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Abstract

This study was to assess the efficacy of microdiscectomy, cage fixation, and right tranuncal foramintomy
for the patients suffering from right radiulo-myelopathy. Anterior cervical foraminotomy was reported
to be an effective option for the treatment of cervical degenerative radiculopathy but with the problem of
recurrence. Since Hakuba reported the method of trans-unco-discal approach in 1976, it was designed
as keyhole foraminotomy which was called transuncal approach, transpedicular approach or transver-
tebral approach. In the anterior approach, we usually use the right-sided approach because most of
us are right-handed surgeons. We retrospectively investigated our patients who had the right foraminal
stenosis causing radiculopathy and were treated with microdiscectomy, cage fixation, and right keyhole
transuncal foraminotomy. Since 2011, 23 patients were treated with the manner. All of the 23 patients
who had central canal stenosis and among the 23 patients, 8 patients showed only right radiculopathy
and 15 patients showed radiculo-myelopathy. In all patients, the radiculopathy disappeared or signifi-
cantly improved without any complications postoperatively. The average of VAS scores was 7.6 + 2.2 in
preoperative state, 2.8 + 2.2 at discharge, and 1.1 + 1.6 in 1 month after surgery. The average of follow-up
time was 38.3 months and they had no recurrence of radiculopathy. We showed that this manner is effec-
tive and one option for the combined disease of right foraminal and canal stenosis and we believe that this

manner is not complex and safe if we can understand the anatomy.
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Introduction

Since Hakuba' reported the trans-unco-discal approach
as a method of anterior foraminotomy of cervical
spondylosis, some surgeons proposed the variant
methods of anterior foraminotomy.>* In 2009,
Matz et al. reviewed the indications for anterior
cervical decompression for the treatment of cervical
degenerative radiculopathy.®) With regard to ante-
rior cervical discectomy with or without fusion
and anterior cervical foraminotomy compared to
physical therapy or conservative immobilization,
more rapid relief (within 3—4 months) may be seen
with anterior cervical discectomy with or without
fusion with the maintenance of gains over the course
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of 12 months. Conflicting evidence exists as to the
efficacy of anterior foraminotomy with reported
success rates of 52—-99% but recurrent symptom is
as high as 30%.

We usually used the right-sided approach in the
anterior approach, because the right-handed surgeons
have easier access in using a drill in right-sided
approach. We do not drill out end plate of upper and
lower vertebrae to prevent subsidence of cylindrical
titanium cages. But it is not easy to drill out the
osteophytes and remove disc materials within the
right foramen in right-sided approach while preserving
the right lateral portion of end plate and uncinate
process, because the upper part of the right uncinated
process interfered within the operative view.

Therefore, we usually used the keyhole transuncal
approach in right foraminal stenosis causing radicu-
lopathy, as well as usual transdiscal approach.

From January 2011 to December 2016, 23 patients
with the right foraminal stenosis were treated with right
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keyhole transuncal foraminotomy with cage fixation.
In this report, the efficacy of this method was investi-
gated to evaluate pre- and post-operative radiographic
data, visual analog score (VAS) and Japanese ortho-
paedic association (JOA) score.

Patients and Methods

We reviewed our hospital records of all patients of
cervical spondylosis with right foraminal stenosis
treated with keyhole transuncal foraminotomy
with cage fixation between January 2011 and
December 2016. From their hospital records, we
extracted clinical and radiographic data, computed
tomographic (CT) scans, and magnetic resonance
imaging (MRI). In our institution, among 175 cases
of cervical spondylosis which was operated by one
senior neurosurgeon, anterior microdiscectomy and
fixation was done in 116 cases (66.6%). Among
116 patients, microdiscectomy and fixation with
the right keyhole transuncal foraminotomy were
performed in 23 cases (19.8%) and the right keyhole
transuncal foraminotomy without cage fixation
was done in 3 cases. All of the above 23 cases
had not only right fomaminal stenosis but also
central canal stenosis due to disc herniation and/
or osteophytes at the same level. The VAS score
of the 23 cases, preoperatively, at discharge, and
1 month after discharge, were researched with
questionnaire postoperatively. The JOA score was
assessed preoperatively and at discharge by physi-
otherapists. All of the 23 patients were followed
up more than 1 year.

Radiological evaluation

For all patients, static and dynamic radiographs,
CT scans, and MRI were obtained preoperatively
and postoperatively. Follow-up static and dynamic
radiographs of the cervical spine were subsequently
taken to assess the following measurements through
the outpatient clinic: the C2-7 sagittal Cobb angle
(C2-7 CA) at neutral, anterior and posterior flexion,
C2-7 sagittal vertical axis (C2-7 SVA), T, slope,
cranial tilting, cervical tilting, and vertebral and
disc height of upper and lower adjacent segments
to the treated level (Table 1).

Cervical parameters, vertebral, and disc height

C2-7 sagittal Cobb angle (CA): the CA between
the lower endplates of C2 and C7 (Fig. 1a).

C2-7 sagittal vertical axis (C2-7 SVA): the distance
from the posterosuperior corner of C7 to a vertical
line from the center of the C2 vertebra (Fig. 1a).

T1 slope: the angle between the upper endplate
of T1 (T1UEP) and the horizontal line (Fig. 1b).
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Cervical tilting: an angle formed between the
vertical line from the center of TIUEP and the line
from the center of C2 vertebra (Fig. 1b).

Cranial tilting: an angle formed between the line
from the center of the T1UEP to the dens and the
SVA from the T1UEP (Fig. 1b).

Disc heights were measured at the highest posi-
tion and vertebral body heights were measured at
the same position and postoperative heights were
measured at the same position (Fig. 2).

Statistical analysis

Statistical significance was calculated by the Stat-
View 5.0 software (SAS Institute Inc., Cary, NC,
USA). All data were presented as the mean + SD.
To compare the difference between two samples,
we used Student’s t-tests; values of P < 0.05 were
considered statistically significant.

Operative methods

The approach was the same as the standard anterior
microdiscectomy and fixation in all cases, and we
approached from the right side. After a 3 cm transverse
skin incision, the anterior aspect of responsible disc
space and the upper and lower vertebral bodies were
exposed and the level was confirmed with lateral
fluoroscope. A small amount of dye was inserted
into the disc space through a needle for further
identification. The schema was shown in Fig. 3. At
first, the medial portion of the longus colli muscle was
slightly detached and the lateral corner of the right
uncinate process was exposed with a curet inserted
to the lateral portion of the uncinate process (Fig.
3a). The uncinate process was then carefully drilled
out with a 3 mm diamond drill while preserving
the lateral side of the process for the purpose of
protecting the vertebral artery (VA) (Fig. 3b). The
direction of the drill was slightly medial and the
size of a keyhole was usually 7 mm in diameter and
the lateral sides of uncinate process was preserved
(Fig. 3c). The keyhole was formed as there was
a dyed disc in the center. After the herniated
disc materials and spurs nearby the foramen were
carefully removed with a curet and dissector, the
foramen became widened and the root was seen
with no compression. Next, usual microdiscectomy
and osteophytectomy were performed through trans-
discal approach. The end plate of upper and lower
vertebrae was not drilled out to prevent subsidence
of cylindrical titanium cages (Ammtec, Tokyo, Japan)
although posterior spurs were drilled out. The cylin-
drical titanium cages were inserted in the inter-locking
fashion (Fig. 3d). A typical case was shown in Fig. 4.
A 46-year-old woman presented with weakness and
numbness in right arm and hand 2 months before.
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Table 1 The characteristics of the patients and pre- and postoperative radiographic results

(a) Patient population (n = 23)

Age (years) 54 (36-74)
Sex (male:female) 16:7
Average follow up (months) 39.3 (12-91)

Number of patients

Responsible levels

C4/5 3

C5/6 15

C6/7 5
Factor of foraminal stenosis

Disc herniation 5

Spur 3

Both 15
(b) Radiographic results

Preoperative (mean * SD) Final follow-up (mean + SD) P-value

C2-7 Cobb angle (CA) (°)

Neutral 11.6 = 9.9 13.4 + 8.8 0.42

Anterior flexion 18.5 + 8.7 14.8 + 11.6 0.17

Posterior flexion 25.2 + 13.5 27.6 = 15.6 0.53
C2-7 SVA (mm) 22.1 £ 10.3 19.8 = 8.3 0.3
T1 slope ) 22.9 £ 9.3 245 = 8.4 0.47
Cranial tilting (°) 18.5 + 5.6 18.2 + 7.0 0.86
Cervical tilting (°) 13.8 = 6.3 16.5 + 7.6 0.12
Vertebral body height (mm)

Upper 13.2 = 1.3 13.0 = 1.2 0.48

Lower 13.6 = 1.7 13.2 = 1.7 0.3
Disc height (mm)

Upper 6.6 + 0.8 6.5 + 0.8 0.76

Lower 6.5 = 1.0 6.4 = 1.1 0.74

Cranial tilting |

|c2-75VA |

Cervical

tilting . . .
= Fig. 1 Measurements of radiological

parameters (a) C2-7 sagittal Cobb
angle (CA), C2-7 sagittal vertical axis
(C2-7 SVA). (b) T1 slope, cervical
tilting, cranial tilting.

E3! slope
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T,-weighted images disclosed severe foraminal stenosis
due to osteophyte and disc herniation at C5/6 on
right (Fig. 4a) and CT also showed foraminal stenosis
at C5/6 on right and postoperative CT showed the
drilled out foramen on right and cage fixation in the
inter-locking fashion (Fig. 4b).
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Fig. 2 Measurements of
vertebral and disc heights.
(a) preoperative image (b)
postoperative image. (1) Disc
height of upper adjacent
segment to the treated level
(2) Vertebral height of upper
adjacent segment (3) Verte-
bral height of lower adjacent
segment (4) Disc height of
lower adjacent segment.

Fig. 3 Schema of transuncal
foraminotomy and cage fixation.
(a) The lateral corner of right
uncinate process was exposed
with a curet inserted to the lateral
portion of the uncinate process.
(b) The uncinate process was then
carefully drilled out with a 3 mm
diamond drill while preserving
the lateral side of the process
for the purpose of protecting
the VA. (c) The direction of the
drill was slightly medial and the
size of a keyhole was usually
7 mm in diameter and the lateral
sides of uncinate process was
preserved. (d) The cylindrical
titanium cages were inserted in
the inter-locking fashion.

Results

Microdiscectomy, cage fixation, and right keyhole tran-
suncal foraminotomy were performed in 23 patients.
The characteristics were shown in Table 1. The
average age of patients was 54 years (range 36-75),
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[T2-weighted sagittal image]

[Pre-operative CT]

69.6% (16/23) were man. The average of interval
from onset was 3.5 months (range 1-18).

All patients had central canal stenosis due to
disc herniation and/or osteophytes and presented with
radiculopathy and 65.2% (15/23) showed radiculo-
myelopathy. All patients presented radicular pain,

[T2-weighted axial image]

[Post-operative CT)

Fig. 4 Representative case images.
(a) Pre-operative MR T2-weighted
image. (1) Axial T2-weighted image
at the inferior border of C5 body
disclosed severe foraminal stenosis
due to osteophyte and disc herniation
on right. (2) Axial T2-weighted image
at the superior border of C6 body
disclosed disc herniation dominantly
on right. (b) Pre- and postoperative
3D-CT and axial images.

and 6 with arm pain, 13 with scapular pain, and 4
with arm and scapular pain. The responsible level
was C4/5 in 3, C5/6 in 15, and C6/7 in 5. The factor
of foraminal stenosis was disc alone in 5, spur alone
in 3, and both in 15. The operative complications
were not seen in all patients. As shown in Fig. 5,
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preoperative VAS score (average 7.6 + 2.2) was
significantly improved at discharge (average 2.8 + 2.2)
and at 1 month after discharge (average 1.1 = 1.6).
Radicular pain was completely disappeared in
34.8% (8/23) at discharge and in 60.9% (14/23) at
1 month after discharge. At 1 month after discharge,
radicular pain was improved in all patients, but VAS
score remained 2 in 21.7% (5/23) and 4 in 17.4%
(4/23) at 1 month after discharge. Good recovery
rate at 1 month after discharge was 82.6% (19/23,
VAS score: 0-2).

Preoperative JOA score in patients with myelopathy
(n = 15 cases, average 15.3 = 1.1) was improved at
discharge (average 16.6 + 0.4) and 93.3% (14/15)
showed the recovery of the score. All patients
were followed up and presented with no recur-
rence of radiculopathy (average follow up period,
39.3 months, median period, 32 months respec-
tively). The X-ray and CT scan were performed
in all patients at 1 year after operation and bone
fusion at the 1 year after operation was acquired
in 91.3% (21/23).

As shown in Table 1, the C2-7 CA at neutral,
anterior and posterior flexion changed from 11.6 + 9.9°,
18.5 * 8.7°, 25.2 * 13.5° preoperatively to 13.4 + 8.8°,
14.8 = 11.6°, 27.6 + 15.6° at final follow-up. The C2-7
SVA changed from 22.1 = 10.3 mm preoperatively to
19.8 = 8.3 mm at final follow-up. T1 slope changed
from 22.9 + 9.3° preoperatively to 24.5 + 8.4°. Cranial
tilting and cervical tilting changed at 18.5 = 5.6°,
13.8 + 6.3° preoperatively to 24.5 = 8.4°, 16.5 = 7.6°
at final follow-up. There were no statistical differ-
ences in all data between preoperative and final

The average of VAS score

follow-up period. Moreover, the vertebral height of
the upper and lower adjacent segment decreased from
13.2 = 1.3 mm, 13.6 = 1.7 mm preoperatively to
13.0 = 1.2 mm, 13.2 + 1.7 mm at final follow-up.
The disc height of the upper and lower adjacent
segment decreased from 6.6 + 0.8 mm, 6.5 + 1.0 mm
to 6.5 =+ 0.8 mm, 6.4 + 1.1 mm. There were also no
significant differences in vertebral and disc height
of the upper and lower adjacent segment.

Discussion

The surgery for cervical spondylosis and discogenic
disease is generally divided into two approaches;
the posterior and the anterior approach. While the
various methods of the posterior approach were
established since 1934, Robinson and Smith?” in
1955 and Cloward® in 1958 pioneered the anterior
cervical discectomy with bone fusion to accomplish
direct decompression of the compressive spondylotic
spur and disc fragment.

In 1976, Hakuba® introduced the transuncodiscal
approach, which is a combined anterior and lateral
approach to cervical discs. In addition to resecting
the uncovertebral joint, the entire disc was removed
including the ipsilateral posterior osteophyte and
the contralateral uncinated process. Snyder and
Bernhardt,” in 1989, reported an anterior cervical
fractional interspace decompression for the treat-
ment of cervical radiculopathy. Decompression
was performed with a high-speed 5 mm burr in
the lateral one-third of the intervertebral disc and
limited to a 3 mm radius around the nerve root. Jho,”

at pre-operative phase, discharge and 1 month after discharge

10

Fig. 5 The average of visual
analog score (VAS) scores at
preoperative phase, discharge

and 1 month after surgery of the
23 cases. The error bars showed
SD and lines showed the changes

]
my

in each patient. In all cases,
VAS score was improved and
radicular pain was completely

disappeared in 34.8% (8/23) at
discharge and in 60.9% (14/23)
at 1 month after discharge. At

4+
| 7.6 \
2+ ~—
2.8 \
" N 11
pre At dischage 1 month after
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1 month after discharge, VAS
score remained 2 in 21.7% (5/23)
and 4 in 17.4% (4/23).
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in 1996, described the modified approach, which is
completely exposing the vertebral artery when the
entire uncinate process is removed. Lee,” in 2006,
described small keyhole transuncal foraminotomy for
unilateral cervical radiculopathy with preservation
of the intervertebral disc. The drilling was gently
inclined medially about 10-20° and somewhat crani-
ally parallel to the intervertebral space. Our method
is greatly different from Jho’s and Lee’s method at
the point of drilling and preserving the lateral side
of the uncinate process and in addition, VA is not
exposed. We slightly separate the longus colli muscle
and start drilling at the center of the uncinate process
and proceed to its base for complete foraminotomy
through a keyhole usually 7 mm in diameter.

Several authors reported the efficacy of the
various anterior foraminotomy, but Matz reviewed
the indications and utility of anterior cervical
nerve root decompression.” The success rates were
52—99% but recurrent symptoms were as high as
30%. On the other hands, the efficacy of posterior
cervical foraminotomy for cervical radiculopathy
was reported and McAnany et al.'® reviewed that
there was no significant difference in the pooled
outcome between a traditional open or a minimally-
invasive foraminotomy using a tubular retractor. The
pooled clinical success rate was 92.7% for open
foraminotomy and 94.9% for minimally-invasive
foraminotomy.

In our cases, there were no significant differences
between preoperative and postoperative radiographic
data in all parameters (Table 1). Disc and vertebral
height at upper and lower adjacent segment was
tended to be slightly decreased, but there were
no significant differences between preoperative
and postoperative state (the average of follow up
period; 18.8 = 9.7 months). We could not assess the
long-term follow up, but we think that deleting a
part of uncinate process does not affect the change
in alignment.

In our practice, right transuncal foraminotomy
without cage fixation was performed in 3 cases.
In all the 3 cases, the responsible level was C6/7
and the factor of foraminal stenosis was only disc.
They showed the right foraminal stenosis but
no central canal stenosis and no recurrence. We
routinely use the right-sided anterior approach for
cervical spondylosis and choice microdiscectomy,
cage fixation and the right keyhole transuncal
foraminotomy for the patients with right foraminal
and central canal stenosis due to disc herniation
and/or osteophytes with right radiculopathy. The
reason why we perform cage fixation is that we
try to avoid the recurrence of the symptom and
decompression of the cord at the level. Although

cage fixation will cause loss of a motion segment
movement and disc degeneration and spondylotic
changes at adjacent intervertebral levels,' we
believe that fixation will prevent the recurrence
of the radiculopathy. In our series, this manner
was performed in 8 patients without myelopathy
because they had canal stenosis. Foraminotomy
alone was performed in 3 patients because they
had no canal stenosis. We could not prove whether
microdiscectomy and fixation should be done in the
patients with no canal stenosis because our cases
were very small. All of the 3 patients treated with
foraminotomy alone and the 23 patients treated with
this manner had no recurrence of the radiculopathy
at the treated level and no additional surgery at
the other levels of cervical spine (follow up time;
76, 19, 12 months, average of follow up time; 38
months, respectively).

Various methods of anterior foraminotomy and
transcorpereal anterior cervical foraminotomy were
reported.?*!22) More recently, anterior transcor-
poreal procedure using CT-based intraoperative
spinal navigation and percutaneous endoscopy were
reported.?®?Y Transcorporeal approach has some
advantage. The endplates are preserved and the
degenerative changes at the adjacent segment are
lower than microdiscectomy and fusion. Compared
to our methods, uncinate process is completely
preserved. Conversely, it has some problems. The
complications reported spinal cord or nerve root
injury and cerebrospinal fluid leakage, insufficient
decompression, and instability, fracture and kyphotic
changes.’>%) Anterior transcorporeal procedures
seem to require high anatomical understanding
and surgical skill and we believe that our method
is simple and has a lower risk of vertebral artery
injury. We also choose the right approach for the
patients with left radiculopathy due to the left
foraminal stenosis because we can easily drill out
left side of osteophyte and remove disc materials
for sufficient decompression of the left foramen.
Therefore, usual microdisectomy and fixation was
chosen for the patients with myelopathy and left
radiculopathy due to the left foraminal stenosis.
Usual microdisectomy and fixation through left-
sided anterior approach might be an option for
the patient with both of right radiculopathy and
myelopathy, but we think that the manner has some
problems. First, the operative view is unusual.
Second, right-handed surgeons have not easy access
in using a drill in left-sided approach although
skillful operator may not mind. The reason is that
a drill must be headed from the caudal side to the
cranial side and it is difficult to look at the tip of
a drill. Therefore, we believe that our approach is
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a reasonable and effective method and may be one
option because we could get the same operative
view as usual anterior microdiscectomy via right-
sided anterior approach.

In our cases, there were no patients who showed
left radiculopathy due to left foraminal stenosis with
no canal stenosis. We think that it is debatable to
choose whether left foraminotomy alone from right-or
left-sided anterior approach with or without fixation,
or posterior foraminotomy alone. As shown above,
posterior foraminotomy may be less invasive than
our method. It is controversial that whether posterior
foraminotmy is superior to anterior foraminotomy
as same as whether posterior approach is superior
to anterior approach for cervical myelopathy and
our method could be one option for right cervical
radiculopathy.

Conclusions

We reported reasonable results in the patients treated
with microdiscectomy, cage fixation and right keyhole
transuncal foraminotomy for right foraminal and
central canal stenosis via right anterior approach.
This method is safe and useful for the patient who
shows right foraminal and canal stenosis.
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