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ABSTRACT

Background: There exists a wide variety of bone grafts, substitutes, and extenders, which are utilized in spinal
arthrodesis surgery. While iliac crest autograft is the traditional gold standard for use in spinal arthrodesis, there is
considerable discrepancy in the literature regarding its associated complications. Primarily among these is the perception
that the procedure is painful and has a high infection rate. The purpose of this study is to determine if patients

experience more pain postoperatively on the iliac crest autograft donor side of the pelvis than the contralateral side.
Methods: This study was a retrospective chart analysis of prospectively collected data on 76 patients who

underwent elective lumbar arthrodesis with iliac crest autograft performed by one surgeon. The patients filled out a pain

diagram with a five-region visual analogue scale, including each iliac crest, at the preoperative and each postoperative
visit. Patient-reported pain data at various time points was compared from donor and contralateral sides and analysis
included trends over time. Additionally, complications were noted when they occurred. The surgical approach involved

a midline skin incision in all patients with epifascial and subperiosteal dissection to the posterior superior iliac spine.
Results: There were no significant differences in reported pain between donor and nondonor side. There was no

significant main effect of side of measurement (P¼ .75) and no significant side by time of measurement interaction effect

(P¼ .95). There was a significant main effect of time of measurement for both sides (P , .001). There were no cases of
donor site complications.

Conclusions: Iliac crest harvest and reconstruction utilizing this technique does not result in increased pain on the
side of the harvest. This study supports a low morbidity rate for iliac crest autograft harvest as no complications were

seen in this series.
Level of Evidence: 3
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INTRODUCTION

The number of spinal fusion surgeries performed
in the United States has dramatically increased 2.4-
fold over the last decade.1 As a result, spending on
spinal fusions and development of new surgical
devices for this procedure have increased as well.
Some of the greatest increases in spinal fusion
procedural costs are due to an increase in the usage
of autogenous bone graft substitutes, such as bone
morphogenetic protein.2 There is significant vari-
ability in the literature regarding the safety and
effectiveness of many of these substitutes.3–7

When performing a spinal arthrodesis, two
primary goals are 1) accomplishing biomechanical
support and 2) bone fusion. These critical tasks are
accomplished using spinal instrumentation as well
as bone grafting. The gold standard for bone grafts

has traditionally been autogenous iliac crest bone

graft (ICBG), as it is osteoconductive, osteoinduc-

tive, and osteogenic.8 However, because this proce-

dure has potential complications, various bone graft

substitutes have been introduced into clinical

practice.2 Due to debate over whether or not these

substitutes represent safe alternatives, many sur-

geons still use ICBG when performing spinal

fusions.9

Numerous prior studies have addressed the

question of whether or not ICBG harvesting, when

performed using the appropriate technique, has

enough associated morbidity to necessitate use of

alternative approaches. Current literature presents

conflicting data with a number of studies having

reported the incidence of major and minor compli-

cations related to posterior iliac crest harvest-
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ing.10–15 The most commonly reported complication
is persistent postoperative pain at the donor site.
Chronic donor site pain was reported in 6% to 39%
of patients who underwent posterior ICBG har-
vest.16–21 These statistics show that morbidity
associated with autologous iliac crest harvest can
be common. However, Banwart et al22 suggest that
given the correct procedural refinements, severe
complications and many minor complications re-
sulting from ICBG can be avoided. Furthermore,
other literature highlights the difficulty for patients
to differentiate between donor site pain and residual
lower back pain postoperatively. This suggests that
the incidence of pain related to posterior ICBG
harvesting may be overestimated in current litera-
ture.23,24

Although the above research has been conducted
on patients’ postoperative pain at the donor site,
discrepancies in the data necessitate additional
studies evaluating the inherent morbidity involved
in ICBG harvesting. The purpose of this study was
to determine if patients experience more pain
postoperatively on the ICBG donor side of the
pelvis than the contralateral side. We hypothesize
that this retrospective chart analysis of prospectively
collected data will show that patients do not
experience significantly greater pain postoperatively
on the side of posterior ICBG harvest.

MATERIALS AND METHODS

Procedure and Participants

A retrospective analysis of prospectively collected
data was used to study pain in patients who
underwent posterolateral spinal fusion using autog-
enous posterior ICBG. Patient pain was assessed
using a visual analog scale (VAS) completed by the
patient at the time of clinical visits. Patients ranked
pain on a scale from 0 to 10 with ‘‘0’’ being no pain
and ‘‘10’’ being the worst pain they have ever
experienced. The sites where pain was assessed
included the iliac crest of the graft donor side, the
iliac crest of the contralateral side, the mid-lower
back, and the left and right lower extremities
(Figure 1).

Patients who underwent posterolateral fusion at
the Heart of Florida Regional Medical Center,
Davenport, Florida, between January 5, 2009, and
February 28, 2012, were included in the data
collection. Raw data collected included 116 patients
who underwent fusions between the above dates.

Exclusion criteria used for selection of data to be

analyzed included patients that did not have 6

months of postoperative data, patients that had 6

months of data but did not have at least 3 time

points of data from the time of the surgery to the 6

month data point, and any patient who had

additional lumbar spinal surgery after pain data

collection had already begun. Nine patients were

excluded due to additional lumbar surgery and 12

patients were excluded due to insufficient available

data. This brought the final patient population for

data analysis to 95.

The surgical approach for harvesting of autoge-

nous ICBG at time of lumbar fusion surgery

involved a midline skin incision in all patients with

epifascial dissection to the posterior superior iliac

spine, followed by subperiosteal exposure of the

prominence. Prior to the fascial incision, a bone

marrow aspirate was performed on the ipsilateral

iliac crest. After exposure of the iliac crest, the

prominence was resected with an osteotomy and

cancellous bone removed from between the tables

with Capener gouges. Care was taken to avoid

penetration of the cortex or sacroiliac joint. The

defect was then irrigated and back filled with

tricalcium phosphate and the periosteum and fascia

were closed separately (Figures 2 through 7).

Figure 1. Visual analog scale completed by patients at the time of clinical

visits. Patients ranked pain on a scale from 0 to 10.
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Data Collection

Data analysis included pain scores reported from

a patient population of 95 patients who underwent

posterolateral spinal fusion by a single surgeon, the

senior author (G.S.), at The Heart of Florida

Regional Medical Center in Davenport, Florida.

Pain scores were evaluated preoperatively as well as

postoperatively at time points of 2 weeks, 6 weeks, 3

months, 6 months, and 1 year. Due to scheduling

technicalities, these time points were approximate

and represented data points showing the progres-

sion of pain throughout the recovery process.

Furthermore, if a patient chose to circle more than

one number for the amount of pain, the numbers

circled were averaged to give a mean pain score for

that time point.

Demographic data collected included patient year

of birth, gender, weight, and height. Recorded

surgical details included number of levels fused,

use of interbody fusion, use of spinal instrumenta-

tion for fusion, history of prior back surgeries, and

whether an iliac bone graft was used and from

which side it was harvested.

Figure 2. Harvesting of autogenous iliac crest bone graft via a midline skin

incision with an epifascial dissection to the posterior superior iliac spine and

then subperiosteal exposure of the prominence.

Figure 3. Iliac crest bone marrow aspiration is performed after an epifascial

plane is created, prior to harvesting of autograft.

Figure 4. The posterior superior iliac prominence is resected with an

osteotomy. Care is taken to avoid penetration of the cortex or sacroiliac joint.
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STATISTICAL METHODS

Frequencies and percentages were reported for
categorical variables; means and standard devia-
tions are reported for continuous variables. Com-
parisons of categorical variables were made using v2

or Fisher exact tests. Pain scores were treated as
interval-level data. Accordingly, a mixed effects
general linear model was conducted to examine
change in pain scores across time of measurement
(ie, baseline, 2 weeks, 6 weeks, 3 months, 6 months,
1 year) by side of measurement (ie, graft side,
contralateral side), using time of measurement and
side of measurement as fixed factors and patient as
the random factor. Follow-up pairwise comparisons
across time of measurement were made using paired
samples t tests with Bonferroni correction, where
P-values , .003 (.05/15) were considered statistical-
ly significant. P-values , .05 were considered
statistically significant for all other tests. All tests
were considered two-sided and statistical analyses
were performed using SPSS 20.0 (IBM, Chicago,
Illinois).

RESULTS

Of the 116 patients that underwent posterolateral
fusion, 95 were included in the study. Of these 95
patients, 76 (80%) of them received autogenous
posterior ICBG. Although females slightly outnum-

Figure 5. Cancellous iliac crest autograft is removed from between the tables

with Capener gouges and will be combined with bone marrow aspirate and

allograft and placed in the spinal fusion bed.

Figure 6. Illustration demonstrating resection of the posterior superior iliac

prominence with an osteotome.

Figure 7. Illustration demonstrating cancellous iliac crest autograft removal

with Capener gouge after osteotomy of posterior superior iliac prominence.
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bered males in our patient population (49 females,
45 males, 1 patient of unrecorded gender), there was
no significant difference in the rate of men and
women receiving bone grafts, as 50% (38/76) of
bone graft recipients were male (P ¼ .28).

Patient birth years ranged from 1924 to 1984 with
the majority of patients’ birth years occurring from
1938 to 1941. Patients ranged in height from 60 in to
77 in with a mean height of 67 in (standard
deviation [SD]: 3.98 in) and ranged in weight from
97 lbs to 356 lbs with a mean weight of 192 lbs (SD:
46.2 lbs). There was no significant difference noted
in height or weight of those receiving bone graft
relative to those that did not (P ¼ .83, P ¼ .92,
respectively). The surgeries examined in this study
ranged from two-level to six-level fusions with an
average of 3.74 levels fused (SD: 1.28).

When comparing patient pain scores over time,
the percentage of patients feeling a greater amount
of pelvic pain on the graft side, the percentage
feeling a greater amount of pain on the contralateral
side, and the percentage feeling the same pain on
both sides were determined. While an initial increase
in those feeling greater pain on the iliac crest harvest
site was seen from preoperative scores to 2 week
postoperative pain scores (26% to 36%, respective-
ly), the proportion of patients feeling greater pain
on the graft side steadily decreased throughout all
other time points (from 36% at 2 weeks to 19% at 1
year). Also, it was noted that as the proportion of
patients feeling greater pain on the graft side
decreased, the proportion of those feeling pain
equally on both sides increased (Figure 8).

The mean VAS pain scores reported for the graft
harvest side were 5.71 preoperatively, 4.52 at 2
weeks, 3.16 at 6 weeks, 3.41 at 3 months, 3.33 at 6

months, and 3.42 at 1 year postoperatively. The
mean contralateral side pain scores were 5.80
preoperatively, 4.55 at 2 weeks, 3.00 at 6 weeks,
3.43 at 3 months, 3.61 at 6 months, and 3.54 at 1
year postoperatively. A relatively wide range of
reported pain scores was observed as shown by the
consistently large standard deviation for each time
point. There was no significant main effect of side of
measurement (P ¼ .75) and no significant side by
time of measurement interaction effect (P ¼ .95).
There was a significant main effect of time of
measurement (P , .001). Follow-up pairwise
comparisons indicated that pain scores reported at
baseline were significantly higher than pain scores
reported at 6 weeks, 3 months, 6 months, and 1 year
(P , .001); pain scores reported at 2 weeks were
significantly higher than pain scores reported at 6
weeks (P¼ .001) and 3 months (P¼ .002) (Figure 9).
No donor site complications were experienced in
this study.

DISCUSSION

There currently exists controversy over the true
morbidity associated with the use of autogenous
ICBG in posterolateral lumbar spinal fusions.
Current literature represents a varied opinion as
seen by the wide range of reported pain values from
6% to 39%.16–21 Some studies have proposed that
current data on the matter overestimates the
incidence of graft site pain postoperatively.23,24 This
could be due to the possibility that patients are
having residual lower back pain from the fusion and
not pain coming directly from the graft site itself.
Fernyhough et al16 supported this notion by
showing that underlying diagnosis appears to
contribute to likelihood of chronic graft site pain.
They studied 151 spinal fusion patients and

Figure 9. Comparison of patient pain scores on graft side of pelvis and

contralateral side at each time point.Figure 8. Comparison of patient pain scores at each time point assessing the

percentage of patients experiencing more pain on the graft side, more pain on

the contralateral side, and equal pain on both sides.
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determined that patients undergoing surgery for
back pain and degenerative spinal disease had
two-fold the rate of chronic harvest site pain as
patients who required operation due to acute
trauma.22

The present study attempted to shed light on this
controversy via a retrospective analysis of prospec-
tively collected data regarding postoperative patient
pain at the harvest site relative to pain on the
contralateral iliac crest over time. This study
method allowed us not only to assess the existence
of patient pain postoperatively, but to localize the
site of that pain. Our results supported the
hypothesis that there is no significant increase in
pain at the harvest site relative to the contralateral
iliac crest at any time point from 2 weeks to 1 year
after surgery.

A main goal of this study was to determine
whether iliac crest grafting morbidity is significant
enough to validate the increasing use of alternative
methods to achieve fusion. An economic evaluation
comparing bone morphogenic protein (BMP) versus
autogenous iliac crest graft in spinal fusions
determined that the most important factors in
analyzing the potential value of these bone graft
substitutes were patient pain at the graft site and
nonunion rates.25 While our study did not find
significantly increased pain at the iliac crest auto-
graft donor site, we did not analyze nonunion rates
or revision surgery rates compared to fusions with
bone graft substitutes which would further clarify
the economic value of bone graft substitutes.
Continuous refining of proper surgical techniques
as well as future, prospective studies of larger
patient populations can continue to shed light on
this debate.

There are few prospective studies regarding
harvest site pain. Robertson et al26 completed a
prospective analysis of 106 patients undergoing
posterior spinal fusion using iliac crest bone harvest.
Their results are also consistent with the present
study in that they found a low rate of significant
harvest site pain at 12 months, with only 12% of
patients having a reported VAS score great than 3.26

However, this low rate of pain could be due to the
inclusion of both cervical and lumbar spinal fusions
in their study population and low volume of graft
generally used in cervical fusions. Another prospec-
tive study by Dimar et al27 directly compared BMP
to autogenous iliac crest grafting in patients that
underwent a single-level lumbar fusion. The ICBG

patient population did show a lower mean improve-
ment in the bodily pain component of the short
form-36 when compared to the BMP patient
population; however, this difference was not statis-
tically significant.27

It has been hypothesized that refinement of iliac
crest grafting procedures may eliminate most of the
morbidity associated with taking autogenous grafts,
including chronic pain. Pirris et al8 studied postop-
erative graft site pain after undergoing ICBG
harvesting with allograft reconstruction. They uti-
lized a similar approach to our current study with a
single skin incision but a separate fascial incision
and found that patients could not accurately
identify the side of graft harvest.8 Merritt et al28

described an approach for ICBG harvest sparing
involvement of the gluteus muscles and preserving
the lateral iliac cortex. They found no significant
difference when comparing the likelihood of signif-
icant pain at the side of ICBG harvest to
contralateral iliac crest pain in 92 patients.28 The
approach utilized for all patients in our study
involved careful subperiosteal exposure of iliac crest
with preservation of iliac cortex, backfilling of the
defect with tricalcium phosphate, and repair of
periosteum. Burton et al29 found no significant
reduction in postoperative pain after backfilling iliac
crest defects with hydroxyapatite-calcium triphos-
phate, but did find significantly improved filling of
medullary defect over 2 years when compared to a
control ICBG harvest group.29

The limitations of the present study are recog-
nized. One limitation shared by previous studies is
the fact that pain is a subjective entity and hence can
only be reported directly by the patient. Our use of
an 11-point VAS, as well as our analysis of this data
as continuous, limits the potential power of our
results. Additionally, not all patients in our popu-
lation of 95 had every data time point. Our
population in general could be expanded beyond
one surgeon and one surgical center. Future studies
should consider a prospective, multi-site study with
randomization of the side of bone graft with
rigorous collection of all data at stringent time
points.

In summary, the present study found no signif-
icant difference in pain at the iliac crest harvest site
relative to the contralateral iliac crest side postop-
eratively in a series of patients undergoing spinal
arthrodesis. This finding was consistent across time
through 1 year postoperatively. Mean lower back
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pain scores over time tended to decrease significant-
ly over the first 6 weeks postoperatively and then
plateau at a pain level that was still significantly
below patient pain scores preoperatively. This data
implies that postoperative harvest site pain in
previous ICBG harvest studies may potentially be
over-reported, possibly due to confusion of residual
lower back pain with graft site pain. More evidence
is necessary to create a uniform opinion about
autogenous bone graft use and postoperative pain.
As our study supports a low morbidity rate for
autogenous ICBG harvest, we propose that it
should remain the gold standard for lumbar
arthrodesis.
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