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Abstract

Objective: Our study aimed at analyzing the morphometry of the lumbar
spine at the CT scan and to specify its interest in spinal surgery. Methodolo-
gy: This was a prospective study conducted from May 1, 2011 to July 31, 2011
in Ouagadougou. During this study, 170 patients aged 45.3 + 12.5 years old
with a sex ratio of 1.15 received a CT scan. The symptomatology was domi-
nated by low back pain (60.6%) and lumbar osteoarthritis was the most com-
mon etiology (51.8%). The measurements were performed directly on axial
and sagittal sections of the lumbar spine with measurement of the vertebral
body, and pedicles. Results: The vertebral body increased forward from 24.9
mm in L1 to 26.7 mm in L5 and decreasing backwards from 26.6 mm in L1 to
23.4 mm in L5. The transverse diameter of the vertebral body ranged from 37
mm in L1 to 47.4 mm in L5 and the anteroposterior diameter of 27.6 mm in
L1 to 33.5 mm in L5. The lumbar canal had an anteroposterior diameter that
ranged from 15.9 mm in L1 to 15.5 mm in L5 and an interpedicular distance
increasing from 21.54 mm in L1 to 28.42 mm in L5. The pedicle decreased in
length from L1 (9.5 mm) to L5 (6.5 mm) while its width increased from 6.9
mm in L1 to 15.1 mm in L5. Its axis formed, with respect to the sagittal plane,
an increasingly obtuse angle varying from 16.3 degrees in L1 to 29.1 degrees in
L5 and with respect to the upper plate of the vertebral body, an increasingly
acute angle (14, 2 degrees in L1 at 8.8 degrees in L5). Conclusion: The di-
mensions of the lumbar vertebrae in our series differ from those noted in
Western populations in that they have a smaller vertebral body, a shorter,
wider pedicle with an angle of inclination of the pedicle compared to the sa-
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gittal and horizontal planes more obtuse.
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1. Introduction

Considered by many authors as a public health problem [1] [2] [3] [4], low back
pain is a common reason for consultation and disability. It is the leading cause of
disability and incapacity to work before age 45 in France [2]. The management
of spinal pathology, although dominated by medical treatment, sometimes gives
rise to surgical indications. The pedicle, which is the junction between the post-
erior and anterior parts of the spine, is a key element for the surgical manage-
ment of vertebral affections. Indeed, the use of pedicle screws has become the
mainstream of lumbar fusion surgery. A precise knowledge of the anatomy of
the vertebrae that make up the lumbar spine is therefore necessary for the
surgeon for correct positioning of the pedicle screws. To date, many studies on
lumbar spine morphometry have been conducted in various populations
[5]-[10], but none in West Africa. These studies have shown that there are
sometimes variations in the anatomy of the lumbar vertebra depending on the
type of population. The purpose of this work is to study the morphometry of the
lumbar spine in the West African subject and to draw the interest in surgery.

2. Materials and Method

This was a prospective, descriptive and analytical study that included 170 CT
scans of the lumbar spine performed between May 1, 2011 and July 31, 2011. In-
cluded were all patients who performed a CT scan during the study period for
back pain. CT performed for another reason were not taken into account. The
average age of the patients was 45.3 + 12.5 years with a sex ratio of 1.15. The
symptomatology was dominated by low back pain, sciatica or lumbosciatica.

The measurements were performed directly on a scanner of 8 bars on axial
and sagittal sections.

Measuring technique

The acquisition of images was done by two (02) senior technicians in medical
imaging and measurements by the same radiologist physician.

The height of the vertebral bodies was measured forwards and backwards on a
mid-sagittal section as well as the intersomatic space.

On an axial section passing through the pedicles at half height, the following
parameters were measured:

1) the transverse diameter (TD) and the anteroposterior diameter (APD) of
the vertebral body at the median level.

2) the anteroposterior diameter of the lumbar canal on the median line.
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3) the transverse diameter of the lumbar canal designated by the interpedicular
distance, measured at the isthmic level.

4) the length of the pedicle measured from the posterior rim of the vertebral
body to its entry into the blades and transverse processes.

5) the transverse diameter or width of the pedicle measured at its isthmus,
that is to say at the narrowest part.

6) the alpha angle of inclination of the axis of the pedicle with respect to the
median sagittal plane determined by a median passing through the vertebral
body, the lumbar canal and the spinous process behind and a line parallel to the
axis of the pedicle; it divides in its middle.

7) the beta angle of inclination of the pedicle relative to the horizontal plane
measured on a sagittal section passing through the pedicle and formed by a seg-
ment parallel to the upper plate of the vertebral body and another segment
passing through the middle of the height of the pedicle.

The different measurements have been shown in the figures below.

The data was analyzed with Sphinx software version 5.0.12 and Microsoft Of-
fice 2007 Excel spreadsheet. Comparisons of proportions and averages were
performed using the y* and Student tests with a significance level of less than 5%.

3. Results

1) The dimensions of the vertebral body (Figure 1 and Figure 2)

The anterior height increased from L1 to L5 and was significantly greater in
men than in women (p < 0.001). Posterior height decreased from L1 to L5 and
was significantly higher in men than in women (p < 0.001). The transverse and
anteroposterior diameters increased significantly from L1 to L5 with mean val-
ues significantly lower in women than in men (p <0.001). These different di-

mensions are shown in Table 1.

U311 mm
2.5 mm

16.1 mm

Figure 1. Axial section of the L3 lumbar vertebra passing through the pedicles (body and
spinal canal dimensions). e: anteroposterior diameter of the vertebral body (DAPCV); f:
transverse diameter of the vertebral body (DTCV); g: interpedicular distance of the spinal
canal (DIP); h: anteroposterior diameter of the spinal canal (DAPCR).
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Figure 2. Mid sagittal section of the lumbar spine. i, k, m: heights of the anterior inter-
somatic space; j, 1, n: heights of posterior intersomatic space; o, g, s: anterior heights of
the vertebral bodies; p, 1, t: posterior heights of the vertebral bodies.

Table 1. Vertebral body dimensions (in mm).

Ant height VB Post height VB Transverse diameter VB Ant-post diameter VB

M W Ave M W  Ave M w Ave H w Ave

L1 254 243 249 275 256 266 382 35.7 37.0 28.7 26.4 27.6
L2 264 254 259 277 267 270 391 36.5 37.9 30.1 27.8 29.0
L3 265 256 261 271 257 265 409 37.8 39.5 31.5 29.0 30.3
L4 265 256 261 257 244 251 437 40.3 42.1 32.7 30.1 31.5

L5 273 259 267 239 227 234 491 45.5 47.4 34.6 32.2 33.5

VB: vertebral body; ant: anterior; post: posterior; M: man; W: woman; Ave: average regardless of sex.

2) Dimensions of the spinal canal

The anteroposterior diameter varied very little from L1 to L5, and there was
no significant difference in sex (p = 0.3) (Figure 1). The interpedicular distance
gradually increased from L1 to L5 with significantly higher values in men than in
women (p < 0.001). These values are shown in Table 2 below.

3) Pedicle dimensions (Table 3)

The length of the pedicle decreased from L1 to L5 and there was no significant
difference between the left and the right or between the man and the woman (p
= 0.1). Pedicle width increased from L1 to L5 and was the same between left and
right. Values in men were significantly higher than in women (p < 0.001). The
alpha angle increased from L1 to L5 (Figure 3). There was no significant differ-
ence between the left and right or between the man and the woman (p = 0.07).
The beta angle (Figure 4) decreased from L1 to L5. The difference between the
man and the woman was not statistically significant (p = 0.3).

4. Comments and Discussion

In our series, the anterior height of the vertebral body increased from L1 to L5

while the posterior height decreased from L2 to L5. In both cases, the values in
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Table 2. Dimensions of the spinal canal and horizontal angle of the pedicle.

Ant-post diameter of SC Interpedicular distance Angle pedicle axis sup plateau of VB

(mm) e (degree)
M W Ave M w Ave M w Ave
L1 15.8 16.1 15.9 22.2 20.8 21.5 14.0 14.5 14.2
L2 14.9 15.4 15.1 22.5 21.1 21.8 12.3 13.4 13.1
L3 14.3 14.8 14.5 233 22.1 22.7 11.7 12.0 11.8
14 14.7 14.9 14.8 24.6 233 24.0 10.2 10.3 10.3
L5 15.6 15.4 15.5 28.7 27.6 28.2 8.7 8.9 8.8

SC: spinal canal.

Table 3. Dimensions of the pedicle.

Pediclelength Pediclewidth Alpha angle of the pedicle

M w Ave M w Ave M w Ave
LIR 9.3 9.6 9.5 7.3 6.5 6.9 16.3 16.2 16.3
L1L 9.4 9.6 9.5 7.3 6.5 6.9 16.3 16.2 16.3
L2R 8.7 8.9 8.8 8.1 7.1 7.6 18.4 17.9 18.2
L2L 8.7 8.9 8.8 8.1 7.0 7.6 18.4 17.9 18.2
L3R 7.9 8.2 8.1 10.2 8.8 9.6 21.1 20.6 20.8
L3L 8.0 8.3 8.1 10.2 8.8 9.6 21.1 20.6 20.8
L4R 7.1 7.4 7.2 12.5 11.2 11.9 23.7 23.2 23.5
L4L 7.2 7.4 7.3 12.5 11.2 11.9 23.7 233 23.5
L5R 6.5 6.4 6.4 15.5 14.6 15.1 28.9 29.3 29.1
L5L 6.5 6.4 6.5 15.5 14.7 15.1 28.9 29.3 29.1

R: right; L: left.

Figure3. Axial section of the lumbar vertebra L3 passing through the pedicles (dimen-
sions of the pedicle). a: pedicle length; b: width of the pedicle; ¢: medio-sagittal line pass-
ing through the vertebral body, the spinal canal and the spinous process behind; d: sagit-
tal axis of the pedicle passing through its middle; a: angle of inclination of the axis of the
pedicle with respect to the sagittal plane.

women were lower than those found in men.

D. Fang et al. [5] in their series on the CT scan of the lumbar spine of Chinese
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Figure 4. Sagittal section of the lumbar spine passing through the pedicles (beta angle). w:
tangent to the upper plate of the vertebral body; x axis of inclination of the vertebral pe-
dicle on the horizontal; B angle of inclination of the pedicle axis with respect to the hori-
zontal plane.

populations and H. S. Karabekir et al. [6] in Turkey in their study of the mor-
phometry of the lumbar vertebrae noted results quite close to ours. The differ-
ences in values observed are due to the inaccuracies related to the measurements
and the methods used.

Unlike the literature that lumbar vertebrae are higher forwards than behind
[6], our first two vertebrae are significantly higher behind than in front. It is only
at the level of the last two vertebrae that the anterior height prevails over the
posterior height.

In our series, the transverse and anteroposterior diameters of the vertebral
body were larger in men than in women and increased significantly from L1 to
L5. S. Eisentein in South Africa [10] through a retrospective study of the mea-
surement of lumbar vertebrae of cadavers composed of blacks and Caucasians
reached the same conclusions with values comparable to ours and did not note
any significant difference according to race. D. Fang et al [5] in their series
noted results superimposable to ours except in L5 in men. However, for women,
the transverse and anteroposterior diameters were slightly smaller than those
obtained in our study.

Other authors such as Karabekir [6] in Turkey and Singh [11] in USA found
in their series, similar results but that overall remained significantly higher than
those noted in our series. Indeed, in the Karabekir series, TD and APD ranged
from: TD: 48.9 mm in L1 to 57.4 mm in L5 in women and 48.6 mm in L1 to 54.5
mm in L5 in men. The APD: 33.4 mm in L1 at 39.0 mm in L5 in women and
35.6 mm in L1 at 39.6 mm in L5 in man.

In Sing’s study [11]: the TD ranged from 51.3 mm in L2 to 53.9 mm in L5 and
the APD ranged from 38.1 mm in L2 to 39 mm in L5.

These differences in results could be explained on the one hand by the fact
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that these authors used the MRI which is more precise than the CT and in addi-
tion, their results related to strictly healthy vertebrae. On the other hand one
could think of racial variations. The TD and APD vertebral body would be larger
in the Caucasian than in the African black in which they are identical to those
noted in Asian [5].

In our series, there was a progressive increase in the interpedicular distance of
the spinal canal from L1 to L5. It was greater in men than in women. The ante-
roposterior diameter showed no significant difference by sex and was nearly
constant from L1 to L5.

Serarslan [11] in Turkey through a 2005 study of thoracolumbar spine mor-
phometry in sickle cell subjects claimed that the interpedicular distance in their
series was greater than that of Nigerians, Saudi Arabians, and Koreans, but was
lower compared to that of the Spanish, Indian and Turkish non-sickle cell pop-
ulations. The lumbar canal in our series was narrower than that noted in Turkish
sickle cell patients, in whom it is even narrower than that of Turks without sickle
cell disease. One might think that the lumbar canal would be narrower in the
African black subject than in the white subject. This could partly be explained by
the shorter pedicles found in our series.

Eisenstein in South Africa [10] through his study on morphometry of the
lumbar spine comparing black and white subjects noted results superimposable
ours.

Fang [5] for his part concluded that compared to whites, Asians had a smaller
vertebral body and there was a difference in the shape of the lumbar canal. These
results are quite close to ours except in L5 where their value was much smaller.
The differences in values observed at the anteroposterior diameter could be ex-
plained by the high number of cases of lumbar stenosis in our series, especially
since it is this diameter that is most affected in case of stenosis of the canal.

The pedicle has been the subject of numerous studies in various human pop-
ulations in order to provide surgeons with a precise knowledge of its anatomy
and from there, to minimize the risks inherent in the technique of transpedicular
fixation fusion.

Thus in our series, the length of the pedicle decreased from L1 to L5 and there
was no significant difference by sex or vertebral side. The width, unlike the
length, increased significantly from L1 to L5. There was no significant difference
between left and right. However, it was greater in men than in women. The al-
pha angle of inclination of the pedicle axis with respect to the sagittal plane be-
came more and more obtuse from L1 to L5. There was no significant difference
between left and right or between the man and the woman. As for the angle beta
of the axis of the pedicle with respect to the upper plate of the vertebral body, it
became more and more acute from L1 to L5 and varied on average from 14.2
degree in L1 to 8.8 degree in L5. The difference between the man and the woman
was not statistically significant although the values in humans seem smaller.

Maaly [9] in Egypt performed a morphometric study of the lumbar pedicle on
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75 patients. He noted that the pedicle was 5 cm long on average and almost con-
stant from L1 to L5. These values are significantly larger than those obtained in
our series. However, for the width and alpha angle of the pedicle their results
were similar to ours except in L5 where their pedicle was significantly wider. The
difference from our results in the length of the pedicle is related to the fact that
Maaly [9] in his study considered this length from the point of entry of the pe-
dicle screw to the anterior edge of vertebral body (pedicle length plus antero-
posterior diameter of the vertebral body). As the pedicle becomes shorter and
the vertebral body becomes larger and larger from front to back from L1 to L5,
we can then understand the almost constant length of their pedicle. This leads us
to conclude that the pedicle in our series has the same characteristics as that of
the Egyptians, especially since we used lumbar pain, a comparable pedicle and
the same methodology as Maaly [9] et al inspired by that used by Zindrick [12].

Olsewski [8] in the US reported in his series on lumbar spine morphometry in
51 patients, similar results to ours in terms of vertebral width, but with a higher
alpha angle. The variations observed with our results, especially at the level of
the first two vertebrae in humans, could be explained by the small size of their
sample, especially since some values in our sample are beyond their average. The
beta angle in their study was also more acute and almost constant from L1 to L5
with mean values of 7 degrees in men and 6 degrees in women.

Other authors in their series have found a pedicle that has characteristics to-
tally different from ours. Thus Karabekir [6] in Turkey found a narrower and
longer pedicle, a more acute alpha angle and varying very little from L1 to L5
compared to our results. There was no difference by sex or vertebral side. The
difference with our results could be explained by racial variations in the anatomy
of the pedicle. One could then think that the pedicle of African black has an an-
gle more obtuse with respect to the sagittal plane than that of Westerners. This is
a particularity to take into account when placing the pedicle screws. These
screws should be inserted obliquely backwards and forwards, from outwards in-
wards and at an angle ranging from 14 degrees in L1 to 8 degrees in L5 in the
horizontal plane and 16 degrees in L1 at 29 degrees in L5 in the sagittal plane
contrary to Roy Camille's technique of aiming straight ahead. This diversity in
the anatomy of the pedicle reflects the need to adapt the pedicle screws not only
according to the type of population but also according to the vertebral level
concerned. In our series the screws should be of increasing diameter from L1 to
L5. Their dimensions could be chosen according to those proposed by Maaly [9]
who in their study also evaluated the endo-osseous thickness of the pedicle
which, moreover, was lower than that of the Chinese except in L5. They esti-
mated that the diameter of the pedicle screws should be Imm more than the
endo-osseous thickness of the corresponding pedicle. They then noted that the
screw diameter should be respectively from L1 to L5 of 6.0; 7.0; 8.5; 8.5 and 9.5
mm in humans and 5.0; 5.0; 6.5; 6.5 and 8 mm in women and that the length

should be less than 45 mm in women and less than 50 mm in men without tak-
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ing into account the vertebral level concerned.

MitraSajal [13] in 2002 pointed out in a study of lumbar pedicle morphometry
in Indians that a 5 mm screw should be used in the upper lumbar spine (L1-L2)
while in the low (L3-L4) a 6mm screw is required.

Karabekir in Turkey [6] in his study estimated the diameter of the pedicle

screw at least 5 mm.

5. Conclusion

The morphometric study of the lumbar vertebrae allowed us to notice a vertebral
body and a lumbar canal identical to those of the Asian and which seemed to be
smaller compared to those found in the Westerners and the Americans. The pe-
dicle in our series has the same characteristics as that of the Egyptians and
Asians; however, it is shorter, wider, with an angle of insertion with respect to
the sagittal plane more obtuse than that of the Westerners. The direction of the
screws should be oblique from back to front, from outside to inside, at an angle
ranging from 16 degrees in L1 to 29 degrees in L5 in the sagittal plane and from
14 degrees to 8 degrees in the horizontal plane contrary to the Roy Camille's
technique of aiming straight ahead. Measurements made on strictly healthy ver-
tebrae would have allowed us to obtain more reliable results. Also an additional
measurement of the endosseous thickness of the pedicle and the path of the
screw from its point of entry to the anterior rim of the vertebral body would al-

low choosing appropriately the size of the pedicle screws.
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