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ABSTRACT 
Background; Although autologous bone grafts harvested from iliac crest were 

used since the early days of ACDF, they caused donor site morbidities. PEEK 

cages used in cervical spine surgeries on a wide scale with controversy of their 

filling material. 

This study is to evaluate bone fusion and clinical outcome of one level ACDF 

using stand-alone PEEK cage filled with Biphasic Calcium Phosphate granules 

in treatment of degenerative CDD 

Methods: A prospective study, where patients with single level degenerative 

CDD, underwent ACDF using our technique from April 2017 to April 2019 with 

one year follow up. Preoperative and one-year postoperative Visual Analog 

Scale (VAS) for neck pain and arm pain assessed. One-year postoperative Odom 

clinical outcome scoring system, Patient Satisfaction Index (PSI) and bone 

fusion assessed. Bone fusion considered successful if bridging bone 

incorporating graft and adjoining vertebral endplates was apparent.  

Results: 19 patients included, 14 female patients (73.68%) and 5 male patients 

(26.32%). The preoperative mean VAS for neck pain and arm pain improved 

from 7.37±1.74 and7.96 ±1.24 to 2.95±1.27 and 2.21 ±1.01 respectively. This 

difference found statistically significant. According to Odom scoring system, 15 

patients (78.95%) had excellent outcome and 4 patients (21.05%) had good 

outcome and by using PSI, 16 patients (84.21%) were grade 1 and 3 patients 

(15.79%) were grade 2. 17 patients (89.47 %) showed bone fusion, while 2 

patients (10.53 %) showed non-union.  

Conclusion: we found our technique safe and effective 

alternative with bone fusion and clinical outcome comparable to 

those of other options.                                                                                                                                                                         

Key words; Anterior cervical discectomy; PEEK cage; Biphasic 

calcium phosphate.  
 

INTRODUCTION 

n the cervical spine, Spondylosis is the most 

common cause of neural dysfunction. It may 

cause compression of the cervical neural axis to 

present as neck pain, radiculopathy, myelopathy or 

radiculomyelopathy. Conservative management is 

the preferred and often only required intervention, 

while surgery is indicated in unresponsive 

patients.[1] For the surgical treatment of cervical 

disc disease, anterior cervical discectomy and 

fusion (ACDF) is the gold standard.  Since this 

technique is originally described by Smith and 

Robinson, many modifications of it have been 

reported. [2] The anterior approach has many 

advantages including minimal injury of soft tissue, 

decompression   of the spinal cord and nerve roots 

under direct visualization, complete removal of 

degenerative disc and facilitate fusion through 

access to two vertebral endplates with a 

considerable surface area.[3] The success of this 

technique relies on thorough decompression and 

the development of solid bony fusion.[4] Although 

complications are rare the most commonly 

occurring problems are dysphagia, wound 

hematoma and recurrent laryngeal nerve palsy.[5] 

Bone grafts and bone graft substitutes can be 

osteoconductive, osteo-inductive, or osteogenic or 

have some combination of these properties. 

Autologous bone grafts work by all three 

mechanisms.[6] In the early days of ACDF, 
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autologous bone grafts from the iliac crest were 

used. [7].Although autograft remains the gold 

standard in ACDF, harvest of the graft  can cause  

complications and morbidity, namely donor site 

pain, hematoma, numbness and  infection.[8,9] In 

the efforts to circumvent the need for autograft, 

allograft gained popularity but it has its 

complications e.g. the risk of infection ,disease 

transmission, and possible histocompatibility 

differences.[10] So, the goal behind the creation of 

intervertebral cages with bone graft substitute 

technologies has been developed  to minimize or 

eliminate  complications related to the use of  

autograft and allograft with improving clinical 

outcomes.[11]  Many synthetic materials have 

been used such as titanium cages, carbon cages, 

and Polyether Ether Ketone (PEEK) cages.[12] 

Cervical cages give instant stability and enlarge 

neural foraminal space. [13] In 1990s PEEK cage 

was introduced and due to its radiolucency which 

permits easy evaluation of fusion and its  

equivalent stiffness to bone, they used in cervical 

spine surgeries on a wide scale.[14] PEEK itself is 

inactive and has no ability to connect to bone, Thus 

PEEK was filled with other substances to 

encourage new bone formation from bony walls 

which achieves implant fusion in little time. [15]A 

few surgeons have used the implantation of an 

empty cage during the ACDF; however, they have 

not reached a general agreement due to suspicion 

of low bone fusion rate.[16] 

The aim of the present study is to evaluate the bone 

fusion and clinical outcome of one level ACDF 

using a stand-alone PEEK cage filled with BCP 

granules to test efficacy of the technique   we use 

in our institution in treatment of   single level 

degenerative cervical disc disease  

METHODS 

Study design:  this is an observational prospective 

clinical study 

This study included all patients admitted to 

Neurosurgery Department of Benha University 

Hospital with single level degenerative CDD who 

underwent ACDF using a stand-alone (non- 

platted) PEEK cage ( Amseo medical industries MT 

Egypt) filled with Biphasic Calcium Phosphate 

(BCP) granules (BCP BiCalPhos 

60%HA+40%TCP granules: Medtronic Sofamor 

Danek USA Inc.) as synthetic bone graft substitute 

for interbody fusion from April 2017 to April 2019 

with one year follow up for clinical and bone fusion 

evaluation. All included patients had single level 

CDD on preoperative MRI cervical spine causing 

radiculopathy or radiculo‐myelopathy and 

unresponsive to at least three months of 

conservative treatment before surgery. For all 

included patients, history was taken in details and 

full neurological examination. 

Exclusion criteria: 

the patients with more than one level CDD, the 

patients with traumatic CDD, patients operated 

upon using other bone graft materials e.g. 

autologous iliac crest graft or local bone graft, 

using plate system and patients underwent previous 

cervical disc surgery at another level, were all   

excluded   from our study.  

For clinical evaluation of our patients, we used the 

following 3 parameters;  

Firstly, we asked them to quantify their pain pre-

op. and one-year post-op. on a Visual Analog Scale 

(VAS) for neck pain and arm pain ranging from 0 

(no pain) to 10 (worst pain) and regarding arm pain 

we recorded VAS score for   every complaining 

arm.  

Secondly, the patients were evaluated at one-year 

post-op. according to Odom's criteria for their 

overall clinical outcome.[17] Excellent outcome 

was considered if there was no complaint referable 

to cervical disease and the patient was able to 

perform the daily occupation with no impairment. 

Good outcome, when there was intermittent 

discomfort referable to cervical disease but without 

significant interference with work. Fair outcome, 

when there was subjective improvement in 

symptoms with the physical activity significantly 

impaired and finally, poor outcome when there was 

worsening or no improvement of clinical status. 

Thirdly, we used the Patient Satisfaction Index 

(PSI) as described by Palit et al. [18], to evaluate 

the patient’s satisfaction with their procedure at 

one-year post-op. We asked our patient if surgery 

met his expectations (grade 1), if he would undergo 

the same operation for the same results although he 

did not improve as much as he hoped (grade 2), if 

surgery helped him but he would not undergo same 

surgery for same outcome (grade 3), or if he is the 

same or worse as compared to before surgery 

(grade 4). 

For evaluation of bone fusion, we had pre-op. plain 

X-ray of cervical spine (A-P and lateral) and post-

op. follow up   plain X-ray (A-P and lateral) before 

the patients were discharged, then at 3 months, 6 

months and 12 months post-op. on their routine 

follow up. 

Bone fusion considered successful if bridging bone 

incorporating the graft and adjoining vertebral 

endplates was apparent, with loss of radiolucency 

at the bone‐graft interface in lateral plain Xray of 

cervical spine obtained one year after surgery.[19] 

This assessment was done and approved by the 3 

participating authors for all included patients.  CT 

scan was planned only if there was potential for 

nonunion, in cases of unexpected/poor clinical 

https://dx.doi.org/10.21608/zumj.2020.44417.1957


https://dx.doi.org/10.21608/zumj.2020.44417.1957                               Volume 28, Issue 6, November 2022(1505-1513)                           
 

Zaghloul, A., et al                                                                                                                   1507 | P a g e  
 

outcomes and/ or recurrence of symptoms during 

follow up to verify fusion at the operated level, 

Bartels et al 2010.[20]  

Surgical procedure: During surgery discectomy 

was performed under the operating microscope 

using a scalpel, rongeurs, and curettes and removal 

of posterior osteophytes were performed thereafter. 

We carefully opened and resected the posterior 

longitudinal ligament to enable good visualization 

of the dura and the nerve root origins. To optimize 

the vertebral bone‐graft interface, decortication of 

the vertebral endplates was performed. Optimal 

size of PEEK cage was selected with help of a trial 

cage inserted to confirm the height of the disc 

space. Inner cavity of PEEK cage was filled with 

BCP then was inserted using forceps and tapped 

into place. Lateral fluoroscopy was performed 

before closure for optimal PEEK cage position, 

then good hemostasis, closure in layers over a drain 

to be removed 24 hours after surgery, Patients were 

allowed to stand the day after surgery and a hard 

neck collar worn for 6 weeks postop. The patients 

were allowed to take off neck collar at bed time. 

Patients were discharged from hospital within 2-3 

days after surgery after initial clinical evaluation 

and only after doing follow up X-ray A-P and 

lateral views, normal activity was progressively 

resumed as tolerated.  

Informed consent and ethics committee 

approval: This research has given approval by 

Research Ethics Committee (REC) of Benha 

faculty of medicine, Benha University. A written 

informed consent was obtained from each patient 

after explaining all steps of this study. All 

procedures performed involving human 

participants were in accordance with the ethical 

standards of the institutional and/or national 

research committee and with the 1964 Helsinki 

declaration and its later amendments or 

comparable ethical standards.  

Statistical analysis  : The collected data were 

described in terms of mean ± Standard Deviation 

(SD) and range for quantitative data, while for 

qualitative data described as frequency and 

percentage. Pre-operative VAS scores for neck 

pain and arm pain were compared against one-year 

post-operative scores using paired t-test. 

Improvement rates were calculated as percentage 

of VAS scores changes in relation to pre-operative 

scores. Statistical significance accepted at P   0.05  

>.  Statistical analyses carried out using 

STATA/SE version 11.2 for Windows (STATA 

corporation, College Station, Texas). 

RESULTS 

From April 2017 to April 2019, 22 patients were 

operated upon according to the inclusion criteria of 

this study, 3 patients of them were lost to follow up 

so only data and results of the remaining 19 cases 

were analyzed. Table 1 shows the demographic and 

baseline clinical characteristics of the studied 

patients. 10 patients were operated at C5-6 level 

which was the most frequent level operated upon 

and all 19 cases were intact regarding sphincteric 

function, as for associated comorbidities, we had 3 

patients with DM, 2 patients are hypertensive, one 

patient known to be hypertensive and diabetic and 

3 other patients are smokers all patients showed 

improvement in their symptoms after surgery. 3 

patients of the 4 with pre-op. motor weakness 

improved to full motor power within 3 months of 

post-op. physiotherapy while the fourth patient had 

same motor power as before surgery unchanged 

during follow up.    

Table 2 shows differences in pre and 1-year post-

operative neck pain VAS scores. Statistically this 

difference was found significant at P<0.001 

(Figure 1A). Similarly, Table 3 and Figure 1B 

show Statistically significant reduction in VAS 

scores for arm pain (radiculopathy) 1-year post-

operative as compared to pre-operative.   

Table 4, shows the clinical outcomes according to 

the Odom clinical outcome scoring system and the 

patient satisfaction index recorded at 1-year post-

op.                                                                       

Of the operated 19 levels and according to lateral 

radiographs obtained one year after surgery, 17 

levels (89.47 %) showed bony fusion according to 

study criteria, while 2 levels (10.53 %) showed 

non-union. The two patients with non-union, one 

of them had excellent outcome and the other one 

had good outcome according Odom’s criteria and 

because of such clinical outcomes, additional 

surgery was not planned.  

Regarding post-operative complications, one 

patient (5.26%) who was operated at C6-7 level 

had post- operative hoarseness of voice improved 

gradually to normal in 3 months after surgery. Four 

patients (21.05%) reported postoperative mild 

dysphagia and discharged from hospital after 3 

days as they improved gradually, and dysphagia 

disappeared completely within two weeks post-op. 

and we think this was secondary to retraction.  No 

new neurologic deficit, no wound infections and no 

patients needed revision surgeries during the 

follow-up period of our 19 cases.

 

Table 1: The study population, demographic and clinical characteristics   

Total number=19 No. % 
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Gender Female 14 73.68 

Male 5 26.32 

Age (years) Mean ±SD; (range) 45.21±8.22; (34-61) 

Operated level C3-4 2 10.53 

C4-5 4 21.05 

C5-6 10 52.63 

C6-7 3 15.79 

Motor weakness present 4 21.05 

No weakness 15 78.95 

Indication of surgery Unilateral radiculopathy 5 26.31 

Bilateral radiculopathy 8 42.11 

Radiculomyelopathy 

(with unilateral    

radiculopathy) 

4 21.05 

Radiculomyelopathy 

(with bilateral 

radiculopathy) 

2 10.53 

 

Table 2: Differences in pre and 1-year post-operative neck pain VAS scores  

No.=19 Neck pain VAS scores Paired t-test P 

Mean ±SD Range 

Pre-operative 7.37±1.74 4-10 9.87 <0.001 

One-year post-operative 2.95±1.27 1-6 

Improvement rate (%) 59.01±17.28 25-90  

VAS: Visual Analog Scale; SD: Standard Deviation; P: Probability 

 

Table 3: Differences in pre- and 1-year post-operative arm pain VAS  scores      

No.=29* Arm pain VAS scores Paired t-test P 

Mean ±SD Range 

Pre-operative 7.96±1.24 6-10 21.31 <0.001 

One-year post-operative 2.21±1.01 1-4 

Improvement rate (%) 71.87±13.79 33.33-88.89  

*10 patients had bilateral arm pain 

VAS: Visual Analog Scale; SD: Standard Deviation; P: Probability 

 

 

 

 

Table 4: 1-year post-operative clinical outcomes 

Total number=19 No. % 

Odom clinical outcome 

scoring system 

Excellent 15 78.95 

Good 4 21.05 

Patient satisfaction index Surgery met patients ‘expectations (grade 1) 

 

16 84.21 

Did not improved as much as hoped, but would undergo the 

same operation for the same results. (grade 2) 

3 15.79 
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Figure 1: Comparison of pre and 1-year post-operative neck pain VAS scores (A) and arm pain VAS scores (B) 

VAS: Visual Analog Scale 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2:  Female patient, 40 years old, with left radiculopathy not responding to conservative management. 

* MRI sagittal T2-WI (A) and axial T2-WI (B)showing C5/6 left posterolateral disc protrusion on top of diffuse disc 

bulge obliterating the anterior subarachnoid space and compromising the left neural exit pathway. 

** Plain X-ray lateral views, pre-op; obliterated disc space at C5/6 (C), 24 hours after surgery; peek cage filled with 

BCP with restoration of disc space height (D), 12 months post -op; bone fusion seen inside the cavity of the cage 

adjoining the adjacent vertebral endplates with loss of radiolucency at bone-graft interface (E) 
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DISCUSSION 

The creation of intervertebral cages with bone graft 

substitute technologies has been developed to 

minimize or eliminate complications of the use of 

autograft and allograft with the aim of improving 

clinical outcomes.[11]   

Silber et al., evaluated iliac crest bone graft site 

morbidity in 1-level ACDF, they found that 26.1% 

of patients had pain at donor site, and 15.7% had 

numbness. Other complications, which occurred at 

lower rates, including bruising, hematoma, pelvic 

fracture, and poor cosmesis. Also, osteoporosis and 

comorbid conditions made it a challenge to acquire 

iliac crest autograft, contributing to the popularity 

of alternative substrates. [21] 

There are various types of cervical cages, and 

various materials are used for filling the cages, 

controversy exists regarding the type of filling 

material in the cage. [22] several acceptable and 

promising graft options for ACDF have  been 

studied for their effectiveness but currently no 

option is conclusively superior to autograft and this 

partly due to shortcomings in the literature, as 

many studies had suboptimal study design, e.g. 

were small, retrospective, or non-randomized and 

also, there is  no standard criteria for evaluating 

radiographic  bony fusion and clinical outcome 

which creates heterogeneity of studies.[23] These 

inconsistencies made direct comparative analysis 

very difficult. 

And also from review of literature,[22,24 , 25] 

regarding one level ACDF we can notice that there 

is no general consensus regarding the type of 

cervical cage and the material that could be used 

for  filling the cage that might be autograft , 

allograft, or synthetic bone graft substitute, there 

are many options,  and we found the studies 

comparing these constructs are lacking, also using 

anterior plate or not in one level ACDF remains 

debatable, and now  how all these variables 

including different types of cervical cage ,different  

graft options for filling the cage and use or not of 

anterior plate instrumentation in one level ACDF  

could be reflected on the radiological results and 

most importantly on clinical outcome of the 

patients remain questionable for further ongoing 

clinical investigation.                                                                                                                                       

Many studies define success using radiographic 

parameters, but it is important to note that these do 

not necessarily correlate to clinical outcomes. [26] 

Evaluation of interbody fusion remains a challenge 

and there are no universally accepted criteria for 

determining radiological fusion.[27]  

we considered bone fusion successful if bridging 

bone incorporating the graft and adjoining 

vertebral endplates was apparent, with loss of 

radiolucency at the bone‐graft interface in lateral 

plain X-ray cervical spine obtained one year after 

surgery.[19] This assessment was done and 

approved by the 3 participating authors for all 

included patients.   

As CT scanning at regular follow up visits for 

routine evaluation of bone fusion was deemed to be 

unnecessary, costly and potentially harmful to 

patients, CT scan was planned only for cases of 

unexpected/poor clinical outcomes and/ or 

recurrence of symptoms to verify the fusion at the 

operated level, [20] and because of this and our 

satisfactory clinical outcome, we didn’t need to    

do post-operative CT scan. We agree that this may 

result in a higher apparent fusion rate.                

one-year post -op., all patients showed variable 

degree of improvement in their symptoms and had 

no new neurologic deficit. 3 patients of the 4 with 

pre-op. motor weakness improved to full motor 

power while the fourth patient had same motor 

power as before surgery unchanged during follow 

up.   

The pre-op. mean VAS for neck pain was 

7.37±1.74 and one-year post-op. was improved to 

2.95±1.27. This difference was statistically 

significant at P<0.001. Similarly, we found 

statistically significant reduction in VAS scores for 

arm pain 1-year post-op. as compared to pre-op. 

(7.96 ±1.24 vs. 2.21 ±1.01; P<0.001)  .The average 

improvement rate was 59.01% (±17.28) for neck 

pain and 71.87% (±13.79) for arm pain. 

15 patients (78.9%) had excellent outcomes and 4 

patients (21.05%) had good outcomes according to 

the Odom clinical outcome scoring system, and by 

using the Patient Satisfaction Index (PSI). 16 

patients (84.21%) stated that Surgery met their 

expectations and 3 patients (15.79%) reported that 

they did not improve as much as they had hoped 

but they would undergo the same operation for the 

same results.                                                                                                                              

one year after surgery, 17 levels (89.47 %) of the 

operated 19 levels showed bone fusion according 

to our study criteria, while 2 levels (10.53 %) 

showed nonunion. The two patients with non-

union, one of them had excellent outcome and the 

other one had good outcome and because of that, 

additional surgery was not planned.                                                                                                     

Although, nonunion has been reported as 

complication of ACDF using stand-alone cages, 

the use of a stand-alone cage has become popular, 

and many reports have described its effectiveness 

such as stability, restoration of the disc height, and 

facilitation of bone fusion [7,28,29] 

Here we present some clinical trials studied ACDF, 

although they have used different alternatives for 

filling standalone cervical cages, the results of our 

study are comparable to their bone fusion results 

and clinical outcome.  
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Bartels et al., reported that after using of stand-

alone cages packed with autologous cancellous 

iliac crest, nonunion occurred in 4.3%. [30] In a 

similar study of stand-alone cage packed with 

cancellous iliac bone graft by Yang et al, they 

reported that nonunion occurred in 14.9% [29] 

However, according to their reports, in spite of the 

risk of nonunion, clinical outcomes were         good 

in the nonunion groups.                                                                                                                                                

A stand-alone cage filled with local auto- graft has 

been used recently for ACDF with favorable 

results. [7,29]. However, nonunion was reported as 

a complication of this procedure. [31,32] 

 According to Shad et al, ACDF with a stand-alone 

cage packed with local bone graft has good clinical 

and radiological outcomes without iliac donor site 

morbidity and high additional costs.[24] In the 

study by Park et al., they did single level ACDF 

using a stand-alone PEEK cage packed with local 

auto-bone in treatment of degenerative cervical 

disc disease, a bone fusion rate (90.3%) was 

achieved, and despite the occurrence of nonunion, 

clinical outcomes of all patients with nonunion 

were excellent or good, according to Odom’s 

criteria, thus additional surgery was not 

performed.[33] our results are similar to park et al., 

with bone fusion rate 89.47% and excellent to good 

clinical outcome although we used BCP as a filling 

material of stand-alone peek cage. 

The anterior plate has several advantages in ACDF  

as it  increase stability, prevent extrusion of the 

graft and increase fusion rate, but it has high 

additional costs and risk of hardware failure.[25] 

Although anterior plate fixation enhances the 

fusion rate in multilevel ACDF, debate exists 

regarding efficacy of non-plating to plating  

fixation in one-level ACDF.[15] 

The fusion rates of single level ACDF at 1-year 

follow up are 97.1% in patients treated with 

anterior plates and 92.1% in patients treated with 

non- platted fusion according to a 2007 meta-

analysis.[23] 

in the study by Pitzen et al, they reported 91.3% 

fusion rate, using local auto-bone grafts and 

anterior plate system.[25] on the other hand Park et 

al, after single level ACDF using a stand-alone 

PEEK Cage packed with local auto-bone reported 

a comparable fusion rate (90.3%) without using 

plate system   along with excellent or good clinical 

outcomes.[33] Also, our fusion rate and clinical 

results are similar to park et al., although we used 

BCP as a filling material Wright , et al. studied one 

level ACDF without instrumentation using a 

tricortical autogenous iliac crest bone block 

inserted under compression and postoperative 

semirigid neck collar for 2 months. They reported 

that in 54 patients, there were 6 pseudarthroses 

(11%).[34] This is similar to nonunion rate in our 

study (10.52%) meanwhile we avoided possible 

donor site complications.                                                                                                                                                   

Samartzis  et al., reviewed ,69 patients who  

underwent one-level ACDF with autograft , with 

and without anterior cervical plate fixation and 

they reported 100% and 90.3% fusion rates for 

non-plated and plated ACDF procedures 

respectively. Excellent and good clinical outcome 

results were obtained for 91.3% of all included 

patients in their study. Both non plating and plate 

fixation for ACDF has a high fusion rate and yields 

a satisfactory clinical outcome. They concluded 

that solid bone fusion can be adequately obtained 

without plate fixation and so instrumentation-

related complications can be avoided.[35] 

The main limitations of this study were the small 

number of patients included and short term follow 

up and these to be considered in future studies. 

CONCLUSION 

We hereby recommend using stand-alone PEEK 

cage filled with BCP in one level ACDF as a safe 

and effective alternative with bone fusion rate and 

clinical outcome comparable to those of other 

options currently in use for one level ACDF, 

meanwhile avoiding donor site complications as 

well as additional cost and possible risks of 

hardware failure of anterior plate.   
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