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Objective: The purpose of this study is to verify the usefulness of autograft versus allograft in the radiographic and clinical 
outcome in early period after the surgery.
Methods: We performed a retrospective review of 38 patients who had undergone one- or two-level anterior cervical discec- 
tomy and fusion (ACDF) with rigid anterior plate fixation from March 2006 to May 2009. Interbody graft materials were iliac 
autograft (n=17) or with allograft (n=21). Fusion rate and graft collapse rate were assessed by radiographic analysis and clinical 
outcome was based on Odom's criteria.
Results: In autograft group, 13 patients achieved successful bone fusion (65%), whereas 7 patients (31.8%) in allograft group. 
There was statistically significant between two groups (p<0.05). Comparing immediate postoperative radiograph with last follow- 
up, the mean graft collapse was noted 1.3 mm(15.5% change) in autograft group, whereas 2.0 mm(24.7% change) in allograft 
group. There was no statistically significant collapse rate in autograft group (p>0.05), but statistically significant in allograft 
group (p<0.05). Clinical outcome was excellent or good in 94.1% in autograft group, and 90.5% in allograft group.
Conclusion: In study, anterior cervical interbody fusion with an allograft got a result of lower fusion rate and higher collapse 
rate compared with autograft in early period after surgery, and clinical outcome showed similar results in both groups.
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INTRODUCTION

Anterior cervical discectomy and fusion (ACDF) is a com-
mon surgical procedure used in the treatment of many cervical 
spine disorders; herniated discs, spondylosis, fractures, and neo-
plastic lesions15). Since initially reported in 1955 by Robinson 
and Smith19), ACDF has become an accepted procedure for 
decompression of nerve root, spinal cord and spinal stabiliza-
tion in the treatment of above diseases.

Fusion is affected by the types of graft. The selection of 
the appropriate graft substrate is imperative to achieve succe- 
ssful bone fusion and an optimal clinical outcome20). The gold 
standard for cervical fusion material is autologous iliac crest 
bone, however many complications of autograft substrates 

have been reported2,12). The harvest site for autogenous iliac crest 
bone grafts is associated with an amplified risk of morbidity, 
operative time, hospital stay and postoperative recovery21). On 
the other hand, the allogenic graft substitutes have shown to 
reduce postoperative morbidity and shorten hospital stay11,26). 
Although it is known that autograft increases the fusion rate 
and decreases the collapse rate, a debate still exists between 
the efficacy of autograft versus allograft and its relationship to 
clinical outcome in ACDF20).

The purpose of this study is to determine efficacy of auto- 
graft versus allograft in radiographic and clinical outcome in 
early period after operation.

MATERIALS AND METHODS

From 2006 to 2009, thirty-eight patients underwent one- 
or two-level cervical anterior fusion with rigid anterior plate 
fixation. Among the patients, 17 patients (44.7%) underwent 
ACDF with autograft bone and 21 patients (55.3%) received with 
allograft bone. Three patients had two- level ACDF in the 
autograft group and one patient in the allograft group. There 
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Table 1. Demographics of patients and level of cervical operation

Autograft roup Allograft group p-value

Mean age (years)
Sex
  male
  female
Mean follow-up 
period (months)
BMI
BMD
  male
  female
Smoking
Operated cervical 
level
  C3-4
  C4-5
  C5-6
  C6-7
  C3-5
  C4-6

51.9±13.21

14(82.4%)
 3 (17.6%)
12.4±3.37

24.1±3.93

 9 (-1.1±0.81)
 2 (-0.7±0.78)
 7 (41%)

 2 (11.8%)
 4 (23.5%)
 6 (35.3%)
 2 (11.8%)
 1 (5.8%)
 2 (11.8%)

54.3±13.97

12(57.1%)
 9 (42.9%)
12.8±2.02

23.5±2.60

10(-0.9±1.62)
 6 (-0.4±1.08)
 8 (38%)

 3 (14.3%)
 6 (28.6%)
 7 (33.3%)
 4 (19.0%)
 1 (4.8%)
 0 (0.0%)

>0.05

>0.05

>0.05

>0.05
>0.05

Total 17 21

BMI = body mass index (kg/m2)
BMD = bone mineral density (t-score)

Table 2. Bridwell interbody fusion grading system

Grade Description

I
II

III

IV

Fused with remodeling and trabeculae present
Graft intact, not fully remodeled and incorporated, but no 
lucency present
Graft intact, potential lucency present at top and bottom
of graft
Fusion absent with collapse/resorption of graft

were 14 males and 3 females ranging in age from 29 to 78 years
(mean age, 51.9 years) in autograft group, 12 males and 9 
females ranging in age from 23 to 72 years (mean age, 54.3 
years) in allograft group. The mean follow-up period of these 
patients was 12.4 months (range, 11 to 20 months) in autograft 
group, 12.8 months (range, 10 to 17 months) in allograft group. 
Bone mineral density (BMD), body mass index (BMI), status of 
smoking and operated cervical level were compared, and BMD 
was performed only in patients above age 50 (Table 1).

One senior surgeon and junior surgeon performed all pro- 
cedures by means of a standard Smith-Robinson anteromedial 
approach to the cervical spine and using microsurgical techni- 
que. The graft substrates were fashioned and countersunk into 
the interspace after disc removal. Preparation of the vertebra 
endplates was achieved by cartilage removal with a curette and 
the endplate for graft insertion in all patients. Autografts were 
harvested with a low-speed oscillating saw at the anterior iliac 
crest. Allografts were freeze-dried iliac crest bone. Application 
of an anterior variable type cervical plate (MAXIMAⓇ) was per- 
formed in all patients without using distractor during the sur- 
gery. Usage of non-steroidal anti-inflammatory drugs (NSAIDs) 
was within one month after the surgery and patients were kept 
in a Philadelphia collar for 4 weeks after the surgery.

For the evaluation of interbody fusion, the last follow-up 
plain radiographs were used. The fusion rate was assessed by 
Bridwell interbody fusion grading system4) (Table 2), and we 

considered grade I or II as successful fusion. The graft collapse 
rate was evaluated comparing the initial graft height with last 
follow-up graft height in the plain radiographs. The graft col-
lapse height was measured by the distance connecting the line 
drawn on the upper and lower end-plates of the fusion seg-
ment and the center of the superior and inferior end-plates. 
Clinical evaluations were assessed with the outcome based on 
the Odom’s criteria16). Excellent or good outcome was consid-
ered satisfactory.

The data was analyzed by SPSS (version 10.0) statistical 
software. Statistical analysis was performed with paired T-test, 
chi-squared test, and Mann-Whitney U-test. Statistical signi- 
ficance was established at p<0.05.

RESULTS

Forty two interspaces were fused in 38 patients: 20 levels 
with autograft bone in 17 patients (3 patients had two-level 
ACDFs), 22 levels with iliac crest allograft bone in 21 patients
(1 patient had two-level ACDFs). Statistical analysis of the 
age, follow-up period, BMI, BMD, and status of smoking bet- 
ween two groups showed no significance (p>0.05) (Table 1).

The overall radiographic successful fusion rate in our series 
was 47.6%, based on the Bridwell interbody fusion grading 
system. 65% of the patients with autograft achieved successful 
fusion, whereas only 31.8% of the patients with allograft achie- 
ved successful fusion (Fig 1). Statistical significant difference 
was noted between autograft and allograft in the fusion rate
(p<0.05) (Table 3).

The mean fused interspace height was less well maintained 
in cases using allograft bone than autograft bone. The mean 
collapse in cases using allograft was 2.0 mm (24.7% change) 
between the initial and last follow-up radiograph, a statisti-
cally significant difference (p<0.05) (Fig. 2). Whereas, the mean 
interspace collapse in cases using autograft was 1.3mm(15.5% 
change), which resulted in no statistically significant difference 
(p>0.05) (Table 4).

The postoperative clinical outcome was assessed in all pa- 
tients, based on Odom’s criteria. Excellent results were repor- 
ted in 41.2%, good results in 52.9%, and fair results in 5.9%
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Fig. 1. (A) 10 months postoperative lateral radiograph of a 47
years old male patient who underwent one-level ACDF (C4-5) with 
autograft (Bridwell fusion grade I). (B) 12 months postoperative lateral
radiograph of a 54-year-old female patient who underwent two-
level ACDF (C3-4, C4-5) with allograft (Bridwell fusion grade III).

Fig. 2. A and B: (A) Immediate postoperative radiograph. (B) 10
months follow uppostoperative lateral radiograph. A 57 years old
male patient who underwent one-level ACDF (C6-7) with allograft.
Immediate postoperative radiograph at 9mm interspace graft height.
10 months postoperative radiograph showed 5 mm interspace graft
height, with 44.4% decreased collapse rate.

Table 4. Collapse rate in relation to graft-type

Mean
Initial graft 

height

Mean 
Last follow-up 
graft height

Collapse 
rate

p-value

Autograft
Allograft

8.4 mm
8.1 mm

7.1 mm
6.1 mm

15.5%
24.7%

p>0.05
p<0.05

Table 3. Fusion rate in relation to graft-type by Bridwell interbody fusion grading system. There is statistical significant difference between 
the two groups (p<0.05)

Fusion rate

I II III IV Successful fusion (I+II)

Autograft
Allograft

6 (30.0%)
5 (22.7%)

  7 (35.0%)
  2 (9.1%)

   7 (35.0%)
  15 (68.2%)

 0 (0%)
 0 (0%)

13/20 (65.0%)
 7/22 (31.8%)

in the autograft group. And excellent results were reported in 
38.1%, good results in 52.4%, and fair results in 9.5% in the 
allograft group. No poor results were noted in both groups 
(Table 5). No other intraoperative, postoperative, or radio-
graphic complications were noted in this series.

DISCUSSION

Since the 1950s, ACDF has been a widely accepted procedure 
for the treatment of degenerative disc disease and spondylosis 
of the cervical spine2,3,7,10,12,20,24). Cervical interbody fusion is 
used after surgery to help minimize postoperative morbidity, 
maintain cervical spinal alignment, eliminate potential instability, 
and preserve interspace height and angulation3). Cervical spine 
interbody fusion has achieved favorable clinical outcomes and 

is the gold standard for treating patients with degenerative 
disc disease and spondylosis. Robinson et al.19) reported the first 
large series of patients with cervical radiculopathy treated with 
anterior interbody fusion, in this series 73% of the patients 
achieved good or excellent outcomes. Other authors have repor- 
ted clinically good to excellent results in 80-90% of cases7,10).

Bone healing and fusion at an interbody fusion site are depen- 
dent on three main factors. There are recipient site condition, 
fusion substrate, and regional and systemic host features3). 
Among these, selection of the appropriate graft substitutes 
to optimize fusion rate and bone healing is essential. Graft 
substitutes have been developed including xenograft, allograft, 
cages, ceramics, bioabsorbable implants that may produce as 
comparable fusion rates as autograft bone2). Autologous iliac 
crest graft and freeze-dried allograft are commonly used in 
clinical practice during ACDF.

Bone healing occurs through the mechanisms of osteogene- 
sis, osteoinduction, and osteoconduction1,24). Osteogenesis re-
quires live bone cells, mature osteoblasts and osteocytes, that 
remain viable after transplantation by diffusion in the graft6,15). 
Autogeneic grafts can participate actively in bone healing thro- 
ugh osteogenesis, whereas allogeneic bone contains no live 
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Table 5. Clinical results in relation to graft-type by the Odom’s clinical outcome classification

Clinical outcome

Excellent Good Fair Poor Successful treatment

Autograft
Allograft

7 (41.2%)
8 (38.1%)

 9 (52.9%)
11 (52.4%)

1 (5.9%)
2 (9.5%)

0 (0%)
0 (0%)

16/17 (94.1%)
19/21 (90.5%)

cells, and thus does not promote bone healing through osteo-
genesis18). Osteoinduction, the ability of the graft to stimulate 
adjacent bone at the recipient site to initiate vascular ingrowth 
and the transformation and recruitment of osteogenic cells is 
a property unique to organic bone substrates. The osteoindu- 
ctive capability of allograft bone is thought to be less than 
that of autogeneic bone13,18). Osteoconduction is the growth 
of bony tissue into the structure of graft site. Little controversy 
exists over the ability of both autogeneic and allogeneic bone 
to provide osteoconduction1,25). In brief, allograft substrates 
are considered highly osteoconductive, weakly osteoinductive, 
and not osteogenic property. For this reason, autograft is a 
better interbody fusion substrate than allograft substrates biolo- 
gically.

Autograft fusion rates after cervical interbody fusion have 
been reported to range between 73% and 97%. In compar-
ison, allograft fusion rates have been reported to be between 
54% and 94%3,9,12,16,27,28). Most studies showed better to similar 
fusion rate in autograft compared to allograft. In our cases, 
autograft showed 65% successful fusion rate and 31.8% in 
allograft in short term follow-up period. Reason for such re-
sults are related to weak osteoinductive and poor osteogenic 
property in allograft which lead to prolonged fusion time after 
the surgery12).

In addition to a high fusion rate, successful treatment de-
pends on maintenance of interspace height and angle3,28). 
Maintenance of graft height influenced the rate of bone resorp- 
tion. The reduced compressive strength, caused by a more 
rapid rate of bone resorption, may exacerbate graft collapse11). 
Pelker et al17) found that freeze-dried iliac crest graft material 
had a 10% loss of compression strength and a 70% reduction 
in torsion strength compared to autogeneic iliac crest bone. 
An average interspace collapse rate 14% to 24.4% in the auto-
graft group, and 24% to 50% in the allograft group were repor- 
ted3,5,28). In our study, the collapse rate in the autograft group
(15.5%) was less than in the allograft group (24.7%). The 
mean fused interspace height was less well maintained in cases 
using allograft fusion substrate than autograft bone.

Although autografts had higher fusion rate and lower inter- 
space collapse rate than allografts, they had disadvantages, such 
as graft harvesting complications, including hematoma, infe- 
ction, lateral femoral cutaneous nerve injury, and persistent 
donor site pain, fracture of graft bone, prolonged operation 

time, and longer hospitalization12). Graft harvesting complica-
tions have been reported with a rate of 15-20% of patients 
undergoing ACDF with autograft8,18). In our cases, there was no 
complication related to graft harvesting. Although allograft 
group showed lower fusion rate and higher collapse rate com-
pared with autograft group, these factors did not effect the 
clinical outcome. In our study, 94.1% of patients in autograft 
group achieved satisfactory results, compared with 90.5% of 
patients in allograft group. Likewise, other studies reported no 
significant difference in clinical outcome between both groups24).

There are some limitations in our study. The ratio of gen- 
der in two groups is different, and female gender can show 
the difference in BMD score and it can influence the fusion 
rate and collapse rate. However, there was no statistically sig-
nificance in female BMD between both groups. Also there was 
limitation of interpreting the results of bone fusion through 
only simple radiographs and the number of enrollment was 
too small to represent the accurate outcome. For more precise 
outcome, the longer follow-up result of postoperative patients 
with various radiographic images such as Computed Tomo- 
graphy (CT) and larger number of patients would be neces- 
sary. Finally, freeze-dried allograft bone was diminished in resis- 
tance to bending and torsion compared to autograft bone and 
with less probability, the risk of possibility of AIDS virus infe- 
ction with weakened immunogenicity should be considered.

CONCLUSION

In practically, autologous iliac crest graft and freeze-dried allo- 
graft are commonly used in ACDF. Although autograft is ideal 
graft substrate for interbody fusion, it has several disadvan- 
tages and complications. Allograft demonstrate lower fusion 
and higher collapse rate compared with autograft in the short- 
term follow-up study, but clinical outcome showed similar 
results in between both groups. Lager number of patients and 
longer follow-up would be necessary.
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