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SUMMARY: Lumbar vertebral dimensions provide vital clinical information of immense diagnostic benefits to medical experts.
The present study provides data for lumbar vertebral dimensions of a cohort of specimens of South African females arasunaeeiie
were obtained from lumbar vertebrae from the osteological collections in the Discipline of Clinical Anatomy, Nelson Mandetd Sch
Medicine using a digital caliper. The antero-posterior body diameter (APD), interpedicular distance (IPD), midsagittal(td&Dgter
and pedicle length (PL) were measured while ratio of MSD to APD was calculated. Results showed gradual increase frororL1 to L5 f
mean APD and IPD, and a decrease for mean PL from L1 to L5. Mean MSD was observed to present a “U” curve pattern from L1 to L5,
while MSD/APD ratio decreased from L2 downwards. We report that certain lumbar dimensions also showed significant cattelation w
age at distinct lumbar levels. The present data provides a baseline of lumbar vertebral morphology for the South Attmzorbaloit
requires further investigations with larger cohort.
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INTRODUCTION

Dimensions of lumbar vertebrae hold key relevance ~~ The combined stenosis shows overall nar-rowing of
in clinical diagnosis of lower backache (LBA) and lumbagpinal canal or segmental narrowing, protrusion of disc or any
spinal stenosis. The stenosis of the lumbar spinal canal i§@nbination of these, associated with more neurological
condition in which the antero-posterior and latera$ymptoms than developmental and degenerative types.
dimensions of the bony canal are less than normal for the
relevant age and sex of the in-dividuals and one of the  Population specific variations are common in many
symptoms is low backache. LBA affects both occupation@Pdy dimensions, hence itimperative to generate populations

and non —occupational individuals whether in rural or urbaiPecific measurements for body dimensions that could hold
setting with various degree of debilitation. clinical relevance. The present study therefore investigates

the dimensions of lumbar vertebrae of South African females

Lumbar spinal canal stenosis can be classified inf1d males with a view to providing a baseline data and guide
developmental, degenerative and other types accordingni@dical and diagnostic knowledge of experts (Clinicians,
Kirkidy-Willis et al (1974). Verbiest (1977) illustrated thatOrthopedic surgeons, and Radiologist) in their practice.
the developmatal stenosis is due to the properties of the neural
arch, pedicles, laminae and articular processes in which the
interpedicular distances are normal whereas lateral sagitATERIAL AND METHOD
diameters are shortened due to thickened laminae and articu-
lar processes. The degenerative stenosis accompanied by
osteoarthritis of the segmental spine is more marked opposite ~ Sample collection. Lumbar vertebrae from the
the intervertebral disc and pos-terior articular process@steological collections in the Discipline of Clinical
whereas anteroposterior and lateral diameters may be norrfg1atomy, Nelson R Mandela School of Medicine, University

* Discipline of Clinical Anatomy, Nelson R. Mandela School of Medicine, University of Kwazulu- Natal, Durban, South Africa.
™ Department of Anatomy and Cell Biology, Faculty of Basic Medical Sciences, Obafemi, Awolowo University, lle-Ife, Osunigate, N
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of Kwazulu-Natal, Durban were used. The specimertatistical analysis.Data were analyzed for descriptive
represent the lumbar vertebrae of individuals who died durisgatistics and represented as mean + standard deviation using
the apartheid era between the years 1908-1970 (over &raphPad Prism 5 (Version 5.03, GraphPad Software, USA).
decades). The study included collections archived of 1@&tudent’s t-test was used to analyze for differences between
individuals (103 males and 67 females) aged between génder while Pearson’s correlation was used to check for
and 80 years. The total lumbar vertebrae measured was 288ociation between age of subjects and the parameters
with the following lumbar segments; L1=46, L2=82, L3=92recorded. Statistical significance was considered at P<0.05.
L4=53, L5=25 (representing first to fifth lumbar vertebrae

respectively. We excluded any vertebrae with obvious

anatomical distortions emanation from obvious damage BRESULTS

pathology which would impair our assessments.

Ethical approval. Ethical approval was obtained from the The mean antero-posterior body diameter (APD)
UKZN Biomedical Research Ethics Committee (BREC$howed gradual increase from L1 to L5 (L1=30.44 mm;
(Ethics number: BCA356/14). L2=31.78 mm; L3=32.67 mm; L4=34.05 mm; L5=35.55
mm) with a range of 23.00-42.00 mm at L1 and 31.50-
Specimen measurementll lumbar specimens (L1 to L5) 46.60 mm at L5 (Fig. 2). This gradual increase was observed
were measured in millimeters (mm) using digital caliper and both female and male specimens with a statistically
were carried out in a supine placement of the vertebra in thignificant difference between female and male APD of
axial plane by three different members of the team (lol and L3, but not at L2, L4 and L5 (Table I).
minimize inter-individual errors of reporting). The antero-
posterior body diameter (APD) was measured as the antero- The mean interpedicular distance (IPD) showed
posterior distance of each vertebral body, while thsteady increase from L1 to L5 (L1=20.04 mm; L2=20.79
interpedicular distance (IPD) was measured as the mininmam; L3=21.40 mm; L4=22.98 mm; L5=24.01 mm) with a
distance between the medial surfaces of the pedicles on eittsarge of 14.50-26.40 mm at L1 and 15.70-30.90 mm at L5
side. The midsagittal diameter (MSD) was measured as ffkeg. 3). This increase was observed in both females and
maximum anteroposterior distance of the spinal canal of eattales, and no significant difference in IPD was seen
vertebra while the pedicle length (PL) were measured startibgtween the genders at any lumbar level (Table I1).
from the origin of the pedicle from the body to the superior
articular facet on either side using the average. Ratio of The mean midsagittal diameter (MSD) showed a
midsagittal diameter to antero-posterior body diametelecrease from L1 to L2 (L1=17.29; L2=16.29), and then a
(MSD/APD) was calculated by dividing MSD by the APDgradual increase from L3 to L5 (L3=16.62 mm; L4=17.53
(Fig. 1). mm; L5=18.83 mm) (Fig. 4). This pattern was observed in
) both females and males, and no significant gender difference
P N\ ps N\ was noted at any lumbar level for MSD (Table III).

\ The mean pedicle length (PL) showed a gradual
= = ) =IPD decrease from L1 to L5 (L1=6.12 mm; L2=5.57 mm;
IR -\'/ —_— ) A= L3=4.50 mm; L4=3.93 mm; L5=3.19 mm), with a range of
AN U — 4 ) 0.60-9.20 mm at L1 and 1.50-5.50 mm at L5 (Fig. 5). This
/ ‘ [ decreasing pattern was consistent in males only, as there
¢ 4 was in increase in PL of females at L3 relative to L2.
— Significant gender difference was thus observed at L3
/- A /= N\ (Table IV).

\\ // § The mean MSD/APD ratio showed a gradual
i iMéD’ o PL t S decrease from L1 to L4, and increased at L5 relative to L4,
o) \[T— /)~ —— L3and L2 (L1=0.59 mm; L2=0.52 mm; L3=0.51 mm;
o v R AN L4=0.51 mm; L5=0.53 mm) (Fig. 6). This pattern was

| | followed in males only, as females showed an irregular
@) @, pattern; a decrease at L2, then increase at L3, decrease at

_ o _ L4 and increase at L5. Significant gender difference was
Fig. 1. Schematic illustration of measurement protocol. thus observed at L1 (Table V).
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APD was significantly correlated with age at L3 onlypnly. PL was not significantly correlated with age at any
IPD at L1 only, SCD at L2 only, and SCD/APD ratio at L3umbar level. (Table VI)

Table |I. Comparison of APD of lumbar vertebrae in female and male sample.

Lumbar Female Male

Level Mean SD Range Mean SD Range t-test
L1 27.98 2.66 23.00-32.70  32.03 3.18 27.80-42.00  4.48*
L2 31.04 2.10 26.70-37.70  32.30 3.76 25.50-46.00 1.61
L3 31.50 3.07 23.90-40.20  33.16 2.86 27.70-42.30  2.49*
L4 33.21 3.25 27.00-42.40  34.65 3.90 27.40-43.00 1.41
LS5 36.08 4.40 31.50-46.60  35.16 2.16 31.90-37.80  0.68

* p<0.05 between female and male subjects at the lumbar level; all measurements in mm.

Table Il. Comparison of IPD of lumbar vertebrae in female and male in the sample.

Lumbar Female Male

Level Mean SD Range Mean SD Range t-test

L1 19.56  2.19 16.10-23.30 2034  2.63 14.50-26.40  1.05

L2 21.04 1.85 17.00-24.90  20.61 1.91 16.60-26.40  1.04

L3 21.31 2.23 16.90-26.90 21.44 1.81 17.00-26.10  0.28

L4 22.84  2.39 18.00-29.60  23.08 2.41 16.70-27.50  0.35

L5 23.66 4.22 15.70-30.90 2426 3.13 17.30-27.80  0.40

Note: All measurements are in mm.

Table Ill. Comparison of MSD of lumbar vertebrae in female and male sample.

Lumbar Female Male
Level Mean SD Range Mean SD Range t-test
L1 18.19 2.49 12.90-21.10  17.53 2.86 11.00-22.60 0.80
L2 16.22 1.76 13.10-20.00  16.34 1.46 13.10-19.00 0.33
L3 16.59 1.36 13.20-19.50  16.63 1.83 13.00-21.00 0.10
L4 17.28 1.89 13.90-21.40  17.71 2.36 14.7023.70 0.71
L5 18.67 1.49 15.40-20.90  18.94 2.76 12.7023.20 0.28

Note: All measurements are in mm.

Table IV. Comparison of PL of lumbar vertebrae in female and male samples.

Lumbar Female Male

Level Mean SD Range Mean SD Range t-test value
L1 5.98 1.72 1.80-8.30 6.21 2.05 0.60-9.20 0.39

L2 5.33 1.23 3.70-7.60 5.73 1.34 3.40-8.80 1.37

L3 5.70 1.50 3.30-8.80 4776 1.32 2.50-7.90 2.57*
L4 3.77 1.24 1.90-6.70 4.04 1.28 1.70-6.80 0.76

L5 321 0.93 2.00-5.50 3.17 0.87 1.504.40 0.10

* p<0.05 between female and male subjects at the lumbar level; measurements are in mm.

Table V. Comparison of MSD/APD ratio of lumbar vertebrae in female and male sample.

Lumbar Female Male

Level Mean SD Range Mean SD Range t-test
L1 0.65 0.09 0.47-0.77 0.55 0.09 0.34-0.74 3.72%
L2 0.52 0.07 0.42-0.73 0.51 0.07 0.33-0.68 0.69
L3 0.53 0.07 0.39-0.67 0.51 0.07 0.37-0.65 1.67
L4 0.52 0.05 0.39-0.63 0.51 0.10 0.19-0.72 0.65
L5 0.53 0.06 0.41-0.59 0.54 0.09 0.37-0.67 0.57

* p<0.05 between female and male subjects at the lumbar level; measurements are in mm.
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Fig. 2. Eiar chart showing antero-posterior body diameter (APQig. 5. Bar chart showing lumbar pedicle length (PL) in the sample.
in sample.
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Fig. 3. Bar chart showing lumbar interpedicular distance (IPD) if—‘ig. 6. Bar chart showing lumbar MSD/APD ratio in sample.
sample.

Midsagittal diameter

25- DISCUSSION
20+ -
- - %% Low back ache ranks amongst the top frequently
e 15- i % observed symptom in the musculoskeletal system of humans
E = % (Atta-Alla el et al, 2014). While research indicates that the
£ % prevalence of LBA among Africans may compare favorably
g 107 / with data from developed countries, there are increasing
= % worries on the rising burden of LBA on the wellbeing of
5+ % patients within the continent (Louet al, 2007). More so,
/ assessing the size of the lumbar vertebral canal serves as an
0 : 7 essential diagnostic tool for low back ache (El-Rakhatvy

L1 L3 L4 LS al., 2010). The alignment of spinal canal of lumbar vertebrae
is determined by structures that surround the successive
Fig. 4. Bar chart showing lumbar midsagittal diameter (MSD) ispinal foramina and any pathological changes in canal

sample. diameter could be related to LBA (El-Rakhagtyl). Hence,
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Table VI. Correlation of Age with lumbar measurements.

Lumbar Age & APD Age & IPD Age & SCD  Age & PL Age &
Segment SCD/APD ratio
L1 -0.01 0.35* -0.03 0.22 -0.03

L2 0.17 0.10 0.23* 0.12 -0.01

L3 0.22% 0.10 -0.14 -0.06 -0.23*

L4 0.19 0.13 0.16 0.17 0.02

L5 0.18 0.01 0.12 -0.15 0.02

Pearson’s correlation coefficient (r) * P<0.05; all measurements are in mm

the morphology of the lumbar vertebrae shows regionhbd previously seen such gradual decreasing pattern from
curvatures on the sagittal plane, particularly necessary fot-L5 in Sotho Negroid, Zulu Negroid and Caucasoid
impact absorption, reducing longitudinal stiffness as welémales and Sotho Negroid males of South Africa. However,
as strengthening muscular activities (Atta-Allaeal). such pattern was not consistent in Negroid and Caucasoid
males, as there was a decrease mean values of L5 relative to
The gradual anatomical narrowing of the vertebrdl4. Significant gender difference was observed at L1 and
canal or intervertebral foramina of the lumbar vertebrae is3 only. Gocmen-Mast al. found no such gender
called lumbar spinal stenosis resulting to compression differences in body diameter from MRI images.
the spinal cord that traverses the centrally located vertebral
canal or lumbosacral spinal nerve roots that traverses the  This study also found a gradual increase in IPD from
laterally located intervertebral foramina. Clinical symptom&1-L5. This pattern is consistent with that obtained from
of lumbar spinal stenosis include low back ache, bilatereddiographic images of a Nigerian population by Amonoo-
lower limbs pain, paresthesia amongst other neurologiuofi. However, mean IPD for females and males were lower
anomalies (Storrat al, 2002; Bajwaet al, 2013). The data in the present study as compared to values from Amonoo-
presented in this study hence provides relevant clinical akdiofi were mean IPD was 21.3 mm at L1 and 28.4 mm at
morphological information on lumbar vertebral arrangemenis for females, and 22.6 mm at L1 and 28.7 mm at L5 for
within the cohort sample. males. The present data are quite comparable to those
obtained by Eisenstein, who recorded mean IPD values for
Populations specific variations in dimensions oboth Sotho and Zulu Negroid females of South Africa as 20
body segments necessitates continuous data gatheringnofi at L1 and 24 mm at L5. Eisenstein observed that while
lumbar dimensions in various population groups. lboth Sotho and Zulu Negroid males had mean IPD of 21
addition, whilst most studies have utilized measurementsn at L1, Sotho males had mean IPD of 25 mm at L5, and
from different imaging techniques, including radiographZulu males had 26 mm at L5.
(Eisenstein, 1977; Amonoo-Kuofi, 1982; Nirven al.,
2005; El-Rakhawyet al; Atta-Alla el et al), CT scans This study also showed that mean MSD developed a
(Zhou et al, 2000; Midia & Miabi, 2007; Aly & Amin, “U”curve pattern, as values decrease at L2 before continuing
2013) as well as MRl images (Jeai@l, 2006; Gocmen- a subsequent increase in mean MSD towards L5. This “U”
Mas et al, 2010), only few studies have utilized directurve pattern of MSD was also reported by Eisenstein in
measurements from the lumbar vertebrae (EisensteBgtho and Zulu Negroid males and females as well as
Amonoo-Kuofi, 1985; El-Rakhawgt al; Bajwaet al). It Caucasoid females and males of South African origin. In
is argued that direct measurements may give more accuredenparison of IPD values from the present study and that
and reproducible results (Amonoo-Kuofi), hence it i®f Amonoo-Kuofi on a Nigerian population, mean MSD
necessary to have more data from direct measurementsdtues for females and males were higher in the present report
compare with those from imaging techniques with a viegsouth African Lumbar vertebra samples). Amonoo-Kuofi
to providing a reference standard for lumbar dimensiom®wever observed that mean MSD from vertebrae specimens
within the population group (South Africa). in a Nigerian population were 15.6 mm at L1 and 14.6 mm
at L5 for females, while for males, mean MSD were 16.6
Our study reports that mean APD gradually increasesm at L1 and 16.0 mm at L5.
from L1-L5 in concordance with the work of Gocmen-Mas
et al, from MRI studies, thus suggesting similarity in trend IPD and MSD parameters have been used to diagnose
of lumbar vertebral body sizes from both direct and imagingmbar stenosis, though MSD is more used in many cases
measurements. This increase may be due to more wei@fBisenstein; Storrat al). Eisenstein suggested average lower
bearing capabilities of the lower lumbar vertebrae. Eisenstdimits of 18 mm for APD as the normal, beyond which the
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lumbar is considered stenotic for this dimension. In line witMSD/APD ratio, also called the Torg ratio has been used
this, stenotic cases observed in the present study arebaen used for diagnostic parameter for predicting cervical
follows: L1 — 3 females, 5 males; L2 — 2 females, 5 malespinal stenosis, and has being suggested that it will also be
L3 -2 females, 1 male; L4 — 0 female, 1 male; L5 — 1 femalef relevance in radiological diagnosis of lumbar spinal
1 male. Overall, 7 females and 13 males showed stenosisianosis (Bajwat al). Also, this study has demonstrated
any lumbar vertebrae for this dimension. On the other hargignificant correlation between certain lumbar dimensions
normal MSD is defined as greater than 12 mm, relatia distinct levels and age of subjects. This information may
stenosis occurs between 10-12 mm and absolute stenosiseatelevant to anthropologists interested in understanding
less than 10 mm (Storet al). The study observed only association between age and skeletal lumbar remains.
two cases of stenosis, both of which at L1 for this dimension.
In conclusion, the dimensions and parameters

The current study showed a gradual decrease in meastained in this study forms baseline normative data for the
PL from L1-L5. This may be linked to the increasing size dbouth African adult population. We believe that in the
lumbar body from the upper to the lower lumbar vertebraabsence of any known pathologies (as excluded in our
This observation however, contrasts with Atta-All@edl.  sampling/records) of the sample, this investigation warrants
These authors, observed an increase in pedicle length fréurther exploration with higher sample size and possibly
L1-L5, which they measured as horizontal pedicle diametarclusive of other regions in other to get a population-specific
from radiographic images. MSD/APD ratio was observedorm. Nonetheless, it gives an understanding of the
to decrease from upper to lower lumbar vertebrae in tieorphological relevance of the lumbar vertebrae to clinical
present study. This pattern is also observed by Amono-Kudfiagnosis of LBA for clinicians and could as well trigger
and Bajwaet al, on lumbar vertebrae specimens in dorensic relevance due to population specific variations in
Nigerian and an American population respectively. Thieody dimensions.

AZU, O. O.; KOMOLAFE, O. A.; OFUSORI, D. A.; AJAYI, S. A.; NAIDU, E. C. S. & ABIODUN, A. A. Estudio morfométrico de
las vértebras lumbares en sujetos adultos de Sudafticd. Morphol., 34(4)1345-1351, 2016.

RESUMEN: Las dimensiones lumbares vertebrales proporcionan informacion vital en la clinica para alcanzar un diagnoéstico
correcto. El presente estudio proporciona datos de las dimensiones vertebrales lumbares en una cohorte de hombreSydddijees de
Las mediciones de las vértebras lumbares se obtuvieron de colecciones osteoldgicas correspondientes a la Catedra di@igéaatomia Cl
de la Escuela de Medicina Nelson Mandela. Se utilizé un calibrador digital. Se midieron el diametro antero-posterior deitebespo
(DPA), la distancia interpedicular (DIP), el diametro sagital mediano (DSM) y la longitud del pediculo (LP); y se calladibtade
DSM con DPA. Los resultados mostraron un aumento gradual de L1 a L5 para la mediana de DPAy DIP, y una disminucion de la media
de LP de L1 alb5. La media de DSM present6 un patron de curva en "U" de L1 a L5, mientras que el indice DSM / DPA didrlinuy6 de
hacia inferior. Ciertas dimensiones lumbares también mostraron una correlacion significativa con la edad en los digiionbarels.
El presente estudio proporciona datos acerca de la morfologia vertebral lumbar para una cohorte de adultos de Sudéieamgsons
que se requieren de mas investigaciones con una cohorte mas amplia.

PALABRAS CLAVE: Vertebras lumbares; Morfometria; Adultos; Sudafrica.
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