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Background: Studies that focus on percutaneous full-endoscopic anterior transcorporeal cervical
discectomy (PEATCD) have rarely been reported. Therefore, the available data on the surgical
design of PEATCD and related clinical outcomes are very limited.

Objectives: To design a surgical plan for PEATCD and to evaluate its clinical efficacy in clinical
application.

Study Design: A retrospective cohort study.
Setting: A center for spine surgery, rehabilitation department and pain medicine.

Methods: Based on the size and precise location of the disc protrusions on magnetic resonance
imaging (MRI), the diameter and direction of the bone channel were designed to make a surgical
plan for PEATCD. A total of 26 patients with central/paracentral cervical disc herniation (CDH) who
underwent PEATCD through the designed surgical plan from October 2015 to September 2016
were enrolled in the retrospective study. Clinical outcome evaluations included Visual Analog Scale
(VAS) scores, Japanese Orthopedic Association (JOA) scores, and the modified Macnab criteria.
Radiologic follow-up included cervical computerized tomography (CT) and MRI evaluations.

Results: The diameter of the designed bone channel was about 7.5 mm, and the direction was
from the upper edge of the lower endplate obliquely toward the disc protrusion. Through the
designed surgical plan, 26 cases of discectomy were successfully completed. The average operation
time was 91.50 + 16.80 min, and the average hospital stay was 4.07 + 0.84 days. All patients were
followed for an average of 19.61 + 4.04 months. The postoperative VAS and JOA scores were
significantly improved compared with the preoperative scores (P < 0.0001). Clinical efficacy at the
final follow-up was evaluated by the modified Macnab criteria, and the excellent and good rate
was 92.31%. Postoperative MRI showed that the disc protrusion was completely removed, and CT
showed no collapse of the vertebral body.

Limitations: This study has several limitations, including the lack of a control group, the small
sample size, and the unavoidable nature of the single-center study design.

Conclusions: Based on the size and location of the disc protrusion on MRI, the diameter and
direction of the bone channel are designed, which is conducive to have enough space under
the full-endoscopic field of view to completely expose and remove the disc protrusion, to avoid
residuals, and to ensure that PEATCD achieves good therapeutic results.

Trialregistration: Thestudywasregistered at Chinese Clinical Trial Registry (ChiCTR1900027820).

Key words: Percutaneous full-endoscope, anterior transcorporeal approach, cervical discectomy,
cervical disc herniation, minimally invasive surgery
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ervical disc herniation (CDH) is a type of cervical

spondylosis caused by degenerative or acute

injury of the cervical disc; the nucleus pulposus
in the disc protrudes and compresses the spinal cord or
spinal nerve root to cause clinical symptoms. Surgical
treatment is the most accurate and effective method
when conservative treatment is ineffective or when
the symptoms are severe. Anterior cervical discectomy
and fusion (ACDF) is still the standard procedure for
the treatment of CDH because of its excellent clinical
treatment effect (1-4); however, as the number of
procedures increases, there is an increased risk for
fusion-related complications, such as the loss of
mobility of cervical fusion segments, the degeneration
of adjacent segments, nonunion of the bone graft,
pseudoarthroses, and loosening of the metallic plates
(5-8). To avoid these complications as much as possible,
spine surgeons have explored and improved the
technique of anterior cervical surgery.

In recent years, with the development of minimally
invasive spinal surgery, full-endoscopic techniques have
been applied for spinal degenerative diseases due to
the advantages of less trauma, clear vision, and fast
postoperative recovery (9-11). Endoscopic discectomy
via the transdiscal approach for CDH was originally
proposed by Bonaldi et al (12). However, the transdis-
cal approach inevitably damages the degenerated disc;
some studies have reported a significant decrease of
intervertebral disc height and accelerated degenera-
tion of the intervertebral disc space (13-15). Deng et
al (16) first reported the percutaneous full-endoscopic
technique to establish a bone channel through the
vertebral body for cervical discectomy in 2016. Du et al
(17) reported the results of 1-year follow-up of 36 cases
of CDH treated with percutaneous full-endoscopic
anterior transcorporeal cervical discectomy (PEATCD).
The symptoms of all the patients were significantly
improved, and no complications related to surgery oc-
curred. The clinical effect was satisfactory. Yu et al (18)
reported 35 cases of CDH treated with PEATCD, and all
the patients were followed up for 2 years, with good
clinical results at the end of the follow-up.

The key technical issue of PEATCD is to establish a
bone channel of suitable size and proper direction. If
the bone channel is too large, it may lead to the col-
lapse of the drilled vertebral body; if the bone channel
is too small, the disc protrusion may not be completely
removed. This study aimed to design the diameter of
the bone channel by measuring the size of the disc
protrusion on MRI, so that the disc protrusion can be

completely exposed and completely removed under
the full-endoscopic field of view, while minimizing the
damage to vertebral bone tissue. The surgical plan of
PEATCD and its results are reported as follows.

METHODS

Surgical Design

Cervical MRI data from 40 patients with single-
level central/paracentral CDH were selected at random,
and the height and width of the disc protrusion were
measured using IMPAX software (Version 6.3.1; AGFA,
Mortsel, Belgium). On the most obvious MRI sagittal
plane of the disc protrusion, the upper and lower inter-
sections of the disc protrusion and the posterior longi-
tudinal ligament were measured as the height; on the
most obvious MRI axial plane of the disc protrusion, the
left and right intersections of the disc protrusion and
the posterior longitudinal ligament were measured as
the width (Fig. 1). Based on the measured height and
width of the disc protrusions, we designed the diam-
eter of the bone channel to completely expose and
completely remove the disc protrusion under the full-
endoscopic field of view. Based on the precise location
of the disc protrusion, the direction of the bone chan-
nel should be designed to minimize iatrogenic injury of
the degenerated disc and the upper endplate (Fig. 2).

Patient Selection

The study was approved by the ethics committee
of Affiliated Hospital of Zunyi Medical University. In-
formed consent was obtained from all patients before
enrollment. The inclusion criteria were as follows: 1)
single-level central or paracentral CDH with soft pro-
trusion, 2) symptoms not improved after 3 months of
standardized conservative treatment, 3) symptoms
confirmed by relevant imaging examination, 4) disc
protrusion migration but no free, and 5) no cervical
instability. The exclusion criteria were as follows: 1)
lateral CDH, 2) lesions more than one segment, 3) disc
protrusion calcification, osteophytes present behind
the vertebral body, 4) symptoms not consistent with
imaging examinations, 5) free disc protrusion in the spi-
nal canal, 6) lesion segments with a history of surgery,
and 7) osteoporosis. A total of 26 patients with central/
paracentral CDH who underwent PEATCD through the
designed surgical plan from October 2015 to Septem-
ber 2016 were enrolled in the retrospective study. The
patients’ characteristics are summarized in Table 1.
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Full-Endoscopic
Instruments

The spinal endoscopy
system (SPINENDOS GmbH.,
Munich, Germany) com-
prised 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 (Joimax,
Germany) with a 6.5 mm in-
ner diameter and a 7.5 mm
outer diameter. The drill was

made by NOUVAG AG, Gold-
ach, Switzerland.

Fig. 1. The measurement method of the height (a) and width (b) of the disc protrusion on
MRI (white double arrow).

Operative Technique

A gastric tube was in-
serted in all patients before
surgery. After anesthesia
via tracheal intubation, the
patient was placed in the
supine position with the neck
slightly extended. The entire
procedure was monitored us-
ing a C-arm. Injection of ap-
proximately 20 ml of iohexol

into the gastric tube showed
the esophageal trajectory
under the C-arm, and the tra-
cheal position was displayed
under the C-arm after tra-

. . ) canal (b).
cheal intubation. The lesion

Fig. 2. Artistic illustration of bone channel establishment. The bone channel was established
at the upper edge of the lower endplate of the target vertebra and was oriented obliquely
toward the disc protrusion (a). Through the designed bone channel, the disc protrusion was
fully exposed and completely removed to complete the decompression of the cervical spinal

segment was confirmed, and
the lower vertebra was located. The two-finger tech-
nique was used to touch the anterior edge of the verte-
bra, and the puncture needle was inserted. The starting
position of the puncture needle was placed as close as
possible to the lower edge of the vertebra, and then the
posterosuperior edge of the vertebra was punctured
(Fig. 3a). A transverse skin incision of approximately 8
mm was made at the center of the puncture needle,
and the dilator-sheath system and operating cannula
were placed along the puncture needle (Fig. 3b). The
trephine was inserted and screwed gradually toward
the posterosuperior edge of the vertebra; when the end
of the trephine reached this point, the resected bone
was removed with the trephine by gently shaking it (Fig.
3¢). The full-endoscopic system was then placed into

Table 1. Summary of Demographic Characteristics

Baseline Characteristic

Value

Gender, male/female

16/10

Age (range), years

49.14 £ 10.40 (33-72)

Symptom duration (range), weeks

23.8 0+ 18.24 (1-60)

Indications for surgery

Myelopathy 14
Radiculopathy 6
Myelopathy with radiculopathy 6
Treatment level

C3/4 2
C4/5 12
C5/6 12

Follow-up duration (range), months

19.61 + 4.04 (12-28)
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the bone channel, and the residual bone of the bone
channel was cleared using rongeurs and a high-speed
diamond burr. If bleeding occurred during surgery, ra-
diofrequency ablation was used to stop the bleeding.
Nucleus pulposus forceps and a blunt hook were used
to remove the disc protrusion tissue (Fig. 3d). The dural
sac was evident after decompression (Fig. 3e). The bone
channel was carefully explored; the full-endoscopic
system was removed after determining that there was
no bleeding, and all fluid was drained. The incision was
sutured with one needle, and there was no need for the
placement of a drainage tube (Fig. 3f). The incision was
wrapped with a sterile dressing. For postoperative care,
the patient could start eating 6 hours after the opera-
tion and could wear a cervical collar to get out of bed
for protective activities 1 day after surgery.

Outcomes Evaluation
The Visual Analog Scale (VAS) scoring system was
used to assess axial pain around the posterior neck or

suprascapular areas. The Japanese Orthopedic Associa-
tion (JOA) scoring system was used to evaluate neuro-
logical function. VAS and JOA scores were recorded 1
day, 3 months, 6 months, and 12 months postopera-
tively as well as at the final follow-up and were then
compared with preoperative scores. Clinical efficacy
at the final follow-up was evaluated by the modified
Macnab criteria (Table 2). Cervical MRI was conducted
1 week after the operation to confirm decompression,
and cervical CT images were obtained to observe the
healing of the bone channel 1 week and 12 months
after the operation.

Statistical Analyses

Statistical analyses were performed using SPSS
software (Version 18.0; SPSS, Chicago, IL, USA). Data
are presented as the mean + standard deviation (SD).
Paired t test was used to compare preoperative scores
with scores at each follow-up time point. P < 0.05 was
statistically significant.

decompression (d and e).

Fig. 3. A puncture needle was inserted to the vertebra under the monitor of a C-arm (a). The dilator-sheath system and
operating cannula were placed along the puncture needle (b). The trephine was inserted and screwed gradually toward the
posterosuperior edge of the vertebra to remove the resected bone (c). The disc protrusion tissue was removed to complete the
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REesuLts

Outcomes of Surgical Design

The average height of the 40 disc protrusions
measured on cervical MRI was 7.10 = 1.24 mm (range
5.1-9.6 mm), and the average width was 6.98 + 1.29

patients 1 week after surgery. MRI showed that the disc
protrusion was completely removed and that there was
thorough decompression of the spinal canal (Fig. 5). CT

Table 2. Modified Macnab Criteria

mm (range 4.3-9.6 mm). The diameter of the designed "™
. . Grade Definition
bone channel was about 7.5 mm. The direction of the P o - 7
. . omplete. 1sappeared of symptoms, recovery o:
bone channel in the sagittal pIar.1e was from the upper Excellent origirlzal erk an%pquahty of)llifep v
edge of the lower endplate obliquely toward the disc - . R
. . . Good Slight symptoms, mild activity limitation that have
protrusion. The direction of the bone channel on the no impact on work and quality of life
coron_al plane Was adjusted based on the position of e S paaicans ez, Aoty i o di
the disc protrusion. ! influence work and quality of life
L . . Bad Symptoms have no difference before or after
Clinical and Radiological Outcomes & treatment, even worse
Through the designed
surgical plan, the disc pro-
trusions of 26 patients were
completely exposed and a VAS mean + SD b JOA mean + SD
completely removed under 164 2
the full-endoscopic field of
. . B
view, and the operation was 154
successfully completed. The e o g
average operation time was ] 8 104
91.50 + 16.80 min (60-120 < s
min). The amount of intra- 5
operative blood loss was b
8.46 + 6.59 ml (0-20 mL). The ) )
H L] L] L L] L L] L] L] L L] L
hospital stay was 4.07 1.0.84 g » e @ I RO
days (2-5 days). All patients < ® v q Moo

were followed up for 19.61 +
4.04 months (12-28 months).
The VAS score and

Fig. 4. Pre- and post-operative VAS scores (a) and JOA scores (b) (n = 26).

JOA score of postoperative

follow-up were significantly
improved compared with
preoperative scores, and the
difference was statistically
significant (P < 0.0001). The
average scores of the VAS
and JOA during the follow-
up period are shown in Fig.
4. The clinical efficacy was
excellent in 21 cases, good
in 3 cases, and fine in 2
cases at the final follow-up
according to the modified
Macnab criteria, with an
excellent and good rate of

92.31%. Cervical CT and MRI
data were available from all

Fig. 5. Postoperative T2-weighted MRI in sagittal plane (a) and axial plane (b) showed
that the disc protrusion was completely removed.
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showed no collapse of the drilled vertebra. The bone
channel almost completely disappeared 12 months af-
ter surgery (Fig. 6).

Discussion

Currently, the anterior surgical methods of CDH
primarily include ACDF, artificial cervical intervertebral
disc replacement, and anterior cervical corpectomy de-
compression and fusion. Among them, ACDF is a good
clinical treatment for more serious and complex condi-
tions such as multi-segment CDH, cervical instability,
and free nucleus pulposus. Although ACDF is still the
most common surgical procedure for the treatment of
cervical disc disease (19,20), the complications related
to bone graft fusion associated with long-term follow-
up have had a substantial impact on its status for use as
a standard treatment (21,22). With the clinical applica-
tion of minimally invasive spinal surgery in recent years,
low-trauma microsurgeries, especially full-endoscopic

anterior cervical discectomy, have been favored by
spine surgeons (10,23,24); however, the transdiscal ap-
proach inevitably damages the degenerated disc and
accelerates the loss of intervertebral height, and can
even cause spontaneous bone fusion in the later stage.

George et al (25) first proposed an anterior trans-
corporeal approach for cervical spondylosis in 1993.
This approach does not require removal of the disc
or interbody fusion, which helps preserve the disc
and cervical motion segments to the greatest extent,
thus avoiding complications caused by interbody fu-
sion; however, when the surgery is performed under
traditional open conditions, substantial bone resection
is required for the vertebral body, which increases the
risk of both vertebral artery injury and collapse of the
vertebral body. Nakai et al (26) reported the use of a
microscopy-assisted technique to establish a relatively
small bone channel around the center of the ante-
rior surface of the vertebral body to avoid damage to

Fig. 6. Postoperative CT images showed trajectory of the bone channel, including the three-dimensional view (al), sagittal
reconstruction view (bl ), axial plane view (cl). The bone channel almost disappeared 12 months after surgery, including the
three-dimensional view (a2), sagittal reconstruction view (b2), axial plane view (c2).
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the vertebral artery and cervical sympathetic nerves;
however, due to the narrow field of view of the bone
channel, it is still difficult to perform this operation
even with microscope assistance, especially when ac-
tive bleeding occurs during surgery. The full-endoscope
has the advantage of small channel and large field of
view. If bleeding occurs during the operation, radiofre-
qguency ablation can be used to stop the bleeding in the
enlarged field of view. At the same time, continuous
saline lavage can promptly discharge bleeding to main-
tain a clear view and to reduce the risk of surgical infec-
tion compared with microscopic surgery with the use
of air as a medium. Combined with the advantages of
full-endoscopic technique and anterior transcorporeal
approach, PEATCD has acquired good therapeutic ef-
fects. However, how to design a bone channel with an
appropriate size and proper direction for surgery has
not been mentioned in these previous PEATCD reports
(16-18,27,28).

MRI has contributed to a better understanding
of the physical characteristics and accuracy of disc
herniation (29-32). MRI has largely replaced computer-
ized tomography and myelography in the preoperative
diagnostic and evaluation of CDH because it has higher
resolution and is better able to detect the location and
type of disc herniation. Nakashima et al (33) used MRI
to measure cervical disc degeneration and protrusion
in 1211 relatively healthy volunteers. Smuck et al (34)
measured the intervertebral disc height of the lumbar
on the MRI sagittal plane and the anteroposterior size
of the disc protrusion on the MRI axial plane. In our
study, the size of the disc protrusion removed during
the operation was similar to the size of the disc protru-
sion measured on MRI. Therefore, cervical MRI can be
used to relatively accurately evaluate the size of the
disc protrusion to determine the diameter of the bone
channel. Based on the location of the disc protrusion in
the center or left or right side of the spinal canal, the
corresponding bone channel is located in the center
or left or right of the vertebral body. The diameter of
the bone channel is usually limited to approximately
7.5 mm. This was a summary of the measured height
and width of the 40 cases of the disc protrusions. This
diameter allows for complete exposure and removal
of the disc protrusion and allows for the endoscopic
working cannula to pass smoothly. Therefore, it is also
possible to select whether to perform the operation
according to the measured range of disc protrusion
before surgery. Overall, the diameter of the bone chan-
nel and the endoscopic field of view are limited. If the

disc protrusion is large or even free, it may not be able
to be removed, resulting in the patient undergoing a
second operation, which increases the patient’s surgical
trauma and financial burden.

The full-endoscopic working cannula used during
the operation is 6.9 mm in diameter, and the required
skin incision is only approximately 8 mm, which greatly
reduces the traction damage to the neck tissue com-
pared with open surgery. When positioning the punc-
ture needle, due to the dense structure of the anterior
cervical region, the first step is dynamic monitoring
under the C-arm because the trachea and the gastric
tube injected with iohexol can be clearly seen under
the C-arm; this helps avoid damage to the esophagus
and trachea as much as possible. The second step is to
master the two-finger technique commonly used in
minimally invasive surgery with the anterior cervical
approach. The carotid artery is pushed to the outside
by the left index finger, and the esophagus and trachea
are pushed to the medial side with the middle finger to
establish a safe puncture area of the anterior neck. The
starting position of the puncture needle is usually se-
lected on the upper edge of the lower endplate of the
target vertebral body, and the direction moves in an
oblique fashion toward the disc protrusion so that the
iatrogenic injury of the upper endplate and interver-
tebral disc can be minimized when the bone channel
is established along the puncture needle; at the same
time, it is possible to avoid damage to the vertebral
artery passing through the transverse process and the
cervical sympathetic nerve running along the edge of
the long neck muscles on both sides.

The bone channels established by some surgeons
using diamond burrs and high-speed drills are irregular
on the radiologic image (16,26,35-37). Therefore, tre-
phine can be used to create a smooth and complete
bone channel; it is easy to control the direction during
surgery. This process requires close monitoring under
the C-arm. When the trephine tip reaches the poste-
rior superior edge of the vertebral body, it should be
stopped immediately; otherwise, it may cause damage
to the dura and even the spinal cord. The bone strip
in the trephine is peeled off and removed by gently
manipulating the trephine. If the bone strip is not suc-
cessfully removed at one time, a second attempt is gen-
erally not performed, and the part can be positioned
under the full-endoscope and removed with rongeurs
and a high-speed diamond burr to create a smooth
bone channel.

During removal of the disc protrusion, nucleus

www.painphysicianjournal.com
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pulposus forceps must pass through the upper end-
plate and the posterior edge of the disc. If the disc is
displaced upward or downward, the corresponding
upper or lower vertebral body is selected to establish a
bone channel so that the upper endplate and the disc
can be completely preserved. After the operation, we
observed that the patient had a short period of swell-
ing of the surgical site for approximately 2-4 hours, but
this swelling did not cause compression of the trachea,
blood vessels, or nerves. Combined with the character-
istics of the anterior cervical anatomy and the surgeon’s
surgical experience, it was considered that the continu-
ous saline lavage may have resulted in edema around
the surgical site; the swelling gradually subsided after
symptomatic treatment.

The results of this study show that the surgical
design of bone channel of PEATCD is feasible and suc-
cessful, and that PEATCD has the advantages of low
levels of trauma and bleeding, few complications, and
short lengths of hospital stay. PEATCD reduces the risk
of injury to the esophagus, carotid artery, recurrent
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