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Study Design: Retrospective study.
Purpose: To investigate the relationship between preoperative total spinal sagittal alignment and the early onset of adjacent seg-
ment degeneration (ASD) after single-level posterior lumbar interbody fusion (PLIF) in patients with normal sagittal spinal alignment.
Overview of Literature: Postoperative early-onset ASD is one of the complications after L4–L5 PLIF, a common surgical procedure 
for lumbar degenerative disease in patents without severe sagittal imbalance. A better understanding of the preoperative characteris-
tics of total spinal sagittal alignment associated with early-onset ASD could help prevent the condition.
Methods: The study included 70 consecutive patients diagnosed with lumbar degenerative disease who underwent single-level L4–
L5 PLIF between 2011 and 2015. They were divided into two groups based on the radiographic progression of L3–L4 degeneration 
after 1-year follow-up: the ASD and the non-ASD (NASD) group. The following radiographic parameters were preoperatively and post-
operatively measured: sagittal vertebral axis (SVA), thoracic kyphosis (TK), lumbar lordosis, pelvic tilt, and pelvic incidence (PI).
Results: Eight of the 70 patients (11%) experienced ASD after PLIF (three males and five females; age, 64.4±7.7 years). The NASD 
group comprised 20 males and 42 females (age, 67.7±9.3 years). Six patients of the ASD group showed decreased L3–L4 disc height, 
one had L3–L4 local kyphosis, and one showed both changes. Preoperative SVA, PI, and TK were significantly smaller in the ASD 
group than in the NASD group (p<0.05).
Conclusions: A preoperative small SVA and TK with small PI were the characteristic alignments for the risk of early-onset ASD in 
patients without preoperative severe sagittal spinal imbalance undergoing L4–L5 single-level PLIF.
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Introduction

Lumbar spinal canal stenosis (LSCS) with segmental 
instability and sagittal spinal malalignment has been in-
creasing in the elderly population [1]. LSCS unresponsive 
to conservative treatment is often treated using decom-
pression surgery stabilized by instrumentation [2]. Poste-
rior lumbar interbody fusion (PLIF) is widely performed 
for degenerative lumbar disorders; it provides indirect 
decompression of the neural foramina and allows solid 
fixation of unstable segments [3]. However, the segmental 
rigidity resulting from spinal instrumentation may in-
crease stress at adjacent levels. The increase in rigidity of 
spinal segments has been reported to increase the risk of 
adjacent segment degeneration (ASD) after PLIF [4,5].

ASD after PLIF is usually considered a relatively long-
term complication of lumbar or lumbosacral fusion 
[4,5]; the average time to diagnose radiographic lumbar 
instability was reported to be 25 months after transpe-
dicular fixation [6]. Another study reported the onset of 
symptomatic ASD occurring at an average of 26.8 months 
postoperatively [7]. Age-related progressive spinal degen-
eration is also thought to be a major contributor to ASD 
[4]. The onset of ASD is reported to significantly increase 
in patients older than 60 years whose preoperative MRI 
showed disc degeneration [8,9].

Another recognized risk factor for ASD is preoperative 
lumbo-pelvic sagittal malalignment [4,10-12], and single-
level PLIF is now rarely performed for patients with total 
sagittal spinal malalignment. Single-level PLIF can only 
limitedly improve sagittal spinal alignment; therefore, it 
is generally used for patients without severe sagittal spi-
nal imbalance. However, the risk factors for ASD after 
single-level intervertebral fusion are not well established. 
Therefore, the present study aimed to investigate the rela-
tionship between the preoperative characteristics of total 
spinal sagittal alignment and the early onset of ASD in 
patients with normal sagittal spinal alignment.

Materials and Methods

1. Study population

This retrospective study included 70 consecutive patients 
who underwent L4–L5 posterior single-segment PLIF 
particularly for L4–L5 lumbar degenerative disease at 
our hospital between January 2011 and December 2015; 

these patients were followed up a year later. The subjects 
comprised 23 males and 47 females with a mean age of 
67.5±13.7 years (range, 51–85 years). Confounding fac-
tors were excluded by selectively recruiting patients with-
out preoperative decreased disc height or instability at the 
L3–L4 single segment. Further exclusion criteria were as 
follows: unavailable or inadequate standing full-spine ra-
diographs, coronal deformity >10°, sagittal vertebral axis 
(SVA) >100 mm, or a previous spinal surgery or disease.

All subjects provided written informed consent after 
explanation of the experimental protocol. The study was 
approved by the Institutional Review Board of Tokyo 
Medical University (IRB approval no., 2165). 

2. Study procedures and radiological parameters

Lateral standing radiographs were obtained by digital 
slot-scan radiography using a Sonialvision Safire fluoros-
copy system (Shimadzu Corporation, Kyoto, Japan), with 
entrance surface doses of 0.07 mGy and 0.21 mGy, follow-
ing a standardized protocol with the patient standing in a 
neutral fists-on-clavicle position [13]. The following spi-
nal parameters were assessed before surgery and at 1 year 
after surgery: C7–S1 SVA, T4–T12 thoracic kyphosis (TK) 
angle, lumbar lordosis (LL), pelvic tilt (PT), and pelvic in-
cidence (PI) [13].

3.   Definition of early-onset radiographic adjacent seg-
ment degeneration

Radiographic evaluation was performed 1 year after the 
operation. Postoperative progression of radiologic ASD 
[14] was defined as follows: a decrease of more than 3 mm 
in disc height, an intervertebral angle at flexion less than 
–5°, and a progress of slippage greater than 3 mm com-
pared with the preoperative flexion and extension lateral 
radiographs. The patients were divided into two groups 
based on the progression of L3–L4 degeneration at final 
follow-up: the ASD and non-ASD (NASD) groups.

4. Statistical analysis

Factors associated with the development of early-onset 
ASD were evaluated using logistic regression analysis. 
The Tukey–Kramer HSD test was used to assess inter-
group differences between the ASD and NASD groups 
to evaluate the outcome measurements of sagittal spinal 
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parameters. Correlations between spinopelvic parameters 
were evaluated using Spearman’s rank correlation coeffi-
cients. Values are expressed as means±standard deviation. 
All statistical analyses were performed using the JMP 
software ver. 8.0 (SAS Institute Inc., Cary, NC, USA). All 
p<0.05 were considered statistically significant.

Results

Eight of the 70 patients (11%) exhibited L3–L4 ASD after 
single-level L4–L5 PLIF; these formed the ASD group 
(three males and five females; mean age, 64.4±7.7 years). 

The remaining patients formed the NASD group, which 
comprised 20 males and 42 females (mean age, 67.7±9.3 
years) (Table 1). Six patients from the ASD group showed 
decreased L3–L4 disc height, one had L3–L4 local ky-
phosis, and one showed both changes. None of the ASD 
group patients exhibited additional symptoms or under-
went reoperation because of the ASD during the year after 
the surgery. In all the subjects, the total spinal sagittal 
alignment did not change significantly between the pre-
operative and postoperative evaluations. SVA, TK, and PI 
were significantly smaller in the ASD group than in the 
NASD group (p<0.05) (Tables 2, 3). In the ASD group, the 

Table 1. Morphometric characteristics of patients

Characteristic ASD group NASD group p-value

Age (yr) 64.4±7.7 67.7±9.3 0.33

Sex (male/female)   3/5  20/42 0.77

Diagnosis

Degenerative spondylolisthesis 7 53 0.97

Degenerative disc disease 1   9 0.97

Values are presented as mean±standard deviation or number.
ASD, adjacent segment degeneration.

Table 2. Preoperative parameters evaluated in the study

Variable Total ASD group NASD group p-value

Sagittal vertebral axis (mm) 35.4±30.7   9.4±32.0 37.7±20.2 0.02

Thoracic kyphosis (°) 23.7±9.7 17.0±7.2 25.0±8.3 0.01

LL (°) 39.1±11.8 35.8±13.1 39.5±11.7 0.40

Pelvic tilt (°) 24.1±8.3 21.3±8.9 24.5±8.3 0.30

PI (°) 55.9±10.4 49.8±10.3 57.4±9.7 0.04

PI–LL (°) 16.9±12.4   9.9±11.3 17.0±11.8 0.13

Values are presented as mean±standard deviation.
ASD, adjacent segment degeneration; LL, lumbar lordosis; PI, pelvic incidence.

Table 3. Postoperative parameters evaluated in the study

Variable Total ASD group NASD group p-value

Sagittal vertebral axis (mm) 36.0±31.5 16.0±12.4 35.8±32.3 0.01

Thoracic kyphosis (°) 24.8±9.6 16.1±7.1 25.5±9.2 0.01

LL (°) 40.4±12.2 32.5±13.8 41.4±11.8 0.05

Pelvic tilt (°) 23.8±8.0 18.9±6.8 24.0±8.0 0.08

PI (°) 55.7±10.4 49.8±10.3 57.4±9.7 0.04

PI–LL (°) 15.3±11.5 17.4±13.0 15.0±11.4 0.59

Values are presented as mean±standard deviation.
ASD, adjacent segment degeneration; LL, lumbar lordosis; PI, pelvic incidence.
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change in LL increased 1 month after the operation; how-
ever, at 1 year, the alignment had decreased relative to the 
preoperative level (Fig. 1). Postoperatively, SVA, TK, and 
PI were significantly smaller in the ASD group than in the 
NASD group (p<0.05). No significant difference in PI–LL 
was observed between the two groups.

Discussion

Although ASD associated with spinal fusion is considered 
a long-term complication, this study was designed to have 
a follow-up of 1 year, which is a relatively short period of 
time, to exclude the possibility that age affects the onset of 
ASD after PLIF. Multiple factors are thought to contribute 
to ASD after PLIF. Progressive spinal degeneration with 
age and biomechanical change following spinal fusion are 
known to be major contributors to the onset of ASD [15]. 
Other possible risk factors for the development of ASD 
include laminar horizontalization and facet tropism at the 
level adjacent to PLIF [16] and interbody fusion from ex-
cessive distraction of the lumbar disc space [9].

It has been reported that a high PI [4] and PI–LL mis-
match [10] could predispose a patient to ASD after PLIF. 
Kumar et al. [12] reported that the incidence of ASD was 
the lowest in patients with normal sagittal alignment. 
They reported that preoperative sagittal lumbo-pelvic 
malalignment produced biomechanical alteration at the 
adjacent level after PLIF, thereby inducing early-onset 
ASD. A cadaver study revealed that lumbar hypo-lordosis 
after posterior fusion increases the posterior shear force 
at the proximal adjacent segment [11]. In contrast, our 
results showed that the characteristic patterns in the ASD 

group were preoperative small SVA, PI, and TK. Reasons 
for these discrepancies could include our exclusion of pa-
tients with severe spinal imbalance and that our subjects 
were relatively well compensated by the thoracic spine and 
pelvis, because their total spinal sagittal alignment did not 
change significantly after the surgery.

 Based on our results and those of previous studies 
[4,10], the total sagittal alignment characteristics of ASD 
can be divided into two types: large SVA and small LL 
with large PI (type I) and small SVA and TK with small PI 
(type II) (Fig. 2). The type 1 characteristics disrupt com-
pensation by other spinal regions, including the pelvis, 
whereas the type 2 characteristics maintain compensation 
by the thoracic spine and pelvis. This is similar to the type 
II classification of Roussouly and Nnadi [13], who de-
scribed a flat back appearance with small PI, with the axial 
load increasing because of the loss of spinal curvature. PI 
is equal to the sum of PT and the sacral slope (SS); thus, a 
patient’s ability to vary SS or PT to compensate for sagit-
tal imbalance depends on the size of PI. Patients with a 
small PI do not have adequate capacity to be compensated 
by PT required to restore balance. In compensated spinal 
sagittal alignment, it is likely that a flat back with small PI 
is a key factor in promoting additional L3–L4 interverte-
bral mechanical load after single-level L4–L5 PLIF. Our 
findings showed that ASD after PLIF manifested mainly 
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Fig. 1. Preoperative and postoperative changes in lumbar lordosis in 
patients with adjacent segment degeneration. Two patients were ex-
cluded because the 1-month radiograph was not available.

Fig. 2. Typical lumbar alignment with adjacent segment degeneration. 
(A) Type 1: small lumbar lordosis and large SVA with large PI. (B) Type 
2: small SVA with small PI. SVA, sagittal vertebral axis; PI, pelvic inci-
dence.
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as a decrease in disc height, which was observed in six 
out of the eight ASD group patients without instability. 
A previous study reported that low LL and low SS were 
risk factors for a second or third occurrence of ASD [17]. 
Surgical planning should consider the evaluation of total 
spinal sagittal alignment, including the pelvis. Even in 
compensated spinal sagittal alignment, a smaller PI could 
be a potential risk factor for early-onset L3–L4 disc de-
generation after L4–L5 PLIF.

This study had some limitations. The number of sub-
jects was relatively small because of the strict inclusion 
criteria, which selected patients only with L4–L5 PLIF 
without additional decompression and corrective surgery, 
as well as exclusion of severe spinal sagittal malalignment 
cases. ASD is thought to be induced by multifactorial 
causes, and we plan to evaluate other factors and clinical 
outcomes in future studies.

Conclusions

The preoperative small SVA and TK with small PI were 
the characteristic alignments for the risk of early-onset 
ASD in patients without preoperative severe sagittal spinal 
imbalance undergoing L4–L5 single-level PLIF.
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