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Objective: To compare the clinical and radiological outcomes between microscopic anterior cervical discectomy and fusion (ACDF) 
and percutaneous endoscopic cervical keyhole foraminotomy (PECF) for single level unilateral cervical radiculopathy.
Methods: A total of 127 patients (59 in PECF VS 68 in ACDF) were enrolled in this study from April 2016 to May 2018 with 
a minimum follow-up of 2 years. Clinical data including baseline data, Neck Disability Index (NDI), and Visual Analogue Scale for 
neck and arm (VAS-n, VAS-a) were collected and compared. Radiological evaluation such as disc height, ROM of cervical, Cobb’s 
angle of cervical and Cobb’s angle of operated segment was measured by two experienced radiologists in twice.
Results: There was no significant difference between the two groups in the baseline data, and hospital stay was significantly decreased 
in PECF group than ACDF group (P < 0.001). PECF group did not yield superior better outcomes in NDI, VAS-a and VAS-n than 
ACDF group except at 1-month follow-up. As for radiological outcomes, PECF group has significantly better cervical motion, cervical 
angle and segmental angle than ADCF group at 12- and 24-month follow-up visit (P < 0.05); however, ACDF had shown better disc 
height restoration and maintenance than PECF (P < 0.05). More complications including surface hematoma and swallowing difficulty 
were occurred in ADCF group.
Conclusion: Percutaneous endoscopic cervical keyhole foraminotomy could be the alternative method for anterior cervical dis-
cectomy and fusion in selective cases. However, the indication should be fulfilled, more studies need to be conducted to further testify 
the efficacy of PECF.
Keywords: unilateral cervical radiculopathy, percutaneous endoscope cervical keyhole foraminotomy, microscopic anterior cervical 
discectomy and fusion

Introduction
Cervical radiculopathy has become a common clinical scenario and it increases the burden on healthcare centers.1 

Intervertebral foramen stenosis caused by cervical degenerative changes such as lateral disc herniation and osteophyte 
will incur neurothlipsis. As a consequence, the sensory and motion function and muscle reflection will degrade in the 
upper extremity. Surgical treatments are needed to reduce the neurothlipsis and relieve the pain. Conservative treatments 
including pharmacotherapy (nonsteroidal anti-inflammatory drugs, muscle relaxants and steroid injections), traction 
therapy, physical therapy and manipulative therapy are useful for pain relief but may not impede degenerative changes. 
Surgical treatments can achieve complete decompression and maintain cervical alignment and are superior to conserva-
tive treatments. Anterior cervical discectomy and fusion (ACDF) was firstly proposed by Smith and Robinson in 1958 
and was regarded as an effective operation by many researchers.2–4
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Although ACDF is one of the safest and most commonly performed spine operations, its defects and complications 
have been extensively reported in the last decades. Morishita et al found that respiratory difficulty, pneumonia and 
dysphagia occurred in patients treated with ACDF.5 Hironen et al reported that young adults who underwent ACDF are 
susceptible to accelerated degeneration in the adjacent cervical disc, leading to adjacent segment diseases.6 

Pseudoarthrosis, hardware failure and anterior approach-related complications were also reported.7 Microscope- 
assisted ACDF was proposed to decrease the intraoperative complications, including esophagus and tracheal and dural 
injuries. Yao et al reported that 48 patients treated with microscope-assisted ACDF achieved satisfactory improvement in 
JOA and VAS with complications occurring in 11.11% of them.8

However, the optimal surgical method for unilateral cervical radiculopathy is still controversial. Kato et al reported 
that both anterior and posterior approaches show similar neurological recovery and quality of life improvement, whereas, 
anterior surgery is associated with a higher rate of reoperation.9 Adamson et al reported that among the 100 cases of 
cervical radiculopathy treated with percutaneous endoscopic cervical foraminotomy (PECF), 97 obtained satisfactory 
recovery and can return to their daily life.10 Thus, this minimally invasive method attracted increasing interest and was 
regarded as a feasible procedure. Some researchers reckon that PECF can achieve pain relief while avoiding neck 
anatomical injury and complications. Shu et al reported that 32 patients undergoing PECF showed satisfying clinical 
outcomes and concluded that PECF could enable nerve root decompression better than ACDF.11 In the aspect of cost, 
Mansfield et al reported that the average cost of ACDF is significantly higher than that of minimally invasive posterior 
cervical foraminotomy ($8192 ± 3155 VS $4230 ± 1719, P < 0.001).12

Studies on the comparison between clinical and radiological outcomes of PECF and microscope-assisted ACDF are 
rare, and whether PECF can improve clinical recovery and diminish complications has not been deeply analyzed. This 
paper aims to analyze the therapy efficacy of these two methods and verify (1) whether PECF can provide a better pain- 
relieving effect and larger cervical range of motion (ROM) for patients with cervical radiculopathy; (2) whether PECF 
leads to fewer complications; (3) whether patients treated with PECF show better outcomes during follow-up.

Methods and Materials
Patients
All data were collected from medical records. Inclusion criteria: (1) patients over 25 with single-level unilateral cervical 
radiculopathy (paracentral type); (2) patients that had undergone failed palliative therapy for at least 3 months; (3) 
patients with minimal 2 years of follow-up visit after the PECF or ADCF treatment. Exclusive criteria: (1) patients with 
cervical spine surgical history; (2) patients with cervical abnormalities including hemivertebrae, block vertebrae and 
butterfly vertebrae; (3) patients with other comorbidities such as tumor, rheumatic arthritis and tuberculosis; (4) patients 
with prolapse or calcification of lumbar intervertebral disc. All cases were regarded as good candidates for these two 
procedures after two senior spinal surgeons uninvolved in the care of these subjects reviewed their radiology report, 
medical history and physical examination report. The result of the interrater reliability score was tested by Spearman 
correlation before collection (rs = 0.829).

All procedures involving human participants were performed in accordance with the ethical standards of the 
institution and the 1964 Helsinki Declaration, and its later amendments or comparable ethical standards. This study 
was approved by the Research and Ethics Committee of Ningbo No.6 Hospital. The informed consent was waived, 
because of retrospective study, and all participants’ information would be stored and used for research anonymously.

Surgical Method
Surgeries in all patients were performed by the chief spine surgeon. The details about surgical procedures were shown as 
follows:

ACDF Group
The procedure of microscope-assisted ACDF was mainly the same as that described by Schroeder et al.13 Patients took 
a supine position after general anesthesia, and the incision of the pathological segment has a 2- or 3-finger breadth above 
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the clavicle. Then, pathological segment was confirmed by C-arm after exposure, and the relative anatomical structure 
was distracted. The osteophytes around the vertebrae, if any, were removed. The intervertebral disc and cartilaginous 
endplate were completely removed with a microscope. Herniated disc and nerve root were completely decompressed 
without causing dura injury. Next, intervertebral cages (VENTURE, Medtronic, Minnesota, USA), plates and screws 
(VENTURE, Medtronic, Minnesota, USA) were inserted for fixation and fusion. A drain was placed, and it was removed 
after 24 h.

PECF Group
The procedure of PECF was similar to that in papers.10,14 Firstly, patients took a prone position with a mattress under 
their forehead, chest and abdomen after general anesthesia. The entry point was marked by intraoperative C-arm, which 
is located on the superior border of the inferior lamina of the pathologic segment near the medial of the facet joint on the 
herniated side. All of the instruments were included in the cervical foraminal system (Joimax, Germany). An 18-gauge 
puncture needle was inserted and was pushed through the marked point until reaching the inferior lamina with the 
assistance of the C-arm. An incision around 8 mm was made above the V-point (the medial junction of the inferior and 
superior facet joint), then the guidewire was placed, and the needle was withdrawn. The 6.9-mm obturator, 8.0-mm 
oblique working channel and 4.1-mm endoscope were set sequentially with continuous saline solution irrigation. After 
the identification of the V-point, the overlying soft tissue was removed with endoscopic forceps. After the bone structure 
was exposed, the lower margin of the superior lamina was drilled laterally toward the facet joint and caudally to the 
pedicle. Then, the intersection of the ascending facet with the inferior laminae was drilled with a radius around half of the 
facet length.15 The ligamentum flavum and foraminal ligament were removed so that the probe could be easily inserted 
into the foramen and the dural sac and outgoing nerve were visible. The protruding nucleus pulposus, which is usually 
beneath the nerve root, was located, and it was resected by tissue forceps. Before removing the working channel, it was 
confirmed that the nerve root was completely decompressed (Figure 1).

Figure 1 A 46-year-old female who suffered from C6/7 unilateral cervical radiculopathy and treated with percutaneous endoscopic cervical foraminotomy. (A) Preoperative 
MRI showed C6/7 disc herniation (Left site). (B) and (C) The CT and MRI of three days after operation, showing completely decompression of dura and nerve root. (D) The 
3D reconstruction image shown keyhole technique.
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Rehabilitation Principle
Postoperative rehabilitation was the same in the two groups. Three days after the operation, limb exercise was started 
with the assistance of a neck collar (maintaining cervical stability), and the neck collar was used for 4 weeks. All patients 
were asked to go back to hospital 1, 6, 12 and 24 months after the operation for clinical and radiographic outcome 
assessment. Drugs such as neurotrophic drugs and pain killers were used according to patients’ symptoms.

Outcome Evaluation
The clinical evaluations include hospital stay, perioperative bleeding, complications, neck disability index (NDI), VAS- 
arm and VAS-neck.16 All data were collected from medical records. Radiological outcomes were measured by two 
experienced radiologists, and the details were shown as follows: Disc height (DH): the average distance between the 
adjacent endplate and the pathological segment at anterior, middle, and posterior parts. Segment angle (SA) of the 
pathological segment was defined as the Cobb angle between the superior endplate of the upper vertebrae and the inferior 
endplate of the lower vertebrae. Cervical angle (CA) representing the cervical curvature was defined as Cobb angle 
between C2 and C7 measured using the tangential method17 (Figure 2). ROM of cervical was calculated based on the 
angles between the parallel lines of C2 and C7 trailing edge in both the extension and flexion lateral radiographs 
(Figure 3). The complications were also recorded and compared in this study.

Statistics
All data were expressed as mean ± standard deviations. The statistical analysis was performed by SPSS 24.0 (IBM Corp., 
Armonk, New York, USA). Shapiro–Wilk (SW) test was used to assess the normality of continuous data. The 
independent t-test was applied to compare measurement data such as hospital stay, operation time, NDI, VAS-arm and 
VAS-neck of the two groups. Categorical data including gender, operation level and herniation site were analyzed by χ2 

test. The P value smaller than 0.05 was considered to indicate statistical significance. Line charts were designed to 
intuitively show the difference between the two groups.

Figure 2 The measurement of Segment angle and cervical angel. (A). Segment angle (SA): the Cobb’s angle between inferior endplate of lower vertebrae and superior 
endplate of upper vertebrae (For example: pathologic segment is C6/7, the SA is the Cobb’s angle between superior endplate of C6 and inferior endplate of C7). (B). 
Cervical angel (CA): the angle between lines which parallel to the trailing edge of C2 and C7.
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Results
Baseline Data
The data of 127 patients with unilateral cervical radiculopathy who were treated with PECF or microscope-assisted 
ADCF were collected from April 2016 to May 2018. In the present study, 68 patients were treated with ACDF (ACDF 
group) and 59 patients underwent PECF (PECF group). As shown in Table 1, there were no significant differences in 

Figure 3 The calculation of ROM of cervical is the sum of angles in extension and flexion lateral X-ray. (A). Angle between the parallel line of C2 and C7 trailing edge in the 
extension lateral radiograph. (B). Angle between the parallel line of C2 and C7 trailing edge in the flexion lateral radiograph.

Table 1 The Comparison of Baseline Data Between Two Groups

PECF (N = 59) ACDF (N = 68) P value

Gender 0.36

Male 40 43

Female 19 25
Age (yrs) 46.5 ± 11.3 44.5 ± 11.2 0.33

BMI 23.7 ± 1.4 23.6 ± 1.2 0.54

Operation Segment 0.64
C3/4 15 19

C4/5 14 21

C5/6 12 9
C6/7 18 19

Pain site 0.47

Left 30 33
Right 29 35

Duration (m) 25.3 ± 8.9 27.3 ± 9.2 0.22

Operation time (mins) 66.8 ± 6.8 59.4 ± 9.1 <0.001*
Hospital stays (d) 3.7 ± 1.3 6.8 ± 1.5 <0.001*

Note: *P<0.001.
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gender, age, BMI, duration time, operation segment and pain site between the two groups (P > 0.05). The hospital stay of 
the PECF group is shorter than that of the ACDF group (3.7 ± 1.3 d VS 6.8 ± 1.5 d, P < 0.001). However, significantly 
longer operation time was observed in the PECF group (66.8 ± 6.8 mins VS 59.4 ± 9.1mins, P < 0.001).

The Clinical Outcomes
After the operation, the two groups showed satisfactory recovery in clinical outcomes, including NDI, VAS-arm and 
VAS-neck (P < 0.05). There was no significant difference in these clinical outcomes between the two groups in the 6-, 
12- and 24-month follow-up visits, and in the 1-month follow-up visit, the improvement of these outcomes in the PECF 
group was more significant than that in the ACDF group (P < 0.05). These results reveal that symptoms of cervical 
radiculopathy were effectively alleviated and the function of patients was improved after the surgery with the two 
surgical methods, and PECF could achieve better improvement at an early stage (Table 2).

The Radiological Outcomes
As shown in Table 3, there was no significant difference in preoperative DH, SA, CA and ROM between the two groups. 
However, the PECF group shows a better recovery in SA, CA and ROM than the ACDF group in the 12- and 24-month 
follow-up visits (P < 0.05). The ADCF group shows a larger increase in DH than the PECF group in the 12- and 24- 
month follow-up visits (P < 0.05). The comparison of these radiological outcomes during the follow-up visit was shown 
in Figure 4.

Complications
In the ADCF group, four patients showed superficial surgical site infection and three patients suffered paresthesia. These 
symptoms were successfully managed by conservative treatment. Adjacent segment degeneration without any symptoms 
was observed based on radiological data in two patients, and they preferred nonsurgical treatment. One patient had mild 
motor weakness but was recovered after rehabilitation exercise. MRI showed that one patient had asymptomatic cervical 
disc herniation recurrence, which was successfully managed with conservative treatment. In the PECF group, one patient 
had surgical site hematoma and one had asymptomatic dural tear immediately after the operation, and they adopted 
conservative treatment.

Table 2 The Comparison of Clinical Outcomes Between Two Groups

PECF (N = 59) ACDF (N = 68) P value

NDI

Preoperation 32.6 ± 2.5 32.8 ± 3.7 0.74

1 month 15.1 ± 2.4 17.8 ± 2.2 <0.001*
6 months 11.4 ± 1.3 11.6 ± 2.6 0.59

12 months 9.4 ± 1.4 9.6 ± 2.1 0.62

24 months 7.3 ± 1.2 7.7 ± 1.7 0.07
VAS-arm

Preoperation 5.4 ± 1.3 5.7 ± 1.1 0.2

1 month 3.2 ± 0.9 3.7 ± 0.8 <0.001*
6 months 2.6 ± 0.7 2.4 ± 0.8 0.27

12 months 1.2 ± 0.7 1.3 ± 0.6 0.48

24 months 0.6 ± 0.5 0.6 ± 0.6 0.83
VAS-neck

Preoperation 5.3 ± 1.0 5.5 ± 1.2 0.29

1 month 2.9 ± 0.8 3.4 ± 1.0 0.01*
6 months 1.7 ± 0.5 1.6 ± 0.5 0.11

12 months 1.2 ± 0.4 1.1 ± 0.6 0.16

24 months 0.6 ± 0.5 0.05 ± 0.5 0.19

Note: *P<0.001.
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In summary, there were significant differences in the complications between the two groups (P < 0.05).

Discussion
Cervical radiculopathy is a common disease with 85 cases per 100,000 population, and the compression of the nerve root 
usually results from a sequential degenerative change of intervertebral disc, vertebral body, facet joint and ligaments 
during the aging process of adults who had cigarette smoking habits and excessive axial load bearing.18,19 Radicular pain 
and paresthesia in the neck, shoulder and even chest are the most complained symptoms, depending on the involved 
nerve root and disease duration. In addition, radicular pain will be accentuated if the compressed nerve root is stretched 
by some cervical motions like sneezing and coughing. The treatment objectives of cervical radiculopathy are immediate 
pain relief, complete decompression of nerve root and function improvement. ACDF is a widely used operation for 
cervical radiculopathy. Previous studies reported that after ACDF treatment, patients with cervical radiculopathy 
achieved gratified neurologic function improvement and pain alleviation. Burkhardt et al conducted a study in which 
80 patients with cervical disc herniation who underwent ACDF complained about radicular pain and sensory disturbance, 
70 (87.5%) patients were free of radicular pain and 78 patients achieved neurologic function improvement.20 Jenkins 
reported that 51 patients with Patient Health Questionnaire (PHQ) score <5 who underwent ACDF all showed significant 
improvement in Short Form-12 Physical Component Score (SF-12 PCS) and NDI during 1-year follow-up (46.5 ± 8.3 
and 20 ± 18.4 VS 39.1 ± 9.3 and 25.8 ± 15.8, P < 0.05).21

However, there were multiple complications reported after ACDF. According to the study of Epstein in 2019, 
anatomical complications including immediate postoperative dysphagia, laryngeal nerve palsy, and even esophagus 
and tracheal injuries are the most frequently reported complications. Surgery-related complications include surgery site 
infection, new radicular symptoms, hematoma, adjacent segment degeneration, cerebrospinal fluid leakage and internal 
fixation failure.22 They are also common, with an occurrence rate of around 6–13.8%. The rare but severe complications 
are internal jugular venous thrombosis, pseudarthrosis and epidural hematoma.22–24 Wichmann et al conducted a study 
with 410 patients with cervical radiculopathy and undergoing ACDF treatment. Clinical outcomes such as VAS, NDI and 
patient-reported outcome measures (PROMs) were significantly improved, the complication rates were 2.4% intraopera-
tively and 1.2% postoperatively.25 Microscope-assisted ACDF can diminish the rate of esophagus injury and dural injury. 
However, in the research of Adogwa et al, where 59 patients were treated with microscope-assisted ACDF and 81 
underwent ACDF without the use of a microscope, no significant difference in the rate of complication was found.26 In 

Table 3 The Comparison About Radiological Outcomes Between 
Two Groups

PECF (N = 59) ACDF (N = 68) P value

DH (mm)

Preoperation 5.8 ± 0.3 5.9 ± 0.9 0.59

12 months 5.3 ± 0.2 6.5 ± 0.2 <0.001*
24 months 5.0 ± 0.2 5.7 ± 0.2 <0.001*

CA (°)

Preoperation 15.4 ± 0.3 15.5 ± 0.4 0.13
12 months 16.7 ± 0.4 16.2 ± 0.5 <0.001*

24 months 16.4 ± 0.4 15.8 ± 0.5 <0.001*
SA (°)

Preoperation 4.2 ± 0.2 4.1 ± 0.2 0.36

12 months 5.6 ± 0.3 4.2 ± 0.2 <0.001*
24 months 4.7 ± 0.2 4.0 ± 0.1 <0.001*

ROM (°)

Preoperation 44.4 ± 1.1 43.9 ± 1.7 0.08
12 months 56.2 ± 1.2 41.6 ± 1.7 <0.001*

24 months 53.4 ± 1.2 45.7 ± 1.6 <0.001*

Note: *P<0.001. 
Abbreviations: DH, Disc height; CA, Cervical angle; SA, Segment angle.
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addition, Omidi-Kashani et al reported that patients younger than 45 who underwent microscope-assisted ACDF showed 
better recovery in NDI than patients older than 45 (10.1 ± 9.5 VS 15.8 ± 4.6, P < 0.05). This result indicates that patients 
older than 45 benefit more from microscope-assisted ADCF than younger patients.27 As a consequence, PECF was 
proposed by Roh et al. They performed posterior cervical foraminotomy under an endoscope in four cadavers. After CT 
scan evaluation, significantly better decompression diameter and facet joint removal percentage were achieved when 
compared with the traditional open technique.28 Subsequent studies reported gratified outcomes after PECF. Zheng et al 
reported that among 249 patients with single-level cervical disc herniation treated with PECF, 216 (86.7%) had no or 
minimal pain, and 33 had occasional pain; in addition, no patient presented adjacent segment degeneration during follow- 
up.29

In this study, we retrospectively collected and compared the clinical and radiological outcomes of 127 patients (68 in 
ACDF, 59 in PECF). Significantly longer operation time and shorter hospital stay were found in PECF group (3.7 ± 1.3 
d and 66.8 ± 6.8 mins VS 6.8 ± 1.5 d and 59.4 ± 9.1mins, P < 0.001). The reasons could be that the location of the 
surgical site and installation of the endoscope take time. PECF is a microinvasive, minimally invasive technique which is 
regarded as one of the ERAS techniques in spine surgery, so the hospital stay was significantly shorter than ACDF.30 As 
for the clinical outcomes, the two surgical methods both contribute to significant improvement. The PECF group showed 
significantly better pain relief and a higher NDI score than the ACDF group in 1-month follow-up, but no significant 
difference was found in other follow-up periods. Some studies showed similar results of neurological function recovery. 
Lee et al reported that among 76 patients with motor weakness and undergoing PECF, 72 showed significantly recovered 
neurological function and 65 had a normal neurological function at the end of follow-up.31 Terai et al reported that grip 
strength on the lesion site was significantly improved (from 30kg to 35kg) in patients after PECF.32 These results indicate 
that PECF exerts little influence on neck muscle and can verify whether the nerve root is completely decompressed 
visually. It was reported that the protection of the neck muscle of the cervical spine could better maintain the cervical 

Figure 4 The radiological outcomes comparison with time between two group. *P<0.05.
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ROM and reduce axial symptoms,33 which could be a convincible explanation why the PRCF group had significantly 
better improvement in VAS and NDI.

And there were 10 patients suffered from complication after ACDF and 2 patients in PECF (P < 0.05). Fountas et al 
reported that overall complication rate was 19.3% (196 of 1015 patients). The most common complication was dysphagia 
in 9.5% and postoperative hematoma occurred in 5.6%.7 And Zhang et al reported a meta analysis and concluded that 
complications of patients with PECF were lower than ACDF (P < 0.05).34

Radiological outcomes were also compared in this study. The PECF group achieves more significant recovery in SA, 
CA and ROM in 12- and 24-month follow-up visits than the ACDF group (P < 0.05). Whereas the ADCF group shows 
a more significant recovery in DH than the PECF group in 12- and 24-month follow-up visits (P < 0.05). The ROM- 
related result in this study is consistent with that in the research of Kim et al, who measured the instantaneous axis of 
rotation (IAR) via extension and flexion cervical X-ray of 11 patients treated with PECF and found that the IAR was 
significantly improved at the surgical segment, especially at C5/6 and C6/7 (P = 0.02).35 Ke et al found that the range of 
motion (ROM) of operation level was significantly improved (7.27 ± 1.75° VS 8.48 ± 2.67°, P = 0.02) and the ROM of 
C2-7 was better, but there was no statistical significance.36 Chen et al performed a finite element study and found that 
ACDF exerts a remarkable impact on intervertebral disc pressure and ROM of the surgical segment, whereas there was 
no significant difference in intervertebral disc pressure and ROM after posterior cervical foraminotomy.37

As for DH, Lin reported that DH of the surgical segment of 55 patients treated with ACDF was more significantly 
increased than that of patients treated with posterior cervical foraminotomy.38 Disc height of surgical segment increases 
after ACDF mainly because ACDF can provide stronger support on anterior column by hardware fixation. The possible 
reason why PECF shows better improvements in ROM, CA and SA is that ACDF immobilized the vertebral body by 
plate and cage, while PECF only removed herniated disc.

Limitations
This study has some limitations. First, this is a study with small sample size and single center, and further prospective 
study should be conducted for enhancing the credibility of study. Second, the follow-up period of this study was short, 
and some complications such as reoperation and implementation failure may be observed with longer follow-up visit. 
Lastly, some life habits, such as smoking and physical exercise which could have an influence on outcomes, cannot be 
obtained due to retrospective study.

Conclusion
Cervical radiculopathy was always treated with ACDF, but patients may experience a lot of complications and accelerate 
adjacent segment degeneration. PECF could be an effective alternative method which can achieve better pain relief, 
neurologic function recovery and ROM of cervical, decreasing hospital stay and complications. However, the disc herniation 
type needs to pay more attention before operation because PECF is unsuitable for central cervical disc herniation.
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