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Introduction
Single-level Anterior Cervical Decompression and Fusion 

(ACDF) was initially performed using Iliac Crest Bone 
Graft (ICBG) [1]. Fusion rates improved when a surgical 
technique change, the addition of anterior plate ϐixation, was 
incorporated decades later [2,3]. Single level ACDFs with a 
machined allograft and plate ϐixation technique eventually 
became the industry standard as it demonstrated equivalent 
fusion rates with fewer complications than single level ACDFs 
with ICBG. This surgical technique was extended for use in 
patients with contiguous disk herniations. Multilevel ACDFs 
performed with machined allografts or interbody spacers and 
a two-level plate offered shorter operative times, less blood 
loss, better restoration of lordosis, and less immediate pain 
[4]. Successful multi-level ACDFs were strongly inϐluenced by 
the bone graft source [5], the smoking addiction [6], and the 
construct stability [7]. Placement of two additional ϐixation 
screws in the central vertebral body, another improvement 
in the surgical technique, increased the construct strength 
compared to constructs with screws only placed into the end 
vertebral bodies [8]. Using allografts for multilevel ACDFs 
was a device disadvantage as they often resulted in high non-
union rates [9,10].

Patient and surgeon satisfaction can be maximized when 
the non-union, complication and additional surgery rates 
are minimized [11]. For contiguous cervical disk disease the 
Anterior Cervical Corpectomy and Fusion (ACCF) technique 
allows surgeons to use local autologous bone graft (a device 
advantage) along with optimizing visualization and expanding 
the decompression (two additional technique advantages). 
As described above, ACDF outcomes beneϐited more from 
improvements in devices than changes in surgical technique. 
The ACCF surgical technique has not changed for decades; 
the only changes have been in the implants used. The initial 
ACCF experience with ϐibular allografts had unacceptably high 
expulsion, fracture, non-union and revision rates [12-15]. 
Supplemental halo ϐixation was not as successful as the addition 
of posterior cervical ϐixation for reducing ϐibular allograft 
associated complications [14-16]. Polyetheretherketone 
(PEEK) spacers were introduced with the “beneϐit” of having 

a modulus of elasticity (15 GPa) closer to bone than titanium 
(110 GPa) [17]. However, PEEK spacers behaved similar to 
ϐibular allografts demonstrating unacceptably high rates of 
expulsion, fracture, subsidence and non-union [18,19]. The 
off-label use of cylindrical titanium surgical mesh implants 
for ACCF procedures started in 1986 [20]. Cylindrical cages 
were typically 8-12 mm in diameter and positioned centrally. 
Subsidence through the softer area of bone centrally often 
resulted in kyphosis or revision surgery [21]. 

The Palo Alto C-VBR was the ϐirst FDA 510(k) approved 
non-expandable cervical vertebral body replacement device 
[22]. The larger trapezoidal footprint was designed to engage 
the stronger cortical bone peripherally, reducing the risk of 
subsidence. The trapezoidal footprint with spikes placed 
anteriorly created wedges in the axial and coronal planes, 
reducing the risk of retropulsion into the spinal cord. The 
large channel within the device maximizes the amount of 
autologous bone graft inside the device and in contact with 
the vertebral end-plates. Increases in device stability and graft 
volume increase the probability of fusion [22]. The purpose of 
this study is to provide an outcome benchmark against which 
other FDA approved ACCF devices may be compared. 

Methods
The study group was composed of 38 female and 21 male 
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patients. The average patient was 54 years of age (range: 
34 - 73). The body mass index (BMI) averaged 32 (kg/m2), 
indicative of obesity. On average, ACCF patients were taking 
10 different daily medications with 49 (83%) of the patients 
taking at least four different medications on a daily basis. 
Thirty-one patients (53%) were smokers and 21 (36%) 
were on anticoagulation therapy that required pre- and post-
operation management. Two of the 59 patients were American 
Society of Anesthesiologists (ASA) class I, 14 class II, 15 class 
III and 28 class IV. Thus, this cohort with an ASA average of 3.2 
was at high risk for peri-operative morbidity, post-operative 
morbidity and non-union.

Only patients who underwent a single level corpectomy 
stabilized with a Palo Alto C-VBR and anterior plate ϐixation 
were included in this study. Patients who opted for a 
multilevel ACDF were excluded. Patients who underwent 
a “skip” corpectomy or a hybrid single-level ACCF and an 
ACDF at an adjacent level were also excluded. ACCF cases 
were performed between February 2013 and January 2015 
by one of two surgeons. Thirty-ϐive patients were included 
in the initial Investigational Device Evaluation (IDE) study 
submitted to the FDA and subsequently published in 2017 
[22]. That Institutional Review Board (IRB) approved cohort 
of 97 patients included multi-level corpectomies and hybrid 
procedures. The additional 24 single-level ACCF cases in 
this investigation were performed between February and 
December 2015. All patients had surgery at the same hospital. 
The average follow-up was 61 months (range 11 - 82 months). 
Five patients died from unrelated causes, three of these 
patients had radiographic documentation of a solid fusion 
prior to their death. One patient had additional surgery: plate 
removal (Table 1). Sixteen patients (27%) had a primary 
diagnosis of stenosis with myelopathy. Thirty-seven patients 
(63%) had a primary diagnosis of disk herniations with 
radiculopathy. Six patients (10%) had a primary diagnosis of 
a disk herniation adjacent to a non-union. 

Fusion was determined on lateral ϐlexion/extension 
X-rays. The IDE study required the 35 patients in the IDE 
to have a CT to determine fusion along with lateral ϐlexion/
extension X-rays. For the 24 ACCF patients enrolled after 
the IDE study was completed, CT scans were only ordered 
for symptomatic patients requiring additional evaluation of 
fusion consolidation. All imaging studies were interpreted by 
an independent Board Certiϐied Radiologist and conϐirmed by 
the Attending Physician. We acknowledge that the Cervical 
Spine Research Society has since established more stringent 
criteria for determining fusion. 

Complications monitored included dysphagia, 
instrumentation migration, revision surgery, and non-
union. Anterior migration of the cervical plate or a change 
in the angulation of the ϐixation screws was used to identify 
subsidence. This retrospective review of the patient charts 
was also IRB approved in 2020.

The author acknowledges the following three biases. ACCF 
was recommended over the two-level ACDF technique due to 
the unacceptably high frequency of non-unions he experienced 
and others have reported [23]. Note that six of the 59 patients 
in the ACCF cohort were individuals with a single level ACDF 
non-union and an adjacent level disk herniation. Anterior 
cervical techniques were always recommended over posterior 
cervical fusion techniques. His experience and other’s reports 
of increased complications pertaining to posterior cervical 
wound infections and persistent pain led to the anterior 
approach bias [24]. The author designed and developed the 
FDA approved device (the Palo Alto C-VBR).

Results
Fusion was documented in 57 of 59 (97%) patients. 

Dysphagia resulted in three plate removals and one esophageal 
dilatation (7%). Two patients required posterior procedures: 
one for a non-union and the other for progressive kyphosis 
(3%). Asymptomatic cage subsidence was visualized in two 
patients (3%). A single deltoid palsy resolved spontaneously 
(2%). One patient developed adjacent level disease requiring 
an extension of the anterior construct with an interbody 
spacer placed at the effected level. One patient had persistent 
radicular pain due to a residual osteophyte. The plate and 
the offending osteophyte were removed at a second surgical 
procedure. In all, 8 patients (14%) required an additional 
surgical procedure during the ϐive-year follow-up period.

Discussion 
Majd, et al. were the ϐirst to report a 97% fusion rate in 34 

patients at 32 months with the cage/plate technique in 1999 
[20]. High ACCF fusion rates have also been reported by other 
investigators [21,25]. Castellvi, et al., reported that the ACCF 
technique overcame the negative effects of smoking, pending 
litigation and workers’ compensation status [21]. Their 38 
patient cohort had a 100% fusion rate at one year’s follow-
up. The current study provides further evidence that device 
design improvements can improve long-term outcomes. This 
cohort was twice as large as the previously cited studies with 
two to four years of additional follow-up. This cohort was also 
unhealthier. This cohort had higher percentages of obesity, 
medical complexity, smokers, and coagulopathies. 

The 96% fusion rate was attributed to three device 
advantages: the use of autologous bone graft [5], the large 
surface area exposing autologous graft to host bone [22], 
and the construct stability [7,16,26-28]. Autologous bone 
graft optimizes the osteoinductive, osteoconductive and 

Table 1: Patients excluded from long-term follow-up analysis. 
Age/Gender Months follow-up Exclusion reason 

48 yo M  5 Lost to follow up after plate removal
46 yo. M  3 Died from a myocardial infarction

88 yo. F  45 Died from a stroke 42 months after 
surgery

73 yo. F  66 Died from pulmonary disease
46 yo F  76 Died from metastatic breast cancer
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osteogenic potentials within the fusion mass. Of note, the 
volume of autologous bone graft and graft-to-endplate contact 
surface areas are always larger for non-expandable devices as 
compared to expandable devices of the same diameter. Local 
bone harvested from the partial corpectomy eliminated the 
possibility of prolonged iliac crest bone graft harvest site 
pain and its associated complications [29-31]. Whereas the 
determination of fusion and the resulting fusion rate may be 
debatable, the 8% reoperation rate after an average of 5 years 
of follow-up is not.

Dysphagia (7%) and anterior plate related complications 
in the current series were comparable to previous ACCF 
reports [21,25,32-34]. Transient dysphagia is commonly due 
to the esophagus being intubated, especially with high cuff 
pressures. Prolonged and/or excessive retraction forces on 
the esophagus may also result in transient dysphagia. Device 
related dysphagia, a mechanical effect due to the presence 
of a plate or the scar tissue covering the plate, is usually the 
underlying problem with long-term dysphagia. Hence, plate 
removal often eliminates dysphagia of this etiology. We did 
not observe any erosions through the esophagus or pharynx 
in our series. All plates removed were covered with a layer of 
connective tissue which had to be dissected away to expose 
the plate and screws being removed.

The trapezoidal shape of the Palo Alto C-VBR, as opposed 
to small cylinders, was designed to contact the stronger 
endplate near the vertebral body’s periphery and prevent 
subsidence while maximizing the graft-endplate contact 
surface area. For device stability reasons, many expandable 
devices sacriϐice graft bone-endplate contact area for device-
endplate contact surface area. Both patients with radiographic 
subsidence in this study were asymptomatic, surgery was 
therefore not recommended. Despite pre-and post-operative 
anticoagulation management for 36% of our patients, no 
post-operative hematomas were observed. As mentioned 
previously, ACCF is a higher blood loss procedure than two 
level ACDF surgery. Should a post-operative hematoma occur 
after an ACCF, immediate evacuation is strongly recommended 
[22]. 

The beneϐit of having large cohorts of patients with long-
term follow-up is that recurring complications often identify 
areas where device or surgical technique improvements can 
be made. Improvements in polyethylene manufacturing and 
sterilization protocols have greatly improved the long-term 
results of total knee replacement surgery. Expandable cages 
may provide an immediate surgical technique beneϐit but their 
long-term device beneϐits are unproven. Between June 2014 
and April 2017 the FDA received 17 Medical Device Related 
(MDR) Reports, product code MPQ24, for the X-Core Mini (the 
ϐirst FDA approved expandable cage for cervical corpectomies). 
Ten of the 17 reports involved additional surgery for collapse 
of height, subsidence or end-cap dislocation. Pojskic et al [35] 
studied 86 ACCF patients for 30 months. Thirty-nine patients 

(54%) had circumferential fusions. Thirteen patients (15%) 
experienced instrumentation failure with the X-Core Mini 
dislocation within the ϐirst three weeks of surgery. Eight 
patients (9%) experienced adjacent level disease and the 
overall fusion rate was 86%. When compared to the results 
previously referenced, the non-expandable device appears 
superior. The cohort receiving a non-expandable cage had 
signiϐicantly fewer complications and signiϐicantly fewer 
additional surgeries [22]. Thirty-four of the ACCF cases in the 
Pojskic study were single level corpectomies which used the 
X-Core Mini. Six single level ACCF patients required additional 
surgery, four revisions and two for adjacent level fractures. 
Thus, when the X-Core Mini was used for single level ACCFs 
and patients were followed for only 30 months, the additional 
surgery rate was 18%.

In sum, the history of surgical technique and device design 
improvements leading up to single-level ACCFs was reviewed. 
The results from a cohort of high risk patients who received 
the ϐirst FDA approved non-expandable cage indicated for 
ACCF were presented. Only 14% of the patients had additional 
surgery during the 61 months of average follow-up with four 
being dysphagia related. Only one patient required surgery 
for an adjacent level problem and only one patient had a 
symptomatic non-union which required additional surgery. 
Long-term device speciϐic follow-up will facilitate device 
design improvement and provide a standard for new device 
comparisons.
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