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Introduction

Anterior cervical diskectomy and fusion (ACDF) is the most
commonly used method for surgical treatment of cervical
disk herniation. Thismethod is an extension of the interbody
fusion method, first described by Robinson and Smith and
revised by Cloward in 1958.1However, this methodmay lead
to long-term sequelae such as dysphagia, recurrent laryngeal
nerve injury, and delayed bone fusion.2,3

The typical complications of ACDF include graft-related
problems, pseudoarthrosis, adjacent-segment disease (ASD),
fusion failure, and limited cervical range of motion.4–7

Posterior keyhole laminoforaminotomy was developed to
prevent delayed bone fusion and adjacent-segment disease.8

Posterior cervicalmicrodiskectomyhas long been used for
soft cervical disk herniation with foraminal localization.
However, the need for muscle dissection is an important
disadvantage of this method. Although the use of speculum-
like retractors helps minimize muscle injury, muscle dissec-
tion is still required for microdiskectomy. Surgical field
illumination by microscope and working through a tube
are other disadvantages of using tube-like retractors. Recent
advances in endoscopic technology and optic systems allow
placement of a camera and a light source inside a tubular
retractor system that provides sufficient surgical field illu-
mination and the leverage to work with both hands.

Less surgical trauma is a major advantage of endoscopic
surgery because it minimizes muscle dissection, reduces the
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Abstract Objective To evaluate the clinicoradiologic conditions of patients with a herniated
cervical disk who were treated with percutaneous endoscope-assisted cervical
diskectomy.
Materials and Methods The medical data of 27 patients (16 men and 11 women;
mean age: 40.9 years) who were operated on with the posterior endoscope-assisted
cervical diskectomy method were reviewed retrospectively. The mean follow-up was
35.1 months, and the patients were assessed with combined preoperative and
postoperative visual analog scale (VAS), Prolo Functional Economic Outcome Rating
scale, MacNab scale, and clinical imaging.
Results Themean preoperative VAS level was 8.6 (range: 7–10), andmean Prolo score
was 2.5 (range: 2–5). A postoperative assessment performed 1 week postsurgery
found amean VAS level of 2.1 (range: 0–4). At the final examination, themean VAS level
was 0.81 (range: 0–3), and themean Prolo score was 4.5 (range: 3–5). The final MacNab
scale scores were 62.9%, excellent; 25.9%, good; 7.4%, moderate; and 3.7%, poor.
Conclusion Percutaneous endoscope-assisted cervical diskectomy is a suitable and
effective treatment method for soft cervical disk herniation.
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need for blood transfusion, promotes early mobilization,
and allows early discharge and return to work. The absence
of a fusion requirement and preservation of the spinal
motion segment are important advantages. Hence reduced
workforce loss and the absence of surgical implant material
also make endoscopic spinal surgical interventions cost
effective.2,4–7

In this study, we reviewed retrospectively the clinicora-
diologic data of patients with soft cervical disk herniation
with foraminal localization who underwent percutaneous
endoscope-assisted cervical diskectomy.

Materials and Methods

Clinical data pertaining to 30 patients who underwent
posterior endoscope-assisted cervical diskectomy (PEACD)
between June 2011 and January 2017 were reviewed retro-
spectively. The diagnosis of cervical disk herniawas based on
radicular symptoms (pain, sensory deficit, or weakness) and
radiologic signs. Magnetic resonance (MR) imaging and/or
computed tomography (CT) were performed to assess the
suitability of patients for PEACD. Patients with a soft disk
herniation with a lateral/foraminal location on cervical MR
imaging and no osteophytes causing serious compression on
cervical CT were selected as appropriate candidates. PEACD
was performed for patients who had soft disk herniation at
the foraminal level (►Fig. 1A, B).

Those with calcified disks accompanied by osteophytes,
midline disk herniation, disease involving two or more disk
segments, and patients with recurrent herniation were
considered unsuitable for the PEACD approach and were
excluded. In three patients (10%), the operationwas switched
to a microdiskectomy procedure; hence these three patients
were also excluded from the study. Of these, one patient had
intensive and sustained hemorrhage from the epidural ve-
nous plexus; the second patient had an osteophyte with disk
herniation that was difficult to remove with the endoscopic
system; and in the third patient, a cerebrospinal fluid (CSF)
leak was noted during placement of the tubes.

All operations were performed by a senior surgeon (A.D.).
Data pertaining to preoperative, postoperative, 1-week, and
final follow-up examinations were obtained for the remain-
ing 27 patients. The visual analog scale (VAS) and Prolo
Functional Economic Outcome Rating Scale scores were
compared, and the MacNab scores in the final control exam-
ination were recorded. In addition, radiologic examinations
comparing spinal alignment and function at the motion
segment before the operation and at follow-up were
reviewed to identify development of ASD.

Surgical Technique
All patients underwent surgery under general anesthesia in a
proneposition,with thehead stabilizedwith ahorseshoehead
rest and the neck maintained in slight flexion. After preopera-
tive determination of the true level by radiographs, the inter-
laminar space was accessed using dilator tubes,� 2 cm lateral
to themidline. A15-mmworking cannulawasplaced (Easy-Go
System, Karl Storz, Tuttlingen, Germany). Keyhole foraminot-

omy was performed from the junction of the lamina and the
facet using a high-speed drill. The foraminotomy involved one
third from the cranial lamina–facet junction and two thirds
from the caudal lamina–facet junction. The ligamentum fla-
vum and the epidural venous plexus were coagulated and
excised, and the dural sac and nerve root were exposed. The
nerve hook and the sequestrated disk fragment were removed
from the nerve root’s axilla with the help of a microdissector
(►Videos 1 and 2).

Video 1

Operativevideo showedacasewithC6-7discherniation
on the right side. It should be paid attention as followed
that firstly, partial hemilaminectomy on lower lamina
(C7) is enough for sequestrectomy; secondly,
ligamantum flavum was coagulated by bipolar at the
beginning, before removed for avoiding of bleeding of
epidural venous plexus. Online content including video
sequences viewable at: https://www.thieme-connect.
com/products/ejournals/html/10.1055/s-0040-
1709166.

Video 2

ThecasewaspresentedbyMRI imageswith►Figs. 1 and
2. Video showed that sequestrectomy can be performed
via limited hemilaminectomy (only T1) by endoscope-
assisted system. Online content including video
sequences viewable at: https://www.thieme-connect.
com/products/ejournals/html/10.1055/s-0040-
1709166.

Results

Sixteen patients (59.2%) were male, and 11 (40.8%) were
female; the mean age of the patients was 40.9 years (range:
18–56years). Themeandurationof follow-upwas35.1months.
All patientshadunilateral armpain;16patients (59.2%)had left
armpain; 11 (40.8%) had right armpain. Sevenpatients (25.9%)
had pain only, whereas 20 (74.1%) had associated sensory loss,
and 6 (22.2%) had associated weakness. The disk herniation
levelwasC5–C6in15 (55.5%), C6–C7 in11(40.7%), andC7–T1 in
one patient (3.7%). Among these, 16 (59.2%) had extruded disk
herniation;11 (40.2%)hadsequestrateddiskherniation, asseen
on MR imaging. ►Table 1 summarizes the demographic char-
acteristics of the study population.

The mean preoperative VAS score was 8.6 (range: 7–10),
and the mean preoperative Prolo scale score was 2.5
(range: 2–5) (►Table 2). The mean operative time was
82.6minutes (range: 55–95minutes); mean intraoperative
blood loss was 171.5 mL (range: 130–190mL). Two patients
developed a perioperative CSF leak from the axillary region
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of nerve roots that was treated only with fibrin glue.
All patients were discharged on postoperative day 1. The
mean VAS score at the first control visit (1 week) was 2.1
(range: 0–4). At the final control examination, the mean VAS
scorewas 0.81 (range: 0–3), and themean Prolo scorewas 4.5
(range: 3–5) (►Table 2). The mean MacNab scores at the
control examinationwere as follows: 62.9%, excellent; 25.9%,
good; 7.4%, moderate; and 3.7%, poor (►Table 3).

During the follow-up period, one patient developed a
recurrence at the operated segment. This patient had a
poor MacNab score, VAS score of 6, and a Prolo score of 3.
The patient had undergone surgery 16 months earlier at the
C5–C6 level and had experienced alleviation of pain after

surgery; however, there was recurrence of severe pain over
the preceding 3 months, and ACDF was performed at the
same level. Review of the MR images of other patients
revealed no newly developed herniation either at the oper-
ated level or at the adjacent disk segments. Furthermore,
there were no radiologic signs of adjacent-segment degen-
eration such as stenosis, loss of disk height, or calcified
ligament at the follow-up examination (►Fig. 1C, D).

Discussion

ACDF has been used since the 1950s and is currently accepted
as the standard approach.1,3 However, ACDF is known to be

Fig. 1 (A) Preoperative T2-weighted sagittal magnetic resonance (MR) image and (B) axial MR image showing a soft disk herniation located at
the left foramina. Postoperative MR images, (C) sagittal and (D) axial, plane show the disk has been removed.
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associated with some distinct early and late complications.
The early complications include neurologic deterioration,
dysphagia, esophageal perforation, hoarseness, vascular in-
jury, and postoperative hematoma.2,3,9 Hoarseness largely
results from edema and intubation; however, a small per-
centage of patients may develop permanent hoarseness due
to recurrent laryngeal nerve injury. In a large case-series
report by Flynn, the incidence of permanent recurrent
laryngeal nerve injury was 2%.9 Vascular injury is another
important, albeit rare, complication of anterior cervical
surgery that most commonly involves the carotid artery
and the jugular vein.2 Embolic stroke may also occur sec-
ondary to carotid atheroma plaques as a result of excessive

carotid artery manipulation.10 Esophageal perforation is
associatedwith a high morbidity and mortality; the estimat-
ed risk of esophageal perforation during anterior cervical
diskectomy is 0.25%. Despite its rarity, this complication
may have catastrophic consequences such as mediastinitis,
abscess, or tracheoesophageal fistula.11 Horner’s syndrome
is another rare complication that tends to be transient;
however,< 1% of patients may develop permanent ptosis.2

Dysphagia is the most common early complication of
anterior cervical surgery. Esophageal and tracheal retraction
may cause edema, hemorrhage, and denervation leading to
dysphagia; in addition, infection may also cause this compli-
cation. Although dysphagia tends to improve over several
days, persistent dysphagia is an important problem that
impairs quality of life.2,3,11

Implants used during ACDF are a major cause of late
complications. The most common ones include subsidence,
dislocation, or failure of fusion of the cage or graft placed in
the intervertebral disk space.4 The reported incidence of
graft dislocation is 2 to 8%.5 As an additional complication,
failure of fusionwas reported in 5% of single-level and 15% of
multilevel ACDFs.12

In the last 2 decades, several studies have focused on ASD
following ACDF. In a study by Goffin et al, radiologic ASDwas
observed in 92% of patients irrespective of the presence or
absence of symptoms.13 In the study by Hilibrand et al, 25%
patients who underwent ACDF developed symptomatic ASD
over a 10-year follow-up; 2.9% of patients required repeat
surgery each year.14 Many studies found that ACDF may
cause biomechanical changes in adjacent segments that
may lead to ASD.6,7

Motion-preserving treatment methods were proposed to
prevent ASD.15 Among these, disk prosthesis was shown to
preserve motion, although development of heterotopic ossi-
fication (HO) and spontaneous fusion was documented in
some long-term case series. HO refers to calcified longus coli
muscles after disk prosthesis placement that causes neck
pain. Murrey et al reported the outcomes of 117 patients in
whom disk prosthesis was implanted; 9.4% developed HO
and 2.9% developed spontaneous fusion over a 2-year follow-
up.16 In a study by Leung et al (n¼ 100), the incidence of HO
was 17.8% and that of spontaneous fusion was 11% over a
1-year follow-up period.17 Spontaneous fusion is an inevita-
ble natural phenomenon, especially in degenerative disk
diseases, even with the use of a motion-preserving disk
prosthesis. The complications of ACDF previously described
make it a particularly risky procedure for patients involved in
certain professions, such as singers, soldiers, and athletes. For
patients in these professions, posterior approaches have
been used increasingly because of socioeconomic factors.18

Indeed, posterior cervical approach predates the anterior
cervical approach; however, the posterior cervical approach
entails more extensive muscle dissection that increases
the incidence of postoperative neck pain. The rapid
advances in surgical tools and the use of the microscope
have obviated the need for extensive muscle dissection.
These developments facilitated further refinement of poste-
rior approaches. In the 1980s, Casotto and Buoncristiani,

Table 2 VAS and Prolo economic scores of patients at various
time points: preoperative, postoperative first week, and final
control examination

VAS
(range)

Prolo scale
(range)

Preoperative 8.1 (7–10) 2.5 (2–5)

Postoperative
first week

2.1 (0–5)

Follow-up 0.81 (0–3) 4.5 (3–5)

Abbreviation: VAS, visual analog scale.

Table 3 MacNab scores at the final examination

n MacNab, %

Excellent 17 62.9

Good 7 25.9

Fair 2 7.4

Poor 1 3.7

Table 1 Demographic and clinical characteristics of the study
population

Age, y (range) 40.9 (18–56)

Sex, n (%)

Male 16 (59.2)

Female 11 (40.8)

Radiologic finding, n (%)

C5–C6 disk herniation 15 (55.5)

C6–C7 disk herniation 11 (40.7)

C7–T1 disk herniation 1 (3.7)

Extruded disk 16 (59.2)

Sequestrated disk 11 (40.2)

Clinical condition, n (%)

Only arm pain 7 (25.9)

Arm painþ sensory loss 20 (74.1)

Arm painþ sensory lossþmotor loss 6 (22.2)

Follow-up, mo (range) 35.1 (3–41)
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Fager, and Epstein et al popularized amethod referred to as a
“keyhole” laminoforaminotomy; the reported success rates
with this method are as high as 90%.19–21

The primary advantage of minimally invasive posterior
keyhole foraminotomy is that it minimizesmuscle injury and
decreases the incidence of postoperative pain. This in turn
reduces the length of the hospital stay and facilitates an early
return to work. Fusion is not required in posterior keyhole
foraminotomy. This eliminates the risk of both implant-
related complications and pseudoarthrosis. In addition, the
absence of fusion allows natural aging of the spine and
reduces the risk of ASD.8

In many previous reports, posterior cervical diskectomy
performed using minimally invasive approaches was
regarded as motion-preserving surgery.22,23 Kim and col-
leagues24 compared preoperative disk height and sagittal
alignment with those at 12-month follow-up in patientswho
underwent posterior cervical diskectomy. They found nei-
ther a significant reduction in disk height nor a progression
to kyphosis. The relatively short follow-upwas a limitation of
their study, and they stressed the need for studies with a
longer follow-up. However, our study failed to reveal any
additional degenerative alterations in adjacent disk spaces
over a follow-up period of 24.7 months.

The rapid advances in endoscopic systems offer surgical
field illumination and image quality equivalent to those of
microscopic images.25 An endoscope-assisted system was
used in our study. The greatest advantage of this system is
that it allows the surgeon to use both hands with the
concomitant ease of manipulation, similar to that in micro-
surgery. While tubular retractor systems cannot provide
sufficient microscope light to illuminate the surgical field,
the light source and camera, which is located at the tip of the
tubular system in the endoscope-assisted system, provides
good illumination and improves the image quality. This
advantage facilitated the switch from the microscope to
endoscopic systems. Although a learning curve exists for
endoscopic approaches, no clinically discernible differences
exist in thehands of experienced surgeons.26 Studies showed
no significant difference between the clinical success rates
achieved with minimally invasive and microscopic
approaches for posterior cervical diskectomy.27,28

Fessler and Khoo compared 25 endoscopic cases and 25
microscopic keyhole foraminotomy cases and found no
significant differences between the two methods with re-
spect to amelioration of radicular and neck pain; radicular
pain and neck pain was completely eliminated in 92% and
87% of the endoscopic cases, respectively, and 88% and 89% of
the microscopic keyhole foraminotomy cases, respectively.23

Kim and Kim used microscopic keyhole foraminotomy in 19
patients and endoscope-assisted keyhole foraminotomy in
22 cases, and they found a marked reduction in the duration
of hospital stay, postoperative analgesic use, and intra-
operative bleeding in endoscopic cases; however, there
were no significant between-group differences with respect
to clinical outcomes.28 The endoscope-assisted system has
also been used to decompress foraminal stenosis in patients
with cervical radiculopathy.29

The endoscope-assisted method is typically used for
foraminal soft disks; patients with spinal cord compression
and facet joint degeneration or calcified disks are excluded.24

Ruetten et al included lateral disks causing unilateral radi-
culopathy and excluded patients with instability and defor-
mity, medially localized disks, or posterior longitudinal
ligament calcification.30 We also included lateral or forami-
nal soft disks causing radiculopathy and excluded disks
accompanied by osteophytes, midline disk herniation, or
disk disease involving two or more segments.

In the cervical regions, nerve roots usually exit the foramina
at an almost right angle at the level of the disk space. Therefore,
the herniated disk and the adjacent osteophytes are covered by
the nerve root. Because the disk space and the herniated disk
aregenerally close to the axilla, itmaybe removedvia thenerve
root’s axilla. Because the disk tissuehas a relatively soft texture,
useofanervehooktopull itoutwithgentle retraction isusually
sufficient to remove it. However, it is very hard to remove
osteophytes using the same technique because it necessitates
exposure of the nerve root and/or the dural sac, which may
cause severe complications. Moreover, removing osteophytes
located in the upper end plate with keyhole foraminotomy
involves even more serious risks. In such cases, nerve root
decompression can be achieved by extended foraminotomy.
Burkhardt et al reported favorable outcomes of endoscopic
posterior foraminotomy inpatientswithforaminal stenosis and
also showed successful results with multilevel stenosis; more-
over, the technique can be used for recurrent cervical disk
herniation.31Although posterior procedures represent an indi-
rect decompressionbecause osteophyte compression is located
anteriorly, posterior endoscopic foraminotomy is an effective
alternative to the anterior approach in suitable cases.

Ruetten et al performed cervical diskectomy with full
endoscopic foraminotomy in 89 patients and reported a suc-
cess rate of 96.6% during a 24-month follow-up. They also
reported an improvement in early VAS scores by 1.73 points.
Having used a 5.9-mm working cannula and a 25-degree
camera, they stated that full endoscopic posterior cervical
approaches do not directly aim at the disk as they do in lumbar
pathologies when laminoforaminotomy is performed, even
though minimally. They stated that the goal of using posterior
endoscopic approaches is to achieve satisfactory results by
avoiding surgical traumawith a good viewof the surgicalfield;
they further added that the currently used term “full endo-
scopic” falls short in defining the posterior cervical approach.

Ruetten and colleagues pointed out that the term “full
endoscopic” approach is used for transdiskal methods that do
not require bone resection, as do lumbar and anterior cervical
approaches.30,32 However, cervical disk herniation is below a
nerve root and can be removed from the axillary route. There-
fore, keyhole foraminotomy provides an important step for safe
removal of the disk. The PEACD approach ensures minimal
muscle injury and confers the advantages of a minimally
invasive approach; it allows a direct view of the nerve root
via keyhole foraminotomy andminimizes the risk of nerve root
injury by providing an opportunity to work with both hands.

CSF leakage during cervical disk removal via the posterior
approach usually occurs as a result of dural injury at the
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nerve root’s axilla. Dural repair using primary suture at the
axilla is typically challenging. Futhermore, the possibility of
injury to nerve fibers during suturing should also be consid-
ered. Some reports described dural repair performed with
tools (like the U-clip) that are used during abdominal lapa-
roscopic procedures.33However, it is difficult to close a dural
tear at the axillary region due to the inappropriate angle.
Likewise, muscular and/or fatty tissue patches were used for
dural repair.34 However, use of these grafts at the axilla of
nerve roots can cause irritation of the nerve root.

Three patients in our series sustained dural injury. One of
them developed dural injury during placement of dilator
tubes owing to the dilator tube entering the canal through an
interlaminar space; therefore, the procedurewas switched to
microdiskectomy, considering the anticipated need for wide
decompressionwith clear visualization of the nerve root and
the spinal cord. In the other two cases, the dural tear was at
the nerve root axilla; these two patients were treated
successfully with fibrin tissue glue alone.

The learning curve of endoscopic spinal procedures is,
among others, related to the two-dimensionality of the
endoscopic image.35 The initial three patients operated on
in this case series required a switch to microdiskectomy. In
the first case, the dilatation tube was inserted in the spinal
canal, andweperformedmicroscopic exposition and decom-
pression of the spinal cord. The second case had intensive
bleeding, and the last one had a hard disk herniation and
osteophytes.We think that problem-solving ability increases
with experience: (1) cauterization of veins was patiently and
gradually performed for control of bleeding that started
during removal of the flavum and subsequently from the
epidural venous plexus. (2) Extended foraminotomywas also
performed for moderate stenosis and/or including osteo-
phytes in the other cases. The switch tomicrodiskectomywas
not required in the final 20 patients in this series.

Conclusion

PEACD is a minimally invasive method that provides sur-
geons with the ability to use both hands, increasing manual
dexterity during surgical maneuvers. Although ACDF is
regarded as the standard approach for treatment of cervical
disk herniation, posterior cervical diskectomy is as effective
as the anterior approachwhen appropriate patientswith soft
disk herniation at a lateral and/or foraminal localization are
selected. This was a single-center study involving a single
surgeon, which is the main study limitation. Further pro-
spective and randomized studies are required to compare the
outcomes with those of anterior approaches.
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