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The anterior cervical discectomy and fusion (ACDF) 
procedure has been used with both PEEK and struc-
tural allograft for degenerative cervical conditions.16 

Although autologous iliac crest used to be a common graft 
material, it is associated with its own set of sequelae and 
complications.1 Structural allograft has been shown to 
be a viable alternative, with overall good outcomes, even 

though fusion rates may not be as good as iliac crest graft.8 
Because of the modulus of elasticity, PEEK cages have 
come onto the spinal implant market as a substitute or al-
ternative to structural allograft.6,11,13,21

Although there are a few direct comparisons between 
PEEK cages and structural allograft in ACDF, the re-
ports are varied. Some manuscripts have reported similar 
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OBJECTIVE Both structural allograft and PEEK have been used for anterior cervical discectomy and fusion (ACDF). 
There are reports that PEEK has a higher pseudarthrosis rate than structural allograft. The authors compared pseudar-
throsis, revision, subsidence, and loss of lordosis rates in patients with PEEK and structural allograft.
METHODS The authors performed a retrospective review of patients who were treated with ACDF at their hospital be-
tween 2005 and 2017. Inclusion criteria were adult patients with either PEEK or structural allograft, anterior plate fixation, 
and a minimum 2-year follow-up. Exclusion criteria were hybrid PEEK and allograft cases, additional posterior surgery, 
adjacent corpectomies, infection, tumor, stand-alone or integrated screw and cage devices, bone morphogenetic protein 
use, or lack of a minimum 2-year follow-up. Demographic variables, number of treated levels, interbody type (PEEK cage 
vs structural allograft), graft packing material, pseudarthrosis rates, revision surgery rates, subsidence, and cervical lor-
dosis changes were collected. These data were analyzed by Pearson’s chi-square test (or Fisher’s exact test, according 
to the sample size and expected value) and Student t-test.
RESULTS A total of 168 patients (264 levels total, mean follow-up time 39.5 ± 24.0 months) were analyzed. Sixty-one 
patients had PEEK, and 107 patients had structural allograft. Pseudarthrosis rates for 1-level fusions were 5.4% (PEEK) 
and 3.4% (allograft) (p > 0.05); 2-level fusions were 7.1% (PEEK) and 8.1% (allograft) (p > 0.05); and ≥ 3-level fusions 
were 10% (PEEK) and 11.1% (allograft) (p > 0.05). There was no statistical difference in the subsidence magnitude be-
tween PEEK and allograft in 1-, 2-, and ≥ 3-level ACDF (p > 0.05). Postoperative lordosis loss was not different between 
cohorts for 1- and 2-level surgeries.
CONCLUSIONS In 1- and 2-level ACDF with plating involving the same number of fusion levels, there was no statisti-
cally significant difference in the pseudarthrosis rate, revision surgery rate, subsidence, and lordosis loss between PEEK 
cages and structural allograft.
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KEYWORDS anterior cervical discectomy and fusion; pseudarthrosis; PEEK cage; structural allograft; revision surgery; 
ACDF

J Neurosurg Spine Volume 32 • April 2020562 ©AANS 2020, except where prohibited by US copyright law

Unauthenticated | Downloaded 05/23/23 11:11 PM UTC



J Neurosurg Spine Volume 32 • April 2020 563

Wang et al.

clinical outcomes, fusion rates, and subsidence.22 How-
ever, other studies have shown that using PEEK cages 
has a higher pseudarthrosis rate than using structural al-
lograft.7,12 We review our experience with plated ACDF 
with either PEEK or structural allograft with a minimum 
2-year follow-up to report our findings on fusion rates, 
subsidence, reoperation rates, and lordosis change.

Methods
We retrospectively reviewed the ACDF cases performed 

by 2 attending neurosurgeons at our hospital between 
August 2005 and January 2017. With regard to choosing 
PEEK versus allograft, it was a matter of surgeon prefer-
ence in deciding which interbody to choose. However, all 
surgeons involved in the study had used both PEEK cage 
and structural allograft, but there was no specific reason 
for choosing one over the other. Inclusion criteria were as 
follows: minimum 2-year follow-up with imaging, ACDF 
with either PEEK cage or allograft, surgery for degenera-
tive conditions of the spine, age ≥ 18 years, and anterior 
plate fixation. Exclusion criteria were as follows: addition-
al posterior cervical surgery (staged or not), adjacent-level 
corpectomies, infection, tumor, trauma, stand-alone inte-
grated screw and cage devices, bone morphogenetic pro-
tein (BMP) use, and hybrid constructs (both PEEK cages 
and allograft in the same patient). Patients who had cages 
with integrated fixation (either blades or integrated screws 
obviating the need for a plate) were all excluded; only pa-
tients with anterior cervical plating were included in this 
study. Patients had a maximum of +5° kyphosis because a 
larger kyphosis would also have received posterior instru-
mentation, excluding them from this study. Data collection 
included demographic variables, number of levels treated, 
interbody type (PEEK vs structural allograft), graft pack-
ing material (local autograft, demineralized bone matrix 
[DBM], or hybrid [DBM and local autograft]), pseudar-
throsis rates, loss of lordosis, radiographic subsidence, and 
revision surgery rates for pseudarthrosis. The local auto-
graft was all harvested using endplate shavings from the 
vertebral bodies or anterior osteophytes. Patients who had 
iliac crest graft were all excluded.

All postoperative 2-year images in this study were 
evaluated by at least 2 spine surgeons. Pseudarthrosis was 
counted if there was observation of motion on dynamic 
radiographs (change in vertebral body angulation or in-
terspinous process distance), lucency through the fusion 
mass, the appearance of a halo around the screws, or im-
plant failure that could be visualized on radiographs (Fig. 
1). Thus, fusion was assessed by 2 independent spine sur-
geons, with a CT scan if available, and with dynamic ra-
diographs assessing motion or stability of spinous process 
splaying. Only revision surgery for pseudarthrosis was re-
corded. Other causes unrelated to pseudarthrosis such as 
hematoma or infection were not included in the revision 
surgery rates.

To evaluate subsidence magnitude, we measured the 
distance from the midpoint of the upper endplate of the 
upper vertebral body to the midpoint of the lower endplate 
of the lower vertebral body spanning the fusion (Fig. 2A). 
These changes were noted from the initial postoperative 

radiograph and compared to the radiograph obtained at 
last follow-up. For the lordosis change after surgery, we 
measured the Cobb angle (from the superior endplate of 
the level above to the inferior endplate of the level below 
the fusion) at the last follow-up compared to the initial 
postoperative radiograph (Fig. 2B).

The collected data were statistically analyzed by Pear-
son’s chi-square test or Fisher’s exact test according to the 
sample size and expected value. Additionally, the t-test 
and Pearson’s chi-square tests were used to determine 
demographic differences. A Pearson’s correlation test was 
also used to correlate the pseudarthrosis rate and number 
of fused levels. All statistical analysis was processed using 
IBM SPSS Statistics 21.0 (IBM Corp.), and p values were 
considered significant if < 0.05.

Results
A total of 168 patients who had undergone ACDF met 

inclusion criteria, with 264 levels fused. All 168 patients 
had a minimum of 2 years of follow-up (41 had CT scans, 
and 127 had radiographs), with a mean follow-up of 39.5 
± 24.0 months, but 263 patients were excluded due to lack 
of the minimum 2-year follow-up, posterior cervical in-
strumentation, corpectomies with ACDF, stand-alone de-
vices with integrated screws and blades, infection, tumor, 
trauma, iliac crest graft, or BMP use. Of the 168 patients, 
61 (36.3%) underwent fusion with PEEK, and 107 (63.7%) 
underwent fusion with structural allograft. There was no 
significant difference in age, sex, and smoking status be-
tween the 2 groups. Of the entire cohort of 168 patients, 
5 (8.2%) with PEEK had pseudarthrosis, and 11 (10.3%) 
with structural allograft had pseudarthrosis (p > 0.05). Of 
the 264 fusion levels, the 89 PEEK fusion levels had 6 
pseudarthrosis segments (6.7%), and in the 175 structural 
allograft levels, 13 pseudarthrosis segments (7.4%) were 
observed (p > 0.05). Of the 89 PEEK levels, the average 
subsidence was 1.1 ± 1.3 mm per level, and of the 175 
structural allograft levels, the average subsidence was 0.9 

FIG. 1. A 2-year postoperative CT scan of a patient undergoing 2-level 
ACDF surgery, showing good fusion at C5–6 and bone graft absorption 
(pseudarthrosis) at C6–7.
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± 1.1 mm per level (p > 0.05). The total loss of lordosis 
was 1.5° ± 2.2° in the PEEK cohort and 1.9° ± 2.1° in the 
structural allograft cohort (p > 0.05). The overall pseud-
arthrosis, subsidence, and lordosis loss rates were not sig-
nificantly different between the PEEK and structural al-
lograft cohorts (p > 0.05 in both cohorts; Table 1).

Single-Level ACDF
Ninety-six patients underwent a single-level ACDF, 

with 37 (38.5%) having a PEEK cage and 59 (61.5%) hav-
ing structural allograft. We did not detect a difference in 
the pseudarthrosis rates between the PEEK group (2/37, 
5.4%) and the allograft group (2/59, 3.4%) (p > 0.05; Table 
2, Fig. 3). Moreover, none of the patients with single-level 
ACDF underwent revision surgery regardless of interbody 

type (Table 3). In addition, the type of graft used (auto-
graft, DBM, or hybrid) did not statistically affect fusion 
rates in either the PEEK cohort or the structural allograft 
cohort (Fisher’s exact test, p > 0.05 in both cohorts; Table 
4). The subsidence between PEEK (1.0 ± 1.0 mm) and 
structural allograft (0.9 ± 1.1 mm) was not different (p > 
0.05) for single-level ACDF. The lordosis loss of PEEK 
(1.3° ± 2.2°) was also not different from that of structural 
allograft (1.4° ± 2.1°) (p > 0.05; Table 5).

Two-Level ACDF
For the 52 patients undergoing 2-level ACDFs there 

were a total of 104 treated levels, with 42 (40.4%) PEEK 
cages and 62 (59.6%) structural allografts. The pseudar-
throsis rate of the PEEK group (3/42, 7.1%) was similar 

FIG. 2. A: Radiographs showing the method of measuring the intervertebral height in this study, from the midpoint of the upper 
endplate of the upper vertebral body at the treated level to the midpoint of the lower endplate of the lower vertebral body. The im-
mediately postoperative radiograph is on the left and the last follow-up one is on the right. B: Radiographs showing the method of 
measuring the cervical lordosis loss in this study, which was represented by the difference between the Cobb angle of the treated 
level at the last follow-up and the Cobb angle immediately postoperatively. The immediately postoperative radiograph is on the left 
and the last follow-up one is on the right. Figure is available in color online only.
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to that of the structural allograft group (5/62, 8.1%) (p > 
0.05; Table 2, Fig. 3). For the revision surgery rate, 2 of the 
3 PEEK pseudarthrosis patients underwent revision sur-
gery, whereas none of 5 pseudarthrosis cases in the struc-
tural allograft group underwent revision surgery (Fisher’s 
exact test, p > 0.05; Table 3). After further analyzing the 
subgroups based on packing material, there was no differ-
ence in fusion rates based on graft packing material in the 
structural allograft cohort (Fisher’s exact test, p > 0.05; 
Table 4). With regard to subsidence, the PEEK cages sub-
sided 1.2 ± 1.6 mm, and the structural allografts subsided 
1.1 ± 1.3 mm (p > 0.05). The PEEK cohort lost 2.0° ± 2.1° 
of lordosis, and the structural allograft cohort lost 2.3° ± 
2.4° of lordosis (p > 0.05).

ACDF of Three or More Levels
For ≥ 3-level ACDF, 20 patients were treated for a total 

of 64 levels fused. There were 10 levels (15.6%) with PEEK 
cages and 54 levels (84.4%) with structural allograft. The 

pseudarthrosis rate of the PEEK group (1/10, 10%) was 
not statistically different from that of the structural al-
lograft group (6/54, 11.1%) (p > 0.05; Table 2, Fig. 3A). 
Moreover, different graft packing material did not result in 
statistically significantly different pseudarthrosis rates in 
either the PEEK cohort or the structural allograft cohort 
(p > 0.05 in both cohorts; Table 4). The only pseudarthro-
sis case in the PEEK group underwent revision surgery, 
but none of the 6 pseudarthrosis cases in the structural 
allograft group did; this difference was not statistically 
significant (Fisher’s exact test, p > 0.05). There was no 
difference in the amount of subsidence between the PEEK 
group (1.0 ± 0.8 mm) and the structural allograft group 
(0.9 ± 0.8 mm) (p > 0.05; Table 5). Although the sample 
size of the 2 groups was small and differed greatly (PEEK, 
3 patients/10 levels; allograft, 17 patients/54 levels), the 
PEEK cage group lost less lordosis (0.3° ± 2.2°) than the 
structural allograft group (2.1° ± 1.9°) (p < 0.05; Table 5).

Discussion
The ACDF has been an effective operation with good 

outcomes.3,16 Historically, tricortical iliac crest autograft 
was routinely used,3,5,19 but donor site morbidity resulted 
in other graft options being sought.1,15 According to a re-
cent survey, PEEK cages and structural allograft are the 
most widely used grafts for ACDF worldwide as an alter-
native to iliac crest.21 Structural allograft has been shown 
to be safe17 with good clinical outcomes and decent fu-
sion rates.5,8,10 PEEK is also considered a good spacer for 
spine surgery because of its biocompatible and corrosion-
resistant properties.6,18 Moreover, the modulus of elastic-
ity of PEEK is similar to that of bone,4,9 which in theory 
may decrease the subsidence rates compared to metallic 
cages.2,20 In addition, the radiolucent property of PEEK 
allows for clearer visualization of fusion on radiographic 
imaging. However, these cages provide no osteoinduction 
or osteoconduction, and thus the PEEK cage itself can 
only function as a spacer, relying on graft material inside 
to induce fusion.14

With regard to previous studies, there are few direct 

TABLE 1. Demographic variables, overall pseudarthrosis rate, intervertebral height loss, and lordosis loss of all 
included ACDF cases, regardless of number of treated levels

Variable PEEK Cage Structural Allograft Total p Value

Patients 61 (36.3%) 107 (63.7%) 168 NA
Surgery levels 89 (33.7%) 175 (66.3%) 264 NA
Age, yrs 53.5 ± 12.3 56.1 ± 10.6 55.2 ± 11.3 0.184
Female 52 (34.2%) 100 (65.8%) 152

0.842
Male 37 (33.0%) 75 (67.0%) 112
Smoking status 18/89 (20.2%) 41/175 (23.4%) 59/264 (22.3%) 0.555
Mean follow-up time, mos 39.6 ± 25.5 39.4 ± 23.3 39.5 ± 24.0 0.935
Overall pseudarthrosis rate by patients 5/61 (8.2%) 11/107 (10.3%) 16/168 (9.5%) 0.658
Overall pseudarthrosis rate by levels 6/89 (6.7%) 13/175 (7.4%) 19/264 (7.2%) 0.838
Intervertebral height loss per treated level, mm 1.1 ± 1.3 0.9 ± 1.1 1.0 ± 1.2 0.485
Lordosis loss per treated level, degrees 1.5 ± 2.2 1.9 ± 2.1 1.8 ± 2.2 0.144

NA = not applicable.
Values are expressed as either the mean ± SD or the number of patients or procedures (%).

TABLE 2. Comparison of PEEK cage and structural allograft in 
fusion and pseudarthrosis rate for different levels of ACDF

Treated 
Levels

Interbody 
Device

Outcome
Total

p  
ValueFusion Pseudarthrosis

1-level

PEEK cage 35 (94.6%) 2 (5.4%) 37

0.631Structural 
allograft

57 (96.6%) 2 (3.4%) 59

Total 92 (95.8%) 4 (4.2%) 96

2-level

PEEK cage 39 (92.9%) 3 (7.1%) 42

0.863Structural 
allograft

57 (91.9%) 5 (8.1%) 62

Total 96 (92.3%) 8 (7.7%) 104

≥3-level

PEEK cage 9 (90%) 1 (10%) 10

0.918Structural 
allograft

48 (88.9%) 6 (11.1%) 54

Total 57 (89.1%) 7 (10.9%) 64
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comparisons between PEEK and structural allograft used 
for ACDF. Yson et al. reported that subsidence rates be-
tween PEEK and allograft were comparable, but their 
study did not report on fusion rates.22 Krause et al. recently 
reviewed 127 patients (56 PEEK, 71 allograft) who under-
went ACDF and had a minimum 1-year follow-up, and 
they found a much higher pseudarthrosis rate and revision 
surgery rate in the PEEK group compared to the structural 
allograft group.7 However, in their study, they only had 1 
year of follow-up as a minimum. The minimum 2-year 
follow-up in our group may have accounted for noting 
more fusions observed in the PEEK cohort after 1 year, 
resulting in our observation of comparable fusion rates 
between the 2 cohorts. Moreover, 25% of their patients 
were smokers. In our study, although 22% of our patients 

were smokers, our spine center policy requires all smok-
ers to stop smoking prior to fusion surgery. Because of 
this smoking cessation requirement prior to surgery, even 
though the patients may have been listed as smokers in the 
medical record, they are required to cease smoking prior 
to surgery. Thus, this may have accounted for our higher 
fusion rates in the PEEK cohort. Another factor that may 
have accounted for the higher pseudarthrosis rate in the 
study by Krause et al. is their use of integrated cage and 
screw or blade fixation in their PEEK cage surgeries. In 
our study, these patients were all excluded, and only pa-
tients with an anterior cervical plate were included. We ex-
cluded patients with stand-alone devices, integrated screw 
or blade cage devices, or fusion without plating. The ideal 
position of the screws was divergent in the sagittal plane at 

FIG. 3. A: Bar graph showing the pseudarthrosis rate between PEEK cage and structural allograft in 1-level, 2-level, and ≥ 3-level 
ACDF, by the number of treated levels. B: Bar graph showing the pseudarthrosis rate between PEEK cage and structural allograft 
in 1-level, 2-level, and ≥ 3-level ACDF, by the number of patients. Figure is available in color online only.
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the uppermost and lowermost levels and convergent in the 
axial planes of all levels. 

Pirkle et al. culled an insurance database and reported 
that PEEK cages in ACDF are associated with a higher 
nonunion rate (5.32% for cages vs 1.97% for allograft).12 
However, a limitation of their study was that they only 
had a 1-year minimum follow-up. As discussed above, 
having the patients followed for up to 2 years may have 
resulted in a different observation. Second, by evaluating 
more than 6000 patients from an insurance database, they 
could not get the granularity in their study that is obtained 
when studies are carried out in specific institutions. For 
instance, it is unknown what the smoking status was in 
the patients, what graft material was used, or the numbers 
of integrated screw/plate design implanted in the study by 
Pirkle et al. because of the database design. Our fusion 

rates for structural allograft were comparable with histori-
cally reported fusion rates (1-level, 96.6%; 2-level, 91.9%; 
≥ 3-level, 88.9%). Our fusion rates with PEEK cages were 
comparable for multilevel fusions, but lower for single-
level ACDF (1-level, 94.6%; 2-level, 92.9%; 3-level, 90%). 
Thus, although previous studies did show higher pseud-
arthrosis rates in PEEK cages and ACDF, these previous 
studies had only 1-year minimum follow-up and included 
integrated screw/plate and cage devices. Because these pa-
tients were all excluded in our study, this exclusion could 
have accounted for the different finding that we observed.

With regard to subsidence, we did not find a statistically 
significant difference in subsidence between PEEK and al-
lograft in single-level or multilevel ACDF, consistent with 
the findings from Yson et al.22 Furthermore, the postopera-
tive loss of lordosis between PEEK and structural allograft 

TABLE 3. Comparison of PEEK cage and structural allograft in revision surgery rate for different levels of ACDF

Treated Levels Interbody Device Pseudarthrosis w/o RS Pseudarthrosis w/ RS Total p Value

1-level
PEEK cage 2 (100%) 0 2

NAStructural allograft 2 (100%) 0 2
Total 4 (100%) 0 4

2-level
PEEK cage 1 (33.3%) 2 (66.7%) 3

0.107 (Fisher’s exact test)Structural allograft 5 (100%) 0 5
Total 6 (75%) 2 (25%) 8

≥3-level
PEEK cage 0 1 (100%) 1

0.143 (Fisher’s exact test)Structural allograft 6 (100%) 0 6
Total 6 (85.7%) 1 (14.3%) 7

RS = revision surgery.

TABLE 4. Classification statistics of cage types and filler types for different levels of ACDF

Treated Levels Interbody Device Filler Type
Outcome

Total p ValueFusion Pseudarthrosis

1-level

PEEK cage
Autograft 32 (94.1%) 2 (5.9%) 34

0.842 (Fisher’s exact test)DBM/hybrid 3 (100%) 0 3
Total 35 2 37

Structural allograft
Autograft 53 (98.1%) 1 (1.9%) 54

0.164 (Fisher’s exact test)DBM/hybrid 4 (80.0%) 1 (20.0%) 5
Total 57 2 59

2-level

PEEK cage
Autograft 39 (92.9%) 3 (7.1%) 42

NADBM/hybrid 0 0 0
Total 39 3 42

Structural allograft
Autograft 56 (93.3%) 4 (6.7%) 60

0.156 (Fisher’s exact test)DBM/hybrid 1 (50%) 1 (50%) 2
Total 57 5 62

≥3-level

PEEK cage
Autograft 6 (85.7%) 1 (14.3%) 7

0.700 (Fisher’s exact test)DBM/hybrid 3 (100%) 0 3
Total 9 1 10

Structural allograft
Autograft 43 (89.6%) 5 (10.4%) 48

0.646DBM/hybrid 5 (83.3%) 1 (16.7%) 6
Total 48 6 54
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in 1-level and 2-level ACDF was not significantly differ-
ent. The sample size in the ≥ 3-level ACDF cohort was too 
small to make a meaningful comparison. No significant 
kyphotic deformities were included in the present study. 
Patients with larger kyphosis (C2–7 Cobb angle more than 
5° kyphosis) would also have had posterior instrumenta-
tion, excluding them from our study; no patients in our 
study had posterior surgery. In addition, the ideal postop-
erative alignment would have been slightly lordotic.

With regard to graft material packed within both the 
PEEK cages and the structural allograft, we did not detect 
a statistically significant difference between graft types. 
However, our study may be underpowered to detect a 
difference. Our finding is consistent with the results of a 
systematic review by Zadegan et al., which showed non-
inferior results using DBM compared to autograft during 
ACDF.23

There are limitations in our study. First, this is a retro-
spective, single-center study. A multicenter study would 
be more representative. Moreover, only 41 of 168 patients 
had CT scans. Thus, fusion was evaluated by radiographs 
primarily. Fusion was only evaluated by CT when avail-
able because CT scans were not done on every patient. 
Ideally, CT scans would have been used on all patients, 
but the costs and radiation exposure to the patient would 
have made routine CT on all patients impractical. How-
ever, all patients had flexion/extension and neutral films at 
the 2-year follow-up with a 2-surgeon independent review 
of the fusions. Thus, there were strict plain radiographic 
criteria for assessing fusion despite not having CT scans 
on every patient. In addition, although there were 168 pa-
tients, when broken down into subgroups the study may 
have been underpowered to detect differences with the 
smaller cohorts. 

Another limitation of this paper is the lack of consistent 
bone density scores. Although it would have been ideal to 
have bone density scores for all patients, this was not uni-
versally available. However, previous reports comparing 
PEEK and structural allograft did not report bone density 
scores either.7,12 A possible selection bias in our study was 
that although there were 431 patients with ACDF, only 168 
of them met the minimum 2-year follow-up and did not 
have posterior instrumentation, corpectomies with ACDF, 
stand-alone devices with integrated screws or blades, tu-
mor, infection, trauma, iliac crest graft, or BMP use. How-

ever, this study’s main focus was on fusion; we did not 
want to include patients without a 2-year follow-up because 
of the potential for inaccurate assessment of fusion rates 
with a shorter follow-up. Another selection bias was that 
some patients refused allograft due to cultural or religious 
reasons; however, we were not able to consistently iden-
tify which patients refused allograft because of these rea-
sons. Moreover, the characteristics of the PEEK cages or 
structural allografts used in this study were not from one 
company; they were of various sizes and degrees of lordo-
sis from different companies. The strengths of this study, 
however, are the minimum 2-year follow-up; the exclusion 
of the integrated screw/blade and cages; the strict criteria 
of only including patients with anterior plating; the strict 
inclusion criteria of only degenerative conditions; and the 
exclusion of trauma, corpectomies, and hybrid constructs.

Conclusions
In 1-level and 2-level ACDF with plating for degenera-

tive conditions, there was not a detectable difference in 
pseudarthrosis rates, revision rate, subsidence, or lordosis 
loss between PEEK cage and structural allograft.
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