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Comparison of Union Rates Between Autogenous Iliac Crest Bone Graft and Local Bone

Graft as Fusion Materials in Lumbar Fusion Surgery: An Evaluation of Up to 3-Level
Fusion
Jong-Beom Park1, Jae Hyuk Yang2, Dong-Gune Chang3, Se-Il Suk3, Seung-Woo Suh2, Gang-Un Kim3, Jung Yun Choi3,
Jun-Yeong Seo4, Hyung-Youl Park5, Sang-Il Kim5, Young-Hoon Kim5, Kee-Yong Ha5
-OBJECTIVE: To compare the radiologic union rates be-
tween autogenous iliac crest bone graft (ICBG) and local
bone graft in 1- to 3-level lumbar fusion.

-METHODS: We reviewed 178 consecutive patients who
underwent 1- to 3-level lumbar fusion surgery because of
lumbar spinal stenosis. Fusion status of the anterior or
posterior column was evaluated by plain radiographs ob-
tained at 24 months postoperatively. If at least either the
anterior or posterior column was fused, that segment was
regarded as having achieved fusion and was termed
segment union. The definition of overall union was
achieving union of all segments in a single patient.

-RESULTS: For each ICBG group and local bone graft
group, fusion rate of the anterior and posterior column, and
rate of the segments and overall union at postoperative
2 years were not different between the groups, regardless
of surgery level. In the overall union rate according to the
fusion level, the ICBG group showed constant overall
fusion rate according to the fusion level (i.e., 96.9%, 96.9%,
and 93.1% for 1-, 2-, and 3-level fusion), but tended to
decrease with increasing level in the local bone graft
group (100%, 95.8%, and 85.7% for 1-, 2-, and 3-level fusion,
respectively) without statistically significant differences.

-CONCLUSIONS: The union rate of 3-level fusion was not
inferior to those of 1- or 2-level fusion in both ICBG and
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local bone graft patients. Local bone graft could be
regarded as an adequate option for not only 1- or 2-level
lumbar fusion but also 3-level lumbar fusion surgery.
INTRODUCTION
or the choice of fusion material, autogenous iliac crest
bone graft (ICBG) is traditionally considered to be the
Fcriterion standard in lumbar spinal fusion. However,

various complications and morbidity with the occurrence of ICBG
harvesting have been reported, including infection, hematoma,
fracture, impaired wound healing, prolonged chronic pain, and
sensory deficit, with rates ranging from 1% to 39%.1-9

Other forms of autologous bone have been advocated as suitable
graft materials to avoid donor site morbidity, including local bone
during the decompressive procedure.10,11 Standalone local bone
graft has been widely used in 1- and 2-level lumbar fusion
procedures, and comparable fusion rates to ICBG have been
achieved.12-15 However, it is still questionable as to whether only
the local bone is sufficient as a graft option to achieve multilevel
arthrodesis,16,17 and also whether the fusion rate is comparable
with that using ICBG.17

This study aimed to compare the radiologic union rates and
incidence of perioperative complications between the ICBG and
the local bone with respect to 1- to 3-level lumbar spine fusion. To
our knowledge, there are no studies that have compared the union
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rates of ICBG and local bone graft in lumbar fusion up to 3-level
fusion using both posterior lumbar interbody fusion (PLIF) and
posterolateral fusion (PLF). Typically, local bone graft is known to
have a lower bone quality than autogenous ICBG because of the
following reason: local bone is commonly limited in amount and
quality because mixture consists of mostly cortical bone and
partially cancellous bone. Bone graft from the iliac crest is rela-
tively abundant, providing good quality graft (mainly cancellous
bone). This difference of bone quality can affect the fusion rate
after surgery and the greater the fusion level, the greater the affect
by quality difference in graft material for spinal fusion. Addi-
tionally, the volume of local bone graft for 1 segment decreased in
proportion to an increased number of fusion levels; however, the
total volume of local bone increased in proportion to an increase
in the number of fusion levels according to the increased
decompression levels.16 Therefore, our hypothesis was that the
local bone graft would show the same union rates as those of
ICBG in 1- and 2-level lumbar fusion surgery, but might have an
inferior union rate compared with ICBG in the case of 3-level
lumbar fusion. Also, we postulated that perioperative complica-
tions including those related to the bone harvest procedure would
be lower with the use of local bone graft versus ICBG.

MATERIALS AND METHODS

Patients
The study concept and procedures were approved by our institu-
tional review board. This retrospective comparative study evalu-
ated the segmental and overall union rate after 1- to 3-level lumbar
spine fusion using autogenous iliac crest bone and local bone as
the fusion materials. We retrospectively examined 178 consecutive
patients (58 men and 120 women) who underwent 1- to 3-level
lumbar spine fusion surgery because of lumbar spinal stenosis
with or without degenerative spondylolisthesis between January
2008 and December 2013. The inclusion criteria were as follows:
1) obvious findings of lumbar spinal stenosis on plain radiograph,
computed tomography scan, and magnetic resonance imaging;
2) pathology that fusion surgery was mandatory in addition to
posterior decompression, such as degenerative spondylolisthesis
or concurrent facet violation over one half; 3) surgical procedure
conducted on 1 to 3 segments; 4) lumbar fusion using both PLIF
and PLF; and 5) patient participated in follow-up more than
2 years after surgery. Those patients with previous back opera-
tions, operations of more than 4-level fusion, surgery extended to
the thoracic spine, and those whose follow-up was less than
2 years after surgery were excluded. Patients were divided into
2 groups based on whether they received an ICBG or a local bone
graft. Body mass index, medical history, and smoking history were
documented.

Surgical Procedures
We performed circumferential lumbar spine fusion that included
simultaneous anterior and posterior fusion in all patients. PLIF
was performed as anterior column fusion and a subsequent PLF
technique was incorporated as posterior column fusion. At the
most cranial level, only two thirds of the upper lamina toward the
fusion area were cut to minimize adjacent segment instability and
maintain integrity of the interspinous and supraspinous ligaments
WORLD NEUROSURGERY 139: e286-e292, JULY 2020
connected to the 1-level upper spinous process. Bilateral pedicle
screw fixation of all affected segments was performed. ICBG was
harvested only in the ICBG group, from the left posterior iliac crest
using a separate skin incision. Cortical and cancellous bone were
obtained from the outer side of the iliac crest (length: 40 mm,
depth: 30 mm). For local bone harvest, only osteotome and
Kerrison punch were used for the removal of lamina and facet for
spinal canal decompression, while avoiding use of a burr as much
as possible; in this manner, a sufficient amount of resected local
bone was obtained. Morselization of the grafts and further sepa-
ration of the soft tissue from the bone was done by bone mill.
After disk space preparation, the harvested iliac bone or local bone
was inserted in the anterior and lateral portion of the interbody
space. This was followed by insertion of titanium cages filled with
grafts. PLF was done bilaterally to form the bone bridge between
the cranial and caudal transverse processes after decortication by
rongeur.

Outcome Measurements
Each the ICBG group and the local bone graft group were further
divided into subgroups of 1-, 2-, and 3-level patients in accordance
with their number of surgical segments. In each subgroup, the
exact operative fusion level, surgical outcomes, and radiologic
outcomes were assessed. As part of the surgical outcomes
considered, estimated blood loss and operative times were also
assessed. Perioperative complications including ICBG donor site
morbidity and instrument-related complications were also
analyzed in detail. For the radiologic outcomes, anteroposterior
and lateral plain radiographs were obtained at 24 months post-
operatively. Each image was blinded and evaluated by 2 spine
surgeons. These images were then classified into 1 of 4 grades for
the evaluation of fusion status (Table 1).18 A patient was labeled as
having achieved fusion when rated as grade 1 or grade 2 (Figure 1)
and as showing nonunion or pseudoarthrosis when rated as grade
3 or grade 4 (Figure 2). If at least either the anterior or posterior
column was fused, that segment was regarded as having
achieved fusion, and the case was termed as a segment union.
The definition of overall union was achieving the segment union
in all surgical segments in a single patient.

Statistical Analysis
The Student t test was used for continuous variables, whereas the
Mann-Whitney U test and Kruskal-Wallis test were used for
nonparametric evaluation. Fisher exact test was used for propor-
tional variables. All statistical analyses were performed using the
Statistical Package for the Social Sciences software (version 20.0
[IBM Corp., Armonk, New York, USA]). A 2-sided P value of less
than 0.05 was considered to be statistically significant. Numerical
values were expressed as mean � SD.

RESULTS

Demographic Data
Of the 178 consecutive patients, 94 were included in the ICBG
group and 84 were included in the local bone graft group. The
ICBG group showed a higher body mass index in the patients of
3-level fusion and had a higher incidence of diabetes (21.3% vs.
8.3%, respectively) compared with the local bone patients.
www.journals.elsevier.com/world-neurosurgery e287
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Table 1. Radiographic Assessment of Anterior and Posterior
Column Fusion Grades

Radiologic Assessment Fusion State

Anterior column fusion grades

Grade 1 Obvious solid mass crossing
vertebral end plate

Fusion achieved

Grade 2 Graft intact without radiolucency
but not fully remodeled

Fusion achieved

Grade 3 Graft intact with radiolucency
top or bottom of graft

Nonunion

Grade 4 Resorption of graft Nonunion

Posterior column fusion grades

Grade 1 Solid mass crossing adjacent
transverse process bilaterally

Fusion achieved

Grade 2 Solid mass crossing adjacent
transverse process unilaterally

Fusion achieved

Grade 3 Defect or radiolucency of graft Nonunion

Grade 4 Resorption of graft Nonunion
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Additional demographic data including smoking and other med-
ical history findings were similar between the 2 groups (Table 2).
There were 75 and 58 patients diagnosed with spinal stenosis and
Figure 1. Two-year postoperative radiographs of a
patient who underwent L4-L5-S1 fusion with iliac crest
bone graft. (A) A lateral radiograph showing obviate
solid fusion mass crossing the vertebral end plates,
which was classified as grade 1 (black arrow), and
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19 and 26 patients diagnosed with stenosis with degenerative
spondylolisthesis in the ICBG and local bone graft groups,
respectively.

Operative Data
For each the ICBG and local bone graft group, 1-level fusion was
performed in 33 and 39 patients, 2-level fusion was performed in
32 and 24 patients, and 3-level fusion was performed in 29 and
21 patients, respectively. The surgical morbidities and outcomes,
including estimated operative time, blood loss, and implant-
related complications, are described in Table 3, and there were
significant differences noted regarding operative times and
blood loss among all operative levels. Iliac bone harvest site
morbidities are described in Table 4.

Fusion and Union Rates
The fusion rates of the anterior and posterior columns, and the
rate of the segments and overall union at 2 years postoperatively
were not different between the ICBG group and the local bone
group in the 1-, 2-, and 3-level subgroups (Table 5). In the case of
the overall union rate of 1-level fusion, the local bone graft group
achieved a 100% of overall union rate, which was higher than that
achieved in the ICBG group but without a statistically significant
difference. Interestingly, in the posterior column fusion rate of
1-level surgery and the anterior column fusion rate of 2-level
surgery, the local bone group showed slightly better fusion rates
than the ICBG group. The number of patients for each
intact graft without full remodeling (gray arrow).
(B) Posterolateral solid fusion mass trabeculated
adjacent transverse process revealed on
anteroposterior radiograph (white arrows).
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Figure 2. Nonunion on 2-year postoperative radiographs
of a patient who underwent L3-5 fusion with local bone
graft. (A) Radiolucency seen in the top and bottom of
the intervertebral graft (black arrows). It is classified as

anterior fusion grade 3. (B) No visible graft is seen in
the adjacent transverse process (white arrows), which
was categorized as posterior fusion grade 4.

Table 2. Demographic Data of the Iliac Crest Bone Graft Group
and Local Bone Graft Group

Variable
ICBG

(n [ 94)
Local Bone Graft

(n [ 84) P Value*

Sex

Number of males 33 25

Number of females 61 59

Age (years) 58.8 � 11.2 62.1 � 11.2 0.051

BMI (kg/m2)

1-level 24.0 � 3.8 23.3 � 3.1 0.334

2-level 24.3 � 3.6 24.3 � 2.8 0.068

3-level 25.2 � 2.6 22.6 � 3.1 0.002y
Smoking 14 (14.9) 11 (13.1) 0.956

Past history

HTN 33 (35.1) 33 (39.2) 0.573

DM 20 (21.3) 7 (8.3) 0.016y
Vascular diseasez 13 (13.8) 14 (16.7) 0.591

Data are presented as mean � SD, number of patients (%), or as otherwise indicated.
ICBG, iliac crest bone graft; BMI, body mass index; HTN, hypertension; DM, diabetes

mellitus.
*An independent t test was used to compare continuous variables.
yP value < 0.05 indicates statistical significance.
zVascular disease includes coronary disease and cerebrovascular accident.
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radiographic fusion grade, the rates of anterior/posterior fusion,
and the rates of the segment and overall union are described in
Table 5. In 3-level fusion, the fusion rate of the anterior column
was lower in both the ICBG group and the local bone graft group
compared with the posterior column fusion rate. However, the
segment union rate of 3-level fusion was comparable with 1- or
2-level fusion. In the ICBG group, there was little difference in the
overall fusion rate according to the fusion level (96.9%, 96.9%,
and 93.1% for 1-, 2-, and 3-level fusion, respectively; P ¼ 0.746,
P¼ 0.640, and P ¼ 0.631 for the 1- to 2-level, 2- to 3-level, and 3- to
1-level comparisons, respectively), whereas in the local bone graft
group, the overall fusion rate tended to decrease gradually as the
fusion level increased (100%, 95.8%, and 85.7% for 1-, 2-, and
3-level fusion, respectively) without any statistically significant
differences (P ¼ 0.381, P ¼ 0.477, and P ¼ 0.188 for the 1- to
2-level, 2- to 3-level, and 3- to 1-level comparisons, respectively).
DISCUSSION

Local bone graft has been used for spinal fusion surgery as an
alternative to ICBG, and studies have previously reported similar
results between the 2 graft materials in 1- or 2-level lumbar
fusion.10-15 However, we think the importance of this study lies in
the following: because of the increase of degenerative spinal
deformity in accordance with the aging population and introduc-
tion of the importance of spinal sagittal imbalance, multilevel
spinal fusion has become in the limelight. Given this trend, a
study comparing the effects of union rates between local bone
graft and ICBG in 3 levels of spine fusion has not been evaluated
www.journals.elsevier.com/world-neurosurgery e289
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Table 3. Operative Data in the Iliac Crest Bone Graft Group and
Local Bone Graft Group

Variable
ICBG

(n [ 94)
Local Bone

Graft (n [ 84) P Value*

Operation time (minutes)

1-level 196 � 49 139 � 26 <0.001y
2-level 211 � 45 166 � 39 <0.001y
3-level 265 � 50 209 � 61 <0.001y

Blood loss (mL)

1-level 852 � 343 572 � 196 <0.001y
2-level 1134 � 409 821 � 299 0.003y
3-level 2183 � 796 1057 � 515 <0.001y

Instrument-related complications

Rod or screw breakage

1-level 0 0 NA

2-level 0 1 NA

3-level 0 2 NA

Screw loosening

1-level 0 0 NA

2-level 1 2 NA

3-level 3 0 NA

Migration of cage

1-level 1 1 NA

2-level 1 0 NA

3-level 1 0 NA

Data are presented as mean � SD, number of patients, or as otherwise indicated.
ICBG, iliac crest bone graft; NA, not available.
*Independent t test was used to compare 1- and 2-level procedures, whereas the Mann-

Whitney U test was used to compare 3-level procedures.
yP value < 0.05 indicates statistical significance.

Table 4. Morbidities of the Iliac Bone Harvest Site of the Iliac
Crest Bone Graft Group

Morbidities 1-Level 2-Level 3-Level Total

Pain 4 1 2 8

Wound dehiscence 0 2 1 3

Wound necrosis 1 0 1 2

Sensory disturbance 1 1 0 2

Hematoma 0 0 0 0

Fracture 0 0 0 0

Values are number of patients.
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by fusion procedures using both PLIF and PLF. Even though local
bone graft and ICBG are included in autograft categories, local
bone is known to be of inferior quality compared with ICBG
because of the amount and quality of graft.
The purpose of our study was to compare the radiologic union

rate and the incidence of perioperative complications after fusion
materials between autogenous iliac bone and local bone in 1- to
3-level lumbar spine fusion. Several studies have reported that
there is no significant difference in the union rate between ICBG
and local bone graft at 1- or 2-level lumbar fusion,10-15 but there is
no research, to our knowledge, that has compared the union rate
in the context of these autologous fusion materials in procedures
of lumbar fusion up to 3 levels using PLIF and PLF. Sengupta
et al.17 reported that a much smaller fusion rate in multilevel
fusion was found in patients undergoing local bone graft versus
ICBG, but their report only included PLF, and no interbody
fusion was included the study. Therefore, our study began with
the question of whether local bone graft as a graft material for
lumbar fusion was equivalent to ICBG in even up to 3-level
surgery.
Our findings suggest results that are contradictory to our hy-

pothesis that segment union rates and overall union rates of local
bone graft showed comparable results with autogenous ICBG up
to 3-level lumbar fusion surgery. As the fusion level increased, the
overall union rate of the local bone graft group tended to decrease
gradually. However, there was no statistically significant difference
in the comparison of fusion rate by surgery level. Therefore, the
local bone graft may have a similar union rate to that of ICBG in
3-level lumbar fusion surgery, despite the statistically insignificant
variations in overall union rates. Therefore, considering some
advantages such as the shorter operative time, less blood loss
when using local bone, and the donor site morbidity seen with
iliac bone harvest, the use of local bone graft in procedures up to
3 -level lumbar fusion could be regarded as an adequate option.
Considering achievement of segment fusion, the fusion rates of

the anterior column and posterior column in 1- and 2-level lumbar
fusion were not significantly different among both groups. In
contrast, the fusion rate of the anterior column in 3-level fusion
was relatively low; however, the posterior column fusion rate of
3-level fusion was not significantly different from the fusion rate of
1 or 2-level surgery. Consequently, the segment and overall union
rate was similar to 1- and 2-level surgery. Therefore, when
multilevel fusion surgery of more than 3 levels is planned, we
recommend circumferential fusion be performed by adding PLF
rather than only interbody fusion alone, regardless of whether an
ICBG or local bone graft is used. Inage et al.16 reported that their
poor union rate achieved with 3-level fusion was because of an
insufficient amount of local bone. However, in our experience,
harvesting from local bone alone yielded a sufficient amount of
graft material for the interbody space and bilateral intertransverse
space. Our principles to harvest local bone involve using only
osteotome and Kerrison punch as an instrument for laminectomy
and facetectomy and minimizing the use of burr as much as
possible, which may have led to a better ability to obtain a suffi-
cient amount of graft material.
When performing lumbar fusion surgery, ICBG has historically

been regarded as the criterion standard for graft material because
it provides all of the main factors to encourage new bone growth
UROSURGERY, https://doi.org/10.1016/j.wneu.2020.03.211
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Table 5. Comparison of Segment Fusion State and Union Rate on 2-Year Follow-Up Radiographs

1-Level Fusion 2-Level Fusion 3-Level Fusion

ICBG
(n [ 33)

Local Bone
(n [ 39) P Value*

ICBG
(n [ 32)

Local
Bone

(n [ 24) P Value*
ICBG

(n [ 29)

Local
Bone

(n [ 21) P Value*

Anterior column fusion grade

Number of segments 33 39 64 48 87 63

Grade 1 24 32 45 39 58 31

Grade 2 7 4 13 6 13 22

Grade 3 2 3 8 3 14 7

Grade 4 0 0 0 0 2 3

Posterior column fusion grade

Number of segments 33 39 64 48 87 63

Grade 1 17 23 55 33 71 43

Grade 2 14 14 7 11 11 13

Grade 3 2 2 2 4 5 6

Grade 4 0 0 0 0 0 1

Anterior column fusion rate (%) 93.9 92.3 0.792 91 93.6 0.615 81.6 84.1 0.691

Posterior column fusion rate (%) 93.9 94.9 0.855 96.9 91.7 0.227 94.3 88.9 0.230

Segment union rate (%)y 98.2 97.6 0.838 97.6 96.6 0.722

Overall union rate (%)z 96.9 100x 0.271 96.9 95.8 0.828 93.1 85.7x 0.394

ICBG, iliac crest bone graft.
*Fisher exact test of the 2 independent group proportions.
ySegment achieved either anterior or posterior segment fusion.
zCase of all segments achieved combined segment union.
xStatistically significant differences between 1-level and 3-level surgery were seen.
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and is derived from the patient’s own body.19-21 Past studies have
reported that the single-level lumbar fusion rate with ICBG was as
high as 90%e100%.22-24 Using local autograft as a substitute for
ICBG has theoretical inferiorities in that there exists a smaller
volume and a relatively higher proportion of cortical to cancellous
bone, which inevitably contains lower osteogenic cells and a lesser
amount of trabecular area for performing the osteogenic and
osteoconductive properties of autograft.21,25 Nevertheless, some
cases of single-level PLF have revealed that use of a local bone
graft technique showed the same fusion rate as that of ICBG with
less surgical time and fewer complications.12,13 They packed the
local bone into the interbody cages during PLIF for degenerative
disease, and successful fusion was achieved in 100% of cases,
and almost the same fusion rates were obtained in both the
local bone group and the autogenous iliac bone group.
Therefore, successful lumbar fusion using local bone alone can
avoid potential complications caused by iliac crest bone
harvest.14,26,27

In assessing iliac bone harvest, some disadvantages including
increased operative time, blood loss, and postoperative pain
should be considered. Furthermore, there is no difference in cost
between ICBGs and local bone grafts. Therefore, if the same union
WORLD NEUROSURGERY 139: e286-e292, JULY 2020
rate is guaranteed at the same cost without ICBG, it is beneficial to
the patient to avoid iliac bone harvest as much as possible.5-7

Many authors have reported donor site complications from the
posterior iliac crest, which ranged up to 39% in the literature.
Banwart et al.8 found that 10% of 225 cases suffered major
complications such as hematoma, infection, reoperation, and
chronic pain, whereas 39% demonstrated minor complications
including sensory deficit, abnormal drainage, and superficial
infection. Robertson and Wray9 included 106 cases and found
that the patients who suffered from worsened donor site pain
and sensory deficit experienced such for 6 months, and
therefore noted the possibility of various problems associated
with iliac bone harvest.
The present study has several limitations. First, this study was

conducted retrospectively. Second, the number of enrolled pa-
tients was small. Besides, patients in the ICBG group were rela-
tively younger and had a higher prevalence of diabetes. In elderly
patients, the surgeon’s intention to reduce the patient’s physical
burden may be reflected in the selection of local bone grafts to
reduce the degree of blood loss as much as possible and complete
the surgery as quickly as possible. Also, this may be due to a
tendency of the surgeon’s preference to select ICBG in situations
www.journals.elsevier.com/world-neurosurgery e291
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where a delay or pseudarthrosis of bone fusion, such as in the case
of diabetes, is of concern. Third, only plain anteroposterior/lateral
radiographs were used for fusion and union status evaluation, and
flexion/extension radiographs or computed tomography scan were
not used. However, the radiographic fusion criteria in our study
have been widely used in the past to evaluate lumbar fusion status.
In addition, the assessment of fusion achievement via a flexion/
extension radiograph has the potential risk of overestimating the
union rate with the environment of the rigid pedicle screw
instrumentation.

CONCLUSIONS

Local bone graft yielded a sufficient amount of graft material and
showed a comparable union rate witt that of autogenous ICBG
even in the case of 3-level lumbar fusion surgery. In terms of
e292 www.SCIENCEDIRECT.com WORLD NE
achieving union, the results of 3-level fusion were not inferior to
1- or 2-level fusion in both ICBG and local bone graft. Our data
suggest that local bone graft could be regarded as an adequate
option for 3-level lumbar fusion surgery to ensure a shorter
operative time, less blood loss, and reduced donor site morbidity.
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