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ABSTRACT

body mass index (BMI) of the subjects.

10.1%.

treatment decision plan accordingly.

Introduction: Axial-loaded magnetic resonance imaging (MRI), which can simulate an upright position of the patient
may cause a significant reduction of the dural sac cross-sectional area (DCSA) compared with standard MRI, thus provid-
ing valuable information in the assessment of the lumbar spinal canal. The purpose of this study was to investigate exces-
siveness of the change in DCSA and depth of lateral recesses (DLRs) before and after axial-loaded imaging in relation to

Methods: Twenty patients were scanned to evaluate DCSA and DLR at three consecutive lumbar spine intervertebral disc
levels (L3/4, L4/5, and L5/S1) on conventional-recumbent MRI, and after axial loading were applied.

Results: Axial-loaded MRI demonstrates a significant difference of DSCA in comparison to conventional MRI. Furthermore,
results show a significant correlation between the DCSA and BMI on level L3/L4, both before and after axial loading MRI.
With axial loading, there is a reduction of DSCA of 12.2%, 12.1%, and 2.1% at the levels L3/L4, L4/L5, and L5/51,
respectively. After axial loading has been applied, the depth of the neural foramen has been reduced by an average of

Conclusion: Axial-loaded MRI reduces DCSA and DLRs in comparison to standard MRI. Information obtained in this
way may be useful to explain the patient’s symptomatology and may provide an additional insight that can influence the

KKeywords: Spinal canal stenosis; axial loading; MRI; lumbar spine; dural sac cross-sectional area; depth lateral recess
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INTRODUCTION

The normal function of the spine is conditioned by its
stability. In addition to protecting nerve structures, spi-
nal stability is a basic requirement for transmitting forces
between the upper and lower extremities, actively generat-
ing torso forces, preventing early biomechanical deteriora-
tion of spine components, and reducing energy expenditure
during muscle action (1,2).

White e# al. defined clinical stability as the ability of the
spine to limit movement patterns under physiological loads
so as not to damage or irritate the spinal cord and nerve
roots, thus preventing disability or pain caused by struc-
tural changes (3).

Instability is an important and often unknown cause of
back pain, especially at the lumbar level. White and Panjabi
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defined spinal instability as the loss of the spine’s ability to
maintain its movement patterns under physiological load;
there is no initial or additional neurological deficit, no sig-
nificant deformity, or incapacitating pain (4).

Axial loading forces in healthy intervertebral discs are trans-
mitted through the galleon nucleus to vertebral endplates
that deflect. The healthy intervertebral disc provides mobil-
ity to the spine and transfers load through hydrostatic pres-
surization of the hydrated nucleus pulposus. Changes to
the tissue properties of the disc, including dehydration and
reorganization of the nucleus and stiffening of the annu-
lus fibrosus, markedly alter the mechanics of load transfer
in the spine that consecutively alters the cancellous bone
structure of the affected vertebrae (5).

Although the vertebral body is viewed as a solid non-com-
pressive structure without dynamic potential, vertebral
body remodeling due to alterations in the degree of bio-
mechanical stress and/or low-grade vertebral body inflam-
mation in the sense of slight concentric body enlargement,
slight vertebral body height reduction, and marginal osteo-
phytosis may lead to occurrence and worsening of spinal
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stenosis when physiological and positional biomechanical
changes can provoke neurogenic claudication due to load-
ing of the spine in the upright position (6).

Stenosis due to degenerative changes of the lumbar spine is
a condition that can cause compression of neural elements
in the vertebral canal (7).

Symptoms of lumbar spinal canal stenosis have certain
provocative (neurogenic claudication) and palliative char-
acteristics (i.e., relief of the painful symptoms in anterior
flexion, while sitting and/or lying down) (8).

Magnetic resonance imaging (MRI) is considered the method
of choice in the diagnosis of degenerative changes of the spine,
apart from the detection of the vacuum phenomenon of the
disc due to better tissue contrast compared to other diagnostic
modalities. It is considered the most useful modality in the
evaluation of myelopathy, radiculopathy, and lower back pain.
Superior contrast resolution of MRI allows the best view of the
soft tissues of the lumbar spine in comparison with standard
radiography, myelography, and computed tomography. The
spinal cord, nerve roots, cerebrospinal fluid, vertebrae, discs,
and ligaments are differentiated and presented in detail.

Ideally, scanning in a standing postural position yields opti-
mal results that truly reflect changes that occur during normal
gravitational pressure on the spine. However, this is impractical
because the patient would have to stand still for about 30 min
in a specially designed magnetic resonance scanner. To simulate
an upright position, clinicians and researchers have developed
devices that can axially load the spine in a supine position. These
devices typically consist of a non-magnetic harness/jacket with
straps connected to the footplate. By tightening or releasing the
adjustment buttons on the compression part, the load can be
regulated and evenly distributed on both legs. The applied load

can be measured using a scale on the footplate (9).

Axial loading MRI provides a level of image detail and
insight that is not typically present in conventional MRI
because it allows visualization of spinal morphology under
axial load. Visualization in these conditions is important
since in many instances, low back pain is induced only in an
upright or supine position with axial loading due to changes
in the form and width of the spinal canal, nerve root com-
pression, intervertebral instability, or disc degeneration,
all of which may not be predominant and obvious under
reduced load on the back in the supine position (10,11).

In elderly population with degenerative changes of the
lumbar spine, the degree of spinal canal stenosis increases.
Therefore, some authors believe that older age may be an
indication for the use of axial load (12).

METHODS

Twenty subjects were enrolled in the study, including nine
male and 11 female subjects. The age range of the patients
was from 27.6 to 68.2 years.

All subjects had low back pain lasting for more than
12 weeks and with varying intensity. Patients with comor-
bidities, including osteoporosis, traumatic and tumor
lesions of the lumbosacral spine, or history of previous sur-
gery in that region, were not enrolled in this study. Patients
tolerated the study; no additional pain medications were
given. Ethical committee of Clinical center of Sarajevo
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University gave positive response no: 06-04-9-19682 for
conducing this research. All participants gave written con-
sent for including their data in this research.

The study was performed at the Clinical Center of the
University of Sarajevo, at the Clinic of Radiology, using a
magnetic resonance device Toshiba Vantage 1.5 Tesla, using
a surface coil.

The scanning protocol consisted of two stages of
examination.

In the first stage, routine MRI in a recumbent-supine posi-
tion was performed. After most of the routine MRI has
been done, the second stage of the MR examination fol-
lowed, in which axial loading was applied through a com-
mercially available axial loading device (DynaWell L-Spine;
DynaWell Int. AB, Billdal, Sweden) approved by the US
Food and Drug Administration.

The device includes a non-magnetic jacket with straps con-
nected to the footplate with a compression mechanism. The
jacket can adjust to the patients posture and is pulled on
before the start of routine MRI, and then tightened during
the second stage of the examination as axial loading of the
sidebands to distribute the pressure to the footrest. The
applied load is 50% of the patient’s weight and this load must
be equally distributed on both legs, considering the patient’s
tolerability. The duration of axial loading applied is 10 min
before axial loaded MRI starts. The axial loading is contin-
uously applied with the same intensity during this period.

All subjects in our study were first examined with recum-
bent MRI in their supine psoas-relaxed position and again
after axial loading were applied. In both stages of the exam-
ination, sagittal T2-weighted and axial T2-weighted fast
spin-echo sequences were obtained. The repetition time/
echo time was 3000/108 for T2-weighted sagittal and
3000/108 for axial images. The slice thickness was 5 mm,
and the field of view was 230/250 mm for sagittal and axial
images. The imaging matrix was 224/320 for sagittal images
and 320/320 for axial images.

The dural sac cross-sectional area (DCSA) and the depth of
lateral recess (DLR) at three lumbar spine disc levels (L3/4,
L4/5, and L5/S1) were measured for each subject. DCSA,
right DLR, and left DLR were measured through a dedi-
cated program on a digital image view station (IMPAX
6.5.2.114 2011, AGFA HealthCare N.V,, Mortsel, Belgium).

The depth of lateral recess represents the distance between
the superior articular facet and the top part of the pedicle.

DCSA surface and depth of the lateral recess of neural
foramina on the right and left sides were determined at the
identical intervertebral levels before and after axial loading.

The measured DCSA, right DLR (rDLR), and left DLR
(IDLR) values for each specific disc level of all 20 subjects
were collected, and mean values with a standard deviation
of DCSA, rDLR, and IDLR have been calculated for each
of three-disc levels of interest.

The paired Student’s t-test was used to determine if a sta-
tistically significant difference existed in the mean value
at each disc level of DCSA, rDLR, and IDLR between
MRI scans before and after axial loading. The percentage
decrease in DCSA, rDLR, and IDLR at each level both
pre- and post-axial loading was determined. The effect of
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axial loading on DCSA value varied from case to case. In
one of the studies on axial loading, a significant decrease in
DCSA was defined as a decrease of 215 mm? (13).

The results obtained were statistically analyzed in IBM SPSS
ver. 26. The mean X or median x was used as measures of cen-
tral tendency, depending on whether the distribution was nor-
mal or not. Furthermore, measures of dispersion were selected
based on normality criteria. Hence, standard deviation (G) and
interquartile range (AQ) were used, for normal and non-sym-
metrical distributions, respectively. The normality of the dis-
tribution was tested with the Kolmogorov—Smirnov test. In
the case of inferential statistics, the Student’s t-test and the
paired Student’s t-test were used for data that follow the nor-
mal distribution, while the Mann—Whitney U-test was used
for non-symmetrical and parametric data. The Pearson correla-
tion test was used to test the correlation between the variables.
The binomial test was used to check the deviation from the
expected distribution of variables from two categories.

RESULTS

The number of male subjects did not significantly dif-
fer from the number of female subjects (binomial test,
2 =0.824), which can also be observed in Table 1.

The mean age of the subjects was 53 (0 = 10), without sig-
nificant differences between male and female subjects as is
shown on the quantile diagram (Graph 1). As expected,
gender differences existed in patient body weight and
height (Mann—Whitney U-test, p < 0.05). The median
body weight and height of male subjects were 90 kg and
180 cm, respectively, while in women, these values were
80 kg and 165 m, respectively. On the other hand, the body
mass index (BMI) of the patients did not differ significantly
between the sexes (Student’s t-test, p = 0.564), which can
also be observed in the quantile diagram (Graph 2).

The mean BMI was 28.8 kg/m? (0 = 4.5 kg/m?), which is
within the overweight range according to the World Health
Organization classification.

Table 2 provides an overview of the mean values and stan-
dard deviations of the measured DCSA in patients before
and after axial load. The difference between the DCSAs
before and after axial loading was significant (paired
Student’s t-test, p < 0.001). After axial loading, there was a
reduction of DCSA of 12.2%, 12.1%, and 2.1% at the lev-
els L3/1L4, L4/L5, and L5/S1, respectively. There was a sig-
nificant correlation between the DCSA and BMI on L3/14,
both before and after axial loading have been applied. A sig-
nificant correlation of DCSA and BMI at the L4/L5 level
was present after axial loading.

Table 3 provides an overview of the mean values and standard
deviations of the neural foramen depth (left and right) before
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and after axial loading has been applied. The difference is
significant for all sides and conditions (paired Student’s t-test,
2 < 0.05). After applying axial loading, the depth of the lat-
eral recess was reduced by an average of 10.1%. At most of
the levels examined, there was no significant correlation with
BMI, except in the case of the depth of the left recess before
axial loading (Pearson correlation test, p = 0.021).

DISCUSSION

MRI of the lumbosacral spine using axial loading can prob-
ably show the actual state of the spinal canal and stenosis if
it is present in comparison to routine MRI.

Aggravation of the patient’s symptoms in a standing or
upright position is due to narrowing of the spinal canal and
compression of the nerve roots. Several studies have shown
that axial loading affects spinal dynamics and morphologi-
cal changes during MRI (14,15).
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GRAPH 1. Quantile diagram of the age of the subjects enrolled in the study.
There are no significant differences between men and women (Student's
ttest, p = 0.625).
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GRAPH 2. Quantile diagram of body mass index of the subjects enrolled
in the study. There are no significant differences between men and women
(Student’s t-test, p=0.564)

TABLE 1. Median () and interquartile range (AQ) of age, body weight, and height of patients included in the study, grouped by gender and total

Gender Total (N=20)
Male (N=9) Female (N=11)
X (min-max) AQ X (min-max) AQ X (min-max) AQ
Age range? 56.1 (32.8-67.8) 1.3 53.3 (27.6-68.2) 72 53.8 (27.6-68.2) 79
Body mass (kg)® 90 " 80 10 83 11
Body height (m)® 180 7 165 6 170 14

«Distribution does not follow the normal distribution (Kolmogorov-Smirnov test, P=0.028), *the difference between the sexes is significant (Mann-Whitney

U-test, P<0.05)
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TABLE 2. Dural sac area before and after compression (mean X and standard deviation o) depending on BMI and total

Axial loading BMI (kg/m2) Total p
18.5-24.9 25-29.9 >30
X 0 X Y X o X o

DCSA (L3/L4) (mm?)
Befores 181.4 15.7 146.3 458 105.3 323 139.3 45.6 <0.001
Afters 167.0 9.5 131.3 426 83.4 36.6 122.3 46.5

DCSA (L4/L5) (mm?)
Before 150.5 19.2 142.3 50.5 96.4 34.1 129.7 46.9 <0.001
Afters 138.8 12.6 128.7 488 74.8 37.8 114.0 48.5

DCSA (L5/S1) (mm?)
Before 151.7 39.6 179.2 48.1 119.1 58.0 157.1 54.9 <0.001
After 138.0 37.3 176.5 411 120.0 66.6 153.8 53.9

aThere was a significant correlation between the DCSA and body mass index (Pearson correlation test, P<0.05).DCSA: Dural sac cross-sectional area,

BMI: Body mass index

TABLE 3. DLR, right and left, before and after axial loading (mean Xand standard deviation o) depending on BMI and total

Axial loading BMI (kg/m?) p
18.5-24.9 25-29.9 >30 Total
X o X o X o X o
rDLR (L3/L4) (mm) Before 45 15 53 2.6 6.0 2.2 54 2.3 <0.001
After 4.1 1.5 4.7 2.5 5.6 2.1 49 2.2
IDLR (L3/L4) (mm) Before 3.3 1.0 48 2.3 6.4 2.8 5.0 24 0.001
After 3.0 1.1 43 2.2 52 2.1 44 2.1
rDLR (L4/L5) (mm) Before 4.3 08 45 1.8 6.5 15 5.1 1.8 0.003
After 4.1 0.9 42 1.6 5.7 1.0 4.6 1.5
IDLR (L4/L5) (mm) Before2 42 1.6 43 2.0 7.8 2.9 5.3 2.7 0.012
After 39 19 41 19 6.2 15 4.7 2.0
rDLR (L5/S1) Before 6.5 2.8 6.1 2.2 5.1 2.0 58 2.2 0.001
(mm) After 58 26 57 2.1 43 1.7 53 2.1
IDLR (L5/S1) (mm) Before 5.8 35 4.8 1.6 55 1.8 5.2 1.9 0.013
After 5.6 35 46 1.7 45 1.0 4.7 1.8

aThere is a significant correlation between neural foramen depth and body mass index (Pearson correlation test, P=0.021). DLR: Depth of lateral recess,
rDLR: Right depth of lateral recess, IDLR: Left depth of lateral recess, BMI: Body mass index

The rationale for this study was to determine whether add-
ing an axially loaded segment of MRI of the lumbar spine
could yield information that would suggest or be in con-
cordance with patient symptomatology, thus influencing or
altering final treatment decision.

To show the effects of axial loading, we determined that the
DCSA at the levels of intervertebral discs L3/L4, L4/L5,
and L5/S1 before and after axial loading has been applied.
The percentage of the DCSA reduction in axial loaded
scans varied and was probably related to differences in body
resistance to load. Further study is needed to define the cor-
relation between spinal stenosis and body resistance (16).

Axial loading causes a reduction in the area and diameter of
the dural sac at L3/L4 and L4/L5, and, to a lesser extent, at
the level of the lumbar spine than L5/S1, which is probably
due to paradoxical motion exerted at this level (17).

Willén and Danielson study of the effect of axial loading
on the lumbar spine in suspected lumbar spinal steno-
sis reported that the axial load significantly reduced the
cross-sectional area of the dural sac (18,19).

Herniated discs increased in size in the axial plane leading to an
augmentation in nerve root compression grades for paracentral
herniated discs in the standing position compared with those
in the conventional supine position. Weight-bearing MRI
may increase the diagnostic sensitivity of disc herniations in
patients suspected of nerve root compression (20).
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Guideline of the North American Spine Society suggests
axial loading for when there is symptomatic spinal canal
stenosis in the lumbosacral spine (21).

There was a significant difference in DCSA in axial loading
MRI in 76% of patients with suspected spinal stenosis (22).

Splendiani ez al. claimed that in the pathogenesis of radicu-
lopathy in some patients lies dynamic stenosis of the neural
foramen is caused by the physiological axial load (23).

A method of estimating the width of the spinal canal
through the calculation of the cross-sectional area of the
dural sac at the level of the intervertebral spaces of the lum-
bar spine has been proposed by Hamanishi ez 4/. (13).

The widely accepted radiological threshold for early steno-
sis is the area of the dural sac between 100 and 130 mm?.
According to these authors, the relative stenosis of the spi-
nal canal at the level of the lumbar spine can be declared at
the surface of the dural sac between 75 and 100 mm?2, and
absolute stenosis exists when the surface of the dural sac is
<75 mm? in cross section (24).

To the best of our knowledge that is based on PubMed
research, there are only three articles that mention a relation
of BMI of the subjects who underwent axial loading MRI
of the lumbar spine. We did not encounter a study that
investigated the possible relation between excessive BMI
and the extent of change in lateral recess depth.
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A disadvantage of this study is the number of patients
included in the research and the lack of other quantitative
assessments such as the surface of the lateral recesses or the
angles which could provide further, in-depth insight. One
of the disadvantages of the axial loading technique is that
it takes a longer time than the usual MRI, by 5-10 min,
which can be challenging in terms of cost-effectiveness,
thus, it may provoke pain during the procedure (25).

Results of this study suggest that axial-loaded MRI may
provide additional and perhaps more accurate information
for the clinical assessment of patients with symptoms asso-
ciated with lumbar neurological compromise.

MRI with axial loading could be appropriate for patients with
excessive BMI who have symptoms associated with lumbar
neurological compromise and in whom routine MRI cannot
explain clinical symptoms. Increased spinal canal stenosis after
axial loading can change the treatment plan for the patient.

It is suggested to use axial loading if there is no medical
contraindication, such as osteoporosis, traumatic, or tumor
lesions of the lumbosacral spine, especially in patients whose
routine MRI results do not match their clinical symptoms.

CONCLUSION

MRI with axial loading can provide more information on
vertebral alignment, intervertebral disc height, spinal canal
width, and ligamentum flavum hypertrophy; this informa-
tion can explain the patient’s symptomatology and can sig-
nificantly change the treatment decision plan accordingly.

Axial loading reduces DCSA; it, therefore, increases the
severity of lumbar canal stenosis, and the effect of axial
loading on MRI examination is greatest at L3/1.4, L4/L5,
and, to a lesser extent, at L5/S1 levels, probably due to par-
adoxical motion at this level.

Patients with clinical symptoms that could not be explained
by conventional-recumbent MRI may benefit from axial load
MRI which can be beneficial in providing additional infor-
mation that may affect the future treatment decision plan.
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