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Abstract Study Design Systematic review.
Objective To compare the effectiveness and safety between iliac crest bone graft
(ICBG) and local autologous bone and allograft in the lumbar spine.
Methods A systematic search of multiple major medical reference databases identi-
fied studies evaluating spinal fusion in patients with degenerative joint disease using
ICBG, local autograft, or allograft in the thoracolumbar spine.
Results Six comparative studies met our inclusion criteria. A “low” strength of the
overall body of evidence suggested no difference in fusion percentages in the lumbar
spine between local autograft and ICBG. We found no difference in fusion percentages
based on low evidence comparing allograft with ICBG autograft. There were no
differences in pain or functional results comparing local autograft or allograft with
ICBG autograft. Donor site pain and hematoma/seroma occurred more frequently in
ICBG autograft group for lumbar fusion procedures. There was low evidence around the
estimate of patients with donor site pain following ICBG harvesting, ranging from 16.7
to 20%. With respect to revision, low evidence demonstrated no difference between
allograft and ICBG autograft. There was no evidence comparing patients receiving
allograft with local autograft for fusion, pain, functional, and safety outcomes.
Conclusion In the lumbar spine, ICBG, local autograft, and allograft have similar
effectiveness in terms of fusion rates, pain scores, and functional outcomes. However,
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Introduction

Lumbar spinal fusion continues to experience a rapid increase
in utilization. In the United States, lumbar fusions increased
by 134% from 1993 to 2003,1 and doubled again between
1998 and 2008.2 Modern spine surgeons have many choices
available to them for the bone graft, including autograft,
allograft, and various synthetic materials. Autologous iliac
crest bone graft (ICBG) is still considered the historical gold
standard in lumbar spinal fusion. However, ICBG harvesting is
associated with morbidity including infection, hematoma,
fracture, impaired wound healing, and donor site pain.3–7

In the hope of avoiding donor site morbidity, other autol-
ogous bone has been advocated as a suitable graft material,
such as local bone harvested from the laminae and spinous
processes during the decompressive maneuvers of a lumbar
surgery.8,9 In addition, various allograft materials have been
used as a substitute for autologous ICBG. However, questions
remain as to the comparative effectiveness and safety of other
types of autograft and cadaver allograft compared with
autologous ICBG. Therefore, we sought to answer the follow-
ing key questions:

1. Is autologous ICBG safer and more effective than fusion
with local autograft in the lumbar spine?

2. Is autologous ICBG safer and more effective than fusion
with cadaver allograft in the lumbar spine?

3. Is local autograft safer and more effective than fusion with
cadaver allograft in the lumbar spine?

Materials and Methods

Electronic Literature Search
A systematic search of Medline, Embase, and the Cochrane
Collaboration Library was performed for literature published
through December 2013. The search results were limited to
the studies published in the English language with human
subjects and abstracts available. The reference lists of key
articles from the search as well as applicable systematic
reviews were also systematically checked to identify any
additional eligible studies. Comparative studies (e.g., ran-
domized controlled trials [RCTs], cohort studies) of patients
with degenerative joint disease undergoing fusion proce-
dures with autograft harvested from areas other than the
iliac crest or with cadaver allograft, or a mixture of local
autograft and cadaver allograft, compared with fusion with
autologous ICBG in the thoracolumbar spine were sought.
Studies were included if they used a concurrent control group
or a consecutive historical control group (at the same institu-
tion). Studies with an inconsecutive historical control or a
control group at a different institution were excluded
(►Table 1).

Studies were excluded if they did not report results
separately by treatment group or used a mixed graft with
excluded treatments such as demineralized bone matrix,
because the effects of the additive material could not be
separated from the effect of the graft type. Furthermore,
studies that included skeletally immature patients (<18 years
of age) or patients with a history of tumor or infection in the
implantation site, trauma, fracture, or adolescent scoliosis
were all excluded. Case series, case reports, or studies that
consisted of few than 10 cases for either comparison group
were excluded. Animal, cadaver, and biomechanical studies
were also excluded.

Data Extraction
The following data was extracted: (1) study design; (2)
patient characteristics; (3) interventions; (4) inclusion/exclu-
sion criteria; (5) follow-up duration; (6) the rate of follow-up
for each treatment group (if reported or calculable); (7)
patient-reported functional and pain outcomes (Oswestry
Disability Index [ODI], visual analog scale [VAS], Japanese
Orthopaedic Association [JOA] score and scale, Roland-Morris
score, Modified MacNab score, or patient satisfaction); (8)
various clinical outcomes defined by the investigators; (9)
complications or adverse events; (10) fusion rate; (11) time to
fusion; (12) definition of fusion (►Table 2); (13) area where
bone graft was harvested; (14) type of bone used (i.e.,
cancellous); (15) preparation methods (i.e., morselization);
and (16) preservation method (i.e., freeze-dried or frozen). In
the absence of patient-reported or clinical outcomes, radio-
graphic or clinician-defined fusion was used to determine
success. Fusion percentageswere compared at final follow-up
because follow-up times were reported inconsistently across
the studies. All extracted data was examined for trends and
possible pooling.

Study Quality and Overall Strength of Body of
Literature
We assessed the risk of bias for each article using criteria set
by The Journal of Bone and Joint Surgery, American Volume for
studies on therapy.10,11 After individual article evaluation,
the strength of the overall body of evidence with respect to
each outcome was determined based on the precepts out-
lined by the Grades of Recommendation Assessment, Devel-
opment and Evaluation (GRADE) Working Group and
recommendations made by the Agency for Healthcare Re-
search and Quality (AHRQ).12–14

The initial strength of the overall body of evidence was
considered “high” if themajority of the studieswere RCTs and
“low” if otherwise. GRADE recommends downgrading one or
two levels based on risk of bias, inconsistency of results,

ICBG is associated with an increased risk for donor site-related complications. Significant
limitations exist in the available literature when comparing ICBG, local autograft, and
allograft for lumbar fusion, and thus ICBG versus other fusion methods necessitates
further investigation.
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indirectness of evidence, imprecision of the effect estimates,
or suspected publication bias. Alternatively, the body of
evidence could be upgraded one or two levels based on a
large magnitude of effect or a dose–response gradient. An
overall strength of highmeans that we are very confident that
the true effect lies close to that of the estimated effect. A
“moderate” ratingmeans that although the true effect is likely
to be close to the estimated effect, there is a possibility that it
is substantially different. An overall strength of low means
that our confidence in the effect estimate is limited, and the
true effect may be substantially different from the estimate.
Finally, a rating of “insufficient”means that wehave very little
confidence in the effect estimate; the true effect is likely to be
substantially different than the estimated effect. In addition,
this rating was used if there was no evidence or it was not
possible to estimate an effect.

Data Analysis
The data is summarized in tables and further stratified based
on the graft tissue preparation and preservation method.
When present, we report mean differences (MDs) of contin-
uous variables and their variance that compare baseline with
follow-up values. For studies that did not report MDs, we
calculated the MDs when the data was present. Risk propor-
tions (percents) are reported for dichotomous variables by
tallying risks as the proportion of patients experiencing an
event. When the complication risk was greater in one treat-
ment group compared with another, we calculated the risk
ratio and 95% confidence interval using STATA 9.0 (StataCorp,
College Station, Texas, United States).

Results

Study Selection
The search strategy yielded 220 potentially relevant citations.
Of these, 195 were excluded based on title and/or abstract.
Twenty-five were selected for full text review. An additional
19were excluded based on full text review because theywere
not a comparison of interest (n ¼ 10) or not a population of
interest (n ¼ 4). Among the six included studies, three com-
pared autologous ICBG with local autograft (key question 1),
three compared autologous ICBG with cadaver allograft (key
question 2), and none compared local autograft with cadaver
allograft (key question 3).

Evidence Available
One RCT by Ohtori et al and two retrospective cohort
studies were identified for key question 1
(►Table 2).15–19 All three of these studies involved fusion
procedures of the lumbar spine. The RCT (n ¼ 82; 50%male;
mean age, 66.5 years; main diagnosis, degenerative spon-
dylolisthesis; follow-up, 2 to5 years) did not specify the
preparation method.15 The other two compared local bone
graft with autologous ICBG (n ¼ 185; percent male, not
reported; mean age, 53.7 years; follow-up, 2 to 6 years).
One of the retrospective cohorts used morselized local
bone graft as well as morselized ICBG.18 Sengupta et al
used morselized local bone with an unspecified prepara-

tion method to compare with ICBG for posterolateral
fusion.19

Three studies were identified for key question 2,20–22 two
RCTs and one retrospective cohort.20–22 Of these, two used
frozen, morselized, femoral-type bone grafts,20,22 and the
other study used freeze-dried, structural allograft from an
unspecified donor location to compare with autologous
ICBG.21

Therewere no lumbar studies identified for key question 3.

Efficacy/Effectiveness

Key Question 1
Key question 1 regarded efficacy and effectiveness of local
versus autologous ICBG. Three studies reported fusion out-
comes for local autograft compared with autologous
ICBG.15,18,19 In the only RCT, there was no difference in the
proportion of patients who obtained fusion between groups
receiving local bone or ICBG (83 and 85%; ►Table 3).15 Like-
wise, in the two retrospective cohort studies, there were no
statistical differences comparing fusion between local bone
(98 and 96%) and ICBG (65 and 75%; ►Table 3).18,19

All three studies compared axial/radicular pain outcomes
for local autograft with autologous ICBG.15–19 In the RCT by
Ohtori et al, the MD in pre- and postoperative pain with the
VAS (10-point scale) showed no difference between local
autograft and autologous ICBG (6.5 and 5.7 for leg and 2.8
and 2.1 for low back, respectively; ►Table 4).15 One retro-
spective study reported the proportion of patients with
reduction in pain of >3 points on the VAS scale for leg pain
(75% local bone, 64% ICBG) or low back pain (75% each).19

There were no significant differences in the patient-re-
ported or clinician-based outcomes (ODI, JOA scale, various
clinical ratings) in any of the studies. The RCT by Ohtori et al
reported no statistical difference comparing local autograft to
autologous ICBG using the ODI with MDs of 22 and 11,
respectively.15 One retrospective cohort reported 87.5% in
the local autograft group, and 72.0% in the ICBG group
achieved an excellent or good clinical rating (p ¼ 0.284).19

Another retrospective cohort reported no difference in re-
covery rate of JOA scale (83% local bone, 81% ICBG).18

Key Question 2
Key question 2 regarded efficacy and effectiveness of allograft
versus ICBG. Two studies compared allograft with autologous
ICBG. The fusion percentages were similar for studies com-
paring allograft to autologous ICBG. One RCT (n ¼ 40; 52%
male; mean age, 45 years, follow-up, 12 months) showed no
differences between allograft and autologous ICBG groups (85
and 80% respectfully; ►Table 3).21 One retrospective cohort
(n ¼ 104; 47% male; age, not reported; follow-up, 4 years)
also showed no difference in fusion percentages between
groups (92% in the allograft group compared with 95% in the
ICBG group).22 There were no apparent differences due to
variation in preservation or preparation methods like morse-
lization or freeze-drying/fresh-freezing of allografts.

Pain outcomes were reported in two of the three lumbar
fusion studies comparing allograft to autologous ICBG
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(►Table 4).21,22 An RCT by Putzier et al reported no difference
between the groups in the change in pain from baseline to
follow-up as measured by the VAS (100-point scale; 42.6 in
the allograft group and 45.9 for the autograft group).21 The
retrospective cohort study by Wimmer et al reported no
statistical difference in the percentage of patients who had
pain improvement (38.5% in the allograft group and 43.1% in
the autograft group).22 Pain scores were not influenced by
graft preparation or preservation methods.

With respect to patient-reported outcomes in lumbar
fusion, two RCTs reported functional results using the ODI,
patient satisfaction, and the Roland-Morris score.20,21 Gibson
et al reported a more favorable functional outcome using the
Roland-Morris score for the ICBG group (6.4 overall) com-
pared with the allograft group (1.9 overall). However, five

patients in the autograft group (16.7%) complained of severe
donor site pain. When patients with donor site pain at 1 year
were excluded from the analysis, this difference between
groups disappeared.20 An RCT by Putzier et al, however,
reported no significant difference between allograft and
autologous ICBG using the ODI: 75 and 80% of patients in
each group had excellent or good results. Additionally, the
proportion of patients who were satisfied with their surgery
was similar between groups (80 and 75%, respectively).21

Clinical outcomeswere not notably influenced bypreparation
or preservation of the grafts used.

Key Question 3
Key question 3 regarded efficacy and effectiveness of allograft
versus local autograft. No studies were identified evaluating

Table 4 Pain and clinician-based and patient-reported outcomes following ICBG compared with local autograft in lumbar spinal
fusion

Author (study design) Outcome Fusion p Value

Local autograft or allograft ICBG

Local autograft, preparation method unknown

Ohtori et al (2011)15 (RCT) VAS (0–10) leg MD 6.5 � 1.6 5.7 � 1.9 NS

VAS (0–10) low back MD 2.8 � 1.0 2.1 � 1.5 NS

JOAS (0–3) leg MD 1.6 � 0.4 1.2 � 0.4 NS

JOAS (0–3) low back MD 1 � 0.5 1.3 � 0.5 NS

ODI MD 22 � 11.4 11 � 7.2 NS

Morselized autograft

Ito et al (2013)18

(retrospective cohort)
JOAS recovery rate 82.7% 80.5% NS

Sengupta et al (2006)19

(retrospective cohort)a
VAS (>3/10) leg pain 75% (30/40) 64% (23/36) NS

VAS (>3/10) back pain 75% (31/40) 75% (27/36) NS

Excellent/good 87.5% (35/40) 72% (26/36) NS

ODI (mean improvement) 36% 32%

Structural, freeze-dried allograft

Putzier et al (2009)21 (RCT) VAS (0–100) MD 42.6 � 6.3 45.9 � 7.4 NS

ODI (excellent/good) 80% (16/20) 75% (15/20) NS

Satisfaction 80% (16/20) 75% (15/20) NS

Morselized, frozen autograft

Gibson et al (2002)20 (RCT) RM back MD 1.9 6.4b <0.05

RM leg MD 0.7 1.7 NS

RM overall MD 0.7 1.4 NS

Wimmer et al (1999)22

(retrospective cohort)
Improvement 38.9% (15/39) 43.1% (28/65) NS

Pain free 33.3% (13/39) 32.3% (21/65) NS

Abbreviations: ICBG, Iliac crest bone graft; JOAS, Japanese Orthopaedic Association Scale; MD, mean difference; NS, not significant; ODI, Oswestry
Disability Index; RCT, randomized controlled trial; VAS, visual analog scale.
aICBG is structural, local bone is morselized.
bFive patients who complained of significant donor site pain had much higher back pain that the group average. When their scores were excluded,
there was no difference between groups in Roland-Morris (RM) scores at 1-year follow-up.
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efficacy and effectiveness of allograft versus local autograft in
the lumbar spine.

Safety

Key Question 1
Donor site complications were less frequent in patients
receiving local autograft than autologous ICBG (►Table 5).
Donor site pain at the iliac crest ranged from 6 to 15% in three
studies,15,18,19 with the RCT by Ohtori et al reporting the
highest percentage (15%).15 There were no donor site com-
plications attributed to local autograft.15,18,19 In addition to
pain, other donor site complications were reported in the
ICBG group: hematoma or seroma percentages ranged from 0
to 5.6%, and sensory loss was 20%.15,16,19 No other donor site
complications were recorded in those receiving local
autograft.

Complications not associated with the donor site were
reported inconsistently across studies. There were no differ-
ences between treatment groups with respect to infection,
dural tears, pedicle screw misplacement, or instrumentation
failure (►Table 5).

Key Question 2
Donor site complications varied across studies among pa-
tients who received autologous ICBG. The risk for donor site
pain ranged from 16.7 to 20% at follow-up (►Table 5). Other
complications observed at the iliac crest donor site included
hematoma/seroma (25%).20

There were no reported revisions of lumbar fusion using
either allograft or autologous ICBG in the one study reporting
this outcome (►Table 5).21 There were no significant differ-
ences between groups with respect to deep infection, super-
ficialwound infection, bleeding from segmental vein, damage
to the lateral femoral cutaneous nerve, postsympathetic
syndrome, or revision surgery.21,22

Key Question 3
Safety risks for key question 3 were not reported.

Evidence Summary

Key Question 1
Low evidence suggested no difference in fusion percentages
between patients receiving local autograft compared with
ICBG autograft in the lumbar spine (►Table 6).

Low evidence demonstrated no difference in back and leg
pain and functional results comparing the two graft types in
the lumbar spine. There was moderate evidence that donor
site pain and donor site sensory loss occurred more frequent-
ly in patients receiving ICBG autograft. There was low evi-
dence that the occurrence of other complications was similar
between lumbar local autograft and ICBG autograft.

Key Question 2
Low evidence suggested no difference in fusion percentages
between patients receiving allograft compared with ICBG
autograft.

There was no difference in pain or function comparing
allograft to ICBG autograft in the lumbar spine. The evidence
for this conclusion was low.

Donor site pain and hematoma/seroma occurred more
frequently in the ICBG autograft group for lumbar fusion
procedures. There was low evidence around the estimate
(percents) of patients with donor site pain following ICBG
harvesting, ranging from 16.7 to 20% (►Table 6).With respect
to revision, low evidence demonstrated no difference be-
tween ICBG autograft and allograft in the lumbar spine.

Key Question 3
Therewas no evidence comparing patients receiving allograft
with local autograft for fusion, pain, or functional and safety
outcomes in the lumbar spine.

Discussion

The current clinical literature provides low evidence that
ICBG, local autograft, and allograft have similar efficacy in
terms of fusion rates and patient outcome measures. Mean-
while, there ismoderate to low evidence that harvesting ICBG
is associatedwith a significantmorbidity rate. Twomodalities
were utilized to assess the current literature within a sys-
temic, reproducible, and objective framework. First, individ-
ual articles were rated on their class of evidence based on the
criteria published by the Journal of Bone and Joint Surgery,
American Volume.10 Second, the overall body of evidencewith
respect to each outcome was stratified according to recom-
mendations of the AHRQ and GRADE working group.12–14

This stratification led to predominantly low or insufficient
evidence grades regarding the comparative data for ICBG,
local autograft, and allograft during lumbar fusion.

Avoiding pseudarthrosis following lumbar fusion proce-
dures is important because long-term fusion is associated
with improved patient outcomes.23 A host of patient- and
treatment-associated factors such as smoking status, osteo-
porosis, diabetes, number of levels treated, use of instru-
mentation or interbody grafts, and surgical approach are
reported to influence fusion rates.24–27 This comprehensive
literature review focused on the strength of the evidence
surrounding the effect choice in bone graft plays on fusion
rates and how that is related to patient outcomes and
operative morbidity. Controlling for other factors related
to fusion was beyond the scope of this systemic review, and
the studies included did have significant variation in surgical
approaches, use of instrumentation, methodology for as-
sessing fusion, outcome measures reported, indications for
surgery, and patient population. Although this interstudy
heterogeneity limited our ability to pool the data for a formal
meta-analysis, the reviewed studies had sufficient internal
control to validate comparison of the differing treatment
grafts. Thus, we were able to compare the conclusions of
multiple studies and found that they tended to agree that
there was no significant difference in terms of fusion rate or
outcome when comparing ICBG to local autograft or allo-
graft, and ICBG was associated with a higher incidence of
donor site morbidity.
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ICBG has historically been described as the “gold standard”
graft material during lumbar fusion, because it possesses the
three main factors to encourage new bone growth (osteoge-
nicity, osteoconductivity, and osteoinductivity), it is native to
the patient, and it is often used as the control arm for RCTs
evaluating lumbar fusion.28–30 Although many clinical series
have reported high fusion rates,24,31–33 there are well-docu-
mented disadvantages to using ICBG. Harvesting bone from
the iliac crest is associated with increased operative time,

blood loss, and postoperative complaints.7,34,35 Thus, other
methods to harvest autograft during lumbar fusion have been
advocated in recent years.15,18,19 For posterior approaches,
there is often adequate autograft obtained from the spinous
processes, laminae, or facet joints during the associated
decompression or approach to the disk space. But using local
autograft instead of ICBG has theoretical concerns given the
smaller volume and the lower ratio of cancellous to cortical
bone, which should result in fewer osteogenic cells and less

Table 5 Complications at final follow-upa comparing local autograft versus ICBG, and allograft versus ICBG in lumbar spinal fusion

Fusion

Outcome Study Local autograft or allograft ICBG

Local autograft

Donor site complications

Donor site pain Ohtori et al (2011)15 0% (0/42) 15% (6/40)b

Ito et al (2013)18 0% (0/53) 11% (6/53)

Sengupta et al (2006) 0% (0/40) 5.6% (2/36)

Hematoma/seroma Ohtori et al (2011)15 0% (0/42) 0% (0/40)

Sengupta et al (2006)19 0% (0/40) 5.6% (2/36)

Sensory loss Ohtori et al (2011)15 0% (0/42) 20% (8/40)c

Other complications

Deep infection Ohtori et al (2011)15 2.3% (1/42) 0% (0/40)

Superficial infection Ito et al (2013)18 0% (0/56) 1.9% (1/53)

Infection (type NS) Sengupta et al (2006)19 5.0% (2/40) 8.3% (3/36)

Deep vein thrombosis Sengupta et al (2006)19 10.0% (4/40) 8.3% (3/36)

Dural tear Sengupta et al (2006)19 12.5% (5/40) 8.3% (3/36)

Hematoma (spinal canal) Ohtori et al (2011)15 0% (0/42) 0% (0/40)

Pedicle screw misplacement Ito et al (2013)18 7.1% (4/56) 5.6% (3/53)

Sengupta et al (2006)19 2.5% (1/40) 8.3% (3/36)

Instrumentation failure Sengupta et al (2006)19 5.0% (2/40) 2.8% (1/36)

Numbness in buttock Sengupta et al (2006)19 0% (0/40) 8.3% (3/36)

Allograft

Donor site complications

Pain Gibson et al(2002)20 0% (0/37) 16.7% (5/30)

Wimmer et al (1999)22 0% (0/39) 18.5% (12/65)

Putzier et al (2009)21 0% (0/20) 20% (4/20)

Hematoma/seroma Gibson et al (2002)20 0% (0/20) 25% (5/20)

Other complications

Deep infection Wimmer et al (1999)22 0% (0/39) 1.5% (1/65)

Superficial infection Wimmer et al (1999)22 0% (0/39) 1.5% (1/65)

Revision Putzier et al (2009)21 0% (0/20) 0% (0/20)

Bleeding from segmental vein Wimmer et al (1999)22 5.1% (2/39) 4.6% (3/65)

Damage to lateral FCN Wimmer et al (1999)22 0% (0/39) 4.6% (3/65)

Postsympathectomy syndrome Wimmer et al (1999)22 5.1% (2/39) 3.1% (2/65)

Abbreviations: FCN, femoral cutaneous nerve; ICBG, Iliac crest bone graft; NS, not significant.
aSee ►Table 2 for final follow-up times.
bp ¼ 0.025.
cp ¼ 0.01.
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trabecular area that contribute to the osteogenic and osteo-
conductive properties of autograft.30,36

Despite these concerns, the current clinical literature
supports the assertion that ICBG and local autograft have
similar efficacy in achieving lumbar fusion.15,18,19 This re-
ported equivalency in fusion rates was seen across differing
approaches as well: Sengupta et al used posterolateral fu-
sion19; Ito et al used a posterior interbody approach18; and
Ohtori et al used an uninstrumented anterior interbody ICBG
graft comparedwith instrumented posterolateral fusionwith
local autograft.15 Of note, Sengupta et al did report a statisti-
cally significant higher rate of nonunion for multilevel pos-
terolateral fusions that used local autograft compared with
ICBG.19 However, this result was based on data from just 10
patients in the local autograft subgroup and 15 in the ICBG
subgroup, so drawing any conclusions from these results
alone would be dubious. There were significant limitations
noted in the available literature with respect to reporting of
fusion rates. Fusion was evaluated at distinctive times and
defined differently between studies, with no studies using
direct surgical inspection.37 Furthermore, only one study
routinely used computed tomography (CT) scans.15,38 Multi-
ple clinical series utilizing fine-cut, multiplanar CT scans to
access lumbar fusion have demonstrated a strong correlation
with findings on open surgical exploration.8,9 Static X-rays
have been shown to be unreliable at predicting lumbar
fusion,39–41 and although a lack of motion on dynamic
X-rays is highly suggestive of fusion, some degree of motion
does not necessarily correlate with pseudarthrosis during
surgical exploration.40 Also, the one RCT in this group had
significant internal variability in surgical approach and use of
instrumentation, making it difficult to access the role choice
of bone graft played in fusion outcomes.15

We found no comparative human studies that showed a
benefit in using ICBG over allograft despite the purported
benefits of the osteoinductive and osteogenic properties of
ICBG.21,22 Similar results have also been shown in a goat
animal model comparing autograft and allograft for lumbar
fusion.42 Though some reports imply that ICBG results in a
shorter time to fusion compared with allograft, this benefit
does not seem to have an effect on long-term fusion rates or
patient outcome measures.21,22,43,44 In fact, many reports
have demonstrated that achieving fusion during short-term
follow-up does not correlate with patient outcome measures
and that nonunion does not become clinically significant until
long-term follow-up.23,24,31,45 Thus, time to fusion only
becomes important if the process is delayed to the point
where instrumentation failure or graft subsidence occurs
prior to fusion. Allograft does carry a risk of immune-medi-
ated rejection or infection, but directly comparing these risks
to a cohort receiving autograft would not be feasible given the
extremely low incidence.46

Any statement on the relative equivalency of ICBG and
allograft for lumbar fusion must be tempered by the limi-
tations of the available literature comparing fusion rates. Only
two studies reported fusion rates, one RCT that only included
20 patients in each arm and one retrospective cohort.21,22 In
fact, all three studies that compared ICBG versus allograft had

serious concerns regarding inadequate sample size to deter-
mine differences between the two groups.20–22 Although
both studies used CT-based criteria to determine fusion and
a combined anterior–posterior fusion technique with inter-
body graft, the RCTonly included single-level disease and the
retrospective review by Wimmer et al included multilevel
fusions.22Despitemultilevel fusion being awell-reported risk
factor for nonunion, Wimmer et al reported a higher rate of
fusion than the single-level procedures by Putzier et al,
highlighting the fact that even when studies use similar
interventions and criteria to determine fusion, directly com-
paring fusion rates between studies may not be valid.21,22

In terms of patient outcome measures and pain scores in
general, the reviewed studies found no difference in the
effectiveness of ICBG, local autograft, and allograft. Not includ-
ed in this review are the results from the SPORT trial, which
also did not find a difference in outcome measures at 4 years
whether ICBG or another graft material was used.47 Gibson et
al is the only study to report a statistically significant difference
in outcome measures.20 The higher Roland-Morris back dis-
ability scores in the ICBG groupwas attributable to pain at the
donor site, demonstrating that harvesting ICBG is not without
risks. In fact, the ICBG group had a higher rate of donor site
complications, including donor site pain, hematoma/seroma,
or sensory loss, in all studies that reported these outcomes.
Meanwhile, there were no significant differences in non–
donor site complications. Again, the data regarding safety
information is hampered by the inadequate sample size and
>20% loss to follow-up in the majority of the studies.

This systemic review identified significant limitations in
the individual studies and overall body of the literature
comparing lumbar fusion with ICBG, local autograft, or allo-
graft. Based on the current available literature, there is
insufficient evidence to compare the safety and efficacy of
lumbar fusionwhen using local autograft versus allograft (key
question 3). In total, three studies met the criteria to compare
ICBG to local autograft (key question 1) including one RCT,
and three studies (two RCTs) could appropriately compare
ICBG to allograft (key question 2). There was limited inter-
study consistency in regards to follow-up time, indication,
surgical procedure, definition of fusion, and reporting of
outcomes and complications, significantly limiting our ability
to perform a meta-analysis. Thus, the overall quality of the
existing literature comparing ICBG and local autograft or
allograft remains limited. Future studies should be aimed at
comparing fusion rates, efficacymeasures, direct and indirect
costs, and safety in a prospective fashion. A power analysis
should be part of the initial study design to avoid problems
with inadequate sample size seen in the majority of the
current studies on this topic. A homogenous study population
with regards to surgical indication and procedure performed,
along with well-defined outcome measures and consistent
definition of fusion, would also be ideal.

Conclusions

Based on low evidence from the current literature, ICBG and
local autograft or allograft have similar efficacy in terms of
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fusion rates, pain scores, and functional outcomes in the
lumbar spine. ICBG use was consistently associated with an
increased risk for donor site–related complications across
studies. However, there were obvious limitations in the
literature, and thereby definitive judgments regarding graft
choice must be made carefully within the framework of the
current literature. Thus, ICBG versus other fusion methods
remains an area of clinical equipoise, and further investiga-
tion on this topic with prospective randomized trials is
warranted.
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