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Abstract

Transforaminal lumbar interbody fusion (TLIF) procedure is widely used, but the surgical indications
for TLIF in elderly patients remain controversial because of potential risks such as inferior bone quality
and higher rate of postoperative complications. Clinical efficacy and operative risk of TLIF in elderly
patients are unclear. This study investigated the clinical effect and safety of TLIF for lumbar degenera-
tive spondylolisthesis with radiculopathy or neurogenic claudication in patients aged 70 years or older.
The clinical records were retrospectively reviewed of 35 consecutive patients aged 70–86 years (mean
74.8 years) who underwent one or two-level TLIF. The preoperative diagnosis included degenerative
spondylolisthesis with segmental instability. Clinical outcomes were assessed by the Japanese
Orthopaedic Association score, visual analogue scale, Oswestry Disability Index. Radiological fusion
rate was also investigated. Clinical and radiological results were compared with those of 43 younger
patients. Clinical outcome measures were significantly improved after operation in the elderly patients,
but improvement rates were significantly lower than those of younger patients. Fusion rate was similar
in both groups. Overall postoperative complications were increased in aged patients, although the
prevalence of complications directly related to surgical technique was not significantly increased.
Postoperative complications not related to the surgical procedure were factors affecting poor results.
TLIF is acceptable for achieving clinical recovery and lumbar fusion with high radiographic fusion suc-
cess even in elderly patients, although clinical benefits were limited compared with those of younger
patients. Postoperative morbidity was mainly related to general or non-operative site complications.
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Introduction

Interbody arthrodesis supported by intervertebral
and transpedicular instrumentation is generally ac-
ceptable for the treatment of lumbar degenerative
disease with spinal instability, although the ratio-
nale and the appropriate technique for spinal fusion
remain controversial. Lumbar interbody fusion
provides immediate structural support, restores disc
height, and maintains spinal alignment, resulting in
successful clinical result and high fusion rate.20)

However, lumbar interbody fusion with in-
tervertebral spacers is rarely reported in elderly
patients,17,22) and the surgical indications and out-
comes for aged patients have not been established.
Morbidity is frequently associated with lumbar

arthrodesis in elderly patients, so the potential
risks of postoperative complications after lumbar
interbody arthrodesis may be increased by age-
related comorbidities or intolerance of invasive sur-
gery.6,8,9,24) Several complications can be associated
with the use of interbody support for anterior
column reconstruction in the presence of aged bone
fragility, which can lead to loss of disc height, local
kyphosis, pseudoarthrosis, and failure of implanted
instrumentation. Multiple approaches allow access
to the interbody space, but transforaminal lumbar
interbody fusion (TLIF) procedure can be applied to
any level of the lumbar spine and does not require
prolonged retraction of the neural structure.3,4,11,12)

However, the clinical benefits and operative risks of
TLIF in elderly patients, such as low bone quality
and inferior general condition, are not sufficiently
understood.
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Fig. 1 Postoperative radiographs and computed tomography (CT) scans after transforaminal lumbar interbody fu-
sion augmented with a pedicle screw fixation system. CT scans obtained 2 years after operation demonstrating osse-
ous fusion at surgical site.

830

Neurol Med Chir (Tokyo) 51, December, 2011

T. Takahashi et al.

The present study investigated the clinical effica-
cy and safety of TLIF for lumbar degenerative spon-
dylolisthesis with spinal instability in patients aged
70 years or older, and determined the factors related
to poor clinical outcome.

Clinical Materials and Methods

The clinical records were retrospectively reviewed
of 35 consecutive elderly patients who underwent
one or two-level TLIF augmented with the pedicle
screw fixation system from January 2005 to Decem-
ber 2007 at a single institute. The candidates were
patients aged 70 years or older with symptomatic de-
generative spondylolisthesis with radiculopathy or
neurogenic claudication associated with segmental
instability at the operated levels. Their general risks
for anesthesia were grade I (healthy) or grade II
(mild systemic disease without functional limitation)
as classified by the American Society of
Anesthesiologists physical status. Patients with
previous history of back surgery, obvious ongoing
psychiatric illness, or entitlement to worker's com-
pensation were excluded. Minimum follow-up
period was 24 months after surgery. Lumbar insta-
bility was based on evidence of dynamic sagittal
translation of 5 mm or more and/or angulation of
109or more on flexion-extension films. Clinical out-
comes were assessed by the Japanese Orthopaedic
Association (JOA) score, visual analogue scale (VAS)
between 0 (no pain) and 10 (maximal pain), the
Oswestry Disability Index (ODI), and patient's satis-
faction (satisfied, acceptable, and unsatisfied). These
parameters were measured at baseline, 6 months, 12
months, 24 months, and the latest follow-up point af-
ter surgery. Postoperative clinical and radiological
adverse events were assessed every 3 months for a

year, and every 6 months thereafter until final fol-
low-up examination. Radiological change of lumbar
spinal alignment and fusion success rate was also in-
vestigated. Fusion success was confirmed by dy-
namic radiography obtained longer than 12 months
after surgery, and was defined as presence of con-
tinuous intervertebral bone bridge between the
fused segments on anterior-posterior radiography
and lack of motion on flexion/extension films. Clini-
cal and radiological results were compared with
those of younger consecutive patients (43 patients)
treated surgically under the same criteria during the
same period. Clinical parameters such as operation
time, surgical blood loss, length of hospitalization,
occurrence of complications directly related or not
related to the surgical procedure, and reoperation
rate were compared between the two groups. Fac-
tors related to poor clinical results in the elderly
group were also analyzed. Clinical data of the JOA
score, VAS, and ODI were completely available in 30
(86%) of the 35 elderly patients and 39 (91%) of the 43
younger patients. The patients were followed up for
a mean of 36.1 months (range 24–54 months).

The surgical procedure involved partial unilateral
laminectomy and inferior facetectomy at the level of
fusion. If the patients have central canal stenosis,
bilateral intracanal decompression was performed
through approach side. The titanium interbody
spacer and bone chips obtained from the iliac crest
were inserted into the intervertebral space after dis-
cectomy and curetting of the endplates through the
facetectomy side. All patients received bilateral
posterior pedicle screw-rod instrumentation with
the Mykles system (Century Medical, Tokyo). The
titanium interbody spacers were either E.I.V.S (Cen-
tury Medical), IBS interbody device (Japan Medical
Dynamic Marketing, Tokyo), or Capstone (Medtron-
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Table 1 Summary of patient clinical characteristics and operative information in the elderly and younger groups

Elderly group (n＝35) Younger group (n＝43) p Value

Age (year) 74.8±4.3 58.6±8.3
Sex 0.49

male 18 18
female 17 25

Duration of illness (month) 43.2±36.3 48.7±56.2 0.56
Smoking 6 (17%) 10 (23%) 0.42
Fused segment

L3-4 7 (20%) 7 (16%)
L4-5 26 (74%) 31 (72%)
L5-S1 1 (3%) 3 (7%)
L2-3 ＋ L3-4 0 (0%) 2 (5%)
L4-5 ＋ L5-S1 1 (3%) 0 (0%)

Operation time (minute) 237±67 230±63 0.81
Blood loss (ml) 173±92 198±105 0.36
Length of hospital stay (day) 25.6±19 23.6±14 0.88
Follow-up period (month) 36.1±7.8 36.0±7.9 0.40

Age, duration of illness, operation time, blood loss, length of hospital stay, and follow-up period: mean ± standard devia-
tion.
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ic Sofamor Daneck, Memphis, Tennessee, USA)
(Fig. 1).

Statistical analysis was performed using the
Mann-Whitney test, Fisher's exact test, and Wilcox-
on's signed-ranks test. A probability value less than
0.05 was considered statistically significant.

Results

Table 1 summarizes the clinical characteristics of
the elderly group and the younger group. The 18
male and 17 female patients in the elderly group
were aged from 70 to 86 (mean 74.8) years. Thirty-
four patients underwent single-level fusion, and one
patient had two-level fusions at L4–S1. Simultane-
ous decompression at the non-fused level was added
in 7 patients to resolve symptoms of lumbar canal
stenosis. The 18 male and 25 female patients in the
younger group had a mean age of 58.6 years. No
statistical difference was found between the two
groups.

Neurological and functional recovery of all
patients according to the JOA score, VAS, and ODI
was significant at any time during the follow-up
period in both groups (Fig. 2). However, the mean
recovery rates of the JOA, VAS, and the ODI at final
follow-up examination were 33%, 30%, and 36% in
the elderly group, and 61%, 75%, and 46% in the
younger group, respectively. The recovery rates of
these clinical parameters were significantly lower in
the elderly group (p º 0.01). The patient satisfaction
questionnaire found 22 of the 32 patients (69%)
reported satisfaction or acceptable for results of the

surgical intervention in the elderly group whereas
40 of the 43 patients (93%) in the younger group
reported satisfaction.

Perioperative complications directly related to
surgical maneuver occurred in three patients (8.6%)
in the elderly group. All three patients had wound-
related complications, including one seroma, one
surgical wound dehiscence, and one hematoma at
the posterior iliac crest bone graft harvest site.
Postoperative general or other skeletal problems ap-
parently not related to the surgical procedure were
found in 9 patients (25.7%) in the follow-up periods.
Three lumbar compression fractures occurred in ad-
jacent or remote sites to the fused vertebra. Three
patients had worsened activity of daily living, two
with chronic heart failure and one with cerebral in-
farction. One patient had deteriorated cervical spon-
dylotic myelopathy and received cervical spine sur-
gery. One patient had knee joint surgery due to ag-
gravation of knee joint pain. One patient developed
severe sacroiliac joint pain and needed intensive
conservative therapy. The overall rate of complica-
tions was 34.3% in elderly patients. Reoperation was
performed in 4 patients (11.4%), including two addi-
tional decompressions of the adjacent level to the
fused site, and two revision surgeries due to
posterior migration of the interbody spacers. Table
2 summarizes the complications and reoperation in
the elderly and the younger groups.

Radiological data was available from all patients
for a minimum of 12 months postoperatively. Fusion
success was observed in 34 of 36 fusion sites (94%)
in the elderly group and 44 of 45 fusion sites (98%) in
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Fig. 2 Bar graphs of the Japanese Orthopaedic Association (JOA) score, visual analogue scale (VAS), and Oswestry
Disability Index (ODI) comparing preoperative (baseline) with postoperative assessment, and follow-up assessment
scores in the elderly (upper row) and younger (lower row) groups. Asterisks indicate significant differences (*p º 0.05,
**p º 0.01).

Table 2 Postoperative complications and reoperation in both groups

Elderly group (n＝35) Younger group (n＝43) p Value

Complications related to surgery 3 (8.6%) 4 (9.3%) 0.99
minor root injury 0 1
wound problems 3 2
dural tear 0 1

Complications not related to surgery 9 (25.7%) 3 (7.0%) 0.03*
cerebral infarction 1 0
heart failure 2 0
deterioration of CSM 1 0
lumbar compression fracture 3 1
hip joint disease 0 1
knee joint disease 1 0
sacroiliac joint pain 1 1

Reoperation 4 (11.4%) 3 (7.0%) 0.69
migration of implant 2 2
additional lumbar decompression 2 1

Asterisk indicates significant difference. CSM: cervical spondylotic myelopathy.
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Table 3 Fusion success rate and change in lumbar
alignment in both groups

Elderly group
(n＝35)

Younger group
(n＝43)

Fusion success rate 34/36 (94%) 44/45 (98%)
L1–L5 sagittal angle (9)

preoperative 30.1±9.5 33.7±12.8
postoperative 29.4±8.0 34.1±12.5

L1–L5 coronal angle (9)
preoperative 4.3±4.2 3.6±2.9
postoperative 4.5±4.1 3.3±3.7

Preoperative and postoperative lumbar angle: mean±
standard deviation.

Table 4 Clinical factors affecting poor surgical outcome in elderly patients

Poor outcome group (n＝14) Good outcome group (n＝21) p Value

Age (year) 75.5±4.8 74.1±3.2 0.30
Sex 0.99

male 6 12
female 8 9

Smoking (%) 14.3 14.3 0.99
Duration of illness (month) 48.1±38.5 43.1±45.1 0.30
Preoperative JOA score 14.6±4.0 13.4±4.5 0.12
Bone mineral density (g/cm2) 0.98±0.24 1.06±0.19 0.29
Complications related to surgery (%) 7.1 9.5 0.99
Complications not related to surgery (%) 42.9 9.5 0.04*
Reoperation (%) 21.4 4.7 0.27

Age, duration of illness, preoperative Japanese Orthopaedic Association (JOA) score, and bone mineral density: mean ±

standard deviation. Asterisk indicates significant difference.
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the younger group. Lumbar alignment in sagittal or
coronal planes was not changed postoperatively in
both groups (Table 3).

Fourteen patients with less than 25% recovery in
JOA score were regarded as having poor outcome.
Age, sex, smoking, duration of illness, preoperative
JOA score, bone mineral density of the lumbar
spine, complications directly related to the surgical
procedure, complications not directly related to the
surgical procedure, and reoperation were analyzed
as factors related to clinical outcomes. Only compli-
cations not directly related to surgical procedure
were considered to cause unfavorable clinical
results (Table 4).

Discussion

This study was conducted to clarify the clinical
benefits and problems of TLIF for lumbar degenera-
tive spondylolisthesis with segmental instability in
elderly patients compared with non-elderly patients,
and to investigate the factors associated with poor

surgical outcome. Postoperative recovery was also
assessed in both groups. TLIF is an alternative lum-
bar intervertebral fusion technique to posterior lum-
bar interbody fusion (PLIF). TLIF can be applied at
any lumbar level because of minimal retraction of
the dural sac, and preserves the midline lumbar
posterior structures and contralateral facet joint
through the familiar posterior approach. TLIF also
achieves single-stage circumferential fusion aug-
mented with the pedicle screw fixation system. The
greatest advantage of TLIF is to reduce postopera-
tive neuralgia, caused by intraoperative prolonged
retraction of the lumbar roots, which sometimes oc-
curs with conventional PLIF.13,21)

Clinical use of TLIF is increasing,2,10,14,16,19,23,25–27)

but only one report described the surgical results in
elderly patients. Mini-open TLIF achieved 88.9%
clinical success and 7.4% minor perioperative
complications after single-level TLIF in patients
aged 65 years or older, although nonunion of the
fused segment and adjacent segmental deterioration
occurred in 22.2% and 44.4%, respectively, but these
radiological adverse events did not affect the clinical
results.17) The less invasive TLIF procedure provid-
ed excellent clinical outcome in elderly patients,
despite the inferior arthrodesis in the fused site.
Another clinical study of lumbar interbody fusion in
elderly patients indicated that the average JOA score
significantly increased after PLIF and the average
recovery rate was 63%, with no obvious differences
between elderly patients aged 70 years or older and
younger patients, and postoperative complications
occurred in 16% of elderly patients.22) Our present
study showed that TLIF was effective and safe for
lumbar degenerative spondylolisthesis with segmen-
tal instability in elderly patients, but the clinical
benefits were limited compared with those in youn-
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ger patients. The average recovery rates of the JOA
score, VAS, and ODI in elderly patients were about
30–40%, significantly lower than in younger
patients. Such improvements were quite different
from a previous series in which the average recovery
rates of VAS and ODI were 62% and 61%, respec-
tively.17) Although the reasons for this discrepancy
are not clear, some factors such as mean age, in-
vasiveness of surgery, and bilateral interbody im-
plants are presumably important.

Perioperative complications related to surgical
procedure occurred in 8.6% of the elderly group in
this study. This incidence is not high and all compli-
cations were minor. Therefore, the perioperative
risk of interbody fusion is not regarded as serious.
However, 9 patients (25.7%) suffered from postoper-
ative general or other skeletal problems not associ-
ated with the direct surgical procedure. Postopera-
tive complications not directly related to the surgical
procedure were significantly increased in the elder-
ly group and influenced the poor outcome. The lum-
bar compression fractures occurring in adjacent or
remote sites to the fused vertebra in 3 patients (8.6%)
after surgery are important problems. Reoperation
rates in this study were almost the same in the elder-
ly and younger groups. Finally, postoperative com-
plications not directly related to the surgical proce-
dure were only associated with poor clinical out-
come in the elderly patients, so no predictive
preoperative factors could be identified. In previous
reports of surgical complication after lumbar arthro-
desis, at least 1 major complication occurred in 21%
and at least 1 minor complication in 70% of elderly
patients.5) A low rate of major complication (5%) was
reported after posterior decompression and fusion
in elderly patients, but minor complication occurred
in 30.7% of patients who underwent instrumented
fusion procedures and 31.9% of patients who under-
went noninstrumented fusion procedures.6)

The biomechanical and biological properties of
the vertebral body are different in elderly and young
patients. TLIF and PLIF in combination with pedi-
cle screw fixation provide equivalent biomechanical
stability in the human cadaveric spine.1) The present
study also investigated whether the position of inter-
body allograft in one-level TLIF affects the fusion
rigidity. No biomechanical difference was identified
in anterior or posterior column implantation of the
allograft. More than 30% exposure of the endplate
would be needed to achieve successful interbody fu-
sion. In this experimental model, the exposed area of
endplate proven by TLIF was 56%, which was ade-
quate to complete solid fusion, but was thought to be
lower compared with PLIF.15) However, whether
these facts are absolutely compatible in elderly

patients is uncertain. The trabecular bone architec-
ture is maintained longer in the lateral vertebral
regions and the cortical bone becomes thicker in
lateral regions with aging.7) The best endplate region
to place structural interbody support is the lateral
position of lumbar spine based on a biomechanical
study of regional endplate strength to compressive
load.18) Therefore, achievement of interbody fusion
is likely to be influenced by bone quality as well as
number, consistency, and location of interbody im-
plants, especially in aged patients. Although our
results suggested no significant inferiority of fusion
success in the elderly group, a tendency of
decreased fusion rate was observed compared to the
younger group.

The present study showed that TLIF is an accepta-
ble method for achieving clinical recovery and lum-
bar fusion with high radiographic fusion success
even in elderly patients, although the clinical
benefits were limited compared with those of youn-
ger patients. Postoperative morbidity was mainly
related to general or non-lumbar site complications.
However, all elderly patients were in good general
condition and almost all patients underwent single-
level instrumented fusion. The optimal technique
for achieving lumbar arthrodesis in elderly patients
remains unclear and further investigation is needed.
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