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Abstract
&
Anterior cervical discectomy with or without
fusion has been commonly used for cervical disc
disease since the description by Smith and Robinson in 1958. In this report, surgical technique,
advantages, and disadvantages of the posterior approach, known as the posterior keyhole
laminotomy-foraminotomy, are reviewed and
motion versus fusion surgery discussed. Between
1996 and 2004, the keyhole laminotomy-foraminotomy was performed on 84 patients suffering from lateral cervical soft disc herniation or
osteophytes. All the procedures were performed
under the surgical microscope. A high-speed
drill was used for drilling the bone. In 49 patients
(58 %), soft disc herniation was removed, while

in 35 patients (42 %) there were osteophytes.
Successful relief of radiculopathy symptoms was
achieved in 80 patients (96 %). In 4 patients the
symptoms reoccurred. One patient (1.2 %) developed kyphosis. The only complication observed
intraoperatively was a partial root injury in one
patient (1.2 %). Mean hospitalization time was
48 hours. The posterior approach is particularly
appropriate in patients whose root compression is located posterolaterally. Advantages of
this surgery are minimal lamina resection, good
visualization of the nerve root, postoperative
early mobilization and minimal hospitalization.
Microsurgery enables us to both preserve the
motion of operated segment and avoid cervical
instability.

Introduction
&

Patients and Methods
&

Radiculopathy or myelopathy caused by cervical
disc disease has received considerable attention
in the literature. Spurling and Scoville in 1944
and Frykholm in 1947 described the technique of
posterolateral decompression. This approach has
been less frequently used since the description of
the anterior approach to the cervical nerve root
by Smith and Robinson in 1958 [1–3]. The posterior approach is particularly appropriate for
patients whose soft disc herniation originates
from the posterolateral location, lying lateral to
the cord and compressing the nerve root (䊉䉴 Fig.
1A). It is also appropriate for those with osteophytes originating from facet joint and arm
symptoms more serious than neck symptoms
that do not respond to the conservative treatment [4, 5].
The aim of this study was to describe the surgical
technique, advantages, and disadvantages of the
posterior approach, called the posterior keyhole
laminotomy-foraminotomy.

Between 1996 and 2004, the keyhole laminotomy-foraminotomy was performed on 84
patients suffering from lateral cervical soft disc
herniation or osteophytes. The levels of the
lesions are summarized in 䊉䉴 Table 1. All the procedures were performed under the surgical
microscope. A high-speed drill was used for drilling the bone. Fifty-eight percent of the patients
were male, and 42 % were female. The mean age
of the patients was 49 ± 8.3 years. The mean follow-up was 94 ± 8 months.

Surgical technique
Cardiopulmonary functions were evaluated carefully before the operation to decrease the venous
pressure and avoid epidural bleeding during the
operation. Antithrombotic drugs and anti-inﬂammatory drugs were stopped 3 days prior to the
surgery. An arterial line, urethral catheter and
triple lumen catheter were inserted for monitoring. Antiembolism socks were routinely applied,
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Fig. 1 A Illustration of a posterolaterally located
soft disc herniation. B Illustration of the approach.

Fig. 2 A Illustration of drilling of the medial facet
joint and lamina. B Illustration of the keyhole and
ligamentum ﬂavum. C illustration of the nerve
root, dural sheet and fragment. D illustration of the
rostrally retracted nerve root.

Table 1

The levels of the lesions

Level
C5–6
C6–7
C4–5
C5–6, 6–7

Number of patients
35
44
3
2

Percentage ( %)
41
52
4
3

and the patients underwent general anesthesia. The sitting position was selected in all the applications to assure a decreased
risk of venous bleeding and a straightforward visualization of
the nerve root [5]. Although the incidence of air embolism during this procedure is very low, proper precautions were taken.
Zeidman reported four cases of asymptomatic air embolism in
his series of 172 patients [6]. A single dose intravenous antibiotic
was administered in the operating room. If severe root retraction was anticipated during the surgery, intravenous corticosteroids were administered. The head was placed into a Mayﬁeld
type head-rest. After positioning, a lateral radiograph was
obtained with a needle to conﬁrm the incision level. After veriﬁ-

cation of the incision level, a midline incision of 3 cm was performed for a single level. The superﬁcial fascia and nuchal
ligament were also incised. Subperiostal paraspinal muscle dissection was performed, and muscles were retracted lateral to
the facet joint (䊉䉴 Fig. 1B). Thus, the interlaminar space was
identiﬁed and soft tissues overlying this space were removed. To
reconﬁrm the level, a lateral intraoperative radiograph was
obtained. Spinous process, facet joint, and adjacent lamina were
identiﬁed. At the junction of the medial facet joint and lamina,
bone removal was performed with the help of a high-speed drill
under the surgical microscope (䊉䉴 Fig. 2A). However, removing
the facet joint by more than 50 % percent is not recommended
because of the risk of instability. The ligamentum ﬂavum was
identiﬁed and removed (䊉䉴 Fig. 2B). At this point nerve root,
dural sheet, and fragment were observed (䊉䉴 Fig. 2C). The nerve
root lies above the pedicle. The pedicle was identiﬁed and followed to the posterolateral margin of the vertebral body to gain
an epidural plane, and the medial border of the pedicle was
drilled. The nerve root was retracted rostrally because the herniated fragment is frequently located inferior to the nerve root
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Fig. 3 A T1-weighted cervical axial MRI showing soft disc herniation on the left side. B T2-weighted cervical sagittal MRI showing soft disc herniation on the
C5–C6 level. C T1-weighted cervical axial MRI, the soft disc herniation has been removed. D T2-weighted cervical axial MRI, the soft disc herniation has been
removed.
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(䊉䉴 Fig. 2D). Utmost care should be taken not to damage the
nerve root, and to gently remove the herniated fragment with a
ﬁne blunt instrument. Free mobilization of the nerve root is
essential, and at the end of the procedure, the neural foramen
should be probed with a blind instrument. Venous bleeding
from the neural foramina is usually observed after removal of
the disc material. Bone-wax use is the choice for bone bleeding.
The layers require anatomic closure. Thus, postoperatively,
patients can be mobilized at the sixth hour after surgery, as were
our patients.

Results
&
In 49 patients (58 %) soft disc herniation was removed (䊉䉴 Fig. 3),
while in 35 patients (42 %) there were osteophytes. Successful
relief of radiculopathy symptoms was achieved in 80 patients
(96 %). In 4 patients, symptoms reoccurred but no further surgical intervention was performed. One patient (1.2 %) developed
kyphosis. The only complication observed intraoperatively was
root injury in one patient (1.2 %). Mean hospitalization time was
48 hours.

Discussion
&
The posterior approach for cervical pathology was originally
reported by Mixter and Barr, and the keyhole foraminotomy was
subsequently popularized by Scoville, Epstein, and Fager, Ducker
later coining the term “laminoforaminotomy” [6–8]. However,
despite the lesser intraoperative and postoperative risks compared with anterior approaches, the laminoforaminotomy has
lost ground when compared with anterior approaches for the
management of lateral and foraminal cervical pathology.
Witzmann et al. reported their series with 67 surgically treated
patients having compressive radiculopathy. They stated that
posterior cervical foraminotomy is an efﬁcient means of decompressing lateral spinal roots compromised by soft disk herniations or osteophytic spurs, without the risk of an anterior
approach with or without fusion. Careful patient selection and
microsurgical technique are essential in obtaining consistent
and excellent results. Additionally, the recent trend toward minimally invasive techniques and keyhole operations in neurosurgery and other specializations favors the posterior approach [9].
Takayama et al. reported two cases of ossiﬁcation and calciﬁcation of the cervical ligamentum ﬂavum which underwent surgical treatment via a keyhole posterior approach. They stated that
this method is useful in the treatment of cervical calciﬁed ligamentum ﬂavum [10].
Keyhole foraminotomy or “laminoforaminotomy” are the terms
used to describe the typical posterior approaches for resecting
lateral or foraminal cervical disc herniations or spurs [5, 7, 11–
13]. They may be performed unilaterally at one or more levels
and bilaterally, at one or more levels (fenestration approach), or
in combination with a laminectomy or laminoplasty.
Anterior versus posterior surgical management of lateral and
foraminal cervical disc disease remains controversial. The keyhole foraminotomy or laminoforaminotomy allows dorsal resection without the instability encountered with anterior cervical
approaches, with more limited morbidity. Unilateral radiculopathy can be addressed with the laminoforaminotomy, while bilat-
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eral or multifocal radiculopathy with myelopathy may
additionally require a laminectomy or laminoplasty [14].
The soft tissue or calciﬁed composition and extent of foraminal
pathology dictate how much cephalad and caudad laminas have
to be removed. For most foraminal lesions, more cephalad rather
than caudad lamina have to be removed. Ebraheim et al. noted
that a semicircular laminotomy involving cephalad lamina may
be all that is needed for a lateral soft disc intrusion since the disc
space itself is located above the leading edge of the caudad lamina [15]. However, for lesions with greater cephalad and caudad
extension, more extensive laminotomy or complete hemilaminectomy may be required.
Bilateral foraminal disease at a single level can be managed by
the fenestration procedure that includes bilateral laminoforaminotomies separated by the preserved spinous processes, intraspinous and supraspinous ligaments [8].
After the nerve root has been exposed, it is vital to discern
whether the dorsal sensory and ventral motor roots are combined in a single dural sleeve, or if the ventral motor root has a
separate, thinner, dusky dural investment. This identiﬁcation is
critical to avoid confusing a tethered ventral motor root surrounded by perineural adhesions with the disc herniation itself.
Typically, a compressed nerve root is surrounded by an engorged
epidural venous plexus that must be coagulated, where feasible,
with a bipolar forceps [14]. A major beneﬁt of the dorsal approach
is the ability to expose parts of virtually the entire root as needed,
although more extensive facetectomy may warrant fusion.
Laminectomy with laminoforaminotomy may be required in
patients with diffuse single or multilevel stenosis, accompanied
by lateral and foraminal disease. Laminoplasty can also be combined with foraminotomy for decompression of myelopathy in
addition to signiﬁcant focal radiculopathy [2, 3, 5].
The extent of facet resection required during laminoforaminotomy is typically 25 % and rarely exceeds 50 % [9, 11, 16]. Chen et
al. found that the laminoforaminotomy was “less destabilizing”
to the cervical spine than the anterior discectomy performed
with or without fusion [11]. Ugur et al. found that there is no
space between pedicle and cervical dura and superior root [17].
In our cases, the medial border of the pedicle was drilled in
order to reduce retraction on the dural sac and nerve root. It
should be kept in mind that most of the neurological deﬁcits
develop with excessive retraction of the cervical dural sac and
nerve root during exploration of the herniated disc.
A 2.2 % or greater intraoperative complication rate may be
observed in patients undergoing laminoforaminotomy. Complications may include excessive blood loss in obese patients having surgery in the prone position. Alternatively, “relative
hypotension” may occur in patients operated on in the sitting
position, resulting in cord or brain ischemia. Cerebrospinal ﬂuid
ﬁstula, increased epidural bleeding, pneumocephalus, vertebral
artery injury, cord and root injuries are the other possible complications of this surgery [2–5].
This technique also may prevent damage to the intradural variant of the cervical nerve root ﬁbers which were described by
Perneczky and Sunder-Plassmann before [18]. Fessler et al.
explained that minimally invasive cervical foraminotomy continues to be their procedure of choice for properly selected
patients with cervical radiculopathy [19, 20].
In conclusion; magnetic resonance imaging and computed tomographic studies combined should allow the surgeon to judiciously select patients for a laminoforaminotomy approach or
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“keyhole approach’’. In these selected patients, the surgical
results are excellent with minimal morbidity.
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