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Introduction
Bone graft plays a fundamental role in the biological fixation
of spinal fusion surgery. Autogenous iliac bone graft is a traditional
technique and is still used widely. A major drawback of iliac bone
graft is the morbidity including continuous pain, numbness and
irritation of the graft harvest site [1,2]. To obviate this morbidity, a
variety of bone graft substitutes have been proposed [3,4]. However,
these materials such as allogeneous bone and recombinant human
bone-morphogenetic proteins (rhBMPs) have generally not been
preferred or approved yet in all countries. On the other hand, local
laminectomy bone serves as a minimally invasive, universally available
and economical graft source. The only concern on the use of local bone
is its limited amount and quality.
The efficacy of local bone graft in lumbar fusion surgeries has
been addressed for posterolateral fusion (PLF) [5-7], posterior lumbar
interbody fusion (PLIF) [8-11] and transforaminal lumbar interbody
fusion (TLIF) [12-15]. The union rates were reportedly from 62% to
90% in PLF, 96% to 100% in PLIF and 93% to 100% in TLIF. Of these,
the average age of the patients in the TLIF studies has ranged from 49.5
years to 54.0 years [12-15], leaving the outcomes in elderly patients
unclear.
The present study was designed to prospectively collect the data
from patients who had undergone TLIF with single cage and local bone
graft, and analyzed fusion status and clinical outcome at 1 year and 2
years. Consequently we analyzed a study population where more than
half of the participants were 65 years of age or older.

exposed via a midline subperiosteal approach (Figure 1A). A retractor
with 2 cm-width blades was used. Under microscopic visualization,
decompression was performed at the indicated spinal segment (s) using
chisels and Kerisson rongeurs. The decompression procedure included
unilateral total facetectomy, partial laminectoy and contralateral
medical facetectomy.
Subsequently a nearly complete discectomy and endplate
decortication were carried out through a portal created at the total
facetectomy site. The cartilaginous material was removed from the
endplates both above and below the disk space using Cobb elevators,
pituitary rongeures and end plate scrapers. Care was taken not to injure
the bony endplates. An appropriately sized cage was then selected on
the basis of the preoperative templating and intraoperative evaluation
using a trial cage. Bones harvested from the lamina and facet joints
were morcellized (Figure 1B) and inserted into the anterior and lateral
parts of the intervertebral disc space. A single titanium cage filled with
local morcellized bone was then inserted (Figure 1C). Fluoroscopy was
used to ensure satisfactory placement of the cage.
Gender

Female 33, Male 21

Age

Average 65.2 (range: 31-84)

Diagnosis

Degenerative spondylolisthesis: 31
Spinal stenosis with instability: 20
Spondylolytic spondylolisthesis: 3

Fusion segment

L2-L3: 2
L3-L4: 12
L4-L5: 30
L5-S1: 5
Two-level fusion: 5

Methods
Patients
Between March 2006 and November 2007, 63 patients underwent
instrumented TLIF with local bone graft for degenerative lumbar or
lumbosacral diseases in the authors’ hospitals. Operations were carried
out by two authors (SK and HO). All patients suffered from both low
back pain and neurological symptoms (i.e. radicular pain, intermittent
claudication, and bowel and bladder dysfunction). All underwent at
least 6 months of conservative treatment before surgery. Of these, 54
patients (86 %) completed clinical and radiological assessments both at
1 year and 2 years. There were 33 female and 21 male patients with the
average age of 65.2 years. Thirty-one patients were 65 years or older.
Table 1 depicts demographic information of the patients.

Surgical technique
All patients underwent surgery in the prone position. A
longitudinal median skin incision, 4 cm in a single-level fusion and
6cm in a two-level fusion, was made under fluoroscopic guidance. For
decompression, the spinal processes, laminae, and facet joints were
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One-level fusion: 49

L3-L5: 3
L4-S1: 2
Interbody cage

Novel ACC (Alphatec Spine Inc): 23
CAPSTONE (Medtronic Inc): 18
KIDNEY BEAN MESH (Medtronic Inc): 13
Table 1: Demographic information of 54 patients.
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Two paramedian fascial incisions were then made over the
cleft between the multifudus and longissimus muscles. Via a Wiltze
intermuscular paraspinal approach [16,17], pedicle screws were placed
bilaterally (Figure 1D). Two rods were applied to the pedicle screws
and tightened under compressive force. A total of three drainage tubes
were inserted through three subcutaneous incisions (a midline incision
for decompression and two paramedian incisions for screwing),
respectively. Postoperatively all patients wore a soft lumbar corset for a
period of three months.

Assessment
Data on operation time, intraoperative blood loss, and operationrelated complications including deep venous thrombosis, pulmonary
embolism, surgical site infection and adjacent segment disease,
were gathered. Clinical and radiographic evaluations were made
preoperatively and again at 1 year and 2 years postoperatively. Clinical
outcomes were determined by using the Japanese Orthopaedic
Association (JOA) scores for the management of low-back pain
(minimum score-6, maximum score 29, Appendix 1). Radiographic
evaluations included (i) mobility of the fusion segment on flexion/
extension lateral radiographs, (ii) continuous trabecular bone
formation through the cage and (iii) cage migration on both coronal
and sagittal reconstruction images of CT scans. Union refers to the
case showing (i) absence of mobility of the fusion segment on flexion/
extension lateral radiographs, and (ii) presence of trabecular bone
formation through the cage [18] (Figure 2). When a case showed union
with cage subsidence of 2 mm or deeper, it is referred to as “collapsed
union” (Figure 3). All radiographs and CT images were analyzed by
two authors (SK and HO) working in consensus.

Figure 2: Representative radiographs and CT scan images of union. A
56-year-old man underwent instrumented TLIF with local autogenous bone
graft of L4-L5 using a novel ACC cage. Radiographs (A: anteroposterior
image, B: lateral image in flexion, C: lateral image in extension) at 2 years
postoperatively show no mobility of the fusion segment. CT scans at 2 years
postoperatively show continuous trabecular bone formation through the cage
to both upper and lower endplates on both coronal (D) and sagittal (E) images.
There is no migration of the cage. A transverse image (F) represents the
location of the grafted bone.

Statistical significance was determined by using the Mann-Whitney
test and the Fisher’s exact probability test. A probability of less than
0.05 was considered statistically significant.

Results
The operation time averaged 200 min (range: 180-240 min) in
49 patients with a one-level fusion, 267 min (range: 240-33 min) in

Figure 3: Representative radiographs and CT scan images of collapsed
union.An 84-year-old woman underwent instrumented TLIF with local
autogenous bone graft of L4-L5 using a novel ACC cage. Radiographs (A:
anteroposterior image, B: lateral image in flexion, C: lateral image in extension)
at 2 years postoperatively show no mobility of the segment. CT scans (D:
coronal, E: sagittal) revealed continuous trabecular bone formation through the
cage to both upper and lower endplates, consistent with union. However, there
is sinking of the cage and a radiolucent zone around screws (arrows) (D). The
case is referred to as “collapsed union”.

five patients with a two-level fusion. Intraoperative bleeding averaged
169 ml (range: 70-400 ml) in patients with a one-level fusion, 250 ml
(range: 200-300 ml) in those with a two-level fusion.

Figure 1: Intraoperative photographs. (A) Through a 4-cm longitudinal skin
incision, the spinal processes, laminae, and facet joints were exposed. (B)
Local bones were harvested and morcellized. (C) Following decompression
and discectomy, a single titanium cage with local morcellized bone was
inserted into the intervertebral space. (D) Pedicle screws were inserted via the
Wiltse intermuscular paraspinal approach.
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The JOA scores were 13.4 +/-3.1 (average +/- standard deviation)
preoperatively, 24.0 +/- 3.5 at 1 year and 24.5 +/- 3.4 at 2 years.
Improvement of the JOA scores was statistically significant. Mobility
of the fusion segment in flexion/extension radiographs was less than
4 degrees in all 54 but one patient at 1 year and in all patients at 2
years. In reconstruction CT scans at 1 year, 47 patients (87%) showed
union, including all five patients with a two-level fusion. At 2 years, 53
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patients (98%) showed union (Figure 2). Two of them were referred to
as “collapsed union” (Figure 3). These two patients were female of 78
years and 84 years, respectively. Complications included infection in
one patient, which healed by surgical debridement without removal of
the implant. Fracture of the fusion segment occurred in one patient.
There were no wound complications.
The 47 patients with union and seven patients without union at
1 year were compared (Table 2). There was no significant difference
between the groups with regard to age, gender, preoperative score,
and type of the cage used. Despite the difference in the union status
between the groups, the JOA total scores and low back scores at 1 year
were not significantly different, respectively.

Discussion
In the present study, we evaluated the clinical and radiographic
outcomes at 1 year and 2 years for 54 patients who had undergone
instrumented TLIF with a single cage and local bone graft. More than
half of the study population was 65 years of age or older.
We discovered at 1 year that 53 patients (98%) exhibited
biomechanical stability and 47 patients (87%) showed complete
union. The JOA scores improved significantly. The scores were
indistinguishable between the 47 patients with union and the remaining
seven patients without union. At 2 years, the number of patients with
union increased to 98% even though two patients were referred to
collapsed union. These findings indicated that biomechanical fixation
offered by instrumented TLIF with a single cage leads to symptomatic
relief and union of the grafted local bones during a postoperative
period of 2 years in the population with the average age of 65 years.
In the literature, four studies [12-15] have to date addressed TLIF
with local bone graft (Table 3). As in line with our procedures, each
one used one cage per fusion segment. Union was achieved in all

cases in the study by Peng et al. [13] and Zhuo et al. [15] and all cases
but one in the remaining two studies [12,14] within 2 years. No cage
subsidence was reported in these studies. As with our own report, these
other studies collectively support the efficacy of TLIF with local bone in
achieving segmental fusion at 2 years postoperatively.
Collapsed union and screw loosening are of particular concern
with the interbody fusion procedure in the elderly who tend to have
osteoporotic bones. We observed sinking of the cage with screw
loosening in two patients (4%). Okuda et al. [9] reported collapsed
union in 10% of the 31 patients who were over 70 years and underwent
PLIF using two cages with local bone graft. To avoid cage sinking, it
would be of technical importance not to injure bony endplates and
pack the disk space with bone graft both inside and around the cage.
Concern for the use of local bone graft in fusion surgery is its
limited quantity and quality. Regarding the limited quantity of local
bone graft, bone graft expanders such as hydroxyapatite [19,20]
and beta tricalcium phosphate [21] have been used in PLF. In our
experience, the amount of local bone collected from the laminae and
the facet joints was sufficient for TLIF when chisels and rongeurs
were properly used. We are of the opinion that the use of bone graft
expanders is less advantageous in lumbar interbody fusion than in PLF.
The quality of local bone graft can be improved by supplementation of
biological modulators including bone marrow aspirate (stroma cells),
platelet glue, and bone morphogenetic protein [3,4]. Efficacy and safety
of these materials remain controversial and are not fully approved in
many countries.
The limitations of the present study include the small number
of patients and lack of independent examiners for the clinical and
radiographic evaluations. Due to the small number of patients, a
comparative analysis was not made between the young patient group
(less than 65 years) and the older patient group (65 years or older).
These limitations should be considered when interpreting the results.

with union (n=47)

without union (n=7)

Age

65.1+/- 10.1

66.4+/- 7.8

Male gender

18 (38%)

3 (43%)

Degenerative spondylolisthesis

24 (51%)

5 (71%)

Two-segment fusion

5 (11%)

0 (0%)

Preoperative JOA score

13.4 +/- 3.0

13.3 +/- 4.0

Novel ACC

22 (47%)

1 (14%)

CAPSTONE

10 (21%)

3 (43%)

KIDNEY BEAN MESH

15 (32%)

3 (43%)

Total

24.4 +/- 3.0

21.4 +/- 5.0

Low back pain

2.4 +/- 0.6

2.1 +/- 0.7

Cage

JOA score at 1 year

Table 2: Comparison of 47 cases with union and 7 cases without union.
Authors

Average

Number of

Number of

age (years)

participant

cage

Dhall et al

54.0

15

One

Peng et al

52.5

29

One

Xiao et al

49.5

52

Xhou et al

50.9

Present study

65.2

Image

Follow-up

Union rate

(months)

(%)

Reference

XR

24

93

12

XR

24

100

13

One

XR, CT

18

97

14

76

One

XR, CT

22

100

15

54

One

XR, CT

24

98

XR: X ray
Table 3: Union rate of transforaminal lumbar interbody fusion surgery with local bone graft.
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In conclusion, biomechanical fixation offered by instrumented
TLIF with a single cage led to symptomatic relief, union of the grafted
local bones, and a low rate of complications during a postoperative
period of 2 years in patients with the average age of 65 years.
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