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Abstract

Transforaminal lumbar interbody fusion (TLIF) is widely accepted for the treatment of lumbar arthro-
desis. However, the exact characteristics of TLIF depend on the number, location, shape, or materials of
the interbody implants, and the type of posterior instrument. Clinical and biomechanical characteristics
of each TLIF procedure are still unclear. The present study investigated the clinical and radiological
improvements after single level asymmetrical TLIF, in which a single box-shaped spacer was obliquely
inserted into the intervertebral space, for lumbar degenerative spondylolisthesis in patients with or
without local coronal imbalance (LCI) at the operated level. The clinical records of 60 patients who
underwent single level asymmetrical TLIF augmented with the pedicle screw fixation system from Janu-
ary 2005 to January 2011, were retrospectively reviewed. The patients were divided into the LCI group
(n = 19) and non-LCI group (n = 41), based on segmental lateral translation or disc wedging at the oper-
ated site. Clinical recovery was significantly good in both groups at 2 years after surgery, but improve-
ment of low back pain was significantly worse in the LCI group. Radiological examination revealed that
the mean lumbar scoliotic angle was significantly worse in the LCI group postoperatively. Preoperative
greater scoliotic angle and coronal off balance of the lumbar spine were related to unfavorable radiologi-
cal outcomes. The present study showed that single level asymmetrical TLIF is an acceptable method
for achieving good clinical and radiological outcomes for patients with symptomatic degenerative spon-
dylolisthesis, however, the clinical benefits and realignment are limited if the patient has LCI at the oper-
ated site with greater scoliotic angle or coronal off balance of the lumbar spine.
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Introduction favorable fusion success and clinical outcome for

the treatment of lumbar degenerative disease with

Transforaminal lumbar interbody fusion (TLIF)  spinal instability.®® The greatest advantage of TLIF
augmented with pedicle screw fixation has recently =~ compared to PLIF is avoidance of excessive intra-
become a common procedure for achieving inter-  operative retraction of the neural structures during
body arthrodesis through the posterior approach.”®  interdiscal maneuvers, resulting in reduced risk of
Like posterior lumbar interbody fusion (PLIF), TLIF  intraoperative neural injury.”® Spinal stability after
maintains lumbar lordosis and disc height with ~ TLIF is thought to be adequate for intervertebral
arthrodesis,*'? and may be useful for lumbar degen-
Received December 31, 2013; Accepted February 20, 2014  erative scoliosis.” Consequently, TLIF has become

691




692 T. Takahashi et al.

widely used for the treatment of various lumbar
degenerative diseases coexisting with unstable
spinal condition,*?¥ and the clinical outcomes are
almost similar to those of PLIF.®” However, TLIF
and PLIF have some biomechanical differences,?”
which are caused not only by asymmetrical facet
resection or unilateral approach to disc space but
also by other conditions such as the number, loca-
tion, shape, or materials of interbody implants,
and the type of posterior instrument.>!"25-29 TLIF
with the support of pedicle screws has adequate
strength for achieving intervertebral arthrodesis,
although some biomechanical characteristics and
the endplate area for arthrodesis are different from
PLIF.®11.122428 The biomechanical characteristics of
asymmetrical TLIF, in which a single box-shaped
spacer is obliquely inserted into the intervertebral
space (Figs. 1A, 2), have not been substantially
evaluated, although the procedure is more simple
and cheaper compared with a sickle shape spacer
or double box-shaped spacer (Fig. 1B, C). Therefore,
the validity and limitations of asymmetrical TLIF
are poorly understood, especially in patients with
preoperative coronal imbalance of the lumbar spine.

The present study investigated the clinical and

radiological improvements after asymmetrical
TLIF for lumbar degenerative spondylolisthesis
with spinal instability in patients with or without
segmental coronal imbalance at the operated level.
The factors related to poor radiological outcome
were also evaluated.

Clinical Materials and Methods

The clinical records of 60 patients, 31 females and
29 males, who underwent single level asymmetrical
TLIF using a single box shape intervertebral spacer
augmented with the pedicle screw fixation system
from January 2005 to January 2011 at a single insti-
tute, were retrospectively reviewed. The candidates
were patients who had symptomatic degenerative
spondylolisthesis with radiculopathy or neurogenic
claudication associated with segmental sagittal
instability at the operated levels. Patients who had
multilevel surgery, biportal interbody fusion, or
other shape implants were excluded. Patients with
previous history of back surgery, lumbar scoliosis
more than 20°, entitlement to worker’s compensation,
or incomplete follow-up data were also excluded.
Mean age of the patients at surgery and duration

Fig. 1 Schema of the TLIF procedures. A: Asymmetrical TLIF using a single box-shaped spacer (A, arrow)
obliquely inserted into the intervertebral space through a unilateral portal. Symmetrical TLIF using a double
box-shaped spacer (B, arrow) or sickle-shaped spacer (C, arrow) through a unilateral portal. TLIF: transforaminal

lumbar interbody fusion.

Fig. 2 Postoperative radio-
graphs (A, B) and computed
tomography scan (C) after
asymmetrical TLIF augmented
with a pedicle screw fixation
system. TLIF: transforaminal
lumbar interbody fusion.
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of illness were 63.3 (39-85) years and 36.7 (2—216)
months, respectively. Minimum follow-up period was
24 months after surgery. Sagittal lumbar instability
was based on evidence of dynamic sagittal translation
of 5 mm or more and/or angulation of 10° or more
on flexion-extension study. Local coronal imbalance
(LCI) was defined as lateral vertebral translation of
more than 5 mm and/or lateral disc wedging angle
of more than 5° evaluated by radiography in the
standing position (Fig. 3). The patients were divided
into the LCI and non-LCI groups according to the
LCI at the operated site.

Clinical outcomes were assessed by the Japa-
nese Orthopedic Association (JOA) score, and the
visual analog scale (VAS) between 0 (no pain)
and 10 (maximal pain) in the lumbar and leg
areas. The recovery rate of the JOA score and the
VAS, which indicates the degree of postoperative
normalization, was calculated using the following
formula: (postoperative JOA score—preoperative
JOS score) x 100/(29 [full score]—preoperative
JOS score) and (preoperative VAS—postoperative
VAS) x 100/preoperative VAS. Radiological assess-
ment included measurement of the Cobb angle of
the L1-S1 lordosis, lumbar scoliosis, L4 tilting
angle, and lumbar coronal off balance (Fig. 4).
Lumbar coronal off balance was defined as the
distance between the central sacral vertical line
and L1 vertebral midpoint of more than 10 mm
on radiography in the standing position. These
clinical and radiological parameters were measured
at the preoperative baseline, and 1 week and 24
months after surgery. Radiological change in the
LCI including spacer subsidence and fusion success
was also investigated. Fusion success was defined
as the presence of continuous intervertebral bone
bridge between the fused segments, as confirmed
by reconstructed computed tomography obtained at
24 months after surgery. Clinical and radiological

|
P C

>5° >5 mm

(L CJ

]

Fig. 3 Measurement of segmental coronal imbalance.
Local coronal imbalance was defined as lateral disc
wedging angle of more than 5° (left) or lateral transla-
tion of more than 5 mm (right).
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outcomes were compared between the LCI and
non-LCI groups. Factors related to poor radiological
outcomes in the LCI group were also analyzed.

The surgical procedure involved partial unilateral
laminectomy and inferior facetectomy at the level
of fusion. Bilateral intracanal decompression was
performed through the approach side if central
canal stenosis was present. The titanium interbody
spacer and bone chips obtained from the iliac crest
were inserted into the intervertebral space after
discectomy and curetting of the endplates through
the facetectomy side. All patients received bilat-
eral posterior pedicle screw-rod instrumentation
with the Mykles system (Century Medical, Tokyo).
The titanium interbody spacers were either EIVS®
(Century Medical, Tokyo) or Capstone™ Spinal System
(Medtronic Sofamor Danek, Memphis, Tennessee,
USA). Interbody spacers were basically inserted
from the dominant side of the symptoms. If the
symptoms showed no laterality, the interbody spacer
was inserted from the more closed side of lateral
disc wedging in the LCI group. Finally, interbody
spacers were inserted from the closed side of lateral
disc wedging in 13 cases and from the open side
in 6 cases in the LCI group.

Statistical analysis was performed using the
Mann-Whitney test, chi-square test, and Wilcoxon’s
signed-rank test. A probability value of less than
0.05 was considered statistically significant.

Results

Table 1 summarizes the demographic data of the
patients in the LCI and non-LCI groups. The LCI
group included 8 male and 11 female patients with
a mean age of 62.5 years at operation. Six patients
underwent TLIF at L3—4, and 13 patients at L4-5.
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Fig. 4 Measurement of alignment of the lumbar spine.
Lumbar coronal off balance was defined as a distance
between the central sacral vertical line (CSVL) and L1
vertebral midpoint of more than 10 mm.
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Table 1 Summary of clinical characteristics and
operative information in the LCI and non-LCI groups

LCI group Non-LCI
(n=19) group (n = 41)

Age (year) 62.5 + 10.5 63.9 + 10.3 n.s.
Sex M8F 11 M 21F 20 n.s.
Duration of illness 35.3 + 36.3 37.2+£56.2 n.s.
(month)
Fused segment n.s.

L3-4 6 10

L4-5 13 30

L5-81 0 1
Operation time 245 * 69 237 £59 n.s.
(minute)
Blood loss (ml) 148 = 92 160 = 105 n.s.
Length of hospital stay 24.6 + 19 23.6 = 14 n.s.

(day)

Age, duration of illness, operation time, blood loss, and
length of hospital stay: mean + SD. F: female, LCI: local
cornal imbalance, M: male, n.s.: not significant, SD: standard
deviation.

The mean duration of illness was 35.3 months. The
non-LCI group included 21 male and 20 female
patients with a mean age of 63.9 years at operation.
Ten patients underwent TLIF at 13-4, 30 patients
at L4-5, and 1 at L5-S1. The mean duration of
illness was 37.2 months. No statistical difference in
clinical characteristics was found between the two
groups including mean operation time, estimated
blood loss, and length of hospital stay.

Neurological and pain scale according to the JOA
score and VAS were significantly improved at 2 years
after surgery in both groups (Fig. 5). Postoperative
recovery of the JOA, and VAS in the lumbar and
leg areas were achieved in 45%, 32%, and 73%
in the LCI group, and 54%, 55%, and 81% in the
non-LCI group, respectively. The recovery rate of
VAS in the lumbar area was significantly worse in
the LCI group (p = 0.04). Radiological examination
revealed that the mean lumbar scoliotic angle was
significantly increased from 8.0° to 11.6° in the LCI
group postoperatively (p = 0.03). The postoperative
change in the L1-S1 lordotic angle and L4 tilting
angle were not significant, but slight decreasing was
observed in the L1-S1 lordotic angle in the LCI
group. The non-LCI group showed no significant
postoperative change in the radiological parameters.
Subsidence of the intervertebral spacer with disc
height reduction of 2 mm or more was seen in 3
of 19 cases in the LCI group and 4 of 41 cases in
the non-LCI group. Fusion success was observed
in 18 of 19 cases in the LCI group and 39 of 41
cases in the non-LCI group (Table 2).
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Fig. 5 Bar graphs of the JOA score, and VAS in the
lumbar and leg areas comparing preoperative (baseline)
with postoperative (at 2 years) scores in the LCI (A) and
non-LCI groups (B). Asterisks indicate significant differ-
ences: *p < 0.05, **p < 0.01. JOA: Japanese Orthopedic
Association, LCI: local coronal imbalance, VAS: visual
analog scale.

Table 2 Change in lumbar alignment and fusion success
rate in both groups

LCI group Non-LCI group
(n=19) (n =41)

L1-S1 lordotic angle (°)

Preop 29.9+14.3 33.1+11.3

Postop 28.0 £19.6 35.2+9.4
Lumbar scoliotic angle (°)

Preop 8.0x4.4 23+29

Postop 11.6 + 4.8* 2.6 +3.6
L4 tilting angle (°)

Preop 5.6 2.4 1.4 +2.2

Postop 5.4 +3.7 1.5+2.2

Coronal off balance

13/19 (68.4%)
13/19 (68.4%)
18/19 (94.7%)

3/41 (7.3%)
4/41 (9.8%)
39/41 (95.1%)

Preop
Postop
Fusion success rate (%)

Preoperative and postoperative value: mean + SD. Asterisk
indicates significant differences compared to preoperative
value: *p = 0.03. LCI: local cornal imbalance, SD: standard
deviation.
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LCI evaluated at 1 week after surgery had improved
to non-LCI status in 15 of 19 patients in the LCI
group. However, LCI at the operated site was
observed in 9 patients at 2 years after surgery, so
LCI had recurred in 5 patients during the follow-up
period (Fig. 6). These 9 patients with LCI at final
follow-up examination were regarded as having poor
radiological outcomes. The following preoperative
radiological parameters were analyzed as factors
related to poor radiological outcome: translational
distance and wedging angle at the operated site,
L1-S1 lordotic angle, lumbar scoliotic angle, L4
tilting angle, and lumbar coronal off balance. Preop-
erative greater lumbar scoliotic angle and coronal
off balance were considered to result in unfavorable
radiological outcome (Table 3). LCI had occurred in
only one patient in the non-LCI group at the final
follow-up examination.

Discussion

The present study summarized that the clinical
and radiological outcomes of asymmetrical TLIF in
patients with degenerative spondylolisthesis with
or without segmental coronal imbalance. These
results found that correction and preservation of the
segmental coronal condition are not easy by asym-
metrical TLIF in patients with preoperative LCI at the
operated site. About 50% of such patients failed to
maintain good segmental coronal balance, especially
if the patients had preoperative greater scoliotic
angle or lumbar coronal off balance. Subsidence of
the intervertebral space was associated with some
patients with aggravated LCI as shown in Fig. 6.
Improvement of the JOA and VAS in the leg area
was not significantly different between the LCI and
non-LCI groups, whereas improvement of the VAS

in the lumbar area in the LCI group was limited.
Inadequate postoperative lumbar coronal alignment
may be related to sustained low back pain. Asym-
metrical TLIF can achieve acceptable clinical and
radiological outcomes for almost all patients without
preoperative LCI at the operated site. Aggravation
of segmental coronal balance at the operated site
will be unlikely if the patient has no LCI. Such
delimitations should be recognized if considering
asymmetrical TLIF for patients with problems of
lumbar coronal balance. Symmetrical TLIF or PLIF
would be desirable in patients who receive lumbar
interbody fusion surgery, if the patients have LCI
accompanied with greater scoliotic angle or coronal
off balance of the lumbar spine.

Previous biomechanical comparison studies
have shown that TLIF with sickle-shaped spacer

Table 3 Radiological factors affecting poor outcome of
the segmental coronal balance in the LCI group

Poor Good Probability
outcome outcome
group (n = 9) group (n = 10)

Disc wedging 7.3+2.8 6.4+3.1 n.s.
angle (°)

Lateral 1.5+ 2.6 2.7 +3.7 n.s.
translation (mm)

L1-S1 lordotic 28.5+18.6 32.2+10.8 n.s.
angle (°)

Lumbar scoliotic 12.3 £ 4.2 7.0+ 3.9 0.03
angle (°)

L4 tilting angle (°) 5.8 3.4 55+1.8 n.s.

Coronal off 8/9 (88.9%) 5/10 (50.0%) 0.04

balance

Radiological measurement: mean + SD. LCI: local cornal
imbalance, n.s.: not significant, SD: standard deviation.

Fig. 6 A: Preoperative radiograph of a patient with degenerative spondylolisthesis at L3-4 with segmental coronal
imbalance. B: Radiograph at 1 week after asymmetrical TLIF revealing correction of lateral disc wedging at the
operated site. C: Radiograph at 2 years after operation demonstrating deterioration of segmental and whole lumbar
coronal balance with subsidence of the intervertebral spacer. TLIF: transforaminal lumbar interbody fusion.

Neurol Med Chir (Tokyo) 54, September, 2014



696 T. Takahashi et al.

has almost equivalent biomechanical stability
compared to PLIF with box type spacer in the
human cadaveric spine.®'” The range of motion
showed no differences at the L4-5 level of the
PLIF and TLIF models with the support of pedicle
screw fixation for all loading directions based on
finite element analysis.'® In contrast, Sim et al.
described that symmetrical TLIF was found to
provide lower immediate stability than PLIF in
lateral bending motion under augmentation of
pedicle screw fixation at the L4-5 level of the
human cadaveric spine.?¥ Therefore, less stability
of segmental coronal movement was suggested even
in symmetrical TLIF. In addition, investigation of
the effect of the position of interbody spacer in
TLIF on the segmental stability found that TLIF
implant placed further anteriorly tends to achieve
greater stability, although not significantly. In all
these studies, the intervertebral spacer for TLIF was
the sickle or semilunar type. Therefore, these find-
ings do not apply to the biomechanical behavior of
asymmetrical TLIF. Furthermore, the biomechanical
and biological properties are influenced not only
by variations in interbody implants or posterior
instrumentation, but also by bone quality and status
of the end plate, especially in aged patients.?”
Several complications are associated with the use of
interbody support for anterior column reconstruc-
tion in the presence of aged bone fragility, which
can lead to local malalignment at the surgical site.
The current study has some limitations. First, the
sample size was small. Second, additional important
information related to influential factors such as
sagittal and coronal alignments of the global spine,
dynamic factor assessed on the lumbar coronal
plane, and change in lumbar alignment between the
standing and lying positions were not evaluated.
Recently, global spinal alignment has known as one
of most important factors associated with success
of degenerative lumbar spine surgery. Additionally,
sagittal balance between lumbar spinal alignment
and pelvic parameter would be a mandatory element
for a favorable clinical result. Third, the determina-
tion of asymmetrical TLIF was not investigated in
multisegmental instrumented fixation. Therefore,
further clinical and biomechanical studies are needed
to evaluate the optimal indication of asymmetrical
TLIF and to clarify the clinical and biomechanical
differences from other TLIF techniques.

Conclusion
The present study showed that single level asym-

metrical TLIF is an effective method for achieving
good clinical and radiological outcomes for patients

with symptomatic degenerative spondylolisthesis
without segmental coronal balance abnormality at
the operated site. However, the clinical benefits and
realignment are limited if the patient has LCI at the
operated site with greater scoliotic angle or coronal
off balance of the lumbar spine. Care should be taken
before applying asymmetrical TLIF for such patients.
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