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AGE AND GENDER RELATED CHANGES IN 
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SPINE IN NORMAL EGYPTIANS: MRI STUDY
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ABSTRACT
Background: Degeneration of lumbar spine is a common and age related finding in the normal population. Eighty percent of 
adult population suffer from at least one episode of low back pain during their life time. 
Objective: The present work aimed to study the midsagittal dimensions of lumbar vertebrae, intervertebral discs, and vertebral 
canal in normal Egyptian population in different age groups in both males and females using MRI.
Materials and methods: A retrospective study of MRI midsagittal images of lumbar spine was carried out for normal Egyptian 
population whose ages ranged from 20 to 60 years old and divided into 4 age groups (decades). The parameters measured for 
the discs were; anterior, central, posterior disc heights, relative disc height index and anteroposterior disc diameter, while the 
parameters measured for the vertebrae were; central height, anteroposterior diameter, midsagittal canal diameter and canal/
body ratio. The data were statistically analyzed and tested for significance between age groups and between males and females.
Results: The measured parameters of the discs increased with age progress with significant differences at different levels be-
tween age groups. Also, they were found to be greater in males than females with significant differences. The relative disc height 
index showed a constant relationship between males and females. For the vertebrae, the parameters showed no significant 
differences related to age progress, while they were greater in males than females at all levels in all age groups. The midsagittal 
canal diameter and canal/body ratio indicated that the canal diameter decreased steadily from 3rd to 6th decade and was more 
capacious in females than in males.
Conclusion: The measurements obtained in the present study can be considered as a database which can be helpful to clini-
cians, therapists, and researchers as ready references of lumbar spine in normal adult Egyptian population. Any deviation from 
these values should be correlated with clinical findings.
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INTRODUCTION

The lumbar spine has a larger mobile segment in the 
sagittal plane.1 Changes in the aging spine usually occur 
at movable intervertebral discs, facet joints, ligamentum 
flavum, and vertebral endplate which are adjacent to 
the intervertebral discs.2-4 The intervertebral discs un-
dergo an age-related process of degeneration as early 
as 2nd decade, which is manifested by gradual structural 
transition of disc components.5 The central region of 
the vertebrae adjacent to nucleus pulposus is exposed 
to greater vertical stress than other regions.6 Among the 
various problems with spinal aging, lumbar spinal ste-
nosis is the most frequent indication for spinal surgery 
in people over 60 years old.7 Also, pathological changes 
can occur in diameter of the lumbar spinal canal, there-

fore assessing the canal size is considered as an impor-
tant diagnostic procedures.8 The sagittal anteroposterior 
diameter of the spinal canal is the only parameter which 
could be statistically correlated with the cross sectional 
area and it is accepted to use it as an indicator of the size 
of spinal canal.9 Since  the magnification errors resulting 
from non-standardized film-tube distance is possible in 
the studies using the plain films, the magnetic resonance 
imaging is a more reliable in measurements of the in-
tervertebral discs.10 The quantitative studies concerning 
the lumbar spine in Egyptians are to our knowledge still 
scarce. The present work aimed to study the midsagit-
tal dimensions of lumbar vertebrae, intervertebral discs, 
and vertebral canal in normal Egyptian population in 
different age groups in both males and females using 
MRI.
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MATERIALS AND METHODS

Subjects
A retrospective study of MRI midsagittal images of lum-
bar spine was done for cases referred to ELnour Radiol-
ogy Center in Sharkia Governorate, Egypt in the period 
between August 2013 and September 2014. Patients 
consent was not required for the retrospective review 
of records and images because patient anonymity was 
preserved.The criteria for selection included the images 
which were obtained for various reason such as; abdomi-
nopelvic problems, muscle pain, and soft tissue injuries. 
MRI showing evidences of fracture, congenital anoma-
lies, degenerative changes, endplate sclerosis, spinal me-
tastasis or any other pathologies were excluded accord-
ing to reading of radiologist. The data about age and sex 
were recorded. The selected cases were 104 in number 
(52 males and 52 females). In order to avoid uncertainty 
of measurements caused by secondary ossification cen-
tres of vertebrae before 20 years and osteoporosis after 
60 years, subjects between 20 to 60 years were selected 
and divided into 4 age groups (decades): 3rd decade (20-
29 years), 4th decade (30 - 39 years,) 5th decade (40 - 49 
years), and 6th decade (50-59 years). 

Technique
The lumbar spine was examined with the use of GE Signa 
Pofile 0.2T Open MRI Scanner. T2-weighted images with 
sagittal plane were obtained with a repetition time (TR) 
of 2600 milliseconds and echo time (TE) of 100 millisec-
onds. Slice thickness was 4 mm. The field of view (FOV) 
used was 25-30 cm. Distances and diameters were meas-
ured in millimetres using the software that accompanies 
the MRI system.

Measurements
Measurements were done at the midsagittal T2-weighted 
images which were identified when the tips of the spine 
processes were seen. The landmarks for measurements 
were taken at extreme anterior or posterior margins of 
the endplates of vertebrae.11

The following dimensions were measured for interverte-
bral discs:

1-Anterior disc height: was measured as the distance be-
tween the extreme anterior margins of  the two adjacent 
vertebral endplates (Fig. 1A)

2-Central disc height: was measured as the distance be-
tween the midpoints of  the two adjacent vertebral end-
plates (Fig. 1B)

3-Posterior disc height: was measured as the distance be-
tween the extreme posterior margins of  the two adjacent 
vertebral endplates (Fig. 1A)

4-Anteroposterior disc diameter: was measured as the 
distance between the midpoints of the anterior and pos-
terior disc heights (Fig.1C)

5-Relative disc height index= mean of central disc 
height/mean of central vertebral height.3,11-15

For the lumbar vertebrae, the following dimensions were 
measured:

1-Central vertebral height: was measured as the distance 
between the midpoints of  the superior and inferior end-
plates of each vertebra (Fig.1D)

2-Anteroposterior diameter of vertebral body: was meas-
ured as the greatest mid waist distance between mid-
points of anterior and posterior borders of the vertebral 
bodies  (Fig.1E)

3-Midsagittal canal diameter: was measured from mid-
point of the posterior border of vertebral body to the 
most anterior part of spinous process. ( Fig.1F)

4-Canal/body ratio= midsagittal canal diameter/anter-
oposterior diameter of the vertebra.10,16-22

All the measurements were taken 2 times and the mean 
was assessed to minimize the intra-observer error.

Statistical analysis
Statistical analysis was carried out using SPSS for win-
dows software program. Descriptive statistical analysis 
for all the data were presented as mean and standard de-
viation. Paired sample t-test was used to evaluate the dif-
ferences between male and female measurements  and 
between successive age groups. The differences were 
considered significant when P value <0.05.

RESULTS

The means of anterior lumbar disc heights for males 
and females in different age groups are shown in table 
(1) and figures (2&3). The discs at levels of L1/L2, L4/
L5& L5/S1 showed significant changes with age pro-
gress which were more striking in females than males. 
The males differed from females in the response of an-
terior disc height to age progress. At the upper 4 discs, 
the male discs showed alternating increase/decrease 
pattern through the age decades from 3rd-6th, while in 
females there was steady increase in the height to reach 
the maximum at 6th decade. At L5/S1 disc, both males 
and females showed steady increase from 3rd to 6th dec-
ade. Taking the 3rd decade as a reference, the discs have 
gained an increase in anterior height by 6th decade which 
was significant mainly in females (p<0.05). Also, there 
was a cephalocaudal gradient of increase from L1/L2 to 
L5/S1 discs nearly in all decades studied except L5/S1 
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disc in 3rd and 4th decades at which it decreased. The 
values were greater in males than females in all decades 
(3rd- 6th) and the differences were significant mainly in 
3rd-5th decades. 

The means of central lumbar disc heights for males and 
females in different age groups are shown in table (2) 
and figures (4&5). All discs showed significant changes 
in their central heights with age. The males differed from 
females in the response of  central disc height to age pro-
gress. In males, there was an alternating increase/de-
crease pattern at most of the disc levels, while in females 
there was steady increase to reach the maximum in 6th 
decade at most of the disc levels. Taking the 3rd decade 
as a reference, the discs have gained an increase in the 
central  height by 6th decade which was significant at 
most of the segmental levels for both males and females 
(p<0.05). Cephalocaudal gradient of increase in central 
disc heights was observed from L1/L2-L4/L5 discs in all 
age group studied then, at L5/S1 disc, they decreased in 
3rd and 4th decades and increased in 5th and 6th decades. 
The values were greater in males than females and the 
differences were significant mainly in 4th and 6th decades.

The means of posterior lumbar disc heights for males and 
females in different age groups are shown in table (3) 
and figures (6&7).  The discs showed significant changes 
with age progress which were more evident  between 
4th-5th and 5th- 6th decades and in females than males. 
The males and females were similar in the response of  
posterior disc height to age progress through all dec-
ades, where there was none linear alternating increase/
decrease pattern of growth. The discs in 6th decade  ap-
peared to have gained an increase compared to 3rd dec-
ade which was significant only at the level of L1/L2. 
There was a cephalocaudal  gradient of increase from 
L1/L2 to L4/L5 discs followed by a decline at L5/S1 disc 
in both males and females and in all age groups. No sig-
nificant differences were observed between males and 
females (p>0.05). 

The means of anteroposterior diameter of lumbar discs 
for males and females in different age groups are shown 
in table (4) and figures (8&9).  The discs at the upper 
levels (L1/L2, L2/L3& L3/L4) showed significant chang-
es with age between 5th- 6th decade only in females. The 
males differed from females in the response of  anter-
oposterior diameters of the discs to age progress. In 
males, there was steady increase from the 3rd to 6th dec-
ade, while in females there was none linear alternating 
increase/decrease pattern. Taking the 3rd decade as a 
reference, the discs have gained an increase in the anter-
oposterior diameter  by 6th decade which was significant 
at the level of L2/L3, L3/L4 & L5/S1 discs especially in 
females. There was a cephalocaudal gradient of increase 
from L1/L2 to L4/L5 discs followed by a decrease in L5/
S1 disc in both males and females in all age groups. The 

values were greater in males than females and the differ-
ences were significant at all segmental levels nearly in all 
decades (p<0.05).

The means of relative disc height indices for males and 
females in different age groups are shown in table (5) 
and figures (10&11). No significant differences were ob-
served between males and females, so a constant rela-
tionship was observed at all levels, between height of the 
vertebral body and thickness of the disc in both males 
and females. Taking the 3rd decade as a reference, the 
discs have gained an increase in the relative disc height 
index by the 6th decade which was significant at all levels 
(p<0.05).

The means of central heights of lumbar vertebrae for 
males and females in different age groups are shown in 
table (6) and figures (12&13).  No significant differences 
were observed between successive age groups at all lev-
els for both males and females. No gained increase of 
the height in 6th decade when compared to 3rd decade. 
Also, no craniocaudal gradient of increase was observed 
between segmental levels. On the other hand, the mean 
values of  central heights were greater in males than fe-
males with significant differences at all levels in all age 
groups studied (p<0.05).

The means of anteroposterior diameters of lumbar ver-
tebrae for males and females in different age groups are 
shown in table (7) and figures (14&15). No significant 
changes were observed between successive age groups at 
all levels for both sexes. There was only significant gradi-
ent of increase in 6th decade when compared to 3rd dec-
ade at L1, L4, L5. A cephalocaudal gradient of increase 
was observed from L1 to L3 and then became constant 
at L4 and L5. The values were greater in males than fe-
males with significant differences at all levels and nearly 
in all age groups (p<0.05).

The means of midsagittal canal diameters of lumbar ver-
tebrae for males and females in different age groups are 
shown in table (8) and figures (16&17). They decreased 
steadily from 3rd - 6th decade at all levels in both males 
and females and the differences were significant only in 
certain age groups at certain levels. Also, they declined  
in 6th decade when compared to 3rd decade and the dif-
ferences were significant at most of the levels. As regards 
to cephalocaudal sequence, generally there was slightly 
steady decrease from L1 - L4 followed by steady increase 
at L5 in 3rd and 4th decades and general steady decrease 
from L1- L5 in 5th and 6th decades. The diameters were 
slightly wider in females than in males with significant 
differences at certain levels in 4th and 5th decades.  

The canal/body ratio are shown in table (9) and figures 
(18&19).  The ratio decreased steadily as age progress 
from 3rd- 6th decade in both males and females at all lev-
els. The canal/body ratio declined at 6th decade when 
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compared to 3rd decade with significant differences at all 
segmental levels. There was cephalocaudal gradient of 
decrease in canal/body ratio from L1- L4 then increased 
at L5 in 3rd and 4th decades and general steady decrease 
from L1- L5 in 5th and 6th decades. The ratio was higher 
in females than in males with significant differences in 
all age groups at all levels (p<0.05). 

DISCUSSION

In the present study, the males differed from females in 
the response of their lumbar disc heights to age progress. 
In males, there was alternating pattern of increase/de-
crease, while in females there was steady increase. This 
is in accordance with Al-Hadidi et al. 13 who found that 
the midpoint height displayed an alternating pattern 
which was of higher magnitude and statistically signifi-
cant in males, but less evident and statistically insignifi-
cant in females. The alternating increase/decrease pat-
tern seems to reflect periods of growth and remodelling 
in relation to changes of functional demands.12,23

In the present study, there were significant differences in 
disc heights and diameter with age progress, Which were 
more striking in females than in males. This is in accord-
ance with Amonoo-Kuofi 12 who found that the heights 
and diameters of intervertebral discs vary significantly 
in different age groups. On the other hand, Aydinlioglu 
et al. 11 found that the changes related to disc heights in 
females did not reach to the level of significance and the 
height of intervertebral discs increases with aging only in 
males. The disc heights in the present study, appeared to 
have gained an increase in 6th decade when compared to 
3rd decade with significant differences in both males and 
females at different segmental levels. This is in agree-
ment with many authors  who found that the heights 
of intervertebral discs increase in older age groups in 
both males and females and these discs sink into the 
vertebrae.13,17,24 The aging of the disc involves structural 
changes in the endplate and between the age of 20 and 
65 years, the endplate becomes thinner and cell death 
occurs in  the superficial layer of the cartilage.25 Aging 
causes inevitable and progressive changes in disc ma-
trix composition, which resemble changes in other aging 
cartilaginous tissues.26,27 Biochemical changes occur as a 
direct result of the alternation with age lead to deteriora-
tion of connective tissues and loss of disc integrity.28 

In the present study, a cephalocaudal gradient of in-
crease was observed in the lumbar disc heights and di-
ameters from the level of L1/L2 to L4/L5 discs followed  
by a decline at lumbosacral disc (L5/S1) especially in 5th 
and 6th decades. This is in accordance with Eijkelkamp 
et al. 29 and Moeller and Reif 30 who reported that the 
heights of intervertebral discs increase from L1/L2 to L4/
L5 discs then decreases at L5/S1 disc. Also, Bogduk et 

al. 31 reported that the L4/L5 disc is the largest interver-
tebral disc of human body and this is probably related 
to the greater mobility at that level of lumbar spine. On 
the other hand, Shao et al. 14 and Gocmen-Mas et al. 15 
found that the intervertebral disc height increased with 
increasing level from L1/L2 to L5/S1 discs in both males 
and females. Shukri  et al. 32 found that the height of L5/
S1 disc was quite variable: in some subjects it was small, 
however in others it was the largest one. 

In the present study, the mean values of disc heights 
were greater in males than females with significant dif-
ferences. This is in consonance with Amonoo-Kuofi 12, 
Frobin et al. 24 and Shukri  et al. 32 who found that the 
mean disc height was larger in male than female subjects 
at all level except at L5/S1 disc at which, the disc height 
was slightly larger in females. 

In the present study, there was a constant relationship 
in the relative disc height index between males and fe-
males at all levels in all age groups. This is in accordance 
with the authors who found that in absence of degenera-
tion, the relative disc height index has been shown to be 
constant in males and females at all disc levels. This re-
flects a coordinated change affecting discs and vertebrae 
simultaneously.12,13 Based on this, the relative disc height 
index could prove helpful as an indicator for pathological 
conditions affecting the spine. Significant aberration of 
this index could be interpreted as a sign of disc degenera-
tion in terms of altered coordination of disc and vertebral 
height.13

The central height and anteroposterior diameter of lum-
bar vertebrae in the present study showed no significant 
changes with age progress. This disagrees with Mashara-
wi et al. 33 who found that bony lumbar vertebrae change 
significantly usually decreasing in height and broaden-
ing. Sone et al. 34 related changes in vertebral height to 
the osteoporosis and Goh et al. 35 related these changes 
to the biomechanical load acting on spine. The absence 
of changes in height and anteroposterior diameter of the 
vertebrae in present study may indicate that the osteo-
porosis and biomechanic load  have not affected the sub-
jects of the study. In the present study, these values were 
greater in males than females with significant differences 
at all levels in all age groups. This is in agreement with 
Amonoo-Kuofi 12 and Shukri  et al. 32  who found that 
the dimensions of lumbar vertebral bodies were larger 
in males than females at all levels. On the other hand 
Frobin  et al. 36 reported that the height of lumbar verte-
bral body is larger in females than males and Gilsanz et 
al. 37 found that there is no sexual dimorphism in meas-
urements of lumbar vertebral bodies. A cephalocaudal 
gradient of increase was observed in the anteroposterior 
diameter from L1- L3 and became constant at L4 and L5. 
This is in agreement with Standring et al. 38 who report-
ed that there is a cephalocaudal increase in width of the 
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vertebral bodies to 3rd lumbar. Shukri  et al. 32  found that 
the width of vertebral bodies have increased from L1- L4 
then decreased at L5 level. This can be explained by that 
L4 and L5 have the largest flexion extension movements, 
so L4 and L5 are the most common sites for degenerative 
spine disease.39,40

In the present study, the midsagittal canal diameter de-
creased steadily with age progress from 3rd- 6th decade 
at all levels in both males and females. The values in 6th 
decade were significantly decreased when compared to 
3rd decade. This is in general consonance with many au-
thors  who found that the bony lumbar spinal canal and 
foramina shrink with aging 17 and spinal stenosis syn-
drome affects mainly patients in their 5th- 6th decade of 
life.19 Narrowing of the spinal canal may be developmen-
tal or it may be a result of degenerative changes from 
aging.21 On the other hand, this disagrees with Kim et al. 
22 and Ericksen 41 who reported that age is not associated 
with spinal canal width and length variations in thoracic 
and lumbar vertebrae in normal people. A cephalocau-
dal gradient of decrease was observed from L1-L4 in 3rd 
and 4th decades and from L1-L5  in 5th and 6th decades. 
This is in consonance with many authors who observed 
a gradual decrease in sagittal canal diameter of the spi-
nal canal from L1-L5.42-44 Previous studies measured the 
midsagittal canal diameter in normal Egyptian popula-
tion using different methods. In postmortal lumbar ver-
tebrae of Egyptian, the midsagittal canal diameter de-
creased from L1- L3 and then increased again until L5.45 
Also, in dry bones, the mean anteroposterior diameter 
increased from L1 to L3.46  By radiological study with 
plain x rays, the mean anteroposterior canal diameter in 
both males and females showed an initial increase from 
L1 to L2 then decreased gradually at L5.46 By computed 
tomography scans, the midsagittal canal diameter from 
L1-L5 had an hourglass shape, where the narrowest di-
ameter was at L3.47 These differences can be explained 
due to differences in the methods used for measurements 
with magnification errors in the studies using plain films 
and postmortal changes in the studies using dry bones. 
The current measurements were performed on living hu-
mans using MRI which was found to be the best imag-
ing modality.32 In the present study, the mean midsag-
ittal canal diameter was slightly wider in females than 
in males and the differences were significant at certain 
levels in 4th and 5th decades. This is in accordance with 
Eisenstein 48 in south African population, Malas et al. 49 
in Turkish and Adam 50 in Sudanese who found that the 
females have wider vertebral canal than males. On the 
other hand, some authors found that the mean midsagit-
tal diameter of lumbar bony spinal canal was narrower 
in females than males.16,21,32 Janjua and Muhammad 42  
found that the lumbar spinal canal showed a constant di-
mensions in both males and females by x ray. The canal/
body ratio is more reliable than the vertebral canal diam-

eter in detecting the degree of stenosis.51 The ratio in the 
present study was greater in females than males with sig-
nificant differences at all levels in all age groups studied. 
The ratio decreased steadily from 3rd to 6th decade. This 
indicated that the midsagittal canal diameter was more 
capacious in females than males and in younger age than 
in older age groups. This is in agreement with Janjua and 
Muhammad 42 who found that the female midsagittal ca-
nal diameter is relatively wider than that of males and 
the differences between the mean values of canal/body 
ratio were significant at the level from L1 to L4, while at 
L5 the differences were not significant.

CONCLUSION

It could be concluded that the measurement obtained in 
the present study can be considered as a database which 
can be helpful to clinicians, therapists, and researchers as 
ready references of lumbar spine in normal adult Egyp-
tian population. Any deviation from these values should 
be correlated with clinical findings. Further studies are 
needed with a larger sample in order to support our data.
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Figure 1: Midsagittal MRI images of lumbar spine showing demonstration for measuring; A: anterior and posterior disc 
heights, B: central disc height, C: anteroposterior disc diameter, D: central vertebral height, E: anteroposterior diameters of 
vertebrae, F: midsagittal canal diameter
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Table 1 : Means, standard deviations for anterior lumbar disc height with age and sex

level sex
Age groups (years) t. test between age groups

3rd decade 
(20-29.9)

4th decade 
(30-39.9)

5th decade 
(40-49.9)

6th decade 
(50-59.9)

3rd -4th 
decade 

4th -5th 
decade 

5th-6th 
decade

3rd -6th 
decade

L1/L2
M 10.21±2.33 11.3±1.66 10.64±1.38 11.17±1.12 – 1.13 1.26 –  1.18 – 1.27

F 7.43±1.72 9.38±1.58 9.61±1.11 11.12±1.44 – 3.01* –  0.38 – 2.45* –  5.93*

T. test 3.38* 3.06* 2.93* 0.23

L2/L3
M 11.81±1.5 12.7±1.69 12.12±1.03 11.97±1.0 – 1.52 1.07 0.33 –  0.29

F 9.93±0.39 10.07±1.05 10.72±1.42 11.53±0.80 – 0.41 – 1.41 – 1.79 –  8.11*

T. test 4.53* 3.87* 2.39* 0.94

L3/L4
M 12.67±1.63 13.59±1.37 13.22±0.8 13.20±0.78 – 1.51 0.90 0.08 – 1.01

F 11.66±1.49 11.35±1.06 11.75±1.35 13.02±1.04 0.58 – 0.65 –  1.95 – 2.22*

T. test 1.59 3.11* 3.09* 0.54

L4L5
M 15.1±1.28 14.5±1.85 15.1±0.85 16.13±1.71 0.98 – 1.12 – 1.82 – 1.57

F 13.76±0.69 13.68±1.17 14.75±1.57 13.55±1.2 0.21 – 2.45* 3.01* 0.57

T. test 3.15* 2.12 0.83 4.43*

L5/S1
M 13.58±0.93 13.8±2.57 17.02±1.59 17.48±2.23 – 0.31 – 3.61* –  0.56 – 6.06*

F 13.31±1.11 13.78±2.04 14.1±2.25 15.37±2.62 – 0.74 –  0.41 – 1.10 – 2.93*

T. test 0.84 0.01 3.72* 2.33*

*significant at p<0.05  M=Male, F= Female
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Figure 2: Means, standard deviations for anterior lumbar disc height with age in males
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Figure 3: Means, standard deviations for anterior lumbar disc height with age in females.

Table 2: Means, standard deviations for central lumbar disc height with age and sex

level sex
Age groups (years) t. test between age groups

3rd decade 
(20-29.9)

4th decade 
(30-39.9)

5th decade 
(40-49.9)

6th decade 
(50-59.9)

3rd -4th 
decade 

4th -5th 
decade 

5th-6th 
decade

3rd -6th 
decade

L1/L2
M 9.38±1.71 10.29±1.66 10.88±1.0 11.76±1.39 – 1.63 0.45 – 2.06* – 3.08*

F 8.41±1.17 9.61±0.90 10.64±0.63 11.63±1.27 – 3.07* – 3.25* – 2.62* – 7.07*

T. test 1.76 1.27 0.75 0.22

L2/L3
M 11.66±0.81 12.2±1.08 11.94±1.6 12.32±1.12 – 1.76 0.38 – 0.70 – 2.0

F 9.55±1.63 10.75±1.14 11.02±0.65 12.02±1.21 – 1.92 – 0.57 – 2.59* – 4.81*

T. test 3.30* 3.42* 1.68 0.55

L3/L4
M 11.71±1.34 13.31±1.71 12.81±1.20 13.58±1.15 – 2.88* 0.81 – 132 – 6.49*

F 11.26±1.37 11.51±1.14 12.54±0.91 13.31±0.91 – 0.44 – 3.73* – 2.09 – 6.55*

T. test 0.72 3.17* 0.87 0.50

L4L5
M 12.98±2.09 13.15±0.87 12.48±0.94 13.6±0.21 – 0.26 1.96 – 4.16* – 1.03

F 12.24±0.47 12.08±0.82 11.79±1.82 12.07±1.77 0.52 0.59 – 0.39 0.34

T. test 1.11 3.23* 1.44 3.08*

L5/S1
M 11.33±0.72 11.93±1.32 14.55±1.08 14.02±0.85 – 1.28 – 5.65* 1.20 – 8.93*

F 11.13±0.80 11.11±0.82 10.42±1.9 12.15±1.73 0.05 1.29 – 2.43* – 1.69

T. test 0.59 1.74 6.28* 3.12*

*significant at p<0.05    M=Male, F= Female
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Figure 4: Means, standard deviations for central lumbar disc height with age  in males.
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Figure 5: Means, standard deviations for central lumbar disc height with age  in females.
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Table 3 : Means, standard deviations for posterior lumbar disc height with age and sex

level sex
Age groups (years) t. test between age groups

3rd 
decade 
(20-29.9)

4th decade 
(30-39.9)

5th 
decade 
(40-49.9)

6th decade 
(50-59.9)

3rd -4th 
decade 

4th -5th 
decade 

5th-6th 
dec-
ade

3rd - 6th 
decade

L1/L2
M 6.86±0.75 8.06±1.93 7.07±1.27 8.27±1.35 – 2.51* 2.11 –3.01* – 2.65*

F 6.83±1.32 7.32±1.17 7.71±0.94 8.58±1.76 – 0.94 – 0.72 – 1.46 – 2.42*

T. test 1.03 1.13 – 1.4 – 0.61

L2/L3
M 8.1±1.08 8.04±1.84 7.71±1.14 8.02±1.22 0.10 0.65 – 0.64 – 0.18

F 7.55±1.61 8.45±1.11 7.68±0.75 8.5±1.41 – 1.86 2.22* – 2.37* – 1.64

T. test 1.49 – 0.72 0.06 – 0.79

L3/L4
M 8.78±0.99 9.34±1.74 8.66±1.49 9.13±1.01 – 0.83 1.64 – 0.96 – 1.13

F 8.46±1.59 9.04±0.86 8.04±0.74 9.9±1.62 – 1.27 3.29* – 3.08* – 2.07

T. test 0.56 0.47 1.29 – 1.14

L4L5
M 9.13±1.57 9.59±1.11 8.84±0.91 9.41±0.71 – 0.72 1.70 – 2.09 – 0.61

F 9.18±1.06 9.91±1.08 9.58±1.0 9.65±1.74 – 1.45 0.76 – 0.12 – 0.98

T. test – 0.13 – 0.82 – 1.8 – 0.42

L5/S1
M 7.34±0.89 8.47±1.62 7.98±0.66 7.72±1.19 – 1.99 1.21 0.70 – 1.70

F 7.96±0.78 8.15±0.53 7.41±1.2 8.4±1.51 – 0.74 2.26* – 2.11 – 0.83

T. test – 2.0 0.62 1.33 – 1.09

*significant at p<0.05      M=Male, F= Female
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Figure 6: Means, standard deviations for posterior lumbar disc height with age in males.
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Figure 7: Means, standard deviations for posterior lumbar disc height with age in females.

Table 4 : Means, standard deviations for anteroposterior lumbar disc diameter with age and sex

level sex
Age groups (years) t. test between age groups

3rd decade 
(20-29.9)

4th decade 
(30-39.9)

5th decade 
(40-49.9)

6th decade 
(50-59.9)

3rd - 4th 
decade 

4th -5th 
decade 

5th- 6th 
decade

3rd - 6th 
decade

L1/L2
M 33.56±3.6 34.87±2.25 35.6±2.52 36.06±2.42 – 0.98 – 0.96 – 0.46 – 1.89

F 30.2±3.12 30.14±1.92 30.45±1.94 32.71±2.42 0.06 – 0.32 – 2.76* – 2.13

T. test 5.11* 5.31* 5.76* 3.13*

L2/L3
M 35.92±2.37 37.02±3.12 37.34±2.22 37.66±4.09 – 0.88 – 0.27 – 0.24 –1.30

F 33.03±2.25 32.75±1.21 31.57±1.9 36.26±2.25 0.46 1.55 –7.97* –3.15*

T. test 5.06* 3.82* 8.69* 1.05

L3/L4
M 36.62±3.28 38.03±3.83 38.14±1.99 38.6±2.95 – 0.82 –0.09 –0.46 –1.55

F 33.88±2.91 34.3±1.46 33.31±2.37 37.75±2.85 –0.51 1.06 –3.85* –4.22*

T. test 3.36* 3.02* 6.98* 0.59

L4L5
M 37.68±2.46 39.1±2.66 40.17±2.55 40.53±3.17 –1.15 –1.32 –0.29 –2.18

F 35.06±2.93 34.76±1.88 35.41±2.92 37.22±2.75 0.46 –0.86 –1.83 –2.09

T. test 3.41* 4.33* 4.31* 2.83*

L5/S1
M 35.5±2.93 37.35±1.96 37.38±2.66 39.22±2.7 –1.78 –0.04 –1.49 –2.38*

F 33.66±2.93 33.6±1.9 33.65±2.62 34.92±1.32 0.06 –0.06 –1.6 –1.55

T. test 2.06* 4.88* 3.28* 5.04*

*significant at p<0.05      M=Male, F= Female
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Figure 8: Means, standard deviations for anteroposterior lumbar disc diameter with age in males .
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Figure 9: Means, standard deviations for anteroposterior lumbar disc diameter with age in females.
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Table 5: Means, standard deviations for relative disc height index with age and sex

level sex
Age groups (years) t. test between age groups

3rd 
decade 
(20-29.9)

4th decade 
(30-39.9)

5th 
decade 
(40-49.9)

6th decade 
(50-59.9)

3rd - 4th 
decade 

4th -5th 
decade 

5th- 6th 
decade

3rd - 6th 
decade

L1/L2
M 0.40±0.07 0.45±0.07 0.47±0.03 0.51±0.04 – 2.03 –  0.77 – 2.55* – 4.24*

F 0.41±0.05 0.46±0.07 0.50±0.03 0.54±0.03 – 1.68 – 1.89 – 3.63* – 7.84*

T. test – 0.24 – 0.17 – 1.77 –  1.92

L2/L3
M 0.50±0.05 0.51±0.05 0.49±0.06 0.54±0.08 – 0.89 0.73 – 2.43* – 2.14

F 0.44±0.07 0.50±0.07 0.50±0.03 0.56±0.07 – 1.64 – 0.18 – 2.41* – 4.62*    

T. test 1.79 0.65 – 0.49 – 0.56

L3/L4
M 0.51±0.06 0.54±0.05 0.53±0.07 0.58±0.07 – 1.99 0.29 – 1.75 –5.69*

F 0.53±0.08 0.53±0.08 0.57±0.03 0.60±0.03 0.0 – 1.36 – 2.05 – 2.47*

T. test – 0.73 0.18 – 1.57 – 1.10

L4L5
M 0.55±0.11 0.59±0.07 0.56±0.07 0.59±0.02 – 0.85 – 0.86 – 1.62 – 1.43

F 0.58±0.03 0.59±0.05 0.56±0.05 0.61±0.03 – 0.51 1.18 – 0.59 – 2.72*

T. test – 0.66 0.02 0.12 –  1.25

L5/S1
M 0.55±0.04 0.58±0.08 0.61±0.06 0.63±0.06 – 1.50 – 0.79 –  0.98 – 3.41*

F 0.54±0.04 0.53±0.07 0.55±0.11 0.61±0.06 – 0.33 – 0.77 – 1.72 – 3.66*

T. test 0.83 1.70 1.76 1.04

*significant at p<0.05      M=Male, F= Female
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Figure 10: Means, standard deviations for relative disc height index with age  in males
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Figure 11: Means, standard deviations for relative disc height index with age in females

Table 6 : Means, standard deviations for central height of lumbar vertebrae with age and sex

level sex
Age groups (years) t. test between age groups

3rd decade 
(20-29.9)

4th decade 
(30-39.9)

5th decade 
(40-49.9)

6th decade 
(50-59.9)

3rd - 4th 
decade 

4th -5th 
decade 

5th-6th 
decade

3rd - 4th 
decade

L1
M 22.84±1.34 22.3±1.05 22.62±1.32 21.89±1.77 0.92 – 0.59 1.17 1.95

F 20.23±0.83 20.65±1.53 20.52±1.07 20.37±0.83 – 1.04 0.31 0.55 – 0.36

T. test 7.32* 2.91* 3.44* 3.72*

L2
M 23.31±1.38 23.47±1.99 23.66±1.81 23.0±1.21 – 0.26 – 0.23 1.17 0.79

F 21.43±1.05 21.52±1.57 21.23±1.27 21.07±0.93 – 0.20 0.54 0.35 1.49

T. test 3.70* 3.03* 3.24* 3.93*

L3
M 22.9±0.86 22.87±1.98 23.39±2.09 22.77±1.99 0.03 – 0.53 0.94 0.22

F 20.91±1.02 21.20±1.37 20.83±1.84 20.77±1.36 – 0.54 0.60 0.10 0.27

T. test 6.60* 2.50* 2.81* 4.18*

L4
M 22.7±1.73 22.76±2.53 22.97±2.41 22.2±1.34 – 0.07 – 0.19 1.27 1.22

F 20.68±1.05 20.35±0.69 19.95±0.88 20.77±1.55 1.51 1.07 – 1.57 – 0.19

T. test 4.27* 3.52* 3.58* 2.28*

L5
M 22.67±2.1 22.08±1.58 22.51±1.48 22.43±1.31 0.82 – 0.58 0.16 0.36

F 20.03±.43 20.6±1.02 20.57±2.02 20.06±1.73 – 1.84 0.04 0.67 –  0.06

T. test 5.0* 3.26* 2.95* 3.53*

*significant at p<0.05      M=Male, F= Female
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Figure 12: Means, standard deviations for central height of lumbar vertebrae  with age in males.
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Figure 13: Means, standard deviations for central height of lumbar vertebrae   with age in females.

Table 7: Means, standard deviations for anteroposterior diameter  of lumbar vertebrae with age and sex

level sex
Age groups (years) t. test between age groups

3rd decade 
(20-29.9)

4th decade 
(30-39.9)

5th decade 
(40-49.9)

6th decade 
(50-59.9)

3rd -4th 
decade 

4th -5th 
decade 

5th-6th 
decade

3rd -6th 
decade

L1
M 28.07±1.8 29.4±2.46 30.95±2.63 30.93±2.83 – 1.30 – 1.72 0.0 – 3.05*

F 26.4±3.05 25.9±1.66 26.41±1.8 26.26±2.21 0.67 – 0.59 0.19 0.11

T. test 2.07 3.65* 7.48* 4.30*

L2
M 30.85±2.31 31.9±2.42 32.7±2.82 32.99±3.13 – 0.94 – 0.73 – 0.20 – 2.09

F 27.2±3.63 27.21±0.7 28.33±2.09 29.07±2.17 – 0.01 – 1.5 – 1.15 – 1.80

T. test 3.97* 6.41* 6.07* 3.21*
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level sex
Age groups (years) t. test between age groups

3rd decade 
(20-29.9)

4th decade 
(30-39.9)

5th decade 
(40-49.9)

6th decade 
(50-59.9)

3rd -4th 
decade 

4th -5th 
decade 

5th-6th 
decade

3rd -6th 
decade

L3
M 32.13±2.38 33.42±2.74 34.77±2.17 34.75±3.42 – 1.02 – 1.22 0.01 – 2.16

F 29.21±3.09 28.95±1.08 30.15±2.44 30.64±2.41 0.29 – 1.37 – 0.55 – 1.77

T. test 3.69* 4.98* 7.42* 3.19*

L4
M 33.36±2.54 34.67±2.88 34.90±2.37 33.43±3.09 – 1.08 – 0.22 1.59 – 0.06

F 29.71±1.37 29.44±1.25 30.97±2.63 31.62±2.33 0.44 – 1.52 – 0.75 – 3.08*

T. test 5.07* 7.78* 5.03* 1.76

L5
M 33.22±2.01 33.54±2.23 33.84±3.07 33.8±3.03 – 0.30 – 0.24 0.03 – 0.53

F 29.03±2.35 29.0±1.72 30.68±2.2 30.5±2.08 0.04 – 1.72 0.28 – 2.88*

T. test 4.81* 7.15* 4.84* 372*

*significant at p<0.05      M=Male, F= Female
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Figure 14: Means, standard deviations for anteroposterior diameter  of  lumbar vertebrae with age in males.
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Figure 15: Means, standard deviations for anteroposterior diameter  of lumbar vertebrae with age in females.

Table 7: (Continued)
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Table 8: Means, standard deviations for midsagittal canal diameter of  lumbar vertebrae with age and sex

level sex
Age groups (years) t. test between age groups

3rd decade 
(20-29.9)

4th decade 
(30-39.9)

5th decade 
(40-49.9)

6th decade 
(50-59.9)

3rd -4th 
decade 

4th -5th 
decade 

5th-6th 
decade

3rd -6th 
decade

L1
M 17.65±0.45 17.41±1.74 16.24±1.57 16.45±1.84 0.47 1.77 – 0.19 2.37*

F 18.39±3.19 18.02±1.44 17.71±0.91 16.15±0.99 0.36 0.76 5.26* 2.43*

T. test – 0.86 – 1.02 – 4.0* 0.39

L2
M 17.17±0.73 16.55±1.89 15.6±1.52 15.6±1.85 1.15 1.21 0.0 2.41*

F 18.16±2.94 17.21±0.97 17.16±0.6 16.26±1.62 1.02 0.17 1.94 2.08

T. test – 1.14 – 1.26 –  4.41* – 1.56

L3
M 16.28±0.65 16.06±1.93 15.02±0.85 15.51±2.23 0.47 1.66 – 0.69 1.09

F 17.33±1.86 17.11±1.24 17.02±1.36 16.35±1.38 0.36 0.2 1.20 1.49

T. test – 1.68 – 1.59 –  6.18* –  1.49

L4
M 16.62±1.07 15.66±1.8 15.51±1.32 15.35±1.56 1.4 0.24 0.26 2.52*

F 17.75±2.42 17.46±1.02 17.42±1.37 16.88±2.14 0.40 0.08 0.67 0.90

T. test – 1.92 – 3.59* – 3.64* – 2.06

L5
M 17.48±1.45 15.72±1.94 15.27±1.25 14.7±2.21 2.47* 0.72 0.76 3.86*

F 18.15±2.18 17.83±2.75 15.32±1.5 15.8±1.73 0.38 3.02* – 0.83 3.16*

T. test – 1.33 – 2.85* – 0.08 – 1.9

*significant at p<0.05      M=Male, F= Female
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Figure 16: Means, standard deviations for midsagittal canal diameter of lumbar vertebrae with age in males
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Figure 17: Means, standard deviations for midsagittal canal diameter of  lumbar vertebrae with age in females

Table 9 : Means, standard deviations for canal /body ratio of  lumbar vertebrae with age and sex

level sex
Age groups (years) t. test between age groups

3rd 
decade 
(20-29.9)

4th decade 
(30-39.9)

5th 
decade 
(40-49.9)

6th decade 
(50-59.9)

3rd -4th 
decade 

4th -5th 
decade 

5th-6th 
decade

3rd -6th 
decade

L1
M 0.63±0.06 0.59±0.08 0.53±.04 0.53±0.07 1.12 2.03 – 0.18 3.48*

F 0.72±0.09 0.70±0.09 0.66±0.06 0.61±0.05 0.63 0.88 5.93* 2.77*

T. test – 3.47 – 2.68* – 6.20* – 3.17*

L2
M 0.56±0.05 0.52±0.09 0.51±0.10 0.47±0.08 1.33 0.10 1.20 3.12*

F 0.68±0.18 0.62±0.04 0.60±0.05 0.55±0.05 1.07 1.02 3.14* 2.48*

T. test – 2.25* – 3.88* – 3.31* – 3.62*

L3
M 0.50±0.03 0.48±0.08 0.43±0.03 0.44±0.08 0.69 1.71 – 0.38 2.03

F 0.59±0.11 0.58±0.04 0.56±0.07 0.51±0.04 0.32 0.89 2.46* 2.71*

T. test – 2.79* – 3.33* – 7.60* – 3.23*

L4
M 0.49±0.05 0.45±0.06 0.42±0.04 0.42±0.03 1.14 1.38 –– 0.15 3.66*

F 0.59±0.08 0.59±0.04 0.57±0.05 0.51±0.09 – 0.08 0.77 2.26* 2.16

T. test – 5.10* – 6.63* – 8.38* – 2.38*

L5
M 0.52±0.06 0.44±0.07 0.43±0.05 0.43±0.08 2.55* 0.37 – 0.17 3.07*

F 0.62±0.08 0.62±0.09 0.50±0.07 0.50±0.04 – 0.09 3.33* 0.0 4.32*

T. test – 4.06* – 8.36* – 3.80* – 3.09*

*significant at p<0.05      M=Male, F= Female
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Figure 18: Means, standard deviations for canal/body ratio of  lumbar vertebrae with age in males
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Figure 19: Means, standard deviations for canal/body ratio of  lumbar vertebrae with age in females


