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Abstract
This was a prospective comparative study.

The aim of this study was to compare the clinical and radiologic outcomes of patients treated with cortico/cancellous composite
allograft or autoiliac bone graft in anterior cervical discectomy and fusion.
Several methods have been developed to fuse the cervical spine for treatment of cervical spondylosis. Cortico/cancellous

composite allograft might be another alternative.

A total of 46 patients who underwent surgery for treatment of cervical spondylosis were evaluated between September 2010 and
January 2015. The duration of operation, blood loss, perioperative complications, neck disability index (NDI), visual analogue scale
(VAS), and fusion rates were compared between the 2 groups.

There were no significant differences in clinical or radiologic outcomes between the patients treated with cortico/cancellous
composite allograft and those treated with autoiliac bone graft. The 2 groups showed similar improvements in clinical symptoms and
fusion rates. Although not statistically significant, the subsidence rate was lower in the cortico/cancellous composite group.

Cortico/cancellous composite allograft is an effective alternative to conventional allograft or autograft in anterior cervical

discectomy and fusion.

Abbreviations: ACDF = anterior discectomy and fusion, CT = computed tomography, NDI = neck disability index, VAS = visual

analogue scale.
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1. Introduction

Anterior cervical discectomy and fusion (ACDF) is a basic surgery
used to cure degenerative cervical disease.["?! After disc removal,
fusion can be performed using either auto- or allogenic bone. If
the surgeon chooses to fuse the cervical spine with an anterior
approach, there are several options for the material to be inserted
into the intervertebral disc space. Although autologous iliac bone
graft has been considered superior for cervical arthrodesis,>*!
donor site morbidity is problematic.””! To overcome this issue, a
variety of other materials have been used as substitutes for
autoiliac bone grafts in ACDF,!*”! including allogenic strut bone
graft. The diversity of materials used is a reflection of the
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uncertainty regarding effectiveness and outcomes. The purpose of
this study was to compare the clinical and radiologic outcomes
between autoiliac bone grafts and cortico/cancellous composite
allografts. The primary outcome measure was evidence of fusion
and graft subsidence. Secondary outcome measures included
adverse events, pain, and neck disability scores.!®’

2. Materials and methods

2.1. Subjects

This study included 46 patients who underwent surgery for
symptomatic cervical spondylosis between September 2010 and
January 2015. Inclusion criteria were as follows: less than 3 levels
of cervical degenerative disc disease as demonstrated by plain
radiography and magnetic resonance imaging, and persistent
radiculopathy and/or myelopathy symptoms despite conservative
treatment. We prospectively enrolled the patients who met the
inclusion criteria and observed clinical outcomes up to 2 years
after surgical treatment. All patients provided informed consent
and underwent ACDF with an allograft cage or autoiliac bone
graft. Cortico/cancellous composite allograft (Corner stone L-
ASR; Medtronic, Minnesota) or autoiliac tricortical bone graft
was randomly implanted in each patient. Initially, a total of 71
participants were included in the study, but 19 were excluded due
to cervical radiculopathy or myelopathy with trauma or tumor.
Three patients who underwent previous operative treatment were
also excluded. Consequently, we excluded 25 patients, and 3
additional patients were lost to follow-up. A power analysis was
conducted to determine the minimum sample size required for
90% power, showing that a sample size of 21 participants in each
group was sufficient.
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2.2. Graft materials
2.2.1. Cortico/cancellous composite allograft. Freeze dried,

fully machined (capital D shape) allograft bone was used. Two
cortical lateral walls and cancellous center were combined
together by medial/lateral parallel cortical bone pins. Cortical
portion provides structural support and cancellous portion
provides scaffold for bone in-growth (available size: 7-13 mm
heights x 14 mm width x 11 mm depth).

2.2.2. Autoiliac tricortical bone. Full-thickness tricortical
grafts, which include the iliac crest, were harvested from the
anterior ilium. After stripping the outer and inner table muscles,
entire thickness of the ilium was exposed, and oscillating saw or
osteotome was used to remove full-thickness tricortical grafts.
We trimmed the graft with capital D shape according to
preoperative computed tomography (CT) measurement, similar
to the shape and size of L-ASR cage.

2.3. Operative techniques

All operations were performed by the same surgeon (JYH) using a
standard anterior approach. In most cases, we used surgical
microscope. Decompression of the targeted nerve was performed,
after removal of the herniated nucleus pulposus. Once the
posterior longitudinal ligament was opened, osteophytes and
remnant discs were removed with drill and punch. If the origin
and exit portions of nerve root were completely decompressed,
cartilaginous endplates were gently abraded with curette,
preserving bony endplates. The appropriate size for the graft
material was determined by intraoperative evaluation using a
trial cage. Graft materials were inserted into the disc space using
an impactor. After implantation of the graft material, anterior
plating was performed to ensure primary stabilization. Patients
were allowed to sit up and walk on the first postoperative day,
with a rigid cervical collar in place.

2.4. Outcome assessment

Patients received check-ups during outpatient clinic visits at 1, 3,
6, and 12 months postoperation and annually thereafter.
Neurologic function and presence of complications were assessed
at each visit. The preoperative and postoperative Neck Disability
Index (NDI) and visual analogue scale (VAS) score were
recorded. An independent observer who was not present during
surgery interviewed each patient and evaluated the clinical
results. In addition, a qualitative assessment of fusion was made
at the 6-, 12-, and 24-month evaluations. We performed a CT
scan as well as plain radiographs. Bone fusion was evaluated by
the following: less than 2 mm of interspinous motion on dynamic
radiographs; no radiolucent gap; and evident bone bridging
between graft and end plate.””! We also used CT images to assess
the quality of fusion according to the Bridwell classification
system.!®! Significant graft subsidence was defined as a difference
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Comparison of patient characteristics between those treated with
cortico/cancellous composite allograft or tricortical autograft.

Allo (n=25) Auto (n=21) P
Age, y 52.48+4.12 60.08+4.01 233
Gender (male : female) 19:6 12:9 .098
Smoking (current) 8 5 112
Hypertension 9 8 231
Diabetes mellitus 4 6 114
Operation time, min 190.81+14.55 203.69+11.56 .067
Blood loss, mL 375.66+21.34 330.98+16.77 187
OP level 2.04+0.21 2.01+0.55 221

Demographic and operative factors did not differ significantly between the 2 groups (all P>.05).
Allo = cortico/cancellous composite allograft group, Auto = tricortical autograft group.

>3mm in disc height, according to the calculation between
immediate postoperative radiographs and those taken at the final
follow-up."!

2.5. Statistical methods

In order to compare pre- and postoperative outcomes between
groups, ¢ tests, and analysis of variance (ANOVA) were used for
the analysis. In addition, Chi-square test was used to compare
demographics between the 2 groups. Statistical analysis was
performed with SAS survey procedures (version 9.3; SAS
Institute, Cary, NC) in a manner that reflected sampling weights.
P values less than .05 were considered statistically significant.

3. Results

This study analyzed 46 patients (31 male, 15 female) who
underwent ACDF with a cortico/cancellous composite allograft
cage or autoiliac tricortical bone graft. The mean age of the
composite allograft population was 52.48 +4.12 years, and 19
(76%) of the patients were male. The mean age of the autoiliac
bone graft population was 60.08 +4.01 years, and 12 (52%) of
the patients were male. The mean follow-up period was 22.7 +
2.2 months in the allograft group and 20.8 +3.1 months in the
autograft group. There were no significant differences in
demographics or intraoperative factors between the 2 groups
(P>.05) (Table 1).

3.1. Clinical outcomes

Table 2 summarizes the clinical outcomes of both groups. Overall
neck and arm pain decreased significantly, with mean preoperative
VAS scores of 6.11+1.23 in the composite allograft group and
5.77+1.00 in the autoiliac bone graft group. These scores
decreased to 3.51+£0.77 and 3.11+0.46, respectively, at 1-year
postsurgery (P <.05). Neck discomfortalso decreased significantly;

Comparison of clinical outcomes between the 2 groups.

Pre Post 6M 12M
NDI VAS NDI VAS NDI VAS NDI VAS
Allo 24.61+2.11 6.11+1.23 17.72 +1.66 3.33+0.23 13.22+1.59 3.88+0.32 12.55+2.11 3.51+0.77
Auto 21.33+3.29 5.77+1.00 21.05+2.87 3.90+0.55 11.86+1.78 3.09+0.67 14.44+2.33 3.11+0.46

There were no significant differences of parameters between the 2 groups (P> .05).

Allo = cortico/cancellous composite allograft group, Auto = tricortical autograft group, NDI=neck disability index, VAS =visual analogue scale.
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Comparison of radiologic outcomes between the 2 groups.

Allo Auto P
Disc height, mm
Pre 5.44+1.11 4.70+1.01 123
Post 10.22+2.01 10.17+1.88 311
Final 7.98+2.33 8.06+1.57 187

Subsidence rate (>3 mm)

5/25 (20%) 7/21 (33%) 071

There were no significant differences of parameters between the 2 groups (P> .05).
Allo = cortico/cancellous composite allograft group, Auto = tricortical autograft group, Post=
immediately postoperative, Pre =preoperative.

mean preoperative NDI scores decreased from 24.61+2.11 to
12.55+2.11 in the composite allograft group and from 21.33 +
3.29 to 14.44 +2.33 in the autoiliac bone graft group at the 1-
year follow-up (P<.05). No neurologic complications were
noted in either group. There was 1 case of prolonged dysphasia in
the autograft group, but it was resolved at 3 months post-
operation. We found 1 case of screw breakage in the allograft
group at 9 months postsurgery, but the patient showed no
symptoms.

www.md-journal.com

3.2. Radiologic outcomes

There was no significant difference in fusion status between the
treatment groups (P>.05). The mean interspinous gap on
flexion-extension was 1.04+0.33 mm in the composite allograft
group and 0.88+0.13mm in the autoiliac bone graft group
(P>.05). On the basis of our definition of instability (a difference
>2 mm), 2 cases in the composite allograft group and 1 case in the
autograft group were identified, concordant with CT findings. In
terms of subsidence, final follow-up radiographs showed a mean
total segment height of 7.98 +2.33 mm in the composite allograft
group and 8.06+1.57mm in the autograft group, with no
significant difference between groups (Table 3). The mean
difference between the 2 sequential radiographs was 2.34+0.33
mm in the composite allograft group and 2.09+0.15mm in the
autograft group (P>.05). Figures 1 and 2 show solid union of
grafted bone at the final follow-up.

4. Discussion

Selection of an appropriate graft material is imperative to achieve
successful bone fusion and an optimal clinical outcome with
ACDFE.'"! Autologous iliac bone grafts are one of the best
adjuvant materials for bony union and are important for spinal

Figure 1. Lateral plain radiographs of a 59-year-old male patient who underwent ACDF from C5 to C7. The image shows solid fusion of grafted cortical/cancellous

composite allograft with minimal subsidence.
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Figure 2. Final follow-up CT from the same patient showing a complete bony
bridge between the donor and recipient bone.

fusion. Although the gold standard material for cervical fusion is
autologous bone from the iliac crest, many complications have
been reported with autograft substrates.['?! Iliac donor site
complications include pain, neurovascular injury, avulsion
fracture of the ASIS, hematoma, infection, herniation of
abdominal contents, gait disturbance, cosmetic deformity,
violation of the sacroiliac joint, and ureteral injury.!"*! As a
result, cages have been widely used as an alternative to
autologous iliac bone grafts because they avoid autograft
harvest-related complications."* The ideal bone replacement
material should be osteo-inductive or conductive, nonpathogen-
ic, minimally antigenic, and mechanically stable. Compared with
autografts, allografts show delayed vascularization and remod-
eling of the fusion mass. Allogenous bone has limited osteo-
inductive properties and carries the risk of subsidence due to
delayed union or nonunion. Currently, several modified allograft
cages have been introduced to enhance union rate and structural
stability, including cortico/cancellous composite allograft. In this
study, we compared the outcomes of 2 different graft groups to
determine the efficacy of cortico/cancellous composite allografts.

We found similar clinical outcomes between patients treated
with cortico/cancellous composite allograft or tri-cortical auto-
iliac bone. No statistically meaningful differences were identified
between the 2 groups using the NDI and VAS pain scales. The
fusion rates of the 2 groups were also similar on plain
radiographs and CT. However, the subsidence rate in the
cortico/cancellous composite allograft group was slightly lower
than that of the autoiliac bone group, and the cortico/cancellous
composite allograft group had less donor site morbidity and a
shorter operative time. Cortico/cancellous composite allograft is
a freeze-dried bone cage composed of cortical lateral walls with a
cancellous center. The cortical portion provides structural
support for the disc space, while the cancellous portion provides
a scaffold for bone in-growth that can minimize graft subsidence
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with an enhanced fusion rate. Our results suggest that cortico/
cancellous composite allograft can be a good alternative to
traditional autograft. However, there were also shortcomings of
cortico/cancellous composite allograft, including 1 case of screw
breakage. On serial plain radiographs, we found that the time
needed to achieve fusion in the cortico/cancellous composite
allograft group was longer than that of the autoiliac bone group.
We found that, in cases of multilevel fusion, delayed union could
result in hardware breakage. However, further study is needed to
confirm a high complication rate of multilevel fusion with cortico/
cancellous composite allograft. The high cost of this graft was
problematic for some patients, and economic outcomes, such as
cost per improved outcome or cost per quality-adjusted life year,
should be examined in the future.

There are limitations to our study. First, long-term follow-up is
needed for better comparison of the 2 groups. In addition, although
the mean fused level between the 2 groups was not significantly
different, we did not account for the influence of level of fusion on
outcome."*! Second, although we prospectively gathered patient
data, we could not randomize all variables. In addition, the
investigator was not blinded to the treatment received, which could
have affected the study results. Third, although we performed
power analysis to determine the appropriate number of subjects,
we could not confirm the incidence of subsidence in the 2 groups
due to the relatively small number of study groups. In addition, we
could not detect any significant differences in NDI scores, VAS
scores, or fusion rates between groups, possibly due to our sample
size. Further comparison of various parameters is needed to
confirm the efficacy of allograft. However, we found good clinical
and radiological results compared with those of conventional
tricortical autograft group with up to 2 years of follow-up, and our
results suggest that cortico/cancellous composite allograftis a good
alternative.

5. Conclusion

This study demonstrated similar clinical and radiologic outcomes
between patients treated with cortico/cancellous composite
allograft or autograft for ACDF, with a decreased subsidence
rate in the cortico/cancellous composite allograft group. Cortico/
cancellous composite allograft cages can be an alternative graft
material for ACDF.
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