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Anterior Cervical Discectomy and Fusion Combined
with Foraminotomy Assisted by High-Definition 3-
Dimensional Exoscope in the Treatment of Cervical

Spondylotic Radiculopathy Secondary to Bony
Foraminal Stenosis

Lu Lu Bai, MD1,2† , Wen Tao Wang, MD1†, Jian Feng Wang, MD1,2†, Jin Peng Du, MD1, Xu Kai Xue, MD1,
Ding Jun Hao, MD1

Objective: To evaluate the outcomes of cervical spondylotic radiculopathy secondary to bony foraminal stenosis
treated with anterior cervical discectomy and fusion (ACDF) combined with anterior cervical foraminotomy (ACF)
assisted by High-Definition 3-Dimensional Exoscope.

Methods: In this retrospective study, a total of 19 consecutive patients (12 males and seven females, with an aver-
age of 49.2 years, range from 40 to 59 years) with spondylotic radiculopathy caused by bony foraminal stenosis
underwent ACDF combined with ACF assisted by High-Definition 3-Dimensional Exoscope in our hospital between
January 2019 and December 2019 were included in this study. All patients signed the consent form before the sur-
gery. The patient baseline information such as gender, age, body mass index (BMI), surgery time, blood loss, hospital
stay, lesion segment, side, follow-up time and postoperative complications were recorded. The Japanese Orthopedic
Association (JOA), Neck Disability Index (NDI), and Visual Analogue Scale (VAS) were measured and compared before
surgery, 1 months and final follow-up after surgery. The radiographic outcomes were evaluated using the C2-C7 angel,
disc height, foraminal height, superior diagonal distance, inferior diagonal distance, and foraminal area.

Results: The involved levels included C4-C5 (six cases), C5-C6 (10 cases), C6-C7 (three cases). The mean duration of
the surgery, mean blood loss, mean hospital stay, and mean follow-up were 100 � 11.10 min, 19.4 � 7.05 mL,
7.1 � 0.99 days, and 12.1 � 2.25 months, respectively. The average preoperative JOA score was 11.9 � 1.31, then
improved to 15.7 � 0.73 (t = �13.45, P < 0.001) and 16.2 � 0.74 (t = �14.39, P < 0.001) at 1 month after opera-
tion and at last follow-up, respectively. The average preoperative NDI score was 27.3 � 3.36, then decreased to
5.1 � 1.79 (t = 20.63, P < 0.001) and 4.5 � 1.21 (t = 25.53, P < 0.001) 1 month after operation and at last follow-
up, respectively. The average preoperative VAS score was 6.7 � 0.93, then decreased to 2.4 � 0.69 (t = 15.05,
P < 0.001) and 1.9 � 0.78 (t = 16.40, P < 0.001) 1 month after operation and at last follow-up, respectively. As com-
pared with the condition before surgery, there was a significant improvement in the C2-C7 angel, disc height, foraminal
height, and foraminal area (P < 0.05). None of the patients developed postoperative vascular injury, nerve injury, loos-
ening and rupture of the internal fixation, displacement of interbody fusion cage, and pseudarthrosis.

Conclusion: ACDF combined with ACF assisted by High-Definition 3-Dimensional Exoscope is effective and safe for
the treatment of CSR caused by secondary to bony foraminal stenosis.
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Introduction

Cervical Spondylotic radiculopathy (CSR) is the most
common type of cervical spondylosis, accounting for

about 50%–60%. It is mainly manifested as pain, numbness,
stiffness, and limitation of movement of the affected upper
limb, which seriously affects human normal work and life.
The main pathogenic factors are the compression of nerve
roots by herniated disc and hyperplastic osteophytes, because
exiting cervical nerve roots are closely related to the posterior
aspect of the uncovertebral joint, osteophytes arising from
the uncinate process and herniated disc from the lateral por-
tion can produce foraminal stenosis resulting in cervical
radiculopathy1. Conservative treatment is the first choice for
CSR, but for patients with intractable upper limb pain,
decreased myodynamia and ineffective conservative treat-
ment, surgical treatment is feasible to relieve clinical symp-
toms. Posterior or anterior cervical foraminotomy (PCF or
ACF) is classic treatment for CSR caused by a lateral herni-
ated disc or secondary to foraminal stenosis, but they have
some limitations, such as the progression of kyphosis and
postoperative neck pain2. Anterior cervical discectomy and
fusion (ACDF) has been considered the standard treatment
for CSR caused by central, paramedian and even lateral discs
and osteophytes at one or two levels, but it is difficult to
remove the bony foraminal stenosis, and there is a risk of
nerve root injury and vertebral artery injury3. Therefore,
ACDF combined with ACF may be a preferably treatment
for CSR secondary to bony foraminal stenosis when ineffec-
tive by conservative treatment, it can directly and effectively
remove nerve root compression, reconstruct the segmental
stability of the lesions and improve the physiological curva-
ture of cervical vertebrae4,5.

Although ACDF is the gold standard for the treatment
of CSR, the incidence of surgical complications or adverse
events is still high6. The reason may be that the operation
position is deep, the operation space is narrow, insufficient
lighting and poor visual field are easy to occur, and the
decompression range of CSR. But for the CSR secondary to
bony foraminal stenosis, the decompression range is larger
and more difficult, which makes it difficult to remove the
compression, resulting in incomplete decompression and a
higher risk of nerve, dura mater and vertebral artery injury7.
With the development of surgical equipment, this problem
may be solved. At present, High-Definition 3-Dimensional
Exoscope (Sanying, Tokyo, Japan) has the characteristics of
three-dimensional images, good light and clear display of
subtle lesions under the field of magnification several times,
which can provide a field of vision similar to the perception
of surgeons. Moreover, this new technology has obvious
advantages in ergonomics and operability8. ACDF combined

with ACF under the assistance of High-Definition
3-Dimensional Exoscope can not only effectively decom-
press, but also provide a clear surgical field under the magni-
fication of several times, which is conducive to ensuring the
accuracy and safety of all intraoperative operations. There-
fore, it may be an alternative treatment for CSR secondary to
bony foraminal stenosis. However, there are few reports on
the application of High-Definition 3-Dimensional Exoscope
in this field.

Therefore, in this study, patients with CSR secondary
to bony foraminal stenosis that were treated with ACDF
combined with ACF assisted by High Definition
3-Dimensional Exoscope were retrospectively reviewed. The
purpose of this study was: (i) to describe ACDF combined
with ACF assisted by High Definition 3-Dimensional Exo-
scope for the treatment of CSR secondary to bony forminal
stenosis; (ii) to follow-up and analyze the clinical outcomes
of Japanese Orthopedic Association (JOA), Neck Disability
Index (NDI), Visual Analogue Scale (VAS), the C2-C7 angel,
disc height, foraminal height, superior diagonal distance,
inferior diagonal distance, and foraminal area; and (iii) to
evaluate the efficacy and feasibility of the ACDF combined
with ACF assisted by High Definition 3-Dimensional
Exoscope.

Materials and Methods

Inclusion and Exclusion Criteria
The inclusion criteria included: (i) patients had been diag-
nosed with CSR through medical history, symptoms, physi-
cal examination, and CT or MRI examination who were not
responded to conservative treatment; (ii) patients were
treated with ACDF combined with ACF assisted by High
Definition 3-Dimensional Exoscope; (iii) comparison of pre-
operative and postoperative status; (iv) evaluation of surgical
procedure and postoperative status; and (v) retrospective
study. Exclusion criteria were as follows: (i) CSR caused by
soft disc herniation; (ii) CSR of foramen stenosis caused by
hypertrophy of the posterior facet; (iii) Patients with other
cervical spine disease; and (iv) incomplete data or missing
patients.

Study Design
From January 2019 to December 2019, 19 consecutive
patients with CSR secondary to bony foraminal stenosis were
treated with ACDF combined with ACF assisted by High-
Definition 3-Dimensional Exoscope in our hospital were
analyzed retrospectively. Demographic data were collected
and shown in Table 1.
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Surgical Procedures

Anesthesia and Surgical Position
After general anesthesia, the patients were placed in prone
position.

Approach and Exposure
The internal oblique edge of the right sternocleidomastoid
muscle and the anterior cervical transverse incision were
taken, the skin, subcutaneous tissue and the platysma muscle
were cut in turn, the carotid sheath and esophageal tracheal
were obtuse separated to the anterior cervical edge, and the
target intervertebral space was identified by C-arm X-ray
fluoroscopy, and the anterior vertebral space was fully
exposed by using a special retractor.

Processing of the Decompression
The procedures were performed for spinal pathologies using
the High-Definition 3-Dimensional Exoscope (Fig. 1), the
intervertebral disc and its hyperplastic ligament tissue and
osteophyte were removed, reaching the Luschka joints on
both sides, lifting and cutting the posterior longitudinal liga-
ment, exposing the dural sac, and exploring the ossification
of the posterolateral margin of the vertebral body and the
stenosis of the intervertebral foramen, vertebral joint with
ultrasonic osteotome excision osteophyte. Exploration
showed that the dural sac and nerve root were relaxed with-
out compression. Select a suitable size interbody fusion cage
to install bone particles into the intervertebral space, select
the appropriate length of titanium plate segment fixation, C-
arm X-ray shows that the fusion cage and titanium plate
internal fixation position is great, wash the wound, carefully

TABLE 1 General result

Case Age(y) Gender BMI Surgery time(min) Blood loss(ml) Hospital stay(day) Lesion segment Side Follow-up (months)

1 40 M 23.11 120 10 6 C5-C6 L 14
2 51 F 23.88 110 20 7 C5-C6 L 13
3 44 M 29.55 100 20 8 C4-C5 R 8
4 47 M 22.86 100 30 9 C5-C6 L 9
5 54 M 20.04 90 20 7 C5-C6 L 14
6 48 F 24.39 90 10 6 C6-C7 R 16
7 49 F 25.78 80 20 7 C4-C5 R 10
8 55 M 21.34 90 10 5 C5-C6 R 12
9 56 F 27.34 100 20 6 C5-C6 L 14
10 59 M 18.94 110 30 7 C5-C6 R 9
11 43 M 19.98 100 30 8 C4-C5 L 10
12 42 F 25.39 90 20 8 C6-C7 L 12
13 46 M 21.56 120 20 8 C5-C6 R 14
14 47 M 24.65 110 30 7 C4-C5 L 13
15 52 M 24.61 90 20 7 C5-C6 L 12
16 54 F 21.21 100 10 6 C5-C6 L 15
17 51 F 25.71 110 10 7 C6-C7 L 11
18 50 M 22.03 100 20 8 C4-C5 R 10
19 47 M 23.73 90 20 8 C4-C5 L 13

BMI, body mass index; F, female; M, male; L, left; R, right.

A CB

Fig 1 (A, B and C) surgical diagrams: (A) the location of bone foramen stenosis; (B) osteotome excision osteophyte; (C) the nerve root were relaxed

without compression.
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stop the bleeding, place the drainage tube, suture and close
the wound layer by layer.

Intraoperative Management
Routine electrophysiological monitoring of the nerves of the
extremities is taken during the operation to know whether
the operation to be carried out will stimulate the nerve root
or spinal cord. If there is an abnormal waveform during
decompression, we will operate carefully to avoid injury.

Outcome Measures

Japanese Orthopedic Association (JOA)
The JOA was used to evaluate the neurological status, which
was assessed at preoperative, 1 month after surgery, and at
the final follow-up. The maximum score was 17 points,
which includes four sections: four limbs motor dysfunction,
four limbs sensory deficit, trunk sensory deficit, and sphinc-
ter dysfunction.

Neck Disability Index (NDI)
The NDI was used to evaluate neck-specific disability. It con-
tains 10 items, including: pain intensity, personal care,
lifting, reading, headache, concentration, work, driving,
sleeping, and recreation. Each items is scored from zero
(no disability) to five (full disability).

Visual Analogue Scale (VAS)
The VAS was used to measure the degree of pain, which was
self-assessed by the patients. The scale ranged from zero
(no pain) to ten (very severe pain).

C2-C7 Angel (Cervical Curvature)
The C2-C7 angel (cervical curvature) was measured using the
tangential method from C2 to C7 on lateral radiographs in
neutral position9.

Disc Height (Height of Lesion Segmental Intervertebral
Space)
The disc height (height of lesion segmental intervertebral
space) was measured using the mean value of the anterior
disc height and the posterior disc height on lateral radio-
graphs in neutral position.

Foraminal Height
The foraminal height was measured using the distance
between the midpoint of the upper edge of the pedicle and
the midpoint of the lower edge of the pedicle.

Superior Diagonal Distance
The superior diagonal distance was measured using the dis-
tance between the posterior lower margin of the upper vertebral
body and the inner upper margin of the lower articular surface.

Inferior Diagonal Distance
The inferior diagonal distance was measured using the dis-
tance between the posterior upper margin of the lower verte-
bral body and the inner lower margin of the superior
articular surface.

Foraminal Area
The foraminal area was measured using the area formed by
the posterior edge of the upper vertebral body, the upper edge
of the lower vertebral body, the inner edge of the upper and
lower articular processes and the lower edge of the pedicle.

Each index was measured by three technologists using
the same method, and the average results of three measure-
ments were taken.

Statistical Analysis
All data were collected by an independent observer and pres-
ented as mean � standard deviation. The data were analyzed
by SPSS 22.0 statistical software (SPSS, Inc., Chicago, IL,
USA). The paired t-test was used to assess the difference
between the preoperative, 1 month after surgery, and final
follow-up for JOA, NDI, VAS, C2-C7 angel, disc height,
foraminal height, superior diagonal distance, inferior

TABLE 2 Clinical outcomes

JOA NDI VAS

Preop 11.9 � 1.31 27.3 � 3.36 6.7 � 0.93
Postop-1 month 15.7 � 0.73* 5.1 � 1.79* 2.4 � 0.69*

Final follow-up 16.2 � 0.74* 2.4 � 0.69* 1.9 � 0.78*

* There is significant different between preoperative,postoperative
1 month and final outcome (P < 0.05). JOA, Japanese Orthopedic Associa-
tion; NDI, Neck Disability Index; VAS, Visual Analogue Scale.

TABLE 3 Radiographic outcomes

C2-C7

angel (�)
disc

height (mm)
foraminal

height (mm)
superior diagonal
distance (mm)

inferior diagonal
distance (mm)

foraminal
area (mm2)

preop 12.8 � 0.44 4.4 � 0.26 8.4 � 0.21 5.3 � 0.13 6.2 � 0.17 35.6 � 1.55
postop 17.9 � 0.46* 7.1 � 0.22* 9.2 � 0.18* 5.4 � 0.12 6.3 � 0.15 69.4 � 2.64*

* There is significant different between preoperative and postoperative outcome (P < 0.05).
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diagonal distance, and foraminal area. P < 0.05 was consid-
ered statistically significant.

Results

General Results
A total of 19 subjects were included in this study, including
C4-C5 (six cases), C5-C6 (10 cases) and C6-C7 (three cases).
In all patients, the compression was successfully removed.

The mean age was 49.2 � 5.08 years (range, 40–
59 years); The mean operation time was 100 � 11.10 min
(range, 80-120 min); The mean surgical blood loss was
19.4 � 7.05 mL (range, 10–30 mL); The mean hospital stay
was 7.1 � 0.99 days (range, 5–9 days) and the mean follow-
up time was12.1 � 2.25 months (range, 8–16 months). The
data are showed in Table 1.

Clinical Evaluation

JOA
The JOA score showed significantly improvement and the
mean preoperative JOA score was 11.9 � 1.31, then

improved to 15.7 � 0.73 (t = �13.45, P < 0.001) with
improvement of 22.3% and 16.2 � 0.74 (t = �14.39,
P < 0.001) with improvement of 25.3% at 1 month after
operation and at last follow-up, respectively (Table 2).

NDI
Compared to preoperative results, the NDI score was
decreased from preoperative 27.3 � 3.36 to 5.1 � 1.79 and
4.5 � 1.21 with a decrement rate of 46.6% at 1 month after
operation and at last follow-up, respectively (Table 2).

VAS
The VAS score showed statistically decreased and the aver-
age preoperative VAS score was 6.7 � 0.93, then decreased
to 2.4 � 0.69 (t = 15.05, P < 0.001) with a decrement rate of
43% and 1.9 � 0.78 (t = 16.40, P < 0.001) with a decrement
rate of 48% at 1 month after operation and at last follow-up,
respectively (Table 2).

Radiographic Outcomes
As compared with the condition before surgery, there was a
significant improvement in the C2-C7 angel (12.8 � 0.44 vs.

A CB

D FE

Fig 2 A case of a 47 year-old man. He had been diagnosed as C5-C6 CSR secondary to bony foraminal stenosis. He had underwent an ACDF

combined with ACF assisted by High-Definition 3-Dimensional Exoscope. The preoperative images were shown in Fig. 2 A, B, and C. D, E, and F were

the image taken at 1 month after surgery, indicating foraminal stenosis nearly sufficient decompression.
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17.9 � 0.46, P < 0.05), disc height (4.4 � 0.26 vs. 7.1 � 0.22,
P < 0.05), foraminal height (8.4 � 0.21 vs. 9.2 � 0.18,
P < 0.05), and foraminal area (35.6 � 1.55 vs. 69.4 � 2.64,
P < 0.05) (Table 3). Three typical cases in this study are
shown in Figs 2–4.

Complication
During the follow-up, none of the patients developed postop-
erative vascular injury, nerve injury, loosening and rupture
of the internal fixation, displacement of interbody fusion
cage, and pseudarthrosis.

Discussion

Clinical Outcomes
The pathological location of CSR was classified as inter-
vertebral foramen and posterolateral10,11. ACDF combined
with ACF can directly and effectively remove nerve root
compression, reconstruct the stability of diseased segments,
and improve the physiological curvature of cervical vertebra.
But for significant bony foraminal stenosis, the operation
space is deep and narrow, which is prone to poor visual field,

resulting in incomplete decompression7. In this study, we
used the High-Definition 3-Dimensional Exoscope assisted
by ACDF combined with ACF to treat CSR secondary to
bony foraminal stenosis. The operation had the advantages
of clear vision, less injury, less bleeding and complete decom-
pression. All patients completed the operation successfully.
JOA score, NDI score, VAS score, and the radiographic out-
comes were significantly improved compared with
preoperatively.

Characteristics of CSR
The treatment for CSR is currently controversial. Because
the causes of CSR are complicated, which may involve nerve
root compression by the herniation side of intervertebral
disc, Luschka joint and facet joint hyperplasia, abnormal
position of facet joint and intervertebral disc space stenosis
can cause intervertebral foramen stenosis12–14. Thus, there is
no consensus on whether intervertebral foramen incision
and decompression should be performed in CSR patients
with secondary bone foramen stenosis. Some researches15

reported that after reliable interbody joint fusion, satisfactory
surgical results can be obtained by intervertebral disc space

A CB

D FE

Fig 3 A case of a 54 year-old man. He had been diagnosed as C5-C6 CSR secondary to bony foraminal stenosis. He had undergone an ACDF

combined with ACF assisted by High-Definition 3-Dimensional Exoscope. The preoperative images were shown in Fig. 3 A, B, and C. D, E, and F were

the image taken at 1 month after surgery, indicating foraminal stenosis nearly sufficient decompression.
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stretch, indirect decompression and natural absorption of
osteophytes. Some studies16 also found that foraminotomy
can directly and effectively remove the pathology. However,
either ACF or posterior cervical foraminotomy (PCF) had
drawbacks. PCF can cause postoperative neck pain and exer-
cise paralysis caused by cervical kyphosis or instability sec-
ondary to facet resection and excessive muscle peeling17,18.
Tong et al.19 concluded that ventral bony decompression was
better than simple dorsal decompression in CSR caused by
cervical foraminal and/or lateral spinal stenosis. Therefore,
anterior decompression might be preferable if there were sig-
nificant bony compression pathology causing foraminal ste-
nosis. However, ACF can accelerate the degeneration of
index level and adjacent segment, decrease the height
of intervertebral space and restrict the movement of cervical
vertebrae20. The possible reason is that the posterior lateral
angle of intervertebral disc space will inevitably be invaded
during decompression, resulting in intervertebral disc mate-
rial overflow, intervertebral disc space narrowing and degen-
eration process. So ACF should be combined with interbody
fusion, especially if there is instability before operation. Fur-
thermore, ACDF does not increase the failure rate of

adjacent segments requiring secondary surgical interven-
tion21. Therefore, in our study, we used ACDF combined
with ACF in the treatment of CSR caused by secondary to
bony foraminal stenosis. The final follow-up showed that
there was no significant decrease in intervertebral space
height and adjacent segment degeneration, and symptom of
all patients was significantly improved.

Advantages of Surgical Operation by Using High-
Definition 3-Dimensional Exoscope

Although for the CSR secondary to bony foraminal ste-
nosis, the decompression range is larger and more difficult,
ACDF combined with ACF assisted by High-Definition
3-Dimensional Exoscope has many advantages. Firstly, High-
Definition 3-Dimensional Exoscope is a new visualization
tool used in a variety of surgical fields. Excellent visibility
can be obtained through integration of exoscope, special 3D
glasses and high definition (HD or 4K) 3D screen, and it can
be used as an alternative for microscopes and endoscopes in
spinal surgery22. In clinical practice, it has remarkable advan-
tages: High-Definition 3-Dimensional Exoscope provide
good lighting and a magnified view of the field of vision
compared to the naked eye or head-mounted microscopes.

A CB

D FE

Fig 4 A case of a 46 year-old man. He had been diagnosed as C5-C6 CSR secondary to bony foraminal stenosis. He had underwent an ACDF

combined with ACF assisted by High-Definition 3-Dimensional Exoscope. The preoperative images were shown in A-C. D-F were the image taken at

1 month after surgery, indicating foraminal stenosis nearly sufficient decompression.
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ACDF surgery has a narrow operating space and a deep
operative field, so the conventional lighting line is difficult to
provide ideal lighting effect. At the same time, the lighting
effect is greatly reduced due to the head shielding of the sur-
geon or assistant. As a result, many physicians use head-
lamps or suction heads with their own light sources to
improve lighting, but only to improve the surgeon’s field of
vision, which is still not ideal for assistants and others. On the
contrary, the illuminating light of the High-Definition
3-Dimensional Exoscope enters directly above the surgical field
without any occlusion. Secondly, the good lighting and magni-
fied scope of vision of the High-Definition 3-Dimensional Exo-
scope can provide bright, clear and amplified three-
dimensional images. During the operation, the posterior longi-
tudinal ligament and dural sac can be clearly identified to
reduce the risk of dural sac and nerve injury. At the same time,
small bleeding points can be found and timely hemostatic can
keep clear the operation field23. Thirdly, under the bright, clear,
amplified and high-resolution operative field, the decompres-
sion of osteophytes secondary to bony foraminal stenosis
becomes very safe, and ultrasonic osteophytes can be safely
and fully used to remove pathology. Finally, in addition to pro-
viding safe and effective decompression, intraoperative High-
Definition 3-Dimensional Exoscope is also beneficial to the
surgeon. After proper adjustment, the surgeon and assistant
can operate at the same level, avoiding long-term damage to
the surgeon by lowering their head, which is reduces the risk
of injury to the neck and lumbar vertebrae24. Moreover, the
High-Definition 3-Dimensional Exoscope has the function of
video and image preservation, which is convenient for data
preservation, teaching demonstration and academic
communication.

Limitation
Although ideal clinical results were achieved, there were limi-
tations in our study. It is necessary to evaluate the long term
postoperative efficacy and feasibility of the ACDF combined
with ACF assisted by High Definition 3-Dimensional Exo-
scope. Regrettably, this study is a retrospective study, with a
small number of samples, and we lacked a control group.
Our results, however, show that ACDF combined with ACF
assisted by High-Definition 3-Dimensional Exoscope exhibits
ideal clinical outcomes in the short term. Thus, we conclude
that the High-Definition 3-Dimensional Exoscope has excel-
lent visualization, depth perception, clarity. It can be widely
used as a substitute for microscope and endoscope in spinal
surgery and achieve satisfactory surgical results.

Conclusions
ACDF combined with ACF assisted by High-Definition
3-Dimensional Exoscope is effective and safe for the treat-
ment of CSR caused by secondary to bony foraminal
stenosis.
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