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Abstract

Purpose The purpose of this study is to compare bone
union rate between autologous iliac bone and local bone
graft in patients treated by posterior lumbar interbody
fusion (PLIF) using carbon cage for single level interbody
fusion.

Methods The subjects were 106 patients whose course
could be observed for at least 2 years. The diagnosis was
lumbar spinal canal stenosis in 46 patients, herniated
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lumbar disk in 12 patients and degenerative spondylolis-
thesis in 51 patients. Single interbody PLIF was done using
iliac bone graft in 53 patients and local bone graft in 56
patients. Existence of pseudo-arthrosis on X-P (AP and
lateral view) was investigated during the same follow up
period.

Results  No significant differences were found in opera-
tion time and blood loss. Significant differences were also
not observed in fusion grade at any follow up period or in
fusion progression between the two groups. Donor site pain
continued for more than 3 months in five cases (9 %). The
final fusion rate was 96.3 versus 98.3 %.

Conclusions Almost the same results in fusion were
obtained from both the local bone group and the autologous
iliac bone group. Fusion progression was almost the same.
Complications at donor sites were seen in 19 % of the
cases. From the above results, it was concluded that local
bone graft is as beneficial as autologous iliac bone graft for
PLIF at a single level.

Keywords Posterior lumbar interbody fusion -
Autologous iliac bone graft - Local bone graft - Fusion rate

Introduction

To perform a posterior lumber interbody fusion (PLIF),
traditionally the required amount of bone for fusion is
harvested from autologous iliac crest bone. In recent
practice, some of these graft substitutes or autograft
expanders such as allografts [1], ceramics [2], demineral-
ized bone matrix [3], recombinant human bone morpho-
genetic proteins 2 and 7 (thBMP-2 and 7) [4] and cultured
stem cells [5]. Though some are very effective in clinical
trials, these methods can be complicated by donor site pain
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and significantly increased costs. With iliac crest bone
harvest, various authors have reported on the occurrence of
major or minor complications ranging from 1 to 39 %,
which include hematoma, infection, prolonged chronic
pain and sensory deficit [6—8] Recently local bone obtained
through laminectomy has been reportedly used as stand-
alone graft in PLIF procedures showing comparable fusion
rates to autologous iliac bone. If true, this could potentially
avoid the donor site complications of an iliac crest harvest
[9-11]. The purpose of this study is to identify if the bone
fusion rates differ between the two groups by examining
X-ray images taken at interval follow-up. We hypothesize
that adequate laminectomy bone would show similar rates
of fusion to autologous iliac bone.

Patients and methods
Patients

The Nagoya Spine Group consisted of spine surgeons at
Nagoya University Hospital and 15 affiliated institutions.
Its purpose was to evaluate the surgical treatment of spinal
disorders using a prospective and retrospective multicenter
clinical study. The Nagoya Spine Group database included
9,096 patients who underwent spine surgery. 1,318 cases
were identified who underwent a PLIF including multi-
level procedures. Of those cases we examined 109 con-
secutive patients (59 males and 50 females) with a mean
age of 49.5 (19-65 years old) who underwent PLIF from
April 2003 to June 2006 retrospectively (Fig. 1). The
diagnoses were lumbar disc herniation in 12 cases
(including 5 recurrent cases), degenerative lumbar spond-
ylolisthesis in 51 cases, and lumbar spinal canal stenosis in
46 cases which had over 15° instability in the lateral view
of the lumber functional X-ray or over 5° local kyphosis
angle in the lateral view of the lumber flexion X-ray. For
all the patients, PLIF was performed only at a single level:
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Gross sample (2003-2006) v
n=1318 « Exclusion of
I radiolucent cage
. * Spondylosis
l « PH of operation
' n=1190
Study sample
(more than 2 years F/TU)
n=128 =
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Net sample
n=109

7

Hliac bone Local bone
n=353 n=56

Fig. 1 Flow chart of subjects

L3/4 for 11 cases (10 %), L4/5 for 82 cases (75 %) and L5/
S for 16 cases (15 %). Radiolucent carbon fiber cages
(Brantigan, Fa. DePuy-Acromed) were inserted in all of the
cases. Autologous iliac bone graft was used in 53 cases and
local bone from laminectomy in 56 cases. The cases were
non-randomly selected by the surgeon. The average follow-
up was 50 months (24-60 months). Body mass index,
employment status and smoking history were documented.
Those patients with previous back operations (except in
recurrent disc herniation), operation for multiple levels,
usage of metal cages and lumbar spine spondylolysis were
excluded. Appropriate IRB approval was obtained.

Surgical method and bone grafting

PLIF was performed using almost the same technique at
each hospital. Only two-thirds of the upper lamina toward
fusion area was excised to minimize instability, maintain-
ing integrity of the interspinous and supraspinous ligaments
connected to one level upper spinous process. Titanium
pedicle screws and rods were used for fixation and reduc-
tion of degenerative instability was performed. Disc and
cartilaginous endplates were removed to prepare the graft
bed and the harvested iliac bone or local bone chips
morcelized by bone-milling were implanted in the anterior
and lateral portion of the interbody space. This was
followed by insertion of two carbon cages filled with grafts
and reduction of degenerative instability was performed.
Posterolateral fusion was not conducted on any of the
cases.

Radiographic assessment

AP and lateral images were obtained at 3, 6, 12, and
24 months postoperatively. Each image was blinded and
evaluated by two spinal surgeons. These images were then
classified into one of four grades:

Grade 1 Complete fusion achieved with bone bridge
formed between the upper and lower vertebral bodies;
Grade 2 Bone bridge not formed, but no translucency
observed around the cages, and thick fusion mass
formed;

Grade 3 Fusion not achieved, and translucency seen
around the cages, pointing to non-union or bone
resorption around cages, which indicates pseudoarthrosis
(Fig. 2) [12].

Standing flexion—extension X-rays were also obtained to
identify instability. Instability was defined on the basis of
abnormal mobility (3 mm or more listhesis, 2 mm or more
translation from flexion to extension, 5° or more abnormal
tilting movement of the posterior elements in flexion,
localized lateral slip, and lateral tilting). When 1 mm or
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Fig. 2 Bone fusion grade
classification
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greater circumferential lucency was found around a screw,
the patient was judged clear-zone positive. Based on this
angle and the above-defined grades, prevalence of bone
fusion was determined. The result was labeled as
“achieved fusion” when rated Grade 1 or Grade 2 with a
flexion—extension angle of less than 5°, “non-union or
pseudoarthrosis” when rated Grade 3 or with flexion—
extension angle measuring 5° or more. If pseudoarthrosis
or non-union was suspected, a confirming CT scan was
performed. Other recorded items were clinical operative
data, postoperative X-ray assessment (slip percentage,
intervertebral angle, and disc height) and perioperative
complications. The clinical outcomes at 2 years were also
obtained using the Japanese Orthopaedic Association
(JOA) scale. Statistical analysis was performed using the
¥ test and paired 7 test.

Results

Baseline clinical data including age, sex, BMI, employ-
ment status, smoking habit and diagnosis exhibited no
significant differences between the two groups (Table 1).
The duration of surgery was 202 versus 197 min (ICBG
vs. local bone group). The blood loss was 408 versus
353 ml. The preoperative and postoperative slippage
degrees were 9.0 versus 5.5 % and 5.3 versus 2.7 %,
respectively [pre-op (ICBG vs. local bone) and post-op
(ICBG vs. local bone)]. The preoperative and postoperative
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Grade 1,2 and <5°
Grade 3 or>5°
Grade 3

intervertebral angle examined radiographically was 1.4°
versus 1.9° and 7.4° versus 7.3°, respectively [pre-op (ICBG
vs. local bone) and post-op (ICBG vs. local bone)]. The
preoperative and postoperative disc heights were 8.7 ver-
sus 9.7 mm and 12.7 versus 12.8 mm [pre-op (ICBG vs.
local bone) and post-op (ICBG vs. local bone)]. As stated
above, the results of X-ray assessment conducted after the
surgery were almost equal between the two groups. JOA
score observed at each given interval also revealed no
significant difference with final recovery rate of 80.5
versus 82.7 %.

There was no significant difference in intervertebral
flexion—extension angle throughout the follow-up period:
3 months: 1.2° versus 1.1°; 6 months: 0.8° versus 0.7°;
1 year: 0.8° versus 0.6°; 2 years: 0.4° versus 0.3° (ICBG
vs. local bone group). The same could be said for the fusion
grade that indicated fusion progression. The proportion of
cases estimated as Grade 1 or 2 was 9 of 53 cases (17 %)
versus 6 of 53 cases (11 %) at 3 months, 26 (49 %) versus
27 (51 %) at 6 months, 45 (85 %) versus 46 (87 %) at
1 year, and 51 (96 %) versus 52 (98 %) at 2 years. Non-
union or pseudoarthrosis cases rated as Grade 3 after 2 year
were 2 of 53 (3.7 %) versus 1 of 56 cases (1.7 %) (Fig. 3).
The final fusion rate was 96.3 % for the ICBG group and
98.3 % for the local bone group. Pseudoarthrosis was seen
at L.4/5 in 2 cases, and L5/S in 1 case.

Complications observed in the iliac bone group were three
cases of pedicle screw misplacement (none of the cases
resulted in neurological deficit), one case of superficial
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Table 1 Baseline clinical data 100% - —
Iliac bone Local bone 90% 1 I I
(n =53) (n = 56) 80% -

Age 50.1 + 13.4 48.6 + 15.3 n.s 1%

Sex (male:female) 26:27 33:23 n.s. 60%

BMI 24.1 £ 39 237 +£32 n.s. 50% -

Smoking 16/53 17/56 n.s. 40% -

Employment 30% -

Employed full time 16 17 20% 4
Employed parttime 3 3 10% 4
Unemployed 34 36 n.s.

) 0%

Disease lliac | Local lliac | Local lliac | Local lliac | Local
Disc hernia 6 6 3m 6M 1y 2y
Spondylolisthesis 26 25 mGrade3 " Grade2  Gradel
Canal stenosis 21 25 n.s. .

Fig. 3 The degree of fusion progress

Level
L3/4 4 7
L4/5 44 38
L5/S 5 11 s, Therefore, it is beneficial for the patients if an iliac bone

wound infection and nine cases (17 %) of prolonged donor
site pain for more than 1 month. This donor site pain con-
tinued for more than 3 months in five cases (9 %). As for the
local bone group, pedicle screw misplacement was seen in
four cases (none of the cases displayed neurological deficit).
All of the three cases with pseudoarthrosis were judged clear-
zone positive.

Discussion

Since Cloward reported on the technique of PLIF, the iliac
crest has been considered an ideal source of graft, in terms
of quantity and quality, to achieve solid bone fusion.
Nevertheless, problems with harvesting iliac bone have
included donor site pain, pelvic instability, and fractures of
the pelvis. As a result, many orthopedic surgeons have
investigated potential bone graft substitutes such as har-
vested local bone, allografts, ceramics, demineralized bone
matrix, thBMP-2 and 7 cultured stem cells [1-5]. In par-
ticular, synthetic materials may be very useful because they
can be provided in an infinite supply, they are easily ster-
ilized and stored, and the significant risk of disease trans-
mission by allograft bone is avoided. These positive gains
must be weighed against the significant increased cost of
synthetics as well as potentially poor osteoinductivity. In
assessing iliac bone harvest, one must also consider
increased operative time, blood loss, and postoperative
pain. Furthermore, there is no difference in cost between
iliac bone and local bone grafts.

harvest can be avoided [6-8].

It was demonstrated that there is no significant differ-
ence in bone fusion achievement between those patients
treated with local laminectomy bone and those with harvest
iliac crest bone graft. We reported about a retrospective
study conducted at a single facility previously [13],
whereas the present study is a retrospective study con-
ducted at multiple facilities. As at the single facility, the
result indicates no difference between iliac bone and local
bone grafts at the multiple facilities. In other words, it is
shown that similar results can be obtained with different
operators and different environments. Past reports showed
that the fusion rate achieved by the autologous iliac bone
grafting was as high as 90-100 % [14-16]. Miura et al.
[10] reported fusion rate of 100 % in their 12-month
follow-up study of autograft implantation, and Hashimoto
et al. [17] reported fusion rate of 100 % at 2 years after
PLIF where local bone mixed with AW glass ceramics was
grafted in a single intervertebral space. However, these
studies retrospectively reported on using one graft without
simultaneous comparison of autologous iliac bone and
local bone graft. Also some studies included both single
and multilevel PLIF treated cases. This makes it difficult
for the clinician to make a simple comparison of fusion rate
between the autologous iliac crest and local bone harvest.

There were a few studies that followed up fusion pro-
gression over time. Miura et al. [10] found the fusion rates
to be 72.4 % after 6 months and 100 % after 12 months,
and Kim et al. [18] observed the fusion mass around cages
and found 10 % to be present after 6 months and 35 %
after 12 months. Diedrich et al. [19] reported that few
fusion cases were seen within 6 months and fusion took
20.7 months in average. However, none of the above
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assessed intervertebral instability at given intervals in bone
fusion progression. In contrast, we employed bony mass
assessment using X-ray for stricter fusion evaluation and
found that about half of the cases achieved bone fusion at
6 months and almost all cases achieved bone fusion within
1 year.

Many authors have reported on iliac bone donor site
complications, which ranged from 1 to 39 % depending on
the literature. Banwart et al. [20] studied 225 cases and
found 10 % had major complications including hematoma,
infection, reoperation, chronic pain and 39 % minor com-
plications including sensory deficit, drain disorder and
superficial infection. The 106 cases researched by
Robertson and Wray et al. [21], included patients who
suffered from aggravated donor site pain and sensory
deficit for 6 months before those symptoms were allevi-
ated, and thus revealed the possibility of various problems
accompanying iliac bone harvest. We also observed donor
site pain continuing more than 1 month in 17 % of patients,
five of whom (9 %) suffered from prolonged pain for more
than 3 months. Therefore, it is beneficial for the patients if
iliac bone harvest can be avoided. And the high fusion rate
proved that local bone graft is enough to PLIF procedure in
any aspects of complication, costs and availability outside
the developed countries.

We understand that the present study has some limita-
tions. Firstly, only single level PLIF cases were studied.
Local bone harvest from the laminectomy may not be
adequate for a multilevel PLIF procedure. According to
Dirip et al. [22], posterolateral fusion (PLF) had no sig-
nificant differences between the two groups when it was
employed for a single level, but the local bone graft group
had apparently lower fusion rates when it comes to mul-
tilevel PLF treatment. Secondly, radiologic assessment of
fusion is never perfect. In this study, a CT scan was not
available in most cases because patients did not have a CT
scan in each follow-up period. Fusion was therefore
assessed from plain radiograph and flexion—extension
views by a blind observer. Ideally, a CT scan with 2 mm
slices and sagittal reconstructions would provide a better
tool to assess fusion status. Thirdly, some variations in
surgical technique could not be avoided in the multicenter
study; we have reviewed the data at the individual centers
showing no overall fusion rate difference (data not shown).
Since this is a retrospective comparative study, we might
have been somewhat biased in selecting our operation
method. With RCT it is possible to exclude almost all study
limitations as stated above. Additionally, RCT is relatively
easy to perform and should be employed in future study. In
conclusion, our data suggest that local bone graft is as
beneficial as autologous iliac bone graft for PLIF at a single
level.
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