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Factors Affecting Incomplete LS5/S Posterior
Lumbar Interbody Fusion, Including Spinopelvic
Sagittal Parameters

Shinichi Kato, Nobuki Terada, Osamu Niwa, Mitsuko Yamada

Department of Orthopedic Surgery, Restorative Medicine of Neuro-Musculoskeletal System, School of Medicine, Fujita Health University, Nagoya, Japan

Study Design: Retrospective observational study.

Purpose: In this study we identify risk factors, including patient demographics, sagittal parameters, and clinical examinations, affect-
ing incomplete L5/S posterior lumbar interbody fusion (PLIF).

Overview of Literature: The lumbosacral spine is considered to have an interbody fusion rate lower than that of the lumbar spine,
but few studies have investigated the cause, including investigating the pelvis. We believe that pelvic morphology can affect L5/S
interbody fusion of the lumbosacral spine.

Methods: We observed 141 patients (61 men, 80 women; average age, 65.8 years) who had undergone PLIF and checked for the
presence of L5/S interbody fusion. We investigated factors such as age, gender, the presence of diffuse idiopathic skeletal hyperos-
tosis (DISH), fusion level, and grade 2 osteotomy, as well as pre-, post-, and post-preoperative L5/S disk height and angle, lumbar
lordosis, Visual Analog Scale (VAS) score, Japanese Orthopaedic Association (JOA) score, and pelvic incidence (Pl), comparing those
with and without L5/S interbody fusion. In addition, we analyzed the patients classified into short-level (n=111) and multi-level fusion
groups (n=30).

Results: Overall, the L5/S interbody fusion rate was 70% (short-level, 78%; multi-level, 40%). Age and pre- and post-preoperative
L5/S disk angle were significantly different in each fusion level group. DISH presence, grade 2 osteotomy, and postoperative VAS and
JOA scores were significantly different in the short-level fusion group, whereas Pl was significantly different in the multi-level fusion
group.

Conclusions: Incomplete union after L5/S PLIF correlates with advanced age, many fusion levels, and a large value of preoperative
and a small value of post-preoperative L5/S disk angles.
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Introduction and circumferential fusion, it has been performed for var-

ious diseases for the past several decades. Although many

Because posterior lumbar interbody fusion (PLIF) simul- clinical outcomes have been reported, well-organized in-
taneously provides extensive spinal canal decompression vestigations of multi-level interbody fusion, including that

Received Feb 25, 2021; Revised May 2, 2021; Accepted Jun 1, 2021

Corresponding author: Shinichi Kato

Department of Orthopedic Surgery, Restorative Medicine of Neuro-Musculoskeletal System, School of Medicine, Fujita Health
University, 3-6-10 Otobashi, Nakagawa-ku, Nagoya, Aichi 454-8509, Japan

Tel: +81-52-323-5650, Fax: +81-52-332-8634, E-mail: shkato@fujita-hu.ac.jp

Copyright © 2022 by Korean Society of Spine Surgery
This 1s an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/)

which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Asian Spine Journal * pISSN 1976-1902 eISSN 1976-7846 « www.asianspinejournal.org



Affecting Factors for LS/S Posterior Lumbar Interbody Fusion &%) I

of the lumbosacral region, are limited.

Since the development of the lateral approach for inter-
body fusion, minimal invasiveness has progressed, and
treatment opportunities for elderly people and patients
with multi-level intervertebral lesions are expected to ad-
vance in the future. In addition, although the use of spino-
pelvic parameters has permeated this area of surgery, and
the influence of sagittal alignment on clinical outcomes
has been widely recognized [1], investigation of the rela-
tionship with interbody fusion remains limited. The lum-
bosacral spine in particular is thought to have a lower rate
of interbody fusion than that of the lumbar spine, but few
studies have investigated its cause, including examining
the pelvis. We believe that pelvic incidence (PI), a pelvic
morphology index unique to each individual, can affect
fusion of the lumbosacral region.

Therefore, in this study we investigate the physical and
surgical factors, as well as the sagittal alignment, that can
affect interbody fusion of L5/S PLIFE, along with clinical
outcomes. We also compare and evaluate the differences
in short-level versus multi-level fusion.

Materials and Methods

1. Patient population and inclusion and exclusion criteria

We performed a retrospective observational study con-
ducted in compliance with the Declaration of Helsinki.
The study was reviewed and approved by the Institutional
Review Board for Clinical Research Ethics at Fujita Health
University (approval no., HM 19-123).

Among the 177 patients who had undergone PLIF, in-
cluding L5/S, between January 2013 and December 2018,
141 patients (61 men, 80 women) were included in our
study. We excluded the remaining 36 patients who under-
went re-operation, combination with proximal postero-
lateral fusion, S1 distal instrumentation, and grade 3 os-
teotomy or higher. We defined diffuse idiopathic skeletal
hyperostosis (DISH) as continuous anterior ossification
of >4 vertebrae, following the criteria of Resnick et al. [2]
(Fig. 1). Diagnoses were as follows: 57 patients had lum-
bar canal stenosis, 29 had degenerative spondylolisthesis,
24 had lumbar disk hernia, 14 had degenerative lumbar
scoliosis, 14 had isthmic spondylolisthesis, and three had
other diagnoses. Average patient age was 65.8 years (range,
30-86 years), the average number of fusion levels was 2.0
(single-level, 45 patients; two-level, 66; three-level, 23;
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Fig. 1. Diffuse idiopathic skeletal hyperostosis was recognized as four continu-
ous anterior ossification of vertebrae above L2 on the sagittal computed tomog-
raphy.

four-level, 6; five-level, 1), and the average observation
period was 38 months (range, 12—-72 months).

2. Surgical technique

As a general principle, in these procedures, pedicle screws
(PSs) were inserted after cranial laminectomy and partial
facetectomy. For disk space purification, the PS-attached
device was distracted, followed by disk space packing with
autogenous local bone. Hydroxyapatite particles were
added to supplement the space only for those patients in
whom a few local bones were used. Finally, the PS systems
were fixed after cage insertion, and posterolateral bone
transplantation was performed with only local bone or in
combination with hydroxyapatite particles.

Grade 2 osteotomy was performed after PS insertion,
and no pedicle fracture occurred in any patient during
surgery (Fig. 2). The cage implant material in all but 2 pa-
tients was polyether ether ketone (PEEK), and the lordosis
angle of all cages was <6°.

3. Interbody fusion, patient demographics, sagittal pa-
rameters, and clinical examinations

L5/S PLIF was assessed by reconstruction computed to-
mography (CT) at 1 year postoperatively. In patients for
whom fusion was complete (the fusion group), we evalu-
ated the images for the existence of consecutive bone for-
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Fig. 2. Grade 2 osteotomy was recognized with L5/S posterior lumbar interbody
fusion on the sagittal computed tomography.

Fig. 3. (A) The fusion group was evaluated for the existence of consecutive
bone formation with no pedicle screw (PS) loosening and (B) the incomplete
fusion group was evaluated for the existence of a lucent zone or gap around
the cage or PS loosening in multiple sagittal and coronal computed tomography
images.

mation in multiple slices obtained around the cage using
sagittal and coronal CT. In patients for whom fusion was
incomplete (the incomplete-fusion group), we evalu-
ated the images for the existence of a lucent zone or gap
around the cage or PS loosening (Fig. 3).

We measured the spinopelvic sagittal parameters on
the lateral whole spine radiograph. We used the Sectra
Orthopaedic Package IDS 7 system ver. 11.2 (Sectra AB,
Linkoping, Sweden) to measure the PI. We measured the
L5/S disk angle between the inferior line of the L5 ver-
tebrae and the superior line of the S1 vertebrae and the
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Fig. 4. The spinopelvic sagittal parameters were measured on the lateral whole
spine radiograph. PI, pelvic incidence; PT, pelvic tilt; SS, sacral slope; SVA, sag-
ittal vertical axis.

lumbar lordosis (LL) between the superior line of the L1
vertebrae and the superior line of the S1 vertebrae (Fig. 4).
We measured L5/S disk height at the center of the verte-
brae. We obtained the postoperative Visual Analog Scale
(VAS) scores for low-back pain and the Japanese Ortho-
paedic Association (JOA) scores at 1 year postoperatively.
The JOA score for lumbar pain is based on subjective
symptoms and objective findings and restriction of activi-
ties of daily living and bladder function; the maximum
score is 29 points.

We evaluated patient demographics and examination
results, including age and gender; DISH presence; fusion
level; grade 2 osteotomy; pre-, post-, and post—preopera-
tive L5/S disk height and angle; pre-, post-, and post—pre-
operative LL and PI; and pre-, post-, and post—preopera-
tive VAS and JOA scores. We compared all demographics
and examination results between the patients in the fusion
and incomplete-fusion groups, both of which we sub-
classified into short-level (<2) and multi-level (=3) fusion
groups.

4. Statistical analysis
All values are expressed as meantstandard deviation. We

performed the statistical analyses with respect to the pres-
ence of L5/S interbody fusion. We assessed the continuous
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variables using the Mann-Whitney U-test and the cat-
egorical variables with Fisher’s exact test. We set the level
of statistical significance as p<0.05.

We analyzed the variables with statistically significant
p-values in the univariable analysis using multivariable
analysis, as well as those variables classified in the short-
and multi-fusion groups that showed a tendency toward
statistical significance. We used receiver operating charac-
teristic (ROC) curve analysis for the continuous variables

Average fusion levels were 1.7 in the fusion group and 2.5
in the incomplete-fusion group, which were significantly
different (p<0.0001). At 14.1% in the fusion group and
4.8% in the incomplete-fusion group, grade 2 osteotomy
showed no significant difference (p=0.08) (Table 1).
Preoperative L5/S disk angles were 4.9° in the fusion
group and 9.3° in the incomplete-fusion group, which
were significantly different (p<0.0001). Postoperative L5/
S disk angles were 9.6° in the fusion group and 7.9° in the

with statistically significant p-values in the multivariable
analysis to determine an optimal cut-off point using the
Youden index. We performed the statistical analyses us-
ing the JMP ver. 14.2.0 software suite (SAS Institute Inc.,
Cary, NC, USA).

Table 1. Univariable and multivariable analysis of demographic data in patients
with and without interbody fusion

Univariable Multivariable

Characteristic

p-value p-value
Results No. of patients 99 42
A 618+142 740:97  <0.0001” 0.01?
Overall, the L5/S interbody fusion rate was 70% (99/141): ge yr * * <
single-level, 91% (41/45); two-level, 70% (46/66); three- " 071
level, 39% (9/23); four-level, 50% (3/6); and five-level, 0% Men i 17
(0/1) Women 55 25
In the univariate analysis for L5/S interbody fusion, av- DiSHpresence U3 E 0107 -
erage patient ages were 61.8 years in the fusion group and Fusion level 17:08  25:09  <0.0001" 001"
74.0 years in the incomplete-fusion group, which were Grade 2 osteotomy 14 2 0.08 -

Values are presented as number or meansstandard deviation.

F (+), L5/S interbody fusion group; F (-), L5/S interbody incomplete fusion group;
DISH, diffuse idiopathic skeletal hyperostosis.

“Statistically significant.

significantly different (p<0.0001). DISH presence showed
no significant difference (p=0.07), with 18.2% in the fu-
sion group and 31.0% in the incomplete-fusion group.

Table 2. Univariable and multivariable analysis of sagittal spino-pelvic parameters in patients with and without interbody fusion

Variable Univariable p-value Multivariable p-value
No. of patients 99 42

Preoperative L5/S disc height (mm) 5.7£2.1 6.1£2.2 0.32

Postoperative L5/S disc height (mm) 7.7+18 7.4+1.8 0.50

Post-preoperative L5/S disc height (mm) 2.0+2.0 1.442.3 0.17

Preoperative L5/S disc angle (°) 49451 9.3+55 <0.0001? <0.0002"
Postoperative L5/S disc angle (°) 9.6+4.7 7.946.0 0.03" 0.44
Post-preoperative L5/S disc angle (°) 47437 -0.445.2 <0.0001? <0.0001?
Preoperative LL (°) 33.7+14.0 36.6+13.9 0.26

Postoperative LL (°) 39.8+11.8 40.5+12.0 0.74

Post-preoperative LL (°) 6.2+7.0 3.6+7.6 0.03" 0.60
PI(°) 50.210.6 54.5¢9.7 0.01° 0.24
Pl-preoperative LL (°) 16.3+10.7 16.6+13.3 0.87

Pl-postoperative LL (°) 10.4+9.1 12.7+10.2 0.20

Values are presented as number or meanzstandard deviation.
F (+), L5/S interbody fusion group; F (-), L5/S interbody incomplete fusion group; LL, lumbar lordosis; PI, pelvic incidence.
IStatistically significant.
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incomplete-fusion group, which were significantly differ-
ent (p=0.03). Post—preoperative L5/S disk angles were 4.7°
in the fusion group and —0.4° in the incomplete-fusion
group, which were significantly different (p<0.0001).
Post—preoperative LL was 6.2° in the fusion group and 3.6°
in the incomplete-fusion group, which was significantly
different (p=0.03), whereas pre- and postoperative LL
were not significantly different. PI was 50.0° in the fusion
group and 54.5° in the incomplete-fusion group, which
was significantly different (p=0.01), but PI-pre- and PI-
postoperative LL were not significantly different (Table 2).

The postoperative VAS scores were 11 in the fusion
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group and 23 in the incomplete-fusion group, which were
significantly different (p=0.0006). Pre- and post—preop-
erative VAS scores were not significantly different. Postop-
erative JOA scores were 25.8 in the fusion group and 24.0
in the incomplete-fusion group, which were significantly
different (p=0.01). Pre- and post—preoperative JOA scores
were not significantly different (Table 3).

In the multivariable analysis for L5/S interbody fusion,
age (p=0.01), fusion level (p=0.01), pre- and post—preop-
erative L5/S disk angles (p<0.0002, p<0.0001, respective-
ly), and postoperative VAS scores (p=0.007) were signifi-
cantly different (Tables 1-3). The optimal cut-off points

Table 3. Univariable and multivariable analysis of clinical data in patients with and without interbody fusion

VELEL]] Univariable p-value Multivariable p-value
No. of patients 99 42

Preoperative VAS (mm) 57.8+22.7 63.6+24.1 0.23

Postoperative VAS (mm) 11.149.8 22.7+16.5 0.0006" 0.007°
Post-preoperative VAS (mm) 46.2+19.1 45.4+27.8 0.90

Preoperative JOA score 15.144.7 15.3£7.0 0.92

Postoperative JOA score 25.8+2.7 24435 0.01? 0.24
Post-preoperative JOA score 10.0+4.4 92443 0.51

Values are presented as number or meanzstandard deviation.
F (+), L5/S interbody fusion group; F (=), L5/S interbody incomplete fusion group; VAS, Visual Analog Scale; JOA, Japanese Orthopaedic Association.
IStatistically significant.

Table 4. Univariable analysis of patient demographic and clinical data and sagittal spino-pelvic parameters classified by short- and multi-level fusion

Short-level fusion group

Multi-level fusion group

Variable

F(-) Univariable p-value Univariable p-value
No. of patients 87 24 12 18
Age (yr) 60.6+14.5 728117 0.0001° 70.3+8.6 75.746.1 0.02°
DISH presence 14 9 0.02°” 4 4 0.39
Grade 2 osteotomy 12 0 0.01? 2 2 053
Preoperative L5/S disc angle (°) 49453 9.5+5.6 0.0002” 5.0+3.7 9.1455 0.01?
Postoperative L5/S disc angle (°) 9.9+4.8 8.8+6.5 0.17 7.4+3.2 7.0+5.2 0.66
Post-preoperative L5/S disc angle (°) 49437 -0.49:56 <0.0001” 29433 0.3+4.8 0.02”
Post-preoperative LL (°) 6.5+7.2 3.8+9.0 0.06 34452 34457 0.97
PI(°) 50.6+11.1 54.1£11.2 0.20 47.5+4.7 54.9+7.8 0.003"
Postoperative VAS (mm) 11.249.9 23+15.4 0.001? 10.749.9 22.2+19.2 0.06
Postoperative JOA score 25.8+2.8 24.1£3.2 0.02” 25.8+2.6 23.9+4.3 0.30

Values are presented as number or meanzstandard deviation.

F (+), L5/S interbody fusion group; F (-), L5/S interbody incomplete fusion group; DISH, diffuse idiopathic skeletal hyperostosis; LL, lumbar lordosis; PI, pelvic incidence;
VAS, Visual Analog Scale; JOA, Japanese Orthopaedic Association.

IStatistically significant.
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determined by ROC analysis were as follows: incomplete
L5/S interbody fusion, age=71 years, area under the curve
(AUC)=0.76; fusion level=2, AUC=0.72; preoperative L5/
S disk angle=7.2°, AUC=0.71; and post—preoperative L5/S
disk angle=—0.1°, AUC=0.83.

In the univariate analysis classified by short-level and
multi-level fusion, age (p=0.0001, p=0.02), preoperative
L5/S disk angle (p=0.0002, p=0.01), and post—preopera-
tive L5/S disk angle (p<0.0001, p=0.02) were significantly
different in each fusion level group, respectively. DISH
presence (p=0.02) and grade 2 osteotomy (p=0.01) were
significantly different in the short-level fusion group,
and PI (p=0.003) was significantly different in the multi-
level fusion group. Postoperative VAS (p=0.001) and JOA
scores (p=0.02) were also significantly different in the
short-level fusion group (Table 4).

Discussion

Although spinopelvic parameters have become popular
for assessing clinical strategy and its results, the reports
about assessing interbody fusion are limited [3]. In exten-
sive fusion such as adult spinal deformity surgery, sagittal
alignment is particularly important. Above all, the lum-
bosacral region plays a key role when considering the for-
mation of LL, and it is useful to evaluate the relationship
between spinopelvic parameters and L5/S interbody fu-
sion. The L5/S interbody fusion rate is thought to be lower
than that of the lumbar spine, but according to previous
reports, it can range from 40% to 96% [4-8].

In addition, many reports have discussed the results
of up to two-level fusion, whereas for multi-level fusion,
most of the results are combined with proximal postero-
lateral fusion or with distal iliac fusion. Therefore, the
reports that precisely evaluate only interbody fusion of
multiple levels, including the lumbosacral region, are lim-
ited. In this study, we compared the results of L5/S PLIF
for multi-level fusion against those for short-level fusion,
finding that L5/S PLIF for multi-level fusion is more sus-
ceptible to PI than is that for short-level fusion.

Using CT images to evaluate interbody fusion is supe-
rior for the early recognition of bridging trabeculation,
and these images can be evaluated in greater detail than
can X-ray images [9]. We evaluated fusion with CT 1 year
after surgery and determined the presence of fusion based
on the existence of consecutive bone formation without a
lucent zone or gap around the cage. Furthermore, because

PS loosening reduces the interbody fusion rate [10], we
decided that cases with loosening did not exhibit fusion.
In addition, because cage material can affect the evalua-
tion of fusion images, as metals such as titanium can cre-
ate artifacts [11], and most cages used for the patients in
the present study were made of PEEK, with little influence
of artifacts, we could evaluate fusion more exactly. As
such, we strictly evaluated fusion and concluded that the
fusion rate of L5/S PLIF was not high.

Patient and surgical factors can affect bone union after
lumbar fusion surgery. One patient factor is age [6], and
similar to previous reports, in our study, age was sig-
nificantly higher in the incomplete-fusion group. DISH,
which often is associated with elderly patients, is a risk
factor for re-operation after lumbar interbody fusion [12]
and for cage retropulsion after PLIF [13]. In the present
study, we found that DISH affected interbody fusion for
the lumbosacral region for short-level fusion but not for
multi-level fusion. The reason may be that the uneven
stress between the continuous anterior column caused by
DISH and the localized posterior fixation for PLIF might
have negative effects on interbody fusion.

Surgical factors include the number of fusion levels,
type of grafted bone, and cage material [4,14-17]. Similar
to previous reports, in our study, as the number of fusion
levels increased, the L5/S interbody fusion rate decreased.
We used local bone for grafting in all cases and added
hydroxyapatite particles in some cases, but we did not use
allogeneic or autologous iliac bone. Because hydroxyapa-
tite alone does not promote interbody fusion [14], the re-
sults of fusion are superior with autologous bone as com-
pared to allogeneic bone [15], and PLIF clinical outcomes
between autologous local and iliac bone are similar [16].
Thus, we consider that the effects of our surgical method
on interbody fusion are localized.

For cage materials, interbody fusion is more likely to be
achieved with titanium rather than with PEEK [17], and
an elevated cage angle increases fusion rate [18]. There-
fore, our cage selection may have affected our clinical out-
comes.

Because the lumbosacral spine has larger ranges of an-
teroposterior flexion and rotation motion than does the
lumbar spine [19,20], it is possible that L5/S intervertebral
properties can affect interbody fusion. L5/S is likely to be
a risk factor of pseudarthrosis after transforaminal lumbar
interbody fusion when the preoperative intervertebral
height or angle is large [7,21]. Similarly, the patients in the
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present study were also unlikely to achieve fusion when
the preoperative L5/S disk angle was large, and fusion was
likely when the postoperative angle was larger than the
preoperative angle. Further, the effects of grade 2 osteoto-
my, which promotes the formation of LL, was recognized
only in the short-level fusion group.

As mentioned above, PI affected L5/S interbody fusion
during multi-level fusion in our patients. High PI is a risk
factor for pseudarthrosis after L5/S anterior interbody
fusion [22] and is linked with pelvic tilt (PT) and sacral
slope (SS). Because the stress of a long lever arm is con-
centrated on the lumbosacral spine in multi-level fusion,
when PT or SS increases, sagittal shear force also increases
and negatively influences L5/S fusion. Therefore, short-
level fusion is thought to be easily affected by L5/S disc
morphology and sagittal alignment of the lumbar spine,
whereas multi-level fusion is thought to be easily affected
by L5/S disc and pelvic morphology.

In previous research, poor interbody fusion has been
shown to lead to low JOA and JOA Back Pain Evalua-
tion Questionnaire scores [23]. In addition, alignment
and bone fusion are involved in the rate of postoperative
low-back pain improvement [24]. Meanwhile, interbody
fusion and clinical symptoms are not associated [25], and
fusion forms such as in-situ union or collapse union are
not associated with clinical symptoms [26].

The results for the patients in our study were similar to
those of previous reports in that the postoperative JOA
score was significantly lower and the postoperative VAS
score was significantly higher in the incomplete-fusion
group. Although these results were significantly different
in the short-level fusion group, they were not significantly
different in the multi-level fusion group.

Our study has certain limitations. Ours is a retrospec-
tive observational study conducted in a single institution,
and the number of cases of multi-level interbody fusion
were limited. We could not evaluate the association be-
tween interbody fusion and items such as cage installation
position or S1 PS insertion position, including bicortical
or monocortical fixation. In addition, we did not evaluate
other possible factors affecting interbody fusion, such as
medical history and bone mineral density.

Conclusions

Incomplete union after L5/S PLIF is correlated with ad-
vanced age, many fusion levels, a large value of the pre-

operative L5/S disk angle, and a small value of the post—
preoperative L5/S disk angle. Therefore, we suggest that
interbody fusion following L5/S PLIF may be affected by
sagittal alignment of the lumbosacral spine in short-level
fusion and by pelvic morphology in multi-level fusion.
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