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Abstract

Studies on the canal dimensions of the cervical spinal are rare in Africa. The
aim of this study is to provide normal values of the cervical spinal canal and
spinal cord dimensions of adult people in Togo. It was about a twelve-year
prospective study conducted in the main Hospitals of Campus Teaching Hos-
pital. This study involved people of more than 18 years who neither presented
any clinical sign nor rachis defect. The distances measured were antero-post-
erior 1 (APD1) and inter-pedicular (IPD) of the cervical spinal canal, the an-
tero-posterior 2 (APD2) and the transverse (TD) diameters of the cervical
spinal cord, followed with APD2/APD1 (R1) and TD/IPD (R2) research re-
ports. The mean age was 38 +/— 9.34 years old. The average of APD1 of the
cervical spinal canal stood at 15.41 + 0.55 mm, with a minimum of 10.48 +
0.57 mm and a maximum of 25.00 + 2.60 mm. The IPD average stood at 23.27
+ 1.67 mm with a minimal average of 13.68 *+ 1.46 mm and a maximal average
of 33.68 + 1.46 mm. The average of DAP2 was 11.66 + 0.66 mm, with a min-
imum of 10.7 £ 0.66 mm and a maximum of 12.77 + 0.66 mm. The DT aver-
age stood at 15.55 + 1.54 mm, with a minimal average of 14.03 + 2.43 mm and
a maximal average of 17.63 + 1.82 mm. The ratio R1 (APD2/APD1) average
was 0.80 + 0.04, with a minimum of 0.76 + 0.06 and a maximum of 0.85 *
0.07. The ratio R2 (TD/IPD) average stood at 0.69 + 0.14, with a minimum of
0.5 £ 0.12 and a maximum of 0.84 + 0.08. The cervical spinal canal and the
cervical spinal cord diameters in Togo are not significantly different from
those described above.
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1. Introduction

Spinal stenosis is a major predisposing factor for cervical myelopathy and spinal
cord injury [1] [2]. The spinal canal can be tightened congenitally or take the
tight form by arthritic injuries resulting in its strong biomechanical implication
[3]. The information with regard to the accurate dimensions of the spinal canal
is important to suggest the diagnosis for the constitutional tight canal and the
spinal surgery. Thus the scanning plays a crucial role for measuring the lumbar
canal and the canal tightness diagnosis. The Computer Tomography (CT Scan)
and the Magnetic Resonance Imaging (MRI) are the most efficient and the most
used imagery tools to diagnose the tightness of the cervical canal. It is seldom to
encounter studies that deal with the normal dimensions of the cervical spinal
canal and cervical spinal cord in Black Africa. Hence, few studies have assessed
the dimensions of the spinal cord, either in terms of MRI or CT Scan. So, we
undertook this work to determine in, by CT scan, the biometrics of the cervical
spinal canal and cervical spinal cord of adult people in Togo, and then assess the

ratio between the cervical spinal cord and cervical spinal canal.

2. Material and Method

It was prospective study carried out over a twelve-month (12) period at the
university hospital center of the campus. It concerns CT Scans of adults people
of more than 18 years, who did not present any clinical sign of neck pain or cer-
vicobrachial neuralgia. We excluded from our study the cervical spinal which
presented malformation, degenerative, infectious, rheumatic, traumatic lesions
or spinal surgery backgrounds.

The studies have been carried out on General Electric’s CT Scan. The volume
acquisition has been realized on the cervical spinal. The stocked images have
been processed on the image processing console with the measurement tools
that facilitate the enlargement and rotation.

The measurement of the dimensions of the cervical spinal canal and spinal
cord was realized on pedicular axial CT Scan cuts.

The distances measured were the antero-posterior (APD1) and inter-pedicular
(IPD) diameters of the cervical spinal canal, as well as the antero-posterior
(APD2) and transverse diameters (TD) of the spinal cord. Then we assessed
APD2/APD1 (R1) and TD/IPD (R2) ratio.

APDI1 has been measured between the posterior edge of the vertebral body
and the fore junction of the blades (Figure 1).

IPD represents the longest distance between two pedicles (Figure 1).

APD?2 has been measured between the anterior and the posterior edges of the
spinal cord (Figure 2), at the same level as the APD1, in order to assess their ra-
tio (R1).

TD has been measured between the right and the left edges of the spinal cord
(Figure 2), at the same level as the IPD, in order to assess their report (R2).

The data have been processed and analyzed with Epi info 7 and Microsoft Ex-

cel software.
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Figure 1. Measurements of anteroposterior diameter (APD1) and interpedicular diameter
(IPD) of cervical spinal canal.

Figure 2. Measurements of anteroposterior diameter (APD2) and transverse diameter
(TD) of cervical spinal cord.

3. Results

Our study involved 350 CT Scans of the cervical spinal. The mean age stood at
35 * 10.55 years old. Both genders were involved, with 217 men (62%) and 133
women (38%).

The average of the APDI stood at 14 + 2.1 mm, with a minimal average of
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12.7 £ 1.5 mm and a maximal average of 18.3 + 1.9 mm. The highest average was
at C1 and the lowest at C3, C4 and C5 (Table 1).
The IPD average was 24 + 1.3 mm, with a minimal average of 22.2 + 1.8 mm,

and a maximal average of 26 + 1.9 mm. We found the highest average at C1 and

the lowest at C2 and C3 (Table 2).

The APD?2 average was 11.66 + 0.66 mm, with a minimal average of 9.1 £ 0.67
mm and a maximal average of 10.5 + 1.5 mm. The highest average was found at

C1 then at C2. From C3 to C7, the averages were slightly lower, but substantially
equal (Table 1).

Table 1. Measures of Antero-Posterior Diameters (APD1) of the cervical spinal canal and
the cervical spinal cord (APD2), and the ratio of the APD1 on the dural sac APD.

C1

C2

C3

C4

C5

Cé6

Cc7

General
average

SPINAL CANAL (APD1) SPINAL CORD (APD2) RATIO 1 (R1)
Min - Max Mean Min - Max Mean Min - Max Mean
154 -21 183+1.9 85-14 105+ 1.5 0.43-0.68 0.54 +0.09
12.3-17.7 155+2.2 7.4-11.1 9.33+1.3 0.49-0.67 0.58 £0.07
10.3 - 14.2 127+ 1.4 7 -10.5 8.6+1.0 0.43-0.67 0.55+0.07
10-15 127+ 1.5 7-10 8.6+0.9 0.44 - 0.65 0.54 £ 0.05
11.1 - 14.6 126+ 1.3 7.7 - 10 8.9+0.6 0.46 - 0.64  0.54 £ 0.05
11.6 - 144 13.3£1.3 7.2 -11.6 9+13 0.48 - 0.64 0.56 +0.06
11.2 - 14.7 13112 8-10 8.7+0.6 0.44-0.77  0.55%0.1
127+ 1.5 9.1 +0.67 0.54 £ 0.05
- 14+21 - 11.66 + 0.66 - 0.55 +0.01
183+1.9 105+ 1.5 0.58 + 0.07

P values are higher than 0.05: absence of statistically significantly difference of diameters and the ratio be-

tween the male and female sex.

Table 2. Measures of the Inter-Pediculaire Diameter (IPD) of the cervical spinal canal
and the Transverse Diameter (TD) of the cervical spinal cord, and the ratio of the IPD on

the TD.
SPINAL CANAL (IPD) SPINAL CORD (TD) RATIO 2 (R2)
Min - Max Mean Min - Max Mean Min - Max Mean
Cl 22 -28.6 26 £1.9 11-17.7 14.63 +2.5 0.51-0.7 0.57 £0.05
Cc2 20 - 26.4 222+ 1.8 104 - 15 128 +1.5 0.55-0.66 0.6 +0.04
C3 20.3-24.6 225+1.2 104 - 13.6 123+1.3 0.6-0.78 0.67 £0.05
C4 22.4-264 24.+1.2 10 - 15.7 13.1+£1.5 0.6-0.79 0.68 +£0.05
C5 22.3-274 245+ 1.8 7.7 - 10 9+0.6 0.61-0.8 0.7 £ 0.06
C6 22-28.4 245+ 1.9 11.5-16.5 13.7+1.5 0.6-0.75 0.67 £0.05
C7 22-253 23.6+1.3 103 - 17.7 13+24 0.57-09 0.66 +0.09
222+ 1.8 9+0.6 0.57 £ 0.05
General
- 24+1.3 - 12.64 +1.77 - 0.65 + 0.04
average
26 +1.9 14.63 £ 2.5 0.7 £ 0.06

P values are higher than 0.05: absence of statistically significantly difference of diameters and the ratio be-

tween the male and female sex.
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The TD average stood at 12.64 + 1.77 mm. The Minimal TD average was 9 +
0.6 mm and the maximal average was 14.63 + 2.5 mm. The highest average was
at C1 and the lowest at C5 (Table 2).

The average of R1 was 0.55 * 0.01, with a minimal average at C4 and C5 (0.54
+ 0.05 mm) and maximal average at C2 (0.58 + 0.07). All R1 were lower than 0.8
at all levels (Table 1).

The R2 average R2 stood at 0.65 + 0.04, with a minimal average at C1 (0.57 +
0.05 mm) which progressively increased to C5 (0.7 + 0.06 mm) and then de-
creases to C7 (0.65 + 0.04 mm). The R2 were lower than 0.9 at all levels (Table
2).

While comparing the measurements of the cervical spinal canal (APD1 and
IPD) and the spinal cord (APD2 and TD), as well as R1 and R2 between the two

genders, we found that there is no significant difference (Table 3).

4. Discussion

Knowing the normal values of the spinal canal is important, because it enables to
detect central canal stenosis by reduction of the canal caliber [4].

The antero-posterior diameter of the cervical spinal canal (APD1) is impor-
tant in traumatic, degenerative and inflammatory situations, and a small diame-
ter of APD1 is associated to the increase of lesions occurrence [5]. Generally, it is
admitted that a cervical canal stenosis exists when the APD1 of the cervical canal
is under the threshold of 12 mm [5] [6]. The global average of the APD1 cervical
spinal canal in our study stood at 14 + 2.1 mm, with a larger APD1 at C1 and the
lowest at C3, C4 and C5. We noticed a decrease of APDI from C1 to C5. Singh
et al. [7], as well as Gupta ef al. [8] in India found an average higher (17.05 *
1.61 mm) than ours. The average of our study is close to that of Lee et al [9] in
Korea, to Taitz [10] in South Africa and Gepstein [11] in Israel. Few studies [4]
[10] found the smallest APD1 at C3. Some studies [7] [9] [12] found a smallest

Table 3. Comparison of the APD1 and the IPD of the cervical spinal canal, the APD2 and
the TD of the cervical spinal cord, the ratio R1 and the ratio R2 between male and female
patients (division of P values).

SPINAL CANAL SPINAL CORD RATIOS

APD1 IPD APD2 TD R1 R2
Cl1 0.93 0.99 0.96 0.96 0.94 0.96
Cc2 0.97 0.99 0.90 0.94 0.90 0.94
C3 0.99 0.98 0.90 0.91 0.94 0.95
C4 0.96 0.99 0.92 0.94 0.95 0.95
C5 0.95 0.98 0.98 0.95 0.92 0.96
Ceé 0.95 0.99 0.95 0.93 0.94 0.97
Cc7 0.94 0.96 0.96 0.94 0.96 0.95

P values are higher than 0.05: absence of statistically significantly difference of diameters and the ratio be-
tween the male and female sex.
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APD1 at C4. For most studies [7] [8] [10] [11] [13], the smallest APD1 would
stand at C5. It necessary to consider that regardless of the type of population, the
smallest APD1 would stand generally in C3, C4 or C5 as we mention it in our
study. Singh et al [7] found a decrease of the APDI from C1 to C5. UlbriCH
[14] noted a lowering from C1 to C6. Other studies [13] [15] noticed a fall from
C1 to C4 with an increase to C5 and a decrease to C6. Our study as well as Singh
et al. [7] has not found any statistical significant difference between the APD1 of
the cervical spinal canal of men and those of women. However, Evangepolos et
al. [13] noticed a significant difference between the genders at C1. The compari-
son of the APD1 of our study with those of Singh et a/ [7] on the one hand and
with those of Evangepolos ef al. [13] on the other hand, revealed that the differ-
ences are not statistically important. As for Taitz [10], the APD1 would be larger
with White people than Black people, without any important difference. It is
thus considered that the cervical spinal canal biometrics would not be in relation
with the phenotype. Measurements from Asians, Europeans and Africans would
be the same. According to the study of Chazono et al. [16], a possible ethnical
difference of the APDI1 would exist, with a larger APD1 with Europeans and
Americans than with Asians.

With regard to the interpedicular diameter of cervical spinal canal (IPD), our
study found out a global average of 24 + 1.3 mm with a variation from 22.2 + 1.8
mm to 26 + 1.9 mm. We observed a higher average at C1 and lower average at
C2 and C3. The averages of our study are comparable to that of Chazono et al
[16], who found out averages varying from 22.6 mm a 27.5 mm, with a minimal
average at C3 for Asian people (22.6 mm) and a maximal average in C5 for Eu-
ropean and American people (27.5 mm). As for Chazono et a/ [16], many stu-
dies found out the lowest IPD at C3 and the highest at C5. Like our study, Cha-
zono et al [16], have not found any significant statistical difference of IPD be-
tween ethnic groups.

Few studies concerning the measurement of the cervical spinal cord exist [14].
Studies [17] revealed that the average of antero-posterior diameter of the cervical
spinal cord (APD2) varies between 5 mm and 6 mm. Our study found out an
average of APD2 higher than 11.66 mm + 0.66 with a variation from 9.1 mm +
0.67 4 10.5 mm * 1.5. Yet, the diameters measurement of the cervical spinal cord
only would not enable to determine a cervical spinal cord compression. But
when the measurement of the cervical spinal cord is coupled with that of the
cervical spinal canal, it is possible to calculate the gap or to establish the rela-
tionship between the two. Tierney et al [2], in their study, measure the gap be-
tween the spinal cord and the spinal canal by calculating the difference between
the two. Our study considered the relationship between the cord and the canal,
with a global average ratio of 0.55 + 0.01, minimal at C4 and C5 (0.54 * 0.05
mm) and maximal at C2 (0.58 + 0.07) in the antero-posterior plan. In the trans-
verse plan, the global average ratio was 0.65 + 0.04, with a minimal average at C1
(0.57 + 0.05 mm) which was increasing progressively until C5 (0.7 £ 0.06 mm);
then it decreases to reach C7 (0.65 + 0.04 mm). There is no study concerning the
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relationship between the cord and the medullar canal regardless of in the ante-
ro-posterior plan or in the transverse plan. It is acknowledged that the spinal
cord compression is due to an inadequacy between the cord and the medullar
canal [18]. The gap around the spinal cord would diminish at the level of the
cervical low segment [2], increasing the risk of medullar compression at this lev-
el [19] [20]. In our study, the smallest antero-posterior ratio stands in C4 and
C5, and the largest ratio stands in C2. With regard to transverse plan report, our
study found out an increase of the ratio from C1 to C5, then a decrease from C5
to C7. The assessment of the gap around the cord would be more contributing
than the diameters of the canal and the spinal cord and the medullar canal in the

determination of the spinal cord compression [21].

5. Conclusion

CT scan can provide accurate cervical spinal canal and spinal cord measure-
ments that could serve as a useful guide in the determination of the cervical can-
al stenosis. The dimensions of the cervical spinal canal and spinal cord in
healthy individuals are dependent on spinal level. The consideration of these

normal values should help radiologists and clinicians to interpret CT scan.
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