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  Original Article  

Lumbar spinal stenosis is characterized by 
the narrowing of the spinal canal and may cause 
mechanical compression of the spinal nerve roots(1). 
Clinical symptoms of lumbar spinal stenosis include 
neurogenic claudication, which is the most common, 
low back pain, leg pain such as sciatic type, and muscle 
weakness(2). The symptoms are worsened by lumbar 
extension and improved with lumbar flexion(3). Upright 
standing extends the lumbar spine causing a decrease 
of the dural sac’s cross-sectional area (CSA)(4-6). 
The constriction of the dural sac is exacerbated when 
patients are standing or walking(7-10) and is improved 
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Background: A lumbosacral spinal compression device has been developed by the authors (SpineMAC) to simulate normal weight-bearing by 
axial-loading of the lumbar spine while the patient is in the supine position.

Objective: To investigate the effect of axial loading using a SpineMAC device, on lumbar spine, spinal canal, and spine curvature, in subjects with 
suspected spinal stenosis.

Materials and Methods: The present study was prospective cross-sectional study. Forty-five (21 males and 24 females) consecutive Thai adults 
underwent unloaded and axial-loaded supine magnetic resonance imaging (MRI) examinations of the lumbosacral spine. Radiographic parameters 
included cross-sectional area of disc (DA), cross-sectional area of dural sac (DCSA), disc height (DH), anterior to posterior distance of disc (DAP), 
L1-L3-L5 angle (LA), and lumbar lordosis (LL).

Results: During the axial-loaded MRIs, the pathologic features of the lumbar spinal stenosis such as the disc bulging, nerve root compression, 
narrowing of the spinal canal, and the spinal neural foramina, were frequently observed in L4-L5 and L5-S1. Radiographic parameters differences 
of more than 5% between unloaded and axial-loaded supine MRIs were observed in DCSA and DH. Narrowing of the dural sac due to axial 
compression was observed at the L4-L5 level (8.1%), while loss of DH was found at both the L5-S1 (-7.9%) and the L4-L5 (-6.8%) levels. Axial 
compression only slightly affected the DA and DAP of the intervertebral discs with a difference of 5% or less. Furthermore, it rarely changed the 
spine curvature (LL and LA) of the subjects, with a difference of 2% or less. LL decreased during axial loading and may not correlate with the 
findings during normal standing position. Although the authors found greater DA and DAP values in male (p<0.001) and obese (p<0.05) subjects, 
changes of radiographic parameters with axial loading were otherwise not correlated with sex, age, or body mass index.

Conclusion: An axial-loaded MRI, using a SpineMAC device, may be superior to conventional MRI when evaluating narrowing of the dural sac 
and disc height of patients.

Keywords: Lumbar lordosis, Spinal stenosis, Axial loading, Weight bearing, Disc herniation, Low back pain

Received 9 June 2020 | Revised 30 September 2020 | Accepted 7 October 2020

J Med Assoc Thai 2020;103(12):1325-34
Website: http://www.jmatonline.com

Correspondence to:

Chousangsuntorn K.
Department of Radiological Technology, Faculty of Medical 
Technology, Mahidol University, 999 Phutthamonthon Sai 4 Road, 
Salaya, Phutthamonthon District, Nakhon Pathom 73170, Thailand.
Phone: +66-2-2011251, Fax: +66-2-2011176
Email: hemtiwakorn@gmail.com
ORCID: 0000-0003-1308-3389

How to cite this article:

Sungkarat W, Laothamatas J, Worapruekjaru L, Hooncharoen B, 
Charoensuk J, Chousangsuntorn K. Axial-Loaded MRI Using a 
SpineMAC Device to Show Narrowing of Dural Sac and Disc Height 
in Lumbar Spinal Stenosis. J Med Assoc Thai 2020;103:1325-34.

doi.org/10.35755/jmedassocthai.2020.12.11525



J Med Assoc Thai | Vol.103 | No.12 | December 2020 1326

when they are lying down(11). In addition, gravity on 
the body when standing compresses the intervertebral 
discs (IVDs) of the lumbar spine and may displace 
disc material beyond the IVD disc space(12). This disc 
herniation can compress the dural sac of the spinal 
canal lying between the bulging disc anteriorly and 
the ligamentum flavum posteriorly(6,13). Narrowing 
may occur in central spinal canal, in the area under the 
facet joints, or more laterally in the neural foramina(3). 

Magnetic resonance imaging (MRI), a non-
ionizing and non-invasive diagnostic tool, is 
conventionally used to evaluate abnormalities of 
lumbar spine, with patients in the supine position. 
However, compared with standing position, supine 
MRIs may underestimate both pathology such as 
dural sac and nerve root compression, narrowing of 
spinal neural foramina, disc bulging, ligamentum 
flavum thickening, and loss of disc height [DH](11,14,15) 
and disease severity(11,16-18). Recently, standing MRI 
has been employed to better study pathology of the 
lumbar spine, particularly in cases of suspected spinal 
stenosis in which supine MRI is negative(19). However, 
standing MRI systems are costly and not widely 
available(20). In addition, the standing MRI is not 
practical since patients are required to stand without 
movement to complete the scan. Though a standing 
MRI is preferable for claustrophobic patients, it is 
impractical for the elderly and patients with severe 
symptoms.

Thus, lumbosacral spinal compression devices 
have been developed to simulate normal weight-
bearing by axial-loading the lumbar spine while 
the patient is in the supine position(15,16). Several 
studies have compared the effects of axial-loading 
devices with the observations of conventional supine 
MRIs(15,18,20-24). These studies suggest that axial loading 
devices can add valuable information especially in 
patients with neurogenic claudication, as well as 
influence the treatment decision plan for degenerative 
disorders(18,21), increase the specificity of a diagnosis 
of spinal stenosis(11,15,23), and accurately correlate with 
clinical severity(17). Specifically, axial-loaded MRIs 
in patients with lumbar spinal canal stenosis reflect 
the changes of the dural sac size and position(11,17,24,25), 
decreases in DH(22,25), and increases in lumbar 
lordosis(22,25). However, some have reported that axial 
loading does not have a clinically relevant effect on 
the morphology of the lumbar spine(20).

In Thailand, neither lumbosacral compression 
devices nor standing MRIs are widely used for 
diagnostic imaging of lumbar stenosis patients. To 
generate axial loading of the lumbar spine during 

MRIs performed in the supine position, the authors 
developed a lumbosacral spinal compression device. 
The authors utilized it to perform axial-loaded MRIs 
in adult subjects who had suspected lumbar spinal 
stenosis. The purpose of the present study was to 
evaluate whether axial-loaded MRIs demonstrate 
morphologic changes of IVD, spinal canal, and 
spine curvature in this patient group when compared 
with conventional, unloaded, MRI. The findings of 
those morphologic changes on lumbar spine due to 
a lumbosacral spinal compression device in other 
studies have been inconsistent(20,22,24,25).

Material and Methods
Inclusion and exclusion criteria

The authors performed a prospective study that 
enrolled consecutive Thai adults who had clinical 
symptoms suggestive of spinal stenosis(2) between 
May 2018 and June 2019. No subject had a previous 
diagnosis of spinal stenosis and none had bone 
fractures. Weight and height of the subjects were 
limited to 100 kg and 180 cm due to the constraints 
of the lumbosacral spinal compression device. The 
sample size was calculated based on the standard 
deviation of CSA of dural sac (DCSA) reported 
in a previous study(17). All subjects gave written 
informed consent before participating in the present 
research. The study was performed in accordance 
with the Declaration of Helsinki and was approved 
by the Committee on Human Rights related to 
Research involving Human Volunteers at the Faculty 
of Medicine, Ramathibodi Hospital (COA No. 
MURA2019/252).

Experimental protocol
Subjects were examined with MRIs done in the 

supine position, unloaded, and with axial loading. 
Both the unloaded and the axial-loaded MRI 
examinations were performed with straight knees 
to simulate a normal upright position(11). The study 
was performed using a 3.0 Tesla system (Phillips 
Ingenia, Phillips Healthcare, Best, Netherland) and 
a total spine coil. 

A non-magnetic, SpineMAC lumbosacral spinal 
compression device (Advanced Diagnostic Imaging 
Center, Ramathibodi Hospital, Thailand), developed 
by the authors (under review by the Thai Food and 
Drug Administration (FDA); patent pending number 
1901006901), was used to apply axial compression. 
The device consisted of a body vest with two straps 
connected to separate footplates. By tightening or 
loosening the adjustment knobs on the compression 
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part, the load was regulated and separately distributed 
to the legs. The applied load was measured using 
scales on each strap. All subjects lay on a slip carpet 
that covered the MRI table to minimize friction 
forces between the body of the patient and the table 
during axial loading. The load applied was 50% of 
body weight(3,16) divided between the two footplates 
(25% of body weight on each foot) and anchored 
to the body vest (Figure 1). Sagittal and axial, T1 
weighted (T1W) and T2 weighted (T2W), turbo spin 
echo images of the lumbar spine were acquired. Slice 
thicknesses were 3.0 mm (180 mm field of view 
[FOV]) for axial images and 4.0 mm (320 mm FOV) 
for sagittal images. The box for transverse slices 
was placed parallel to the disc. Total scan time was 
approximately 40 minutes to examine both unloaded 
and axial-loaded supine MRIs.

Radiographic analysis
All images were exported as DICOM files 

for analysis with Philips Intellispace Portal 5.3 
software. Radiographic pathologic features, including 
disc budging or protrusion, spinal canal stenosis, 

narrowing of spinal neural foramina, nerve root 
compression, loss of DH, and radial bulging of 
lumbar discs, were visually analyzed by a radiologist 
(Hooncharoen B). 

Quantitative measurement was performed 
manually on both unloaded and axial-loaded supine 
MRI studies using a digitized tool. CSA of IVD (DA) 
and DCSA were measured in axial T2W images 
(Figure 2A), while DH and distance from anterior to 
posterior (DAP) of the IVD were measured in sagittal 
T1W images (Figure 2B). Angle between L1-L3-L5 
(LA) and lumbar lordosis (LL) were measured in 
mid-sagittal slices of T1W images (Figure 2C). 
To investigate the inter-observer variability of the 
measurements in the standing and axial-loaded 
MRIs, radiological parameters were measured 
by two experienced radiological technologists 
(Chousangsuntorn K and Worapruekjaru L) who were 
blinded to the other’s measurements. Interobserver 
measurements showed excellent correlation (interclass 
correlation coefficient [ICC] range 0.90 to 0.99). 
Mean measurements of each radiological parameter 
from observers 1 and 2 were calculated and used for 
the analysis in the present study.

Statistical analysis
Effects on the axial-loaded MRIs were evaluated 

and compared with those of the conventional supine 
(unloaded) MRIs. Normal distribution was checked 
using a Kolmogorov-Smirnov test. For comparisons 
of radiographic parameters between unloaded and 
axial-loaded MRIs, the dependent-sample t-test was 
used for comparison of the means of parameters with 

Figure 1. Supine axial-loaded MRI examination.

Figure 2. Measurements of DA (a) and DCSA (b) in an axial T2W image (A), DH (c) and DAP (d) in a sagittal T1W image (B), 
and LA (e) and LL (f) in a sagittal T1W image (C). DA, CSA of intervertebral disc; SA, CSA of dural sac; DH, disc height defined 
by the distance between superior and inferior borders of an IVD exclusive of endplates. DAP, distance between anterior and 
posterior of edges of a disc at the point of most bulge; LL, angle between superior endplate of L1 and superior endplate of S1; 
LA, angle of the center of L1-L3-L5.
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normal distributions, whereas the non-parametric 
Wilcoxon signed rank test was used for comparison 
of the medians of parameters with asymmetric 
distributions. A p-value of less than 0.05 was defined 
as denoting a significant difference in comparisons. 
Statistical analyses and plots were performed with 
PASW Statistics, version 18.0 (SPSS Inc., Chicago, 
IL, USA).

Results
Changes of radiographic pathologic feature during 
axial-loaded MRI

Forty-five subjects, 21 males and 24 females, 
were prospectively examined with both unloaded and 
axial-loaded MRI and included in this studies. Their 
median age was 37.7 (minimum 21.6, maximum 
71.5) years, and average body mass index (BMI) 
was 25.3±4.7 kg/m². The frequency of change 
of radiographic feature during axial-loaded MRI 
compared with that during MRI without loading 
are presented in Table 1. Change of disc bulging or 
protrusion (36.5%), spinal canal stenosis (48.9%), 
narrowing of spinal neural foramina (43.6%), nerve 
root compression (63.6%), and radial bulging of 
disc (40%) were most prominent at the L4-L5 level, 
while loss of DH (48.2%) was observed at the L5-S1 
level. As a result, the quantitative statistical analyses 
focused on the L4-L5 and L5-S1 levels.

Comparison of radiographic parameters between 
unloaded and axial-loaded MRIs

The comparisons of radiographic parameters 
between unloaded and axial-loaded MRIs are 
presented in Table 2. In addition, scatter plots illustrate 
comparisons of all radiographic parameters from 
unloaded supine MRIs (x-axes) and the differences 
(diff) in the values between axial-loaded and unloaded 
MRIs (y-axes).

A) Disc bulging and narrowing of dural sac: Figure 3 
is an example of axial T2W images from the unloaded 

MRI (Figure 3A) and axial-loaded MRI (Figure 3B) 
of the same subject at the L4-L5 level, showing 
the changes on DA and DCSA associated with 
axial-loading. Disc protrusion and increased DA 
(dashed arrows) was observed during axial-loading 
compared with the findings without loading. Spinal 
canal stenosis with decrease of DCSA (asterisk), 
nerve root compression (arrow), and neural foramina 
narrowing (arrowhead) were more clearly seen in the 
axial-loaded MRIs.

During the use of the axial-loading device, IVDs 
were compressed and mean DA values were slightly 
increased (p<0.001) at both L4-L5 (3.7%) and L5-S1 
(3.8%) levels (Table 2). Spinal canals were narrowed 
and mean DCSA values were decreased (p<0.001) at 
both L4-L5 (5.9%) and L5-S1 (3.6%) levels (Table 2). 
Scatter plots confirmed that DAs (Figure 4A, 5A) 
generally increased with mean differences between 
axial-loaded and unloaded MRIs of 0.62 cm² and 
0.59 cm², while DCSA (Figure 4B, 5B) frequently 
decreased with mean differences of –10.9 mm² and 
–7.8 mm², at L4-L5 and L5-S1 levels, respectively.

B) Loss of height and radial bulging of lumbar discs: 
Figure 6 is an example of sagittal T1W images from 
unloaded (Figure 6A) and axial-loaded (Figure 6B) 
MRIs of the same subject. During axial-loading, the 
authors found loss of height at the L5-S1 level that 
caused a decrease of DH (arrow), as well as increases 
of DAP at both L4-L5 and L5-S1 levels (arrow heads). 

Due to the compression of IVDs, mean DH was 
decreased (p<0.001) at both L4-L5 (6.8%) and L5-
S1 (7.9%), while mean DAP was slightly increased 
(p<0.001) at both L4-L5 (3.6%) and L5-S1 (3.4%) 
levels (Table 2). The scatter plots confirmed that 
DH (Figure 4C, 5C) frequently decreased with mean 
differences of –0.57 mm and –0.60 mm, and DAP 
(Figure 4D, 5D) generally increased with mean 
differences of 0.13 mm and 0.12 cm, at L4-L5 and 
L5-S1 levels, respectively.

C) Spine curvature: Figure 7 is an example of 

Table 1. Frequency of change of radiographic feature occurring during axial-loaded MRI

MRI feature Frequency of change; n (%)

L2-L3 L3-L4 L4-L5 L5-S1

Disc bulging/protrusion 11 (12.9) 15 (17.7) 31 (36.5) 28 (32.9)

Spinal canal stenosis 6 (10.7) 13 (23.2) 24 (48.9) 13 (23.2)

Narrowing of spinal neural foramina 3 (7.7) 4 (10.3) 17 (43.6) 15 (38.5)

Nerve root compression 0 (0.0) 0 (0.0) 7 (63.6) 4 (36.4)

Loss of disc height 2 (7.4) 1 (3.7) 11 (40.7) 13 (48.2)

Radial bulging of disc 9 (18.0) 10 (20.0) 20 (40.0) 11 (22.0)
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sagittal T1W images from unloaded (Figure 7A) and 
axial-loaded (Figure 7B) MRIs of the same subject, 
showing decreases of LA and LL during axial loading.

L1-L3-L5 angle (–1.4%, p<0.001) and lumbar 
lordosis (–1.7%, p=0.02) were slightly decreased 

with small differences of –2.3° and –0.8°, respectively 
(Table 2). Scatter plots confirmed that LA decreased 
in all subjects during axial-loading with a maximal 
decrease of 8.0° (Figure 8A), while only 10 of the 
45 subjects had increased LL values with maximal 

Table 2. Comparison of radiographic parameters between unloaded and axial-loaded MRIs

Parameters Unloaded
Mean (SD)

Axial-loaded
Mean (SD)

Diff†

Mean (SD)
%Diff‡ 95% CI p-value

DA (cm²)

L4-L5 16.95 (2.70) 17.57 (2.85) 0.62 (0.66) 3.66 0.42 to 0.82 <0.001

L5-S1 15.67 (3.20) 16.26 (3.33) 0.59 (0.45) 3.77 0.46 to 0.73 <0.001

DCSA (mm²)§; median (min to max)

L4-L5 136.5 (38.2 to 334.0) 125.0 (30.1 to 318.0) –8.05 (–57 to 2) –5.90 N/A <0.001

L5-S1 126.0 (37.0 to 380.0) 122.5 (22.0 to 376.0) –4.50 (–40 to 15) –3.57 N/A <0.001

DH (mm)

L4-L5 8.36 (1.56) 7.78 (1.50) –0.57 (0.54) –6.82 –0.74 to –0.41 <0.001

L5-S1 7.64 (1.87) 7.04 (1.63) –0.60 (0.48) –7.85 –0.75 to –0.46 <0.001

DAP (cm)

L4-L5 3.61 (0.39) 3.74 (0.39) 0.13 (0.08) 3.60 0.10 to 0.15 <0.001

L5-S1 3.53 (0.40) 3.65 (0.39) 0.12 (0.09) 3.40 0.09 to 0.15 <0.001

LA (°) 165.7 (4.7) 163.2 (4.8) –2.29 (1.63) –1.38 –2.79 to –1.80 <0.001

LL (°) 44.71 (8.91) 43.94 (8.95) –0.77 (2.14) –1.72 –1.42 to –0.12 0.022

DA=cross-sectional area of disc; DCSA=cross-sectional area of dural sac; DH=disc height; DAP=antero-posterior distance of disc; LA=L1-L3-L5 
angle; LL=lumbar lordosis; CI=confidence interval; SD=standard deviation; N/A=not available
† Mean differences are calculated by axial loaded MRI – unloaded MRI, ‡ %Diff are calculated by (diff / unloaded) × 100%, § Wilcoxon signed 
rank test

Figure 3. MRI examinations of a 36-year-old woman with a 2-year history of low back pain and neurogenic claudication. 
Axial T2W images at L4-L5 disc level from unloaded (A, L4-L5 DA is 15.0 cm² and DCSA is 229 mm²) and axial-loaded (B, L4-
L5 DA is 16.91 cm² and DCSA is 143 mm²) MRIs. Note in B the disc bulging with moderate left subarticular-foraminal disc 
protrusion (dashed arrows) causing left L5 traversing nerve root compression (arrow), changed configuration of the fat pad, 
and thickening of the ligamenta flava. Also observed are a degree of spinal stenosis increased from mild to moderate degree 
(asterisk) and narrowing of the right L5 neural foramina (arrow head).
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Figure 5. Scatter plots of the DA (A), DCSA (B), DH (C), and DAP (D) from unloaded MRIs (x-axes) and the differences (diff) 
in the values between unloaded and axial-loaded MRIs (y-axes) at the L5-S1 level. The red solid lines indicate the mean 
differences.

DA=cross-sectional area of disc; DCSA=cross-sectional area of dural sac; DH=disc height; DAP=anterior to posterior distance of disc

Figure 4. Scatter plots of the DA (A), DCSA (B), DH (C), and DAP (D) from unloaded MRIs (x-axes) and the differences (diff) 
in the values between unloaded and axial-loaded MRIs (y-axes) at the L4-L5 level. The red solid lines indicate the mean 
differences.

DA=cross-sectional area of disc; DCSA=cross-sectional area of dural sac, DH=disc height, DAP=anterior to posterior diameter of disc
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increase of 6.9° (Figure 8B). The other 35 subjects 
had decreased LL values with a maximal decrease of 
6.6° (Figure 8B).

Relationship between subject characteristics and 
changes in radiographic parameters (due to axial 
loading)

DA and DAP of the male subjects were greater 
than those of the female subjects at both L4-L5 
(p<0.001) and L5-S1 (p<0.05) levels (Table 3). In 
addition, DA and DAP values of obese subjects (BMI 
of 25 or greater) were greater (p<0.05) than those 
with normal weight (BMI of less than 25) (Table 4). 
Otherwise, differences in radiographic parameters 
compared between axial-loaded and unloaded MRIs 

were not correlated with subject sex, age nor BMI at 
the L4-L5 or L5-S1 levels. No additional relationship 
was found between radiographic parameters and 
subject characteristics such as sex, age, or BMI, in 
both unloaded and axial-loaded MRIs. 

Discussion 
In the present study, the radiographic parameters 

DA, DCSA, DH, distance from anterior to posterior 
of the IVD, L1-L3-L5 angle, and lumbar lordosis 
were measured and compared during unloaded and 
axial-loaded MRIs from 45 subjects with suspected 
spinal stenosis. The loading was achieved using a 

Figure 6. MRI examination in a 39-year-old woman with a 
3-year history of low back pain. Sagittal T1W images from 
unloaded (A) and axial-loaded (B) MRIs are shown for 
comparison. DAPs increased at both L4-L5 (A, 3.23 cm and 
B, 3.64 cm) and L5-S1 (A, 3.21 cm and B, 3.47 cm) levels 
(arrow heads).

Figure 7. MRI examinations of a 38-year-old woman 
with a 1.5-year history of low back pain and neurogenic 
claudication. Sagittal T1W images from unloaded (A) and 
axial-loaded (B) studies are shown for comparison. With 
axial-loading, LA is slightly decreased (from 158.5° to 
156.9°) and LL is decreased (from 51.2° to 44.6°).

Figure 8. Scatter plots of the LA (A) and LL (B) from unloaded MRIs (x-axes) and the differences (diff) in the values from 
unloaded and axial-loaded MRIs (y-axes). The red solid lines indicate the mean differences.

LA=L1-L3-L5 angle, LL=lumbar lordosis
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SpineMAC lumbosacral spinal compression device 
made by the authors. Slight differences of 5% or less 
between the two positions, the non-axial loading and 

the axial loading were observed for DA at L4-L5 and 
L5-S1 levels, DCSA at L5-S1, DAP at L4-L5 and L5-
S1 levels, LA, and LL. In contrast, the lumbosacral 
spinal compression device produced major differences 
of more than 5% to DCSA at L4-L5 and DH at both 
L4-L5 and L5-S1 levels.

The findings in other studies have been 
inconsistent (Table 5). Sasani et al(24) reported that 
DCSA values were decreased during axial-load MRIs 
at both L4-L5 by –10.8% and L5-S1 by –6.7%, as did 

Table 4. Comparison of DA and DAP at L4-L5, grouped as 
BMI <25 and ≥25

Parameters BMI <25 (n=25)
Mean (SD)

BMI ≥25 (n=20)
Mean (SD)

p-value

DA

Unloaded 16.07 (2.37) 18.19 (2.59) 0.007

Axial-loaded 16.56 (2.46) 18.97 (2.72) 0.004

DAP

Unloaded 3.50 (0.35) 3.77 (0.38) 0.02

Axial-loaded 3.61 (0.35) 3.91 (0.37) 0.01

DA=cross-sectional area of disc; DAP=anterior-posterior distance of 
disc; BMI=body mass index; SD=standard deviation

Table 5. Comparison of studies assessing axial loading on DCSA, DH, and LL

Parameter Level Studies n Un-loaded
Mean

Axial-loaded
Mean

Up %Diff§

Mean
p-value

DCSA L4-L5 • Madsen, et al.(20) 12, 15** 123 138 136 12.2 NR

• Sasani, et al.(24) 103 138 123 –10.8 NR

• Huang, et al.(25) 32 108 89 –17.8 NR

• Current study† 45 137 125 –5.9 <0.01*

L5-S1 • Madsen, et al.(20) 12, 15** 126 132 146 4.8 NR

• Sasani, et al.(24) 103 134 125 –6.7 NR

• Current study† 45 126 123 - –3.6 <0.01*

DH L4-L5 • Kimura, et al.(22) 8 10.1 9.3 –7.9 <0.05*

• Huang, et al.(25) 32 9.0 8.4 –7.6 NR

• Current study 45 8.4 7.8 –6.9 <0.01*

L5-S1 • Kimura, et al.‡(22) 8 10.8 10.5 –2.7 NS

• Current study 45 7.6 7.0 –7.9 <0.01*

LL • Madsen, et al.(20) 14, 16** 49.9 49.6 43.9 –0.6 NR

• Kimura, et al.(22) 8 53.4 57.3 7.3 NS

• Huang, et al.(25) 32 37.0 39.2 5.9 NR

• Current study 45 44.7 43.9 –1.8 <0.01*

DCSA=cross-sectional area of dural sac, DH=disc height, LL=lumbar lordosis, NR=not reported, NS=not statistically significant
* p<0.05 is statistical significance; ** Data are presented as subject numbers during loaded, unloaded studies; † Data presented as median, 
Wilcoxon signed rank test; ‡ Unpublished data, number estimated from Figure 3 in Kimura et al(22), § %Diff = (loaded – unloaded) / unloaded × 
100%

Table 3. Comparison of DA and DAP between males and 
females at L4-L5 and L5-S1

Level Parameters Male (n=21)
Mean (SD)

Female (n=24)
Mean (SD)

p-value

L4-L5 • DA (cm²)

Unloaded 18.54 (2.38) 15.55 (2.16) <0.001

Axial-loaded 19.30 (2.65) 16.05 (2.25) <0.001

• DAP (cm)

Unloaded 3.83 (0.37) 3.42 (0.31) <0.001

Axial-loaded 3.93 (0.34) 3.57 (0.35) <0.001

L5-S1 • DA (cm²)

Unloaded 16.78 (3.28) 14.70 (2.87) 0.028

Axial-loaded 17.36 (3.41) 15.30 (3.02) 0.038

• DAP (cm)

Unloaded 3.69 (0.34) 3.39 (0.40) 0.011

Axial-loaded 3.82 (0.33) 3.51 (0.39) 0.008

DA=cross-sectional area of disc; DAP=anterior-posterior distance of 
disc; SD=standard deviation
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Huang et al(25) for DCSA at L4-L5 by –17.8%. The 
authors findings were in agreement with decreases 
of the DCSA at both L4-L5 by –5.9% and L5-S1 by 
–3.6%. However, the present study disagrees with 
Madsen et al(20) that reported that DCSA of axial-
loaded MRIs increased 12.2% at L4-L5 and 4.8% at 
L5-S1 when compared with unloaded MRIs (Table 5). 
This non-agreement may be due to the difference 
of patient positioning during scanning. In the study 
of Madsen et al(20), a cushion was placed below the 
lower back to induce a slight extension of the lumbar 
spine, while others(24,25) and ourselves did not use 
such a cushion. 

Kimura et al(22) reported that a significant 
decrease (p<0.05) of DH was found only in L4-L5 
by –7.9%, while the present study found significant 
decreases (p<0.01) during axial-load MRIs at both 
L4-L5 by –6.9% and L5-S1 by –7.9%. Huang et al(25) 
also reported a decrease of DH by -7.6% at L4-L5 
but did not report whether the decreases reached 
significance (Table 5). 

Kimura et al(22) reported that the lumbar lordosis 
had a non-significant increase while Huang et al(25) 
only reported an increase when compared with 
unloaded MRIs (Table 5). The authors found that 
LA at –1.4% and LL at –1.8% decreased a small but 
significant amount during axial-loaded MRIs (Table 2). 
The discrepancy may be due to the supine position 
during the axial-loaded MRIs. In the present study, the 
neck was supported by a pillow in the supine position. 
This may have caused additional straightening of the 
upper lumbar spine. Madsen et al(20) reported that the 
extent of LL observed with axial-loaded MRIs was 
slightly decreased by –0.6% when compared with 
unloaded MRIs. This report agreed with those results. 
It was shown that placing cushion on the lower back 
of patients during axial-loaded MRIs, as performed in 
Madsen et al(20), increases DCSA as well as decreases 
LL. However, the authors did not know the exact 
height of the cushion used in their study. Thus, the 
effects of using cushion support to the lumbar spine 
during axial-loaded MRIs on IVDs, spinal canal, and 
spine curvature should be included in future studies. 
It is worth noting that statistical strength of sample 
size greater than 20 (Table 5) was studied only by the 
authors’ group and a few others from Sasani et al(24) 
and Huang et al(25).

Conclusion
Conventional supine MRI is a standard study 

to assess lumbar spine of patients. However, if 
the findings do not match the clinically evident 

stenotic pattern, the patients should be subjected to 
a weight bearing MRI either by a lumbosacral spinal 
compression device or by a standing MRI. The 
compression device can simulate the effects of weight 
bearing in supine position when a standing MRI is 
not available. During axial-loaded MRIs, common 
pathologic features of lumbar spinal stenosis such 
as disc bulging, nerve root compression, narrowing 
of spinal canal, and spinal neural foramina, were 
observed more frequently than in unloaded supine 
MRIs. Axial-loaded MRI using a compression 
device appears superior to supine unloaded MRI for 
evaluating narrowing of the dural sac and loss of DH, 
though lumbar lordosis may be underestimated.

What is already known on this topic?
The effects of axial loading on dural sac, DH, 

DA, and lumbar lordosis in the previous studies 
using a commercial device have been inconsistent. In 
Thailand, a lumbosacral spinal compression device, 
named SpineMAC, was developed by the authors to 
simulate weight bearing during supine MRI. There 
is no study reporting the axial-loading in Thai adults 
suspected of spinal stenosis using the experimental 
Spine MAC device.

What this study adds?
Supine axial-loaded MRI provided more 

narrowing of dural sac and loss of DH than conventional 
MRI. Exception was that lumbar lordosis may be 
underestimated. Changes on radiographic parameters 
due to axial loading were otherwise not correlated 
with sex, age, or body mass index.
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