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Abstract

Objective
The study’s aim was to evaluate radiological outcomes and finite element method (FEM) results
of anterior cervical discectomy and fusion (ACDF) performed using H-beam-shaped allospacer
and compare these with the corresponding findings of ACDF with rim-shaped allospacer.

Methods
From March 2011 to February 2014, 95 patients underwent anterior cervical discectomy and
fusion (ACDF) with allospacers (H-beam shaped and rim shaped). Thirty-three patients
diagnosed with trauma, Ossification of the posterior longitudinal ligament (OPLL), or combined
posterior fusion were excluded from the study. Sixty-two eligible patients were divided into two
groups: Group A comprised patients treated with H-beam-shaped allospacer (n=31) and Group
B comprised those treated with rim-shaped allospacer (n=31). Clinical outcomes such as neck
and arm pain, radiographical fusion rate, and adverse effects were evaluated. In the FEM study,
the performance of three types of allospacers varying in shape—H-beam shaped, H-hole shaped,
and rim shaped—was assessed; the effectiveness of stress distribution from these allospacers
was compared by using the evaluation criteria of (a) compression, (b) shear and (c) torsion,
under the same load.
Results
Neck and arm pain were reduced by 63% to 73% in both the groups. Fusion rates after one year
were 100% and 98% in Groups A and B, respectively. Regarding complications, the rates of
breakage and displacement in Group B were 16% and 3%, respectively. Group A showed no
adverse effects. The FEM study revealed that H-beam-shaped allospacer showed more effective
stress distribution and diversification with respect to compression, shear, and torsion when
i

compared with the rim-shaped allospacer.

Conclusion
In ACDF with allospacer, the H-beam-shaped allospacer offered higher stable fusion rates alon g
with lower incidence of complications when compared with the rim-shaped allospacer.

Keywords: anterior cervical discectomy and fusion, finite element method (FEM) study, Hbeam-shaped allospacer, rim-shaped allospacer

ii

Contents
1. Introduction ……………………………………………………………..1
2. Materials and Methods……………………………………………….…1
3. Results………………………………………………………………….…3
4. Discussion………………………………………………………………...4
5. Conclusions……………………………………………………………….6
6. References….…………………………………………………………….12
List of Figures
1. Fig.1 FEM analysis: schematic pictures of three allobone cervical spacers of different
shapes……………………………………………………………………..7
2. Fig. 2 Median absolute and improvement in neck and arm pain after treatment with Hbeam- shaped or rim-shaped allospacer…………………………………..8
3. Fig. 3 FEM results of peak von mises stress (MPa) of compression, shear, and torsion,
under the same load……………………………………………………….9
List of Tables
1. Table 1. Pathogenesis of the 95 patients with multilevel anterior segmental cervica l
fusion………………………………………………………………………10
2. Table 2. Levels of anterior segmental cervical fusion……………………...10
3. Table 3. Fusion rate of anterior cervical discectomy and fusion…………...10
4. Table 4. Complications in the 62 patients who underwent anterior segmental cervical
fusion……………………………………………………………………….11
5. Table 5. Median absolute (standard deviation) improvement in neck and arm pain after
treatment with H-beam-shaped or rim-shaped allospacer………………….11

iii

1. Introduction
Anterior cervical discectomy and fusion (ACDF) is a standard neurosurgical procedure used in
the treatment of cervical spondylotic radiculopathy.2, 4, 9, 11, 14, 16-18 To supplement bone grafts,
various methods of anterior cervical interbody fusion, such as stand alone,11 autograft and platescrew fixation,15 cage and plate-screw fixation,7 allograft and plate-screw fixation,19 have been
developed over the past four decades.
The use of autograft bone or other alternatives is associated with complications such as
breakage, displacement, fusion failure, implant failure, and donor site complication (from the
anterior iliac crest). 5, 8, 10, 12 In particular, with iliac crest autograft bone, donor site complication
was associated with significant short- and long-term morbidity such as infection, pelvic fracture,
meralgia paresthetica, wound hematoma, loss of sensation, and especially postoperative pain,
which occurs in about 20% patients.3
Various ACDF methods have been reported. Although allobone graft and plate-screw fixation
is an effective surgical treatment with higher bone fusion rate, it is associated with a higher
incidence of graft stability-displacement, subcidence, and implant failure when compared with
other methods that use cages and bone graft. 5, 12, 15, 19
However, the incidence of graft-related complications with an allobone spacer has not been
reported with respect to the spacer design and biomechanical stability. Therefore, in this study,
we evaluated clinical outcomes and biomechanical stability across different types of allobone
spacers by using radiological and finite element method (FEM) assessments.
2. Materials and Methods
Between March 2011 and February 2014, 95 patients who underwent multi-level ACDF were
enrolled and reviewed retrospectively. Forty-eight patients underwent ACDF with H-beamshaped cervical allobone spacer, and 47 patients underwent ACDF with rim-shaped cervical
allobone spacer.
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In our study, patients were included who had disc herniation, stenosis, spondylolisthesis,
segmental instability, and no improvement either after conservative treatment for at least 6
weeks or more than 12 months after surgery. Patients who had infection, neoplastic disease,
hemorrhagic disease, metabolic bone disease, ossification of posterior longitudinal ligament
(OPLL), trauma, combined anterior with posterior cervical fusion, and operation in the past 12
months were excluded. Finally, 62 patients who met our inclusion criteria were divided into two
groups: Group A comprised patients treated with the H-beam-shaped allobone spacer (n=31)
and Group B comprised those treated with the rim-shaped allobone spacer (n=31).
Cervical plain radiographs (anteroposterior, lateral, flexion, and extension views) were
obtained for all patients, and clinical outcomes were evaluated 3, 6, and 12 months after surgery.
Follow-up assessment of serial cervical plain radiographs (serial anteroposterior and lateral
image) and observation of clinical outcomes were performed 3, 6, and 12 months
postoperatively. To evaluate bone fusion, lateral flexion–extension radiography and computed
tomographic (CT) scan assessments were done for all patients 12 months postoperatively. Solid
bone fusion was defined as visualization of trabecular bridging across the bone-graft interface,
absence of radiolucent gaps between the endplate and graft, and restriction of motion (up to 02 mm) of the fused-level spinous process on flexion–extension.
The assessed clinical outcomes included neck pain and arm pain (measured using visual
analog scale [VAS] score), radiographical fusion rate, and breakage and displacement of
spacers. Fisher’s exact test was used for statistical analysis.
In the FEM study, we compared the implant stability across three allobone cervical spacers
varying in shape: H-beam shaped, H-hole shaped, and rim-shaped (Fig.1). We tested the
effectiveness of stress distribution from these allospacers by using the evaluation criteria of (a)
compression, (b) shear, and (c) torsion, under the same load. The FEM study environment
complied with the standards of ASTM F-2077 (American Society for Testing and Materials).
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In the FEM study, compression, shear, and torsion were set to load conditions of 2000 N, 3
Nm,
and 2000 N, respectively. Under the same load, simulation was conducted using a stainless
steel jig in the upper and lower parts of the implant.
3. Results
In total, 95 patients underwent allograft and cervical interbody fusion with an allobone cervica l
spacer (H-beam shaped, n=48; rim shaped, n=47). Sixty-two patients who met the inclusion
criteria were enrolled and divided into two groups: Group A included 31 patients who
underwent ACDF with the H-beam-shaped allobone spacer, and Group B included 31 patients
who underwent ACDF with rim-shaped allobone spacer (Table 1).
In Group A, 10 patients had one-level fusion; 19 patients, two-level fusion; and 2 patients,
three-level fusion. The corresponding values in Group B were 18 patients, 7 patients, and 6
patients (Table 2).
The fusion rates within 12 months postoperatively were 100% in Group A and 98% in Group B
(Fig. 2). There was no significant difference in fusion rates between Group A and B (Fisher’s
exact test; p > 0.05; Table 3).
We compared the complications such as breakage and displacement between Group A and
Group B. The overall breakage rates in Group A and Group B were 0% (0/31) and 16% (5/31),
respectively. The breakage rate among patients who experienced in H-beam shaped spacer was
significantly less likely than that using rim-shaped spacer (Fisher’s exact test; p < 0.05). The
overall displacement rates in Group A and Group B were 0% (0/31) and 3% (1/31), respectively,
but the between-group difference was not statistically significant (Fisher’s exact test; p > 0.05;
Table 4).
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We used the VAS scores to evaluate pre-operation and post-operation neck pain and arm pain.
Neck pain was reduced in Group A and Group B by 68% and 73%, respectively, and arm pain
was reduced by 63% and 72%, respectively. Based on the VAS score, Group B showed a
slightly better result than Group A (Fig. 2).
In the FEM study, compression was set to a load condition of 2000 N in the simulation. Under
the same load, peak von mises stress (PVMS) values were checked for 90.8 MPa, 126.3 MPa,
and 365.1 MPa in the H-beam-, H-hole-, and rim-shaped allobone spacers. In the shear
condition setting of 3 Nm, the PVMS values were 61.2 MPa, 85.0 MPa, and 621.2 MPa,
respectively. In the torsion condition setting of 2000 N, the PVMS values were 244.7 MPa,
261.9 MPa, and 863.7 MPa, respectively (Fig. 3).

4. Discussion
Many studies have reported that ACDF with allografts offers clinically satisfactory results in
patients with cervical radiculopathy and myelopathy,1, 6 along with high radiologically stable
fusion rate and low incidence of complication.5, 12, 13, 15, 19 However, cervical allobone spacers are
also occasionally associated with complications such as breakage and displacement. The Hbeam-shaped cervical allobone spacer was created to reduce the incidence of these
complications.
In this study, we compared the clinical outcomes between allobone spacers varying in shape
(H-beam shaped or rim shaped). Postoperative VAS scores suggest that ACDF with H-beamshaped allograft affords substantial pain relief and improvements in quality of life, similar to
ACDF with rim-shaped allograft (Table 5).
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The fusion rates at the 12-month follow-up were not significantly different between the Hbeam-shaped and rim-shaped allograft groups (Fisher’s exact test; p > 0.05). The large centra l
hole accommodates packing of osteoconductive bone substitute and promotes fusion through
the implant. The threaded surface of the H-beam spacer can minimize the risk of migration,
which is caused by the force of gravity. The two holes in the middle plate of the spacer promote
fusion through the implant and help blood circulation.
The displacement rate in the H-beam-shaped spacer group was not significantly lower than
that in the rim-shaped spacer group (Fisher’s exact test; p > 0.05). This could be because of the
textured grooves on the surface of the H-beam spacer. These grooves can minimize the risk of
migration and displacement in the anterior–posterior direction. The convex superior surface also
enhances the anatomical interface with the vertebral endplate; that is, the anatomical shape
matches that of the vertebral endplate. This shape secures the anchorage between the allobone
spacer and the cervical vertebral body and minimizes tissue deformation and damage.
The breakage rate among patients who received the H-shaped spacer was significantly less
than that in patients who received the rim-shaped spacer (Fisher’s exact test; p < 0.05). The Hbeam-shaped spacer thus showed better results than the rim-shaped spacer with regard to
breakage. We conducted the FEM study to determine the systemic and biomechanical reasons
underlying our observations. We designed three spacer models varying in shape: H-beam shaped,
H-hole shaped, and rim shaped which are same with shapes of currently used allograft in our
clinic. In the FEM study, the H-beam-shaped allobone spacer showed the most effective stress
distribution. Under compression and shear force load, the P VMS values coincided with the
thread value. On the other hand, under the torsion load, H-beam-shaped allobone spacer showed
PVMS value corresponding to 28.3% relative to other allobone spacers. This implies that the
stress distribution is effective with the torsion load than with the other loads.
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Unlike the case with conventional products (rim-shaped allobone spacer), the application of a
support structure (H-beam) plays a great role in the central part. The rim-shaped allobone spacer
showed a large PVMS value under the shear and torsion loads, probably because of thin
thickness of rim shaped allobone spacer. In conclusion, because of the rotary motions of the
cervical spine, applying a structure in the middle of the spacer is likely to provide high stability.
There are no previous studies comparing the clinical outcomes and FEM findings between
allobone cervical spacers of different shapes. To the best of our knowledge, this retrospective
study is the first to compare the clinical outcomes and complications across cervical spacers of
various shapes. As mentioned above, if clinical outcomes and FEM study results differ
depending on the cervical spacer shape, then the shape of spacer should be considered when
selecting a spacer.
This study also has certain limitations. First, the two groups were not randomly selected for
treatment, and, thus, the groups are not strictly comparable. The second limitation is the small
number of patients in each group. Finally, this study has the limitation with respect to the study
design: this was an FEM study, not clinical trial.

5. Conclusions
The use of cervical allobone spacer and plate-screw fixation affords stable fusion with low
incidence of complications when compared with other cervical implants. This study showed that
ACDF with H-beam-shaped allobone spacer shows better stable fusion rate with lower
incidence of complications when compared with ACDF with other types of allobone spacers.
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Fig.1 FEM analysis: schematic pictures of three allobone cervical spacers of different shapes :
H-beam-shaped, H-hole-shaped, and rim-shaped
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Fig. 2 Median absolute and improvement in neck and arm pain after treatment with H-beamshaped or rim-shaped allospacer
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Fig. 3 FEM results of peak von mises stress (MPa) of compression, shear, and torsion, under the
same load
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Table 1. Pathogenesis of the 95 patients with multilevel anterior segmental cervical fusion
Etiology
Trauma, etc., n
Degenerative, n

Allospacer type
H-beam shaped (n=48)
Rim shaped (n=47)
17
16
31
31

Table 2. Levels of anterior segmental cervical fusion
Fusion levels

One level, n
Two level, n
Three level, n

Allospacer type
H-beam shaped
(n=31)
10
19
2

Rim shaped
(n=31)
18
7
6

Table 3. Fusion rate of anterior cervical discectomy and fusion
Time point
12
months
postoperation

H-beam-shaped
allospacer*
100% (31/31)

Rim-shaped
allospacer*
98% (30/31)

Fisher’s exact test
p value
0.5

Note: *Values in parentheses are expressed as level fused/the level at which discectomy was
performed.
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Table 4. Complications in the 62 patients who underwent anterior segmental cervical fusion
H-beam-shaped allospacer (n=31)
Complication
type

Breakage
Displacement

One
level
n=10
0
0

Two
levels
n=9
0
0

Three
levels
n=2
0
0

Total
n=31
0/31 (0%)
0/31 (0%)

Rim-shaped allospacer (n=31)
One
level
n=18
2
1

Two
levels
n=7
1
0

Three
levels
n=6
2
0

Total
n=31
5/31 (16%)
1/31 (3%)

Fisher's
exact test
p value
0.026
0.5

Table 5. Median absolute (standard deviation) improvement in neck and arm pain after
treatment with H-beam-shaped or rim-shaped allospacer
VAS score
(pre and post)

Neck pain
Arm pain

M
(SD)
M
(SD)

H-beam-shaped allospacer (n=31)
one
two
three
level
level
level
4.90
5.00
4.50
(1.20)
(1.15)
(0.71)
5.10
4.79
5.00
(1.37)
(0.54)
(0.00)

Note. M = mean, SD = Standard deviation
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Rim-shaped allospacer (n=31)
one
two
three
level
level
level
5.11
5.71
5.83
(0.76)
(0.76)
(0.98)
5.56
5.71
5.17
(0.86)
(0.76)
(0.41)
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