
Introduction
The demands on the lumbar spine in daily, professional
and recreational activities is very strong. Lumbar spine is
supposed to be stable and bear high static and dynamic
axial loads and also demonstrate flexibility to ensure a high
degree of mobility of the entire spine. Junghanns[1] defines
the segment of movement as the smallest structural and
functional unit of the lumbar spine. The intervertebral
(IV) disc is a dynamic structure which lies between the ver-
tebrae and consists of anulus fibrosus, nucleus pulposus
and end plates.[2] The IV disc is one of the largest avascu-
lar tissues in the body with no blood vessels, neurons and
lymphatic structures. Discs are supplied by vessels in the
subchondral bone adjacent to the hyaline cartilage of the
end plate. Therefore, the discs show a slow and limited

healing process after injury. Progressive and serious
changes also occur with increasing age.[3,4] The most com-
mon cause of low back or upper neck pain problems are
degenerations that occur in the IV discs. The causes of
these degenerations are fluid loss in nucleus pulposus, rup-
ture of annulus fibrosus, weakening of the connections
between the intervertebral foramen and loss of function.
These alterations will reduce the ability to absorb forces
and durability with advancing age. They also lead to a
decrease in the disc height, and disc herniation or bulging
over time.[5] Biomechanical changes in the discs with aging
also affect the height due to their location.[6] Over the
years, various diagnostic methods have been developed for
early detection of these and similar degenerative changes
to improve the treatment strategies.[3] Computed tomogra-
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Abstract

Objectives: The aim of this study was to investigate lumbar intervertebral disc heights and concavity index of the lumbar
spine, and the influence of age, gender, weight, height and body mass index (BMI) on these parameters. 

Methods: The study was conducted on 150 health young subjects (age 18 to 27) without any disorder which affects the lum-
bar spine and the discs. Subjects underwent standard standing lateral lumbar radiography. Mann-Whitney U test and Spearman’s
correlation test were used for statistical analysis. 

Results: Of the 150 subjects (age range, 18–27 years), 80 (53.3%) were women and 70 (46.7%) were men. Men presented
higher lumbar disc values than women. In both genders, disc height increased from T12–L1 to L4–L5, and then decreased at
L5–S1. The heights of all lumbar discs increased with age, weight, height and BMI in both genders. Women demonstrated a high-
er concavity index at L2, L3 and L4 vertebrae compared to men, whereas men showed a higher concavity index value at L5 ver-
tebra. The concavity index of T12, L1, L2, L3 and L4 vertebrae decreased with age. 

Conclusion: Our results will serve as guidelines and references for further studies, radiologists and spinal surgeons. 
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phy (CT), magnetic resonance imaging (MRI), ultra-
sonography (US) and radiography (X-ray) techniques are
widely used for imaging and diagnosis of spinal disorders.[5]

Especially, radiography is the simplest and cost-effective
method that can be applied even in primary health-care
services. This is currently the most frequently used imag-
ing technique to detect vertebral and discal disorders.[7,8]

In this study, we aimed to establish reference values for
disc height and concavity index of lumbar vertebral bodies
in healthy young Turkish population on radiographic
examination, as well as to determine the influence of age,
gender, weight, height and BMI on aforementioned val-
ues. 

Materials and Methods
This study was conducted at Orthopedics and
Traumatology Departments of Sütçü ‹mam University
and Kilis State Hospital. X-ray images were selected
from 180 healthy young adults (90 women, 90 men)
without low back pain or hip disorders who underwent
standardized standing lateral lumbar radiography for
various reasons from the hospital archive database. The
age of subjects ranged from 18 to 27 years old. In addi-
tion, the demographic data (sex, age, body weight,
height, BMI) of each subject and the phone number was
recorded. Subjects with spinal disorders such as
Bechterew disease, Scheuermann’s disease, scoliosis,
spinal metastasis, spondylolisthesis, low back pain, osteo-
porosis, hip disorder and history of trauma were exclud-
ed. Of the 180 subjects assessed according to the proto-
col, 150 subjects (80 women, 70 men) were included; 21
subjects did not come for an interview about their clini-
cal condition and the remaining patients matched one or
more of the exclusion criteria. This study was approved
by the Faculty of Medicine Clinical Research Ethics
Committee of Kahramanmarafl Sütçü ‹mam University,
and voluntary informed consent forms were obtained
from the participants. The radiographic cassette was
placed to right side of each participant in relaxed stand-
ing position, with joining their hands behind the neck. 

X-ray images were taken with the beam focused on
the third lumbar vertebrae, with anode-film distance
between 100 to 120 cm. The height of the lumbar discs
were measured according to the Leivseth et al.[9] proto-
col, and the concavity index for each vertebra was calcu-
lated, dividing the central vertebral height with the ante-
rior vertebral height (Figure 1).[10] We used Image J soft-
ware (National Institute of Mental Health, Bethesda,
Maryland, USA) to measure the disc height and concav-

ity index of the lumbar spine on the digitized lateral radi-
ographs.

Statistical analysis was performed using SPSS Version
16.0 (SPSS Inc., Chicago, IL, USA). The normal distri-
bution of the data was assessed by Kolmogorov-Smirnov
test and homogeneity of variance of the data was assessed
by Levene’s test. Mann-Whitney U test was used to com-
pare the groups. Correlation between parameters was
determined by Spearman’s correlation test. p<0.05 was
accepted to be statistically significant. Data were present-
ed as mean ± SEM. 

Figure 1. Schematic representation of measurements of ventral inter-
vertebral disc height and concavity index (B/A) on lateral radiography.
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Male Female Total p
(n=70) (n=80) (n=150)

Age (years) 20.97±1.7  20.73±1.87 20.83±1.8 0.192

Weight (kg) 72.85±10.54 55.97±6.95 63.76±12.15 p<0.001*

Height (cm) 176.69±6.03 162.81±4.94 169.30±8.85 p<0.001*

BMI (kg/m2) 23.29±2.79 21.10±2.25 23.30±2.73 p<0.001*

*p<0.001

Table 1
Demographic characteristics of the groups using Mann-Whitney U test.



Results
Of the 150 subjects included in this study, 80 (53.3%)
were women and 70 (46.7%), were mean; mean age was
20.83±1.80 (range: 18 to 27) years. They had a mean
height of 169.3±8.85 (range: 151 to 190) cm, mean body
weight of 63.76±12.15 (range: 43 to 97) kg, and mean BMI
of 23.30±2.73 (range: 18.99 to 29.43) kg/m2. The demo-
graphic characteristics of the groups are given in Table 1.

Disc height values of the groups are given in Table 2.
Men presented higher lumbar disc values (T12–L1, L1–L2,
L2–L3, L3–L4, L4–L5, and L5–S1) than women (p<0.001).
In both gender, disc height values increased from T12–L1
to L4–L5 and then slightly decreased at L5–S1.

Correlation coefficients and statistical evaluation of
interrelation between demographics and disc height are
given in Table 3. The heights of lumbar discs increased
with advancing age (p<0.001), weight (p<0.001), height
p<0.001) and BMI (p<0.001) in both genders. Concavity
index values of the groups are given in Table 4. Women
demonstrated a higher concavity index (L2, L3 and L4
vertebrae) than men (p<0.001). However, men showed a
higher concavity index value at L5 vertebra than women
(p<0.001). Correlation coefficients and statistical evalua-
tion of interrelation between demographics and concavity
index are given in Table 5. The concavity index of verte-
brae (T12, L1, L2, L3 and L4) decreased with advancing
age (p<0.01). The concavity index of L2, L3 and L4 ver-
tebrae decreased with advancing weight, height and BMI
of the subjects (p<0.01). On the other hand, the concavity
index of L5 vertebrae increased with advancing weight,
height and BMI of the subjects (p<0.01). 

Discussion 
IV discs have an important role in posture, biomechanics,
and balancing of the body. They show morphological and

functional changes throughout life starting from birth
according to the body’s needs, which mostly occur due to
genetic and hormonal effects in up to three decades.[11]

Therefore, we aimed to determine the segmental disc
height and concavity index of the lumbar spine in a young
healthy Turkish population. In determining the changes in
the IV discs, disc height measurements are usually used.
Previously, decreases in disc heights with age have been
evaluated as pathological[12,13] and reported mostly in men.[14]

However, subsequent studies have shown that the anterior
disc height increased steadily in first five decades in both
age in both genders and decreased afterwards.[15–17]

Berlemann et al.,[6] in their cadaver study, indicated that
degenerative changes due to aging might reduce disc
height. On the other hand, Twomey and Taylor[18] report-
ed in their radiographic study on people aged 20–35 years
and over 60 years that there was a clear upward trend in
disc heights with increasing age. Moreover, in succeeding
studies, the lumber discs of participants in each decade
showed gradual increase from L1–L2 to L5–S1 in the cran-
iocaudal direction.[10,19–21] In other studies, it was reported
that with aging, the disc height increase in each segment
was 10%.[14,22] The present study demonstrated lumbar disc
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Age Weight Height BMI

r p r p r p r p

T12–L1 0.505 p<0.001* 0.649 p<0.001* 0.679 p<0.001* 0.385 p<0.001*

L1–L2 0.566 p<0.001* 0.556 p<0.001* 0.56 p<0.001* 0.317 p<0.001*

L2–L3 0.422 p<0.001* 0.477 p<0.001* 0.5 p<0.001* 0.18 p<0.001*

L3–L4 0.38 p<0.001* 0.705 p<0.001* 0.741 p<0.001* 0.431 p<0.001*

L4–L5 0.552 p<0.001* 0.456 p<0.001* 0.407 p<0.001* 0.336 p<0.001*

L5–S1 0.634 p<0.001* 0.554 p<0.001* 0.520 p<0.001* 0.393 p<0.001*

*p<0.001

Table 3
Correlations between demographics and disc height using Spearman’s correlation coefficient.

Disc height Male Female Total p
(mm) (n=70) (n=80) (n=150)

T12–L1 6.14±0.56 5.16±0.37 5.61±0.67 p<0.001*

L1–L2 7.97±0.61 7.16±0.4 7.54±0.65 p<0.001*

L2–L3 9.71±0.72 9.04±0.35 9.35±0.65 p<0.001*

L3–L4 11.91±0.29 10.43±0.52 11.11±0.85 p<0.001*

L4–L5 11.98±0.33 11.44±0.55 11.69±0.54 p<0.001*

L5–S1 11.52±0.5 10.59±0.74 11.02±0.79 p<0.001*

*p<0.001

Table 2
Disc height values of the groups using Mann-Whitney U test.



height increased in the craniocaudal direction from T12–Ll
to L4–L5 with age in both genders, which was more sig-
nificant in men. L4–L5 disc height was also greater com-
pared to L5–S1 disc height. Kapakin and Akflit[23] and
Malkoç et al.[21] in their MR studies, reported increase in
lumbar disc height with age, as well as in craniocaudal
direction for each decade depending on age in both gen-
ders. Disk heights of the participants in third decade of life
were examined. Kapakin and Akflit[23] measured the L4–L5
level as 11.9 mm for both genders, and the L5–S1 level as
12.8 mm for men and 12.7 mm for women. 

Furthermore, Malkoç et al.[21] measured mean disc
heights at the L4–L5 level as 14.3 mm in men and 13.6
mm in women, and the L5–S1 level as 13.92 mm for men
and 14.45 mm for women. In another study, Berlemann et
al.[6] evaluated 13 L4–L5 and 10 L5–S1 level intervertebral
discs of cadavers under the age of 40, with no history of
lumbar region disorders. They measured the mean height
of the discs as 12.7 mm in both L4–5 and L5–S1 levels. In
our study, referring to measurements on radiographic
examination of healthy adults, mean heights were meas-
ured for L4–L5 11.98 mm and L5–S1 11.52 mm in men
while L4–L5 11.44 mm and L5–S1 10.59 mm in women.
The decrease in disc height at L5–S1, which was deter-
mined in the present study, was consistent with the results
of Humzah and Soames.[11] There are also different studies
reporting a decrease in disc height at the L5–S1 level.
Various studies, in which study populations consisted of
obese individuals, heavy-duty workers or professional ath-
letes, found a decrease in L5–S1 disc height as well.[24–26]

This difference in the L5–S1 level may be due to the shape
of the disc, its connection with the sacrum, involvement of
the lordosis angle to the formation and rupture of the
annulus fibrosis due to the disruption of the superior and
inferior endplate as a result of great axial forces (loads)
affecting the discs related to performing heavy duties or

heavy sports activities.[27] A limitation of the present study
is the lack of information on profession and involvement
of participants in sports activities. Another limitation is the
absence of obese participants in this study which includes
normal and overweight participants according to BMI. 

Another parameter that was evaluated in our study was
the concavity index. Concavity index is the evaluation of
the changes on the surface between the disc and vertebral
body due to aging.[10] Currently, the concavity index is
used for radiographic diagnosis of osteoporosis and lum-
bar spinal anomalies.[10,25,28] Change in concavity index with
aging is controversial because both increase and decrease
in concavity index with aging were reported in the litera-
ture.[6,10,17,20,29] The present study demonstrated decrease in
concavity index with aging in both genders. 

Conclusion
We observed that the disc height increased with age
from T12–L1 to L4–L5 in the craniocaudal direction; in
contrast, L5–S1 disc height decreased. Decrease in con-
cavity index of lumbar vertebrae with aging was also
observed. This study is a cross-sectional one, because of
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Age Weight Height BMI

r p r p r p r p

T12 -0.362 p<0.001* -0.112 0.189 -0.052 0.389 -0.087 0.308

L1 -0.431 p<0.001* -0.052 0.545 0.034 0.774 -0.09 0.291

L2 -0.529 p<0.001* -0.385 p<0.001* -0.326 p<0.001* -0.233 0.006

L3 -0.469 p<0.001* -0.329 p<0.001* -0.220 0.009* -0.171 0.043

L4 -0.339 p<0.001* -0.647 p<0.001* -0.633 p<0.001* -0.254 0.002

L5 -0.147 0.162 0.479 p<0.001* 0.580 p<0.001* 0.255 0.002

*p<0.05

Table 5
Correlations between demographics and concavity index using Spearman’s correlation coefficient.

Male Female Total p
(n=70) (n=80) (n=150)

T12 0.9855±0.01 0.9861±0.01 0.9859±0.01 0.879

L1 0.9806±0.01 0.9796±0.01 0.9801±0.01 0.342

L2 0.9614±0.01 0.9673±0.01 0.9646±0.01 p<0.001*

L3 0.9546±0.02 0.962±0.01 0.9586±0.01 p<0.001*

L4 0.9408±0.02 0.9636±0.01 0.953±0.02 p<0.001*

L5 0.886±0.02 0.868±0.01 0.8764±0.02 p<0.001*

*p<0.001

Table 4
Concavity index values of the groups using Mann-Whitney U test.



this, the results cannot be applied to the whole of this age
group population. However, these results will serve as
guidelines for radiological evaluation of lumbar spine in
young healthy adults. 
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