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ABSTRACT

Background: Lumbar pedicles are usually used as screw insertion sites for sta-
bilization of degenerative and traumatic lesions of lumbar spine. In preoperative
planning, the dimensions of screw (length and diameter) and their orientation
must be matched to the pedicle morphometry. The aim of this study was to provi-
de lumbar pedicle morphometric characteristics of sub-Saharan African subjects
for direct surgical application.

Methodology: A radio-anatomical study was done on the lumbar pedicles of 42
adults (17 male and 25 female) representing 420 pedicles ,from June 1 to Octo-
ber 26, 2021 at the radiology department of the University Hospital of Cocody.
The data were collected from the axial and sagittal section scans and measure-
ments were made. A Student’s t-test was performed to compare pedicle morpho-
metric data by gender.

Results: The pedicle transverse angle ranged from 24.0 to 35.7 degrees in male
and from 23.3 to 34.4 degrees in female, with a significant gender difference. Pe-
dicle diameters ranged from 7.06 to 13.4 mm in male and from 6.53 to 12.4mm
in female. Pedicle height ranged from 9.07 to 13.5 mm in male and 9.46 to 13.4
mm in female ,decreasing caudally. The maximum length of a lumbar pedicle
screw ranged from 10.1mm to 12.2mm in male versus 11.2 to 12.4mm in female
and was significantly different according to gender at L1 (p=0.0337) and L2
(0.0419).

Conclusion: This study provides important pedicle morphometric data to spine
surgeons for selection of pedicle screws.

Key words: Morphometry, Pedicle, Lumbar spine, Radio-Anatomy, West Africa
RESUME

Contexte/ Justification : Les pédicules lombaires sont fréquemment utilisés
comme site d’insertion de matériel d’ostéosynthése (vis pédiculaires) pour la sta-
bilisation des lésions dégénératives et/ ou traumatiques du rachis lombaire. Dans
la planification pré opératoire, les dimensions (longueur et diametre) des vis et
leur orientation doivent correspondre a la morphométrie du pédicule. Le but de
ce travail était d’analyser les caractéristiques morphomeétriques des pédicules
du rachis lombaire chez les sujets d’Afrique sub-saharienne dans un but chirur-
gical.

Méthodologie : Une étude radio-anatomique a été réalisée a partir des données
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scannographiques de rachis lombaire chez 42 patients adultes (17 hommes et
25 femmes) soit 420 pédicules, pendant la période allant du 1er juin au 26 oc-
tobre 2021 dans le service de radiologie du CHU Cocody Abidjan. La mesure et
la collection des dimensions pédiculaires ont été faites sur les coupes axiales et
sagittales suivie d’une étude comparative (t-test) selon le genre.

Résultats : L’'angle transversal pédiculaire de L1 a L5 variait de 24 a 35,7 degrés
chez '’homme contre 23,3 a 34,4 degrés chez la femme. Le diamétre pédiculaire
variait de 7.06 to 13.4 mm degrés chez 'homme contre 6.53 to 12.4mm chez la
femme. La hauteur pédiculaire des vertébres variait entre 9,07 et 13,5 mm chez
I’'homme et entre 9,46 et 13,4 mm chez la femme, décroissant dans le sens cau-
dal. Le diamétre pédiculaire variait entre 7,06 et 13,4 mm chez 'homme et entre
6,53 et 12,4 mm chez la femme La longueur maximale de vis pédiculaires variait
entre 10,1 et 12,2 mm chez 'homme et entre 11,2 et 12,4 mm chez la femme et
était significativement différente selon le genre en L1 (p=0.0337) et L2 (0.0419).
Conclusion : Cette étude a permis de fournir des données morphométriques
importantes aux chirurgiens dans le choix des dimensions de vis pédiculaires.

Mots-clés : Morphométrie, Pédicule, Rachis lombaire, radio-anatomie, Sujet
ouest Africain

INTRODUCTION

Pedicle screwing was a major innovation in spine surgery [1].Prior to the
development of this technique by Raymond Roy-Camille in 1963 [2], the
fixation of the dorso-lumbar spine was based on using the posterior ver-
tebral arch [3]. These were plate fixation, screwed into the spinous pro-
cesses, proposed by Wilson in 1945, and notched rod osteosynthesis
supported by laminar hooks, published in 1962 by Harrington . These
techniques had disadvantage of being biomechanically flimsy and could
not be performed when a laminectomy was done at the same level. Over
the years, the transpedicular screwing has been widely used by spine sur-
geons because it has demonstrated a superior biomechanical advantage
over lateral mass and hook fixation techniques [2, 4]. Screw diameter and
length are important parameters in preoperative planification. A too thick
screw may damage the pedicle or adjacent nerves, while a small diameter
screw relative to the pedicle offers little resistance to spinal biomechani-
cal stresses and is more prone to dislocation [5]. A screw that is too long
may drill the vertebral anterior periosteum and damage the retroperitoneal
vessels of the abdomen and pelvis. Numerous morphometric studies of
the lumbar spine have reported pedicle dimensions. These studies have
been conducted in Asian, European, Mediterranean, and North American
countries [6-8].

The aim of this study was to provide morphometric data of lumbar spine
pedicles in a West African population.

MATERIALS AND METHODS

A cross-sectional study was made on of adult patients (aged 21 years and
older) who underwent a lumbar spine scan during the period from June 1
to October 26, 2021, at the radiology department of the University Hospital
of Cocody, in Abidjan. We did not include the patients with congenital mal-
formations of vertebral development and patients with vertebral pedicles
destroyed by osteolytic tumor processes or by trauma. The data were col-
lected from the axial and sagittal section scans. The measurements were
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made with RADIANT Dicom viewer software and collected on a Microsoft

excel 2013 workbook. Statistical analysis was performed with Graph Pad

Prism 9.11 software. The student’s t test was used to compare the measu-

red means by gender, with the threshold of significance alpha inferior or

equal to 0.05 used.

- The pedicular transverse angle (a) was defined as the angle formed by

the intersection of a sagittal line passing through the apex of the spinous

process and the middle of the vertebral body and an oblique line passing
through the middle of the pedicle joining the middle of the anterior edge of

the vertebral body (Figure 1).

* The pedicle diameter (d) was defined as a line perpendicular to the
medial and lateral edges of the pedicle at its most constricted area
(Figure 1).

+ The pedicle length (Ip) was defined as the distance between the verte-
bral entry point of the pedicle (on the facet joint) and the posterior edge
of the vertebral body (Figure 2).

» Theideal screw length (Iv) was measured as the distance from the pos-
terolateral edge of the pedicle (screw entry point) to the middle of the
pedicle and ending at the middle of the anterior edge of the vertebral
body (Figure 2).

+ The pedicle height (h) was defined as the vertical distance correspon-
ding to the insertion point of the pedicle on the vertebral body (Figure
3).

We obtained consent from the hospital authority. Patients were contacted
for verbal consent. We explained to them the objectives and interests of
our study. Confidentiality of data was respected by assigning an anonymity
number. There were no conflicts of interest.

Anterior

Figure 1: the method of measuring the diameter (d) and the transverse
angle of the pedicle (a) at a vertebra
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Anterior

Ll

Figure 2: the method for measuring the pedicle length (Ip) and the maxi-
mum length of a transpedicular screw (lv)

Figure 3: method of measuring pedicle height (h)

RESULTS

42 patients were studied, representing 420 lumbar pedicles. The patients
ranged from 21 to 65 years with an average age of 39 years. Female were
the most represented with a sex ratio of 0.68.

The transverse pedicle angle refers to the degree of obliquity of the lumbar
pedicle. It ranged from 24.0 to 35.7 degrees in male and from 23.3 to 34.4
degrees in female. However, the comparison between male and female
did not show any significant difference except at the L3 vertebral level (Ta-

ble 1). It was also noted that this angle had minimal values at the L1 and
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L2 vertebrae.

Table I: morphometry of the transverse angle of the lumbar pedicles ac-
cording to gender and vertebral level
Transverse pedicle angle L1 - L5 (in degrees)

Male (n=34) Female (n=50) Male vs Woman
Vertebra

Mean (SD) Mean (SD) P
L1 24.0 (2.26) 23.3 (2.14) 0.1668
L2 24.8 (2.24) 23.7 (2.82) 0.0620
L3 26.9 (2.80) 25,5 (3,05) (*) 0.0307
L4 28.6 (3.05) 27.5 (3.41) 0.1364
LS 35.7 (4.64) 34.4 (5.02) 0.2321

Pedicle diameter ranged from 7.06 to 13.4 mm in male and from 6.53 to
12.4 mm in female. The minimum values were at the L1 and L2 vertebrae.
Although the pedicle diameters were higher in male, there was no statisti-
cally significant difference at any level (Figure 4).
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Figure 4: Pedicle diameter according to gender and vertebral level

The maximum length of a lumbar transpedicular screw was significantly
different by gender at L1 and L2 (Table Il). At these levels, the measured
maximum length was greater in men than in female. From these results,
we deduce that an ideal lumbar transpedicular screw length is 40 mm for
all levels.

. _________________________________________________________________________________________________________________________________________________________________________________________________|
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Table Il : maximum length of trans-pedicular screws according to gender
and vertebral level

The maximum length of a trans-pedicular screw L1 - L5 (length in mm)

Male (n=34) Female (n=50) Male vs Female
Vertebra

Mean (SD) Mean (SD) P
L1 49.6 (04.14) 47.7 (03.78) (*) 0.0337
L2 50.3 (03.63) 48.6 (03.92) (*) 0.0419
L3 49.9 (03.56) 48.2 (04.13) 0.0570
L4 48.5 (04.37) 47.9 (03.08) 0.4490
L5 49.9 (04.37) 48.3 (04.10) 0.0964

In male, pedicle height had mean values that ranged from 9.07 to 13.5 mm,
whereas in female, it ranged from 09.46 to 13.4 mm. This measurement
decreased in the caudal direction of the lumbar vertebrae. The height of
the lumbar vertebral pedicles was higher in female without any statistically
significant difference being found (Table III).

Table lll: The height of the pedicles according to gender and vertebral
level

The height of the pedicles L1 - L5 (height in mm)

Male (n=34) Female (n=50) Male vs Female
Vertebra
Mean (SD) Mean (SD) P
L1 13.5 (2.16) 13.4 (1.92) 0.6665
L2 12.6 (1.87) 12.6 (1.72) 0.9939
L3 11.9 (2.03) 12.1 (1.39) 0.5663
L4 10.5 (1.55) 11.0 (1.68) 0.1426
L5 09.07 (1.47) 09.46 (1.80) 0.0964

Pedicle length ranged from 1.01 to 1.22 cm in male. In female, the values
ranged from 1.12 to 1.24 cm. We observed that no difference in length of
the lumbar pedicles in male versus female except for L5 vertebral level,
where there was a statistically significant difference (Figure 5).
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Figure 5: Pedicle length according to gender and vertebral level
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The height decreases in the caudal direction while the diameter increases
in the same direction. Comparative analysis of these two elements (t-test)
did not find any statistically significant difference between these two para-
meters, from one vertebral level to another (p = 0.3382 for male; p = 0.180
for female; a = 5%).
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Figure 6: diameter and height of the pedicle according to the vertebral
level

DISCUSSION

The morphometry of lumbar pedicles has aroused a lot of interest in the
scientific community. Indeed, knowledge of the anatomical characteristics
of the lumbar pedicles has a direct surgical application for the placement
of pedicle implants in the treatment of vertebral instabilities [9, 10].

This radio-anatomical study is the first morphometric study of the lumbar
spine pedicles in West African melanoderma population and the second
of its kind conducted on a sub-Saharan African population. It allowed to
specify the orientation and the pedicle dimensions in the sagittal and axial
(transverse) planes. In addition, the morphological data collected can help
local surgeons in the choice of the dimensions of the pedicle screws ac-
cording to the different vertebral levels.

Our measurements of pedicle diameter are similar with Mohanty et al, car-
ried out on an Indian population [11], who found a minimum value of pedi-
cle diameter of 7.2 £ 0.87 mm, and to that of Hou, carried out on a Chinese
population [12]. However, they are lower than the data of Goyal et al and
Panjabi et al [9, 13] .Notably for these authors, the pedicle diameters at L4
and L5 were particularly high (L4=13.4 mm, L5=18.0mm) and (L4=15.51
mm, L5=19.51mm) respectively.

Of all the studies of the same type found in the literature, the study by Zin-
drick et al found the highest values with a minimum value of 8.7 mm at L1
and a maximum of 18 mm at L5 [10]. This difference could be explained
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by the racial difference. One component remains unchanged when these
different studies are analyzed, and that is the growth of the pedicle diame-
ter in the cranio-caudal direction [11].

The pedicle height (measured in the sagittal plane) represents the safety
margin that should not be violated at the risk of damaging the intervertebral
foramina and running the risk of injury to the lumbar nerve roots. Nerve
root and spinal cord injuries are rare with an incidence of between 0.6%
and 11%. The incidence of a permanent motor deficit is rare. However, a
transient motor deficit related to neurapraxia is common when the pedicle
height is not correctly estimated [14]. In our study, in male, the mean va-
lues ranged from 9.07 to 13.5 mm, whereas in female, they ranged from
09.46 to 13.4 mm. This measurement decreases in the caudal direction
of the lumbar vertebrae. The height of the lumbar vertebral pedicles was
higher in female without any statistically significant difference being found.
It is classically observed that this dimension is greater than the pedicle
diameter. In our study, this finding was also found. Our measured values
are similar to those of Goyal et al, and lower than those of Panjabi. In the
work of Goyal, the population studied was that with degenerative lesions
of the spondylolisthesis type [9, 13]. Although the reasons for performing
lumbar spine scans were not included in the data collected, it is likely that
the scans in our study sample were performed in this context.

The pedicle transverse angle is a very important measured angle that de-
termines the degree of medial obliquity during insertion of a lumbar trans-
pedicular screw, i.e., the pedicle transverse angle is used by the surgeon
to gauge the optimal course of pedicle screw placement. In our study,
this angle ranged from 24.0 to 35.7 degrees in male and from 23.3 to
34.4 degrees in female, with a maximum at L4. It was also noted that
this angle had minimal values at the L1 and L2 vertebrae; in other words,
the pedicles at L1 and L2 were the least oblique. There was a tendency
for this angulation to increase in the caudal direction from L1 to L5. The
comparison between male and female showed no significant difference at
any vertebral level except at L3 (p=0.0307). This difference could be due
to morphological variability related to the female gender. Our results were
close to those of Dzierzanowski et al. who found an angle varying between
20 and 32 degrees [6]. Moreover, our results were identical to those of
Stockton et al who found a similar evolution of this angle with a statistically
significant difference at the level of the L2 and L3 vertebrae according to
racial origin [15]. However, our results were different from those of Panjabi
who found angles varying between 14 and 25 degrees [9].

The measurement of the maximum length of a transpedicular screw al-
lowed us to deduce the ideal length of a lumbar pedicle screw. This measu-
rement, in addition to the measurement of the transverse diameter, provi-
des the 2 elements necessary for the appropriate choice of the dimensions
of a lumbar screw for a given vertebral segment. Ideally, the length of the
pedicle screw should not cross the anterior cortex of the vertebral body,
which would avoid injury to the large retroperitoneal anterior vessels.

Our results suggest that the ideal length of a lumbar screw is 48 mm and
does not exceed 50 mm, with a length of pedicle screws that is significant-
ly greater in men than in female. Nojiri et al and Dzierzanowski et al found
this same superiority in male over female in terms of screw length [6, 16] .
However, Dzierzanowski et al. found a longer screw length (ranging from
51 to 53.9 mm) than that found in our study. Nojiri et al. on the other hand,
found a smaller one.
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For all these variables measured, there was no significant morphometric
difference according to gender except for the transverse pedicle angle at
the L3 vertebra.

One of the interests of our study is to demonstrate the absolute necessity
or otherwise of measuring the two main parameters of pedicle height and
diameter in preoperative planning. The second part of the research ques-
tion is to know if these parameters are influenced in one way or another
by gender.

Considering the results obtained from this study, we claim that the measu-
rement of only one of these two main parameters, in particular the pedicle
diameter, associated with the other parameters, namely the transverse
angle of the pedicle and the maximum length of a transpedicular screw, is
sufficient for the selection of screws in preoperative planning, regardless
of gender. Indeed, the height decreases in the caudal direction while the
diameter increases in the same direction. Although these two parameters
are highly correlated, comparative analysis of these two elements (t-test)
did not find a statistically significant difference between these two para-
meters, from one vertebral level to another and regardless of gender (p =
0.3382 for male; p = 0.180 for female; a = 5%).

Regarding pedicle targeting and the choice of transpedicular screws, our
study provides us with data similar with the literature with respect to the
maximum length of a transpedicular screw [6, 16]. Indeed, in most studies,
the length of transpedicular screws is greater in male than in female. This
parameter is also important for the surgeon to consider in preoperative
planning.

CONCLUSION

We investigated the morphometric data of the lumbar spine pedicles in a
West African population through a radio-anatomical study that took place
at the radiology department of the CHU of Cocody. The results of this work
provide the spine surgeon with practical numerical data for the choice of
lumbar pedicle screws in preoperative planning. Furthermore, this work
emphasizes the need to have scans in digital form. The morphometric
data of the melanoderma West African population in this work is consistent
with the literature on populations of other races. A future research area will
be to evaluate the accuracy of lumbar pedicle screw and the incidence of
screw malposition.
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