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Abstract BACKGROUND CONTEXT: Postoperative pain at the site of bone graft harvest for posterior spine
fusion is reported to occur in 6%–39% of cases. However, the area around the posterior, superior
iliac spine is a frequent site of referred pain for many structures. Therefore, many postoperative spine
patients may have pain in the vicinity of the posterior iliac crest that may not in fact be caused by
bone graft harvesting. The literature may then overestimate the true incidence of postoperative iliac
crest pain.
PURPOSE: We performed a prospective study testing the hypothesis that patients will not report
significantly higher visual analog scores over the graft harvest site when compared with the contra-
lateral, non-harvested side.
STUDY DESIGN/SETTING: This is a prospective, randomized cohort study.
PATIENT SAMPLE: Patients aged 18–75 years undergoing elective spinal fusion of one to two
levels between L4 and S1 for spinal stenosis and spondylolisthesis were randomized to left-sided or
right-sided iliac crest bone graft (ICBG) donor sites and blinded to the side of harvest.
OUTCOME MEASURES: Primary outcome was a 10-point visual analog scale (VAS) for pain
over the left and right posterior superior iliac spine.
METHODS: Bone graft was harvested via spinal access incisions without making a separate skin
incision over the crest. Each patient’s non-harvested side served as an internal control. Data points
were recorded by patients on their study visit sheets preoperatively and at 6 weeks, 3 months, 6 months,
and 1 year postoperatively.
RESULTS: Forty patients were enrolled in the study (23 females) with an average follow-up of 8.1
months (1.5–12 months). Mean age was 51.7 years (23–77 years). Left- and right-side ICBG har-
vesting was performed equally between the 40 patients. The average volume of graft harvested from
the left was 35.3 mL (15–70 mL) and 36.1 mL (15–60 mL) from the right. There was no statistical
difference between preoperative VAS score on the harvested side compared with the non-harvested
side (p=.415). Postoperatively, there were consistently higher VAS scores on the operative side; however,
these differences were not statistically significant at 6 weeks (p=.111), 3 months (p=.440), 6 months
(p=.887), or 12 months (p=.240). Both groups did, however, show statistically significant improve-
ments in VAS scores over time within the operative and nonoperative sides (p<.05). Graft volume
had no effect on the VAS scores (p=.382).
CONCLUSIONS: The current literature does not adequately illuminate the incidence of postop-
erative pain at the site of harvest and the relative magnitude of this pain in comparison with the patient’s
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residual low back pain. This is the first study to blind the patient to the laterality of bone graft harvesting.
Our randomized investigation showed that although pain on the surgical side was slightly higher, it
was neither clinically nor statistically different from the nonsurgical side. Our conclusion supports
surgeons’ use of autologous bone graft, which offers a cost-effective, efficacious spinal fusion
supplement. © 2017 Elsevier Inc. All rights reserved.
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Introduction

Autologous bone graft is the gold standard in many or-
thopedic procedures including spinal fusion. Compared with
the numerous bone substitutes currently available, autolo-
gous bone has the advantage of being osteoinductive,
osteoconductive, and osteogenic. Moreover, autologous bone
graft avoids potential problems related to immunogenicity,
disease transmission, and high cost. Because of its easy ac-
cessibility and large quantity of available cancellous bone,
the posterior crest is the most common donor site for autolo-
gous bone graft harvest in posterior lumbar surgery.

Persistent postoperative pain is the most common re-
ported complication of bone graft harvesting at this site, with
a reported incidence ranging from 6% to 39% [1–7]. The per-
ception among patients and surgeons that autologous bone
graft harvesting causes pain has served in part to spur the
growth of the multibillion dollar bone graft substitute indus-
try. However, the majority of these studies include patients
who have undergone posterior lumbar spine fusion [8–11].
The area around the posterior superior iliac spine is a fre-
quent site of referred pain for many structures including the
lumbar discs, lumbar facet joints, nerve roots, paraspinal
muscles, and sacroiliac joints. Therefore, many postopera-
tive spine patients may have pain in the vicinity of the posterior
iliac crest that is not in fact caused by bone graft harvesting
[12,13]. If patients and surgeons have incorrectly attributed
pain in the vicinity of the iliac crest to bone graft harvest-
ing, the literature on iliac crest pain after iliac crest bone graft
(ICBG) harvesting may overestimate the true incidence of post-
operative iliac crest pain [14].

Although prior studies have retrospectively or prospec-
tively assessed iliac crest pain after bone graft harvesting
[15–18], there are no randomized controlled and blinded
studies objectively evaluating postoperative pain following
ICBG harvesting. The goal of this study is to evaluate pain
severity at the site of bone graft harvesting from the poste-
rior iliac crest for use in posterior lumbar spine fusion through
use of a simple visual analog pain score comparing pain at
the site of harvest versus pain at the contralateral, non-
harvested iliac crest.

Materials and methods

A randomized investigation with institutional review board
approval was performed at a single tertiary care center with

patient recruitment occurring between July 2009 and No-
vember 2013. Patients aged 18–80 years undergoing elective
spinal fusion for one or two levels between L4 and S1 for
spinal stenosis with or without spondylolisthesis who had failed
conservative treatment and were indicated for spinal fusion
were eligible for inclusion in the study. Patients falling outside
the aforementioned age range or those who did not meet in-
dications for surgery or were deemed poor surgical candidates
secondary to medical comorbidities were excluded from the
study. Additionally, patients requiring bilateral ICBG har-
vesting because of inadequate volume from a single site, those
who had previously undergone posterior ICBG harvest, pa-
tients requiring spinopelvic fixation, or patients with an
abnormality of either iliac crest—that is, preexisting tumor,
infection, dysplasia—precluding harvest from that site, were
also excluded.

Surgical technique

The standard midline approach to the posterior lumbar spine
was used to access the iliac crest. A subcutaneous, suprafascial
approach was then made to the iliac crest and the fascia was
then elevated to expose the bony crest without elevating mus-
cular attachments of the glutei. An osteotome or rongeur was
used to open a cortical window in the crest, and cancellous
graft was harvested from between the inner and the outer tables
of the ilium taking care not to create a discernible defect in
the outer crest. This common surgical technique first re-
ported by Hutchinson and Dall in 1994 is comparable with
a separate Wiltse incision with respect to postoperative pain
and the surgeon’s ability to harvest graft [19,20]. In cases har-
vested via a midline incision, because there is no separate skin
incision over the crest, patients could be blinded to the side
of harvesting.

In minimally invasive or mini-open cases, decompres-
sion, fusion, and instrumentation were performed via
bilateral paramedian Wiltse incisions. Bone graft was har-
vested in these cases via the Wiltse spinal access incision,
again permitting patients to be blinded to laterality of
harvesting.

In all cases, after bone graft harvest, the harvest site was
packed with Gelfoam to achieve hemostasis and the overly-
ing fascia was closed. The harvest site was not backfilled
with allograft or biologic substitute. The volume of morselized
graft was measured and recorded before performance of the
fusion.
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Of note, 13 of the 40 patients were also indicated for an-
terior lumbar interbody fusion, which was performed through
an open, retroperitoneal approach before the posterior portion
of the procedure.

Data collection

Basic demographic data including age, sex, body mass
index, and preoperative diagnosis or diagnoses (ie, degener-
ative disc disease, stenosis, spondylosis, spondylolisthesis or
a combination of these), as well as number of levels fused
and surgical approach was collected via chart review; pres-
ence of possible pain generators, such as loose implants, was
also noted.

The primary outcome of interest was evaluated via ad-
ministration of a visual analog pain scale, which was recorded
preoperatively, and at routine 6 week, 3 month, 6 month, and
12 month follow-up. Subjects were provided with the insti-
tutional review board-approved data collection sheet before
evaluation by the principal investigator. It was designed to
be intuitive and able to be completed without assistance, with
the intention of preventing undue influence from the surgeon
or research staff administering the questionnaire. The sheet
consisted of a cartoon representation of the human figure with
shaded areas over the potential posterior iliac crest donor sites
followed by a request to complete a visual analog pain scale
for both the left and the right posterior superior iliac spines
(Figure). Patients were explicitly instructed not to include pain
at the knee or groin or midline low back pain.

Data were analyzed using paired t tests of mean visual
analog scale (VAS) scores within individuals comparing pain
scores at the operative versus nonoperative sides. The study
was powered to detect the minimum significant difference of
1.2 between control and operative sites. A secondary analy-
sis was performed to compare VAS scores for all time points
between patients with diagnoses of degenerative disc disease,
stenosis, spondylosis, and spondylolisthesis and for those un-
dergoing combined anterior and posterior surgery or posterior
surgery only.

Results

A total of 40 patients were prospectively enrolled in the
study, with an average follow-up of 8.1 months (1.5–12
months). Mean age at surgery was 52.7 years (23–78 years)
and average BMI was 26.4 (18.3–38.3). Thirty-two of the 40
patients (80%) enrolled in the study had complete data with
pain scores at final 12-month follow-up (Table). Of the eight
patients without 1-year follow-up, five had VAS scores re-
corded at 6 months, one had 3-month scores, and one patient
had only 6-week scores at latest follow-up. Four of the pa-
tients enrolled in the study had prior discectomy (10%), three
had undergone a prior decompression, and two patients were
status post total disk replacement. Another patient was taken
back to the operating room approximately 2 weeks after the
index surgery for extension of the fusion to L3 in the setting

of severe postoperative pain secondary to adjacent level
pathology.

Left- and right-side ICBG harvesting was distributed equally
between the 40 patients. The average volume of graft har-
vested from the left side was 35.3 mL (15–70 mL) and 36.1 mL
(15–60 mL) from the right side. Graft volume harvested had
no effect on the VAS scores (p=.382).

Overall, without taking into account the preoperative di-
agnosis or surgery performed, there was no statistical difference
between preoperative VAS score on the operative side com-
pared with the nonoperative side (p=.415). Postoperatively,
there were consistently higher VAS scores on the operative
side; however, the mean differences (Δ) were not statistical-
ly significant at 6 weeks (Δ=0.866, p=.111), 3 months
(Δ=0.500, p=.440), 6 months (Δ=0.073, p=.887), or 12 months
(Δ=0.624, p=.240) (Graph 1). Over the course of the study,
VAS scores at both operative and nonoperative sides dem-
onstrated statistically significant improvements over time
(p<.05) compared with the initial preoperative scores. On the
operative side, pain scores were significantly lower at 6 months
compared with the initial postoperative visit at 6 weeks
(p=.015), although this difference lost significance at final
1-year follow-up (p=.456). There was no statistically signif-
icant difference in pain scores on the nonoperative side at any
time point (3 months, 6 months, and 1 year, p=1.0) com-
pared with scores at 6-week follow-up.

With regard to specific diagnoses, there was no differ-
ence in pain scores at any time point on the harvested side
compared with the non-harvested side in patients with a di-
agnosis of degenerative disc disease or spondylosis compared
with those without these diagnoses. However, patients with
spondylolisthesis (Graph 2) demonstrated significantly lower
pain scores at the initial visit, 6 weeks and 3 months post-
operatively compared with patients without spondylolisthesis
(p=.004, p=.041, and 0.006, respectively). Similarly, pa-
tients with stenosis (Graph 3) demonstrated a significant
decrease in pain scores over time (p=.002), whereas those
without a diagnosis of stenosis did not (p=.639) and had
significant improvement in pain scores on the operative side
at 6 months and 1 year (p=.001 and 0.007, respectively).
There was no difference at any time point between patients
with a diagnosis of degenerative disc disease and those without
DDD.

Although the study was not powered to detect differ-
ences in pain scores between patients undergoing combined
anterior and posterior surgery versus posterior-only surgery,
there was no difference in pain scores seen between these two
groups at any time point.

Discussion and conclusion

The above findings suggest that although there may be re-
sidual pain following ICBG harvesting, it was not statistically
or clinically significantly different from pain reported at the
nonoperative site at any time point throughout the study and
was shown to improve over time.
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One notable finding was the decrease in preoperative
versus 6-week postoperative pain scores. Working from the
assumption that ICBG harvesting is a major pain generator,
it would be expected that patients would have no ICBG
harvest site pain preoperatively, pain scores would peak in
the immediate postoperative period and would gradually
decrease over time. However, we observed that the harvest
site pain scores were in fact highest on average at preoper-
ative testing, decreased significantly at both the operative
and the nonoperative sites by 6 months, and was main-
tained at 1 year postoperatively. This finding would suggest,
as have other studies, that patient assessment of donor site
pain may be overestimated and possibly confounded by
pain generated by residual lumbar disc disease or radiculopathy
[14,21–23]. Furthermore, immediate postoperative surgical

site pain may have served as a distractor, preventing patients
from being able to identify the harvest site as a major pain
generator, leading to an overall decrease in harvest site pain
at the 6-week time point. It is also possible that preopera-
tive diagnosis plays a role in the level of baseline low back
and iliac crest pain based on observed differences among
the various diagnoses, for example, significantly higher pre-
operative, 6-week and 3-month pain scores in patients
with spondylolisthesis compared with those without,
although it should be noted that the current study was not
powered to detect pain differences between the various di-
agnoses. The current literature does not adequately illuminate
the incidence of postoperative pain at the site of ICBG
harvest with respect to the relative magnitude of this pain in
comparison with the patient’s low back pain before and

Figure. Example data collection sheet.

989E.D. Sheha et al. / The Spine Journal 18 (2018) 986–992



following spinal surgery. Further investigation into these
differences is merited.

One of the strengths of this study is its design and simple
study question. To our knowledge, this is the first random-
ized investigation evaluating donor site pain following posterior
ICBG harvesting. It sought to answer a simple question using
a validated, intuitive instrument and was powered to detect
the minimal clinically significant difference for the visual
analog scale [14,24]. Questionnaires were administered without
influence from research staff or the study investigators and
patients remained blinded to their operative side throughout
the study. Use of internal controls also provided insight into
the potential influence of residual postoperative pain, which
may be a contributor to a falsely elevated assessment of donor
site pain.

Loss to follow-up may be considered a weakness of this
study as only 32 of the original 40 patients enrolled in the
study had pain scores recorded at 1-year postoperatively.
However, when including the five patients with at least

Table
Patient demographics

n %

Gender
Female 22 0.55
Male 18 0.45
Age, mean ± SD 52.7 ± 18.9
BMI, mean ± SD 26.4 ± 5.0
Graft volume, mean ± SD 36.5 ± 15.1
Surgical levels
1 32 0.8
2 8 0.2
Approach
Posterior only 27 0.675
Combined 13 0.325
Diagnosis
Degenerative disc disease 22 0.55
Stenosis 30 0.75
Spondylosis 12 0.3
Spondylolisthesis 21 0.525
Single diagnosis 9 0.225
Multiple diagnoses 31 0.775
Prior surgery 9 0.225

Graph 1. Mean pain scores at donor site (Op) and the contralateral iliac crest (NonOp) for all patients at all study time points.

Graph 2. Mean pain scores in patients with (Spondy) and without (No Spondy) a diagnosis of spondylolisthesis.
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6-month follow-up, there are sufficient numbers to adequate-
ly power the study at 6 months (initial power analysis n=36).
Although we cannot draw definitive conclusions regarding
the difference in pain scores between operative and
nonoperative sides at 1 year as this time point was not ade-
quately powered because of loss of follow-up, we would not
expect the trend of improvement in pain scores to signifi-
cantly reverse. However, we did see a trend toward an increase
in pain at the harvest site. Although this may be attributed
to a resolution of midline or surgical site pain and a relative
increase in pain generated from the graft harvest site, the du-
ration of the study and loss to follow-up at 1 year prevents
meaningful conclusions regarding this trend. Long-term follow-
up may serve to clarify this finding. Taking into account the
mean difference in pain scores between groups after 6 months
(0.073, p=.887), we can conclude that there was no differ-
ence in pain between operative and nonoperative sides up to
6 months postoperatively. Studies have focused on the inci-
dence of pain in the immediate postoperative period and its
possible contribution to delayed hospital discharge, in-
creased opioid use, and cost associated with increased length
of stay [25]. Attention has also been turned to the efficacy
of administration of local anesthetic via local injection or at
the time of surgery or placement of an indwelling local cath-
eter at the ICBG harvest site to decrease morbidity in the
immediate postoperative period and beyond [25,26]. Al-
though our study followed patients for 1 year after surgery,
it was not designed to evaluate pain in the immediate post-
operative period. A recent prospective study evaluating donor
site pain following anterior ICBG harvest for anterior cervi-
cal discectomy and fusion found that preoperative opioid use
contributed significantly to pain in the immediate postoper-
ative period, which may be attributed in part to opioid
hyperalgesia [15]. Several of the patients in the study were
noted to be taking opioid medications before surgery, al-
though the exact duration and amounts were not known

precluding any evaluation of its contribution to donor site pain
in a given individual.

This is the first study to blind the patient to the laterality
of bone graft harvesting, effectively addressing the Haw-
thorne effect. In the future, similarly designed studies might
help to determine the major contributors predisposing indi-
viduals to postoperative donor site and general sacroiliac or
crest pain, that is, smoking history, perioperative opioid use,
or preoperative diagnosis.

In conclusion, our study showed that although pain on the
surgical side was slightly higher, it was neither clinically or
statistically different from the nonsurgical side at 6 months.
This conclusion supports surgeons’ use of autologous bone
graft, which offers a cost-effective, efficient spinal fusion
supplement.
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