar BCR (%) 76.2 + 14.6
Lenke sagittal modifier

— 8
N 29

No. of fusion vertebra (N) 7.03 + 0.80
No. of pedicle screw (N) 12.54 + 1.32
Implant density 1.80 + 0.17
UIV (T8/T9/T10/T11) 1/12/16/8
LIV (L3/L4/L5) 10/23/4
Operative time (minutes) 175.84 + 42.04
Intraoperative blood loss (mL) 606.35 + 220.03
Thoracic final correction rate (%) 38.4 + 16.5
Lumbar final correction rate (%) 70.0 + 8.7

Abbreviations: BCR, bending correction rate; UIV, upper instrumented verteb-
rae; LIV, lower instrumented vertebrae.
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18.13 + 1.52 kg/m2. The distribution of the Lenke sagittal

modifier classifications showed that 8 cases were negative and

29 cases were normal (Table 1).

The average number of fused vertebrae was 7.03 + 0.80,

and the average number of fixed pedicle screws was 12.54 +
1.32. Implant density was calculated as 1.80 + 0.17. For the

UIV, T8 was included in 1 case, T9 was included in 12 cases,

T10 was included in 16 cases, and T11 was included in 8 cases;

for the LIV, L3 was included in 10 cases, L4 was included in 23

cases, and L5 was included in 4 cases. Regarding the clinical

outcomes, the average operative time was 175.84+ 42.04min-

utes, and the mean intraoperative blood loss was 606.35 +
220.03mL. At the final follow-up, the average thoracic final

correction rate was 38.4 + 16.5%, while the lumbar final

correction rate (%) reached 70% (Table 1).

Radiographical Data

Coronal Plane Parameters. The average preoperative Cobb angles
of the thoracic and TL/L curves were 24.0 + 9.0� and 45.4 +
6.3�, respectively (Table 2). Three months after surgery, the

Cobb angles of the 2 curves corrected to 12.2 + 6.5� and 12.4

+ 4.7�, respectively, which were significantly different from

the preoperative angles. According to repeated-measures anal-

ysis of variance, a significant change was found in the main

thoracic curve but not the TL/L curve preoperatively to post-

operatively, while the pairwise comparison indicated no statis-

tical significance. As shown in Figure 2, the main thoracic

curve presented an increasing trend postoperatively, but the

change was not statistically significant.

The coronal TS values were 17.1+ 7.9mm preoperatively,

8.6 + 3.9mm at the 3-month follow-up, and 9.9 + 3.2mm at

the final follow-up. No statistically significant difference was

identified in the subsequent postoperative visits. Nevertheless,

coronal balance significantly improved at the 3-month follow-

up (P < .001) and remained relatively constant in the subse-

quent postoperative period. For the apical vertebral translation

(AVT), the statistical results showed large differences post-

operatively in both the thoracic and lumbar regions. As shown

in the linear chart in Figure 2, there was a slight increasing

tendency both in the thoracic AVT and TL/L AVT, which was

consistent with the repeated measurement analysis of variance

results, while the pairwise comparison showed no significant

differences from before to after the surgery. The shoulder

height difference was 13.2 + 6.8mm preoperatively and sig-

nificantly improved postoperatively.

To further study the restoration of coronal balance, sub-

group analysis was performed according to whether the preo-

perative C7-CSVL was larger than 20mm. As shown in

Table 3, there was no significant difference in the preoperative

radiographic parameters, except for TS and C7-CSVL. At the

3-month follow-up, the coronal balance was restored in all the

patients in the imbalanced group, with the C7-CSVL being

slightly larger than that in the balanced group (P ¼ .004). At

the final visit, no difference was found between the 2 groups in

the C7-CSVL (P ¼ .497). However, TJK was significantlyT
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different between the 2 groups at the final visit (8.4 + 3.7 vs

10.8+ 2.9, P¼ .029). Otherwise, the instrumented TL/L curve

was larger in the imbalanced group than in the balanced group

at the 3-month follow-up (14.2 + 5.2 vs 9.9 + 2.9, P ¼ .004)

and at the final visit (14.8 + 2.7 vs 12.4 + 4.3, P ¼ .049).

Sagittal Plane Parameters. There was no significant change in the
TJLA or LL between the preoperative and first visits (P > .10)

or between any of the subsequent postoperative visits (P >
.05). For TK and the PJA, large and significant differences

were found among the postoperative follow-ups (P < .001).

Pairwise comparisons showed large significant differences at 3

months and 1 year postoperatively in TK (P ¼ .002), and the

changes during the remaining postoperative period were not

significant (P > .10). As shown in the linear chart in Figure 2,

there was an increasing tendency of TK, and this trend seemed

to taper after the 1-year follow-up. For the PJA, there was no

significant difference between the preoperative and first post-

operative visits (P ¼ .769), but the angle gradually increased

from 6.7 + 4.6� to 13.7 + 5.6� in the following 5 years. The

Table 3. Comparisons of Radiological Parameters Between Imbalance Group and Balance Group.

Preoperation Postoperation (3 months) Final follow-up

Imbalance group
(N ¼ 20)

Balance group
(N ¼ 17) P value

Imbalance group
(N ¼ 20)

Balance group
(N ¼ 17) P value

Imbalance group
(N ¼ 20)

Balance group
(N ¼ 17) P value

Coronal plane
MT 24.4 + 9.6 23.3 + 8.3 .690 12.2 + 6.9 12.9 + 6.6 .720 14.5 + 5.0 14.4 + 5.1 .946
TL/L 46.7 + 7.8 43.8 + 3.4 .145 14.2 + 5.2 9.9 + 2.9 .004 14.8 + 2.7 12.4 + 4.3 .049
AVT (T) 12.3 + 6.2 11.1 + 7.2 .605 6.5 + 3.0 8.8 + 5.4 .113 11.1 + 3.1 11.3 + 4.8 .892
AVT (TL/L) 28.0 + 7.4 31.6 + 9.4 .190 16.1 + 5.0 16.3 + 4.9 .913 18.4 + 2.5 18.3 + 5.2 .990
RSH 12.4 + 5.6 13.4 + 7.2 .298 8.7 + 3.8 7.6 + 3.9 .365 7.7 + 2.4 7.9 + 4.2 .864
TS 20.9 + 7.8 12.1 + 5.8 <.001 9.5 + 3.8 8.2 + 4.6 .378 10.1 + 3.6 9.7 + 2.8 .721
CB 27.7 + 5.7 12.3 + 4.2 <.001 14.9 + 3.7 10.2 + 5.6 .004 13.0 + 4.7 14.0 + 5.2 .497

Sagittal plane
TK 18.6 + 9.6 17.3 + 8.4 .668 22.6 + 9.0 20.5 + 9.8 .505 30.8 + 5.4 32.9 + 11.9 .484
TJLA 8.9 + 5.9 7.6 + 6.0 .508 5.4 + 5.4 9.8 + 10.9 .119 8.4 + 3.7 10.8 + 2.9 .029
LL 50.6 + 9.0 49.0 + 9.8 .604 54.4 + 9.3 51.1 + 11.2 .329 59.5 + 11.9 53.9 + 7.9 .103
SVA 32.6 + 21.2 23.9 + 17.9 .185 32.7 + 16.6 30.1 + 20.6 .671 24.3 + 6.6 25.7 + 8.6 .557
PJA 6.3 + 4.1 6.1 + 2.9 .867 6.8 + 4.6 6.4 + 4.6 .840 14.3 + 5.7 15.8 + 11.0 .574

Abbreviations: TL/L, thoracolumbar/lumbar; AVT, apical vertebrae translation; RSH, radiographic shoulder height; TS, trunk shift; TK, thoracic kyphosis; TJLA,
thoracolumbar junctional angle; LL, lumbar lordosis; SVA, sagittal vertical axis; PJA, proximal junctional angle; MT, main thoracic, CB, coronal balance.
The values in boldface means the difference was statistically significant.

Table 4. Comparisons of Radiological Parameters Between M Group and N Group According to Lenke Sagittal Modifier.

Preoperation Postoperation (3 month) Final follow-up

N group
(N ¼ 29)

M group
(N ¼ 8) P value

N group
(N ¼ 29)

M group
(N ¼ 8) P value

N group
(N ¼ 29)

M group
(N ¼ 8) P value

Coronal plane
MT 23.1 + 9.3 24.2 + 9.1 .769 10.3 + 6.0 12.8 + 6.6 .340 14.9 + 3.8 14.3 + 5.4 .769
TL/L 45.5 + 6.0 45.4 + 6.4 .962 10.4 + 1.8 12.9 + 5.1 .181 14.6 + 1.3 13.7 + 3.8 .262
AVT (T) 9.4 + 4.5 12.2 + 7.1 .296 6.6 + 2.0 7.3 + 3.8 .649 11.8 + 3.3 10.6 + 3.2 .364
AVT (TL/L) 29.0 + 5.7 29.7 + 9.3 .807 14.9 + 2.6 16.6 + 5.4 .396 18.9 + 1.5 18.5 + 4.2 .797
RSH 12.4 + 5.6 13.4 + 7.2 .698 9.0 + 3.1 8.1 + 4.0 .801 8.5 + 2.2 7.8 + 3.4 .602
TS 16.1 + 5.6 17.3 + 8.5 .714 8.1 + 2.9 8.7 + 4.2 .708 8.4 + 2.5 10.3 + 3.3 .141
CB 21.9 + 8.1 20.4 + 9.6 .689 13.0 + 4.8 12.0 + 4.5 .583 16.5 + 4.0 12.2 + 4.3 .015

Sagittal plane
TK 5.9 + 1.7 21.8 + 6.4 <.001 11.4 + 7.0 24.6 + 7.8 <.001 24.5 + 5.9 32.6 + 6.2 .002
TJLA 6.9 + 4.3 8.2 + 5.9 .569 9.6 + 16.5 7.0 + 5.2 .675 9.4 + 2.2 9.5 + 3.9 .945
LL 45.3 + 8.5 51.3 + 9.3 .105 55.6 + 9.1 53.0 + 9.3 .481 56.4 + 7.2 57.7 + 10.8 .754
SVA 22.6 + 19.3 31.0 + 19.8 .300 33.8 + 22.7 31.1 + 17.8 .724 21.5 + 6.0 26.0 + 7.8 .140
PJA 6.3 + 3.6 6.2 + 3.6 .976 3.8 + 2.0 7.5 + 4.8 .003 11.8 + 6.0 14.6 + 5.7 .224

Abbreviations: N group, normal group; M group, minus group; TL/L, thoracolumbar/lumbar; AVT, apical vertebrae translation; RSH, radiographic shoulder height;
TS, trunk shift; TK, thoracic kyphosis; TJLA, thoracolumbar junctional angle; LL, lumbar lordosis; SVA, sagittal vertical axis; PJA, proximal junctional angle; MT, main
thoracic, CB, coronal balance.
The values in boldface means the difference was statistically significant.
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linear chart shows that this increasing tendency tapered at the

2-year follow-up. Moreover, a large significant difference was

found in the SVA between 3 months and 1 year postoperatively

(31.7 + 18.6 vs 22.3 + 14.6, P ¼ .006).

Both the normal kyphosis (N) group and minus (M) group

showed good correction in the coronal and sagittal alignment

(Table 4). No significant differences were found in the preo-

perative radiographic parameters, except for TK. Nevertheless,

the TJLA, LL, and SVA were slightly larger in the M group

than in the N group at the final follow-up. At the 3-month

follow-up, the degree of TK remained larger in the M group,

and there was a significant difference in the PJA between

groups (3.8 + 2.0 vs 7.5 + 4.8, P ¼ .003). However, the

difference in PJA disappeared, while the difference in TK

remained. Moreover, the C7-CSVL was significantly different

between the 2 groups at the final visit (16.5 + 4.0 vs 12.2 +
4.3, P ¼ .015).

Clinical Outcomes

From the preoperative visit to the final visit, the SRS-22 total

scores improved significantly. In addition, large improvements

were observed in all domains (Figure 3). The scores for the

pain, self-image, and satisfaction domains were slightly lower

at the final visit than at the 5-year follow-up.

Of all 37 patients, 2 patients had superficial infections at the

operative wound. With wound dressing changes and antibacter-

ial therapy, they recovered. However, no other complications

were reported intraoperatively or during the follow-up period,

such as deep wound infections, intraoperative monitoring loss,

paralysis, pseudarthrosis, or revision surgeries.

Discussion

The goal of surgery for AIS is to obtain a well-balanced

spine, maximal functionality of the spine and better correction

of the curvature.11,12 In addition, to decrease the amount of

damage incurred by patients and reduce the financial burden

on patients’ families,13,14 the concept of selective fusion in

surgery to treat spinal deformities has been gradually

accepted. With the advent of the Lenke classification, selec-

tive TL/L fusion for Lenke 5C AIS attracted spine surgeons’

attention, as it can reduce the number of fused levels, maximize

spinal flexibility and distribute stress across more distal lumbar

motion segments than can traditional TL/L fusion.1 An enor-

mous amount of research has been performed to validate the

efficiency and outcomes of selective TL/L fusion.1,10,15-23

Analysis in the Coronal Plane

The unfused thoracic curvature underwent 2 processes: imme-

diate spontaneous correction after surgery and gradually spon-

taneous correction during the follow-up period when the fused

TL/L curve was relatively stable. Bennett et al24 analyzed the

radiographic and clinical outcomes of patients who underwent

TL/L curve fusion with posterior pedicle screws at a 5-year

Figure 3. Distribution of preoperative and postoperative long-term follow-ups’ score results in each domain of SRS-22.
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follow-up. The authors reported that both curves remained sta-

ble from the first postoperative radiographs to the 5-year

follow-up radiographs after selective TL/L fusion. Zhang

et al21 found that the TL/L curve corrected to 6� immediately

and changed to 9� at the final follow-up with a correction loss

of 3�. Moreover, the thoracic curve spontaneously corrected to

13� immediately and changed to 14� at the final follow-up with
a correction loss of 1�. A meta-analysis3 determined that the

average TL/L curve was 40� to 58� preoperatively corrected to

4� to 15� at the immediate postoperative follow-up, with a

correction rate of 71% to 91%, and changed to 4� to 19� at the
final follow-up, with a correction rate of 55% to 94%, after

posterior selective TL/L fusion. Moreover, the average thoracic

curve was 23� to 31� preoperatively and spontaneously cor-

rected to 10� to 22� at the immediate postoperative follow-

up, with a correction rate of 19% to 61%, and then changed

to 9� to 20� at the final follow-up, with a correction rate of 19%
to 67%. Various scholars have reached a consensus that poster-

ior selective TL/L fusion can lead to uninstrumented compen-

satory thoracic curves adjusting to match the instrumented

primary curve and that these compensatory curves do not seem

to progress during the follow-up period.15,16,25 However, long-

term radiographical and clinical outcomes have not been

reported in the literature. In our study, we observed that the

primary TL/L curve corrected to 12.4� at the 3-month follow-

up postoperatively, with a correction loss of 1.5� at the 10-year
follow-up, while the thoracic curve spontaneously corrected to

12.2� at the 3-month follow-up, only with a correction loss of

2.2� at the 10-year follow-up. So, the increasing trend in the

thoracic curve was not obvious, although the statistical results

indicated a difference among the follow-ups (Figure 2). There-

fore, it can be considered that posterior selective TL/L fusion

can effectively correct spinal deformities and yield long-term

stability.

Preoperative coronal spinal imbalance is common in Lenke

5 AIS patients.26 Yoshihara et al3 reviewed 50 studies on

Lenke 5 AIS and concluded that the average preoperative

coronal alignment was imbalanced. In their research, 29 stud-

ies showed the average postoperative coronal alignment was

balanced, and 13 studies showed the coronal alignment was

imbalanced. At the final follow-up, the average coronal align-

ment was within normal limits in all the reported studies,

except for one study group including coronal imbalanced

patients.7 In the current study, 20 out of 37 patients showed

Figure 4. A female patient with Lenke sagittal normal modifier (TK ¼ 21�) who underwent selective TL/L fusion at age of 14 (Risser 3) and
demonstrated great global balance that was maintained at 10 years.
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preoperative coronal imbalance, and most of the cases were

restored to normal levels at the 3-month follow-up and main-

tained this state during the following period. To further ana-

lyze this phenomenon, we divided the patients into a coronal

balanced group and an imbalanced group according to

whether the preoperative magnitude of coronary misalign-

ment (C7-CSVL) exceeded 20 mm.27 After arthrodesis, the

coronal imbalanced group exhibited a larger TL/L curve than

did the coronal balanced group until the final visit. Moreover,

the TJLA was larger in the coronal balanced group at the final

follow-up. Hwang et al28 considered that larger thoracolum-

bar kyphosis and a larger distal junctional angle preopera-

tively were predictive factors for immediate coronal

imbalance in Lenke 5C curves. Chen et al29 found that a

smaller postoperative TL/L Cobb angle was the primary risk

factor for immediate coronal imbalance in Lenke 5 and 6 AIS

patients. However, the outcomes of these studies were incon-

sistent. These differences may be caused by several reasons.

First, the coronal imbalance phenomenon was caused by var-

ious factors. In addition to the above possible factors, the

flexibility of thoracic and lumbar curves and LIV tilt were

also accepted as factors that can account for this decompensa-

tion. Second, scholars have found that coronal imbalance

often occurs in the early postoperative period16,29,30 (imme-

diately after the operation). However, our first follow-up was

conducted 3 months postoperatively, and the coronal imbal-

ance that occurred immediately postoperatively was nearly

fully corrected spontaneously. Third, the difference in inclu-

sion criteria and operative methods may also be important

reasons for the changes in coronal balance.

Analysis in the Sagittal Plane

As surgical techniques and instrumentation have evolved,

researchers have paid more attention to the sagittal plane

for optimal correction than the coronal plane. It is of great

importance for patients that normal sagittal alignment is

restored because it affects the quality of life of the

patients.7,17,18 Unlike adult spinal deformities, most AIS

patients have a normal SVA (SVA < 50mm). The mean

SVA was 29.2 + 19.7mm preoperatively, and it changed

to 25.1 + 7.6mm at the final follow-up in our study.

Moreover, we found that the degree of TK increased after

posterior selective TL/L fusion in many studies.17,18,21,22,31

In our study, there was a significant difference in TK

between the preoperative and 3-month follow-up X-rays.

Figure 5. A female patient with Lenke sagittal minus modifier (TK ¼ 7�) who underwent selective TL/L fusion at age of 14 (Risser 4) and
demonstrated great global balance that was maintained at 10 years.
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In addition, the linear chart showed an increasing trend in

TK, which remained almost constant after the 1-year

follow-up. Nevertheless, the variation in the PJA was

highly significant across the postoperative period, and its

increasing trend tapered to the 2-year follow-up. Our

research group also proposed the concept of sagittal spon-

taneous correction in the thoracic area after selective TL/L

fusion. Therefore, a more detailed distribution was con-

ducted according to the Lenke sagittal modifiers.4 Eight

patients were included in the Lenke sagittal modifier minus

group (M group), while 29 patients were included in the

normal group (N group). Except for TK (P < .001), no

large differences were found in the perioperative radiogra-

phical parameters. Nevertheless, there was still a large and

significant difference in TK from before to after the oper-

ation, and we found that the variation in TK in the M group

became more similar to that in the N group, which might be

a result of self-normalization after posterior surgery. More-

over, a significant difference between groups was found in

the PJA at the 3-month follow-up, and a larger PJA was

observed in the M group than in the N group at the final

visit. Additionally, compared with the N group, the M

group showed improved coronal balance at the final

follow-up (16.5 + 4.0 vs 12.2 + 4.3, P ¼ .015). In the

posterior correction procedure, the uninstrumented sagittal

compensatory curves adjusted to match the instrumented

primary curve. Tauchi et al18 reported that selective TL/L

correction was more likely to affect the M group than the N

group in the restoration of sagittal alignment, and we found

similar outcomes in our study. Typical images of patients in

the N group and M group are shown in Figure 4 and Fig-

ure 5, respectively.

PJK of thoracolumbar region was well evaluated in adult

scoliosis, but not in AIS patients. Many literatures only

reported the rate of PJK in the thoracic region of AIS

patients.32-34 However, it is lack of report on the incidence of

PJK in the thoracolumbar region after posterior selective TL/L

curve correction with long time follow-up. PJK occurred in 1

out of 37 patients at 3months postoperation, while 12 out of 37

patients with an incidence of 32.4% at 10 years follow-up in

our study. With the extension of follow-up time, the number of

PJK is increased, which may result from PJA increase during

the follow-up. However, there were no significant different rate

of PJK between group M and group N, between imbalance

group and balance group at 3months and 10 years postopera-

tion. At present, there is no unified opinion on the risk factors

of PJK.34 Therefore, we speculated that PJK remained a multi-

factorial problem and a dynamic compensatory mechanism,

which coordinated to maintain the balance of human body for

a minimization of energy expense in walking or standing

position.

Limitations

Given the paucity of Lenke 5C curves in AIS patients, our

study had some limitations. First, this was a retrospective

study, which may affect the strength of the conclusions.

Second, the number of patients included in this study was

relatively small due to the long follow-up period. Third, the

aim of our study was to report the long-term outcomes of

posterior selective TL/L fusion in Lenke type 5C AIS

patients; however, a more detailed analysis and comparative

interpretation were not performed to reveal the risk factors,

which should be performed in the future. Nonetheless, a

multicentric study with a larger sample size is needed to

further validate our findings.

Conclusion

Posterior selective TL/L fusion yielded favorable outcomes at

the long-term follow-up in Lenke type 5C AIS patients. TK and

LL were coordinated and remained unchanged after the 1-year

follow-up. The variation in the PJA was highly significant in

the postoperative period, and it showed an increasing trend

until the 2-year follow-up. The SRS-22 scores improved from

the preoperative visit to the 10-year follow-up visit.
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