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OBJECTIVE Anterior cervical discectomy and fusion (ACDF) is the most common treatment for degenerative disease
of the cervical spine. Given the high rate of pseudarthrosis in multilevel stand-alone ACDF, there is a need to explore
the utility of novel grafting materials. In this study, the authors present a single-institution retrospective study of patients
with multilevel degenerative spine disease who underwent multilevel stand-alone ACDF surgery with or without cellular
allograft supplementation.
METHODS In a prospectively collected database, 28 patients who underwent multilevel ACDF supplemented with cellular allograft (ViviGen) and 25 patients who underwent multilevel ACDF with decellularized allograft between 2014 and
2020 were identified. The primary outcome was radiographic fusion determined by a 1-year follow-up CT scan. Secondary outcomes included change in Neck Disability Index (NDI) scores and change in visual analog scale scores for neck
and arm pain.
RESULTS The study included 53 patients with a mean age of 53 ± 0.7 years who underwent multilevel stand-alone
ACDF encompassing 2.6 ± 0.7 levels on average. Patient demographics were similar between the two cohorts. In the
cellular allograft cohort, 2 patients experienced postoperative dysphagia that resolved by the 3-month follow-up. One
patient developed cervical radiculopathy due to graft subsidence and required a posterior foraminotomy. At the 1-year
CT, successful fusion was achieved in 92.9% (26/28) of patients who underwent ACDF supplemented with cellular allograft, compared with 84.0% (21/25) of patients who underwent ACDF without cellular allograft. The cellular allograft
cohort experienced a significantly greater improvement in the mean postoperative NDI score (p < 0.05) compared with
the other cohort.
CONCLUSIONS Cellular allograft is a low-morbidity bone allograft option for ACDF. In this study, the authors determined favorable arthrodesis rates and functional outcomes in a complex patient cohort following multilevel stand-alone
ACDF supplemented with cellular allograft.
https://thejns.org/doi/abs/10.3171/2021.3.FOCUS2150
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egenerative cervical spondylosis is seen radiographically in approximately one-half of the
US population older than 55 years.1–3 Anterior
cervical discectomy and fusion (ACDF) is one of the
most common approaches for treatment of cervical radiculopathy and myelopathy, with posterior approaches
performed less frequently.4,5 Multiple studies have shown
a trend of increasing rates of surgical treatment of this
condition.4,6–8 Recent studies have suggested that the
most common long-term complications of ACDF include

adjacent-segment disease and pseudarthrosis, resulting
in revision operations in up to 20% of cases.9–12 Furthermore, the risk of pseudarthrosis increases along with the
number of levels fused, with rates ranging from 4.3%
for 1 level to 56% for 4 levels.12 One study found that
symptomatic adjacent-segment disease affects more than
25% of patients within 10 years of their primary operation.9 Furthermore, when adjacent-segment disease does
develop, more than two-thirds of patients require further
operative intervention.9

ABBREVIATIONS ACDF = anterior cervical discectomy and fusion; ASA = American Society of Anesthesiologists; NDI = Neck Disability Index; rhBMP = recombinant
human bone morphogenetic protein; VAS = visual analog scale.
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With an increasing number of revision operations and
high rates of pseudarthrosis in multilevel ACDF procedures, further efforts are needed to increase the arthrodesis
rate of the primary surgery. Due to the high pseudarthrosis rates in these procedures, a combined anterior-posterior approach is commonly considered,11 and while it is
a viable option, there is a significant increase in morbidity associated with this procedure. Studies have suggested
an overall complication rate of approximately 69% in the
perioperative period,12,13 with postoperative dysphagia occurring in 30%–50% of cases.12,14,15 In patients undergoing complex revision or multilevel spine surgery, there is
a dearth of biologic options available to assist with fusion.
These include autograft harvest and allograft with materials such as recombinant human bone morphogenetic
protein (rhBMP). However, autologous bone graft is associated with harvest site–related morbidity and increased
operative time.13,14 Additionally, rhBMP-2 has a narrow
therapeutic window and is associated with potentially
severe complications,15–21 resulting in an FDA warning
against its use in the cervical spine.22
The cellular allograft utilized for this study (ViviGen,
Johnson & Johnson) is composed of cryopreserved viable osteogenic cells with a corticocancellous scaffold
in a demineralized bone matrix, and it may help improve
fusion rates in procedures with historically high failure
rates. Frozen cellular allograft can be thawed in 5 minutes for rapid intraoperative use while maintaining a 96%
cell viability. Furthermore, the product used for this study
is enriched with osteoblasts and osteocytes as opposed
to undifferentiated mesenchymal stem cells, thus minimizing the differentiation of undesirable cell types. One
preliminary study showed a 100% fusion rate, improved
Neck Disability Index (NDI) scores, and improved visual
analog scale (VAS) scores in 21 patients who underwent
multilevel spinal fusion with cellular allograft (including 8
patients who specifically underwent stand-alone ACDF).23
A subsequent study revealed a 98.7% fusion rate in 150
patients who underwent multilevel lumbar spine fusion
supplemented with cellular allograft.24 However, the current evidence regarding the efficacy and safety of cellular allografts for cervical arthrodesis is limited, with no
published studies comparing cellular allograft with other
grafting materials.25
In this research, we aimed to explore the utility of cellular allograft in the promotion of successful arthrodesis
and postoperative clinical outcomes, comparing patients
who underwent multilevel ACDF augmented with cellular
allograft with patients who underwent ACDF supplemented with decellularized allograft. The primary outcome
was construct fusion at the 1-year follow-up as observed
on CT. Secondary outcomes included construct stability
observed on radiographs at the 3-month follow-up, change
in NDI score, and change in neck and arm pain scores
measured by the VAS.

Methods

Patient Selection
We performed an IRB-approved retrospective review
of patients who underwent multilevel stand-alone ACDF
2

procedures. All procedures were performed at our institution by a single spine surgeon between 2014 and 2020.
The indication for surgery was cervical spinal stenosis,
pseudarthrosis, adjacent-segment disease, or progressive
myelopathy with worsening weakness in either the upper
or lower extremities. Inclusion criteria were patients aged
≥ 18 years who underwent a multilevel stand-alone ACDF
procedure and who had at least 1 year of follow-up with
a CT scan completed at 1 year from the date of the surgery. Patients with incomplete medical records or lack of
follow-up were excluded from the study.
Surgical Procedure
All patients underwent ACDF surgery as originally described by Robinson and Smith.26 Briefly, all patients were
placed under 10 pounds of axial traction with GardnerWells tongs. Under the operative microscope, the intervertebral disc was removed with complete resection of the
posterior longitudinal ligament, and posterior osteophytes
were removed using the high-speed drill and Kerrison rongeurs. Structural allograft or PEEK cages were inserted
into the disc spaces. For cellular allograft patients, cages
were filled with approximately 1 ml of ViviGen graft. For
decellularized allograft patients, a combination of local
bone shavings, decellularized allograft, and demineralized bone matrix (DBX, Johnson & Johnson) was used.
The choice of bone graft was made according to availability of cellular allograft, which required transportation
from a storage facility. The construct was stabilized with
an anterior titanium plate applied with 2 variable-angle
screws inserted at each level within the construct.
Outcomes
Demographic information and clinical features were
obtained from the medical record for all patients, including age, sex, height, BMI, symptoms at presentation, number of levels fused, smoking status, American Society
of Anesthesiologists (ASA) classification, and estimated
blood loss. The primary outcome of this study was construct fusion at the 1-year follow-up as observed on CT.
Secondary outcomes included change in NDI score, and
change in neck and arm pain scores as measured by the
VAS. Postoperative functional outcome data were available for 94% of patients.
Statistical Analysis
Continuous variables are given as the mean ± standard
deviation. Comparisons between pre- and postoperative
NDI and VAS scores were performed using the Wilcoxon
matched-pairs signed-rank test. Comparisons between cellular and decellularized allograft groups were performed
using the Mann-Whitney U-test and Fisher’s exact test; p
< 0.05 was considered statistically significant. Statistical
analyses were performed using GraphPad Prism version 8
and Microsoft Excel software.

Results

Patient Demographics
A total of 53 patients met inclusion criteria for this
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TABLE 1. Patient demographics for patients who underwent
multilevel ACDF

Sex, n (%)
Male
Female
Mean age, yrs
Mean height, m
Mean BMI
Smoking status, n (%)
Never smoked
Previous smoker
Current smoker
Mean ASA classification
Mean preop NDI score
Mean preop neck VAS score
Mean preop arm VAS score

Cellular
Allograft
Cohort

Decellularized
Allograft
Cohort

10 (35.7)
18 (64.3)
56.3 ± 10.2
1.7 ± 0.1
28.9 ± 5.7

14 (56.0)
11 (44.0)
55.0 ± 12.7
1.7 ± 0.1
31.4 ± 5.2

12 (42.9)
14 (50.0)
2 (7.1)
2.4 ± 0.6
39.6 ± 16.0
5.0 ± 3.0
4.5 ± 3.1

9 (36.0)
15 (60.0)
1 (4.0)
2.7 ± 0.6
42.4 ± 14.3
6.6 ± 1.4
2.8 ± 2.9

p
Value
0.173*

0.835†
0.159†
0.121†
0.730*

0.069†
0.792†
0.100†
0.112†

Mean values are presented as the mean ± SD.
* By Fisher’s exact test.
† By Mann-Whitney U-test.

study at our institution from 2014 to 2020, including 28
patients who underwent multilevel ACDF augmented with
cellular allograft and 25 patients who underwent ACDF
supplemented with decellularized allograft. Patient demographics of the 2 cohorts are shown in Table 1. There were
no statistically significant differences for all preoperative
demographics between the groups except for a trend toward a higher rate of former smokers in the decellularized
allograft cohort.
A total of 8 patients (28.6%) in the cellular allograft
cohort had undergone a previous anterior cervical spine
surgery; 3 of these patients presented with previous pseudarthrosis following ACDF, and 2 patients presented with
worsening symptoms following disc arthroplasty. Of the
8 patients who had a history of previous surgery, 1 had
concurrent adjacent-segment disease and 1 presented with
a significant prevertebral mass that caused preoperative
dysphagia. All 28 patients in the cellular allograft cohort
presented with complaints of progressive myelopathy with
both upper- and lower-extremity weakness. Two (7.1%) of
these patients had ossification of the posterior longitudinal ligament, and 3 patients (10.7%) had partial corpectomies at the time of the procedure. All procedures were
performed between the levels of C3 and C7. Structural
allograft spacers were used in most patients, and 10.7%
received PEEK cages. For each patient, 1.5 ml of cellular
allograft was placed within each spacer prior to their incorporation into the construct. In the cellular allograft cohort, an average of 2.6 ± 0.8 levels were fused. The mean
estimated blood loss was 157.0 ± 190.5 ml.
Two patients (8.0%) in the decellularized allograft cohort had undergone previous ACDF and presented with
adjacent-level foraminal stenosis. Three patients (12.0%)
had a partial corpectomy at the time of surgery. Demo-

TABLE 2. Postoperative outcomes for patients who underwent
multilevel ACDF
Cellular
Allograft
Cohort
Mean no. of levels fused
2.6 ± 0.8
Fusion success rate, n (%)
26/28 (92.9)
Mean postop NDI score
16.0 ± 10.9
Mean change in NDI score
−23.5 ± 13.7
Mean postop neck VAS score
3.3 ± 2.5
Mean change in neck VAS
−1.7 ± 2.6
score
Mean postop arm VAS score
3.0 ± 2.4
Mean change in arm VAS
−1.6 ± 3.0
score

Decellularized
Allograft
Cohort

p
Value

2.4 ± 0.7
21/25 (84.0)
33.1 ± 20.6
−9.3 ± 16.6
3.2 ± 2.8
−3.4 ± 2.9

0.307*
0.404†
0.034*
0.031*
0.851*
0.208*

1.4 ± 2.3
−1.3 ± 3.6

0.057*
0.946*

Mean values are presented as the mean ± SD.
* By Mann-Whitney U-test.
† By Fisher’s exact test.

graphics for these patients are shown in Table 1. For patients in the decellularized allograft cohort, all procedures
were performed between the levels of C3 and C7. Approximately half of the patients had structural allograft spacers, and 12 patients (48.0%) received PEEK cages. Thus,
the decellularized allograft cohort had a significantly
higher rate of PEEK cage use compared with the cellular
allograft cohort (p < 0.01). Constructs included an average
of 2.4 ± 0.7 levels, and the average estimated blood loss
was 101.4 ± 94.1 ml.
Clinical Outcomes for Patients in the Cellular Allograft
Cohort
Postoperative outcomes are shown in Table 2. After
surgery, 4 patients (14.3%) in the cellular allograft cohort
experienced neck swelling. Three patients (10.7%) had
dysphagia following the procedure; however, 1 of these
patients had a large prevertebral mass that formed around
material from disintegrating hardware and caused swallowing dysfunction at the preoperative baseline. Dysphagia was completely resolved at the 3-month follow-up for
all patients. One patient (5.0%) required surgical exploration for postoperative foraminal stenosis at adjacent levels
to the construct 7 months after the initial surgery. At the
3-month follow-up, 96.4% of patients receiving cellular
allograft had stable constructs on upright cervical radiographs, and at the 1-year follow-up, 92.8% of these patients demonstrated successful fusion of the cervical spine
on CT (Fig. 1). Both patients with pseudarthrosis had a
history of nonunion from a previous ACDF. There was a
significant improvement in the mean NDI score from 39.5
± 16.0 to 16.0 ± 10.9 (p = 0.0002). At the 1-year followup, the mean neck VAS score had significantly decreased
from 5.0 ± 3.0 to 3.3 ± 2.5 (p = 0.014) and the mean arm
VAS score had significantly decreased from 4.5 ± 3.1 to
3.0 ± 2.4 (p = 0.037). There were no differences in postoperative NDI or VAS score changes based on the numbers
of levels fused (p = 0.945 for NDI, p = 0.374 for neck VAS
pain, and p = 0.265 for arm VAS pain).
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for additional surgery. Half of the patients with nonunions
had structural allograft and the other half had PEEK cages.
As shown in Table 2, both cellular allograft and decellularized allograft cohorts had similar numbers of levels
fused. For patients who received cellular allograft, 92.8%
experienced successful fusion after 1 year, compared with
84.0% of patients who received decellularized allograft,
which did not reach a statistically significant difference
(p = 0.404). However, the cellular allograft cohort experienced a significantly greater improvement in their mean
postoperative NDI score (p < 0.05) compared with the decellularized allograft cohort. Postoperative VAS outcomes
for neck and arm pain for both groups were not significantly different (Table 2).

Discussion

FIG. 1. Representative images before and after multilevel ACDF with
cellular allograft. A and B: Preoperative cervical spine radiograph (A)
and preoperative MR image (B) demonstrating cervical spinal stenosis.
C: Radiograph obtained 3 months postoperatively, showing hardware
stability. D: CT scan obtained 1 year postoperatively, demonstrating
successful fusion of the cervical spine.

Clinical Outcomes for Patients With ACDF Supplemented
With Decellularized Allograft
In the cohort of patients who underwent ACDF supplemented with decellularized allograft, 1 patient (4.0%) required repeat surgery for graft subsidence and foraminal
stenosis, 1 patient experienced an epidural hematoma requiring surgical evacuation and posterior fusion, 1 patient
experienced long-term miosis and mydriasis secondary to
Horner’s syndrome, and 1 patient required additional surgery for adjacent-segment disease. Three patients (12.0%)
experienced postoperative dysphagia that remained present at the 3-month follow-up; however, 1 of these patients
had anterior osteophytes that caused preoperative dysphagia. Finally, 21 of 25 patients (84.0%) demonstrated successful fusion of the cervical spine on CT at the 1-year
follow-up, while 1 patient (4.0%) showed pseudarthrosis
at 2 of 3 levels. An additional 3 patients also demonstrated
evidence of pseudarthrosis, but all were managed conservatively with the use of a bone stimulator without the need
4

This study has demonstrated the safety and efficacy of
cellular allograft for use in multilevel ACDF procedures,
supporting successful fusion of the construct at the 1-year
follow-up with minimal complications for the 28 patients
receiving cellular allograft. While 1 patient did require a
repeat surgery, it was for graft subsidence and nerve root
entrapment, not for pseudarthrosis. Imaging and intraoperative exploration in this patient showed fusion of the
construct at all levels, and there was improvement in the
NDI score following surgery.
While autologous bone graft, including iliac crest and
fibular autografts, is considered the gold standard,26–28
donor site morbidity coupled with increased operative
time has led surgeons to consider alternatives, including
cadaveric bone and demineralized bone matrix as allografts.13,14,25 In studies in which autograft has been compared with allograft, no statistically significant difference
in fusion rates has been shown. Samartzis et al. specifically examined fusion rates in multilevel and single-level
ACDFs in which either allograft or autograft was used.29,30
They found no difference in rates of fusion between autograft and allograft in both single-level and multilevel fusions. While previous studies have suggested the use of
rhBMP-2 as a biologic allograft to assist with fusion rates,31
more recent studies have shown an increase in postoperative complications associated with its use.15,17–21 The rate of
complications was recognized by an FDA warning against
the use of rhBMP-2 in cervical spine fusions.17 In current
spine practice, there is a paucity of biologics that can be
used to augment ACDFs.
Multilevel stand-alone ACDF has a pseudarthrosis rate
of approximately 20%.9 Previous papers have suggested
that when fusing more than 3 cervical segments, a combined anterior-posterior approach should be employed
due to the high rate of graft failure and pseudarthrosis.32
While the combined procedure is a viable option, it is
not without significant risks. Studies have found a rate
of dysphagia between 30% and 50% in the immediate
postoperative period.33–35 Postoperative dysphagia leads
to a statistically significant increase in hospital length of
stay.34,35 Other complications of the combined procedure
include airway edema requiring prolonged intubation and
decreased range of motion, and the overall complication
rate of a combined anterior-posterior procedure has been
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quoted to be as high as 69% in the perioperative period,
which decreases to approximately 5% in the long term.33,36
Similarly, cost and healthcare expenditure are also important to consider when examining the utility of a multilevel
stand-alone ACDF procedure versus a combined anteriorposterior cervical approach.
The current study represents the largest cohort of patients receiving cellular allograft for multilevel ACDF to
date. We demonstrated a 92.8% (26/28) fusion rate at the
1-year follow-up for 28 patients who received cellular allograft, compared with an 84.0% (21/25) fusion rate for 25
patients who received decellularized allograft. The results
suggest that cellular allograft is both safe, with a low rate
of postoperative complications, and effective, as demonstrated in a favorable rate of arthrodesis in this challenging patient cohort. Our study also showed significant improvement in NDI scores, as well as postoperative neck
and arm pain scores, compared with preoperative values.
However, there are statistical and design limitations to the
study, including the retrospective, single-surgeon design
and the small patient cohort, resulting in part from the inclusion criteria of a 1-year postoperative CT scan to assess
fusion. In addition, the use of PEEK cages was significantly higher in the decellularized allograft cohort. The
use of PEEK cages has been associated with higher rates
of pseudarthrosis and, as such, represents a possible independent risk factor for fusion failure.37,38

Conclusions

Cellular allograft is a low-morbidity bone allograft option for complex, multilevel ACDF. Our study shows successful fusion of the construct with minimal postoperative
complications. Utilization of a safe and effective biologic
bone graft can allow for fusion without the need for a posterior construct for further stabilization.
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