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Abstract

Background: Compared to anterior cervical discectomy and fusion (ACDF), cervical motion segment and disc was
retained through anterior transcorporeal herniotomy (ATH). But surgical field and manipulation in traditional ATH
was restricted by the narrow channel. Percutaneous full-endoscopic transdiscal cervical discectomy is a minimally
invasive and functional spine surgery. However, significant loss of intervertebral disc height was inevitable. This
study was done to illustrate the feasibility, safety, and efficacy and present our surgical experience of percutaneous
full-endoscopic anterior transcorporeal cervical discectomy (PEATCD) and channel repair (CR) for the treatment of
cervical disc herniation (CDH).

Methods: Four patients with CDH were chosen to undergo PEATCD and CR with a follow-up care for at least 22
months. The visual analogue score (VAS), Japanese Orthopedic Association (JOA), and modified Macnab criteria
were recorded during the postoperative periods. CT images were obtained to observe the healing of the channel
at 1 week and 3months after the operation.

Results: The average operating time was 83.75 min. Drainage tubes were unnecessary. No procedure-related
complications occurred. The postoperative VAS and JOA scores were improved compared to those of the
preoperative assessment. The clinical efficacy was excellent in 3 patients and good in 1 patient at final follow up
stage according to the modified Macnab criteria. The hernia was removed completely in all patients according to
postoperative MRI. Migration of the repair implementation and collapse of the drilled vertebrae were not observed
during the postoperative periods. The bony channel was nearly absent on CT images obtained at 3 months
postoperative.

Conclusion: This is the first time that the anterior transcorporeal cervical discectomy and CR have been performed
simultaneously under endoscopy. Less damage to disc and the retained cervical motion segment were achieved
through this method. This is a feasible, safe, and minimally invasive procedure.

Trial registration: Numbers: ChiCTR1800016383. Registered 29 may 2018. Retrospectively registered. Trial registry:
Chinese Clinical Trial Registry.
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Background
Cervical disc herniation (CDH) is a degenerative disease
of the cervical spine in which the lesion induces a series
of symptoms due to an oppressed spinal cord. Anterior
cervical discectomy and fusion (ACDF) has become the
standard surgical procedure for single- and multiple-
levels degenerative cervical spine diseases due to its ex-
cellent clinical results and good fusion rates since it was
introduced by Smith and Robinson and then Cloward in
the 1950s [1, 2]. However, intervertebral fusion decreases
the cervical motion segment and accelerates the degen-
eration of the adjacent segments [3, 4]. Many other com-
plications are also associated with ACDF [5–8]. Various
modifications and procedures have been reported to
minimize the surgical disturbance of the biomechanics
of the cervical spine [9–15].
With the rapid development of the percutaneous full-

endoscopic technique, the endoscopic anterior transdis-
cal method has become an accepted procedure for CDH
[15]. However, significant loss of intervertebral disc
height (IDH) in the operated segment has been con-
firmed in long-term follow-up studies due to the perfor-
ating damage to the disc and excessive removal of the
nucleus pulposu [15–18]. Anterior transcorporeal disc-
ectomy (ATH) was first reported by George in a study
that treated lesions in the cervical spinal canal [19], and
was derived from a reformation of the technique of
Verbiest and Hakuba et al. [20–24]. The transcorporeal
technique retains the cervical motion segment, protects
the disc from surgical damage and has been modified by
several surgeons since its introduction [25–30]. In the
1990s, Nakai sand Sakai improved this procedure by lo-
cating the channel close to the center of vertebrae to
avoid damage to the longus colli muscle and cervical
sympathetic nerve [31, 32]. An operating microscope
was used in their procedure to improve surgical vision,
cause less damage to soft tissues and increase the safety
of the manipulation.
Conventional ATH was performed with a dilator or

open approach. The details in the bottom of the channel
observed by the naked eye are obscure, even with a
microendoscopy, especially if active bleeding is present.
Subsequently, the manipulation is difficult for surgeons.
Before this study, we conducted percutaneous full-
endoscopic anterior transcorporeal cervical discectomy
(PEATCD) for patients with central CDH and acquired
excellent follow-up outcomes [33]. Due to the merits of
the endoscopic system, we greatly reduced the injury to
soft tissues and obtained improved vision for the oper-
ation. Based on our previous study [33], we performed
PEATCD and channel repair (CR) under endoscopy for
patients with CDH in order to accelerate the healing
process of the bony channel, which has not been re-
ported previously. In this study, a relatively larger bony

channel was used compared to our earlier study, which
was more beneficial for manipulations and providing
sufficient decompression for patients with a large or
broad-based hernia. We share our experiences of
PEATCD and CR and report the clinical and radiological
outcomes during the follow-up periods.

Materials and methods
Patient characteristics
This study was approved by local institutional review
board (IRB) and the informed consent was acquired
from all the patients. In our study, PEATCD with CR
was performed for 4 consecutive patients, including 1 fe-
male and 3 males with an age range of 41 to 46 years
old, with soft CDH from Jul. 2016 to Sep. 2016. The dur-
ation of neck pain ranged from 14 to 26 weeks. The
demographic characteristics, clinical data, and treatment
level are shown in Table 1. The visual analog score
(VAS) was used to record the neck pain scores during
the postoperative periods. The clinical outcomes were
evaluated using the Japanese Orthopedic Association
(JOA) scores and modified Macnab criteria (Table 2).

Patient selection
The following were indications for PEATCD and CR. (1)
The patient had experienced failure of strict conservative
treatment for at least 12 weeks. In our study, 3 patients
accepted drug therapy and physical treatment, the left
one was treated with epidural ejection; (2) single-level
central or mediolateral soft herniation; (3) herniated disc
fragment that migrated upward or downward but not
free; (4) the symptom or discomfort was caused by the
CDH. and (5) there is no evidence of instability in the
cervical spine. The contraindications were as follows: (1)
Patients with multiple-levels CDH or cervical spinal
canal stenosis; (2) posterolateral herniation or foraminal
stenosis; (3) previous surgery at the same segment; (4)
calcification of the herniated disc or posterior osteo-
phytes of the vertebral body; (5) obesity, (6) the hernia-
tion was induced by trauma.

Endoscopic instruments
The spinal endoscopy system (SPINENDOS GmbH.,
Munich, Germany) was comprised of a 4.3 mm working
channel, an outer sheath with a 6.9 mm diameter, a 30°-
angled scope with a continuous water irrigation system,
a trephine with a 6.6 mm inner diameter and a 7.6 mm
outer diameter, and a low-temperature radiofrequency
ablation system (ArthroCare Co., Sunnyvale, CA, USA).
The drill was made by NOUVAG AG, Goldach,
Switzerland.
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Operative technique
Under general anesthesia, the patient was placed in a su-
pine position with the neck in slight extension. The cau-
dal vertebra was chosen to be drilled for all patients.
The entire process was monitored with C-arm fluoros-
copy. We used a trephine to directly create the bony
channel, which proceeded towards the posterosuperior
edge of the targeted vertebra. We primarily confirmed
the anterior surface of the drilled vertebra and then se-
lected the channel position with a K-wire under C-arm
fluoroscopy (Fig. 1). With the help of two-finger tech-
nique (The surgeon located the carotid artery as indi-
cated by its pulsation with the index finger of the left
hand and pushed it aside laterally. The tracheoesophagus
was then pushed to the medial side with the middle fin-
ger), a safe window was created for the insertion of the
K-wire and the following operations. The ultrasound
examination intraoperative was beneficial if we couldn’t
ensure that the vessels had been pushed aside. And the
iohexol contrast agent was helpful for confirming the
position of the esophagus under C-arm fluoroscopy. We
made an approximately 8 mm incision, after which the
serial dilators, working cannula and trephine were intro-
duced. We turned the trephine gradually until its tip was
located at the posterosuperior border of the vertebra
(Fig. 2a and b). Then, the bone plug that was prepared
for subsequent CR could be removed together with the
trephine by moving it gently in all directions (Fig. 2c).
We inserted the working cannula into the bony channel
and then inserted the endoscopic system. Bleeding from
soft tissues and the channel was resolved by radiofre-
quency ablation. We could observe some residual bone
at the bottom of the channel due to the non-parallel
plane between the posterior wall of the vertebra and the
bottom of the channel (Fig. 2d). We used a diamond
high-speed burr and rongeur to clear these remnants
and make a consistent channel towards the herniated

lesion. A blunt hook could be used to confirm the pos-
terior wall of the vertebra when a satisfactory channel
was established (Fig. 2e). Then, decompression was con-
ducted. To ensure sufficient intraoperative decompres-
sion, a small window was made on the posterior
longitudinal ligament to directly observe the pulse of the
spinal cord (Fig. 2f ). When the dural sac re-expansion
became apparent, we removed the working cannula from
the channel and ensured that no active bleeding was
present in the channel. Then, bone grafting was con-
ducted in the channel, in which prior shortening and
pruning for the harvested bone had been performed.
The insertion process was intently observed via an en-
doscopy, and the process was terminated when the sur-
faces of the vertebra and implant were parallel (Fig. 3a
and b). We again examined the area for active bleeding
before the working cannula and endoscopy were re-
moved. A drainage tube was not necessary. Finally, the
residual fluid in the cervical tissues was drained, and the
incision was sutured.

Postoperative and follow-up care
Patients could manage their daily activities 1 day after
the operation and could return to general office work 1
week postoperatively. All 4 patients underwent follow-
up observation at 1, 3, 6, 12, and 22months after sur-
gery. At each follow-up stage, the results of the VAS,
JOA score, modified Macnab criteria, and neurologic ex-
aminations were recorded. MRI was conducted 1 week
after the operation to confirm decompression, and CT
images were used to observe the bony channel at 1 week
and 3months after the operation.

Results
All the procedures were completed successfully by the
same surgeon. Three interventions were performed at
the C4–5 levels, and 1 intervention was performed at

Table 1 Summary of demographic characteristics, clinical date, and treatment level

Case Age (years) Gender Level Duration (weeks) Postoperative hospital stay (days) Follow up period (months)

1 43 M C5–6 14 1 24

2 46 M C4–5 26 1 24

3 41 M C4–5 18 1 23

4 46 F C4–5 17 1 22

Average 44 – – 18.75 1 23.25

Table 2 Modified Macnab Criteria

Grading Definition

Excellent Complete resolution of symptoms, recovery of original work activity level and quality of life

good Mild symptoms, slight activity limitation that do not influence work and quality of life

Fine Symptoms relieved, activity limitations that influence work and quality of life

bad No difference in or worsening of symptoms after versus before treatment
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the C5–6 level. The average operation time was 83.75min
(70–105min). The channel was established at the caudal
vertebrae in all patients. Drainage tube was not necessary.
The patient in Case 1 exhibited a swollen neck after the
operation due to a relatively long operation time. How-
ever, no adverse effects were observed, and the tumid neck
recovered completely within 2 h. Postoperatively, no man-
ifestations of dysphagia, hematoma, esophageal perfor-
ation, or vascular and nerve injury were reported. The
postoperative hospital stay was 1 day for the 4 patients.
The clinical outcomes of VAS and JOA scores are shown
in Table 3. According to the modified Macnab criteria, the
clinical efficacy was excellent in 3 cases and good in 1 case
after 22months of follow-up care. Postoperative imaging
studies showed that the herniated lesion was completely
removed (Fig. 4), and the supplementary files showed the

MRI images of the other 3 patients (see Additional file 1).
According to the postoperative cervical CT images and ra-
diographs, migration of the repaired bone or collapse of
the drilled vertebra did not occur (Fig. 5). The channel
disappeared nearly 3months after the operation (Fig. 6).
No instability, kyphosis, or loss of IDH in the cervical
spine were observed.

Discussion
The superior features of the endoscopic system include
the lighting equipment, which supplies sufficient light to
the operating area, the magnification system, and con-
tinuous irrigation with normal saline. Detailed vision can
be acquired in the channel due to these advantages.
Continuous irrigation is extremely important. First, the

Fig. 1 a, b The position of the K-wire and the outline of the
esophagus was confirmed under C-arm fluoroscopy

Fig. 2 Trephination was terminated when the trephine tip was located at the posterosuperior border of C6 (a and b). The bone plug (c) could be
removed by moving the trephine gently in all directions. Some residual bone (d) could be seen after inserting the endoscopic system due to the
non-parallel plane of the trephine relative to the posterior edge of C6. A hook (e) was applied to determine the posterior border of C6, after
which the hernia was removed. The dural sac re-expansion (f) became apparent when sufficient decompression was achieved

Fig. 3 No active bleeding occurred after decompression (a), and
bone grafting was conducted with the previously harvested bone
plug (b)
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infection risk is further decreased by separating the sur-
gical field from the air. Second, an endoscopic system
can ensure relatively improved distinct vision through
the hemostasis effect due to hydraulic pressure and ex-
haustion of blood along with lavage fluid.
Several researchers have previously reported conven-

tional ATH and modified transcorporeal procedures
[25, 26, 28–35]. The best points of transcorporeal sur-
gery include preservation of the cervical motion seg-
ment and decreasing iatrogenic damage to the
pathologic disc. The transcorporeal method had an in-
tegrated development that progressed from a traditional
open procedure to minimally invasive surgery and fi-
nally to the full-endoscopic method. Compared with ei-
ther ACDF or the transdiscal approach, transcorporeal
surgery can better address prolapse of CDH or lesions

behind the vertebrae instead of corpectomy in some
special situations. In the transcorporeal approach, the
damage to the disc depends on the site of the herniated
fragments. Injury to the cervical disc will not occur if
the hernia deviates from the disc level.
In early procedures, limitations of the channel diameter

and surgical vision were inevitable in both the traditional
open and microendoscopic ATH. However, ATH under en-
doscopy can circumvent these limitations. The key point of
this novel procedure is the accuracy of the channel trajec-
tory. A diamond high-speed burr was used for channel es-
tablishment in most reported studies [31, 32, 35]. In
contrast to the early procedures, a trephine was induced to
establish the channel in our surgery. The process was dy-
namically monitored with C-arm fluoroscopy to ensure its
depth of entry and the trajectory towards the herniated

Table 3 showed the clinical results of VAS and JOA scores during the postoperative periods

Cases VAS JOA

Pre Post-1 m Post-12m Final Pre Post-1 m Post-12m Final

1 6 2 0 0 7 12 17 17

2 8 2 0.5 0.5 8 13 15 15.5

3 6 2.5 0 0 7 11 16 16

4 7 3 1 0 9 15 16 16

Average 6.75 2.38 0.38 0.13 7.75 12.75 16 16.13

All the patients got an immediate remission after operation, the pain was disappeared almost at the final follow-up stage, and the average improvement rates of
JOA was 90.59%

Fig. 4 A 43-year-old man was examined due to cervical spondylotic myelopathy. The MRI results showed a broad-based disc hernia at C5/6. The
procedure was performed through the channel at C6, and repair was performed with autogenous bone. The postoperative MRI findings showed
that the hernia mass was cleared. The preoperative MRI findings, namely, the T1 and T2 weighted sagittal views, are shown (a and b, respectively).
Preoperative MRI, T1 weighted axial view (c). Postoperative MRI, T1 and T2 weighted sagittal views (d and e, respectively). Postoperative MRI, T1
weighted axial view (f)
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disc. The channel entrance should be centered relative to
the objective drilled vertebra as much as possible to reduce
damage to the longus colli muscle, which could reduce not
only the subsequent intraoperative bleeding and the risk of
postoperative hematoma, but also sympathetic trunk injury
due to its anatomical position. The primary purpose of
choosing a trephine to drill was to harvest sizable bone for
later grafting to the channel. The anatomical integrity was
retained, and complications related to bone harvesting from
other regions or transplant reaction were avoided. Com-
pared to the diamond high-speed burr, other advantages of
using a trephine included better control of the orientation
of the channel by the surgeon and a shorter operation time.
In 2010, Lowry combined ACDF with cervical trans-

corporeal microdecompression and vertebral body ac-
cess CR for multiple-level CDH [36]. Lowery repaired
the channel with a beta-tricalcium phosphate implant
filled with locally harvested auto-graft and acquired good
results. Although fractures of the drilled vertebrae were
not observed, even without CR, in the reported studies
[25, 26, 29, 32, 33, 37]. The bony defect was still present
3 months, even 1 year, after transcorporeal procedure in
the reported literatures [31, 33]. Whether the risk of col-
lapse will increase has not been reported for cases of pa-
tients with osteoporosis or an enlarged channel. In this
study, a larger trephine (inner diameter: 6.6 mm, outer
diameter: 7.6 mm) was applied to produce the bony
channel (approximately 8 mm). Using a larger channel,
we could ensure sufficient decompression instead of en-
larging the bottom of the channel to obtain a better

surgical field, which would make the channel irregular
and subsequently increase the risk of repair implant mi-
gration. Furthermore, we could address hernias with a
broader base (Fig. 4c). CR was conducted while consid-
ering the possible collapse of the drilled vertebrae due to
the larger channel size. The repair implant was the bone
plug harvested intraoperatively with a trephine, which
could avoid rejection reaction and greatly decrease the
cost. Appropriate pruning to match the harvested bone
is necessary before grafting. Additionally, the parallel re-
lationship of the anterior surface of the vertebra and the
repair bone must be verified intraoperatively to prevent
spinal cord injury due to oppression. Postoperative CT
images showed no migration of the repair implementa-
tion, and the channel had disappeared almost 3 months
after operation and there were no sclerotic changes in
the channel. Moreover, no collapse of the drilled verte-
brae, loss of IDH, changes of cervical physiological
curve, or cervical kyphosis was observed.
Access-related complications in ACDF were avoided

with endoscopy because no traction of cervical soft tis-
sues was necessary [7, 8, 38]. Possible severe intraopera-
tive complications included esophageal perforation and
vascular injury. A two-finger technique was adopted to
pull aside the esophagus and vessels. Additionally, the
iohexol contrast agent, which is injected into the gastric
tube, could sufficiently delineate the esophageal tract
under C-arm fluoroscopy. Subsequently, we could deter-
mine whether the esophagus was impaled by observing
the relative position of the K-wire and esophagus.

Fig. 5 CT images of the channel immediately postoperatively, including the axial plane view (a), coronal reconstruction view (b), sagittal
reconstruction view (c), and three-dimensional view (d), showed the trajectory of the channel. No migration of the repaired bone occurred

Fig. 6 CT images obtained 3months after the operation, including the axial plane view (a), coronal reconstruction view (b), sagittal
reconstruction view (c), and three-dimensional view (d), showed that the bone defect had almost completely disappeared. Neither disc space
narrowing nor instability were observed
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This is the first time anterior transcorporeal cervical
discectomy with CR under percutaneous full-endoscopy
has been reported. All symptoms of the 4 patients im-
proved during the follow-up periods. Postoperative
MRI also showed that the herniated lesion was com-
pletely removed. The inclusion criteria for PEATCD
and CR was strict, patients with multiple CDH, obesity,
or severe myelopathy was excluded. Patient with foram-
inal stenosis was also excluded because the “Key-hole”
technique had been reported safely and effectively in
that case [39–41]. Previous study showed that the pos-
terior osteophytes of vertebral body or calcification of
the herniated disc fragment was difficult to remove
completely [31]. Based on the reported literatures and
our limited experiences, patients with central localized
soft hernia and without spinal canal stenosis were the
ideal candidate for PEATCD and CR [31]. This is a safe
and economical novel surgery that offers an alternative
for patients with CDH. Additional samples are neces-
sary before widespread application is possible.

Conclusions
This is the first time that the anterior transcorporeal
cervical discectomy with CR have been performed
simultaneously under percutaneous full-endoscopy.
This novel procedure retains as much anatomical in-
tegrity as possible and promotes the healing process
of the bony channel by bone grafting. This is a feas-
ible, safe, minimal invasion and novel procedure for
patients with CDH.

Additional file

Additional file 1: Case 2 pre-op cross section, Case 2 pre-op sagittal
plane, Case 2 post-op cross section, Case 2 post-op sagittal plane, Case 3
pre-op cross section, Case 3 pre-op sagittal plane, Case 3 post-op cross
section, Case 3 post-op sagittal plane, Case 4 pre-op cross section, Case 4
pre-op sagittal plane, Case 4 post-op cross section, and Case 4 post-op
sagittal plane. The supplementary figures showed the pre-op and post-
op MRI images of the other 3 patients. (ZIP 4930 kb)
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