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The change of volume of the lumbar vertebrae
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Introduction: Previous studies have demonstrated that, the length of the lumbar spine is decreasing with age. Despite considerable
research based on sagittal measurements, little is known about the changes in the volume of vertebrae. The objective of this study was to
evaluate the changes in the volume of either column of the spine with age. Materials and methods: Computed tomography scans of
62 asymptomatic subjects, performed for thoracolumbar trauma evaluation were used to create virtual 3D models. At least 10 patients
were assigned to every decade of life from third to eight. We used a novel technique to measure the volume of anterior column (AC) and
posterior column (PC) per each segment (a total of 310 segments). Midline sagittal images were used to measure disc height (DH) and
vertebral body height (VH). Results: With age, both DH increases, whereas the VH decreases. The overall length of lumbar segment of
the spine decreases with age. The volumetric measurements performed on same subjects showed that volume of both AC and PC does
not change with age in females. In males, there is a weak but statistically significant correlation between AC volume and age and no
change in the volume of PC. The ratio of PC:AC volume does not change with age in women, although it decreases slightly but signifi-
cantly (in favor of AC) with age in males. Conclusions: The overall length of lumbar spine decreases with age. This process is not
a result of mere changes in the volume of either AC or PC.
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1. Introduction

The human spine is a complex, modular, load-
bearing structure that provides protection to neural
structures within a considerable range of movement.
With age, two parallel but independent processes
occur in the elements of anterior column, namely,
reduction of bone mineral density (BMD) and the
development of degenerative changes [1]. These
processes affect the global alignment of the spine,
depending greatly on the degree of disc degenera-
tion [2].

Significant research has been devoted to the role of
interbody discs in aging. However, much less attention
has been paid to age-related changes in the structure of
vertebral bodies. It has been shown that the overall
length of lumbar spine decreases [3], [4] with age, but
the exact mechanism remains elusive. Moreover, there
are a few literature works on the effects of aging on
interbody discs, but the data is conflicting [4], [5]. The
evidence on similar changes occurring in the vertebrae
with aging is very scarce and majority of studies are
based on either magnetic resonance imaging (MRI)
or CT. This approach, compared with cadaveric studies,
allows for more precise and unbiased results, as post-

______________________________

* Corresponding author: Grzegorz Miękisiak, Department of Neurosurgery, University Hospital, al. Witosa 26, 46-020 Opole, Poland.
Phone: +48691091310, e-mail: gmiekisiak@gmail.com

Received: June 24th, 2018
Accepted for publication: July 8th, 2018



G. MIĘKISIAK et al.26

mortem changes affect the overall volume of the spine
[6]. In addition, the use of modern imaging techniques
enables the three-dimensional quantitative evaluation of
the volume [7].

The present study is a CT-based, morphometric
study where a crosssectional evaluation of the volume
of anterior and posterior columns of the spine in differ-
ent age groups were performed. A novel technique was
introduced that allowed for precise, semi-automated
measurements based on CT scans. The current study
assessed the impact of aging on the volume of both
anterior and posterior columns of the lumbar spine. To
our knowledge, this is one of the first studies to ana-
lyze the changes in volume of both columns of the
spine occurring with aging.

2. Materials and methods

The data was retrospectively collected from hospital
records. All patients were 20 years of age or older.
They had presented to the Emergency Department for
thoracolumbar trauma evaluation over a period of
2 years. The exclusion criteria included (1) presence
of spinal fracture(s), (2) total collapse of any disc
space (3), severe osteophyte formation, (4) lumbali-
zation/sacralization in the lumbosacral junction, and
(5) spondylolysis. Subjects were divided into six
crosssectional age groups by decades, from 3rd to 8th.
All CTs were acquired with a single 64-slice helical
CT scanner (Somatom Sensation 16; Siemens Medical
Solutions; Germany) with the B80f reconstruction
kernel (bone-window). The accepted slice thickness
was 1 to 1.5 mm. Volumetric measurements were
performed with the 3DimViewer program (3Dim
Laboratory s.r.o., Czech Republic), a medical-grade
software designed to process volumetric CT data for
fabricating molding forms for custom-made implants,
especially for reconstruction of cranial defects. The
segmentation was performed in a semi-automatic
fashion based on the signal intensity. First, the axial
images were stacked up, thereby creating a 3D model.
An automated thresholding was performed, removing
all pixels with the intensity lower than 180 to 200
Hounsfield Units (HU). Then, in a semi-automated
fashion, the segment of interest was extracted. Re-
maining elements were expanded by 2 pixels in all
directions. Any voids within the vertebrae were filled
using a combination of an automated tool and manual
editing. The models were then shrunk back down by
2 pixels. The final model (Fig. 1) was divided into
anterior column (AC) and posterior column (PC) by

cutting it in coronal plane across the middle of pedicles.
Volume was recorded per lumbar level. To account for
individual variability in size of subject, the ratio of PC
volume to AC volume was calculated. The height of
the disc (DH) and vertebral body height (VBH) were
calculated at all levels from L1 to S1 in the midsagittal
plane, using the same software. The overall L1–S1
length (TL) is a total sum of all lengths.

Fig. 1. Exemplary 3D model for volumetric measurement (a),
the cutting plane dividing vertebrae into AC and PC (b),

mid-sagittal measurements (c)

We checked the consistency and accuracy of our
method by assessing the inter-observer agreement of
measurement by performing segmentation and volume
measurement in 10 randomly selected patients (one
per each decade of life) once again by an independent
investigator (retest).

Normality of volume and height distribution was
assessed with the Kolmogorov–Smirnov (K–S) test.
The relationship between volumes of each part and
age as well as HD, VBH, and TL was evaluated with
Pearson’s correlation test. The following thresholds
for Pearson’s correlation coefficients (PCC) were
accepted: ≤0.19 as very weak, 0.20–0.39 as weak,
0.40–0.59 as moderate, 0.60–0.79 as strong, and ≥0.80
as very strong [8]. The differences in mean values
between genders were evaluated with the t-test. For
the purpose of this study, we assumed the significance
level of 0.05.

The study was approved by the local ethics com-
mittee.

3. Results

The present study included data from 62 subjects
out of a total of 76 screened. There were 31 males aged
20 to 73 years and 31 females aged 20 to 78 years. The
mean age for males and females was 49.45 (SD 17.28)
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and 49.61 (SD 17.49) years, respectively. There were
10 patients (5 males and 5 females) per each decade of
life except for 6 males in their seventh decade and six
females in their sixth decade.

Sagittal Measurements

Sagittal measurements are depicted in Fig. 2. The
VBH, TL, and DH were normally distributed accord-
ing to the K–S test. There was a weak but statistically
significant negative correlation between TL and age
(r = −0.35; p < 0.01). A moderate negative correlation
was found between VBH and age (r = −0.53; p <
0.0001), whereas the positive correlation between DH
and age was weak (r = 0.26; p < 0.0001).

Fig. 2. Sagittal measurements. As the vertebral body height (VBH)
decreases the disc height (DH) increases,
the overall length (TL) is also increasing

Volume measurements

The results of volumetric measurements are shown
in Figures 3 and 4. The mean volume of male and
female ACs was 46.96 (SD 4.86) cm3 and 36.73
(SD 5.85) cm3, respectively. The difference was sta-
tistically significant at p < 0.0001. In all age groups
but one, the volume of AC increased gradually from
L1 to L4 with the volume at L5. The largest mean
volume of AC for females was in the fourth decade
of life, whereas for males it was recorded in their
seventh decade. There was weak but statistically
significant correlation of AC volume and age in
males: PCC = 0.21 ( p = 0.008) (Fig. 3 top). No such
correlation was observed for females. The mean volume
of male PCs was 23.46 (SD 4.13) cm3, whereas same
measurement for females was 19.07 (SD 3.33) cm3

( p < 0.0001). The volume of PC decreased slightly
with age in both genders; however, the correlation
was not statistically significant (Fig. 4). It was the
lowest at the L1 and L2 in all age groups. The mean
ratio of PC:AC (Fig. 5) volume was 0.50 (SD 0.07)
for males and 0.52 (SD 0.08) for females, the differ-
ence was not statistically significant.

Fig. 3. The mean volume of AC per decade of life.
Top figure males, bottom figure females

Fig. 4. The mean volume of PC per decade of life.
Top figure males, bottom figure females
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Fig. 5. The PC:AC volume ratio per decade of life.
Top figure males, bottom figure females

4. Discussion

The present study, to the best of our knowledge, is
the first study that evaluates the changes in volume of
AC and PC of the spine occurring with age. It was
accomplished with the use of novel software designed
for segmentation and volumetric measurement based
on CT scans. Various techniques have been used in
the past to assess the volume of VBs. The most simple
approach treats vertebral bodies as cylinders, and the
volume is calculated with a respective formula [9].
Other methods utilized the Cavalieri principle, in which
the volume of irregularly shaped objects could be esti-
mated from a set of two-dimensional slices through the
object, provided that they are parallel, separated by
a known distance, and begin randomly within the ob-
ject. These criteria are met by standard CT [10]. Al-
though this technique has been proven valid for the
measurement of vertebral bodies [10] for smaller
parts, such as the elements comprising the PC, this
method would be tedious and likely inaccurate. An-
other difficulty in the evaluation of spinal volume
comes from the presence of bony irregularities, such

as osteophytes, which make simplistic models of verte-
bral bodies grossly inaccurate [7]. Limthongkul et al.
[11] used the dedicated computer software with manu-
ally outlined vertebral bodies. The biggest drawback of
this method is its reliance on human input and signifi-
cant workload, as each level has to be manually out-
lined on a series of scans. Therefore, it would be par-
ticularly difficult to apply in the measurement of PE.

The most straightforward solution for automated
measurement would be to utilize the thresholding of
CT scans. However, as the bone is highly heterogene-
ous, this technique would result in a highly porous
model, with many voids. In our method, the thresh-
olding is merely an initial step, and the main innova-
tion is the employment of advanced algorithm to close
3D gaps, thereby creating an accurate stack of voxels.
The most labor-intensive step of the process is seg-
mentation of spine into levels, especially with narrow-
facet joint gaps. This is potentially the greatest source
of error. The consistency of this method was evalu-
ated by repeated measurements by independent ob-
servers, and it has been shown that the values were very
consistent for both AC and PC volumes. The present
study demonstrated that the mid-sagittal DH increased
with age. Similar to our findings, several studies
found a positive correlation between age and disc
height. Shao et al. [12] noticed that lumbar disc height
linearly increased with age. Twomey and Taylor [5],
[13] reported that the DH increased with age as the
discs sunk into vertebrae, thus decreasing the height
of VB. This observation is consistent with our work,
as we were able to show that the VB height decreased
significantly over lifetime. Similar results were reported
by Sevinc et al. [14] and Diacinti et al. [3]. It was also
found by other authors that the process of embedding
of intervertebral discs into adjacent VBs correlated
with the loss of BMD [7], [15]. The resulting overall
shortening of AC had an impact on the loss of stature
in the elderly [15]. Although it is possible that this
process affects the global spinal alignment, some
authors argue that the predominant cause is decreasing
disc height [16].

The current study concluded that the changes in
sagittal parameters described above were not reflected
in the changes of volume. There was only a modest
age-related increase in the AC volume in males without
significant changes in females. The former is likely to
be caused by the accumulation of osteophytes or other
forms of bone overgrowth. Therefore, the loss of
height in sagittal plane cannot be explained merely by
the loss of volume of PC. It is more likely the result of
flattening of the vertebrae. It cannot be ruled out that
that the overall loss of volume is somewhat compen-
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sated by peripheral overgrowth of bone i.e., genera-
tion of osteophytes. The relative overgrowth of the
AC was found to be a major culprit of development of
adolescent idiopathic scoliosis [17]. However, to our
knowledge, the changes of relationship between the
volume of both columns of the spine occurring with
age has not been studied.

Despite lumbar facet arthrosis occurring with age
[18], [19], being well-known and available in use
literature we were unable to demonstrate significant
changes in the volume of PC. Lv et al. [20] found
a correlation between the degree of degeneration of
facet joints and the impairment of sagittal balance
expressed as increased pelvic tilt. However, a causal
relationship was not established. In our work, the vol-
ume ratio AC/PC was found to decrease slightly with
age, in favor of AC relative overgrowth. How this
process affects changes in the global sagittal profile of
the lumbar spine occurring with aging is yet to be
studied.

The present study has certain limitations. The lack
of correlation between volume and age in females
could be the result of individual variability of the size
of individuals as this was a non-longitudinal study de-
sign. To account for that, we decided to evaluate the
AC/PC volume ratio. The sample size was rather small,
but sufficient enough to demonstrate significant changes
in sagittal measurements. These changes cannot be
supported merely by the loss of volume. The semi-
automatic segmentation of CT-based images can po-
tentially be a source of error. Therefore, we performed
the test–retest analysis that showed good consistency of
measurements. Last but not least, we realize this study
would benefit greatly with the inclusion of data on
the BMD, as it has been already shown that the bone
volume depends greatly on bone quality [21].

The present study is the first preliminary analysis
of the impact of aging on volume of the lumbar spine,
and further work is required to completely understand
this process.

In conclusion, a gradual shortening of the AC
was noted in the asymptomatic population, by sink-
ing of discs into vertebral bodies. These changes did
not correlate with the decrease in AC volume. In
fact, in the male population, the AC volume in-
creased with age, and the PC volume did not change
significantly with age.
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