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Background: Foraminotomy has been reported to be effective for the treatment of cervical radiculopathy 
(CR). Foraminotomy has been performed by an open approach or minimally invasive approach using a 
microscope or endoscope. A review of the literature has revealed that both the open and minimally invasive 
approach provide good clinical results. Since the introduction of full-endoscopic cervical foraminotomy 
(FECF) followed by microendoscopic cervical foraminotomy, we adopted FECF in 2016. The purpose of 
this study was to evaluate the degree of satisfaction following FECF for CR.
Methods: A total of 109 consecutive patients underwent FECF for CR. All operations were performed at 
Iwai Orthopaedic Medical Hospital. Patient background information and operative data were collected. The 
numerical rating scale (NRS) score for the arm was assessed preoperatively and postoperatively at the time of 
discharge from the hospital. The satisfaction score was also recorded at discharge and the 3 months after the 
operation. 
Results: In total 109 patients, the mean age was 51.3 years; 22.9% were female and 77.1% were male. 
The cervical level most frequently operated on was C6/7, followed by C5/6. The mean hospital stay was  
4.7 days. The mean operation time was 61.7 minutes. The estimated blood loss was 0 to 10 mg in all cases. 
One patient exhibited temporary postoperative muscle weakness, although he recovered within 1 year. There 
was one case of dural tear, and no cases of nerve root injury or surgical site infection. There was one case of 
reoperation by microendoscopic surgery in 3 months due to insufficient improvement. Preoperative NRS 
scores for the arm was 4.6 and it improved significantly postoperatively to 2.1 for the entire study group. 
The mean satisfaction score at discharge was 7.5. The mean score at 3 months after the operations was 7.4.
Conclusions: Degree of satisfaction following FECF for CR was high 3 months after the operation.
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Introduction

Cervical radiculopathy (CR) causes radiating pain to the 
arm and disability in activities of daily life. Compression 
of the cervical nerve roots results in CR. Compression of 
the nerve root may be caused by impingement due to disc 
herniation or bony osteophytes. The symptoms of CR are 
typically presented as unilateral arm pain and upper back 
pain around the scapula and, sometimes, motor weakness 
of the arm (1,2). A population-based study estimated that 
the annual incidence of CR is 107.3 per 100,000 for males 
and 63.5 per 100,000 for females (3). Some studies have 
demonstrated that the natural history of CR is on benign 
course (3,4), and approximately 90% of patients experience 
improvements of the symptoms with conservative treatment 
(5,6). However, the rest of the patients with CR do not 
respond to conservative therapy and require surgery.

Foraminotomy by a posterior approach has been reported 
to be effective for the treatment of CR, as well as anterior 
cervical decompression and fusion or disc replacement (1,2,7). 
Worldwide, foraminotomy has been performed by an open 
approach or minimally invasive approach using a microscope 
or endoscope. A review of the literature has revealed that 
both the open and minimally invasive approach yield good 
clinical results, although the minimally invasive approach 
is superior to the open approach in terms of blood loss, 
operation time, and duration of hospital stays (2,8-10). Since 
the introduction of microendoscopic cervical foraminotomy 
(MECF) in 2002 (11), we have performed MECF for patients 
with CR for fourteen years. The diameter of the endoscope 
used for MECF was 16 mm. We had previously reported 
good clinical results of MECF (12). Following MECF, 
full-endoscopic cervical foraminotomy (FECF) had been 
developed and first reported in 2007 (13). The diameter of 
the endoscope for FECF is 7 mm. We have adopted FECF 
in our hospital since 2016. The purpose of this study was to 
evaluate the degree of satisfaction following FECF for CR.

Methods

Subjects

We diagnosed CR using physical findings and findings of 
radiological examinations such as radiography, magnetic 
resonance imaging, and computed tomography. Patients 
whose symptoms do not sufficiently improve in spite of 
a 3-month course of conservative therapy proceeded to 
FECF. All operations were performed at Iwai Orthopaedic 
Medical Hospital. The data of 109 consecutive patients who 

underwent FECF between October 2016 and April 2019 
were collected. 

Background information of the patients, including age 
and sex, were collected. Preoperative diagnosis, level of the 
operated foramen, operated side, operation time, estimated 
blood loss, complications related to the operation, and 
occurrence of reoperation in 3 months were obtained from 
medical records. The preoperative diagnosis was based 
mainly on magnetic resonance imaging and computed 
tomography. If the main factor of nerve root compression 
was disc herniation without any bony stenosis, we classified 
it as cervical disc herniation. If the main factors were bones 
such as osteophytes of the vertebral body and/or ossification 
of the posterior longitudinal ligament (OPLL), we classified 
as cervical spondylotic radiculopathy and OPLL, respectively. 
If motor weakness of the upper extremity with no radiating 
pain accompanied with spondylosis was noted, we classified 
it as cervical spondylotic amyotrophy. If there was motor 
weakness with any degree of pain, we classified the case as 
the aforementioned three diagnoses according to the main 
cause of nerve root compression. The numerical rating 
scale (NRS) score for the arm was assessed preoperatively 
and postoperatively at the time of discharge to evaluate the 
degree of pain. The NRS score was obtained by nurses or 
physical therapists. The satisfaction score was also recorded 
at discharge from the hospital and at 3 months after the 
operation. The satisfaction score was then obtained by a 
medical clerk using a ten-level rating scale similar to the 
NRS. The associations of the satisfaction score with the pre- 
and postoperative NRS scores for the arm were evaluated.

Operation and postoperative care

Patients were placed in a prone position under general 
anesthesia. An 8-mm longitudinal skin incision was done 
approximately 15 mm lateral to the midline of the vertebral 
level operated. A 7-mm-diameter outer sheath was placed 
on the cervical lamina after splitting paravertebral muscles. 
Under full-endoscopic assistance with continuous irrigation, 
the caudal side of the inferior process of the upper vertebra 
and the cranial side of the superior process were resected 
using surgical airtome. Subsequently, exposure of the whole 
nerve root circumference was carefully performed. When 
a herniated disc was identified without much bleeding and 
any traumatic procedure to the nerve root, we resected 
the herniated disc. When it was done with bleeding or any 
traumatic procedure to the nerve root, we did not resect 
the herniated disc. Skin closure was performed without a 
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drainage tube. The patients were allowed to walk at day one 
after surgery without any cervical orthoses.

Statistical methods

Descriptive statistics are presented as means and standard 
deviations or frequencies and percentages. The differences 
in the NRS score and the satisfaction score between the two 
time points were evaluated using Student’s t-test. Statistical 

analysis was performed using the JMP 14.2 software 
program (SAS Institute, Cary, NC, USA). A P value <0.05 
was considered significant.

Results

In total, 109 patients were included in this study. The 
age was 51.3±11.1 years; 22.9% were female and 77.1% 
were male. The patient characteristics including details of 
preoperative diagnosis are shown in Table 1. The cervical 
level most frequently operated on was C6/7, followed by 
C5/6. The duration of hospital stay was 4.7±1.0 days.

Details of the operations are shown in Table 2 . 
Herniotomy in addition to foraminotomy was performed 
in six cases. The operation time was 61.7±16.2 minutes. 
The estimated blood loss was 0 to 10 mg in all cases. One 
case exhibited temporary postoperative muscle weakness, 
although the patient recovered within 1 year. There was 
one case of dural tear. Because the tear was like a pin hole, 
additional procedures were not performed. The tear was left 
as it was, however, cerebrospinal fluid leakage did not occur 
after the operation. There was no cases of nerve root injury 
and surgical site infection. The overall complication rate 
was 1.8%. There was one case of reoperation by MECF in 
3 months due to insufficient improvement.

The preoperative NRS scores for the arm of 4.6±2.1 
improved significantly postoperatively to 2.1±2.0 (P<0.0001) 
(Figure 1). The mean satisfaction score at discharge was 
7.5±2.5. The mean score at 3 months after the operations 
was 7.4±2.8, which was not significantly improved over the 
score at discharge (P=0.8102) (Figure 2). 

Discussion

The patients’ backgrounds were similar to that of our 

Table 1 Demographic data (n=109)

Variables Value

Age 51.3±11.1

Female 25 (22.9)

Diagnosis

Cervical spondylotic radiculopathy 63 (57.8)

Cervical disc herniation 42 (38.5)

Ossification of posterior longitudinal ligament 2 (1.8)

Cervical spondylotic amyotrophy 2 (1.8)

Level of the operated foramen

C3/4 1 (0.9)

C4/5 5 (4.6)

C5/6 47 (43.1)

C6/7 51 (46.8)

C7/T1 5 (4.6)

Operated side of foramen (cases) (right/left) 46/63 

Data are shown as mean ± SD or number of participants (%). 
SD, standard deviation.

Table 2 Details of the operations

Variables Value

Operation time (min) 61.7±16.2

Complications

Temporary muscle weakness 1 (0.9)

Dural tear 1 (0.9)

Nerve root injury 0 (0.0)

Surgical site infection 0 (0.0)

Re-operation 1 (0.9)

Data are shown as mean ± SD or number of participants (%). 
SD, standard deviation.
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Figure 1 Numerical rating scale.
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previous study about MECF (12). A result that CR was more 
popular in males than in females matched to a systematic 
review (14). The mean operation time of 61.7 minutes was 
almost the same as that of 57.7 minutes for one level in our 
previous MECF study (12). The operating time and minimal 
bleeding characterize the minimal invasiveness of FECF. 
The low complication rate in the current study of 1.8% was 
lower than that reported in a systematic review (5.8%) (15). 
Temporary muscle weakness was present in only one case 
(0.9%), and recovered within 1 year, while in our MECF 
series, 7% of patients had temporary muscle weakness (12). 
Dural tear occurred in one case (0.9%), and there was no 
nerve root injury, which was similar to our MECF series (12). 
A systematic review showed that transient nerve root palsy 
was present more frequently in FECF (4.5%) than in MECF 
(1.5%), and the difference was significant (15). The difference 
may result from the limited working space in FECF. The 
limited space could result in traumatic retraction of a nerve 
root. It also showed that the incidence of dural tear in FECF 
(1.5%) and that of superficial wound infection in FECF 
(2.2%) (15) were higher than those in the current study. The 
reoperation rate of 0.9% in our study was lower than that in 
the systematic review with 4.8% (14). In addition, there was 
a report dealing with osseous foraminal stenosis showing a 
reoperation rate of 18.6% (16). The follow-up period of only 
3 months in the current study was short, whereas previous 
articles had follow-up periods of more than one year (14,16). 
The reoperation rate of our study due to recurrences of 
symptoms may increase with longer follow-up.

We compared the NRS scores of the arm in the current 
study for FECF with that for MECF in our previous 
study (12). The mean preoperative NRS score for FECF 
of 4.6 was lower than that for MECF of 5.4. The mean 
postoperative NRS score for FECF was 2.1 equivalent to 
that for MECF of 2.0 (12). The minimal clinically important 
difference of the NRS for the arm was reported as 4.1 (17). 

The difference between the pre- and postoperative NRS 
score was smaller than the value of 4.1. The reason could 
be that the preoperative NRS score of the patients of the 
current study was not much high, which indicated that they 
did not suffer much severely. A limitation of the comparison 
was the timing of the evaluation. The postoperative NRS 
score was evaluated at discharge for FECF, while it was one 
year after the operation for MECF. The score for FECF 
could change one year after the operation.

The mean satisfaction score for FECF at discharge 
was 7.5 of 10, remaining the same after 3 months. In 
our previous study for MECF, postoperative satisfaction 
was assessed using a seven-level rating scale (12). We 
hypothesized quasi-scores for each item in order to compare 
with the satisfaction score in the current study: extremely 
satisfied as 10, very satisfied as 9, satisfied as 7, borderline 
as 5, unsatisfied as 3, very unsatisfied as 1, and extremely 
unsatisfied as 0. As a result, the quasi-score of satisfaction 
for MECF was 7.9±2.4, which corresponded to the score for 
FECF in the current study. A limitation of the comparison 
was also the timing of the evaluation, which was the same as 
that for the postoperative NRS score. The satisfaction score 
was evaluated at discharge and 3 months after the operation 
for FECF, while it was one year after the operation for 
MECF. The score for FECF could change with regard 
to the potential change of postoperative NRS score as 
time goes by. A systematic review showed that the clinical 
success rate was 93.6% for FECF and 89.9% for MECF, 
respectively, without significant difference (14). However, 
the definition of the clinical success was not specified. 
Results should therefore be interpreted with caution.

There were some limitations to the current study. 
First, the follow-up period was short. The outcomes 
may change with longer follow-up. Second, outcome 
measurement scores other than the NRS scores were not 
collected. Although a previous study reported that the neck 
disability index is the most valid and responsive measure 
of the improvement in pain and disability after cervical 
spine surgery (18), we did not evaluate it. Third, there was 
selection bias among our patients. Since therapy for CR 
is usually conservative, an indication for the operation is 
mainly determined by the willingness of the patient. The 
patients who were included in the current study could have 
a tendency to be willing to undergo surgery. 

Conclusions

The degree of satisfaction following FECF for CR was high 
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Figure 2 Degree of satisfaction.
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and preferable 3 months after the operation.
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