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Abstract 
The Enthusiasm for Cervical cages in cervical fusion operations is an effort to avoid the 

morbidity associated with autogenous bone graft harvesting. The goal of the current study was 

to assess the reliability and efficacy of anterior cervical discectomy and fusion (ACDF) using a 

PEEK cage filled with hydroxyapatite granules in the treatment of single level disc affection. 19 

patients affected by single-level cervical disc disease were included in this study. The clinical 

findings were assessed according to Odom’s criteria at last follow-up. Cervical spine segmental 

sagittal alignment was evaluated preoperative, direct postoperative and 12 months later. 19 

patients underwent ACDF using a PEEK cervical cage. The clinical assessment according to 

Odom’s criteria after 12 months was excellent in 50%, good in 24% patients, fair in 11% and 

15 poor clinical results. The mean segmental lordosis before surgery was 2°, corrected to - 6.6° 

immediately postoperative. The final mean segmental lordosis was 3.3°; the loss of correction was 

3.5°. Anterior cervical discectomy and fusion using a stand-alone PEEK cage can be considered a 

safe and effective technique for the management of single level cervical disc disease. 
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1. Introduction 

The vast majority of patients with sym-
ptomatic cervical disc degeneration (CDD) 
respond well to conservative treatment. 

Anterior cervical discectomy and fusion 

(ACDF) is considered the gold standard 

for the treatment for non-responders. Acc-
ording to literature, positive predictive to 
intense radicular pain, low disability, young 
age, soft disc disease in one segmental 
level, male sex, non-smoker status, presence 
of a correlation between radiological and 
clinical findings, good hand strength, good 
active range of motion in the neck, and no 
spinal litigations [1]. However, the classic 

method of Cloward and Smith and Rob-

inson [2] using an autologous tricortical 

iliac bone graft has been reported to have 

documented iliac donor site complications 

[3,4]. These complications include persis-

tent Donor site pains, infection, hematoma 
formation, iliac crest fracture, and meralgia 

parasthetica. In order to overcome those 

problems, ACDF using an intervertebral 

cage has been used with favorable results. 

Stand-alone intervertebral cages made 

of a range of materials such as stainless 

steel, titanium, carbon fiber and polyethere- 

therketone (PEEK) [5,6] can be effective 

for restoring the intervertebral disc height 

and lordosis, providing load-bearing support 

to the anterior column and preventing graft 
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collapse [5,7]. Polyethere-therketone (PE 

EK) is a non-absorbable biopolymer that 

has been used in a variety of medical 

devices. It is biocompatible, radiolucent 

so easy to assess fusion and has modulus 

of elasticity similar to the bone (less stress 

shielding) [8]. Cage stand-alone technology, 

as presented by Bagby [9], was found on 

the principle of distraction compression. 

A sufficiently distracted intervertebral space 

after discectomy could be stabilized for 

multidirectional movement by tension for-

ces of residual annulus and ligaments. 

Cages filled up with autologous material, 

allograft or bone substitute such as dem-

ineralized bone matrix or hydroxyapatite 

granules would resist disc space collapse 

and should not migrate until fusion occu-

rred, allowing biological bone healing in 

an incompressible spacer. The purpose of 

this retrospective study is to evaluate the 

effectiveness of ACDF using PEEK cages 

packed with hydroxyapatite granules for 

single level degenerative cervical disc 

disease and to present the long-term 

clinical and radiological outcomes.  

 

2. Materials and Methods 
A retrospective study of 19 patients 

with single-level degenerative disc disease 

between C3 and C7 were treated by ACDF 

using PEEK cages between August 2014 

and June 2017. Inclusion criteria include: 

1) One or more of the following symp-

toms and signs of CDD: a. Persistent severe 

radicular pain not responding to conser-

vative management for three months. b. 

Cervical radiculopathy with progressive 

paresis c. Selected cases with myelopathy 

secondary to cervical spinal canal stenosis 

that can be adequately decompressed with 

ACDF. d. Selected cases with mainly neck 

pain and headache and less radicular pain. 

2) MRI- documented CDD with compr-

ession of cervical nerve roots or spinal cord, 

which most likely explain the clinical symp-

toms and signs. The exclusion criteria were: 

a. Cervical trauma within the past four 

weeks.  b. Cervical neoplasia. c.   Ongoing 

cervical infection. 

2.1. Surgical procedure 
The anterior approach of Smith and 

Robinson [2] was used. Cervical discec-

tomy, with decompression of the dura and 

removal of any osteophytes were perfor-

med. The posterior longitudinal ligament 

was excised to remove disc fragments. 

Meticulous Curettage of the upper and 

lower end plates to remove chondral layer 

with preservation of the subchondral bone 

was done. The optimal PEEK cage was 

selected and filled with hydroxyapatite 

granules (B- OstINbone®, Basic Healthcare 

products Pvt. Ltd), fig. (1). The PEEK cage 

was impacted into the disc space after 

distraction with the use of Caspar distractor. 

Suction drain was used in all patients 

and removed 24 hours postoperative. All the 

patients were discharged on the second day 

protected by Philadelphia collar for 6 

weeks with gradual resumption of the 

normal daily life thereafter. Plain AP and 

lateral cervical spine radiographs were taken 

after surgery and at 3, 6 and 12 months 

post-operatively. Odom’s criteria [10] 

were used to evaluate clinical outcomes 

of the patients at the 12
th

 month follow-

up visit, tab. (1).  

2.2. Radiological assessment  
Segmental sagittal alignment of 

instrumented level was adequate mea-

sured using a special software (Trauma 

Cad® - Voyant Health Ltd.) preoperative, 

direct postoperative and 6 months post-

operatively, fig.  (2). A written consent 

was signed by all patients. 
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Figure (1) Shows PEEK cage filled with hydroxyapatite granules (B-OstINbone®, Basic Healthcare 

products Pvt. Ltd) and attached to a special holder 
 

Table (1) Classification of outcome according to Odom’s criteria 

Excellent All preoperative symptoms relieved; abnormal findings improved 

Good 
Minimal persistence of preoperative symptoms; abnormal findings 

unchanged or improved 

Fair 
Definite relief of some preoperative symptoms; other symptoms unchanged 

or slightly improved 

Poor Symptoms and signs unchanged or exacerbated 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure (2) Shows software for measuring Segmental sagittal alignment (SSA) of the instrumented level 

(TraumaCad® - Voyant Health Ltd.) 

 
3. Results 

A total of 19 patients (9 male, 10 
female) with a mean age of 52.9 years (aged 
between 28 and 68 years) underwent ACDF 
using PEEK cages filled with hydroxya-

patite granules (B- OstINbone
®
, Basic 

Healthcare products Pvt. Ltd). All the 

patients were discharged without any com-

plications one day after surgery. Odom’s 

criteria were used to assess the patients 

clinically at the last follow up visit, tab. 

(1). In this series, the mean operation time 

was 177.1 min (range, 67 to 251 min), 

estimated blood loss was below 50 ml in 
all 19 patients, and the mean hospital stay 
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was 3.8 days (range, 2 to 7 days). All 

patients were followed up at least 1 year 

(range, 12 to 18 months). C5–6 was the 

major disc for surgery in this series. The 

demographic data of patients are shown 

in tab. (2). All 25 disc interspaces in 19 
patients achieved solid union at final follow-

up, fig. (3). Clinical outcomes were rated as 
excellent or good in 14 patients (success 

rate: 74%). Two patients were graded as 
fair and three as poor clinical results. The 
mean pre-operative, immediately post-ope-

rative, and final interbody space heights 

were 5.0 mm (range, 2.6 to 7.0 mm), 7.3 

mm (range, 5.0 to 8.7 mm), and 6.2 mm 
(range, 4.0 to 8.0 mm). The mean collapse 

of interbody space was 1.1 mm. The mean 
size of cages used in this series is 6.2 mm 

(5–7). Additionally, the mean segmental 

lordosis before surgery was 2.0° (range, 

 −5.2° to 16.4°), corrected to 6.6° (range, 

−3.2° to 22.1°) immediately after surgery. 
The final mean segmental lordosis was 3.3° 
(range, −9.9° to 16.1°); the loss of correction 
was 3.3°. In these three patients with poor 

clinical results, the mean pre-operative 

interspace height was 4.8 mm. The mean 
immediately post-operative disc height was 

6.4 mm, and the final disc height was 

5.7 mm. The loss of disc height was 0.7 mm. 

The mean segmental lordosis was −1.6° 

before surgery, corrected to −0.9° imme-

diately after surgery, and the final Cobbs 

angle was −4.4°. The mean loss of lordosis 
correction was 3.5°. The radiological data 
are shown in tab. (3). There was no wound 
infection or further nervous tissue damage 

during the surgery 

 

Table (2) Patient demographics.    

Characteristic Total (n=9) 

Sex  

 Male 

 Female 

 

9 

10 

Age 52.9 (28-68) 

Radiculopathy 13 

Myelopathy 2 

Radiculomyelopathy 4 

Level 

  C 3-4 

  C 4-5 

  C 5-6 

  C 6-7 

 

1 

5 

11 

8 

Operation time 177.1 (67-251) 

Hospital stay  3.8 (2-7) 

Blood loss (ml) < 50 
 

Table (3): Radiological data. 

Parameters Total 
Success result 

(excellent,  good ) ( n = 14) 

Poor result 

( n = 3 ) 

Disc height 

 Pre operative 

 Post  operative 

 Final 

 

5 

7.5 

6.2 

 

4.9 

7.3 

6.6 

 

4.8 

6.4 

5.7 

Cage size ( mm ) 6.2 6.5 5.8 

Segmental angle (lordosis angle ) 

 Pre operative  

 Post operative  

 Final  

 

2 

6.6 

3.3 

 

1.3 

7 

3.4 

 

-1.6 

-0.9 

4.4 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2551716/figure/Fig3/
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Figure (3) Shows lateral flexion-extension cervical spine radiographs (a–b) and sagittal-coronal CT scans 

(c–d) obtained 12 months after C6–7 anterior cervical discectomy and fusion. Evidence of 

solid bridging bone on CT scans and no instability on flexion-extension radiographs were 

demonstrated 
 

4. Discussion 
ACDF has become a well- established 

operative procedure used to treat a variety 

of cervical spinal disorders. The success 

of this procedure relies on thorough dec-

ompression and development of a solid 

osseous fusion [11,12]. Although tricortical 

autograft harvested from iliac crest as 

interbody fusion material can provide sati-

sfactory clinical results and fusion rates, 

donor- site complications are around 20% 

[3,8]. To eliminate autograft-related prob-

lems, interbody cages were developed 

for fusion operations. In clinical practice 

[13,14], distraction with restoration of disc 

height in degenerative spine increased inte-
rvertebral foraminal volume and contributed 

to nerve root decompression as measured 

experimentally. PEEK cages are currently 
the most preferred. Compared with titanium 
and carbon fiber cages, PEEK cages   are 

more biocompatible [15,16] and radiolu-

cent, which allows for precise radiological 

evaluation of bony union. In addition, 

PEEK cages are expected to result in 

lower subsidence rates than that with 

using metal cages because their modulus 

of elasticity is similar to that of bone [17]. 

Cho et al. compared the results of 40 

patients who underwent ACDF with PEEK 

spacers filled with autogenous iliac canc-

ellous bone graft and a comparable group 

who underwent ACDF with autogenous 

tricortical iliac crest graft [18]. The fusion 

rate in the PEEK group was 100%, whe- 

reas that in the autogenous tricortical iliac 

crest graft group was 93 %.  The compl-

ication rate was lower in the PEEK cage 

group. Although clinical results were sati-

sfactory, it was still necessary to create 

iliac wound even though the wound was 
small in the PEEK cage group. In our series 

we packed the cage with hydroxyapatite 

granules to avoid any donor site morbidity. 

Sagittal segmental alignment is a good 

indicator of the efficacy of anterior cervical 

discectomy and interbody fusion [19]. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2551716/figure/Fig3/
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Comparison between preoperative and 

postoperative SSA demonstrated the effi-
cacy of our technique for correcting cervical 

sagittal alignment when degenerative 

changes produce cervical spine straight-

tening or cervical kyphosis. SSA angles 

measured at last follow-up demonstrate a 

slight loss of correction, but these changes 

were not significant, suggesting that the 

correction obtained with surgery was mai-

ntained. Excellent result in 50 % and 

good result in 24% according to Odom’s 

criteria demonstrate that ACDF can be 

considered a good and effective technique 

for treating patients suffering from dege-

nerative cervical pathology. The weakness 

of this study that no control group, small 

number of patients and short term follow 

up of patients.  

 
5. Conclusion 
Anterior cervical discectomy and interbody fusion using PEEK cervical cage and bone graft substitutes 

can be an effective and low-risk technique with minimal surgical risk and eliminating any donor site 

morbidity. Long term follow up is needed to assess fusion and subsidence. 
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