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Magnetic resonance imaging (MRI)
for assessment of differences in geometrical parameters

in muscles stabilizing vertebral column
in young and older persons. Case study
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Today non-traumatic low back pain (LBP) is a social disease being attributed to weakening the function of abdominal and back mus-
cles. Condition of deep muscles, inaccessible to non-invasive examinations, can be assessed by means of magnetic resonance imaging
(MRI). The method allows for the assessment of cross-sections, muscle girths, as well as their intensity (brightness). The aim of the
investigations was to determine the opportunities to employ MRI technique for assessing the geometry of muscles which stabilize spinal
column. The study covered 4 women without LBP symptoms. The cross-sectional area, thickness and brightness of abdominal and back
muscles were measured at the level of L3–L4. Measurement of geometrical parameters in the positions studied was aimed at setting such
measurement conditions that would force higher isometric contraction in the muscles examined. As a result of measurements it can be
inferred that other conditions of the experiment affect neither an increase in cross-sectional surface area nor the thickness of the muscles
examined. The differences observed in geometrical parameters of the muscles testify to different coordination of muscle activation in the
positions studied, both in young and older subjects, and to the purposefulness of continuing this type of measurements.
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1. Introduction

One of the main diseases today, referred to as so-
cial diseases, being attributed to civilization develop-
ment, is non-traumatic low back pain (LBP). The in-
cidence of such a disorder increases with age: in
population of adults, it accounts for 20%, and in per-
sons older than 65, it might even rise up to 49% [1].
This frequent incidence of pain in this body part is
caused by upright body position, adopted throughout
human evolution, without sufficiently prepared lum-
bosacral part of spinal column. It is claimed that one

of the main causes for LBP is the weakening of ab-
dominal and trunk muscles [2], which are the major
stabilizers for spinal column and maintain its natural
curvatures. A fundamental problem in the occurrence
of pain in human back is non-physiological body
posture in sitting position. Moreover, limited physical
activity of humans leads to the weakening of the mus-
cles which stabilize spinal column, and, as a conse-
quence, to the overload in this area.

According to TYLMAN [3] physiological shape of
spinal column remains unchanged if the abdominal
and back muscles are maintained in the condition of
symmetric muscle tone. There is a direct relationship
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between the state of active muscle tone and curvature
of spinal column: if the state of muscle tone is
changed, spinal curvatures are changed, and vice
versa, each change in spinal curvature entails changes
in muscle tone.

The muscles responsible for the stabilization and
movements of the vertebral column are characterized
by the largest physiological cross-sectional surface
area, thus they are the strongest group in relation to
the muscles in thoracic and cervical parts. Frontal
muscles in the trunk, i.e. abdominal muscles, although
not directly adjacent to vertebral column, constitute,
together with diaphragm, the abdominal prelum which
stabilizes vertebral column.

An assessment of the condition of the muscles
which fulfil the function of primary stabilizers [4] or
the effect of their strengthening through regular exer-
cising is possible only through the application of
harmless (to human health) magnetic resonance
imagining (MRI) [5]. The benefits from the applica-
tion of this method include a perfect, contrasting view
of soft tissues, the arbitrariness of selecting the plane
studied, the minimization of artefacts from bones and
gases, the opportunity to measure flow of blood and
other body fluids. MRI method allows for fast and
non-invasive evaluation of cross-sections of the mus-
cles and thus of specific muscle strength [6] and fat
content in the muscles [7]. Therefore, it is becoming
increasingly popular for the assessment of active mo-
tor system.

GZIK et al. [8] used MRI for determining me-
chanical parameters necessary for modelling a cervi-
cal part of human vertebral column. They determined
the kinematics of cervical vertebrae during head
movements in sagittal and frontal planes, the me-
chanical properties of cervical part and the stiffness of
ligaments and intervertebral discs. HIDES et al. [9]
compared two methods of imaging the measurement
for the multifidus (MF) m. in 10 women aged 21–31.
MRI imaging was carried out on the first day, whereas
on the second day USG examination was performed.
Bilateral measurements were taken at each level of
vertebrae L2–S1. No significant differences in cross-
sectional areas were revealed between MRI and USG
images. Cross-sections in multifidus (MF) m. showed
symmetry in both sides of vertebral column.

MOONEY et al. [10] studied the effect of 8-week
training on cross-sectional area of muscles by means
of MRI and electrical activity in muscles (EMG)
among patients with LBP. They reported rise in EMG
activity in muscles and reduced pain in patients with
chronic pain in lumbar area of the vertebral column.
Moreover, a reduced amount of fat content was ob-

served in the muscles examined after training, espe-
cially in psoas major (PS) m.

WOOD et al. [7] recorded magnetic resonance im-
ages for back and abdominal muscles at the level of
L4–L5 in 26 slim and obese males (BMI ranged from
19.7 to 39.5). Cross-sectional areas of muscles did not
differ between slim and obese persons. However,
normalized parameters showed statistically significant
differences. The study showed larger relative cross-
sectional areas in the muscles examined in slim per-
sons.

MARRAS et al. [11], using MRI methods, devel-
oped the characteristics of cross-sectional areas (CSA)
in trunk muscles in males and females at different
levels of thoracic and lumbar parts of the vertebral
column. They searched for formulas for forecasting
physiological cross-sectional areas, depending on
gender and anthropometrical data. Significant differ-
ences, depending on gender, were observed in cross-
sectional areas of the following muscles: erector spi-
nae (ES) m., internal and external obliques (OAI,
OAE) mm., psoas major (PS) m. and quadratus lum-
borum (QL) m. The coefficients of cross-sectional
areas, depending on body height and mass, gave better
prognoses for muscle cross-sections compared to tra-
ditional anthropometrical measurement.

HIDES et al. [12] employed MRI for investigating
the area, symmetry and functions of trunk muscles in
cricket players. Cross-sectional areas, at the level
L3–L4 in time T 2, of rectus abdominis (RA)m., qua-
dratus lumborum (QL) m., erector spinae (ES) m.,
multifidus (MF) m., psoas major (PS) m. and the
thickness of obliquus abdominis internus (OAI) m.,
obliquus abdominis externus (OAE) m. and transver-
sus abdominis (TA) m. were measured. The results of
the study revealed that quadratus lumborum (QL) m.,
erector spinae (ES) m. and multifidus (MF) m. were
bigger on the side of a dominant arm. Obliquus
abdominis internus (OAI) m. was bigger on the oppo-
site (in relation to the dominant arm) side. No differ-
ences were observed in psoas major (PS) m. and
transversus abdominis (TA) m. The study confirmed
that the cause of back pain in cricket players might be
attributed to asymmetric movement technique.

Because muscle effectiveness depends on their
volume and training intensity, non-trained abdominal
muscles are becoming weakened and extended, which
leads to a disturbed equilibrium in lumbosacral part of
the vertebral column. Compensation for maintaining
balance is provided by excessively developed erector
spinae (ES) m. and deepened lordosis [13]. Therefore,
on the one hand, there is an ongoing search for the
methods of muscle diagnosis and, on the other hand,
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the exercises are selected to be suitable for persons
threatened with LBP or with its symptoms [14]. Prop-
erly developed long-term training schedules strengthen
the muscles and ensure improvement in their endur-
ance [15]. MRI imaging confirms that the exercises
consisting in sucking in the stomach and flexing the
abdominal areas contribute to a considerable increase
in the thickness of the transversus abdominis (TA) m.,
obliquus abdominis externus (OAE) m. and reduction
in cross-sectional area of trunk [16]. MAYER et al.
[15] measured the activity of the muscles in lumbar
part of the vertebral column in 11 healthy persons.
They imaged quadratus lumborum (QL) m., iliocosta-
lis lumborum (IL) m., longissimus thoracis (LT) m.
and multifidus (MF) m. during rest and after flexing
trunk muscles with the intensities of 40%, 50% and
70% of the maximal capacity of the persons exam-
ined. As is confirmed based on the analysis of the
images obtained, a properly scheduled long-time
training of trunk and abdominal muscles results in the
strengthening of these muscles and reduces the risk of
the occurrence of pain in lower part of the vertebral
column.

There have also been other studies which esti-
mated deficiency in MRI method. RANSON et al. [17]
verified and compared MRI method and software used
for the interpretation of its image in the form of func-
tional cross-sectional areas (part of the muscle after
isolating fat tissue). The imaging of cross-sectional
areas in trunk muscles is frequently made because
of patients suffering from low back pain (LBP). The
authors presented the results of their studies using
MRI in six subjects in T 2 time in sagittal plane in
L1–S1. By means of software for analysis of images
with grayscale, using intensity of signal radiation dif-
ferent for different tissues, the authors carried out
a manual separation and measurement of fat, muscle
and bone tissues. Grayscale was employed for calcu-
lating functional cross-sectional area (FCSA) in the
following muscles: psoas major (PS) m., quadratus
lumborum (QL) m., erector spinae (ES) m. and multi-
fidus (MF) m.

Analysis using MRI technique for diagnosis of
LBP is very wide. Our study focused on attempts to
find the exercises which strengthen muscles stabiliz-
ing vertebral column and which do not cause overload
in lumbar section of the vertebral column. This will
allow for the development of safe exercises, useful not
only in back pain prevention but also for the persons
with LBP. As results from the study, positions which
do not cause excessive pressure in intervertebral discs
are adopted when the pressure on joint surfaces in
vertebral body is evenly distributed. In practice, this

consists in adjacency to the ground at which the exer-
cise is performed. The application of MRI method for
evaluation of cross-sectional areas in the muscles
which stabilize vertebral column might provide an
assessment of the specific muscle strength (which
depends on muscle cross-sectional area). The devel-
opment of measurement conditions and criteria for
strength assessment using MRI method will allow us
to evaluate training effects, to show the impact of
physical activity on geometric parameters and to de-
velop profiles of younger and older persons. Therefore
the goal of this study was to find a position for meas-
urement of cross-sectional areas in the muscles stabi-
lizing vertebral column which allows for performing
this function. Moreover, initial measurements among
young and older persons will point to the directions of
future studies.

2. Material and methods

The study covered two young females, KA and BM
(aged 23, m = 55 kg, h = 164 cm) and two older fe-
males, AA and CB (aged 55, m = 57 kg, h = 165 cm)
without LBP symptoms. The investigations were
carried out in the Medical Diagnostics Centre Kon-
sylium in Wrocław using SIEMENS Magnetic Har-
mony Maestro Class 1T equipment for magnetic
resonance imaging. The subjects examined were
asked to lie on the back on the movable table of the
device, with upper limbs straight along the body and
with lower extremities straight. Next, the technician,
using special-purpose belts, fastened the patients to
the table and moved them to the tunnel of the MRI
scanner. Two measurements were taken for different
positions of the persons examined. Each test was
taken exhaled while the subjects were lying motion-
less. During the first measurement, the persons were
lying on the back in anatomical position (AP), whereas
during the second measurement they pulled the chin to
the sternum (HP – head position) (figure 1). All the
persons gave their written consent for the experiment.
The investigations were accepted by the Bioethical
Commission.

By means of NUMERIS 14 software, version syn-
gro MR A30, cross-sectional areas (CSAs) and
brightness (B) on the right and left sides were meas-
ured and calculated in the following muscles (figure
2): rectus abdominis (RA) m., anterolateral abdominal
(IABD) mm., psoas major (PS) m., quadratus lumbo-
rum (QL) m., lumbar erector spinae (ES) m. and mul-
tifidus (MF) m. The muscle group of anterolateral
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abdominal (IABD) includes three muscles: transver-
sus abdominis (TA) m., obliquus abdominis internus
(OAI) m. and obliquus abdominis externus (OAE) m.
They could not be separated in MRI image so that
their cross-sectional areas were measured separately.
Thus, the total area was calculated (IABD), and then
the brightness (B) was measured for each of them.

Fig. 1. Measuring stand – MRI

Fig. 2. Cross-section of trunk in MRI image for the layer
parallel to the intervertebral disc at a height of L3/L4
with the marked muscles of the left side of the body.

Abbreviations were explained in the text

Each type of tissue (depending on its chemical
composition) shows specific (shorter or longer) re-
laxation time (due to restoring to the state before acti-
vation), which is the source of the signal with low
intensity (visible in the computer screen with wide
grayscale). Relaxation occurs in hydrogen atoms (hy-
drogen is the main constituent of water): tissues with
higher content of water are very bright, whereas those
with its low content are dark. Therefore, bones are
almost “invisible”, while the tissues typical of muscles,
ligaments, tendons and internal body organs are rec-
ognized with slightly different shades of gray.

3. Results

3.1. Measuring position
and geometrical parameters

of muscles

The following parameters were compared in the
study: cross-sectional area (CSA), thickness (T) and
brightness (B) in the above-mentioned muscles
which constitute muscular corset for the vertebral
column on the left and right sides of four persons, in
anatomical position (AP) and head position (HP). It
was assumed that higher values of cross-sectional
area and muscle thickness testified to higher specific
strength [6], and thus better stabilization function of
these muscles. Lower brightness in muscles corre-
sponds to lower content of fat tissue and higher con-
tent of muscle tissue.

3.1.1. Cross-sectional area of muscles

Forced activity in the muscles stabilizing verte-
bral column causes rise in their cross-sectional area.
Rising head and pulling it to the sternum while ly-
ing on the back were supposed to activate muscles
which stabilize vertebral column to a higher degree
than in anatomical position. In order to achieve this,
measurements of cross-sectional areas (CSAs, fig-
ures 3–6) and thickness (T, figures 7–10) were
taken in the persons examined in two positions:
anatomical position (AP) and the head pulled to the
sternum (HP).

In the case of rectus abdominis (RA) m. and the
muscle complex referred to as anterolateral abdominal
(IABD) m., change in position did not increase muscle
cross-sectional area. In some persons, this parameter
remained unchanged, whereas in the others, it was
insignificantly reduced or increased. Pulling head to
chest resulted in an insignificant rise in cross-sectional
area in quadratus lumborum (QL) m. in two persons
(figures 4 and 6).

Change in positions caused rise in the cross-
sectional area in erector spinae (ES) m. in all the sub-
jects examined. Psoas major (PS) m. in three studied
persons also caused rise in its cross-sectional area
after change in position. Multifidus (MF) m. showed
clear rise in cross-sectional area only in the person
BM, whereas in other persons, the position with
pulled head did not result in changes in CSA of the
muscle.
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Fig. 3. Cross-sectional area CSA (cm2) of muscles in KA person
in anatomical (AP) and head (HP) positions

Fig. 4. Cross-sectional area CSA (cm2) of muscles in BM person
in anatomical (AP) and head (HP) positions
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Fig. 5. Cross-sectional area CSA (cm2) of muscles in AA person
in anatomical (AP) and head (HP) positions

Fig. 6. Cross-sectional area CSA (cm2) of muscles in CB person
in anatomical (AP) and head (HP) positions
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Fig. 7. Thickness T (cm) of muscles in KA person
in anatomical (AP) and head (HP) positions

Fig. 8. Thickness T (cm) of muscles in BM person
in anatomical (AP) and head (HP) positions
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Fig. 9. Thickness T (cm) of muscles in AA person
in anatomical (AP) and head (HP) positions

Fig. 10. Thickness T (cm) of muscles in CB person
in anatomical (AP) and head (HP) positions
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3.1.2. Thickness of muscles

Change from anatomical position (AP) to head po-
sition (HP) did not result in changes of muscle thick-
ness in transversus abdominis (TA) m. in the person
KA. In other persons, rise in muscle thickness ob-
served on one side was accompanied by the reduction
in its thickness on the other side.

Obliquus abdominis internus (OAI) m., after change
in position, did not show any changes in older per-
sons, whereas in young persons, the reduction in its
thickness was observed. Change in the position in
obliquus abdominis externus (OAE) m. resulted either
in rise (person BM) or did not cause any changes in
thickness (KA, AA). In the case of the person CB,
a reduction in the thickness was observed.

3.2. Age of persons
and geometrical parameters

of their muscles

The muscle fibres have decreased in number with
age. The reduction in muscle mass is one of the
symptoms of ageing. In the present study, geometrical
parameters of muscles in young and older persons in
anatomical position were examined.

3.2.1. Muscle cross-sectional area (CSA)

A larger muscle cross-sectional area (CSA) in
rectus abdominis (RA) m. was observed in young
persons. No differences were reported in cross-
sectional areas in IABD, ES, PS, and QL mm.
Erector spinae (ES) m. was the smallest in an older
person (AA), the largest also in an older person
(CB). Multifidus (MF) m. was smaller in younger
persons.

3.2.2. Thickness of muscles

The thickness of transversus abdominis (TA) m.,
obliquus abdominis internus (OAI) m., obliquus ab-
dominis externus (OAE) m. was considerably higher
in young persons.

3.2.3. Brightness

Brighter fields in MRI image provide informa-
tion about the amount of water contained in the
fibres examined. Mean brightness calculated for the
persons examined (figure 11) was lower in those
who were physically active (KA and AA), which
might point to lower content of fat tissue in their
muscles.

Fig. 11. Mean muscle brightness B (gray scale)
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4. Discussion

The activity of rectus abdominis (RA) m. on both
sides consists in bending trunk forward in order to,
e.g., lift upper part from lying on the back. In our ex-
periment, this function was excluded through straight-
ening and stabilization of lower extremities. Bending
the upper body, this muscle causes that ribs are low-
ered, thus it performs the role of a respiratory muscle.
Another fact is that it affects the statics of content of
abdominal cavity and strengthens abdominal prelum.
Rectus abdominis (RA) m. is the strongest antagonist
of erector spinae (ES) m. [18]. In both muscles in
a young person (KA), who trained fencing, the asym-
metry between left and right sides in these muscles
was observed. ES was larger on the right side,
whereas RA on the opposite one (left). HP position
caused, in all the persons examined, a rise in cross-
sectional area of ES muscle, whereas in the case of
RA no differences were observed.

Obliquus abdominis externus (OAE) m., while
contracting, bends the vertebral column and thorax to
the side and turns the trunk to the other side. Bilateral
contraction bends the vertebral column forwards and
pulls the thorax down. Therefore, it is also an active
respiratory muscle [18]. Young people typically show
greater thickness of this muscle.

While contracting, quadratus lumborum (QL) m.
bends the trunk laterally to the side and, whereas in
the muscle tone state, it fixes a lumbar part of the
vertebral column. In the case of paralysis, it causes
scoliosis in a lumbar part. Bilateral contraction lowers
the twelfth rib [18]. The asymmetry in the dimensions
of cross-sectional areas in this muscle may cause
LBP. This asymmetry can be observed in all the per-
sons examined.

With fixed lower extremities or in the position of
lying on the back, psoas major (PS) m., during lifting
the trunk, co-acts with rectus abdominis m. and also
affects lumbar part of the vertebral column. While
contracting bilaterally, it bends the vertebral column
forwards [18]. Psoas major (PS) m. increased its
cross-sectional area in all the persons examined.

While contracting bilaterally, multifidus (MF) m.
straightens the vertebral column and fixes it, whereas
it laterally bends spine to the side and turns the col-
umn to the other side [18]. It is characterized by the
smallest cross-sectional area in young persons.

The present study revealed that young persons
demonstrated greater cross-sectional areas of rectus
abdominis (RA) m., transversus abdominis (TA) m.
and obliquus abdominis externus (OAE) m. and

smaller area of multifidus (MF) m. than older females.
The cross-sectional areas of psoas major (PS) m.,
quadratus lumborum (QL) m. and erector spinae (ES)
m. in all the women were comparable. The reasons for
the difference in the structure of muscles between
young and older persons were explained in the studies
by DOHERTY [19] and FULLE et al. [20]. They argued
that sarcopenia, i.e. reduction in muscle mass with
a simultaneous reduction in the muscle strength, is one
of the symptoms associated with ageing. In the studies
on condition of skeletal muscles in subjects aged be-
tween 18 and 88, JANSSEN et al. [21] examined 468
persons. One of the conclusions was that reduction in
skeletal muscle mass, beginning around human early
thirties, is insignificant until 50, and then this process
intensifies. The conclusion might provide an explanation
for the differences in cross-sectional areas between
young and older persons examined in the present study.

5. Final results

Muscles stabilize the vertebral column function
usually in an upright standing position; however, MRI
examination cannot be carried out in this arrangement.
Measurements of geometrical parameters in the posi-
tions studied were carried out after ensuring uniform
conditions for all the subjects examined. Position with
head pulled to thorax should force higher isometric
contraction. The measurements show that other con-
ditions of the experiments cause neither increase in
cross-sectional area nor increase in thickness. The
differences in geometrical parameters of the muscles
examined prove different coordination of muscle acti-
vation in the persons examined, both young and older.
The discrepancies in the sizes and brightness of the
muscles (between young and older persons) point to
the purposefulness of continuing this type of meas-
urements.
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