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Posterior Cervical Inclinatory Foraminotomy
for Spondylotic Radiculopathy Preliminary
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Posterior cervical foraminotomy is an attractive therapeutic option in selected cases of cervical radiculopathy that maintains cervical range of mo-
tion and minimize adjacent-segment degeneration. The focus of this procedure is to preserve as much of the facet as possible with decompression.
Posterior cervical inclinatory foraminotomy (PCIF) is a new technique developed to offer excellent results by inclinatory decompression with minimat
facet resection. The highlight of our PCIF technique is the use of inclinatory drilling out for preserving more of facet joint. The operative indications
are radiculopathy from cervical foraminal stenosis (single or multilevel) with persistent or recurrent root symptoms. The PCIFs were performed be-
tween April 2007 and December 2009 on 26 male and 8 female patients with a total of 55 spinal levels. Complete and partial improvement in ra-
diculopathic pain were seen in 26 patients (76%), and 8 patients (24%), respactively, with preserving more of facet joint. We believe that PCIF al-
lows for preserving more of the facet joint and capsule when decompressing cervical foraminal stenosis due to spondylosis. We suggest that our
PCIF technique can be an effective alterative surgical approach in the management of cervical spondylotic radiculopathy.
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INTRODUCTION

Cervical spondylotic radiculopathy has been surgically treat-
ed either through a posterior or an anterior operative approach.
Varjous anterior and posterior operative approaches for the
treatment of cervical diseases have been described. Since the
development of posterior cervical disc surgery by Scoville et
al®, several retrospective studies have been published confirm-
ing the efficacy of this procedure™'>?”. Even though the anterior
approach has become more popular than the posterior approach,
the posterior cervical foraminotomy is an attractive option in
selected cases that may maintain cervical range of motion and
minimize adjacent-segment degeneration®*#). However, the
two concerns with posterior foraminotomies are same-level de-
generation with kyphosis secondary to partial resection of the
facet joint and persistent neck and shoulder pain secondary to
muscle stripping with the open procedure”. Postoperative de-
generation is related to integrity of facet joint. In vitro studies
have shown that segmental hypermobility of the cervical spine
can result if a foraminotomy involved resection of more than
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50% of the facet®. Based on the above, we surmised that if we
preserve as much of the facet as possible, we would get a better
outcome after posterior cervical foraminotomy.

Therefore, we developed a new technique that offers compar-
ative results by inclinatory decompression with minimal facet
resection but without bone fusion and immobilization. This
surgical technique is accomplished in a manner identical to the
conventional posterior cervical foraminotomy. But the differ-
ences lie in the use of inclinatory drilling out for preserving more
of facet joint. We named this technique as posterior cervical in-.
clinatory foraminotomy (PCIF). This new surgical technique is
reported with illustrations and clinical outcome.

MATERIALS AND METHODS

Preoperative evaluation

Patients were routinely evaluated with anteroposterior, lateral,
oblique, and dynamic radiographic views to determine spine
alignment, disc space height, foraminal encroachment, and in-
stability. Additional radiographic evaluation included magnetic
resonance image(MRI) and computerized tomography (CT) to
determine the level of maximal neural compression in patients
with multilevel degenerative cervical disc disease.

The radiographic evaluation in conjunction with a thorough
clinical history and physical examination determined the oper-
ative level involved. Further assessments included diagnostic
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selective nerve root blocks or electromyography and nerve con-
duction studies. It is critical to correctly identify the anatomic
level to achieve surgical success.

The operative indication for PCIP was radiculopathy from fo-
raminal stenosis (C3-C7; single or multilevel) with persistent or
recurrent root symptoms. We excluded cervical disc herniation,
and central stenosis.

Surgical technique

The operation is performed after general endotracheal anes-
thesia. Positioning of the patient is similar to that for the con-
ventional posterior approach to the cervical spine that allows
for adequate abdominal relaxation.

A cervical traction device is not used. The entire posterior
neck is prepared with antiseptic solution and draped. The oper-
ative level is reconfirmed using lateral fluoroscopy while a long
K-wire or Steinman pin is held over the lateral side of the pa-
tient’s neck. A 20mm vertical incision is made approximately
lcm off the midline on the opposite side and the midpoint of
the incision is on the upper spinous process of the affected level.

The cervical musculature is then dissected away from the bone,
in a careful subperiosteal manner, to expose the lamina-medial
facet complex. Monopolar electrocautery is used to avoid exces-
sive bleeding. An anterior cervical discectomy retractor system is
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Fig. 1. Anterior cervical retractor system with exposed facet joint. Dotted
line (A is the anterior-posterior axis. Another dotied line (B) is paraliel to
angle of famina. Operative trajectory (C) is a line bisecting the angle
formed between infersecting lines A and B.

applied with the short blade resting
above the spinous process and long
blade on the lateral mass of the affected
side. At this point, the two adjacent lam-
inae and facet are clearly in view, and the
vertebral level is confirmed with fluoros-
copy. The resulting trajectory to the facet
is a line bisecting the angle formed be-
tween the anterior-posterior axis of the
spine and angle of lamina (Fig. 1).

Once the facet joint complex of the af-
fected level is exposed, bone removal be-
gins with a high speed drill under mag-

nification though a microscope. This
step is performed using a 2 or 3 mm
drill bit and micro-curette without Ker-
rison punch. Drilling away begins from
the most latero-inferior portion of the
upper lamina and not including lower
lamina. Around 3 mm, not exceeding 5
mm, of bone is removed to gain access
to the nerve root axilla, and then to the
medio-inferior portion of the upper fac-
et, about 3 mm from the lamina-facet
border (Fig. 2A). After bone removal
from the upper vertebra, the medio-su-
perior articular facet of the lower verte-
bra is exposed (Fig. 2B). Removal of this
portion allows access to the proximal

Fig. 2. This illustration shows the sequence
most latero-inferior portion of upper lamina. B : Medio-superior articular facet of lower vertebra is
exposed. C : Removal of this portion allows access fo the proximal nerve root. D : unroofing is done
dorsally along the nerve root after tilting the patient to the opposite side of the surgeon.

®

of our fcrainomy. A : First, we rt drilfing at the
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nerve root (Fig. 2C). At this point, tilting the patient to the op-
posite side of the surgeon provides a superior view of the opera-
tive field for dorsal unroofing along the nerve root (Fig. 2D, 3).
The decompression is done by removal of the medial portion of
the lower facet overlying the nerve root with a 2 mm diamond
bit. Diamond bit controls the bleeding from the bone along
with frequent saline irrigation. If the sleeve of the nerve root is
not opened, any bleeding from the epidural venous plexus is
controlled with Gelfoam® and Surgicel®. Drilling is then ad-
vanced to the medio-anterior facet along the distal portion of
the nerve root dorsally until the freed compressed space is iden-
tified by the micro-curette (Fig. 3). A probe can be placed
through the foramen without difficulty and gentle manipula-
tion to reveal the loosened nerve root. The wound is closed
with subcutaneous suture and Dermabond (Ethicon). After
surgery, patients are placed in a soft collar for one week.

Clinical and image studies
Patients were routinely seen for follow-up at 6 weeks, 3 months

Fig. 3. Drilling is then advanced fowards the medio-anterior facet along
the distal portion of nerve root dorsally until the free compressed space
is identified by the micro-curette.

Table 1. Presenting Symptoms in 34 patients

and then annually. At the time of this study, patients were con-
tacted and symptoms were again assessed using the VAS (visual
analogue scale), The results were then compared with their pre-
operative symptoms.

Preoperative CT and MR images with plain radiographs were
obtained in all cases. The most recent neutral and flexion-ex-
tension radiographs were used for postoperative changes in fo-
cal alignment and disc space. Instability was defined as motion
>2 mm at the operative segment or any adjacent segments on
dynamic imaging. Focal alignment was defined by the angle that
was formed by lines drawn at the superior margin of the supe-
rior vertebral body (VB) defining the disc space at the operated
level and the inferior margin of the inferior VB on a lateral radio-
graph obtained with the patient standing'”. Disc-space height
was measured from the midpoint of the vertebra below the sur-
gical level to the midpoint of the vertebra above the surgical level
on neutral lateral radiographs'?. Focal angle and disc-space were
measured three times pre- and postoperatively, with the mean
values used for analysis. Statistical analysis was performed using
SPSS 14.0 for Windows (SPSS, Inc.).

RESULTS

The PCIF was performed in a patient population whose mean
age was 53.6 (range 36-68 years) years. All patients had spondy-
lotic radiculopathy due to foraminal stenosis. Fifteen patients
(44%) noted preoperative neck pain (Table 1). There were 26
males and 8 females with 55 levels affected. Twenty-eight oper-
ations were performed at the C5/6 levels, 17 at C6/7, eight at
C4/5, and two at C3/4 (Table 2). There were two patients with
operation on both side of the same level, and nine patients on
two levels. Operations were performed between April 2007 and
December 2009. The surgery lasted a mean of 37 minutes (range
20-67 minutes) per one lesion and was performed through an
incision with a mean length of 2.5 cm (range 2.0-2.8 cm). The
mean estimated blood loss was less than 50 mL. The mean du-
ration of hospital stay was 3 days (range 2-8 days). Average fol-
low up was 18 months (range 6-36 months).

Symptom Preoperative Postoperative Presenting §ymptoms . .

e No. of patients (%) Mean VAS score No. of patients (%) Mean VAS score Complete improvement in radiculo-
Radiculopathy  34(100) 73(5-10) 824 23(14) pathic pain was seen in 26 patients (76%)
Neck pain 15 (44) 39(2-6) 5(15) 3.1(2-5) Partial improvement was seen in the re-

VAS - visual analogue scale maining 8 patients {24%). Preoperative
and postoperative VAS radiculopathy

Table 2. ‘Radiographic alignment and disc height at surgically freated level pain scores were 7.3 (5-10), and 2.3 (1-4),
Lev d N o.0f Pan ents (%) — Mean focal angulation (°) Mean disc space (mm) respectively. Improvement in neck pain
Preop. Postop. Preop. Postop. was experienced by 10 (66%) of 15 pa-

C3-4 2(4) 25(-35-74) 23(-387.1) 43(2854) 42(27-55) tients with preoperative neck pain. Five
C4-5 8(14) 32(-21-56) 35(31-54) 39(24-47) 3.8(2.3-47) patients (44%) still had mild residual
C5-6 28(51) 49(-1.5-7.8)  47(-1.0-7.1}) 41(27-56)  4.1(2.8-56) discomfort during the postoperative fol-
C6-7 17(31) 35(-21-56) 3.1(-31-54) 45(22-53) 44(20-53) low-up periods (Table 1). No postopera-

Preop. : precperative, Postop. : postopsrative

tive complications developed during the
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Fig. 4. The preoperative and postoperative computerized tomography (CT). A : Preoperative axial CT shows foraminal stenosis with severe spondylosis
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in right facet joint. B : Postoperative axial CT shows a widen foramen with preservation of the facet joint after inclinatory foraminotomy. C :
Postoperative 3-dimentional reconstruction CT shows enough decompression of neural foramen with minimal facetectomy.

study follow up period.

Radiographic alignment and disc
height

The mean preoperative and postoper-
ative focal angulations were 3.7° (-3.5-
7.8), and 3.5° (-3.8-7.1), respectively. The
mean preoperative and postoperative
disc heights were 4.2 mm (2.2-5.6), and
4.0 mm (2.0-5.6), respectively (Table 2).
No statistically significant changes in fo-
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cal angulation or disc-space height were
seen at the follow-up period (p>0.05).
Preoperative and follow-up images
showed no instability even in cases
where a bilateral procedure was per-
formed at the same level.

This approach allowed for enough decompression of the neu-
ral foramen with less than 30 percent facetectomy compared
with conventional procedure that would need about 50 percent
facetectomy without injury of facet capsule (Fig. 4).

DISCUSSION

In 1944, Spurling and Scoville® reported the methods of pos-
terolateral approach for cervical radiculopathy. But since the
description of anterior cervical discectomy by Cloward® in
1958, the popularity of the anterior approach has grown as the
technique has gradually been made safer and easier to per-
form*'%. Although anterior cervical procedures have gained
prominence, posterior cervical foraminotomy still provides
symptomatic relief in about 90% of patients with radiculopathy
from foraminal stenosis at a lower cost than the anterior proce-
dure”?. A posterior approach has some advantages compared
to an anterior approach, and these include; 1) an ability to avoid
damaging of vital structures located in the anterior area of the
cervical spine (trachea, esophagus, internal carotid artery, ver-
tebral artery and recurrent laryngeal nerve), 2) an ability to pre-
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Fig. 5. The simple diagram presents the advantage of our technique. A : The dotted ellipse indicates
the outline of facet joint. The arrow indicates the intended point for resecting facet joint. B : The dot-
ted ellipse shows preserved facet joint by conventional posterior foraminotomy technique. C : The
dotted ellipse shows preserved facet joint by our inclinatory technique. More posterior part of facet
joint and capsule can be preserved by our posterior cervical inclinatory foraminotomy (PCIF) tech-
nique than conventional technique.

vent the structural and biomechanical damage to the remaining
vertebral disc by preserving it, 3) without loss of motion seg-
ment and 4) reduced occurrence of complications associated
with bone graft as well as degenerative changes of the adjacent
joint™121427 Due to the reasons mentioned, posterior decom-
pressive procedures are fundamental tools in the surgical treat-
ment of symptomatic cervical degenerative spine disease®-1>!%%3,

However, there are several concerns with posterior forami-
notomy; 1) same-level degeneration with kyphosis secondary
to partial resection of the facet joint, 2) persistent neck and
shoulder pain secondary to muscle stripping with the open
procedure™ ¥, Among them, neck pain can be lessened by
several minimally invasive techniques®'>*?. We were not able to
find any report regarding efforts to reduce the unavoidable re-
section of facet joint in decompression procedures.

The cervical facet joints, in contrast with the lumbar facet
joints, have a coronal orientation with three-dimensional mov-
ing flat-contact surface elements. Zdeblick et al.®® reported that
segmental hypermobility of the cervical spine resulted, if a fo-
raminotomy involved resection of more than 50 percent of the
facet, but resection of 25 or 50 percent of the facet for forami-
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notomy did not appear to lead to acute hypermobility. In fact, if
more than 50 percent resection of the facet was needed for ade-
quate decompression, stabilization is required due to segmental
hypermobility**2®. It would be impractical to always preserve
more than 50 percent of the facet joint, especially in unusual cas-
es. These cases include small sized facet and severe foraminal
stenosis in need of more resection. For these reasons, a more
conservative approach to the amount of facet joint resected is
required when performing a posterior foraminotomy.

Postoperative kyphosis is one of the most commonly seen ra-
diographic complications. Jagannathan et al.' reviewed a series
of 162 cases involving patients with cervical radiculopathy who
were treated with a posterior cervical foraminotomy, with 2 mean
follow-up of 77.3 months (range 60-177). Loss of cervical lordo-
sis (defined as segmental Cobb angle <10°) was seen in 30
{18.5%) patients. Age over 60 years at the time of surgery and
preoperative lordosis of less than 10° have been identified as
risk factors for worsening sagittal alignment. In our study, there
was no significant difference in pre- and postoperative groups
and no progression of kyphosis. However, Jagannathan et al.'’¥
reported that postoperative deformity and instability developed
after 3 years postoperatively. Even though we believe that post-
operative focal kyphosis could eventually be decreased with
PCIE additional follow up examinations are required.

Posterior foraminotomy may be associated with a low rate of

same- and adjacent-segment disease. Clarke et al.? followed up
303 patients who underwent single-level posterior foraminoto-
my and demonstrated that the 5- and 10-year risk rates for de-
veloping same-segment disease was 3.2 and 5.0%, respectively.
The calculated 10-year rate of adjacent-segment disease was
6.7%. Our patients did not display any same- and/or adjacent-
segment disease. However, due to the short follow-up study pe-
riod, we do not know the long term outcome after the PCIF
procedure. ’

Postsurgical neck and shoulder pain have been reported fre-
quently in the literature following laminectomy and laminoplasty.
Open posterior approaches to the cervical spine require exten-
sive subperiosteal stripping of the paraspinal musculature. This
may lead to postoperative pain, spasm, and dysfunction and
can be persistently disabling in 18-60% of patients. Postopera-
tive neck pain and complications have been less of an issue with
single-level posterior foraminotomies, which involve less soft
tissue dissection. Previous studies reported an incidence of
neck pain in to 10-20% following posterior foraminotomy for
spondylytic radiculopathy*'?.. About 15 percent of our patients
complained of neck pain at final follow up. All these patients
had previous neck pain, and no patients newly developed after
PCIE. We try to reduce postoperative neck pain through metic-
ulous care during soft tissue handling and minimal stripping of
soft tissue. Recently, minimally-invasive endoscopic techniques
have become more widely used in the surgical subspecialities.
Improvements in endoscopic technology have allowed for the
surgeon to enter the whole spine including the performance of

posterior cervical foraminotomy'#22220 Another advantage
of the PCIF includes its direct three-dimensional screen view
with a microscope which is in contrast with the two-dimensional
view seen in the endoscopic approach. The PCIF avoids disorien-
tation of the surgeon and overestimation of the actual situation
due to magnification. Also, the endoscopic approach requires
considerable amount of training and repeated use to master, be-
cause endoscopic techniques tend to be unfamiliar procedures
for many neurosurgeons***,

The key point of our PCIF is inclinatory drilling out. The in-
clinatory angle usually is 20-30 degrees. In cases where half of
the facet joint is required to be decompressed, the more posteri-
or aspect of the facet joint and capsule can be preserved by our
PCIF technique compared to the conventional technique {Fig.
5). A capsule of facet joint is another matter of great importance
to postoperative instability. After posterior foraminotomy, the
remaining capsule played a role in the limitation of rotation or
flexion®. Therefore, care should be taken to minimize stripping
of the facet capsule when the cervical spine is being exposed.
Ultimately, our PCIF provided adequate decompression with
less than 30 percent resection of the facet dorsal to the nerve
root. This minimal facet and capsule resection would reduce
the incidence of same level instability and degeneration. Also,
this procedure may be indicated in cases with multilevel (great-
er than two), bilateral pathology, small sized facet and severe fo-
raminal stenosis with a better outcome.

CONCLUSION

We believe that PCIF allows for preserving more of the facet
joint and capsule when decompressing cervical foraminal steno-
sis due to spondylosis. This advantage could lead to a better out-
come after posterior cervical foraminotomy. We suggest that our
PCIF technique can be an effective alternative surgical approach
in the management of cervical spondylotic radiculopathy. Future
work should focus on the long-term outcome of this research.
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