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Abstract

Background Anatomical study of the relationship among
the cervical nerve roots, intervertebral disc, and lateral
mass is important for the neurosurgeon to avoid compli-
cations of posterior cervical foraminotomy.

Methods  Six adult cadavers were studied. The muscles of
the back of the neck were removed to expose the cervical
vertebrae posteriorly from C3 to C7. We measured the
length, height, extent, and angulations of the nerve roots
from the medial point of the facet (MPF) after a total
laminectomy, then after one-half facetectomy. The height,
width, anteroposterior diameter of the lateral mass, then the
height and anteroposterior diameter of the neural foramen
were also measured.

Results After total laminectomy from C3 to C7, all
measures were taken from MPF showed that the mean
length of the exposed root was 6.5-8.8 mm while vertical
distance was 4-5.4 mm and the horizontal distance was
5.1-7.1 mm. Following a medial one-half facetectomy; the
mean length of the exposed root was 8.9—-12.3 mm, the
vertical distance was 5.5-7.3 mm while the horizontal
distance was 7.1-9.8 mm. The mean angulations of the
nerve roots were 50.9-53.3°. There was a significant dif-
ference after total laminectomy and medial one-half
facetectomy.

Conclusion Anatomic and morphologic study of the
cervical nerve roots and their relationships to the lateral
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mass and the intervertebral disc are useful landmarks to
reduce the operative complications of the posterior
foraminotomy.
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Abbreviation
MPF Medial point of the facet

Introduction

The posterior approach of cervical disc was originally
reported by Mixter [19], and the key-hole foraminotomy
was subsequently popularized by Scoville, Epstein, and
Fager [5, 7, 10, 11, 13, 16, 25, 27]. Many reports noted the
term laminoforaminotomy for management of paracentral
and foraminal cervical disc. However, despite the lesser
intraoperative and postoperative risks, the laminoforamin-
otomy has lost ground when compared with anterior
approaches for the management of lateral and foraminal
cervical pathology [9, 22, 27].

The posterior laminoforaminotomy is primarily indi-
cated for foraminal lesions and is highly effective in
treating cervical radiculopathy, and improving patient’s
quality-of-life outcomes as allows the motion preservation
via a minimally invasive approach [2].

Advances have been made with the posterior approach
with the development of minimally invasive surgery by
microsurgical and endoscopic equipments which gain an
excellent outcome results up to 93-96% of patients with
motion preservation [7].
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The advantages of the posterior approach include,
(1) avoid damage to vital structures located in the anterior
area of the cervical spine, (2) avoid the structural and
biomechanical damage to the remaining vertebral disc
(joint morbidity, bone graft complication, as well as the
adjacent joint syndrome) [4, 12, 14, 17].

The complications reported with this approach include
nerve root injury, dural tear, spinal cord injury with and
without K-wire misplacement, same-segment and adjacent-
segment syndrome, and spinal instability [2, 18, 26].

When a posterior foraminotomy is performed for the
removal of an intervertebral disc, it is essential to under-
stand the anatomical relationships between the nerve roots,
its course within the neural foramen, and intervertebral disc
and its relation to the nerve root to improve the operative
outcome.

The objective of this study was to define the anatomical
relationship of the cervical nerve root when crossing over
the intervertebral disc through the neural canal, and the
lateral mass after a total laminectomy and then after a
medial one-half facetectomy to assist neurosurgeons for
safely performing posterior foraminotomy.

Materials and methods

Six formalin-fixed adult Egyptian cadavers (four males and
two females) with mean age 54 years and age range
42-65 years were used in this work. We dissected all the
muscles of the back of the neck to expose the cervical
vertebrae from C3 to C7 as it was hard to study the nerve
roots and their relationship with the intervertebral discs by
minimal cadaveric muscle dissection as in live patients
because of the cadaveric muscle stiffness due to Rigor
mortis phenomenon.

Fig. 1 Demonstration of lateral
mass measures

(A superoinferior diameter,

B width) and morphological
relationship of nerve root after
foraminotomy

Lateral mass dimensions
(A supero-inferior, B transverse)

intervertebral disc

Nerve root

Nerve axilla
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The lateral mass which is the bony part between the
superior and inferior facet was exposed and measured in
multiple dimensions including (a) the height (superoinfe-
rior diameter) posteriorly measured from the edge of the
superior facet to the edge of the inferior facet, (b) the width
(transverse diameter) of the lateral mass was measured
from MPF to the lateral edge of the vertebra, and (c) the
anteroposterior diameter of the lateral mass in the sagittal
plane.

The supero-inferior as well as the antero-posterior
diameter of the neural foramen which located just anterior
to the superior articular facet of the inferior vertebra and
the inferior articular facet of the superior vertebra were also
measured (Fig. 1).

A meticulous total laminectomy was performed from C3
to C7 vertebrae by excision of the laminae till the medial
point of the facet joint (MPF) of the lateral mass. The
following measurements were obtained based on MPF:
(a) the length of the exposed nerve root, (b) the horizontal
distance to the lateral margin of the dura, (c) the vertical
distance to the axilla of the nerve root, then after measuring
the vertical, horizontal, and oblique distances from the
MPF and (d) the angulations of the axilla of nerve roots
were measured (Fig. 2).

Then a medial one-half facetectomy was also done
including about 50% of the cervical facet joints. All mea-
surements were done again, based on the MPF of the lateral
mass: (a) the length of the exposed nerve root, (b) the
horizontal distance to the lateral surface of the dura,
(c) the vertical distance to the axilla of the nerve root,
(d) the angulations of the axilla of nerve roots (Fig. 3).

All measurements were made using (1) a protractor to
define the distance between points, (2) a diamond Master
Vernier Calliper to measure the distances and (3) an
orthopaedic goniometer. All angulations were measured
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Fig. 2 Nerve roots measurements after laminectomy. a The length of
the exposed nerve root, b the horizontal distance, ¢ the vertical
distance, d the angulations of the nerve roots

Fig. 3 Nerve roots measurements after facetectomy. a The length of
the exposed nerve root, b the horizontal distance, ¢ the vertical
distance, d the angulations

using an internet program rechner for rechtecke (http://
www.arndt-bruenner.de/mathe/scripts/rechteckrechner.htm).
The SPSS software (version 11.0) was used to perform a
t test with the threshold p value set at 0.05.

Table 1 Measurements of the lateral mass and the neural foramen

Results
Lateral mass

The mean superoinferior diameters of the lateral mass from
C3 to C7 ranged from 11.2 £ 1.4 to 2.3 =+ 1.6 mm, and
the mean transverse diameters ranged from 10.3 &+ 1.7 to
12.8 &+ 1.5 mm while the mean anteroposterior diameter
ranged from 10.4 + 1.3 to 11.9 £ 1.7 mm.

The mean height of the neural foramen was insignificantly
different from C3 to C7 which was 7.8 = 1-8.8 = 1.1 mm
while the anteroposterior diameter was found 4.4 +
0.9-6.2 + 1.1 mm at C3 through C7 (Table 1).

Measurements of the nerve roots after laminectomy

After total laminectomy, the length of the exposed nerve
roots to the medial point of facet (MPF) at all levels from C3
to C7 was found 6.5 £ 0.8-8.8 £ 0.8 mm with insignifi-
cant difference. The horizontal distance from the MPF to
the lateral surface of the dura was found 5.1 & 0.9-7.1 £
0.9 mm with gradual elongation downward. The vertical
distance to the axilla of the nerve root was 4 + 0.6-5.4 +
0.5 mm without significant difference Table 2.

Measurements following medial one-half facetectomy

After one-half facetectomy; the length of the exposed nerve
roots from C3 to C7, was found 8.9 + 0.8-12.3 £+ 0.8 mm.
There was a significant difference compared with the total
laminectomy (P 0.002-0.004).

The horizontal distance to the lateral surface of the dura
was 7.1 £ 1-9.8 £ 0.7 mm. This was significant compared
with the total laminectomy (P 0.001-0.004); the horizontal
distance to the dura was longer by about 3-4 mm on
average.

The vertical distance to the axilla of nerve roots from C3
to C7 was 5.5 &£ 0.6-7.3 = 1. There was a significant
difference at C3—C5 (P 0.001-0.004) Table 3.

Distance in mm (mean + SD) mm

Lateral mass Foramen

Superoinferior Anteroposterior Mediolateral Height Anteroposterior

Mean Min Max Mean Min Max Mean Min Max Mean Min Max Mean Min Max
C3 11214 9 14 104+ 1.3 12 103 + 1.7 14 844+09 7 10 44+09 3
C4 1132 9 15 113+ 1.7 13 11.3 £ 2.1 16 78 £1 6 9 41+£07 3 5.5
C5 11.2+£16 8 14 11.34+09 10 13 113+ 1.1 10 13 8.1+13 6 10 47+£08 4 6
co 11.3+£14 9 14 11£1.8 8 14 12.1 £ 2.1 17 86+12 7 11 5+£07 4 6
C7 123+£16 9 13 119+ 1.7 10 15 128 £ 1.5 8 13 88+ 1.1 7 11 62+1.1 5 9
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Table 2 Measurements after laminectomy

Distance in mm (mean + SD) mm

N root length Horizontal distance Height Angulation
Mean Min Max Mean Min Max Mean Min Max Mean Min Max
C3 6.5+ 0.8 5.5 51+£09 39 6.5 4 +£0.6 2.7 5.0 513 £ 64 439 61.0
Cc4 7.1 £0.6 6.1 5.6 +£0.7 4.5 6.5 44 4+ 0.6 33 5.7 509 +£ 54 44 4 62.7
C5 75+05 6.5 5.8+ 0.6 5 6.9 47 £ 0.6 3.6 5.3 513 +49 46.4 62.2
(@) 8.6 £ 0.8 7.6 10 6.6 +£ 0.5 52 7.9 54+05 4.4 6.1 509 + 39 432 59.3
Cc7 8.8 £0.8 7.4 10 7.1 +£09 5.1 8.3 52+04 4.4 5.8 533 +42 43.6 61.7
Table 3 Measurements following medial one-half facetectomy
Distance in mm (mean + SD) mm
N root length Horizontal Height Angulation
Mean Min Max P Mean Min Max Mean Min Max P Mean Min Max
C3 8.9 + 0.8 7.7 10 0.002 7.1 £1 5.5 82 0001 55+06 46 6.6 0.001 513+64 439 61
Cc4 9.5+ 0.9 82 11 0.002 73+09 6 8.9 0.001 6+09 42 7.9 0.001 509 +54 444 627
C5 9.8 £0.7 9 12 0.002 7.6+0.8 6.5 9.7 0.01 6.1 +£07 44 7 0.001 513+5 464 622
Co 113+1 9.6 13 0.004 88 +1 7.3 10.1 0.004 71409 5.6 8.7 0.001 509 +£39 432 593
C7 123+£08 11 14 0.002 9.8 +0.7 8.7 11 0.003 73 +1 5.7 9.4 0.004 533 +42 43.6 61.7

The angle between the nerve root and the lateral margin
of the dura was measured. The smallest angle was
50.9 % 6.4°, corresponding to the C6 nerve root while the
angle of the C7 nerve root was 53.3 + 4.2° without any
significant difference (P 0.7).

Discussion

Various anterior and posterior operative approaches for the
treatment of cervical radiculopathy have been reported
[5, 7,8, 11, 13, 16, 25, 27]. Scoville [23] firstly described
posterior foraminotomy through a partial resection of the
medial part of facet joint to relieve the compression of the
cervical nerve root.

Although the posterior approach has a great outcome
results, the anterior approach has been more commonly
used by neurosurgeons to treat cervical disc. There is a
renewed interest by many surgeons with regard to the
posterior approach to treat the paracentral and foraminal
cervical disc due to the advancements of minimally inva-
sive surgery and endoscopy with a series of reports
detailing excellent treatment outcomes as the anterior
approach need a more depth in dissection of structures to
reach the cervical disc [2, 4, 12, 14, 15, 22]. Tumialan et al.
[24] reported that posterior cervical foraminotomy offers a
benefit relative to anterior cervical foraminotomy in
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immediate short-term direct costs and long-term indirect
costs, early mobilization and outcome.

In order to simplify this approach we studied the ana-
tomical landmarks and measurements of the lateral mass,
nerve root (length, height, angulation), and disc “triad” to
give an idea for the neurosurgeons to facilitate the
approach, minimize the risk of complication, and to
improve the outcome.

In order to do posterior key hole foraminotomys; it is
necessary to remove 4-5 mm from the superior and infe-
rior lamina using a high-speed drill to allow visibility of the
dura till the lateral mass then about 4-5 mm from the
lateral mass to provide a significantly greater exposure of
the exiting nerve root for decompression and removal of
laterally herniated disc [22].

In cases where posterior cervical foraminotomy and
discectomy is performed via the posterior approach, the
muscles should dissected to a minimal extent, using a
narrow retractor and the lateral mass at the site of the lesion
is secured after initial resection of the lateral part of the
lamina to the point where it meets the lateral mass. This
allows for visibility of the dura and the nerve root
(6.5-8.8 mm) and the horizontal distance (5.1-7.1 mm)
from MPF of the lateral mass at C3—C7. Based on our
results, this short distance of nerve root clinically allows
minimal mobilization of the nerve root to do discectomy
and nerve root decompression. This agrees with Hwang
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et al. [15] who reported that after total laminectomy; the
nerve root is still short to do easy mobilization and
discectomy.

The extent of facet resection is based on the extent of
foraminal pathology. Zdeblick et al. [26] performed suc-
cessive 25, 50, 75, and 100% facetectomy in in vitro model
to evaluate the impact of progressive facet resection on
instability. They found significant segmental hypermobility
occurred with greater than 50% facet resection and noted
that resection of the facet should be limited to less than
50% to preserve the biomechanical function of the cervical
vertebrae and to avoid the risk of cervical instability. This
was confirmed by many authors [3, 6, 20, 21].

In our measurements of the lateral mass from C3 through
C7, we found similar to the work of Abdullah et al. [1] that
the mean range of superoinferior diameters was 11.2 +
1.4-12.3 4+ 1.6 mm, transverse diameters was 10.3 +
1.7-12.8 + 1.5 mm while the anteroposterior diameters
was 10.4 4+ 1.3-11.9 4+ 1.7 mm. The mean height of the
neural foramen was insignificantly different from C3
through C7 (7.8 + 1-8.8 + 1.1 mm) while the anteropos-
terior diameter was 4.4 + 0.9-6.2 + 1.1 mm. So, accord-
ing to the previous reports [3, 6, 20, 21] and our results; it is
safe to remove up to 5 mm of the lateral mass to allow easy
mobilization of the nerve roots for discectomy without
instability.

Our findings showed that the vertical distance to the
axilla of the nerve root from C3 to C7 was 4-5.2 mm after
laminectomy and 5.5-7.3 mm after facetectomy. So, it is
important to put in mind that vertical distance to the axilla
of the nerve root is 4-5 mm superior from the location of
MPF after laminectomy and 5-7 mm after facetectomy.
This mean that when the decompressive laminectomy of
each segment is performed primarily for the superior rather
than the inferior lamina, it should facilitates the disc
removal from the axilla of nerve root, allows easy mobi-
lization to attack it also from the shoulder, and prevent
unnecessary damage to normal tissue. Hwang et al. [15]
found other results varying from 1 to 3 mm without any
significant difference.

In the present study; after total laminectomy from C3
through C7, we found the mean nerve root length was
6.5-8.8 mm while it was 8.9-12.3 mm after facetectomy
with significant difference. The horizontal distance from
MPF to the lateral surface of the dura was 5.1-7.1 mm
after total laminectomy while it was 7.1-9.8 mm after
facetectomy with significant difference. The vertical dis-
tance to the axilla of the nerve root was 4-5.4 mm after
total laminectomy while it was 5.5-7.3 mm after facetec-
tomy with significant difference (P 0.001). This indicates
that length, height, and horizontal distance of the nerve
roots changed significantly after facetectomy as reported
by Hwang et al. [15].

The anatomical relationship of the intervertebral disc to
the overlaying obliquely situated nerve root when looking
from the narrow interlaminar fenester is too important to
understand. To remove the herniated intervertebral disc and
hypertrophied osteophyte, a nerve hook is placed in the
axillary region. This is retracted superiorly, exposing the
intervertebral disc after facetectomy and a sufficient degree
of decompression can be confirmed based on findings that
the nerve root is released freely when using a probe to
manipulate an intervertebral foramen.

Conclusion

Anatomic and morphologic study of the cervical nerve
roots and their relationships to the lateral mass and the
intervertabral disc are useful landmarks to reduce the
operative complications of the posterior foraminotomy.
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