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ABSTRACTS
Background:  Direct vertebral rotation (DVR) effectiveness in improving scoliosis correction outcomes remains unclear 

and requires further investigation.
Purpose:  This study aimed to evaluate the effectiveness of short and extended fusion techniques using en-bloc DVR in 

correcting adolescent idiopathic scoliosis (AIS) classified as Lenke 5 curve (5C).
Materials and Methods:  This retrospective study included 90 randomly selected AIS patients with Lenke 5C who 

underwent posterior spinal instrumentation surgery using en-bloc DVR between 2014 and 2021. Patients were divided into 2 
groups: (1) extended fusion, Group A (n = 40): upper instrumented vertebra = upper-end vertebra +1 or +2 or (2) short fusion, 
Group B (n = 50): upper instrumented vertebra = upper-end vertebra. Radiographic parameters were compared preoperatively 
and at postoperative follow-ups of 6 months, 3 years, and more.

Results:  The mean follow-up duration was 37.5 ± 6 months for Group A and 40.0 ± 8 months for Group B (P = 0.596). 
The coronal balance correction rate was comparable between the 2 groups, with no significant differences observed at the 
final follow-up. Significant differences were noted in the fused segment, with Group A having an average fusion rate of 6.8 ± 
0 compared with 6.3 ± 0 in Group B (P = 0.001). TK and lumbar lordosis measurements at the final follow-up did not show 
significant differences between the groups. However, substantial differences were observed in rib hump correction, with Group 
A demonstrating a better correction rate than Group B at both 6 months and the last follow-up (P = 0.001 for both time points).

Conclusion:  Selective DVR spinal instrumentation effectively corrects AIS Lenke 5C. However, extended fusion 
demonstrates more efficient correction and greater improvement in the patient’s cosmetic appearance, including better thoracic 
curve correction, rib hump correction, and shoulder balance, compared with short-level fusion.

Other and Special Categories
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INTRODUCTION

Surgical correction of adolescent idiopathic scoli-
osis (AIS) Lenke 5 curve (5C) aims to prevent curve 
progression, achieve maximum deformity correction, 
and achieve a balanced spine with adequate sagittal 
alignment and minimal spine fusion.1 Direct vertebral 
rotation (DVR) emerged with the hope of enhanc-
ing the correction of deformed spines, overcoming 
thoracoplasty-related problems in rib hump reduction, 
optimizing correction in the coronal and sagittal planes, 
and further helping to minimize fusion level.2–5 DVR 
procedures include apex vertebrae derotation (levels of 
highest rotation and translation due to spinal deformity) 
and axial spinal deformity correction.

Few studies have reported the use of DVR to 
correct idiopathic scoliosis, demonstrating substantial 
improvements in coronal and sagittal balance as well 

as deformity correction.2–5 DVR is typically performed 
using pedicle screw fusions, either selectively or en-
bloc, often sparing the thoracic spine.2–6 In cases where 
the apex of the curve is below L2 in AIS Lenke 5C, 
fusions down to L4 are occasionally required, leaving 
only 2 mobile discs below the fusion level. Recently, 
surgeons have aimed to reduce the length of fusion 
by applying criteria initially described for the anterior 
approach.7 Concerns about adjacent segment degen-
eration drive this approach because of the potential 
3-dimensional correction potential of pedicle screws.

On the contrary, some studies have reported that 
en-bloc DVR does not significantly affect the thoracic 
rib hump in patients. Additionally, there are concerns 
regarding an increase in postsurgical thoracic kypho-
sis (TK) and the progression of compensatory thoracic 
curves in AIS Lenke 5 C.4,6 The progression of compen-
satory thoracic curves has been linked to postoperative 
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shoulder imbalance.8 Despite these findings, there is no 
convincing evidence that DVR enhances clinical out-
comes or improves patient self-assessment. Therefore, 
our objective was to compare the radiographic and clin-
ical outcomes of short vs extended fusion using en-bloc 
DVR in posterior spinal instrumentation for correcting 
AIS Lenke 5C.

MATERIALS AND METHODS

After receiving approval from the Institutional 
Review Board (No. 21017033559), we conducted a 
stratified randomized retrospective review of data from 
our department involving 100 patients diagnosed with 
AIS Lenke 5C who underwent posterior surgical inter-
vention between 2014 and 2021.

The preoperative plan was to terminate the instru-
mentation at T10, but the final decision regarding the 
upper instrumented vertebra (UIV) was made intraop-
eratively. DVR maneuvers were employed to level the 
disc above the UIV and reduce the rib hump. Using 
fluoroscopic guidance, if a parallel shoulder level or a 
nearly parallel disc above T10 was achieved, the instru-
mentation was concluded at T10. If this alignment 
was not attained and there is still an obvious rib hump 
appearance, the instrumentation was extended to T9 or 
T8.

The patients were divided into 2 groups based on the 
instrumentation levels:

zz Group A (extended): UIV = upper-end vertebra 
(UEV) +1 or +2.

zz Group B (short): UIV = UEV.

The selection criteria for inclusion in the study were 
as follows:

1.	 Patients with AIS Lenke 5C.
2.	 Patients who received en-bloc DVR 

instrumentation with either UIV = UEV + 1 or +2 
or UIV = UEV.

3.	 Patients who had radiographic measurements 
taken preoperatively during the initial in-clinic 
evaluation, typically at 6 months postsurgery, 
and had a minimum follow-up of 3 years. 
Clinical, surgical, and radiological data were 
collected.

4.	 Patients aged between 10 and 18 years.

Patients with different correction forms or those 
older than 18 years were excluded from the study.

Clinical Examination

Patients underwent a thorough physical examination 
before surgery, at the time of discharge, and during sub-
sequent checkups. This examination included assess-
ing their balance in the coronal and sagittal planes and 
measuring their thoracic rib hump using the Adam test 
with a scoliometer. Generally, a rotation of greater than 
40° indicates scoliosis. Pre- and postoperative measure-
ments of the thoracic rib hump were recorded and ana-
lyzed.

Surgical Procedure

All included patients received all screw/en-bloc pos-
terior pedicle screw instrumentation. After the pedicle 
screw fixation, all patients underwent posterior apical 
release and Ponte osteotomy (preceding corrective 
maneuvers, rod contouring by 90° of the concave side, 
and mild under contouring of the convex side). All 
patients underwent DVR using the Smartlink Medtronic 
Vertebral Manipulator Device. After performing a 90° 
rod derotation to correct the curve, the Smartlink device 
was installed over the level above and below the apex 
screws.

All screws were employed to achieve an effective 
axial correction/derotation. After the Smartlink Device 
build was put together, forceful derotation was carried 
out en-bloc using 3 layers joined by a single stiff con-
struct to provide uniform derotation force to the entire 
apex. In the process of derotation, intraoperative mon-
itoring of the spinal cord (motor evoked potential, 
somatosensory evoked potential, and lumbar nerve root 
electromyography with pedicle screw stimulation) was 
performed.

Radiographic Measurement and Clinical  
Assessment

The patient’s preoperative, 6-month postopera-
tive, 2-year postoperative, and later radiographs were 
obtained according to the institutional regulation 
approval, and the patient’s consent report was taken 
before data collection. Following the recommendations 
of the Spinal Deformity Group, radiographic measures 
were taken. Measurements were conducted using the 
Surgimap software by an experienced spinal surgeon. 
These measurements comprised the correction rate, 
coronal and sagittal balances, TK (T5–12), lumbar lor-
dosis (L1–S1), and the Cobb angles of the lumbar and 
thoracic curves. The coronal balance was calculated 
as the absolute displacement value between the C7 
plumb line and the center sacral vertical line on the AP 
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radiograph. The sagittal balance was calculated by the 
absolute displacement value from the C7 plumb line to 
the posterior superior corner of the sacrum on the lateral 
radiograph. Radiographic shoulder height (RSH) was 
used to assess shoulder balance. Furthermore, we eval-
uated the pelvic oblique angle (the angle between the 
horizontal and line tangent to the 2 iliac crests was used 
to calculate the pelvic oblique (pelvic coronal obliquity 
angle value ≥3°). Furthermore, the postsurgical radiog-
raphy complications such as “adding-on” (defined as 
distalization of the end vertebra with a more than 5° 
rise in Cobb angle or greater than 5° increase in disc 
angulation below the lowest instrumented vertebrae 
and proximal junctional angle (PJA > 10 and at least 10 
larger than the comparable preoperative measurement 
were used to define proximal junctional kyphosis) were 
assessed.

SRS-22 Questionnaire

At the last follow-up, the SRS-22 questionnaire was 
assessed as a clinical outcome.

Statistical Analysis

The Student’s t and Mann-Whitney U tests were used 
to determine the statistical significance of differences 
in the analyzed groups. In noncompliance homoge-
neity of variance and normal distribution (P < 0.05), 
the t test could not be used, so the Mann-Whitney U 
test was chosen instead. The relationship between the 
2 attributes was ascertained using the correlation coef-
ficient. A P value of 0.05 or lower indicated statistical 
significance.

RESULTS

A total of 90 patients with AIS classified as Lenke 
5C met the inclusion criteria from an initial pool of 
100 patients. Group A consisted of 40 patients with a 
mean age of 15.2 years (range, 11–18 years). Group 
B included 50 patients with a mean age of 14.6 years 
(range, 10–18 years).

Groups A and B had mean follow-up durations of 
37.5 ± 6 months and 40.0 ± 8 months, respectively. The 
average Risser sign for both groups was identical, with 
Group A at 3.2 ± 0 and Group B also at 3.2 ± 0. In terms 
of fused segments, there was a statistically significant 
difference between the groups. Group A averaged 6.8 
± 0 fused segments, while Group B averaged 6.3 ± 0 
fused segments. The levels of Ponte osteotomy in each 
group were not statistically significant. Group B had an 
average osteotomy level of 3.2 ± 0 segments, whereas 

Group A had an average osteotomy level of 3.1 ± 0 seg-
ments.

Regarding clinical results, the mean operational 
duration of Group A was 284.5 ± 65 minutes, while 
Group B averaged 279.4 ± 49 minutes. The mean intra-
operative blood loss in Group A was 474 ± 76 mL and 
in roup B was 441 ± 65 mL (Table 1).

Radiography Data

The average preoperative Cobb angles for the thora-
columbar/lumbar (TL/L) curves in each group were as 
follows: Group A had an average of 52.1° ± 30°, while 
Group B averaged 52.8° ± 30°. Conversely, the preoper-
ative compensatory thoracic curves in both groups were 
not statistically significant, with Group A averaging 
18.6° ± 40° and Group B averaging 18.6° ± 60°. Six 
months after surgery, the Cobb angles for the thoracic 
and TL/L curves were corrected to 4.8° ± 30° and 3.6° 
± 20° in Group A, while Group B showed corrections to 
6.7° ± 50° and 4.6° ± 40°, respectively.

The 6-month postsurgical correction rates were not 
statistically significant in either group. As shown in 
Table 2, Group A maintained a better correction rate at 
the last follow-up than Group B for both thoracic and 
TL/L Cobb angles. Notably, while the correction rate 
for the TL/L curve was not statistically significant, the 
correction for the thoracic curve was significant. The 
preoperative sagittal vertical axis measurements for 
both groups were 20.9 ± 20 mm for Group A and 17.6 ± 
18 mm for Group B. Six months postsurgery, Group A 
had an average sagittal vertical axis of 21.4 ± 19 mm. In 
comparison, Group B had an average of 17.0 ± 13 mm. 
Despite these changes, there was no significant differ-
ence in the number of follow-up visits required after 
surgery. However, at the 6-month follow-up, sagittal 
balance had significantly improved in both groups and 
remained relatively stable during the subsequent post-
operative follow-up period.

The preoperative average coronal alignment in 
both groups was statistically insignificant. However, 
6 months after surgery, both groups demonstrated 

Table 1.  Patient characteristics and surgical demographics.

Variable Group A (n = 40) Group B (n = 50) P

Age, y 15.2 ± 1 14.6 ± 2 0.200
Sex, n, M/F 6/34 7/43
Risser (°) 3.2 ± 0 3.2 ± 0 0.965
Ponte 3.1 ± 0 3.2 ± 0 0.825
Follow-up, mo 37.5 ± 6 40.0 ± 8 0.596
Blood loss, mL 476 ± 76 448 ± 65 0.063
Surgical time, min 284.5 ± 65 279.4 ± 49 0.647
Fused segment 6.8 ± 0 6.3 ± 0 0.001

Note: Data presented as mean ± SD unless otherwise specified.
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significant improvements. At the 6-month postoperative 
follow-up, Group A had a coronal balance outcome of 
11.4 ± 11, while Group B averaged 9.7 ± 9. In sub-
sequent follow-up visits, as shown in Table  2, both 
groups exhibited statistically insignificant differences 
in maintaining good coronal balance. When comparing 
radiographic parameters such as lumbar lordosis (LL) 
and TK, there were no statistically significant differ-
ences preoperatively in either group. However, these 
parameters are essential for determining the success of 
AIS Lenke 5C correction. Six months postsurgery, LL 
showed significant improvement in both groups, with 
Group A averaging 50.8 ± 10 and Group B averaging 

54.1 ± 9. In the final follow-up, Group B demonstrated 
a slight increase in LL, averaging 55.3 ± 8 compared 
with Group A’s average of 51.8 ± 10. Nonetheless, the 
differences between the groups were not statistically 
significant (P = 0.081). Regarding TK, the preopera-
tive averages were also insignificant: Group A had an 
average of 23.1 ± 10, while Group B averaged 22.1 ± 
10. There were no statistically significant differences 
between the groups at the 6-month follow-up. However, 
both groups showed improvements and well-maintained 
TK angles at the last check-up, with no substantial dif-
ferences observed (P = 0.871).

Both groups showed no significant changes in pre-
operative RSH and pelvic obliquity. However, at the 
6-month postoperative follow-up, Group A exhibited 
superior shoulder balance compared with Group B, 
with statistically significant differences. Specifically, at 
the last postoperative visit, Group A maintained a better 
shoulder balance than Group B, with an average of 1.3 
± 0 mm for Group A and 2.5 ± 1 mm for Group B (P 
= 0.028). In contrast, both groups demonstrated no sig-
nificant changes in pelvic obliquity during the preoper-
ative assessments and subsequent postoperative visits. 
A Pearson correlation test was conducted to explore 
the relationship between pelvic obliquity and RSH; 
however, no correlation was established.

Preoperatively, the rates of postoperative radiologi-
cal complications, including adding-on and PJA, were 
not statistically significant in either group. However, 
at the 6-month postoperative follow-up, changes in 
these parameters were observed. Group A exhibited a 
higher average PJA of 7.4 ± 6 compared with Group B’s 
average of 4.4 ± 3, although this difference did not reach 
statistical significance (P = 0.062). In contrast, signif-
icant differences between the groups were observed at 
the last follow-up visit. The rates of adding-on at the 
preoperative, 6 months, and last follow-up assessments 
remained statistically insignificant in both groups.

The average thoracic rib hump preoperatively was 
9.7 ± 0.0 in Group A and 9.6 ± 0.0 in Group B (P = 
0.511; Table  2). At the 6-month follow-up, Group A 
demonstrated superior correction of the thoracic rib 
hump, with an average of 3.7 ± 0.0 compared with 
Group B’s 4.1 ± 0.0 (P = 0.001). This statistically sig-
nificant difference was maintained at the last follow-up, 
with Group A continuing to show better correction of 
the thoracic rib hump than Group B (P = 0.001).

Clinical Outcomes

The SRS-22 questionnaire results from the last 
follow-up visit indicated statistically significant 

Table 2.  Comparison of radiography parameters by group.

Variable Group A Group B P

TK (°)
 � Preoperative 23.1 ± 10 22.1 ± 10 0.653
 � 6-mo postoperative 24.1 ± 9 27.1 ± 12 0.212
 � Last follow-up 29.3 ± 11 30.1 ± 11 0.871
LL (°)
 � Preoperative 52.0 ± 11 50.6 ± 12 0.569
 � 6-mo postoperative 50.8 ± 10 54.1 ± 9 0.123
 � Last follow-up 51.8 ± 10 55.3 ± 8 0.081
Coronal alignment, mm
 � Preoperative 17.9 ± 15 14.8 ± 14 0.319
 � 6-mo postoperative 11.4 ± 11 9.7 ± 9 0.443
 � Last follow-up 13.6 ± 9 10.7 ± 8 0.208
SVA, mm
 � Preoperative 20.9 ± 20 17.6 ± 18 0.404
 � 6-mo postoperative 21.4 ± 19 17.0 ± 13 0.223
 � Last follow-up 23.8 ± 18 20.4 ± 15 0.340
Thoracic curve (°)
 � Preoperative 18.6 ± 4 18.6 ± 6 0.964
 � 6-mo postoperative 4.8 ± 3 6.7 ± 5 0.045
 � Last follow-up 5.3 ± 3 7.3 ± 4 0.022
Major curve (°)
 � Preoperative 52.1 ± 3 52.8 ± 3 0.361
 � 6-mo postoperative 3.6 ± 2 4.6 ± 4 0.060
 � Last follow-up 4.9 ± 3 5.7 ± 4 0.435
RSH, mm
 � Pre 1.7 ± 1 1.7 ± 1 0.835
 � 6-mo postoperative 1.2 ± 0 1.6 ± 1 0.089
 � Last follow-up 1.3 ± 0 2.5 ± 1 0.028
Pelvic obliquity, mm
 � Preoperative 1.9 ± 1 2.2 ± 1 0.306
 � 6-mo postoperative 2.0 ± 1 2.0 ± 1 0.930
 � Last follow-up 2.0 ± 1 2.0 ± 1 0.973
Curve flexibility (°)
 � Thoracic 21.4 ± 1 20.9 ± 1 0.133
 � Lumbar 56.7 ± 3 57.5 ± 3 0.278
Adding on (°)
 � Preoperative 2.9 ± 2 2.9 ± 2 0.628
 � Post 6 mo 1.3 ± 1 1.1 ± 0 0.909
 � Last follow-up 1.3 ± 0 1.1 ± 0 0.582
PJA (°)
 � Preoperative 4.8 ± 4 3.7 ± 3 0.353
 � 6-mo postoperative 7.4 ± 6 4.4 ± 3 0.062
 � Last follow-up 8.6 ± 6 6.2 ± 5 0.010
Rib hump (°)
 � Preoperative 9.7 ± 0 9.6 ± 0 0.511
 � 6-mo postoperative 3.7 ± 0 4.1 ± 0 0.001
 � Last follow-up 3.9 ± 0 4.4 ± 0 0.000

Abbreviations: LL, lumbar lordosis; PJA, proximal junctional angle; RSH, 
radiographic shoulder height; SVA, sagittal vertical axis; TK, thoracic kyphosis.
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differences in mental health and satisfaction between 
the 2 groups, with Group A showing better outcomes, 
as illustrated in Table 3. Throughout the surgical proce-
dure and the postoperative period, no serious complica-
tions were recorded. This includes, but is not limited to, 
deep wound infections, loss of intraoperative monitor-
ing, paralysis, pseudarthrosis, or the need for revision 
procedures.

DISCUSSION

AIS Lenke 5C correction aims to address spinal 
curves while ensuring patient stability, preventing 
further deterioration, preserving function, and enhanc-
ing appearance. Recent discussions have centered 
around the optimal instrumentation level for correcting 
this deformity, with ongoing controversies regarding 
postsurgical shoulder imbalance, lower instrumentation 
levels, rib hump, and progression of the nonstructural 
thoracic curve.5,9–11 Despite the debates, several authors 
have advocated for short-level instrumentation to pre-
serve lumbar segments for better mobility and flexibil-
ity. However, the aesthetic and postural implications 
of rib hump and compensatory thoracic curves remain 
critical considerations in the treatment of AIS Lenke 
5C.3,9,12,13

Patient satisfaction after correction is closely 
linked to the reduction of rib prominence.2,14,15 Both 
thoracolumbar curvature and thoracic rib hump can 
negatively impact aesthetics, leading to increased self-
consciousness, especially in cases of waist asymmetry. 
Shoulder imbalance is another critical factor influenc-
ing the treatment of AIS patients.14 It is commonly 
observed in adult scoliosis14,16–18 and has gained atten-
tion in the context of postoperative correction of AIS.16

DVR has emerged as a popular adjunct to surgical 
treatment for AIS due to its advantages in apical derota-
tion, axial correction, segment preservation, and overall 
curve correction compared with other techniques.3–6 
However, questions regarding its function, safety, and 
effectiveness remain. This study primarily focuses on 
the use of en-bloc DVR to correct AIS Lenke 5C. Our 

objective is to evaluate the impact of this technique’s 
short and extended-level instrumentations on various 
factors, including UIV level, rib hump, shoulder imbal-
ance, radiographic outcomes, and clinical efficiency.

En-bloc DVR employs all pedicle screw fixation to 
achieve better derotation and enhanced correction sta-
bility. Surgical times were comparable between groups, 
as the same surgeon performed all procedures. Fur-
thermore, the correction rates were also similar in both 
groups.

Patients with AIS Lenke 5C often face challenges 
with the postoperative progression of compensatory 
thoracic curves, which is a leading factor contributing 
to shoulder imbalance.2,17 Our outpatient records indi-
cate that many patients report this issue. While previous 
studies have suggested that uninstrumented compen-
satory thoracic curves can adapt to the instrumented 
major curve after posterior selective TL/L fusion, a 
recent study reported a loss of compensatory thoracic 
curve over long-term follow-up.19 In contrast to earlier 
reports, our study with en-bloc DVR showed superior 
corrections of compensatory thoracic curves at both 
6 months and final follow-ups in Group A compared 
with Group B, which were attributed to the extended 
UIV level in Group A. However, Group A thoracic 
curve correction was maintained compared with Group 
B, and there were better thoracic curve angles of 5.3° 
compared with earlier reported cases of 13.4° with short 
fusion DVR.8

Throughout the required 3-year follow-up, both 
groups maintained a coronal and sagittal balance. By 
reducing the rib hump and correcting the compensatory 
thoracic curvature, we hope to achieve improved body 
postures and coronal and sagittal equilibrium. Both 
groups had significant improvement in both coronal and 
sagittal balance.

Previous studies with the use of short fusion DVR 
stressed that overcorrection is more likely to create 
coronal imbalance after distal fusion extension, as was 
found in studies by Ohrt-Nissen et al20 and Ogura et al.21 
They examined the effect of the lowest instrumented 

Table 3.  SRS-22 questionnaire outcomes before and after surgery.

SRS-22 Questionnaire 
Component

Preoperative Last Follow-Up

Group A Group B P Group A Group B P

Function 4.3 ± 0.3 4.4 ± 0.2 0.074 4.2 ± 0.2 4.1 ± 0.2 0.082
Pain 4.6 ± 0.2 4.5 ± 0.3 0.617 4.4 ± 0.2 4.3 ± 0.4 0.325
Self-image 3.8 ± 0.3 2.8 ± 0.5 0.060 4.3 ± 0.2 4.3 ± 0.2 0.868
Mental health 3.8 ± 0.2 3.8 ± 0.3 0.692 4.3 ± 0.3 4.0 ± 0.2 0.006
Satisfaction 3.1 ± 0.2 3.1 ± 0.2 0.728 4.5 ± 0.1 4.1 ± 0.3 0.001

Abbreviation: SRS, Scoliosis Research Society.
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vertebrae on a Lenke 5C curve and mid-term surgical 
outcomes for a short fusion strategy for AIS Lenke 
5C. In contrast to their reports, our study group with a 
higher fusion level recorded a well-maintained coronal 
balance at the final follow-up visitation, as shown in 
Figure 1 compared with Figure 2.

The cosmetic appearance of patients has been empha-
sized as one of the factors that surgeons need to consider 
prior to spinal deformity correction.22 The rib hump 
in patients with AIS is a significant factor influencing 
postoperative appearance. Axial vertebral correction 
and its role in rib hump reduction remain contentious 

topics. Many researchers argue that rib hump deformity 
primarily arises from asymmetric rib growth rather than 
vertebral rotation.5,23 Although apical thoracic rotation 
measurements correlate with axial vertebral rotation, 
this correlation has its limits. Even after significant ver-
tebral derotation, a residual rib hump can persist due 
to the fixed nature of rib deformities and the poten-
tial for continued asymmetric rib growth in patients 
with remaining growth potential, which may lead to a 
relapse of thoracic deformity. Clinical studies have gen-
erally not found any significant benefits of DVR on rib 
hump reduction compared with techniques that do not 

Figure 1.  A 15-year-old girl with adolescent idiopathic scoliosis Lenke 5 curve. (A and B) Preoperative posteroanterior and lateral standing radiograph. (C and D) 
Preoperative bending radiography. (E and F) Three-year postoperative posteroanterior and lateral radiograph. The patient was treated with posterior en-bloc direct 
vertebral rotation (DVR) with upper instrumented vertebra (UIV) = upper-end vertebra (UEV) + 1.

Figure 2.  A 16-year-old girl with adolescent idiopathic Lenke 5 curve. (A and B) Preoperative posteroanterior and lateral standing radiograph. (C and D) Preoperative 
bending radiography. (E and F) Three years postoperative posteroanterior and lateral radiograph. She was treated with posterior en-bloc direct vertebral rotation 
(DVR) with upper instrumented vertebra (UIV) = upper-end vertebra (UEV).
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involve derotation. Additionally, obtaining reliable and 
repeatable apical thoracic rotation measurements can be 
challenging, leading researchers to view these measure-
ments as supplementary outcome indicators. A previous 
study using short fusion en-bloc DVR compared with 
non-DVR stated the immediate impact of DVR level-
ing of the rib hump; conversely, they noted no differ-
ences between the 2 techniques at the final follow-up.4 
Contrary to the previous study, there were improve-
ments in Group A in our study compared with group 
B at 6 months and last follow-up visitation in rib hump 
changes, with statistical significances in both groups on 
2 different follow-ups.

Shoulder balance in patients with Lenke 5C is not 
well understood, with disparities in shoulder height 
reported in various studies.17,24 Our evaluation of shoul-
der balance levels revealed that Group A had better out-
comes than Group B. Previous studies have indicated 
that loss of thoracic curve correction can lead to shoul-
der imbalance; however, our findings show improved 
results compared with earlier reports.25,26

Higher instrumentation levels have been identified 
as a potential cause of postjunctional kyphosis.27 In 
our study, Group B exhibited lower PJA than Group A, 
yet neither group reported any postjunctional kyphosis, 
likely due to the intraoperative preservation of the T8 
to T10 spinal process and also the use of postoperative 
spine braces for at least 6 months. It could further help 
to limit proximal junctional kyphosis.

The clinical outcomes measured by the SRS-22 
questionnaire indicated significant differences in 
mental health and satisfaction between the 2 groups, 
highlighting the importance of body image for patients 
after surgery, with Group A achieving better results. 
One limitation of this study is its retrospective nature. 
Nonetheless, it represents the first comprehensive 
investigation of a large population utilizing short and 
extended-fusion en-bloc DVR to correct AIS Lenke 
5C.

CONCLUSION

The extension of the upper instrumented vertebrae 
in Group A significantly enhances the correction of 
the compensatory thoracic curve and rib hump level-
ing. This approach also promotes better posture by 
improving shoulder balance in patients with AIS Lenke 
5C when compared with the short instrumentation in 
Group B. Additionally, coronal and sagittal balance sig-
nificantly improved at the last follow-up visit.
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