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Background: The importance of spinopelvic sagittal alignment for adjacent segment disease (ASD) after 
lumbar fusion surgery has been reported. However, no longitudinal cohort studies have determined the 
extent to which segmental alignment and spinopelvic global alignment can be achieved using 12° lordotic 
cages in posterior lumbar inter-body fusion (PLIF) and the extent to which the development of ASD can be 
prevented. The purpose of this study was to analyze changes in segmental and spinopelvic sagittal alignment 
after single-segment PLIF with 12° lordotic cages, to clarify the relationship between changes in segmental 
and spinopelvic sagittal alignment, and to report the incidence of ASD at 2 years postoperatively.
Methods: Subjects in this 2-year prospective longitudinal cohort study were 28 patients who had 
undergone L4/5 PLIF using 12° lordotic cages. Incidence of operative ASD (O-ASD) was evaluated as 
clinical outcomes. Radiological measurements were examined preoperatively and at 3 months, 1 year and  
2 years postoperatively. The following radiographic spinopelvic parameters were measured: segmental 
lordosis (SL) at L4/5; sagittal vertical axis (SVA); T1 pelvic angle (TPA); thoracic kyphosis (TK); lumbar 
lordosis (LL); sacral slope (SS); pelvic tilt (PT); and pelvic incidence (PI). With respect to radiological 
outcomes, changes in SL (ΔSL) and spinopelvic parameters and the incidence of radiological ASD (R-ASD) 
were evaluated. Correlations of ΔSL and changes in other spinopelvic parameters (ΔSVA, ΔTPA, ΔTK, ΔLL, 
ΔSS, ΔPT, and ΔPI-LL) between preoperatively and 3 months postoperatively were examined.
Results: The follow-up rate was 100% (n=28) at 1 year postoperatively and 96.4% (n=27) at 2 years 
postoperatively. No cases of O-ASD were seen during 2 years of follow-up. Significant realignment was 
observed and maintained at 2 years postoperatively in almost all spinopelvic sagittal parameters (SL, SVA, 
TPA, LL, PT, PI-LL). Regarding the correlation between ΔSL and other parameters, significant correlations 
were detected with ΔSVA (r=−0.37, P<0.05) and ΔLL (r=0.538, P<0.01). Three cases (11.1%) showed R-ASD 
at 2 years postoperatively.
Conclusions: PLIF with 12° lordotic cages for L4 degenerative spondylolisthesis improved SL and global 
sagittal realignment, and achieved satisfactory clinical outcomes with a low incidence of ASD during 2 years 
of follow-up.
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Introduction

The importance of spinopelvic sagittal alignment and its 
implications for clinical outcomes after lumbar fusion 
surgery have recently been demonstrated (1,2). In addition, 
spinopelvic sagittal malalignment including segmental 
lordosis (SL) at the fused segment has been reported as one 
of the risk factors for adjacent segment disease (ASD) after 
posterior lumbar inter-body fusion (PLIF) (1,3-5). Moreover, 
particularly in the lower lumbar arc (L4–S1), SL at the fused 
segments was more important to prevent iatrogenic flat 
back after lumbar fusion surgery, because this arc forms a 
foundation of the lumbar spine and accounts for about 70% 
of lumbar lordosis (LL) (2,6-9). Therefore, some reports have 
noted the need to take into consideration acquisition of SL at 
the lower lumbar level even with single-segment PLIF (1,10).

However, previous studies have reported that PLIF with 
0° rectangular cages cannot achieve the correction of SL 
(1,11-13). On the other hand, recent reports have suggested 

a relationship between cage angle and improvement of 
SL and spinopelvic global sagittal alignment after lumbar 
inter-body fusion (14-17). We therefore hypothesized that 
using lordotic cages in PLIF could acquire SL at the fused 
segment, which would improve spinopelvic global sagittal 
alignment and reduce the incidence of ASD. However, no 
longitudinal cohort studies appear to have determined the 
extent to which SL and spinopelvic global sagittal alignment 
could be acquired using lordotic cages in PLIF or the extent 
to which the development of ASD could be prevented. To 
exclude other factors in the present study, patients were 
limited to those with degenerative spondylolisthesis at 
L4/5 using the same fusion technique. The purpose of this 
study was to analyze changes in segmental and spinopelvic 
global sagittal alignment after single-segment PLIF with 
12° lordotic cages for L4–5 degenerative spondylolisthesis, 
to clarify the relationship between changes in segmental 
and spinopelvic global sagittal alignment, and to report 
the clinical outcomes and incidence of ASD at 2 years 
postoperatively. We present this article in accordance with 
the STROBE reporting checklist (available at https://jss.
amegroups.com/article/view/10.21037/jss-23-78/rc).

Methods

Subjects

This study was a 2-year prospective longitudinal cohort 
study. Subjects were patients who had undergone L4/5 
PLIF using 12° lordotic polyetheretherketone cages for L4 
degenerative spondylolisthesis. Twenty-eight consecutive 
patients (5 men, 23 women) were enrolled from 2014 to 
2016. The exclusion criteria were the presence of scoliosis 
(Cobb angle >20°) or vertebral fractures. Mean age at the 
time of primary surgery was 66.9 years (range, 53–78 years).  
The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
protocol was approved by the Institutional Review Board of 
Osaka Rosai Hospital (No. 27-2) and informed consent was 
taken from all the patients.
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Highlight box

Key findings
• Posterior lumbar inter-body fusion (PLIF) with 12° lordotic cages 

improved segmental lordosis and global sagittal realignment, and 
achieved satisfactory clinical outcomes with a low incidence of 
adjacent segment disease (ASD).

What is known and what is new? 
• In recent years, even with single-segment fusion, focusing attention 

on the fusion angle and an aim to achieve appropriate angled 
fusion have been reported as mandatory.

• The present study is the first prospective longitudinal study to 
examine realignment in spinopelvic segmental and global sagittal 
parameters and the incidence of ASD after PLIF with 12° lordotic 
cages. PLIF with 12° lordotic cages achieved spinopelvic segmental 
and global sagittal realignment, with satisfactory clinical outcomes 
and a low incidence of ASD during 2 years of follow-up.

What is the implication, and what should change now? 
• These results suggest that achieving the correction of segmental 

lordosis and spinopelvic sagittal realignment using 12° lordotic 
cages in PLIF may prevent ASD and iatrogenic flat back.
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Surgical procedure

All procedures were performed using the same technique 
described elsewhere (18). Briefly, bilateral total facetectomy, 
subtotal discectomy, and local autologous bone graft with 
two cages were performed. The 12° lordotic cages were 
placed as far anterior of the disc space as possible. Finally, 
compression was applied with a rod system so that the cages 
and vertebral endplates could obtain close contact.

Clinical evaluations

The Japanese Orthopaedic Association (JOA) score was used 
to evaluate clinical outcomes. The JOA score consists of 4 
categories and has a maximum score of 29. The low back 
pain (LBP) score of the JOA score ranges from 0 to 3 points 
(none, 0; occasionally mild, 1; usually mild and occasionally 
severe, 2; always severe, 3). The recovery rate (%) of the 
JOA score was calculated as: (postoperative JOA score − 
preoperative JOA score)/(29 − preoperative JOA score) × 
100 (19). The JOA score was determined preoperatively 
and at 1 year and 2 years postoperatively. Operative ASD 
(O-ASD) was defined as a symptomatic condition in which 
additional operation was required to treat neurological 
deterioration at the adjacent degenerative segment (20).

Radiological evaluations

All patients had standing radiographs of the whole spine with 
inclusion of the femoral heads. Radiological measurements 
were examined preoperatively and at 3 months, 1 year 
and 2 years postoperatively. The following radiographic 
spinopelvic parameters were measured: SL at L4/5; 
sagittal vertical axis (SVA); T1 pelvic angle (TPA); thoracic 
kyphosis (TK); LL; sacral slope (SS); pelvic tilt (PT); and 
pelvic incidence (PI) in sagittal view. SL was measured 
from the upper endplate of L4 to the lower endplate of L5. 
SVA was measured as the distance between the C-7 plumb 
line and the superior posterior corner of the S1 vertebral 
body in the lateral radiograph. TPA was measured as the 
angle subtended by lines drawn from the center of the 
femoral head axis to the center of the T1 vertebral body 
and to the middle of the S1 endplate. TK was measured 
from the upper endplate of T5 to the lower endplate of 
T12. LL was measured from the upper endplate of L1 to 
the upper endplate of S1. SS was measured as the angle 
between the endplate of S1 and a horizontal line. PT was 
measured as the angle between the vertical line and the line 

connecting the midpoint of the sacral plate to the femoral 
head axis. PI was measured as the angle between the line 
perpendicular to the sacral plate at its midpoint and the 
line connecting this point to the femoral head axis (21-24).  
Realignment after PLIF was calculated by the change 
between 3 months postoperatively and the preoperative 
value (ΔSL, ΔLL, ΔSVA, ΔTPA, ΔTK, ΔSS, ΔPT), 
defined as the value at 3 months postoperatively minus the 
preoperative value. Cage subsidence was evaluated using 
lateral radiographs at 3 months and 2 years postoperatively, 
and was defined as present if a cage was observed to sink 
into an adjacent vertebral body by 2 mm (25). Radiological 
ASD (R-ASD) at 2 years postoperatively was defined as a 
condition in which a narrowing of disc height by >3 mm on 
lateral radiograph, posterior opening angle >5°, progression 
of anterior slippage by >3 mm on lateral flexion radiograph, 
or progression of posterior slippage by >3 mm on lateral 
extension radiograph was seen in comparison with 
preoperative radiographs at the adjacent segment level (L3/4 
or L5/S) (20).

Statistical analysis

Radiological  parameters were compared between 
preoperatively and 3 months,  1 year and 2 years 
postoperatively using the paired t-test for continuous 
variables and the chi-squared test for categorical variables. 
The Spearman correlation test was used to identify 
correlations between change in SL (ΔSL) and changes 
in other spinopelvic sagittal parameters (ΔSVA, ΔTPA, 
ΔTK, ΔLL, ΔSS, ΔPT, ΔPI-LL) between preoperatively 
and 3 months postoperatively. All statistical analyses were 
performed using IBM SPSS Statistics for Windows, version 
21 (IBM Corp., New York, United States). Values of P<0.05 
were considered significant.

Results

The fo l low-up  ra te  was  100% (n=28)  a t  1  year 
postoperatively and 96.4% (n=27) at 2 years postoperatively.

Clinical outcomes

Mean JOA scores preoperatively and at 1 year and 2 years 
postoperatively were 14.1±2.7 (range, 7–18), 26.8±1.6 
(range, 24–29), and 26.8±1.7 (range, 24–29), respectively. 
Recovery rates at 1 year and 2 years postoperatively were 
85%±10% and 84.9%±11.7%, respectively. JOA scores and 
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recovery rates improved significantly after primary surgery 
(P<0.01) (Figure 1). No cases of O-ASD were seen during 
the 2 years of follow-up.

Radiological outcomes

The bone union rate was 82.1% (n=23) at 1 year 
postoperatively and 96.3% (n=26) at 2 years postoperatively. 
The rate of cage subsidence was 18.5% (n=5) at 2 years 
postoperatively.

Comparison of pre- and postoperative radiographic 
parameters
Radiological parameters at preoperatively and 3 months, 
1 year, and 2 years postoperatively and P values of pre- 
and postoperative comparisons are shown in Table 1. 
Postoperative SL was significantly corrected and maintained 
throughout the 2 years of follow-up. Similarly, spinopelvic 
sagittal parameters such as SVA, TPA, LL, PT and PI-LL 
were significantly corrected, and the effects of postoperative 
realignment were maintained throughout the 2-year follow-
up period. PI-LL mismatch preoperatively and at 3 months, 
1 year, and 2 years postoperatively were observed in 17, 
12 patients (P=0.18), 11 patients (P=0.10) and 10 patients 
(P=0.07), respectively. 

Correlations of change in segmental lordosis (ΔSL) and 
changes in spinopelvic sagittal alignment (ΔSVA, ΔTPA, 
ΔTK, ΔLL, ΔSS, ΔPT, ΔPI-LL)
At 3 months postoperatively, ΔSL was 3.6°. With respect to 
spinopelvic global parameters, ΔSVA was −23.6 mm, ΔTPA 

was −3.8°, ΔTK was 0.8°, ΔLL was 3°, ΔSS was 0.3°, ΔPT 
was −1.5° and ΔPI-LL was −3.9°. Regarding the correlation 
between ΔSL and spinopelvic global parameters, significant 
correlations were detected in ΔSVA (r=−0.37, P<0.05) and 
ΔLL (r=0.538, P<0.01) (Figure 2). No correlations were 
seen with other parameters. 

Radiological ASD at 2 years
R-ASD was observed in 3 patients (11.1%). Two patients 
showed narrowing of disc height by >3 mm at the L5/S level 
and one patient showed progression of posterior slippage 
by >3 mm at the L3/4 level. No patients displayed posterior 
opening >5° or progression of anterior slippage by >3 mm 
(Table 2).

Representative case
A 55-year-old woman achieved and maintained spinopelvic 
segmental and global sagittal realignment after PLIF using 
12° lordotic cages (Figure 3). No R-ASD was encountered. 
JOA score improved significantly from 10 preoperatively to 
28 at 2 years postoperatively.

Discussion

Spinopelvic alignment after lumbar fusion is a very 
important factor that affects the long-term outcomes. In 
recent years, even with single-segment fusion, focusing 
attention on the fusion angle and an aim to achieve 
appropriate angled fusion have been reported as mandatory 
(1,10,15,16). To the best of our knowledge, the present 
study is the first prospective longitudinal study to examine 
realignment in spinopelvic segmental and global sagittal 
parameters and the incidence of ASD after PLIF with 12° 
lordotic cages, limited to the same fusion segment and 
number of fusions using standing radiographs of the whole 
spine. PLIF with 12° lordotic cages for L4-5 degenerative 
spondylolisthesis achieved spinopelvic segmental and global 
sagittal realignment, with satisfactory clinical outcomes and 
a low incidence of ASD during 2 years of follow-up.

Causes of realignment after lumbar fusion surgery can be 
mainly divided into effects of decompression and correction 
of segmental alignment at the fused segment. In terms of 
the effects of decompression, some authors have reported 
reactive lumbar and global sagittal realignment after 
decompression without fusion (26-28). As the mechanisms 
of realignment, decreased epidural pressure and the release 
of neurological symptoms after decompression have been 
speculated to lead to spinopelvic global realignment, because 
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Figure 1 Pre- and postoperative JOA scores. JOA scores 
show significant improvement postoperatively compared to 
preoperatively (*P<0.01, preoperatively vs. PO 1 year; **P<0.01, 
preoperatively vs. PO 2 years). Values represent mean ± SD. PO, 
postoperatively; JOA, Japanese Orthopaedic Association; SD, 
standard deviation.
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in patients with degenerative lumbar stenosis, anterior 
displacement of the C-7 plumb line and the loss of lordosis 
occur as protective mechanisms to avoid neurological 
symptoms (26,28,29). The effect of decompression was also 
considered to be involved in the results of spinopelvic global 
realignment in the present study. However, acquiring the 
correction of segmental alignment by decompression alone 
was difficult. In terms of the effects of correcting segmental 

Figure 2 Correlation of change in SL (ΔSL) and change in global alignment (ΔLL and ΔSVA). (A) Correlation between ΔSL and ΔLL. The 
graph shows a positive correlation. (B) Correlation between ΔSL and ΔSVA. The graph shows a negative correlation. LL, lumbar lordosis; 
SL, segmental lordosis; SVA, sagittal vertical axis.

Table 1 Pre- and postoperative radiographic parameters

Radiographic 
parameters

Timing of radiographic evaluations

Preoperatively (n=28) 3 months postoperatively (n=28) 1 year postoperatively (n=28) 2 years postoperatively (n=27)

SL at L4/5 (°) 14.4 (4.1) 18.0 (5.2)** 18.3 (5.6)†† 18.5 (5.5)‡‡

SVA (mm) 52.7 (53.7) 29.1 (25.3)* 30.5 (34.1)† 36.2 (29.0)

TPA (°) 22.1 (8.0) 18.3 (7.4)** 17.4 (7.3)†† 18.2 (6.4)‡‡

TK (°) 29.1 (8.4) 30.0 (7.0) 32.0 (7.9)†† 32.3 (7.2)‡

LL (°) 41.9 (11.4) 44.9 (9.9)* 46.1 (9.1)†† 46.0 (9.5)‡‡

SS (°) 31.5 (7.3) 31.8 (7.4) 33.3 (6.2)† 33.3 (6.4)‡

PT (°) 23.8 (8.0) 22.3 (6.8)* 20.9 (6.8)†† 21.1 (6.6)‡‡

PI (°) 55.3 (11.1) 54.3 (10.0) 54.1 (9.3) 54.5 (9.5)

PI-LL (°) 13.4 (10.4) 9.5 (7.9)** 8.0 (8.5)†† 8.5 (7.9)‡‡

Data are expressed as mean (SD). *, P<0.05; **, P<0.01 (preoperatively vs. 3 months postoperatively); 
†
, P<0.05; 

††
, P<0.01 (preoperatively 

vs. 1 year postoperatively); 
‡
, P<0.05; 

‡‡
, P<0.01 (preoperatively vs. 2 years postoperatively). SL, segmental lordosis; SVA, sagittal vertical 

axis; TPA, T1 pelvic angle; TK, thoracic kyphosis; LL, lumbar lordosis; SS, sacral slope; PT, pelvic tilt; PI, pelvic incidence; SD, standard 
deviation. 
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Table 2 Radiological adjacent segment disease at 2 years 
postoperatively

Type of radiological change
Level, n (%)

L3/4 L5/S

Disc height narrowing >3 mm 0 (0.0) 2 (7.4)

Posterior opening angle >5° 0 (0.0) 0 (0.0)

Progression of slippage >3 mm 1 (3.7) 0 (0.0)
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alignment after lumbar fusion, a relationship between cage 
angle and spinopelvic sagittal alignment has been reported 
(11,14-16,30). Gödde et al. noted that cage geometry has a 
significant impact on alignment of the lumbar spine after 
PLIF (11). They concluded that SL and LL decreased with 
0° rectangular cages, but significantly increased with various 
wedge-shaped cages. In fact, we have previously reported that 
SL decreased slightly in PLIF with 0° rectangular cages (1).  
Moreover, Hong et al. reported that in transforaminal 
lumbar inter-body fusion, cages with a 15° lordotic angle 
achieved higher restoration of SL and LL than 4° or 8° 
cages (16). They concluded that the lordotic angle of the 
cages determined the degree of restoration of LL. Similarly, 
in the present study, SL and various spinopelvic global 
parameters (SVA, TPA, LL, PT, PI-LL) were significantly 
improved after PLIF with 12° lordotic cages. Spinopelvic 
global sagittal realignment in the present study was 
attributed to the effects of decompression and the corrected 
SL in the lower lumbar arc, which provides the foundation 
of the lumbar spine. Actually, in the present study, ΔSL and 
ΔLL showed a significant positive correlation, and ΔSL and 
ΔSVA showed a significant negative correlation, suggesting 
that the acquisition of SL using 12° lordotic cages was key 
to spinopelvic sagittal realignment in PLIF. However, these 
correlations were weak with low r values, because the effect 
of PLIF between single-segments alone on global alignment 
is limited.

Several studies have reported on relationships between 
spinopelvic sagittal alignment and ASD. Kumar et al. 
reported that patients who had an abnormal C7 plumb line 
position and/or SS experienced a significantly higher rate 
of ASD (31). With respect to LL and PI-LL, lower LL 
and PI-LL mismatch have been suggested as risk factors 
for ASD after lumbar fusion (4,32,33). Rothenfluh et al. 
reported that patients with PI-LL mismatch had a 10-fold 
greater risk of developing ASD than controls (4). We have 
also reported that preoperative higher SVA, higher PT, lower 
LL and PI-LL mismatch were associated with ASD after 
PLIF using 0° rectangular cages at the L4/5 segment (1).  
Furthermore, regarding SL, Umehara et al. reported 
in a biomechanical study that hypolordosis in the fused 
segments caused increased loading of the posterior column 
in the adjacent segments (3). Moreover, Kim et al. suggested 
that maintaining the L4/5 SL at >20° was important for 
preventing clinical ASD (34). Okuda et al. reported that 
decreased ΔSL after PLIF represented a risk factor for 
early-onset ASD within 2 years (35). They also reported the 
difficulty of acquiring the SL after PLIF with 0° rectangular 
cages and the incidences of early-onset ASD were 19% for 
R-ASD and 5% for O-ASD at 2 years postoperatively (1,20). 
In the present study, the incidences of ASD were 11.1% for 
R-ASD and 0% for O-ASD at 2 years postoperatively; there 
was a low incidence of ASD. Therefore, these results also 
suggested that appropriate SL after L4/5 PLIF with 12° 

Pre- PO-3M PO-1Y PO-2Y

SVA +105 mm 
TPA 39° 
TK 27° 
LL 46° 
SS 37° 
PT35° 
PI 71° 
PI-LL 25° 
SL 11°

SVA +6 mm 
TPA 21° 
TK 30° 
LL 64° 
SS 45° 
PT 26° 
PI 71° 
PI-LL 7° 
SL 20°

SVA +18 mm 
TPA 18° 
TK 39° 
LL 65° 
SS 46° 
PT 24° 
PI 70° 
PI-LL 5° 
SL 21°

SVA −2 mm 
TPA 17° 
TK 33° 
LL 66° 
SS 43° 
PT 26° 
PI 69° 
PI-LL 3° 
SL 22°

A B C D

Figure 3 Pre- and postoperative standing radiographs of the whole spine in a representative case. Radiographs preoperatively (A), 3 months 
postoperatively (B), 1 year postoperatively (C), and 2 years postoperatively (D). PO, postoperatively; M, month; Y, year; SVA, sagittal vertical 
axis; TPA, T1 pelvic angle; TK, thoracic kyphosis; LL, lumbar lordosis; SS, sacral slope; PT, pelvic tilt; PI, pelvic incidence; SL, segmental 
lordosis.
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lordotic cages leads to the realignment of spinopelvic global 
parameters and prevention of ASD. Particularly in lower 
lumbar fusion surgery, we should consider various options 
such as using lordotic cages to acquire SL at the fused 
segment and thus avoid creating an iatrogenic flat back.

The present study has several limitations. First was the 
small number of patients. Second, the follow-up period 
was short. Third, cages with other lordotic angles were not 
evaluated as a control group. Further long-term follow-up 
is needed to identify the long-term radiological alignment 
and incidence of ASD.

Conclusions

In conclusion, realignment in segmental and spinopelvic 
global parameters and the incidence of ASD after 
PLIF using 12° lordotic cages for L4–5 degenerative 
spondylolisthesis were investigated. PLIF with 12° lordotic 
cages allowed the acquisition and maintenance of segmental 
correction and spinopelvic global realignment, and the 
incidence of R-ASD was 11.1% and O-ASD was 0% within 
2 years. These results suggest that achieving the correction 
of SL and spinopelvic sagittal realignment using 12° 
lordotic cages in PLIF may prevent ASD and iatrogenic flat 
back.
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