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Objective: The aim of this study was to compare all-cause reoperation rates and costs in 
nonelderly patients treated with anterior cervical discectomy and fusion (ACDF) with struc-
tural allograft versus synthetic cages for degenerative pathology.
Methods: We queried a private claims database to identify adult patients ( ≤ 65 years) who 
underwent single-level ACDF in a hospital setting using either structural allograft or a syn-
thetic cage (polyetheretherketone, metal, or hybrid device), from 2010 to 2016. The rate of 
all-cause reoperations at 2 years were compared between the 2 groups. Index hospitalization 
costs and 90-day complication rates were also compared. Significance was set at p < 0.05.
Results: A total of 26,754 patients were included in the study. 11,514 patients (43%) un-
derwent ACDF with structural allograft and 15,240 (57%) underwent ACDF with a syn-
thetic cage. The patients in the allograft group were younger and more likely to be male. 
There was no significant difference between the 2 groups with respect to 90-day complica-
tions including: wound dehiscence, dysphagia, dysphonia, and hematoma/seroma. In the 
2-year postoperative period, the synthetic cage group had a significantly higher rate of all-
cause reoperation compared to the allograft group (9.1% vs. 8.0%, p = 0.002). Index hos-
pitalization costs were significantly higher in the synthetic cage group compared to those in 
the allograft group ($23,475 vs. $20,836, p < 0.001).
Conclusion: Structural allograft is associated with lower all-cause reoperation rates and low-
er index costs in nonelderly patients undergoing ACDF surgery for degenerative pathology. 
It is important to understand this data as we transition toward value-based care.
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INTRODUCTION

The anterior cervical discectomy and fusion (ACDF) proce-
dure, first described in 1958 by Smith and Robinson,1 has risen 
to the forefront of treatment for cervical degenerative patholo-
gy. The number of cervical spine procedures performed annu-
ally in the United States continues to rise,2 with ACDF consti-

tuting the majority of these procedures.3 The concerns of mor-
bidity associated with iliac crest allograft have resulted in wide-
spread adoption of structural allograft and synthetic cages.4,5 
While allografts demonstrate osteoconduction,4 they may lack 
osteoinduction.6 Synthetic cages have gained popularity in re-
cent years due to concerns regarding accessibility, sterility, and 
storage of allograft.7,8
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While clinical outcomes following ACDF are generally excel-
lent, the procedure still presents risk of complication, one of the 
most challenging of which is nonunion or pseudarthrosis.9-11 
Systematic reviews show the rate of pseudarthrosis ranges from 
0.9% to 4.8% following ACDF,12 with similar rates of fusion in 
ACDFs utilizing allograft and synthetic cages.13 Patients with 
nonunion may report decreased satisfaction, particularly relat-
ed to neck pain and associated disability.14 To date, there is a 
scarcity of literature investigating the relationship between in-
terbody technique (i.e., allograft vs. synthetic cages) and symp-
tomatic pseudarthrosis or nonunion requiring reoperation. Fur-
thermore, there is little data comparing the relative costs of these 
techniques, which has become a distinct area of focus as the 
United States moves toward a value-based model of healthcare.

The purpose of this study is to compare the all-cause reoper-
ation rate following ACDF for degenerative pathology in the 
nonelderly patient performed with structural allograft versus 
synthetic cages. The secondary aim of the study was to compare 
costs and 90-day postoperative complication rates of the 2 graft 
techniques. The primary hypothesis of the study was that ACDF 
performed using synthetic cages would have higher rates of re-
operation, and would have higher associated costs than ACDF 
procedures performed using structural allograft.

MATERIALS AND METHODS

1. Data Source
The MarketScan Commercial Claims and Encounters Data-

base (Truven Health Analytics, Ann Arbor, MI, USA) contains 
private health insurance claims data for approximately 45 mil-
lion patients younger than 65 years in all 50 US states. Data, in-
cluding surgery date, are stored in a Health Insurance Portabili-
ty and Accountability Act-compliant format, with unique pa-
tient identifiers to allow individual claims to be linked across 
outpatient, inpatient, and prescription drug services. We que-
ried the inpatient claims database to identify our cohort and we 
leveraged the inpatient and outpatient database to identify re-
operations and cervical spine specific complications. Data were 
available from January 2010 through December 2017.

This study was exempt from Institutional Review Board ap-
proval.

2. Study Population
By using current procedural terminology (CPT) codes (Sup-

plementary Table 1), we identified 103,965 patients greater than 
21 years old and younger than 65 years old who underwent 

first-time single-level ACDF (CPT codes: 22551, 22554) in a 
hospital setting for a diagnosis of myelopathy, radiculopathy or 
myeloradiculopathy with the use of structural allograft (CPT 
code: 20931) or synthetic cages (polyetheretherketone [PEEK], 
metal, or combination) (CPT code: 22851). 29,525 patients 
were excluded. Excluded patients included those who had a 
concomitant corpectomy, a posterior fusion, or who had both 
allograft and a synthetic cage placed. 2,541 patients were ex-
cluded due to lack of anterior plating (CPT code: 22845, 22846, 
22847). Patients with a diagnosis of cancer, trauma, infection, 
and spinal cord injury were also excluded. In order to allow for 
longitudinal analysis, patients were required to have continuous 
insurance enrollment for 2 years postoperatively to be included 
in the study (Fig. 1). 

3. Outcomes of Interest
The primary outcome of interest was all-cause reoperation 

rate in the 2-year period following surgery. The secondary out-
comes were costs and 90-day complication rates.

 Surgical reoperations assessed within the first 2 years post-
operatively included revision anterior fusion, posterior cervical 
fusion, and additional cervical surgery. Additional cervical sur-
gery included posterior decompression laminectomy or lami-

Fig. 1. Flowchart demonstrating cohort selection.

103,965 Patients underwent 
anterior cervical fusion with 

either a mechanical interbody  
or allograft

71,899 Patients

5,650 Patients without a diagnosis of 
myelopathy, radiculopathy or 

myeloradiculopathy

39,495 Patients without 2 year  
continuous enrollment

66,249 Patients

26,754 Patients

32,066 Patients with a diagnosis of cancer, 
trauma, infection, paralysis or a procedure 
code for corpectomy, posterior fusion or 

concomitant allograft and mechanical device 
and no anterior plating
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noplasty, irrigation and debridement, and removal of hardware. 
90-day cervical spine specific complications, including wound 
dehiscence, dysphagia, dysphonia, and hematoma/seroma for-
mation, were also assessed (Supplementary Table 1).

Index hospitalization costs and surgeon professional fee re-
imbursement by payer were calculated and compared between 
the 2 groups.

4. Statistical Analysis
Mean± standard deviation was used to describe continuous 

variables and count (percentage) was used to describe categori-
cal variables. Demographic data assessed included patient’s age, 
sex, region, and Elixhauser comorbidity index (ECI). The ECI 
was calculated for each patient as described by Quan et al.15 Uni-
variate analysis using chi-square test was performed to identify 
significant differences in complication rates between the 2 groups. 
A Mann-Whitney U-test was used to compare index hospital-
ization payments and surgeon professional fee reimbursement 
between the 2 groups. Multivariate logistic regression analysis, 
adjusting for age, sex, region, and ECI was utilized to determine 
adjusted odds ratio (OR) and confidence intervals (CIs) for each 
complication with a rate > 1%. Significance was set at p< 0.05. 
All statistical analysis was conducted using SAS 9.4 (SAS Insti-
tute Inc., Cary, NC, USA).

RESULTS

A total of 26,754 patients were included in the study. 11,514 
patients (43%) underwent one-level ACDF with an allograft in-
terbody and 15,240 (57%) underwent ACDF with a synthetic 
cage. Patients in the allograft group were significantly younger 
and more likely to be male compared to those in the synthetic 
cage group (both p= 0.002) (Table 1).

1. Reoperation
Within 2 years following the index procedure, all-cause reop-

eration was significantly higher in the synthetic cage group 
(9.1%) compared to the allograft group (8.0%) (p= 0.002) (Ta-
ble 2). Eight hundred 7 patients (5.3%) underwent revision an-
terior fusion in the synthetic cage group versus 514 (4.5%) in 
the allograft group (p = 0.002). Similarly, 525 patients (3.4%) 
underwent additional posterior cervical fusion in the synthetic 
cage group versus 353 (2.8%) in the allograft cage group (p=0.004).

In a multivariate model, after adjusting for patient age, sex, 
and comorbidities, patients in the synthetic cage group had 19% 
increased odds of requiring a revision anterior fusion (OR, 1.19; 
95% CI, 1.06–1.33) and 21% increased odds of requiring a pos-
terior fusion (OR, 1.21; 95% CI, 1.05–1.39) compared to the al-
lograft ACDF group (Table 2).

Table 1. Baseline demographics (n = 26,754)

Characteristic ACDF with allograft interbody 
(n = 11,514)   

ACDF with synthetic cages 
(n = 15,240)   p-value

Age (yr)   49.8 ± 7.8   50.1 ± 7.7 0.002

Female sex 6,203 (54) 8,548 (56) < 0.001

Elixhauser comorbidity index 0.154

   0 5,423 (47%) 7,028 (46%)

   1 3,679 (32%) 4,886 (32%)

   > 2 2,412 (21%) 3,326 (22%)

Region < 0.001

   Northeast 2,437 (56) 1,925 (44)

   North Central 2,753 (52) 2,551 (48)

   South 4,558 (36) 8,247 (64)

   West 1,665 (41) 2,403 (59)

   Unknown 101 (47) 114 (53)

Surgeon professional fee reimbursement from payer $5,694 ± 5,999 $7,214 ± 11,429 < 0.001

Index hospitalization cost $20,836 ± 12,821 $23,475 ± 16,361 < 0.001

Values are presented as mean ± standard deviation or number (%).
ACDF, anterior cervical discectomy and fusion.
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2. Cervical Spine Specific Complications
Within 90 days of surgery, there was no statistically signifi-

cant difference in the rate of wound dehiscence, dysphagia, dys-
phonia, or hematoma/seroma formation between patients in the 
synthetic cage group and those in the allograft group (p> 0.05) 
(Table 3).

3. Cost Analysis
The index hospitalization costs ($23,475 vs. $20,836, p< 0.001) 

were significantly higher in patients treated with synthetic cages 
compared to those in the allograft group (Table 1). Further, the 
surgeon professional fee reimbursement from payer was signifi-
cantly higher in patients with synthetic cages compared to al-
lograft group ($7,214 vs. $5,694, p< 0.001).

 

DISCUSSION

Both allograft and synthetic cages are used widely5 for inter-
body structural in the nonelderly patients undergoing ACDF 
surgery for degenerative pathology. However, the literature is 
limited with respect to comparison of rates of revision surgery 
between the 2 techniques.4,16,17 In the current analysis, we found 
that while there was no difference observed in rates of cervical 

spine related 90-day complications, patients who underwent 
ACDF with synthetic cages had an increased all-cause reopera-
tion rate at 2-year follow-up compared to patients who under-
went ACDF with structural allograft. Additionally, we found 
increased costs associated with synthetic cages for the index 
hospitalization.

There have been several studies dedicated to comparing rates 
of nonunion and reoperation rate in patients undergoing ACDF 
with allograft compared with synthetic cages. The early studies, 
which were small in scale, could not consistently show a differ-
ence in the rates of nonunion.18-20 Our results are consistent 
with studies by Krause et al.16 and Yang et al.,17 who found that 
ACDF with synthetic cages had significantly higher rates of 
pseudarthrosis, complications, and need for revision surgery 
compared with ACDF with allograft. Similarly, a large, claims-
based study including elderly patients, found higher rates of 
nonunion in the synthetic cage versus allograft groups (5.32% 
vs. 1.97%).21 Additionally, Goz et al.4 used the same claims data-
base to demonstrate a statistically different rate of revision be-
tween cage and allograft groups (0.56% vs. 0.50%). Our study 
showed a significantly higher rate of revision following ACDF 
with allograft and synthetic cages than the previous study per-
formed by Goz et al.4 This study utilized a different data source 

Table 3. Ninety-day cervical spine specific complications

Surgical complication Complication rate Allograft group 
(n = 11,514)

Synthetic cage group 
(n = 15,240) p-value OR (95% CI)*

Wound dehiscence 37 (0.1) 14 (0.1) 23 (0.2) 0.522 Not analyzed

Dysphagia 821 (3.1) 339 (2.9) 482 (3.2) 0.305 1.11 (0.99–1.24)

Dysphonia 166 (0.6) 72 (0.6) 94 (0.6) 0.929 Not analyzed

Hematoma/Seroma 103 (0.4) 45 (0.4) 58 (0.4) 0.893 Not analyzed

Values are presented as number (%).
OR, odds ratio; CI, confidence interval.
*Synthetic cage was the reference group, logistic regression was only performed on complications with > 1% complication rate.

Table 2. Two-year surgical complication rate among allograft and synthetic cage groups

Surgical complication Complication  
rate

Allograft group 
(n = 11,514)

Synthetic cage group 
(n = 15,240) p-value OR (95% CI)*

All reoperation 2,312 (8.6) 924 (8.0) 1,388 (9.1) 0.002 1.13 (1.04–1.24)

Anterior revision 1,321 (4.9) 514 (4.5) 807 (5.3) 0.002 1.19 (1.06–1.33)

Posterior fusion 850 (3.2) 325 (2.8) 525 (3.4) 0.004 1.21 (1.05–1.39)

Other cervical spine surgery† 1,471 (5.5) 594 (5.2) 877 (5.8) 0.034 1.11 (0.99–1.22)

Values are presented as number (%).
ACDF, anterior cervical discectomy and fusion; OR, odds ratio; CI, confidence interval.
*Allograft ACDF was the reference group, logistic regression was only performed on complications with > 1% complication rate. †Other cervi-
cal spine surgery included decompression laminectomy, Irrigation and debridement and removal of hardware.
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with a younger patient population; young patients are more 
likely to undergo revision surgery, as their activity demands are 
generally increased compared with older patients.22

Additionally, we found that ACDF using synthetic cages were 
associated with significantly higher hospitalization costs. This 
result is in line with the cost-effectiveness analysis conducted 
by Virk et al.,23 who found allograft to be the most cost-effective 
graft option, costing $2,492 per quality-adjusted life year (QALY), 
in contrast to PEEK cages, which cost $3,328 per QALY. Fur-
ther, we found that use of synthetic cages was associated with 
higher surgeon payments. Most payers cover surgeon profes-
sional fees for placement of synthetic cages on a per level basis, 
while the surgeon is reimbursed for placement of structural al-
lograft only once regardless of the number of levels involved. 
The additional work performed using structural allografts is 
uncompensated for the surgeon if greater than 1-level ACDF is 
performed. The reasons for this financial disincentive are pres-
ently unclear.

Our study has several limitations. First, we are not able to ac-
curately capture the clinical cause of reoperation. While the data 
indicate that synthetic cages are associated with higher rates of 
all-cause reoperation, the clinical reason is not indicated. This 
is a limitation inherent to database research. Second, we are not 
able to control for additional interventions performed during 
surgery such as use of osteobiologics or local bone graft which 
may potentially impact fusion rates. Third, we are not able to 
perform subanalyses comparing various types of synthetic cag-
es that may have been used: PEEK-based devices, metal inter-
body devices, or hybrid devices. There may be inherent differ-
ences among device categories which may alter pseudarthrosis 
and reoperation rates. Fourth, the cost data that was utilized is 
specific to the United States, and therefore may not be general-
izable internationally, as the cost of each implant likely varies in 
each country. Finally, the database does not contain any radio-
graphic data or clinical data such as patient alignment and in-
formation regarding the use of bracing postoperatively, which 
may also impact fusion and reoperation rates.

Our study has several strengths. First, since the analysis is 
built on claims data, we are able to follow patients longitudinal-
ly across various inpatient and outpatient clinical contexts and 
accurately capture reoperations. Second, the large number of 
patients allows us to have enough statistical power to detect dif-
ferences that may otherwise be missed in smaller clinical series. 
Finally, we can assess costs associated with the interventions in 
the United States, which allows for a more comprehensive anal-
ysis.

CONCLUSIONS

In summary, compared to synthetic cages, structural allograft 
is associated with lower all-cause reoperation rates and lower 
index costs in nonelderly patients undergoing ACDF surgery 
for degenerative pathology. It is important to understand this 
data as we transition toward value-based care.
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Supplementary Table 1. Anterior cervical decompression and fusion reoperation and complications International classification 
of diseases, 9th and 10th revisions codes

Reoperation Code

Anterior revision 22551, 22552, 22554, 63076, 22585, 81.62, 81.63, 81.02, 0RG1070, 0RG10J0, 0RG10K0, 0RG1370, 
0RG13J0, 0RG13K0, 0RG1470, 0RG14J0, 0RG14K0

Posterior fusion 22600, 22614, 22842, 81.03, 0RG1071, 0RG10J1, 0RG10K1, 0RG1371, 0RG13J1, 0RG13K1, 0RG1471, 
0RG14J1, 0RG14K1, 0RG107J, 0RG10JJ, 0RG10KJ, 0RG137J, 0RG13JJ, 0RG13KJ, ,0RG147J, 0RG14JJ, 
0RG14KJ

Other cervical surgery

   Decompression laminectomy 63045, 63048, 00NW4, 00NW3, 00NW0, 030*

   Irrigation and Debridement 86.04, 0H96X0Z, 0H96XZZ, 0J9400Z,0J940ZZ, 0J9500Z, 0J9500Z, 0J970ZZ, 0J9700Z, 0W9K00Z, 
0W9K0ZZ, 0W9K30Z, 0W9K40Z, 0W9K4ZZ

   Removal of Hardware 0PP304Z, 0PP334Z, 0PP344Z, 78.69

90- day Complications

   Wound dehiscence 998.30, 998.31, 998.32, 998.33, T81.3*

   Dysphonia 784.40, 784.41, 784.49, R49.0, R49.8, R49.9 

   Dysphagia 787.20, 787.21, 787.22, 787.23, 787.24, 787.29, R13.1*

   Hematoma or seroma formation 998.12, 998.13, G97.63, G97.64, J95.862, J95.863, M96.842, M96.843, G97.31, G97.32, J95.61, J95.62, 
J95.861, L76.02, L76.32, M96.841


