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Abstract
Purpose To investigate the optimal lowest instrumented vertebra (LIV) in the treatment of Scheuermann kyphosis (SK) 
with different curve patterns.
Methods Fifty-two SK patients who underwent posterior surgery between January 2010 and December 2017 with a minimum 
follow-up of 2 years were retrospectively reviewed. Patients were divided into two groups based on the curve pattern: the 
Scheuermann thoracic kyphosis (STK group) or Scheuermann thoracolumbar kyphosis (STLK group). Based on the relation-
ship between the sagittal stable vertebra (SSV) and LIV, both groups were further divided into the SSV group and SSV-1 
group. Radiographic parameters, distal junctional kyphosis (DJK) incidence and SRS-22 questionnaire scores were evaluated.
Results In STK and STLK groups, there were no significant differences in most pre- and postoperative radiographic assess-
ments between SSV and SSV-1 subgroups. DJK incidence showed no significant differences between groups during follow-up 
(P > 0.05). LIV-PSVL was significantly more negative in the SSV-1 group than that in the SSV group (P < 0.001). Within 
the SSV-1 group, patients with DJK showed a more negative LIV-PSVL (P = 0.039). Moderate correlation was observed 
between preoperative LIV-PSVL and DJK with a Spearman coefficient of − 0.474 (P = 0.035). Receiver operative charac-
teristic curve analysis showed that the threshold value of preoperative LIV-PSVL to predict DJK was − 37.35 mm (area 
under the curve 0.882).
Conclusion Shorter fusion stopping at SSV-1 achieved comparable clinical outcomes and did not increase the risk of DJK 
for both STK and STLK patients. For patients whose preoperative LIV-PSVL <  − 37.35 mm, extending fusion to SSV is an 
acceptable solution to prevent DJK.
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Introduction

Scheuermann kyphosis (SK) is a common cause of structural 
hyperkyphosis and occurs during childhood and adolescence 
[1]. This condition is mainly characterized by wedging of the 
vertebral body, an irregular vertebral end plate, and dimin-
ished anterior vertebral growth [2]. Indications for surgical 
intervention include progressive kyphosis (> 70°) despite 

brace compliance, neurologic deficit, persistent back pain, 
or cosmetic deformity [3].

Several treatment strategies have been explored through 
the development of instrumentation and surgical techniques. 
The one-stage posterior-only surgical approach is currently 
used to treat SK with a satisfying sagittal profile and a low 
risk of complications [4]. Selective fusion of the rigid curve 
is the priority in young patients to preserve lumbar verte-
bral segments. However, improper selection of fusion lev-
els can lead to junctional problems and remains a critical 
issue because of its complicated management. Most spinal 
surgeons agree that the upper instrumented vertebra (UIV) 
should include the proximal end vertebra in the measured 
kyphosis to prevent proximal junctional kyphosis (PJK) 
[5–7]. However, the criteria for selection of the lower instru-
mented vertebra (LIV) have not been well established.
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Previous reports have demonstrated good outcomes when 
the sagittal stable vertebra (SSV), defined as the proximal 
vertebra touched by the posterior sacral vertical line (PSVL), 
is selected as the LIV [8, 9]. However, some studies stated 
that fusion to the first lordotic vertebra (FLV) results in com-
parable rates of distal junctional kyphosis (DJK) compared 
with fusion to SSV [6, 10, 11]. In addition, SK has two dif-
ferent curve patterns: Scheuermann thoracic kyphosis (STK) 
and Scheuermann thoracolumbar kyphosis (STLK) [12]. A 
previous study suggested that extending fusion to SSV was 
appropriate for patients with STK, while a shorter fusion 
ending at FLV was indicated as sufficient for STLK patients 
[13]. However, the optimal distal fusion level for SK with 
different curve patterns remains unclear.

In this study, we analyzed the clinical and radiographic 
outcomes in patients with either STK or STLK with different 
distal fusion levels and investigated whether a short fusion 
strategy is an appropriate alternative for the treatment of SK. 
Special attention was paid to the curve correction and the 
occurrence of DJK during the postoperative period.

Materials and methods

Patients and groups

The current study was performed in accordance with 
STROBE guidelines. This study was approved by the insti-
tutional review board committee of our hospital. Patients 
who underwent deformity correction surgery for SK between 
January 2010 and December 2017 were identified in our 
database. The inclusion criteria for patients were as follows: 
(1) diagnosed with SK [14] (2) underwent one-stage all pedi-
cle screw instrumentation and fusion with multi-level Ponte 
osteotomies; (3) the LIV was selected at either SSV or FLV 
as previously described [6, 8]; and (4) complete radiographic 
data with a minimum follow-up of 2 years. Exclusion criteria 
were as follows: (1) patients with any other spinal deformi-
ties; and (2) previous spinal trauma or surgery.

A total of 52 patients with SK were recruited in this study. 
FLVs were found to be one level higher than SSVs in 34 
patients, while SSVs and FLVs were the same vertebra for 
18 patients. When FLV was selected as LIV, the vertebra was 
either the same vertebra as SSV or the vertebra above SSV 
in these patients. Therefore, we simplify the LIV selection 
strategy as fusion to SSV or SSV-1.

Based on the location of the kyphotic apex, the patients 
were divided into two groups: patients with the kyphotic 
apex at T10 or above were defined as the STK group and 
patients with the kyphotic apex located below T10 were 
assigned to the STLK group [17]. The patients in the two 
groups were further subdivided into two groups based on 

the level of the distal fusion: the SSV group and the SSV-1 
group.

Surgical procedure

The surgeries were performed by a single surgical team. Fol-
lowing thorough exposure of the spine, multi-level Ponte 
osteotomies were performed across the apex of the kypho-
sis, with resection of supra- and inter-spinous ligaments, 
ligamentum flavum, and the whole facet joints, followed by 
cephalad and caudad widening of the osteotomy gap up to 
8–10 mm [15]. After placement of the pedicle screws at 
the intended fusion levels, pre-contoured rods were attached 
into the screws, followed by segmental compression. During 
rod placement, two to three rounds of compression in the 
area with Ponte osteotomies were used to enhance kyphosis 
correction. The final tightening was then performed, and a 
mixture of allografts and harvested autografts were placed 
within the prepared bone graft bed. Specific care was made 
to preserve the posterior ligamentous structures during the 
surgical procedure, especially at the upper and lower levels.

Somatosensory evoked potential (SEP) and motor evoked 
potential (MEP) were used to monitor the function of the 
spinal cord during the operation, and a wake-up test was 
conducted at the end of the procedure.

Radiographic and clinical evaluation

Radiographs were acquired with each patient by standing 
full spine X-ray preoperatively, postoperatively, and at the 
latest follow-up. We measured the following parameters in 
the sagittal plane: (1) global kyphosis (GK), the angle from 
upper to lower most tilted end vertebrae; (2) lumbar lordosis 
(LL), the angle between the vertical line of the superior end 
plate of L1 and that of the superior end plate of S1 on the 
sagittal plane; (3) sagittal vertical axis (SVA), the distance 
between the C7 plumb line (C7PL) and the posterosuperior 
corner of S1; negative values indicated that the C7PL fell 
behind the sacrum; (4) LIV-PSVL, defined as the distance 
from the center of the LIV to the posterior sacral vertical line 
(PSVL); negative values also indicated that the center of the 
LIV was placed behind the sacrum; (5) pelvic incidence (PI), 
the angle between the line perpendicular to the sacral plate 
at its midpoint and the line connecting the point to the mid-
dle axis of the femoral heads; (6) pelvic tilt (PT), the angle 
between the line connecting the midpoint of the sacral plate 
to the middle axis of the femoral heads and the gravity line; 
and (7) the sacral slope (SS), the angle between the sacral 
plate and the horizontal plane.

DJK was defined as an abnormal distal junctional 
angle ≥ 10° between the superior end plate of the lowest 
instrumented vertebra and the inferior end plate of the adja-
cent distal vertebra [16]. If a disc just distal to the LIV that 
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was lordotic preoperatively became neutral or kyphotic after 
surgery, it was also defined as DJK [17]. All radiographic 
parameters were conducted using Surgimap (v2.3.2.1). Two 
spinal surgeons who were independent of the operations 
measured the radiographic assessments, and the mean values 
were calculated for analysis. The inter-observer variations 
were further estimated by intraclass correlation coefficient 
(ICC).

All patients completed the Scoliosis Research Society-22 
questionnaire (SRS-22), which has been found to be suit-
able for evaluating patients with kyphosis [18, 19]. Patient-
reported outcomes using SRS-22 were obtained before sur-
gery and at the last follow-up.

Statistical analysis

All statistical analyses were performed using SPSS version 
22.0, and data are presented as mean ± SD. Normality of the 
data was ensured with Kolmogorov–Smirnov test. Compari-
sons between the subgroups according to the distal fusion 
level were made with Mann–Whitney U test. The parameters 
were also compared between patients with and without DJK 
for patients whose LIV was at SSV-1. Chi-square analysis 
was applied to assess the categorical variables. Spearman’s 
correlation coefficient was performed to examine the corre-
lation between preoperative LIV-PSVL and DJK. Receiver 
operative characteristic (ROC) curve analysis was performed 
to identify the threshold values of preoperative LIV-PSVL 
to predict the development of DJK. A P value of < 0.05 was 
considered as statistically significant.

Results

Demographic data

A total of 52 patients were included in this study. The mean 
age of the patients at the time of surgery was 17.2 ± 4.2 years 
old. The average number of Ponte osteotomy levels was 
5.8 ± 1.5 and the average number of fused vertebrae was 
11.8 ± 1.6. No obvious SEP and MEP change or loss was 
observed intraoperatively. The mean follow-up time was 
35.7 ± 7.9 months. Inter-observer reliability assessments 
gave values above 0.9, which indicated excellent reliability 
of all parameters between the two observers. Based on the 
Kolmogorov–Smirnov test, all measured parameters were 
normally distributed.

The STK group included 21 patients with fusion to SSV 
and 12 patients with fusion to SSV-1; the STLK group con-
sisted of 11 patients with fusion to SSV and 8 patients with 
fusion to SSV-1. As shown in Table 1, the distributions of 
SSV and LIV were significantly different for patients with 
different curve patterns (P < 0.001). For patients with STK, 

most of the SSVs were located at L2 and L3 (87.9%), while 
for patients with STLK, most of the SSVs were located at 
L3 and L4 (89.5%).

Comparison between SSV and SSV‑1 groups in STK 
patients

For patients with STK, no significant difference was found in 
most preoperative radiographic assessments (GK, LL, SVA, 
PI, PT, SS) and scores of the SRS-22 questionnaire between 
the SSV and SSV-1 groups (Table 2). In the SSV group 
(Fig. 1a–c), GK significantly decreased from 78.9° ± 9.8° to 
41.5° ± 7.6°, with a correction rate of 47.5% ± 6.6%. No sig-
nificant correction loss was observed (1.4% ± 3.4%) at final 
follow-up. For the SSV-1 group (Fig. 1d–f), GK significantly 
decreased from 80.3° ± 10.6° to 41.8° ± 8.0° and maintained 
up to 44.0° ± 7.8° at the last follow-up. No significant dif-
ferences were observed in postoperative curve correction 
rates (47.5% ± 6.6% vs. 47.8% ± 8.4%, P = 0.940) and correc-
tion loss (1.4% ± 3.4% vs. 2.8% ± 2.3%, P = 0.349) between 
groups. However, with regard to the positions of LIV, LIV-
PSVL was significantly more negative in the SSV-1 group 
than in the SSV group preoperatively, postoperatively and 
at last follow-up (P < 0.001).

As shown in Table 2, no significant differences in SRS-
22 evaluation were observed between groups at the final 
follow-up. Three patients (14.3%) in the SSV group and 
two (16.7%) in the SSV-1 group developed DJK during fol-
low-up; no significant difference in incidence was observed 
between the two groups (P = 0.854).

Comparison between SSV and SSV‑1 groups in STLK 
patients

The subgroup analysis for patients in STLK group is sum-
marized in Table 3. Before surgery, no significant differ-
ences were observed in most preoperative radiographic 
parameters (GK, LL, SVA, PI, PT, SS) and scores of the 
SRS-22 questionnaire between the SSV and SSV-1 groups 

Table 1  Comparison of the distributions of SSV and LIV between the 
STK group and STLK group

L1 L2 L3 L4

STK group
SSV 3 11 18 1
LIV 4 18 11 0
STLK group
SSV 0 1 7 11
LIV 0 2 13 4
P (STK vs. STLK)
PSSV < 0.001 PLIV < 0.001



1713European Spine Journal (2022) 31:1710–1718 

1 3

(Fig. 2). The kyphosis deformities in both groups were 
corrected postoperatively (37.9° ± 6.9° vs. 40.4° ± 5.5°, 
P = 0.592), with a similar correction rate (45.9% ± 10.5% 
vs. 43.6% ± 6.1%, P = 0.502). Moreover, the correc-
tions were maintained at last follow-up (39.9° ± 6.4° vs. 

44.0° ± 5.0°, P = 0.062) and no significant difference was 
found in correction loss (2.9% ± 6.5% vs. 5.6% ± 9.1%, 
P = 0.323) between groups. However, on account of 
the different distal fusion strategy, LIV-PSVL was sig-
nificantly more negative in the SSV-1 group than SSV 

Table 2  Comparison of clinical 
and radiographic parameters 
between the two subgroups in 
the STK group

Group SSV (n = 21) Group SSV-1 (n = 12) P value

GK (°)
 Preoperative 78.9 ± 9.8 80.3 ± 10.6 0.574
 Postoperative 41.5 ± 7.6 41.8 ± 8.0 0.881
 Final follow-up 42.5 ± 7.5 44.0 ± 7.8 0.512

Curve correction (%)
 Postoperative 47.5 ± 6.6 47.8 ± 8.4 0.940
 Final follow-up 46.1 ± 7.0 45.0 ± 8.1 0.500
 Correction loss (%) 1.4 ± 3.4 2.8 ± 2.3 0.349

LL (°)
 Preoperative 70.0 ± 10.3 66.1 ± 7.5 0.149
 Postoperative 44.6 ± 8.1 44.7 ± 8.6 0.419
 Final follow-up 46.3 ± 7.3 44.9 ± 10.4 0.722

SVA (mm)
 Preoperative − 23.3 ± 29.4 − 23.1 ± 22.3 0.881
 Postoperative 12.9 ± 37.7 − 5.7 ± 33.1 0.144
 Final follow-up − 19.8 ± 32.3 − 21.2 ± 26.3 0.512

LIV-PSVL (mm)
 Preoperative − 6.6 ± 11.0 − 32.6 ± 6.9  < 0.001
 Postoperative 13.3 ± 14.4 − 6.3 ± 8.8  < 0.001
 Final follow-up 0.0 ± 15.8 − 24.5 ± 14.4  < 0.001

PI (°)
 Preoperative 36.2 ± 7.1 34.9 ± 6.7 0.587
 Postoperative 37.2 ± 5.0 34.3 ± 8.5 0.125
 Final follow-up 39.1 ± 5.1 35.6 ± 7.7 0.190

PT (°)
 Preoperative 2.6 ± 8.4 0.1 ± 6.7 0.489
 Postoperative 5.4 ± 7.9 2.8 ± 8.4 0.653
 Final follow-up 6.3 ± 8.7 3.1 ± 7.9 0.369

SS (°)
 Preoperative 33.6 ± 8.5 34.8 ± 8.7 0.881
 Postoperative 31.8 ± 8.3 31.5 ± 12.1 0.765
 Final follow-up 32.8 ± 7.0 32.5 ± 9.5 0.793
 DJK incidence (%) 13.3 15.8 0.369

SRS-22 (Preoperative)
 Function 3.6 ± 0.5 3.7 ± 0.8 0.763
 Pain 3.6 ± 0.8 3.6 ± 0.4 0.500
 Self-image 3.5 ± 0.7 3.4 ± 0.7 0.835
 Mental health 3.5 ± 0.5 3.6 ± 0.5 0.806

SRS-22 (At last follow-up)
 Function 3.9 ± 0.4 4.0 ± 0.6 0.409
 Pain 4.0 ± 0.5 3.9 ± 0.6 0.805
 Self-image 4.2 ± 0.6 4.2 ± 0.7 0.985
 Satisfaction 4.2 ± 0.6 4.3 ± 0.5 0.749
 Mental health 3.8 ± 0.6 3.8 ± 0.7 0.663
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group before surgery, after surgery and at last follow-up 
(P < 0.001).

The preoperative and postoperative SRS-22 scores for 
the SSV and SSV-1 groups are presented in Table 3. No 
significant difference was found in any of the five domains 
between the two groups before surgery and at the final fol-
low-up (P > 0.05). In each subgroup, one patient developed 
DJK at the latest follow-up and there was no significant 

Fig. 1  a A 16-year-old male STK patient with the apex of the 
kyphotic curve at T9. The preoperative GK was 92°. L2 was SSV, 
which was selected as LIV. b After surgery, GK was corrected to 41° 
with a correction rate of 55.4%. c The 2-year postoperative radio-
graph showed no distal decompensation. GK maintained at 46° with 
no obvious correction loss (5.4%). d A 19-year-old male STK patient 
with the apex of the kyphotic curve at T7. The preoperative GK was 
94°. L2 was SSV, while LIV was selected as L1. e After surgery, GK 
was corrected to 45° with a correction rate of 52.1%. f The 4-year 
postoperative radiograph showed no distal decompensation. GK 
maintained at 45° with no obvious correction loss (0.0%)

Table 3  Comparison of clinical and radiographic parameters between 
the two subgroups in the STLK group

Group SSV 
(n = 11)

Group SSV-1 
(n = 8)

P value

GK (°)
 Preoperative 70.7 ± 8.1 71.9 ± 8.9 0.963
 Postoperative 37.9 ± 6.9 40.4 ± 5.5 0.592
 Final follow-up 39.9 ± 6.4 44.0 ± 5.0 0.062

Curve correction (%)
 Postoperative 45.9 ± 10.5 43.6 ± 6.1 0.502
 Final follow-up 43.1 ± 10.3 38.0 ± 10.4 0.107
 Correction loss 

(%)
2.9 ± 6.5 5.6 ± 9.1 0.323

LL (°)
 Preoperative 46.1 ± 18.8 46.8 ± 18.4 0.245
 Postoperative 40.3 ± 11.1 35.3 ± 8.8 0.886
 Final follow-up 43.3 ± 7.8 39.6 ± 10.1 0.891

SVA (mm)
 Preoperative − 23.7 ± 30.6 − 28.0 ± 32.5 0.607
 Postoperative − 9.5 ± 33.2 − 2.7 ± 53.3 0.089
 Final follow-up − 18.3 ± 26.7 − 14.9 ± 24.9 0.729

LIV-PSVL (mm)
 Preoperative − 9.1 ± 11.6 − 33.0 ± 5.2 0.034
 Postoperative 9.9 ± 20.2 3.0 ± 8.8 0.673
 Final follow-up 9.5 ± 17.7 − 7.7 ± 13.0 0.139

PI (°)
 Preoperative 33.3 ± 7.3 29.5 ± 8.8 0.846
 Postoperative 30.9 ± 7.7 27.7 ± 9.9 0.781
 Final follow-up 31.4 ± 8.4 27.2 ± 9.1 0.722

PT (°)
 Preoperative 6.7 ± 6.5 8.2 ± 8.3 0.742
 Postoperative 4.9 ± 6.2 3.0 ± 11.1 0.919
 Final follow-up 4.8 ± 6.9 2.9 ± 11.9 0.559

SS (°)
 Preoperative 26.6 ± 8.8 21.4 ± 5.6 0.780
 Postoperative 26.0 ± 6.3 24.8 ± 4.6 0.689
 Final follow-up 26.6 ± 5.1 24.4 ± 4.3 0.659
 DJK incidence 

(%)
13.3 15.8 0.811

SRS-22 (Preoperative)
 Function 3.7 ± 0.6 3.7 ± 0.8 0.967
 Pain 3.8 ± 0.9 3.7 ± 0.5 0.563
 Self-image 3.5 ± 0.7 3.3 ± 0.7 0.647
 Mental health 3.7 ± 0.4 3.5 ± 0.6 0.428

SRS-22 (At last follow-up)
 Function 4.0 ± 0.4 4.0 ± 0.7 0.836
 Pain 4.1 ± 0.6 3.8 ± 0.5 0.259
 Self-image 4.3 ± 0.5 4.3 ± 0.6 0.934
 Satisfaction 4.1 ± 0.6 4.3 ± 0.6 0.679
 Mental health 3.8 ± 0.8 3.8 ± 0.7 0.934
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difference in DJK incidence between groups (9.1% vs. 
12.5%, P = 0.811).

Radiographic and clinical outcomes 
between patients with and without DJK

In the whole patient cohort, four patients (12.5%) in the 
SSV group and three (15.0%) in the SSV-1 group devel-
oped DJK during the follow-up period, and the incidence 
was equivalent (P = 0.711). None of the patients in this 
cohort required revision surgery. Neurologic defecits, rod 
breakage, and pseudoarthrosis were not observed during 
follow-up.

Within the SSV-1 group, no significant difference was 
found in GK, LL, PI, PT, and SS before and after surgery 
between the patients with and without DJK. No signifi-
cant difference was noted in any of the SRS-22 domains 
before surgery. However, the function scores of SRS-22 
in the SSV-1 group were significantly higher than those of 
the SSV-1 group at the final follow-up (P = 0.047, Table 4). 
Moreover, the LIV-PSVL was significantly more negative 
in patients with DJK preoperatively compared with patients 
without DJK (− 40.2 ± 2.2 vs. − 31.2 ± 6.6, P = 0.039, 
Fig. 3). The Spearman correlation coefficient between pre-
operative LIV-PSVL and the occurrence of DJK was − 0.474 
(P = 0.035).

In ROC curve analysis, the threshold value was deter-
mined as − 37.35 mm, indicating that patients with preop-
erative LIV-PSVL <  − 37.35 mm were more likely to show 
postoperative DJK (area under the ROC curve = 0.882 
(95%CI: 0.721 ~ 1.000); specificity = 76.5%; sensitiv-
ity = 100.0%; Fig. 4).

Discussion

DJK is a common complication related to instrumentation 
after surgery for correction of SK, with a reported incidence 
of 20.8% [20]. DJK is often accompanied with biomechani-
cal changes in adjacent segments and the loss of the physi-
ological lumbar lordosis angle, resulting in progressive 
intervertebral disc degeneration and unsatisfactory clinical 
outcome. Proper selection of fusion levels is the key factor 
to minimize the risk of DJK [10, 21]. Nevertheless, precise 
criteria for the selection of fusion levels in SK have not been 
well established.

Cho et al. [8] first introduced the concept of SSV, which 
served to guide the selection of LIV. Mikhaylovskiy et al. 
[9] further evaluated the validity of the Cho–Lenke method 
for selecting LIV and confirmed the superiority of SSV in 
preventing DJK. However, Yanik et al. [11] conducted a 
prospective analysis of 54 SK patients and reported that 
fusion to FLV is sufficient and economized one fusion 
level. In addition, Kim et al. [22] concluded that selecting 
SSV as LIV may reduce complications secondary to DJK, 
but at the expense of incorporating more fusion levels. Zhu 

Fig. 2  a A 18-year-old male STLK patient with the apex of the 
kyphotic curve at T11. The preoperative GK was 70°. L3 was SSV, 
which was selected as LIV. b After surgery, GK was corrected to 
36° with a correction rate of 48.6%. c The 2-year postoperative 
radiograph showed no distal decompensation. GK maintained at 39° 
with no obvious correction loss (4.3%). d A 15-year-old male STLK 
patient with the apex of the kyphotic curve at T11. The preoperative 
GK was 73°. L3 was SSV, while LIV was selected as L2. e After sur-
gery, GK was corrected to 34° with a correction rate of 53.4%. f The 
4-year postoperative radiograph showed no distal decompensation. 
The GK maintained at 37° with no obvious correction loss (4.1%)
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et al. [13] divided SK patients into two curve patterns and 
recommended selecting SSV as LIV for patients with STK 
and selecting FLV as LIV for STLK patients. However, 

the previous study did not compare STK fused to SSV or 
FLV or comparison between STLK fused to FLV or SSV.

This is the first study to systematically investigate the 
optimal distal fusion strategy in SK patients with differ-
ent curve patterns. Subgroup analysis showed no sig-
nificant difference with regard to the kyphosis correction 
and the incidence of DJK (P > 0.05) between patients 
with STK and STLK. In addition, our results revealed 
that a more negative preoperative LIV-PSVL was associ-
ated with a higher risk for developing DJK in the SSV-1 
group (r =  − 0.474, P = 0.035). To provide a more practi-
cal approach to predict postoperative DJK, we used ROC 
curve to identify the cut-off points for preoperative LIV-
PSVL. ROC curve analysis indicated that a preoperative 
LIV-PSVL <  − 37.35 mm predicted a high risk of DJK.

In the lateral radiographs, the discrepancy of segmental 
angles in the disc spaces is quite small in the transitional 
thoracolumbar junction area [13]. As a result, clearly dis-
tinguishing the first lordotic disk is difficult, making the 
identification of FLV sometimes inaccurate and unreliable 
[22]. In this study, when FLV selected as LIV, the verte-
bra was either the same vertebra as SSV or only one level 
above SSV, which were consistent with previous literatures 
[11, 13, 17]. Therefore, we proposed the concept of “SSV-
1” and simplified the LIV selection strategy as fusion to 
SSV or SSV-1. Our results indicated that selection of 
SSV-1 or SSV as the distal fusion level obtained compa-
rable deformity corrections and did not lead to a higher 
incidence of DJK for both patients with STK and STLK. 
We hypothesized that one of the reasons for the similar 
outcomes was that multi-level Ponte osteotomies were 
performed across the apex of the deformity in our study. 
Ponte osteotomy is an efficient method to restore sagittal 
alignment in the treatment of Scheuermann’s disease [20], 
which could afford approximately 5°–10° of correction per 
level [23], thus improving the spinal flexibility and obtain-
ing satisfying correction for such rigid kyphosis. After 
the posterior column structure is completely released, the 
stress of the instrumentation system in contact with ver-
tebrae can be reduced to decrease the risk of rod fracture 
as well as the development of DJK. In addition, it is worth 
noting that the hybrid instrumentation system including 
hook constructs was used previous studies [8, 9] and is 
less stable and more prone to result in junctional problems 
related to more soft tissue dissection [10, 24, 25]. How-
ever, all of our patients were treated with posterior pedi-
cle-only screw instrumentation and fusion. The powerful 
correction ability of this technique may lead to completely 
different postoperative curve behavior in comparison with 
hook and hybrid instrumentations, allowing for better cor-
rection maintenance [17]. Hence, our results suggest the 
utility in stopping the fusion above the SSV with the aim 
of preserving more mobile segment.

Table 4  Comparison of clinical and radiographic parameters between 
patients with and without DJK in the SSV-1 group

Patients with DJK 
(n = 3)

Patients 
without DJK 
(n = 16)

P value

GK (°)
 Preoperative 75.7 ± 6.0 77.1 ± 11.3 0.791
 Postoperative 39.0 ± 9.6 41.6 ± 6.7 0.710
 Final follow-up 41.2 ± 9.2 44.4 ± 6.4 0.791

Curve correction (%)
 Postoperative 47.6 ± 16.4 45.8 ± 6.0 0.634
 Final follow-up 44.1 ± 15.8 41.8 ± 8.47 0.874
 Correction loss (%) 3.5 ± 2.0 4.0 ± 6.5 0.672

LL (°)
 Preoperative 57.7 ± 10.7 58.3 ± 17.0 0.791
 Postoperative 39.7 ± 4.9 41.1 ± 10.4 0.832
 Final follow-up 44.0 ± 4.4 42.6 ± 11.2 0.672

SVA (mm)
 Preoperative − 20.2 ± 7.8 − 25.9 ± 28.2 0.958
 Postoperative 35.3 ± 29.3 − 11.5 ± 39.2 0.081
 Final follow-up − 17.5 ± 25.7 − 17.5 ± 25.7 0.958

LIV-PSVL (mm)
 Preoperative − 40.2 ± 2.2 − 32.3 ± 6.4 0.039
 Postoperative 0.9 ± 12.3 − 3.2 ± 9.6 0.560
 Final follow-up − 31.2 ± 17.8 − 15.3 ± 14.8 0.186

PI (°)
 Preoperative 34.0 ± 3.5 32.5 ± 8.4 0.560
 Postoperative 31.4 ± 6.5 31.7 ± 10.0 0.751
 Final follow-up 35.4 ± 5.4 31.7 ± 9.6 0.427

PT (°)
 Preoperative 3.6 ± 8.1 3.3 ± 8.5 0.832
 Postoperative 1.8 ± 7.0 3.0 ± 9.8 0.958
 Final follow-up 4.9 ± 3.2 2.7 ± 10.1 0.634

SS (°)
 Preoperative 30.4 ± 11.0 29.3 ± 10.2 0.791
 Postoperative 29.6 ± 12.6 28.7 ± 10.2 0.874
 Final follow-up 30.5 ± 8.4 29.0 ± 9.0 0.874

SRS-22 (Preoperative)
 Function 3.7 ± 0.4 3.7 ± 0.7 0.780
 Pain 3.8 ± 0.3 3.7 ± 0.8 0.867
 Self-image 3.6 ± 0.8 3.4 ± 0.7 0.910
 Mental health 3.7 ± 0.4 3.7 ± 0.5 0.910

SRS-22 (At last follow-up)
 Function 3.8 ± 0.4 4.0 ± 0.6 0.312
 Pain 4.1 ± 0.2 3.9 ± 0.6 0.652
 Self-image 4.0 ± 0.5 4.2 ± 0.5 0.612
 Satisfaction 4.1 ± 0.5 4.2 ± 0.6 0.822
 Mental health 3.8 ± 0.8 3.8 ± 0.7 0.910
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Our data also showed that the preoperative LIV-PSVL 
should be emphasized. To maintain the global sagittal bal-
ance and stability of the spine after operation, the distal end 
of the fusion should be placed within the center of gravity. In 
other words, the center of SSV-1 should be relatively close to 
the posterior sacrum vertical line, so that the distal fusion mass 
is maintained over the sacrum. In this circumstance, it would 
be easier to get the LIV into the stable zone and potentially 
economize a fusion segment. Hence, we recommended that the 
location of the LIV and the distance between preoperative LIV 
to PSVL should be taken into consideration when selecting the 
distal fusion level strategy.

This study has several limitations. First, our findings are 
limited by the small sample size with a low percentage of 
cases with DJK. Second, because of the retrospective design 
of this study, the potential selection bias cannot be completely 
avoided. Therefore, a larger sample size of SK patients and a 
randomized prospective study are warranted for an in-depth 
evaluation to verify these results. Moreover, this study had a 
short follow-up period. Therefore, it is necessary to validate 
the current results in future studies with a long-term follow-up.

Conclusion

Shorter fusion stopping at SSV-1 achieves comparable clini-
cal outcomes and does not increase the risk of DJK for both 
patients with STK and STLK. However, for patients with a 

Fig. 3  a A 13-year-old male SK 
patient. The preoperative GK 
was 75°. L3 was SSV, while 
LIV was selected as L2. b After 
surgery, GK was remarkably 
corrected to 39° with a cor-
rection rate of 48.0%. c While 
GK maintained at 41° with no 
obvious correction loss (2.7%), 
DJK was observed at the 2-year 
follow-up

Fig. 4  The receiver operating curve (ROC) analysis of preop-
erative LIV-PSVL to predict the occurrence of DJK. The threshold 
value was determined as − 37.35  mm. (area under the ROC curve 
(AUC) = 0.882 (95%CI: 0.721 ~ 1.000); specificity = 76.5%; sensitiv-
ity = 100.0%)
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preoperative LIV-PSVL <  − 37.35 mm, extending fusion to 
SSV is an acceptable solution to prevent DJK.
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