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Abstract 
Introduction: Cervical radiculopathy is caused by either cervical disc hernia-
tion or bone spurs due to cervical spine degeneration. It is common in middle 
aged and elderly patients. Those patients who are refractory to conservative 
treatment are candidates for surgical management. The surgical approaches 
for cervical radiculopathy are either anterior cervical discectomy and fusion 
(ACDF) or posterior cervical foraminotomy (PCF). In spite of many reports 
on ACDF and PCF, only a few studies directly compare the outcomes of both 
techniques. Purpose: To compare anterior cervical discectomy and fusion 
(ACDF) with posterior cervical foraminotomy (PCF) for the treatment of 
cervical radiculopathy, regarding the surgical, clinical and radiological out-
comes. Patient and methods: This is a prospective randomized controlled 
clinical study carried on 44 patients with unilateral cervical radiculopathy. 
They are divided into 2 groups; group (A) included 23 patients who under-
went ACDF and group (B) included 21 patients who underwent PCF, with 1 
year follow up. The patient age, sex, clinical manifestations, surgical out-
comes as number of cervical level, operative time, blood loss, complications 
and length of hospital stay were recorded. Visual analogus scale (VAS) and 
neck disability index (NDI) were used for evaluation of clinical outcomes. 
Postoperative imaging was done after 1 year to detect instability or adjacent 
level degeneration. Chi-square and unpaired T-test were used to compare the 
mean values of both groups. Results: The mean age was nearly 45 years for 
both groups. C5-6 ACDF was the most common level in group (A), while 
C6-7 PCF was the most frequent operated level in group (B). PCF group had 
less operative time, blood loss and length of hospital stay than ACDF group. 
Clinical improvement of the mean values of VAS and NDI were more pro-
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nounced in PCF group as compared to ACDF group with statistically signifi-
cant difference. No cases of cervical instability were recorded during the pe-
riod of follow up. Conclusion: Posterior cervical foraminotomy is a safe and 
effective technique for the treatment of cervical radiculopathy as compared to 
anterior cervical discectomy and fusion. PCF has a shorter operative time, less 
hospital stay and better clinical outcome.  
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1. Introduction 

Cervical radiculopathy is caused by either cervical disc herniation or bone spurs 
due to cervical spine degeneration. It is common in middle-aged and elderly pa-
tients. Symptoms depend on which nerve root is compressed; including neck 
and arm pain, numbness, paresthesia and motor weakness. Most of patients can 
be treated by conservative measures including anti-inflammatory medications, 
neck collar, physical therapy and epidural steroid injections. But those patients 
who are refractory to conservative treatment are candidates for surgical man-
agement [1]. 

The surgical approaches for cervical radiculopathy are either anterior or post-
erior. The anterior cervical discectomy and fusion (ACDF) was the gold stan-
dard line of treatment for cervical disc disease since Smith and Robinson de-
scription in 1958. Although there are good results of ACDF, many disadvantages 
were recorded including the risk of injury of important structures such as the 
esophagus, carotid arteries and the recurrent laryngeal nerve. Also, adjacent 
segment disease progression was noticed [2]. 

Posterior Cervical Foraminotomy (PCF) is considered as an effective proce-
dure and alternative technique to ACDF for the treatment of cervical radiculo-
pathy. It provides direct nerve root decompression and maintains the cervical mo-
bility by avoiding fusion of the spinal segment. Also, it avoids the approach-related 
complications of ACDF [3]. In spite of many reports on ACDF and PCF, only a 
few studies directly compare the outcomes of both techniques.  

2. Aim of the Work 

It is to compare anterior cervical discectomy and fusion and Posterior cervical 
foramintomy in treatment of cervical radiculopathy; regarding the surgical, clin-
ical and radiological outcomes.  

3. Patients and Methods 

This is a prospective randomized clinical trial conducted upon 44 patients com-
plaining of unilateral cervical radiculopathy, during the period from January 
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2017 to June 2019. The patients were divided into 2 groups; group (A) include 23 
patients underwent anterior cervical discectomy and fusion (ACDF), while 
group (B) include 21 patients underwent posterior cervical foraminatomy. All 
patients signed an informed consent, and this study has been approved by the 
Ethical Committee.  

3.1. Inclusion Criteria 

1) Age range from 20 to 60 years of both sexes.  
2) Denovo unilateral cervical radiculopathy due to either disc or bone spur. 
3) Failure of all conservative measures for 3 months. 
4) One or two level pathology.  

3.2. Exclusion Criteria 

1) Central disc prolapse.  
2) Cervical instability. 
3) Previous cervical spine surgery.  
4) Three or more level affection. 

3.3. Preoperative Evaluation 

All patients were subjected to full history taking (age, sex, comorbidities as 
smoking, hypertension and diabetes, duration of symptoms and main complain 
either neck pain and/or brachialgia), general and neurological examination (spurl-
ing sign, sensory affection, motor weakness and reflexes).  

Basal laboratory investigations (complete blood picture, prothrombin time 
and concentration, urea and creatinine), plain x-ray of the cervical spine with 
flexion and extension views (to detect instability) and MRI of the cervical spine 
(to evaluate the levels and direction of compression) were done for all patients.  

3.4. Surgical Techniques 

1) Anterior cervical discectomy and fusion 
The discectomy was performed as routine under general anesthesia through a 

transverse incision. Either the remaining disc or the bone osteophytes were re-
moved with a curved angled curette and high speeddrill with a diamond burr. 
The dura was visualized after transection of the posterior longitudinal ligament. 
A synthetic peek cage graft was inserted after discectomy and confirmed at the 
correct position and level by using c-arm fluoroscopy. 

2) Posterior cervical foraminotomy 
When the lamino-facet junction was identified, a small lamino foraminotomy 

was done using kerrison rongeurs or a drill, allowing visualization of the lateral 
border of the dura and exit nerve root. A nerve hook was used to palpate the fo-
ramen to identify any disc fragment or osteophytes. A No. 11 blade and forceps 
were used to remove the disc, while down angled curettes ware used to remove 
ventral osteophytes.  
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Postoperatively, all patients received analgesics and antibiotics. They were 
followed up clinically and radiological for 12 months in the outpatient clinic.  

3.5. Outcome Measures 

1) Surgical outcomes including the cervical levels operated upon, operative 
time, blood loss and length of hospital stay were recorded. Also, intraoperative 
and postoperative complications as dural tear and CSF leak, root injury, soft tis-
sue, vascular injury, neurological deficit, wound hematoma, infections and cage 
failure were recorded.  

2) Clinical outcomes were evaluated by neck disability index (NDI) and visual 
analogue scale (VAS) after first day postoperatively, 3 months, 6 months and 1 
year.  

3) Radiological assessments by plain x-ray with dynamic views were done regu-
larly at 6 months and 1 year follows up, to assess fusion rate after ACDF and detect 
any instability after both procedures. MRI of the cervical spine was requested 
when recurrent symptoms or suspicious of adjacent level stenosis was present. Pa-
tients need re-operation at the same level or adjacent levels were recorded.  

3.6. Statistics 

Mean ± standard deviation, range, percentage, fisher test, student unpaired t-test 
and chi-square test were used to analyze the data of this study.  

4. Results 

Ages in the ACDF group ranged from 30 to 60 years (mean 45.4 years), while the 
PCF patients ranged from 27 to 55 years (mean 44.6 years). The ACDF group 
had 13 males and 10 females, and the PCF group contained 10 males and 11 fe-
males. C5-6 ACDF was the most common level in group (A), while C6-7 PCF 
was the most frequent operated level in group (B). As regards the number of le-
vels; single level surgery was more common than double level surgery in both 
groups. All previous data are summarized in Table 1. 

There was a statistically significant difference between both groups as regard 
operative time, blood loss and length of hospital stay as shown in Table 2. 

One patient in each group had intraoperative unintended dural tear, where gel 
foam and fibrin glue were used and no CSF leak occurred. No other intra opera-
tive or postoperative complications as shown in Table 2 were recorded.  

The clinical improvement of neck pain and brachialgia were more pro-
nounced in PCF group as compared to ACDF group. The mean values of VAS 
and NDI showed that there was statistically significant difference between the 
two groups, as shown in Table 3 and Figure 1 and Figure 2.  

Follow up plain x-ray with flexion-extension views were done for all patients 
after 1 year of the operation and showed no signs of cervical instability for both 
group. No symptoms of recurrence, adjacent level stenosis and reoperations were 
recorded in our study. 
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Figure 1. Change in VAS in both approaches in the current study. 
 
Table 1. Patient’s characteristics. 

 ACDF group (A) PCF group (B) 

Age (years):   

 Range 30 - 60 27 - 55 

 Mean ± SD 45.47 ± 8.23 44.66 ± 9.09 

Sex:   

Male:Female 13:10 10:11 

Side of radiculopathy:   

Right:Left 10:13 10:11 

Comorbidities:   

Smoking: 13 10 

Hypertension: 1 2 

Diabetes: 1 0 

Number of levels: (No, %)   

 Single level 20 (87%) 17 (81%) 

 Double level 3 (13%) 4 (19%) 

Operated levels: (No, %)   

 C3, 4 3 (11.5%) 4 (16%) 

 C4, 5 9 (34.6%) (24%) 

 C5, 6 12 (46.1%) (28%) 

 C6, 7 2 (7.8%) (32%) 
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Figure 2. Change in NDI in both approaches in the current study. 
 
Table 2. Surgical outcomes. 

 ACDF group (A) PCF group (B) p-value 

Operative time (min):    

 Range 45 - 120 35 - 100 
<0.001 

 Mean ± SD 72.61 ± 15.43 54.28 ± 19.63 

Blood loss (cc):    

Mean ± SD 98.26 ± 15.67 64.04 ± 19.11 <0.001 

Hospital stay: (No, %)    

 Less than 2 days 0 19 (90.5%) 
<0.001 

 2 - 4 days 23 (100%) 2 (9.5%) 

Intraoperative complications: (No, %)    

 Dural tear 1 (4.3%) 1 (4.7%)  

 Root injury 0 0  

 Soft tissues injury 0 0  

 Vascular injury 0 0  

Postoperative complications:    

 CSF leak 0 0  

 Neurological deficit 0 0  

 Infection 0 0  

 Hematoma 0 0  

 Cage failure 0 0  
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Table 3. Mean values of VAS and NDI after 1 year follow up. 

 ACDF (group A) Mean ± SD PCF (group B) Mean ± SD p-value 

VAS    

Pre op.    

Post op. 8.57 ± 0.85 8.47 ± 1.16 0.88 

- First day 3.21 ± 0.99 1.81 ± 0.81 0.01 

- 3 months 0.91 ± 0.33 0.57 ± 0.33 0.02 

- 12 months 0.47 ± 0.13 0.21 ± 0.11 0.03 

NDI    

Pre op.    

Post op. 47.48 ± 17.02 40.43 ± 17.45 0.18 

- First day 41.11 ±1 4.36 34.24 ± 17.57 

<0.001 - 3 months 11.43 ± 7.95 5.57 ± 2.11 

- 12 months 5.83 ± 2.22 2.87 ± 1.62 

5. Discussion 

Cervical radiculopathy is common among middle aged and elderly patients. It 
produces upper limb pain, numbness, tingling and/or motor weakness. It is of-
ten caused by cervical disc herniation or foraminal stenosis by bone spurs. It can 
be treated by medications, physiotherapy, a variety of blocks and surgery. Pers-
son et al. [1]; in their long term follow up study on cervical radiculopathy, 
showed that conservative management is equally effective to surgery. However, 
those patients who are refractory to conservative therapy are candidates for sur-
gery.  

Surgical treatment can be done either by anterior approach or posterior ap-
proach. Anterior cervical discectomy and fusion (ACDF) was considered the 
gold standard surgical line over the past decades. However, many disadvantages 
were recorded; including ventral approach related complications, instrumenta-
tion failure, pseudoarthrosis and adjacent disc degeneration [2]. 

Posterior cervical foraminotomy (PCF) was first reported by William [3] in 
1983 and had success rate 96.5%. Also, Henderson et al. [4] reported similar 
success rate in their study on 846 patients. Neither of them reported major com-
plications nor cervical instability in comparison to ACDF and concluded that 
success rates are similar for the two approaches, and PCF has lower complica-
tion rates than ACDF. While other series as Korinth [5] study reported that PCF 
had lesser success rate than ACDF.  

In spite of the conflicting outcomes on the success rates of PCF and ACDF, 
only few studies directly compare the results of both techniques. So we pre-
formed this review to summarize the clinical, surgical and radiological outcomes 
of both procedures in treatment of cervical radiculopathy.  

Our mean operative time was significantly shorter for PCF group (54 min) 
compared to ACDF group (72 min). Also, Ruetten et al. [6], in his retrospective 
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study on 175 patients, found the same results; where PCF mean operative time 
was 28 minutes and ACDF was 68 minutes. Rick Sasso et al. [7], stated that his 
mean time was 70 minutes for the fusion group, while Kim and Kim [8], re-
ported 78.5 minutes for the percutaneous cervical foraminotomy. Our results 
can be explained by the shorter trajectory of PCF, with the absence of important 
anatomical structures that required meticulous dissection and the more time 
needed for adding instrumentation in ACDF.  

In comparison with PCF, our mean intraoperative blood loss was lesser than 
ACDF (64 ml versus 98 ml respectively). Similarly, Wen L et al. [9] found 261 ml 
of blood loss in his study on 107 patients underwent ACDF, while Winder and 
Thomes [10] reported 96 ml blood loss from PCF. Over all, there was a statisti-
cally significant difference between the two groups; favoring the PCF.  

The mean complication rate in ACDF group was 7% and 4% in PCF group in 
most of the comparative studies [11]. These complications included ventral ap-
proach related complication as dysphagia, horsiness of voice, hematoma, eso-
phageal injury and implant-related complications as pseudoarthrosis, adjacent 
segment degeneration, and wound infections and so on in ACDF patients. Root 
injury, CSF leak, infections and so on in PCF patients. There was no statistically 
significant difference in the complication rate between the two groups [11]. We 
recorded 2 cases of unintended dural tear in our study (one patient for each 
group), with no further postoperative CSF leak. Also, Hannallah et al. [12], 
showed 1% of dural tears after ACDF in their study, while Kwon [13] reported 
no complications after PCF in 33 patients. Fessler and Khoo [14], and Lawton et 
al. [15] reported 2 and 1 durotomies after PCF in 25 and 38 patients respectively. 
No other complications detected in our series.  

As regards the postoperative hospital length of stay; most of our PCF group 
was discharged within 24 hours, but only 2 patients stayed for 4 days because of 
unintended dural tear in 1 patient and severe neck pain in the other patient, 
which decrease gradually with potent analgesics. But, all ACDF patients were 
discharged after 24 hours, this is similar to Paul et al. [16] and Winder and 
Thomas [10] who had a mean hospital stay 1.98 days after ACDF and 1.1 day af-
ter PCF respectively. 

Although different clinical outcome criteria were measured in the studies 
comparing both procedures, satisfactory results of both approaches were re-
ported. Success rate in ACDF group was 93.6% - 96% and PCF group was 75% - 
100%. No statistically significant difference was observed in these studies be-
tween the two groups [6] [17] [18] [19] [20]. 

Korinth et al. [5] reported that ACDF group had better outcome than the PCF 
group; with a significant difference (p-value < 0.05). But, we reported a better 
clinical outcome regarding VAS and NDI; favoring PCF over ACDF with a sig-
nificant difference in between as shown in Table 3. Similarly, Tumialan et al. 
[21] found that PCF patients were able to return to work and improve their 
quality of life significantly sooner than ACDF patients.  

An assumed advantage of PCF over ACDF is the avoidance of fusion allowing 
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for normal motion of spinal segment, and theoretically decreases adjacent level 
diseases. Although this remains a controversy; the reported rates of PCF adja-
cent segment disease seem to be less than that following ACDF [22] [23]. Her-
kowitz et al. [18] found a similar incidence of adjacent level disease for the two 
approaches. Caglar et al. [24], in their series of 84 patients underwent PCF re-
ported one case of postoperative cervical kyphosis. This can be explained by 
Zdeblick et al. [25] biomechanical studies, which demonstrate the importance of 
preservation of the cervical facet in preventing iatrogenic instability.  

Jogannathan et al. [26]; in a retrospective review of 162 patients treated by 
PCF with a follow up 77.3 months, showed no significant trend toward cervical 
kyphosis after PCF. In our series, no cases of adjacent level disease, cervical in-
stability after PCF and re-operations were recorded during the period of follow 
up; this can be attributed to our short term of follow up.  

6. Conclusion 

Posterior cervical foraminotomy is a safe and effective technique for the treat-
ment of cervical radiculopathy as compared to anterior cervical discectomy and 
fusion. PCF improves quality of life sooner relative to ACDF.  

Limitation and Recommendations 

The sample size is not large enough and the follow up period is short. Larger 
sample size and longer follow up period are needed. 
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