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Background: Degenerative changes of the cervical spine are an inevitable response
to certain occupational status and aging processes. Compression of cervical nerve
roots may result from disc degeneration, disc herniation or intervertebral foraminal
stenosis. The precise and detailed anatomical knowledge of the intervertebral fora-
men of the cervical spine is essential for the diagnosis and management of cervical
radiculopathy. The significance of the observations and findings of the present study
was to elucidate the correlation between the morphology and disorders of the
cervical intervertebral foramina in normal and pathological condlitions especially at
the level of C3-C4 to C6-C7 on both sides and in both sexes. Moreover, it will help
greatly in the planning of both surgical and conservative strategies.

Materials and Methods: In the present study, 5 formalin-fixed adult cadavers and
radiological specimens of the cervical region of the vertebral column of 28 normal
and 209 subjects suffering from cervical disorder from both sexes and different
age groups. They subjected for morphological and radiometrical analysis.
Results: All measurements of the present study of the cervical disorders in females
were found to be 6% less than in males in all age groups, which is statistically
significant (p < 0.01) as compared with the control group (2%). The mean inter-
vertebral foraminal areas in the control group of C5-C6 and C6-C7 are significantly
greater than those of C3-C4 and C4-C5.

Conclusions: The mean intervertebral foraminal area was greater in the lower
cervical region than the upper in normal adult individuals. In pathological condi-
tion the affection of C3-C4 and C4-C5 intervertebral foramina was more due to
narrower surface area. The pathology of cervical spine affecting the intervertebral
foramina of female which complaint earlier than male due to narrower foramina.
(Folia Morphol 2014; 73, 1: 7-18)
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INTRODUCTION
Neck pain is a common complaint all over the world.
It is estimated that about 30-50% of adults will expe-
rience neck pain at a given time. It has the highest
frequency in those working in hospitals and offices
while those working in industrial service have the lowest

frequency of neck pain [34]. The neck pain is derived
from a variety of nonspecific musculoskeletal causes
including progressive structural changes with or without
associated systemic disease, degenerative conditions,
direct trauma, chronic stress or strain injury [23]. Dege-
nerative changes of the cervical spine are considered
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a common response to the aging process. Compression
of cervical nerve roots may result from disc degenera-
tion, disc herniation or spinal stenosis [32].

The detailed knowledge of the anatomy of the cer-
vical intervertebral foramen (IVF) is essential for the
diagnosis and management of cervical radiculopathy.
Degenerative cervical disc disorder is very common. If
symptoms are present, they can usually be grouped
into one of 3 categories; either axial neck pain, radi-
culopathy, myelopathy or a combination of the three
[27]. Ebraheim et al. [10] described the anatomy of
the cervical neural area and divided it into 3 zones: the
medial zone is the pedicle and the IVF, the middle zone
is the foramen transversarium and the lateral zone is
the anterior and posterior tubercles.

The anatomy of the cervical IVF has been well de-
scribed in numerous literatures [24, 32, 29]. Nobuhiro
et al. [24] reported that the shape of the IVF similar to
a funnel; wide medially, narrow laterally and continuous
with the spinal dural sheath. Lu et al. [20] compared its
dimensions with normal IVF; they observed a reduction
of this foramen by around 20-30% in cases suffering
1 mm intervertebral spaces. Moreover, these authors
added that a reduction by 35-45% consequent to
a 3 mm narrowing of intervertebral space.

Cervical spondylosis and intervertebral disc pro-
lapse are common pathological conditions affecting
some middle aged or elderly persons [2]. Moreover,
cervical disc prolapse usually affects the discs between
the 3' to the 7t cervical intervertebral disc. Osteo-
phytes at the intervertebral foraminal region may result
in nerve compression and consequently radiculopathy
[11, 31]. Surgical approach of disorders affecting the
vertebral artery, cervical spinal nerves, spinal nerve
roots and the bony and ligamentous tissue related
to the cervical vertebrae are safer when approached
from their anterior aspect rather than posterior [29].

The present work is designed to provide a detailed
study and compare the measurements and descrip-
tion of the anatomical and radiological features of the
cervical intervertebral foramina in normal individuals
of both sexes and those obtained from patients suf-
fering from neck problem. The results obtained from
this study may help in the treatment strategies of ra-
diculopathy and cervical intervertebral disc disorders.

MATERIALS AND METHODS
Five formalin preserved adult cadavers, a total of 237
radiological cases (144 plain X-rays and 93 computed
tomography [CT] scan) of the cervical region of the
vertebral column of normal and pathological cases from
both sexes were used and subjected for the following.

Figure 1. Dissected left side of the neck of an adult specimen
showing the maximal height (a), width (b) and area (c) of the left
intervertebral foramen from C3-C7.

Morphological and morphometrical study

Five formalin-fixed adult cadavers of both sexes
were used. The specimens were obtained from for-
malinised cadavers from the Anatomy Department,
Faculty of Medicine, Cairo University for gross dissec-
tion. All the specimens were apparently normal with
no apparent fracture, deformities or anomalies. The
specimens were subjected to:

Morphological study. The morphology of the
cervical intervertebral foramina from the 3™ to the
7th vertebrae of both sides and the structures related
to it; including the spinal nerve trunk, the blood
vessels and the ligaments were carefully dissected
and examined.

Morphometrical study. The studied measure-
ments of the IVF were height and width. Assuming
that the shape of the IVF is almost elliptical, according
to Charles et al. [5], the maximum height of the fo-
ramen (Fig. 1A) and width (Fig. 1B) were measured
using the sliding calibre (Vernier) and the area (Fig. 1C)
was calculated by the following formula [5]: ¢ = 7 X
X a X b; where a — the maximum height of the
ellipse divided by 2; b — the maximum width of the
ellipse divided by 2.

Radiological and radiometrical study

The radiological cases were examined in this study
(28 cases are volunteers used as normal control while
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Table 1. The number of cases and age groups examined in the current study

Group Age [years] No. of cases Normal control Patients with neck pain
Male Female Male Female

| 25-35 45 3 2 17 23

Il 36-45 56 4 3 22 27

I 46-55 61 3 4 21 33

v 56-65 75 5 4 31 35

Se: 0/1
Im: 2/4

129376 Mag: 0.7x
Acc: 20100916.00831
2010 Sep-16
Acq Tm: 09:58:15

2-¢C Ahg
Stdy o

the other 209, after taking their consent, are suffering
from neck pain). The volunteers and the patients with
neck pain are selected randomly and obtained from
Radiology Department, Kasr El Aini Hospital; they are
divided according to age into groups as in Table 1.

Plain X-rays (lateral and oblique views) and
oblique-sagittal CT scans of the cervical region
of different age groups of both sexes (56 males,
88 females for plain X-rays and 50 males, 43 females
for CT scans) were examined for radiometrical ana-
lysis (Figs. 2A, B) using the radiological computer
program (e-Film program version 2.00, 2004) and
the area (Fig. 2C) was calculated by the same formula
as in cadaveric study.

Acc: 2011216143249

Figure 2. A. Plain X-ray (lateral view) of

a male patient, 40 years old, showing the
studied measurements of C3-C7 intervertebral
foramina; B. Plain X-ray (lateral view) of

a female patient, 35 years old, showing the
studied measurements of C2-T1 intervertebral
foramina; C. Computed tomography scan
(oblique sagittal plane) of a female patient,

65 years old, showing the studied measure-
ments of C3-C7 intervertebral foramina.

The CT scans of the cervical vertebrae obtained
in the axial plane and reconstructed in sagittal ob-
lique plane that is perpendicular to the direction of
the intervertebral foramina in the axial plane taking
in consideration the thickness of the intervertebral
discs using the same radiometric program. The same
measurements (Figs. 2A-C) were performed as those
obtained from the plain X-ray (Fig. 2C).

Statistical analysis

Values presented as means = standard error of
mean (SEM). Data analysed statistically by one way
analysis of variance (ANOVA) followed by Scheffe’s
procedure pairwise comparisons and correlation
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Figure 3. A. Anterior view of dissected spe-
cimen of adult neck showing almost an ellip-
tical shaped cervical intervertebral foramen
(arrows); B. Dissected right side of neck of
adult specimen showing almost an elliptical
shaped cervical intervertebral foramen.

Figure 4. A. Anterior view of dissected speci-
men of adult neck showing the cervical spinal
nerves that fills most of the area of the inter-
vertebral foramen; B. Dissected left side of
neck of adult specimen, showing the cervical
spinal nerves that fills most of the area of the
intervertebral foramen; C. Dissected right side
of neck of adult specimen, showing the stru-
ctures in the intervertebral foramen retracted
and fixed by violet heads pin and silver needle.
The fibrous neural sheath (thin black arrow),
the spinal nerve (thick black arrow) and the
blood vessels (thick white arrow).

Table 2. Mean intervertebral foraminal (IVF) height, width and area from 39 to 7t cervical vertebrae of the cadaveric specimens*

Foramen level Left IVF Right IVF
Height [cm] Width [cm] Area Height [cm] Width [cm] Area
(n=5) (n=5) [cm?] (n=5) (n=5)
C3-C4 0.9 =0.02 0.8 = 0.04 0.57 = 0.04 0.9 = 0.02 0.8 =0.03 0.57 + 0.04
C4-C5 1.0 = 0.03 0.8 +0.03 0.63 + 0.05 1.1 +0.03 0.9 =0.03 0.78 + 0.04
C5-C6 1.0 = 0.02 0.8 =0.03 0.63 + 0.06 1.1 +0.03 1.0 + 0.03 0.86 + 0.05
C6-C7 1.2 +0.03 0.9 =0.02 0.85 + 0.06 1.3 +0.04 0.9 =0.03 0.92 + 0.06

*Values are presented as means = SEM; n — number of cases

using a current SPSS statistical package, and the
level of significance was determined to be less than
0.05 throughout the study.

RESULTS

Morphological and morphometrical study

The current study showed that the shape of the
foramen was almost elliptical in the cadaveric speci-
mens (Fig. 3) and the spinal nerve occupying most of
the area of the foramen (Fig. 4). The mean right and
left intervertebral foraminal height, width and area
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from C3-C4 to C6-C7 were presented in Table 2. The
mean intervertebral foraminal area of the foramen
between C3-C4 was found to be the smallest one of
both right and left sides while the foramen between
C6-C7 was the largest one. The mean intervertebral
foraminal areas of C4-C5 and C5-C6 were nearly si-
milar (Table 2).

Radiological and radiometrical study. The measu-
rements done for the radiological specimens (Fig. 5)
of the normal (control) group, the mean right and
left intervertebral foraminal height, width and area
from C3-C4 to C6-C7 were presented in Table 3. There
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Figure 5. A. Plain X-ray (right lateral view) of
a female patient, 35 years old, showing the
studied measurements of C3-C7 interverte-
bral foramina of right side; B. Plain X-ray (left
lateral view) of a female patient, 35 years old,
showing the studied measurements of C3-C7
intervertebral foramina of the left side.

Table 3. Mean intervertebral foraminal (IVF) height, width and area from 3" to 7t cervical vertebrae of the normal (control) specimens*

Foramen level Left IVF Right IVF
Height [cm] Width [cm] Area Height [cm] Width [cm] Area
(n=28) (n = 28) [em?] (n=28) (n=28)
C3-C4 1.20 + 0.02 0.91 = 0.02 0.78 = 0.04 1.12 £ 0.02 0.80 = 0.03 0.79 = 0.04
C4-C5 1.23 = 0.03 0.80 = 0.03 0.75 = 0.05 1.25 + 0.03 0.75 = 0.03 0.89 = 0.04
C5-C6 1.22 + 0.03 090 + 0.04 0.82 = 0.06 1.19 = 0.03 0.89 = 0.03 0.89 = 0.05
C6-C7 1.29 = 0.03 0.96 = 0.03 0.91 = 0.06 1.30 = 0.04 0.95 = 0.03 0.94 = 0.06

*Values are presented as means = SEM; n — number of cases

were no significant difference between the right and
left sides.

The mean foraminal area between C3-C4 was
found to be the smallest one in the right side, the
mean area of the foramen between C4-C5 was found
to be the smallest one in the left side while the
foramen between C6-C7 has got the largest area in
both sides (Table 3).

The mean right and left IVF height of the normal
(control) group and pathological cases from the 3™
to the 7t cervical vertebrae in different age groups
as regard both males and females were recorded in
Tables 4 and 5. There was no statistical significan-
ce between controls and pathological cases in age
groups I, I, lll. In the age group IV the mean height
in control is statistically significant to that of the
pathological cases.

The right mean IVF width of the normal (control)
group and patients with neck pain, from 3™ to 7th
cervical vertebrae in different age groups as regard
both males and females were recorded in Tables 6
and 7. The right means width showed no statistical
significance between control and pathological cases
except in group lll at the level of C5-C6 and group IV
at the level of C6-C7. The left mean width from C3
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to C7 in different age groups showed no statistical
significance between control and pathological cases
except in group IV at the level of C6-C7.

The mean intervertebral foraminal axial ratio from
3'd to 7t cervical vertebrae of the radiologic speci-
mens in different age groups were calculated and
recorded in Table 8. The difference between the mean
axial ratio of the right and left sides is statistically
significant only in the C3-C4 foramen at the age
group Il. The mean intervertebral foraminal areas of
the normal (control) group and of the pathological
cases from 3" to 7th cervical vertebrae in different age
groups were recorded in Tables 9 and 10.

The right and left mean areas from C3 to C7 in
different age groups, in male and females and in
control and pathological cases showed no statistical
differences except in the last 2 levels on both sides
especially in group IV (Tables 9, 10). The mean in-
tervertebral foraminal areas in the control group of
C5-C6 and C6-C7 were significantly greater than that
of C3-C4 and C4-C5 (p < 0.02) (Table 11). It was also
observed that no significant difference (p > 0.05)
was found in the pathological group (Table 12). The
mean IVF height and width in symptomatic cases
were summarised in Table 13.
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Table 4. Mean intervertebral foramen height from 34 to 7t cervical vertebrae of the normal (control) radiological specimens in diffe-
rent age groups™

Foramen level Age group Mean height [cm]

[years] Left: female Left: male P Right: female Right: male P
(n=13) (n=15) (n=13) (n = 15)

C3-C4 25-35 1.13 £0.03 1.25 = 0.03 0.21 1.14 = 0.05 1.22 + 0.03 0.26
36-45 1.09 = 0.04 1.28 = 0.03 0.12 1.05 = 0.02 1.20 = 0.04 0.09
46-55 1.21 £ 0.03 1.15 + 0.02 0.44 1.15 + 0.03 1.22 + 0.02 0.14
55-65 1.13 £ 0.02 0.88 + 0.02 0.08 1.08 = 0.05 0.88 + 0.03 0.09

C4-C5 25-35 1.16 = 0.03 1.27 = 0.03 0.17 1.26 = 0.02 1.32 = 0.03 0.29
36-45 0.93 + 0.04 1.32 = 0.03 0.05** 1.13 £ 0.04 1.29 = 0.04 0.15
46-55 1.09 = 0.02 1.12 = 0.02 0.27 1.12 = 0.03 1.28 = 0.02 0.12
55-65 1.07 = 0.04 1.11 = 0.06 0.27 1.13 £ 0.05 1.04 +0.03 0.16

C5-C6 25-35 1.22 = 0.02 1.16 = 0.02 0.20 1.31 £ 0.05 1.26 + 0.04 0.27
36-45 1.13 £ 0.04 1.30 = 0.04 0.10 1.13 £ 0.06 1.16 = 0.07 0.33
46-55 1.06 = 0.01 1.14 = 0.06 0.15 1.12 £ 0.03 1.18 = 0.07 0.25
55-65 1.23 = 0.06 0.89 + 0.04 0.05** 1.23 = 0.06 0.91 +0.03 0.04**

C6-C7 25-35 1.34 = 0.04 1.28 = 0.04 0.29 1.29 = 0.04 1.34 = 0.04 0.19
36-45 1.22 = 0.09 1.26 = 0.10 0.33 1.16 = 0.05 1.29 +0.10 0.27
46-55 1.11 £ 0.07 1.16 = 0.08 0.26 1.19 = 0.04 1.09 = 0.04 0.19
55-65 1.22 = 0.06 1.08 = 0.05 0.15 1.33 = 0.09 1.1 = 0.04 0.05**

*Vlalues are presented as means = SEM; **Significant at 0.05; n — number of cases

Table 5. Mean intervertebral foramen height from 39 to 7t cervical vertebrae of the symptomatic radiological specimens in different
age groups*

Foramen level Age group Mean height [cm]

[years] Left: female Left: male P Right: female  Right: male P
(n=118) (n=91) (n=118) (n=91)

C3-C4 25-35 1.10 + 0.02 1.23 £ 0.04 0.10 110+ 002 1.18 = 0.02 0.23
36-45 1.00 + 0.02 1.25 + 0.03 0.03** 1.00 £ 0.03  1.18 = 0.03 0.07
46-55 1.08 + 0.02 1.10 + 0.03 0.46 112+0.02 1.20=0.03 0.19
5565 1.15 £ 0.04 0.90 = 0.03 0.01** 1.10=0.04 0.90 = 0.04 0.05**

C4-C5 25-35 1.13 £ 0.03 1.23 £ 0.05 0.06 123003 128 =0.05 0.34
36-45 0.90 = 0.07 1.30 = 0.05 0.00** 1.10 £0.07  1.25+0.05 0.10
46-55 1.08 + 0.02 1.10 + 0.04 0.38 110 £0.02  1.25+0.04 0.06
55-65 1.08 + 0.09 1.10 + 0.05 0.45 1.15+0.09  1.02 +0.05 0.02**

C5-C6 25-35 1.20 = 0.05 1.10 = 0.04 0.20 1.28+0.05 1.23+0.04 0.30
36-45 1.10 = 0.06 1.28 = 0.07 0.10 110 £0.06  1.15+0.07 0.38
46-55 1.02 = 0.03 1.10 £ 0.07 0.15 110 £0.03  1.15+0.07 0.39
55-65 1.25 = 0.09 0.90 = 0.09 0.03** 1.25+0.06 093 +0.03 0.01**

C6-C7 25-35 1.30 = 0.04 1.25 + 0.04 0.27 123 +0.04 1.28+0.04 0.28
36-45 1.20 = 0.09 1.22 = 0.10 0.47 110+ 005 1.25+0.10 0.26
46-55 1.10 = 0.07 1.15 = 0.08 0.50 118 £0.04  1.00 = 0.04 0.17
55-65 1.25 = 0.06 1.10 = 0.05 0.10 1.35+009 1.10 = 0.04 0.00%*

*Values are presented as means = SEM; **Significant at 0.05; n — number of cases
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Table 6. Mean intervertebral foramen width from 34 to 7t cervical vertebrae of the normal (control) radiological specimens in diffe-
rent age groups™®

Foramen level Age group Mean width [cm]

[years] Left: female Left: male P Right: female  Right: male P
(n=13) (n = 15) (n=13) (n=15)

C3-C4 25-35 0.94 +0.03 0.89 + 0.03 0.24 091 +0.04  0.99+0.02 0.27
36-45 0.93 + 0.05 0.82 + 0.02 0.19 0.93 +0.03  0.86 = 0.05 0.22
46-55 0.83 + 0.03 0.85 + 0.04 0.22 0.77 +£0.02  0.98 = 0.03 0.10
55-65 0.83 + 0.02 0.72 = 0.02 0.14 0.86 = 0.05  0.76 = 0.02 0.26

C4-C5 25-35 0.88 + 0.02 0.94 = 0.02 0.22 0.96 +0.03  1.06 = 0.05 0.22
36-45 0.92 + 0.05 0.86 + 0.04 0.25 0.94 =007  0.97 +0.05 0.31
46-55 0.81 +0.03 0.79 + 0.02 0.33 0.86 +0.02  0.97 =0.04 0.12
55-65 0.88 + 0.06 0.80 + 0.03 0.21 0.86 +0.09  0.72 = 0.05 0.24

C5-C6 25-35 1.09 = 0.03 0.90 + 0.02 0.1 0.98 +0.01  0.89 +0.03 0.10
36-45 0.93 + 0.02 0.89 + 0.04 0.23 0.84 +£0.02  0.90 = 0.05 0.23
46-55 0.68 + 0.05 0.79 = 0.05 0.22 0.75 +£0.03  0.97 =0.03 0.05%*
55-65 0.96 + 0.06 0.82 = 0.06 0.12 1.02+0.04 0.66 =0.03 0.22

C6-C7 25-35 1.09 + 0.03 0.99 + 0.03 0.12 1.07+0.02 099 +0.03 0.22
36-45 0.76 + 0.04 0.90 + 0.03 0.22 105009 098 =0.12 0.12
46-55 0.83 + 0.04 0.84 + 0.04 0.25 0.89 +0.07  0.92+0.08 0.25
55-65 0.98 + 0.06 0.69 = 0.02 0.04** 102006 0.81=0.05 0.05**

*Values are presented as means = SEM; **Significant at 0.05; n — number of cases

Table 7. Mean intervertebral foramen width from 3" to 7t cervical vertebrae of the symptomatic radiological specimens in different
age groups™

Foramen level Age group Mean width [cm]

[years] Left: female Left: male P Right: female  Right: male P
(n =118) (n=91) (n=118) (n=191)

C3-C4 25-35 0.90 = 0.02 0.85 = 0.04 0.27 0.88 =0.02  0.95 = 0.04 0.27
36-45 0.90 + 0.02 0.77 +0.03 0.21 0.90 +0.02  0.82 =0.03 0.22
46-55 0.80 =0.02 0.80 = 0.03 0.50 0.75 £0.02  0.95 = 0.03 0.10
5565 0.85 + 0.04 0.74.% 0.03 0.23 0.85 +0.04 0.75.=0.03 0.26

C4-C5 25-35 0.85 = 0.03 0.90 = 0.05 0.31 0.93 £0.03 0.98 =0.05 0.34
36-45 0.90 = 0.07 0.82 = 0.05 0.25 0.90 £0.07  0.93 =0.05 0.43
46-55 0.78 + 0.02 0.75 = 0.04 0.42 0.85 +£0.02  0.95 = 0.04 0.21
5565 0.90 = 0.09 0.80 = 0.05 0.15 0.88 =0.09  0.70 = 0.05 0.06

C5-C6 25-35 1.05 = 0.05 0.83 = 0.04 0.00%* 0.95=+0.05 0.85=0.04 0.10
36-45 0.90 = 0.06 0.85 = 0.07 0.40 0.80 = 0.06  0.87 = 0.07 0.32
46-55 0.67 = 0.03 0.75 = 0.07 0.26 0.73 £0.03  0.95 = 0.07 0.05**
55-65 1.00 + 0.09 0.84 = 0.09 0.03** 1.08 =009 0.69 = 0.09 0.01**

C6-C7 25-35 1.05 = 0.04 0.93 + 0.04 0.09 1.00 = 0.04 0.95+0.04 0.29
36-45 0.70 = 0.09 0.87 = 0.10 017 100009 0.95+0.10 0.38
46-55 0.80 = 0.07 0.80 = 0.08 0.50 0.87 £0.07  0.90 = 0.08 0.44
5565 1.03 = 0.06 0.70 = 0.05 0.00%* 1.05 =006 0.80 = 0.05 0.03**

* Vialues are presented as means = SEM; **Significant at 0.05; n — number of cases
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Table 8. Mean intervertebral foraminal axial ratio from 3" to 7t cervical vertebrae of the symptomatic radiological specimens in diffe-
rent age groups™

Foramen level Age group Axial ratio
Iyears] Left (n = 209) Right (n = 209) P
C3-C4 25-35 1.3 + 0.06 1.4 +0.05 0.194
36-45 1.8 +0.07 1.4 +0.05 0.026**
46-55 1.5 + 0.04 1.5 + 0.05 0.446
55-65 1.5+ 0.05 1.6 + 0.06 0.100
C4-C5 25-35 1.4 = 0.04 1.2 +0.04 0.118
36-45 1.5 +0.04 1.5 + 0.05 0.127
46-55 1.4 +0.04 1.3 +0.04 0.154
55-65 1.3 +0.04 1.4 +0.05 0.177
C5-C6 25-35 1.2 +0.03 1.3 +0.04 0.102
36-45 1.3 +0.03 1.4 +0.04 0.378
46-55 1.5 + 0.04 1.4 +0.04 0.240
55-65 1.2 +0.03 1.3 £0.02 0.476
C6-C7 25-35 1.2 +0.03 1.2 +0.03 0.371
36-45 1.4 +0.04 1.3 +0.04 0.192
46-55 1.4 + 0.04 1.3 +0.05 0.178
55-65 1.3 +0.03 1.1 £ 0.02 0.081

*Values are presented as means = SEM; **Significant at 0.05; n — number of cases

Table 9. Mean intervertebral foraminal area from 34 to 7t cervical vertebrae of the normal (control) radiological specimens in different
age groups™

Foramen level Age group Mean area

[years] Left: Left: P Right: Right: P
male female male female
(n=15) (n=13) (n=15) (n=13)

C3-C4 25-35 0.86 + 0.03 0.80 + 0.05 0.34 092 +005 0.78 =0.04 0.20
36-45 0.81 = 0.02 0.74 + 0.03 0.36 0.79 £0.04 0.74+0.04 0.26
46-55 0.72 + 0.02 0.70 + 0.01 0.45 0.93 +£0.05  0.69 +0.02 0.04**
55-65 0.63 + 0.04 0.75 + 0.04 0.06 0.63 +0.03 0.72+0.04 0.1

C4-C5 25-35 0.91 + 0.03 0.80 + 0.02 0.19 0.99 +0.04 0.92+0.04 0.28
36-45 0.89 = 0.04 0.71 + 0.04 0.22 0.96 + 0.03  0.82 = 0.02 0.31
46-55 0.69 + 0.03 0.75 + 0.03 0.35 0.95+0.04 0.73+0.03 0.09
55-65 0.67 = 0.02 0.76 + 0.03 0.28 0.62 +£0.02 0.75 + 0.05 0.07

C5-C6 25-35 0.77 + 0.04 0.98 + 0.05 0.01** 0.96 +0.04  1.05 + 0.05 0.16
36-45 0.91 +0.02 0.82 + 0.04 0.23 0.86 + 0.04  0.72 = 0.04 0.29
46-55 0.69 + 0.03 0.65 + 0.02 0.32 0.88 +0.04  0.69 +0.03 0.21
55-65 0.80 = 0.02 0.95 + 0.03 0.02** 0.85 +0.02  0.96 = 0.04 0.00**

C6-C7 25-35 0.95 + 0.03 1.09 = 0.02 0.16 099 +£0.03  1.02+0.04 0.39
36-45 0.88 = 0.04 0.69 + 0.04 0.27 0.99 +0.04  0.90 +0.02 0.35
46-55 0.75 + 0.05 0.73 + 0.02 0.39 0.75 +£0.05  0.86 = 0.02 0.23
55-65 0.62 + 0.04 0.98 + 0.02 0.00** 0.67 +0.01  1.08 = 0.04 0.01**

*Values are presented as means = SEM; **Significant at 0.05; n — number of cases
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Table 10. Mean intervertebral foraminal area from 3 to 7t cervical vertebrae of the symptomatic radiological specimens in different

age groups™

Foramen level Age group Mean area

[years] Left: Left: P Right: Right: P
male female male female
(n=91) (n=118) (n=91) (n=118)

C3-C4 25-35 0.82 + 0.04 0.78 + 0.03 0.32 0.88 +0.05 0.75 = 0.04 0.18
36-45 0.77 = 0.03 0.71 +0.03 0.39 0.76 = 0.04  0.71 = 0.04 0.34
46-55 0.69 = 0.02 0.70 + 0.02 0.49 091 +0.05  0.66 = 0.02 0.05**
55-65 0.62 = 0.02 0.77 + 0.04 0.08 0.64 +0.03 0.73+0.04 0.1

C4-C5 25-35 0.87 = 0.04 0.75 + 0.04 0.1 0.87 £0.06  0.79 = 0.05 0.30
36-45 0.85 + 0.04 0.64 + 0.02 0.18 0.83 +£0.05 0.78 £ 0.03 0.26
46-55 0.65 + 0.04 0.74 + 0.03 0.44 0.84 +0.05  0.67 +0.02 0.1
55-65 0.69 + 0.02 0.80 + 0.04 0.35 0.70 £ 0.04  0.77 = 0.04 0.1

C5-C6 25-35 0.72 + 0.03 0.96 + 0.04 0.03** 0.82 +0.04  0.99 +0.05 0.12
36-45 0.88 + 0.04 0.78 = 0.03 0.36 0.81 =£0.04  0.69 +0.03 0.31
46-55 0.66 + 0.02 0.63 = 0.02 0.17 0.85 +0.04  0.65+0.02 0.17
55-65 0.64 + 0.02 0.98 + 0.05 0.00** 0.80 = 0.02  1.06 + 0.06 0.01**

6-C7 25-35 0.86 + 0.04 1.07 = 0.05 0.1 0.95+0.05 0.97 =0.05 0.44
36-45 0.85 + 0.03 0.66 + 0.02 0.25 0.96 + 0.05 0.86 =0.04 0.38
46-55 0.71 + 0.02 0.71 = 0.03 0.49 0.71 +£0.03 0.84 =0.04 0.34
55-65 0.60 + 0.02 1.01 = 0.05 0.01** 069 +002 1.12=0.06 0.02**

*Values are presented as means = SEM; **Significant at 0.05; n — number of cases

Table 11. Mean intervertebral foraminal (IVF) area from 3" to
7t cervical vertebrae of the normal (control) specimens*

Table 12. Mean intervertebral foraminal (IVF) area from 3" to
7t cervical vertebrae of the pathological specimens*

Foramen Right IVF Left IVF P Foramen Right IVF Left IVF P

C3-C4 0.82 + 0.02 0.75 + 0.04 0.03** C3-C4 0.80 + 0.02 0.73 + 0.04 0.03**
C4-C5 0.88 + 0.04 0.79 + 0.02 0.02** C4-C5 0.81 +0.04 0.77 + 0.02 0.05**
C5-C6 0.90 + 0.02 0.79 + 0.03 0.01%* C5-C6 0.82 + 0.02 0.73 + 0.03 0.01%*
C6-C7 0.96 = 0.03 0.80 + 0.04 0.00** C6-C7 0.83 +0.03 0.75 + 0.04 0.01%*

*Values are presented as means = SEM; **Significant at 0.05

DISCUSSION

The present study demonstrated the morpholo-
gical and radiometrical features of the cervical in-
tervertebral foramina from C3-C4 to C6-C7 on both
sides and sexes. The dimensions of the foramen are
of clinical importance in the diagnosis of foraminal
stenosis and radiculopathy.

The purpose of the study is to describe the di-
mensions of the cervical IVF in the neutral position
in a sample of asymptomatic adults (28 cases) and
a wide range of radiological specimens of patients
complaining of radicular symptoms (209 cases). The
cervical intervertebral foramina have been previously
described by Ruggieri [30] as becoming progressively
narrower in the lower segments normally. The fin-
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*Values are presented as means + SEM;**Significant at 0.05

dings of the present study generally do not support
this conclusion as there is no progressive decrease
in the foraminal dimensions normally with each pro-
gressive caudal segment.

Czervionke et al. [8] reported that the cervical
intervertebral foramina are oval in shape; the width
of the foramen is approximately one half its heights.
This study supports the conclusion that the foramen is
elliptical in shape. However, it is found that the width
of the foramen is approximately two thirds its heights
across all levels. The results for the height and width
of the foramen in this study are based upon a single
measurement defined simply as the greatest vertical
and horizontal diameters at right angle to each other.
These variables do not specifically address changes
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Table 13. Mean intervertebral foramen height and width from 3" to 7" cervical vertebrae of the symptomatic radiological specimens

in different age groups®

Foramen level Age group Mean height [cm] Mean width [em]
[years] Left(n = 209)  Right (n = 209)  Left (n = 209) Right (n = 209)
C3-C4 25-35 1.14 £ 0.02 1.13 £ 0.02 0.82 = 0.03 0.84 = 0.03
3645 1.15 = 0.03 1.19 £ 0.03 0.84 = 0.03 0.90 = 0.03
46-55 1.15 + 0.02 1.17 £ 0.03 0.85 = 0.04 0.87 = 0.03
55-65 1.20 = 0.04 1.22 = 0.04 0.89 = 0.03 0.95 = 0.03
C4-C5 25-35 1.17 £ 0.03 1.25 + 0.05 0.88 = 0.05 0.95 = 0.05
36-45 1.24 + 0.07 1.23 £ 0.05 0.83 = 0.07 0.93 = 0.08
46-55 1.09 + 0.02 1.14 = 0.04 0.78 = 0.07 0.88 = 0.05
5565 1.08 = 0.09 1.14 = 0.05 0.88 = 0.05 0.84 = 0.06
C5-C6 25-35 1.15 = 0.05 1.25 = 0.04 0.94 = 0.05 0.90 = 0.03
36-45 1.25 = 0.06 1.14 + 0.07 0.86 = 0.09 0.86 = 0.06
46-55 1.04 +0.03 1.11 £ 0.07 0.69 = 0.05 0.79 = 0.06
5565 1.18 = 0.09 1.18 = 0.09 0.96 = 0.05 0.98 = 0.10
C6-C7 25-35 1.28 = 0.04 1.25 = 0.04 0.99 = 0.04 0.98 = 0.03
36-45 1.21 £ 0.09 1.23 £0.10 0.84 = 0.08 0.96 = 0.03
46-55 1.10 = 0.07 1.14 = 0.08 0.80 = 0.06 0.88 = 0.03
55-65 1.22 + 0.06 1.30 = 0.05 0.96 + 0.07 1.02 = 0.07

*Values are presented as means + SEM; n — number of cases

in width for the lower third of the foraminal space
where the nerve root resides and concerns of stenosis
are greatest [15]. For the separate variables of forami-
nal height, width and area paired t-test was used to
determine the significant differences, in foraminal
dimensions between right and left sides and across
sexes in the cervical neutral position. In the present
study all measurements of the pathological cases
in females were found to be 6% less than in males
in all age groups, which is statistically significant
(p < 0.01) compared with the control one (2%).
The same findings were reported by Hogg-Johnson
et al. [12] who found that the intervertebral fora-
minal areas in women were only slightly smaller
than in men.

The anatomical structures within the IVF are well
described in previous studies [7, 18, 25]. These stru-
ctures consist primarily of the anterior and posterior
roots, spinal ganglion, spinal arteries and veins, the
ligamenta flava and loose connective fatty tissue. The
connective tissues in the IVF occupy less than 28%
and the neural tissues apparently less than 35% of
the IVF's overall content while in the current study it
is found that the neural content occupies more than
60% of the foraminal area. However, Moeti and Mar-
chetti [21] mentioned that the dorsal root ganglion
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is just slightly smaller than the whole IVF. The last
authors described the dorsal root ganglion as lying in
the superolateral area of the foramen and often play
a significant role as a sensation trigger in neck pain.

The anatomy of the cervical IVF has been well de-
scribed in several studies [10, 18, 24, 25]. Ebraheim
et al. [10] described the quantitative anatomy of the
cervical nerve root groove and divided it into 3 zones:
the medial zone (pedicle), middle zone (vertebral artery
foramen), and lateral zone. The medial zone is believed
to play an important role in the aetiology of cervical
radiculopathy. Nobuhiro et al. [24] reported that the
shape of the IVF approximates a funnel from lateral
to medial with the entrance zone being the narrow
part and the conically shaped radicular sheath with
its take-off points from the central dural sac being the
largest part. Consequently, nerve root compression
occurs mostly in the narrow entrance zone of the IVF.

Extensive research has been conducted to investi-
gate the IVF and nerve root in the lumbar spine. In the
cervical region, however, most studies have focused
on the evaluation of the vertebral body, spinal canal
and spinal cord [26]. Nobuhiro et al. [24] stated that
the cervical IVF is located under the isthmic region
and it was divided into 3 zones: medial, middle, and
lateral. When compared with the other 2 zones, the
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medial zone was believed to play an important role in
the aetiology of cervical radiculopathy. In the present
work the foramen is found to be bounded by the un-
cinate process anteriorly, the superior facet posteriorly
and the adjacent pedicles superiorly and inferiorly.

The major factors contributing to a decrease in
size of the IVF, as described in the medical literature
on this particular issue, are degenerative reshaping
of its bony borders, subluxation of the facet joints,
decrease in height, protrusion of the intervertebral disc
or bulging of the ligamentum flavum [6]. Information
on the size of the osseous border of the IVF is limited.
Furthermore, established clinical definitions for the
assessment of IVF diameter cannot be applied easily on
dry bone specimens [19]. The typical pear shape of the
superior and inferior soft-tissue parts of the foramen in
the living are different from their bony boundaries [4].
Itis crucial to propose simple measurements especially
of the osseous IVF dimensions. However in the present
study no dry bone measurement has been done due
to the lack of intervertebral disks which affect greatly
the dimensions of the foramen.

Humphreys et al. [13] found that cervical IVF widths
are larger in healthy individuals than in symptomatic
persons using CT scans. It is found in the present work
that the cervical IVF widths are larger in healthy indi-
viduals than in patients suffering from radiculopathy
using both X-rays and CT scans. This supports the con-
clusion that reduction in the foramen width aggravates
the state of nerve compression greatly.

In the present study the intervertebral foraminal
areas of C3-C4 through C6-C7 are found to be very
similar in normal (control) cases. The mean differences
in the area between the right and left sides were less
than 12% at all levels. The overall measurements in
women were slightly smaller than in men (by 2%).
The greatest difference in height was 6.8%, 4.3% in
width, and 7.1% in area. This agrees greatly with the
work of Hogg-Johnson et al. [12] and Nabil et al. [22].

It is observed that the mean intervertebral forami-
nal area of C3-C4 of the right and left sides in females
of the age group 1V, is slightly increased in the patholo-
gical specimens (right: 0.73 = 0.04, left: 0.77 = 0.04),
compared with the control group (right: 0.72 + 0.04,
left: 0.75 + 0.04) with no statistical difference to be
found. The same result was mentioned by Jiayong et
al. [17]. This is suggestive of an increase in the interver-
tebral foraminal area in the cases suffering from neck
pain, probably due to the increase in the size of one or
more of the contents of the foramen. Moreover, this
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increase may be caused by degenerative changes in the
bones due to the aging process and the pathological
severity of the case. However, in males it is observed
that the mean intervertebral foraminal area on both
sides at all age groups, is less in pathological than in
normal (control) group.

The present work proves a significant difference in
the mean intervertebral foraminal area in the control
group of C5-C6 and C6-C7 which was greater than
that of C3-C4 and C4-C5 (p < 0.03). Although in the
pathological cases no significant differences were
found (p > 0.05). This could be explained by the pre-
sence of the roots of the brachial plexus in the lower
foramina in normal group, while in the pathological
cases it denotes narrowing of the lower foramina that
causes the clinical symptoms and signs of radiculo-
pathy. This result is supported in the work of Rubin-
stein et al. [28], Tong et al. [33] and Yue et al. [35],
who reported that the main factor in the production
of radiculopathies is narrowing of the intervertebral
foramina. The results of the present study have also
demonstrated statistically significant differences in
the intervertebral foraminal area between right and
left sides from C3-C4 all throw C6-C7, in both sexes,
in control and pathological groups. This could be
contributed to the size of the structures that are
present in the IVF; many factors could play a role in
this difference such as in the right handed persons,
occupational and social differences of the cases [3].

Surgical procedures for cervical radiculopathy have
been performed by either an anterior or posterior
approach [16]. Although the anterior approach to the
cervical spine has received the most attention in recent
years. Exposure of the cervical nerve roots from the
posterior approach provides the advantage of direct
visualisation of the nerve root and the dura [14]. The
posterior approach to the cervical spine for disc disease
and spondylosis remains an important part of the spine
surgeon'’s strategy [9]. However, anatomic studies on
cervical foraminotomy are not well established and
entail a deep understanding of the surgical anatomy of
the intervertebral foramina [1]. Even in the conservative
treatment of radiculopathy by traction the thoroughly
knowledge of the IVF diameters in different age groups
should be taken from the data obtained in this study
which can be a useful guide.

CONCLUSIONS AND RECOMMENDATION
It is recommended to carry out a further study
to clarify the relationship between the interverte-
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bral foraminal areas of the right or left handed
individuals and investigate the sex differences of
the studied measurements. Meanwhile, a complete
personal history should be recorded (height, weight,
occupation and lifestyle) of the individuals subjected
to radiological examination of the cervical spine. This
is to establish a database concerning the cervical
intervertebral foraminal region size, variability, sex

differences to determine the best line of treatment
for each patient.
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