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Abstract
Background To evaluate the e�cacy of posterior percutaneous full-endoscopic cervical foraminotomy for
cervical osseous foraminal stenosis. Methods During October 2015 to October 2018, 30 patients with
skeletal cervical canal stenosis who met the selection criteria were included in the study. All patients
underwent percutaneous posterior full-endoscopic nerve root canal decompression. Pain visual analogue
scale (VAS) and cervical dysfunction index (NDI) were used to assess the degree of pain relief. Results All
patients were followed up for 2 days to 12 months, and the �nal follow-up was also signi�cantly
improved after surgery, and the difference was statistically signi�cant (P <0.05). At the last follow-up, the
clinical e�cacy was evaluated using the modi�ed Macnab criteria. Conclusion Percutaneous posterior
total endoscopic nerve canal incision can successfully complete the decompression of osseous neck
canal stenosis. It can be used as a treatment option for patients with bony stenosis.

Background
Cervical spondylotic radiculopathy (CSR) is a disease characterized by cervical intervertebral disc
degeneration and secondary pathological changes that lead to nerve root compression and irritation or
dysfunction of the corresponding segmental nerve roots [1]. CSR is a relatively common type of cervical
spondylosis and is one of the most common cervical diseases causing symptoms and signs of nerve
compression. The nerve roots are relatively well protected and are not susceptible to external trauma [2].
However, since the nerve roots do not have a protective connective tissue sheath surrounding the
peripheral nerve, they are sensitive to mechanical compression caused by lesions to the spinal canal [3].
The compression can generate either a direct mechanical effect on the nerve root or an indirect effect by
impairing the blood supply to the nerve. Conservative treatment is effective in most patients with CSR [4].
Cervical osseous foraminal stenosis is a common cause of CSR. Surgical treatment is needed for
patients who are not responsive to regular conservative treatment. The basic principle of surgical
treatment for CSR is that the compressed nerve root should be completely decompressed [5]. Many
surgical methods are available for the treatment of CSR, including traditional surgery and minimally
invasive surgery. Surgical approaches generally include anterior and posterior approaches. Different
surgical methods and approaches should be selected according to individual conditions [6]. However,
traditional surgery may lead to injury to the adjacent vital organs, muscle detachment and excessive
resection of the facet joints. Therefore, it often causes postoperative neck and shoulder pain and even
cervical deformity and may even affect the stability of the cervical spine [7]. With the advance of science,
technology and medical treatment, minimally invasive spinal surgery has evolved rapidly in recent years.
Many researchers have employed the posterior approach to treat CSR and obtained good results through
relatively minimally invasive methods.

With the development of the cervical endoscopic system, minimally invasive spinal surgery is
increasingly used by surgeons. The full-endoscopic technique is well-accepted by spinal surgeons due to
its minimal trauma and satisfactory clinical e�cacy [8]. Usually, cervical osseous foraminal stenosis is
closely related to hyperostosis of the Luschka joints and facet joint. In 2016, Oertel et al [9]. reported the
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use of endoscopic cervical foraminotomy for the treatment of intervertebral foramen stenosis. In 2017, Ye
et al [10]. observed the clinical e�cacy of percutaneous full-endoscopic cervical foraminotomy in the
treatment of bony stenosis of the intervertebral foramen, indicating that it is a safe and feasible surgical
approach [11]. This study aimed to evaluate and measure the effect of decompression, as well as
evaluate the clinical e�cacy of percutaneous full-endoscopic cervical foraminotomy in the treatment of
bony stenosis of the cervical nerve root canal.

Materials And Methods
Inclusion criteria

Patients with bony stenosis of a single-segment cervical nerve root canal; patients who had no remission
of pain and numbness after 3 months of conservative treatment; and patients with repeated episodes or
worsening or intolerable pain.

Exclusion criteria

Patients with unstable lesions, severe malformations or spinal infections on imaging; patients with
cervical spondylotic myelopathy or peripheral neuropathy; and patients with symptoms inconsistent with
preoperative imaging.

General characteristics of the patient

In this study, 30 patients were enrolled, including 13 males and 17 females; the age ranged from 43 to 74
years, with an average of 54.3 years. Cervical lesions: C4-C5, 4 cases; C5-C6, 14 cases; C6-C7, 11 cases;
C7-T1, 1 case. All patients had symptoms of radiculopathy, numbness, allergies and sensation caused by
unilateral nerve root canal stenosis. Among the 30 patients, 26 were positive for the Eaten sign and 27
were positive for the Spurling sign. All patient imaging showed a signi�cant narrowing of the
corresponding nerve root canal.

Measurement of stenosis length

All patients underwent CT and MRI scans of the affected segments before surgery. The nerve root
diameter “a” of the affected segment was obtained from the preoperative MRI images, and the diameter
“a” of the nerve root measured in Fig 1a. 1was set as the reference. On the preoperative CT images, a
rectangle with the width equal to the nerve root diameter was drawn to trace the nerve root. One side of
the rectangle was set close to one side of the facet joint. The rectangular tracing intersected with the
Luschka joints at two points: B and C. The distance between the two points was de�ned as the length “d”
of the narrowing site, as shown in Fig 1b.

Surgical procedure
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Under general anaesthesia with tracheal intubation, the patient was placed in the prone position with their
head secured in the neutral position and their neck slightly tilted forward to maximize the cervical
intervertebral space. The patient’s arms were secured on the sides of their body and retracted properly
towards the feet to avoid affecting the positioning of the cervical vertebrae during intraoperative C-arm
radiography. The affected segment was identi�ed and marked via the lateral view of the C-arm
radiography. The operative �eld was routinely disinfected and draped. The Kirschner wire was placed
based on the marked point into the junction of the upper and lower lamina medial to the facet joint of the
diseased segment. After positioning in the C-arm radiography, a 0.7-cm-long skin incision was made, and
the dilator and working trocar were placed over the Kirschner wire (Fig. 2). The Kirschner wire and the
dilator were withdrawn. The endoscope system was placed. The electrical hook was used to slowly
separate some attachments of the ligamentum �avum medial to the upper and lower lamina and the
facet joint in Fig. 3a. Then, a high-speed grinding drill was used to remove the outer cortical bone and
cancellous bone of the medial edge of the facet joint and part of the lamina of the upper and lower
vertebral body. To avoid injury to the nerve root or spinal cord, the remaining contralateral cortical bone
was gradually removed in steps by the hook and rongeur, thus establishing a safe operative �eld in Fig.
3b. Part of the ligamentum �avum and soft tissue in the interlaminar space were separated carefully and
removed. At this time, the compression of the nerve root could be observed under endoscopy, and the
tension of the nerve root could also be evaluated by probing with the hook. Next, the medial side of the
facet joint as well as the upper and lower laminae could then be further grinded off until there was no
signi�cant tension in the nerve roots. Before grinding, the hook was used to explore the nerve root and
surrounding tissue to identify the adhesion site in order to avoid injuring the nerve root. After grinding was
complete, the hook was used to examine the nerve root again to con�rm no compression on the nerve
root (Fig. 3c-f). After complete decompression and con�rmation of no active bleeding, the endoscope
system was withdrawn, and the incision was closed.

Measurement of the length of the decompression zone

After surgery, CT imaging was repeated. The distance between the ends of the bone removal area on the
medial edge of the facet joint was measured on CT; this distance is the length of decompression “e” (Fig.
4).

Statistical analysis

The sphericity test showed that the chi-squared approximation of the VAS score was 30.429 (P ≤ 0.05).
The Greenhouse-Geisser correction was used for the analysis, and the results were as follows: F (2.564,
74.367) = 523.963 and P ≤ 0.05, indicating that the differences between the groups were statistically
signi�cant. The chi-squared approximation of the NDI score was 257.138 (P ≤ 0.05). The Greenhouse-
Geisser correction was used for the analysis, and the results were as follows: F (1.050, 30.447) = 276.364
and P ≤ 0.05, indicating that the differences between the groups were statistically signi�cant.

Results
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All the 30 patients successfully completed the operation. The operation time ranged from 65 to 200
minutes, and the average operation time was 93.8 minutes. No obvious bleeding occurred during the
operation. Two days after surgery, cervical CT showed enlargement of the cervical canal and reduction of
nerve roots. Postoperative pain and numbness in the neck and upper extremities were signi�cantly
relieved. The average hospital stay in 30 patients was 4.4 days. Both VAS scores and NDI were
signi�cantly improved immediately after surgery and at the last follow-up. The mean value ± standard
deviation of each group is shown in Table 1.

Table 1 VAS and NDI score values  (n=30)

 Indictors Pro 2days 3 Months 6 Months 12 Months P Value
VAS score 7.00±0.95 2.83±0.70 1.60±0.50 1.23±0.43 1.07±0.25 0.00
NDI score 45.13±13.66 11.13±3.14 6.27±1.80 3.53±1.14 2.47±0.86 0.00

Statistical changes in neck VAS and NDI scores were more pronounced than in preoperative scores, with
statistically signi�cant differences (P < 0.05) (Fig. 5). Improved Macnab score assessment: Of the 30
patients, 24 were excellent, 4 were good, 2 were acceptable, and the excellent and good rate was 93.3%.
After 12 months of follow-up care, no cases were rated as invalid.

All patients had a complete decompression of the nerve root canal in the CT scan of the cervical spine.
The average stenosis length d of the 30 patients before surgery was 5.46±1.82 mm, and the average
decompression length e was 7.44±2.19 mm. The mean and standard deviation of the ratio of
postoperative decompression length to preoperative stenosis length was 1.41 ± 0.2 (Table 2).

Table 2 Preoperative stenosis length, postoperative decompression length, and decompression range (mean ± SD)

Indicators Narrow
length(mm)

Decompression
length(mm)

The ratio of decompression length to narrow
length

Measured
value

5.46±1.82 7.44±2.19 1.41±0.28

Discussion
CSR is a syndrome that includes various symptoms and signs of cervical nerve root compression caused
by pathological changes such as cervical or intervertebral disc degeneration [12]. Cervical radiculopathy
accounts for 60%-70% of this disease. Approximately 80-100% of patients have neck pain and radiating
pain in the upper extremities, with or without muscle weakness and paraesthesia [13]. With the
continuous improvement in surgical techniques, materials, and instruments, as well as auxiliary
technologies such as imaging and endoscopy, the treatment of CSR has rapidly evolved to more
convenient surgical treatments with better therapeutic effects [14]. However, traditional surgery has the
disadvantages of signi�cant trauma, slow recovery and many complications, limiting its clinical
application. In recent years, minimally invasive techniques in spinal surgery have been introduced and are
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continuously developing [15]. The minimally invasive treatment of CSR has not only achieved good
results in clinical practice but also improved the pain cycle of patients, thanks to the advantages of
endoscopic techniques, which are associated with less trauma, less bleeding, shorter operation time and
faster postoperative recovery.

Chang et al [16]. used an anterior cervical retractor system to treat 34 patients with cervical spondylotic
myelopathy and removed some of the lamina and facet joints via a posterior approach. However, Kim et
al [17]. found that the posterior approach and full-endoscopic treatment of cervical disc herniation are
associated with better clinical results. Compared with those of the former, the VAS and NDI score for the
endoscopic treatment of cervical disc herniation were relatively low. Recently, Oertel et al [9]. used
endoscopic posterior cervical foraminotomy to treat osseous foraminal stenosis. The results showed that
the approach is safe and can achieve satisfactory clinical e�cacy. However, they did not report in detail
the treatment of cervical foraminal stenosis with the simple endoscopic technique.

To further demonstrate the effectiveness of full-endoscopic cervical foraminotomy in the treatment of
CSR caused by hyperostosis of the nerve root canal, we evaluated the results based on two aspects: the
elimination of the cause and the improvement of symptoms and physical signs. In addition, we
attempted to explore the effectiveness of this minimally invasive technique in treating patients with
different lengths of stenosis. The feasibility of the measurement method was veri�ed using the measured
data of 30 patients, all of whom successfully underwent the surgery. Symptoms of pain and numbness in
the neck and upper extremities were signi�cantly relieved, and the VAS and NDI scores gradually
decreased. The clinical outcomes were determined at the last follow-up visit and there were no
complications associated with the surgery. The results showed that the measurement method could be
effectively applied to percutaneous full-endoscopic cervical foraminotomy. According to the
measurements from the new method, the length of the decompression was greater than that of the
stenosis, indicating the elimination of the cause. The procedure used for the 30 patients has the following
advantages: shorter operative time, less trauma, less bleeding, shorter length of hospital stay, faster
recovery, and little impact on cervical spine movement.

In summary, percutaneous full-endoscopic treatment of osseous nerve root canal stenosis not only
achieved good clinical results but also retained the stability of the neck segment to the utmost extent [18].
This study measured and compared the length of preoperative nerve root canal stenosis and the effective
postoperative decompression length in 30 patients. It is proved that the technique can achieve complete
decompression of the stenosis part by percutaneous total endoscopic posterior cervical intervertebral
foramen in patients with different lengths of nerve root canal stenosis, so as to achieve better therapeutic
effect. However, due to the limited number of cases selected in this study, there were limitations in
assessing short-term follow-up during surgery. In order to more accurately assess the clinical e�cacy of
this minimally invasive technique, we can achieve this in the future by increasing the sample size and
extending the follow-up period.

Conclusion
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Percutaneous posterior total endoscopic nerve canal incision can successfully complete the
decompression of osseous neck canal stenosis, and the minimally invasive method has a good clinical
effect. Therefore, it can be used as a treatment option for patients with bony stenosis. Finally, we hope
that the application of this technology can be further extended to patients with cervical spondylosis with
two to three cervical stenosis.

Abbreviations
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Figures

Figure 1

Narrow length measurement schematic. (a) Preoperative MRI measured the diameter of the affected
nerve root a and schematic display. (b) Analog measurement method for narrow length d on MRI and
schematic.
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Figure 2

Preoperative lateral radiographs. (a) con�rming the medial edge of the facet joint by needle punching of
the side radiographic image; (b) Insert the expansion cannula and working channel along the K-wire under
the X-ray.

Figure 3

Establishing a safe operating area under the endoscope system. (a) Black circles mark the upper and
lower layers and the small joints; (b) The rongeur bites off the remaining contralateral cortical bone.
Comparison of preoperative and postoperative decompression. (c-d) The black �ve-pointed star marks
the nerve roots that are compressed before surgery. (e-f) Black �ve-pointed star marks the nerve roots
after surgery.
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Figure 4

Postoperative decompression length measurement. The length “e” of the decompression zone refers to
the distance between the ends of the bone removal zone on the medial edge of the facet joint; schematic
representation (left), mark on CT (right).

Figure 5
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Statistical analysis of VAS and NDI scores after follow-up. A visual analogue scale (VAS); B neck
disability index (NDI).


