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Table 3

Prevalence of MRI measures and cervical myelopathy among different diameter of cervical spinal canal

Diameter of cervical spinal canal (mm)

Factors <13 13-15 =15 p value
Men
N 21 162 136
Age, y 69.5+12.0 69.1x12.8 6491149 027
Height, cm 163.7£5.6 163.6+6.8 165.8+7.7 025
Weight, kg 67.610.5 61.7+10.6 67.0+12.3 .0002
Body mass index, kg/m? 25.2+33 23.0x3.2 242+34 .0006
MRI measures
Cervical cord compression, N (%) 13 (61.9) 58 (35.8) 22 (16.2) <.0001
Increased signal intensity, N (%) 5 (23.8) 9 (5.6) 1(0.7) <.0001
Diameter of spinal cord (mm) 6.2+0.5 6.8+0.8 7.2+0.8 <.0001
Cervical myelopathy, N (%) 1(4.8) 2 (1.2) 0 () .09
‘Women
N ) 108 383 - 149
Age, y 68.7+13.3 67.2+12.8 60.413.4 <.0001
Height, cm 149.1+7.2 151.4%+7.1 153.9+6.7 <.0001
Weight, kg 49.8+8.1 53.2+9.6 54.8+9.4 .0001
Body mass index, kg/m* 224%32 23.2%3.7 232+3.8 12
MRI measures
Cervical cord compression, N (%) 36 (33.3) 92 (24.0) 11 (74) <.0001
Increased signal intensity, N (%) 2 (1.9 8 (2.1) 0 (0 21
Diameter of spinal cord (mm) 6.5+£0.9 6.9+0.8 7.0£0.8 <.0001
Cervical myelopathy, N (%) 12 (11.1) 12 (3.1) 0 (0) <.0001

MRI, magnetic resonance imaging.

Note: For categorical data, the chi-square test was used to assess the presence of significant differences among different diameters of the cervical spinal

canal.

For continuous outcomes, comparison was made by the analysis of variance test differences among different diameters of the cervical spinal canal.

Regarding MRI measurements, the prevalence of cervi-
cal cord compression and ISI among persons with a CSC
diameter less than 13 mm, which was considered to be de-
velopmental canal stenosis [14], was 61.9% and 23.8% in
men and 33.3% and 1.9% in women, respectively. Above
all, a CSC diameter less than 13 mm was observed in more
than 10% of the participants. Of those with a CSC diameter
less than 13 mm, cervical cord compression (ie, the prelimi-
nary step in the development of CM) was also observed in
61.9% of men and 33.3% of women. From these results, the
number of people who have a risk for CM was considered
quite high in the general population. Countee and Vijayana-
than |15] reported that congenital stenosis in men with a

Table 4

cervical canal diameter of 14 mm or less was associated
with quadriplegia after trauma. In the present study, we
noted that the narrower the diameter of the CSC, the higher
the prevalence of ISI. Of note, the distribution of preva-
lence between men and women was different. Increased
signal intensity was seen in approximately 10% of men
younger than 60 years, whereas it was seen in only 1% of
women younger than 60 years, and was relatively higher
in older people. In the present study, the prevalence of
the clinical CM was significantly higher in the narrower
CSC group. The result may show that patients with a nar-
rowed spinal canal are more likely to develop CM. Further
longitudinal studies are needed to clarify the causal

The odds ratio and 95% confidence interval of increased signal intensity, diameter of spinal cord, diameter of cervical spinal canal, and canal-to-body ratio for

cervical myelopathy

Cervical cord compression

Cervical myelopathy

Variables

OR* (95% CI)

Age,y (+10y)

Women (vs. men)

Body mass index, kg/m2 (+1 SD)
Increased signal intensity positive
Diameter of spinal cord, mm (—1 mm)

Diameter of cervical spinal canal, mm (—1 mm)

Canal-to-body ratio (—10%)

23.6 (9.62-60.0)
1.41 (1.03-1.92)
2.12 (0.87-5.16)
18.8 (6.87-66.4)
1.40 (1.17-1.68)
1.67 (1.45-1.93)
1.85 (1.60-2.16)

p value OR (95% CI) p value
<.0001 11.0 (1.15-133.9) 047
.032 4.33 (1.50-18.4) .018
.095 1.04 (0.94-1.15) 41
<.0001 6.32 (1.36-21.8) .007
.0002 1.46 (0.93-2.31) 11
<.0001 2.73 (1.83-4.23) <.001
<.0001 2.12 (1.47-3.16) .0001

OR, odds ratio; CI, confidence interval; SD, standard deviation.
* OR was calculated by multiple logistic regression analysis after adjustment for age, gender, and body mass index.
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relationship between narrowed spinal canal and CM. In
addition, we- clarified the positive association betweyen cer-
whereas

vical cord compression and spinal cord diameter,
the diameter of the spinal cord itself was not a significant
predictive factor for CM. This may indicate that the spinal
cord can become atrophied in individuals with cervical cord
compression or in those who have a concremtally narrow
spinal cord. ;

“The present study also clamﬁed the difference in age— and
sex-related changes in the CSC diameter and CBR. The CSC
has been the focus as a risk factor for CM | 14.16]. However,
in recent years, the CBR rather than CSC diameter has
been reported to be a useful predictor for CM because of a
magnification error resulting from the focus-to-film distance
and the object-film distance on MRI | !7]. However, Black-
ley et al. [ 18] showed that there is currently a poor correla-
tion between the CBR and the true sagittal diameter of
the spinal canal on computed tomography scans because
of the wide normal variations in the diameter of the vertebral
body. Therefore, the characteristics of the variations be-
tween the CSC diameter and the CBR should be considered.
Of note, the present study found the CSC diameter to be
higher in men than in women. However, the CBR was higher

in women than in men, which is the reason for the increased .

diameter of the vertebral body in men. Therefore, the differ-
ences between the sexes should be taken into account when
considering the CBR as a risk factor for CM.
Study limitations .

~The present ‘study ‘had several ~limitations. First,
although more than 1,000 participants were included in
the present study, these participants may not represent
“the general populatxon because they were recruited from
only two areas of Japan. However, anthropometnc meas-
‘urements were compared between the participants of the
‘present study and the general Japanese population {197,
and no significant differences in BMI were found between
the part1c1pants in the present study and the J apanese pop-
ulation at large in both sexes (BMI [standard dev1at10n] in
men: 23.71 kg/m? [3.41 kg/m?] and 23.95 kg/m?® [2.64 kg/
m ], p=.33, respectxvely, BMI [standard dev1at1on] in
women: 23.06 kg/m? [3.42 kg/m?] and 23.50 kg/m? [3.69
kg/m I, p=.07, respectively). Second, the distribution of
“the CSC diameter applies to only a small portion of the

Japanese population and cannot be extrapolated to other

populatlons

Conclusions

This study confirmed the significant association of
the narrow CSC diameter with CM in a population-based
- cohort. The results prompt future studies to look into the
various factors affecting the dimensions of the CSC, apart
from aging.
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MRI HAS BEEN used successfully for the diagnosis of
various spinal cord diseases since the early 1980s.
Fast spin echo (FSE) and gradient recalled echo (GRE)
are the most commonly used sequences because they
provide relatively good lesion contrast and anatomical
resolution of spinal cord structures (1). However, it is
still difficult to clearly discriminate gray matter (GM)
from white matter (WM) in the spinal cord on routine
spinal images acquired in clinical practice, despite
distinct histological differences between the tissues
(2,3). In addition, some intradural-extramedullary
lesions cannot be differentiated from intramedullary
lesions (4). Moreover, because the signal intensity of
MRI varies with body size and its position relative to
the coil (5-7), the changes are not always related to
specific pathologic processes (8,9). Previously, several
MRI-based approaches to improve the detection of
pathological changes in the spinal cord have been
investigated using the motion properties (diffusion) of
water molecules (10-12) or relaxation times to mea-
sure the myelin water fraction (13-17).

Recently, Glasser and Van Essen showed that the
ratio of the signal intensity in T1-weighted (T1w) MRI
to the signal intensity in T2-weighted (T2w) MRI was
sensitive to subtle differences in myelin content within
the gray matter of the cerebral cortex (18). Although it
is not certain to what extent the signal intensity of the
T1lw/T2w ratio image is related to the myelin content,
the T1lw/T2w ratio eliminates the signal intensity bias
related to receiver coil sensitivity. Additionally, it
increases the image contrast if the ratio is calculated
using a pair of voxels at exactly the same anatomical
location for both T1lw and T2w MRI.

MATERIALS AND METHODS
Participants

Twenty-three healthy volunteers (15 men and 8
women; ages, 22-86 years; mean * standard deviation
(SD) = 44.5 + 22.5) were recruited for this study. Addi-
tionally, two subjects with spinal myelopathies were
enrolled to compare their spinal images with those of
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the control: One was a 39-year-old man who was diag-
nosed with multiple sclerosis (MS) 7 years prior. At the
time of the experiment, he had muscle weakness and
spasticity predominantly in both lower exiremities
(right side dominant). The Romberg sign was positive.
We did not detect any brain lesions in this subject,

except for transient bilateral low visual acuity. The

other subject was a 77-year-old man who underwent a
laminoplasty for cervical spondylotic (€S) myelopathy 5
years prior. His gait was spastic and the Romberg sign
was positive. He had some paresthesia in both hands
and a right-side dominant diminished tendon reflex.
This study was approved by the. Clinical Research
Ethics Board of our institution, and all subjects gave
written informed consent before the study began

MRI Data Acquisition

Two different MR images (see below) were acquired for
each subject’s cervical spinal cord on a3 Tesla (T)
MRI (Philips Medical Systems, Best, The Netherlands)
using: a 16-channel’ coil (SENSE Neurovascular coil
16). Each subject wore a Sternal Occipital Mandibular
Immobilizer (SOMI) brace modified for MRI acquisition
to minimize spontaneous movements of the head and
neck. Three-dimensional (3D} T1w fast field gradient
echo MR -images were acquired with the  following
parameters: repetition time (TR) = 6.5 ms, echo time
(TE) = 3.1 ms, 10" flip angle, field of view (FOV) 256
mm, matrix' 256  mm-x:256 mm, number of slices =
100, slice thickness =2 mm, and axial (transverse)
slice orientation. The resulting voxel size was 1'x'1 x
2 mm, and the acquisition time was 6 min 47 s. Next,
3D T2w turbo - spin echo MR images were acquired
with the following parameters: TR = 3200 ms, TE =
93 ms;, 90" flip angle; FOV 256 mm, matrix 256 mm x
256 mm, number of slices =100, slice thickness =2
mm, ‘and axial slice orientation. The resulting voxel
size was 1 x 1 x 2 mm; and the acquisition time was
6 min 14 s. For both acquisitions; the: SENSE-algo-
rithm (19) was used with a reduction factor of 1. 8 and
1. 5 for T1lw and T2w, respectlvely ,

; Data Analysw

Tlw/T2w ratio images were created from the magni-
tude images of the T1lw and T2w acquisitions of each
subject using in-house software developed in MATLAB
' (MathWorks, 'Natick, MA). In this' study, the signal

intensity of the T1w images was simply divided by the ~

signal intensity of the T2w images at the same loca-
tion, as determined from the original image coordi-
nates. The T1lw/T2w ratio erases the effect of the

reception bias field (b) and increases the signal inten-

sity related to pathological changes (x) as descnbed
by the following equatlon (18):

! le/T2W X*b/((l/X) *b) ——X

- The segmental cervical spinal cordlevel was deter-
mined by-its relative location to the cervical vertebrae
in'‘each’ subject. Thirty-three- axial segmental images
were chosen out of 100 images for each subject,
which included all of the images from the cervical seg-

Teraguchi et al.

Figure 1. Signal
spatial resolution (1 X 1 mm) axial image of the Tlw/T2w
ratio, mean signal intensities were determined at seven loca-
tions (within a radius of 2 mm) that were determined visually
for each segment. . ; Ao

ments with a 2-mm separation between adjacent
images. For each axial image, the signal intensities
were measured at seven locations that were related to
the left and right lateral columns (LC), anterior col-
umns (AC), single dorsal column. (DC), and the left
and right GM from 1 x 1 mm image slices (Fig. 1). For
illustrative purposes, the images were resampled to
0.25 x 0.25 mm voxels using bicubic interpolation
and 2D Gaussian spatial filtering. Each location was
visually determined using the T1lw/T2w ratio images
at a high resolution (0.25'x 0.25 mm), which clearly
delineated the GM and LC, AC, and DC, illustrating
the so-called ‘butterfly’ shape, and the mean signal
intensity of the voxels within a 2-mm radlus were cal-
culated. Additionally, the mean signal 1ntensxt1es for
the Tlw and T2w images were automatically calcu-
lated using voxels at the same location.

Axial images of the cervical spinal cord at the C4
level for each image type (T1lw, T2w, and Tlw/T2w)
were made in the original 1 x 1 mm horizontal resolu-
tion: images.. These axial images were resampled. at a
high resolution. (0.25 x- 0.25 mm) using MATLAB.
Additionally, to compare the T1w/T2w ratio image with
stained spinal cord tissue, the spinal cord tissue at the
C3, C5, and C7 levels was extirpated at autopsy. The
tissues were obtained from the cervical cord at autopsy
from an 83-year-old Japanese woman who died of pon-
tine hemorrhage They were fixed for several Weeks in
10% neutral formalin, then the C3, C5, and C7 spinal
cord levels were conﬁrmed by counting nerve roots by
two neuropathologists, resected and embedded in par-
affin. Procedures involving use of human material were
performed in accordance with ethical guidelines set by
Kyoto University. The sample was stamed with Kluver-

Barrera stain. They were first resampled at a resolution

of 1 x1mm and then resampled at O 25:x 0. 25 mm
and Gaussian filtered using MATLAB. ~

The mean contrast between the WM locations' (LC,
AC, and DC) and GM (mean value across bilateral
GM) was calculated using the following equation:

Contrast (%) = 100 x [Ly — 1g|/(1‘;,+1'g)

where I, is the signal 1ntens1ty of the WM (LC, AC,

and DC) and Ig is the mean sxgnal 1nten51ty of the
bilateral GM.

The mean contrast was also assessed between each
WM (LC, AC, and DC) location and mean GM value for
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T1w T2w

1201

T1W/T2w

Figure 2. Comparison of the ratio images with the original MR iméges. The'érigihal resolution (1 x.1 mm) image (top) and
the high resolution (0.25 x 0.25 mm) images for the T1w, T2w, and T1w/T2w ratio MRIs (bottom) are shown for the same
cervical segment (C4) in one representative healthy subject. Contrast between the GM and WM is the highest for the Tlw/

T2w ratio images. The scale for each image is 10-90%.

all locations in the seven segments of the control sub-
jects and for each image type (Tlw, T2w, and Tlw/
T2w). Furthermore, the significance of the differences in
mean contrast between the T1w/T2w ratio image and
the Tlw or T2w images were assessed for all locations
by using a paired t-test with a Bonferroni correction.

Furthermore, using Pearson’s correlation coefficient,
we assessed the changes in signal intensity with age
at each location (LC, AC, DC, and GM) at the C4 level
for each image type (T1w, T2w, and T1w/T2w).

To check the reproducibility of the signal intensity
measurement, the scan was acquired twice from nine
healthy subjects (three women, aged 22-86 years). Six
locations (signal intensity of the bilateral AC, LC, sin-
gle DC, and the mean signal intensity of the bilateral
GM) in seven segments from nine subjects were deter-
mined visually within a radius of 2 mm by using the
T1w/T2w ratio images and using both measurements.
Forty-two values from one subject were used to check
the reproducibility of the measurement of each sub-
ject. The first signal intensity measurement at six
locations in seven segments was performed by MT,

original

Figure 3. Spinal cord tissue
at the C3, C5, and C7 levels.
The spinal cord tissues at the
C3, C5, and C7 levels were
stained with Kluver-Barrera
stain. They  were first
resampled at a resolution of 1
x 1 mm and then resampled
at 0.25 x 0.25 mm and Gaus-
sian filtered using MATLAB.
(right side image).

and the second measurement of the same six loca-
tions in seven segments was performed by H.Y. Ken-
dall's coefficient of concordance was used to assess
the significance of the reproducibility.

Finally, we verified that signal intensity changes were
due to pathological changes by using the signal inten-
sities in the T1w/T2w ratio images from the 39-year-old
MS patient and the 77-year-old CS myelopathy patient.
The Tlw/T2w ratio intensities were plotted as a graph
with the normal range between the broken lines (+ 2
SD), which was estimated using the values from the
controls (22-45 years of age). Because the signal inten-
sity was inversely related to the age, each subject’s nor-
mal range was adjusted using linear interpolation.

RESULTS
Contrast Increase Using the T1w/T2w Ratio
The axial images of the cervical spinal cord at the C4

level for one subject are shown in Figure 2. Even in
the original 1 x 1 mm horizontal resolution image, it

1x1 mm 0.25x0.25 mm
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C1

C2

Cc3
C4
‘C5
cé |

Figure 4 le/TZw ratio 1mages at each cemcal vertebral
level. The right 51de of the figure shows the sagittal cervical
T2w MR images. Axial T1w/T2w ratio images at each vertebral
level (C1-C7) are shown on the left side of the figure (ventral
at the top). High contrast between the GM and WM is seen at
all cervical segments, but the so-called “butterfly” shape is the
clearest at C4. The scale is 10-90% for each image.

is apparent that the contrast between the central GM
and the penpheral WM is the highest for the Tlw/
T2w ratio image. The color TIw/T2w ratio image with
high resolution (0.25 x 0.25 mm) clearly delineates
the GM, illustrating the so-called “butterfly” shape.. -

Teraguchi et al.

We compared the Tlw/T2w ratio image with the
resampled image from the spinal cord tissue visually
at the C3, C5, and C7 levels (Fig. 3). The signal inten-
sity was different in each individual, but the color
image from the Tlw/T2w ratio image and the
resampled image were similar in terms of distinction
between the WM ,»and GM alpresentmg a clear

~AC and GM and between the DC and GM were 3.78%

and 2.99%, respectively

As shown in Flgure 4, hlgh contrast between the
GM and WM was seen for all cervical segments,
although the contrast was apparently related to the
segmental level,  with hlgher contrast observed in
higher segments.

Figure 5 shows the mean contrast between the WM
locations (LC, AC, and DC) and the GM (the mean
value across the bllateral GM). Because no significant
difference was observed between the nght and left AC
and LC contrast values, the averaged values are
shown. Contrast was the highest at all locatlons and
segmental levels in the Tlw/T2w ratio images at
approximately twice that of the Tlw and T2w images.
In addition, the contrast appeared to decrease as the
segmental level increased..

Figure 6 shows that the mean contrast between the
LC and GM for the le/TQw ratio’ images was. 1.9
times larger ‘than the mean contrast for the Tlw
images, and the values between the AC and GM and
between the DC and GM were similar (2. 2 and 1.9
times, respectwely) The contrast increases in the T2w
images were also similar, except for between the DC
and 'GM values, which was 1.5 times. Addltlonally,
the percentade in increase of the mean contrast
between ‘the LC and GM at seven segments was
6.38%, and those between the AC and GM and
between the DC and GM were 6.01% and 3.51%,
respectively.

Mean contrast

LC:GM

AC:GM

DC:GM

12345 6 7
_cervical level
Flgure 5. Mean contrast between each WM location and GM. Contrast for all locations at each segment level was the highest
in the T1w/T2w ratio images, and the contrast decreased as the segmental level increased. The contrast for the T1w/T2w

ratio images was approxnnately twice that of the T1lw and T2w images. No significant difference in the contrast between the
'Tlw and T2w images was observed for any of the locations.
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AC.GM DC:GM
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Figure 6. Mean contrast among all segments at each location for each subject. A paired t-test revealed a significant difference
in contrast between the ratio (T1w/T2w) and the T1w or T2w image for all locations (P < 0.0001 with Bonferroni correction).

Effect of Age on the Signal Intensity

Figure 7 shows that the signal intensity of the T1lw/
T2w ratio images was inversely related to age at all

contrast, no significant relationship was found
between the signal intensity and age for the Tlw
or T2w images, except the GM signal in the Tlw

images.
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Figure 7. Signal intensity change with age at each location. For all locations, the signal intensity for the Tlw/T2w ratio
images at the C4 level inversely correlated with age. Note that the inter-individual variance for the same age range is sub-
stantially reduced in the T1w/T2w ratio images compared with the T1w or T2w signal intensity.
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Figure 8. Reproducibility of the signal intensity measurement with the T1w/T2w ratio image. The reproducibility of the signal
intensities in the T1w/T2w ratio images of the first and second measurement at six locations (signal intensity of the bilateral
AC, LC, single DC, and mean signal intensity of the bilateral GM) at seven segments in nine subjects. Kendall's W coefficients
of concordance were all greater than 0.8 and the P-values were all significant.

Reproducibility of the Signal Ihténsity
Measurement ‘

Figure 8 shows the reproducibility of the signal inten-
sities in the Tlw/T2w ratio images of the first and
second measurement at six locations (signal intensity
of the bilateral AC, LC, single DC, and mean signal

intensity of the bilateral GM) at seven segments in

nine subjects. Kendall's W coefficients of concordance
were all greater than 0.8, and the P-values were all
significant. : -

Signal Intensity Change in Spinal Diseases

Figure 9 shows the signal intensities (red line) in the
T1w/T2w ratio image for the 39-year-old MS subject.
Significantly low intensities were seen continuously in
the one to two vertebral levels from the normal range
between the broken lines, as calculated using the val-
ues from the controls. In contrast, the 77-year- old CS
myelopathy subject showed a rather sharp decrease

in signal intensity within a localized segmental level

at several different segmental locations (Fig. 10).

Because the signal intensity was inversely related to
age (see Fig. 7), the normal range for a 77-year-old
subject was estimated using linear regression of the
values used in Figure 9. For both subjects’ images,
the spatial extent of the lesions was seen more clearly
in the T1w/T2w ratio images than in the T2w images.

DISCUSSION
In this study, we showed that the contrast in the
T1lw/T2w ratio images was approximately twice that

~of the Tlw or T2w images, and that the signal inten-

sity of the ratio image was inversely related to the
subject’s age. The results, however, depends on the
signal-to-noise ratio (SNR) of the T1w and T2w images
and .. the precise co-registration of both images.
Glasser and Van Essen registered T2w images to T1w
images using FSL’s FLIRT (20), which is considered to
be the standard processing tool in brain functional
MRI studies. Here, we set the voxel size at 1 x 1 x 2
mm to optimize the SNR and spatial resolution con-
51denng a longitudinal orientation of the splnal cord.
Because no standard acquisition software or MR
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Figure 9. Tilw/TZw ratio image at each location of multiple sclerosis patient. Slice number “c” deviates from control data at
left AC and LC. Slice number “d,e” deviates from control data at right LC, however, DC falls in the range of control data.

pulse sequences for spinal cord imaging were used for
spinal cord image registration, we used a SOMI brace
(modified for MRI) to reduce body motion during the
image acquisition, and the reproducibility of the sig-
nal intensity measurement was confirmed. Although
we measured the contrast between WM and GM, the
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contrast increase does not rely on the exact localiza-
tion of the WM and GM, meaning that the same dis-
cussion can also be made with two locations within
the same tissue. Thus, the lower spatial resolution of
the image to discriminate GM and WM is not a critical
issue in the argument for the contrast increase with
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Figure 10. T1w/T2w ratio image at each location of cervical spondylotic myelopathy patient. Slice number “c” deviates from
control data at every location, which is required for establishing accurate correlations with MRI parameters.
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the Tlw/T2w ratio; however, the reduction factor of
SENSE was important to increase the SNR with a 11111—
ited acquisition time.

The measured contrast decreased at the lower seg~
mental levels for all images. The reason for this is
unknown, but it might be related to the WM areal
fraction (WMAF). The WMAF decreases as the cervxcal
level shifts caudally (from C2 to C7) (17). This an
worsen the GM discrimination (that .
contamination to GM), which results i

educed con—

change in the myelin water fraction with the. cervical

lower cervical segment might be larger body motion
(possibly related to respiration) compared with the
upper segments. Moreover, we could not reduce poss1~
ble artifacts due to CSF pulsation, which could be
larger in the lower segments. Because these artlfacts

could not be eliminated by the image acquisition pro-
tocol and device, development of postprocessing soft-
ware for spinal cord imaging with higher spa’mal

resolution and faster image acquisition is necessaxy
Even though our artifact reduction may not be opti-
mal, we successfully showed that inter-individual dif-
ferences in the signal intensity were eliminated by
using the T1w/T2w ratio, and a clear relationship was
seen between the signal intensity and age. One possi-
ble reason for the correlation with age is that the var-
iance in signal intensity' was reduced by cancelling
the effect of body size and spinal cord location relative
‘to the receiver coil. In'the aging spinal cord, the den-
‘sity of nerve fibers decreases; consequently, the T1w/
T2w ratio intensity might be reduced. Previous ana-
tomical and morphological studies indicated a drop in
the number of myelinated fibers (21) and decreased
fractional anlsotropy with- age (10). It suggests that
the age-related changes in myelin content and cell
morphology are unlikely to appear on conventmnal
Tlw or T2w imaging. By contrast, the contrast
enhancement in the Tlw/T2w ratlo : mages m, y
reflect the myelin content and cell morphology by can-
celing out artifacts (18). The T1w/T2w ratio. image is

is related to the pathological time course. -

i ossibility
Our, findi ngs raise the p ty that One Can 6. Mastronardi L, Elsawaf A, Roperto R, et al. Prognostic relevance

numerically assess signal intensity change due to
pathological changes in the spinal cord by using the
signal intensity in T1lw/T2w ratio 1mage 5. Indeed, we
found a significant decrease (exceeding —2 SD of the
normal subjects’ distribution) of the signal 1ntens1t1es

in the lesion areas; both MS and CS myelop ithy

changes were significantly below the normal range

which might be due to the chronic stage of the disease -

in both subjects. Repetitive measurements of the sig-
nal intensity at the same lesion location may be use-
ful to assess the clinical course of spinal cord
diseases because the signal intensity of Tlw/T2w
ratio images should be stable unless “pathological
changes occur, as long as the same MRI scanners and
acquisition parameters are used.

We acknowledge several hmltatlons First, the signal

intensity in the ratio images is not always related to

~ Teraguchi et al.

the myelin content in pathological lesions. When the
myelin content decreases in a lesion, the Tlw signal
should decrease and the T2w signal should increase,

- resulting in decreased signal intensity in the ratio

images, -However, the actual Tlw and T2w signal
chzmges are quite variable (4,8,22) and depend on the
pathologxcal time course, even within the same dis-
). Second, although we observed a significant
< e in contrast. as expected in the T1w/T2w ratio

1mages 'CNR may not increase as much. This is
trast. A similar tendency has been shown for ,the .

because the T1w/T2w ratio images were not gener-

ated from independently measured signals, but from
segment, which also seems to be due to the WMAF
(15). Another reason for the lower contrast in the

the values derived from two measured values. Accord-
ing to the propagation of error law, the division of two
measured values increases the error distribution and

~ decreases the SNR, even if the two measured values
“are not correlated with each other, which diminishes

the increase in the CNR by the increase in the con-

trast. Third, the same MRI scanners and acquisition

parameters should be used to assess the clinical
course of spinal cord changes.

- In conclusion, we show that the contrast of Tlw/
T2W ratio images was approximately twice that of T1w
and T2w images, and inter-individual differences were
eliminated in the ratio images. These findings suggest
that the Tlw/T2w ratio image represents a useful
clinical protocol to numerically assess spinal cord
image signal intensi’cy.
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Abstract BACKGROUND CONTEXT: Disc degeneration (DD) reportedly causes low back pain (LBP)
and is often observed concomitantly with end plate signal change (ESC) and/or Schmorl node
(SN) on magnetic resonance imaging. i
PURPOSE: The purpose of this study was to examine the association between DD and LBP,
considering ESC and/or SN presence, in a large population study.

STUDY DESIGN/SETTING Cross-sectional population-based study in two reglons of Japan.
PATIENT SAMPLE: Of 1,011 possible participants, data from 975 participants (324 men, 651
women; mean age, 66.4 years; range, 21-97 years) were included.

OUTCOME MEASURES: Prevalence of DD, ESC, and SN alone and in combmatlon in the
lumbar region and the association of these prevalence levels with LBP.

METHODS: Sagittal T2-weighted images were used to assess the 1ntervertebra1 spaces between
L1-L2 and L5-S1. Disc ‘degeneration was classified using the Pfirrmann classification system
(grades 4 and 5 indicated degeneration); ESC was defined as a diffuse high signal change along
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- either area of the end plate, and SN was defined as a small well-defined herniation pit with a
surrounding wall of hypointense signal. Logistic regression analysis was used to determine the odds

“ratios (ORs) and confidence intervals (Cls) for LBP in the presence of radiographic changes in the
Jumbar region and at each lumbar intervertebral level, compared with patients without radiographic
change, after adjusting for age, body mass index, and sex.
RESULTS: The prevalence of lumbar structural findings was as follows: DD alone, 30.4%; ESC
alone, 0.8%; SN alone, 1.5%; DD and ESC, 26.6%; DD and SN, 12.3%; and DD, ESC, and SN,
‘19 1%.; These lumbar structural findings: were 31gmﬂcantly -associated with LBP. in"the lumbar
region overall, as follows: DD, ESC, and SN, OR 2.17, 95% CI 1. 2-3.9; L1-L2, OR 6.00, 95%

CI 1.9-26.6; L4-L5, OR 2.56, 95% CI 1.4-4.9; and L.5-S1, OR 2.81,95% CI 1.1-2.3. The combic

nation of DD and ESC was significantly associated with LBP as follows: L3-L4, OR 2.43, 95% CI
1.5-4.0; L4-L5, OR 1.82, 95% CI 1.2-2.8; and L5-S1, OR 1.60, 95% CI 1.1-2.3.
CONCLUSIONS: Our data suggest that DD alone is not associated with LBP. By contrast,

~ the combination of DD and ESC was highly associated with LBP © 2015 Elsevier Inc. All rlghts'
reserved.. : y { : : L .

Disc - degencration; End plate signal® change; Schmorl node; Low back pain; Large population study;

ROAD study

Introduction

Low back pain (LBP) causes functional impairment,
diminished quality of life, loss of working ability, potential
psycholoomal dlstress and increased health-care costs [ 1=31
Magnetic resonance imaging (MRI) has become widely used
in LBP dxagnosm [4-I51L

From the perspective of dlscocremc pam the assoc1at10u
between disc degeneration (DD) and symptoms remains

were recruited from listings of resident registrations in
three communities that have different characteristics: an
urban reglon in Itabashi, Tokyo; a mountainous region in
Hidakagawa, Wakayama; and a coastal region in Taiji,
Wakayama. The inclusion criteria, apart from residence in

~ the communities mentioned previously, were the ability to

controversial. Several reports have found that DD was a

source of LBP [4-7], but others reported no assoc1at10n .

between DD and LBP {8.,9]|. This discrepancy is partly
explained by the: fact that DD often occurs concomitantly

with various radiographic changes such as endplate signal:

walk to the survey site; report data, and understand and
sign an informed consent form. The age of the participants
recruited from the urban region was 60 years or older and

“that. of -the participants from ‘the other two regions was 40

“years or older [18]. A second visit of the ROAD study to

the mountainous region of Hidakagawa and the coastal

- region of Taiji was performed between 2008 and 2010.

change (ESC) and Schmorl node (SN): However, few studies:

have reported on the association of ESC and SN with LBP -

[10~14], and furthermore, to the best of our knowledoe no
population-based study has examined the assoc1atlon of the
combination of DD, ESC, and SN with LBP.

The purposes of thlS study were to examine the prevalence

of combinations of DD, ESC, and SN in the lumbar region
overall and to clanfy the associations between LBP and
combinations of DD, ESC, and SN in a large population.

Methods
Farticipants

- The Wakayama Spine Study is a population-based study

f deceneratlve spmal disease | 15-17] performed in a sub-
cohort of the large- scale populatlon-based cohort study
Research on Osteoarthntls/Osteoporosm against Dlsablhty
(ROAD) [18.19]. Research on ' Osteoarthritis/Osteoporosis
against Disability is a nationwide prospective study of bone
and joint diseases consisting of population-based cohorts
established in three communities in Japan. The participants

From the 1nhab1tants participating in the second visit of
the ROAD study, 1,063 Vqunteers were recruited to MRI
exammatlons Among these volunteers 52 declined to at-
tend the examination and 1011 prov1ded an additional

- written,, mformed consent for the mobile MRI examination

-and were recruited for registration in the Wakayama Spine

Study:. Among the 1,011 participants,: those who had an
MRI-sensitive implanted device (e.g:; pacemaker) or other
disqualifier were excluded. Ultimately, 980 individuals
underwent whole-spine MRI. One participant who had
undergone a previous cervical operation and four partici-

~ pants who had undergone previous posterior lumbar fusion
were excluded from the analysis. Thus, Whole spme MRI

results were available for 975 pammpants (324 men and
651 women) with an age range of 21 to 97 years (mean,

© 67.2 years for men and 66.0 years for women). Experienced

386

:board—ce'rtiﬁed orthopedic surgeons also asked all partici-
_pants the followmg question regarding LBP: “Have you

experlenced LBP on most days during the past month in
addition to now?” Those who answered ¢ ‘yes’’ were defined
as having' LBP based on the previous studies [20-24]." All
study partlc1pants provided informed consent, and the study
design was approved by the appropriate ethics review boards.
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Magnetic resonance imaging

A mobile MRI unit (Excelart 1.5 T; Toshiba, Tokyo,
Japan) was used, and whole-spine MRI was performed
for all participants on the same day as the examination.
The participants were supine during the MRI, and those
with rounded backs used triangular pillows under their head
and knees. The imaging protocol included sagittal T2-
weighted fast spin echo (repetition time, 4,000 ms/echo;
echo time, 120 ms; and field of view, 300x320 mm) and
axial T2-weighted fast spin echo (repetition time, 4,000
ms/echo; echo time, 120 ms; and field of view, 180x 180
mm). Sagittal T1-weighted images were omitted owing to
cost and time limitations; only T2-weighted images were
obtained.

Radiographic assessment

Sagittal T2-weighted images were used to assess DD,
ESC, and SN at all intervertebral levels from C2-C3 to
L5-S1. The present study assessed L1-L2 to L5-S1 in
the lumbar region.

Disc degeneration

Disc degeneration grading was performed by a board-
certified orthopedic surgeon who was blinded to the back-
ground of the participants. The degree of DD on MRI
was classified into five grades based on the Pfirrmann
classification system [25], with grades 4 and 5 indicating
DD. To evaluate intraobserver variability, 100 randomly
selected MR images of the entire spine were rescored by
the same observer more than 1 month after the first reading.
Furthermore, to evaluate interobserver variability, 100 other
MR images were scored by 2 orthopedic surgeons using the
same classification. The intraobserver and interobserver
variabilities of DD, as evaluated by kappa analysis, were
0.94 and 0.94, respectively.

End plate signal change

End plate signal change was defined as diffuse areas of
high signal change along the end plates, tending to be linear
and always parallel to the vertebral end plates on sagittal
T2-weighted images. However, discerning the type of Modic
changes [26.27] was not possible because of cost and time
limitations of this large-scale study. Because the T1 sequence
was not obtained, we considered Modic Type I/II (T2 high
signal intensity end plate change) to reflect the presence of
ESC and T2 isosignal intensity and Modic Type III (T2
low signal intensity end plate change) to reflect the absence
of ESC. To evaluate the intraobserver and interobserver
variabilities, two orthopedic surgeons scored MR images in
the same manner. The intraobserver and interobserver
variabilities of ESC evaluated by kappa analysis were 0.86
and 0.82, respectively.

Schmorl node

Schmorl node was characterized by a localized defect at
the rostral, caudal, or both end plates, with a well-defined her-
niation pit in the vertebral body with or without a surrounding
sclerotic rim (Jow signal on T2-weighted image) {14,28].
Erosive defects in the end plate in degenerate segments were
not considered as SN [14,28]. To evaluate intraobserver and
interobserver variabilities, two orthopedic surgeons scored
MR images in the same manner. The intraobserver and inter-
observer variabilities for SN evaluated by kappa analysis
were 0.92 and 0.84, respectively.

Statistical analyses

Radiographic changes were compared between sexes
using the chi-square test. Multivariate logistic regression
analysis was used to estimate the radiographic changes of
DD, ESC, and SN presence in the lumbar region as depend-
ent variables, with LBP as the independent variable, after
adjustment for age, body mass index (BMI), and sex. Mul-
tivariate logistic regression analysis was used to estimate
the respective associations of eight combinations of radio-
graphic changes (none; DD alone; SN alone; ESC alone;
DD and SN; DD and ESC; SN and ESC; and DD, ESC,
and SN) in the lumbar region as dependent variables, with
LBP as the independent variable, after adjustment for age,
BMI, and sex. Multivariate logistic regression analysis was
also used to estimate the association of 8 combinations of
radiographic changes at each intervertebral level (L1-1L2
to L5-S1) in the lumbar region after adjustment for age,
BMI, and sex. All statistical analyses were performed using
JMP, version 8 (SAS Institute Japan, Tokyo, Japan).

Prevalence of DD, ESC, and/or SN, defined as the propor-
tion of the number of participants who demonstrated the
presence of DD, ESC, and/or SN in the lumbar region divided
by the total number of participants, was used to describe the
frequency of DD, ESC, and/or SN. In this analysis, to clarify
the associated factors using multivariate logistic regression
analysis, we entered a variable reflecting the observation of
DD, ESC, and/or SN (1, presence; 0, absence) as a dependent
variable. : o

Table 1
Characteristics of the 975 participants in the present study
Overall Men ‘Women
No. of participants 975 324 651
Demographic characteristics )
Age, y 66.4+13.5 67.2+13.9 66.0+13.4
Height, cm 156.4+9.4 164.6x7.2 151.5+7.2
Weight, kg 56.8+11.5 64.5+11.6 53.0+£9.4
BMI, kg/m? 23.3+3.6 23.6%3.4 23.1%3.7
Symptom
LBP (%) 393 (40.3) 119 (36.7) 274 (42.1)

BMI, body mass index; LBP, low back pain.
Note: Values are the mean=*standard deviation.
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Table 2
Prevalence of combination of rz\dnographzc change in the lumbar regnon
accordmg 1o sex

Table 3
Association between LBP and radiographic changes in the lumbar region

‘Proportion of participants

Overall (%)  Men (%) Women (%) with LBP (%) OR (95% CI)

Total ; 975 . . 324 651 None . 25/85(29.4) Lo

None 8580 35(10.8) . 50 (7.7 DD alone 1121296 (37.8)  1.35(08-23)
DD alone = 206 (30:4) 104 (32.1) 7 1927(29.5) ESC alone /8 (D) R

ESC alone” - S8(0.8) 3(0.9) 5(0.8) SN alone 5/15 (33.3) 1.14 (0.3-3.6)
‘SN alone 15(1:5) L 6(1.9) L 9(1.4) DD and ESC 107/259 (41.3) - ©1.51°(0.9-2.6)
DD and ESC 259 .(26.6) 85.(26.2) 174 (26.7) ‘DD and SN 45/120 (37.5): 1.26 (0.7-2:3)
DD and SN . 120 (12.3) 37(1L4), . 83(128) SN and ESC . L .3/6.(50,0) . 2.06 (0.4-11.9)
SN and ESC 6 (0.6) 0 (0) 6 (0.9) DD, ESC, and SN . 96/186 (51.6) 2.17 (1.2-3.9)*
DD, ESC, and SN 186 (19.1) 54 (16.7) 132 (20.3)

DD, disc degeneration; ESC, end plate signal change; SN, Schmorl
node.

Note: Chi-square test was used to determine differences in radiographic
change between men and women. '

Results

, "‘"&b!e | shows the characteristics of the 975 pa1t101pants
in the present study including age and demographic meas-
urements. Two-thirds of the participants were. women.

... The prevalence of DD, ESC, and SN in the lumbar region
overall, without considering other radiographic changes, was
86.7%, 44.1%, and 29.6% in men and 89.6%, 48.7%, and
35.2% in women, respectwely Table 2 shows the prevalence
of combinations of radiographic changes according to sex.
DD alone demonstrated the highest prevalence, followed
by DD and ESC and DD, ESC, and SN in both sexes. The
prevalence of SN alone, ESC alone, or the combination of
SN.and ESC was small. The prevalence of combinations of
radiographic changes in the lumbar region did not signifi-
cantly differ between men and women. -

- When we evaluated DD, ESC, and SN in the lumbar re-
- gion overall without considering other radiographic change,
DD presence and ESC presence in the lumbar region were
each significantly associated with LBP (DD: odds. ratio
[OR] 1.58, 95% confidence interval [CI] 1.02-2.49; ESC:
OR 1.36,95% CI 1.04-1.76). On the other hand, SN presence
in the lumbar region was not significantly associated with
LBP (OR 1.27, 95% CI 0.96-1.68). Next, to determine the
effect of the combination of DD, ESC, and SN on LBP, we
classified participants into eight groups: none; DD alone;
ESC alone; SN alone; DD and ESC; DD and SN; SN and
ESC; and DD, ESC, and SN. As shown in Table 3, the
combination of DD, ESC, and SN in the lumbar region was
significantly associated with LBP. Disc deoeneratlon alone
was not an associated factor for LBP.

Furthermore, as shown in Table 4, the effect of combina-
tions of radiographic change at each intervertebral level
from L1-L2 to L5-S1 on LBP was evaluated: the combina-
tion of DD, ESC, and SN was significantly associated with
LBP at L1-1.2, L4-L5, and L5-S1. Furthermore, the com-
bination of DD and ESC was significantly associated with
LBP at L3-14, L4-L5, and L5-S1.

- CI, confidence interval; DD, disc degeneration; ESC, end plate signal
change; LBP low back pain; OR, odds ratio; SN, Schmorl node.

Note: Proporuon of participants with LBP means the number of partic-
ipants with LBP/the number of participants with each radiographic change.
ORs were calculated by multivariate logistic regression analysis after ad-
justment for age, body mass index, and sex.

* p<.0l.

Discussion

The prevalence of DD, ESC, or SN in the lumbar region
has been examined in some previous studies [ 1-15,26-32],
but, to the authors’ knowledge, no population-based studies
have assessed the prevalence of the combination of DD,

ESC,and SNinalarge populatlon using MRI. First, we found
that prevalence of combinations of DD, ESC, and SN in the

lumbar region waskapprox1mately,20%. By contrast, the

prevalence of ESC alone, SN alone, and combination of SN
and ESC was quite small, which is partly explained by the
fact that DD was reported to have a strong positive linear
relannshlp with ESC and/or SN in the prev1ous studles
[14,28,33].

The assoc1at10n of DD with LBP remams controvers1al

k'An association between DD in the lumbar region and LBP

was pxev1ously demonstrated in a twin study and other
previous studies ifi 5.30.311. However some reports ‘have
observed a high prevalence of DD among asymptomatic
volunteers, with no association between DD and LBP
[8.9]. These studies may have been limited in- that they
did not account for interactions between radiographic
changes including DD, ESC, and SN. The present study

found that the combination of DD, ESC, and SN was signif-

1cant1y assoelated with LBP, Whereas DD alone was not.
“The association of Modic changes which are the gold

standard to dlagnose ESC, with clinical symptoms, has been

controver51a1 in the clinical studles based on patient series and

a populatlon—based cohort [10-12,29,32]. The present study
found that the combination of DD and ESC at L3-L4,

L4-15, and L5-S1 was significantly associated with LBP.

Degenerative change of end plates becomes a source of

LBP and affects DD. Because the lumbar vertebral end plate

‘"contams immunoreactive nerves, as shown in the studies of
sheep and humans [33

34, it has been reported that an
increased number of tumor necrosis factor-xmmunoreactlve
spinal nerve cells and fibers are present in end plates



Table 4

Association between LBP and radiographic changes at each level in the lumbar region

L5-S1

L4-L5

L3-L4

L2-L3

Li-L2

Proportion of

Proportion of
participants

Proportion of Proportion of
participants

participants

Proportion of
participants

participants

OR (95% CI)

1

with LBP (%)

with LBP (%)  OR (95% CI)

OR (95% CI)

1

with LBP (%)
121/347 (34.9)

OR (95% CD)

1

with LBP (%)
153/416 (36.8)

OR (95% CI)

1

with LBP (%)
225/593 (37.9)

99/284 (34.9)

74/228 (32.5)

None

1.0 (0.7-1.4) 138/322 (42.9) 1.19 (0.9-1.6)  161/400 (40.3) 1.17 (0.9-1.6) 184/449 (41.0) 1.36 (0.9-1.9) 176/440 (40.0)  1.14 (0.8-1.6)
1.06 (0.5-2.3)

76/193 (39.4)

DD alone

1.24 (0.4-3.6)

6/15 (40.0)

0.50 (0.1-1.6)

3/16 (18.8)
5/14 (35.7)

81/164 (49.4)

0.74 (0.2-2.7)

3/10 (30.0)
10/22 (45.5)

55/93 (59.1)

0.96 (0.4-2.3)
1.03 (0.5-2.0)

9/23 (39.1)
15/40 (37.5)

11727 (40.7)
19/46 (41.3)

ESC alone

1/1 (100)

96/201 (47.8)

1.18 (0.3-3.5)

1.58 (0.6-3.8)

1.07 (0.6-2.0)
1.20 (0.6-2.4)

SN alone

1.82 (1.2-2.8)'
0.84 (0.4-1.6)

1.60 (1.1-2.3)*

2.43 (1.5-4.0)*
0.84 (0.5-1.5)

1.37 (0.8-2.3)

33/69 (47.8)

16/36 (44.4)
31/61 (50.8)

DD and ESC
DD and SN

0.45 (0.1-1.5)

16/52 (30.8) 3/15 (20.0)

1.14 (0.7-1.9) 24170 (34.3)

32/73 (43.8)

1.47 (0.8-2.6)

0/0 (0)
12/19 (63.2)

2.04 (0.08-52.5)
2.56 (1.4-4.9)

1/2 (50.0)
29/50 (58.0)

2/2 (100)
17/31 (54.8)

0/6 (0)
13/26 (50.0)

2.48 (0.2-53.8)

6.00 (1.9-26.6)"
CI, confidential interval; DD, disc degeneration; ESC, end plate signal change; LBP, low back pain; OR, odds ratio; SN, Schmorl node.

213 (66.7)

13/16 (81.3)

SN and ESC

2.85 (1.1-2.3)*

2.07 (0.9-4.5)

1.49 (0.7-3.4)

DD, ESC, and SN
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Note: Proportion of participants with LBP means the number of participants with LBP/the number of participants with each radiographic change. Multivariate logistic regression analysis of radiographic

change was associated with LBP after adjustment for age, body mass index, and sex.

#* p<.05.

t p<.0l.

¥ p<.005.
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demonstrating ESC [25]. Therefore, pain may originate from
damaged end plates in patients with ESC.

Another possibility is that ESC is a proxy for discogenic
pain, as ESC is most often seen in association with DD
[12,36] and tumor necrosis factor—immunoreactive nerves
have also been reported in DD {37]. Both the present results
and a previous study indicate that the association between
ESC and LBP appears to be stronger than that between
DD and LBP [29]. Regarding the association between the
level of ESC and LBP, Kuisma et al. [32] reported that both
Modic type I and II lesions at L.5-S1, but not at upper lev-
els, are associated with LBP. However, the present study
showed that the OR of LBP with Modic type I and II le-
sions at L3-L.4 was higher than that at L5-S1. We speculate
that the association of LBP symptoms with the 1.3-1.4 level
might be because of mechanical factors and alignment of
the whole spine, but the pathophysiology of this phenomen-
on needs further investigation. +

In the present study, SN alone was not significantly
associated with LBP. In addition, most SNs were combined
with DD. In fact, SN was not itself a risk factor for back pain
but was an indicator of DD in the previous reports
[13,14,28]. Furthermore, SN occurs when the cartilaginous
end plate of the vertebral body has been disrupted [38]. Such
a disruption can be produced by an intrinsic abnormality of
the end plate itself or by alterations in the subchondral
bone of the vertebral body [39]. Therefore, LBP might be
a multifactorial condition arising from a combination of
DD, ESC, and SN in the lumbar region.

Study limitations

The present study has several limitations. First, it is a
cross-sectional study, so the transition from DD, ESC, and
SN cannot be clarified. Second, more than 1,000 participants
included in the present study may not represent the general
population, as they were recruited from only 2 areas. To con-
firm whether the participants of the Wakayama Spine Study
are representatives of the Japanese population, we compared
anthropometric measurements and frequencies of smoking
and alcohol drinking between the study participants and
the general Japanese population. No significant differences
in BMI were observed (men: 23.7 and 24.0, p=.33 and wom-
en: 23.1 and 23.5, p=.07). Furthermore, the proportions of
current smokers and drinkers (those who regularly smoked
or drank more than one drink per month) among men and that
of current drinkers among women were significantly higher
in the general Japanese population than in the study popula-
tion, and no significant difference in current smokers was
observed among women (men smokers, 32.6% in the Japa-
nese population and 25.2% among study participants,
p=.015; women smokers, 4.9% in the Japanese population
and 4.1% among study participants, p=.50; men drinkers,
73.9% in the Japanese population and 56.8% among study
participants, p<.0001; and women drinkers, 28.1% in the
Japanese population and 18.8% among study participants,
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p<.0001). These results suggest the likelihood that partici-
pants in this study had healthier lifestyles than the general
Japanese population [40]. This ‘healthy” selection bias
should be taken into consideration when generalizing the
results obtained from the Wakayama Spine Study. Third,
d1stmct10n of the type of Modic changes was not p0331b1e
because owm0 ‘to cost and time limitations, only T2-
welghted images were obtained. However, Ohtori et al.

351 reported that both Modic type T and II changes were
31gn1ﬁcantly associated with inflammation induced by tumor
necrosis factor, Furthermore, the prevalence of Modic Type I
was lower than that of Type II in a systematic review [41].
Therefore, we propose that high-intensity ESC on T2-
weighted images is informative in the assessment of LBP.
Fourth, the deﬁmtlon of LBP is different among many
studies [24.321, and the result of association between LBP
and radiographic change might be changed depending on
the definition. We decided that the definition of LBP was
“LBP on most days during the past month, in addltlon to
now”” from the previous reports [20-24].

~ Finally, the radiographic changes of DD, ESC, and SN
in the lumbar region might not be strongly correlated with
LBP. Low back pain can be caused by multiple factors
including osteoporosis, back muscle strain, and psychoso-
cial prOblems; thus, we can explain only a portion of the
associated factors of LBP from MRI findings. Future inves-
tigations should include continued follow-up surveys of
psychosocial and other factors

Conclusions

We first investigated combinations of the radlographlc
changes DD, ESC, and SN i in the lumbar region and at each
intervertebral level and their assoc1at10n with LBP in a large
'populamon of individuals remgmcy in age from 21 to 97 years
old. Our data suggest that DD alone is not an associated
factor for LBP By contrast, the comblnatlon of DD, ESC,
and SN at L1-L2, L4-L5, and L5-S1 was significantly
associated with LBP. Furthermore, the combination of DD
and ESC at L3-L4, L4-L5, and L5-S1 was also signifi-
cantly associated with LBP. 'Low back pain is caused
by multiple factors beyond the scope of MRI findings.
However, this study clarified that DD alone was not associ-
ated with LBP, whereas, by contrast, the combination of
DD ESC, and/or SN was associated with LBP. Although
' they may not be 1mmed1ately apphcable to clinical practlce
these ﬁndmgs contribute to the progress of LBP research
Further investigations along with continued follow—up sur-
veys Wﬂl contlnue to eluc1date the causes of LBP
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ABSTRACT

Background: The Japanese Orthopaedic Association proposed
a concept called locomotive syndrome (LS) to identify
middle-aged and older adults at high risk of requiring health
care services because of problems with locomotion. It is
important to identify factors associated with the development
of LS. Physical performance measures such as walking speed
and standing balance are highly predictive of subsequent
disability and mortality in older adults. However, there
is little evidence about the - relationship between physical
performance measures and LS.

Purpese: To determine the physical performance measures
associated with LS, the threshold values for discriminating
individuals with and without LS, and the odds ratio of LS
according to performance greater than or less than these
thresholds in middle-aged and older Japanese women.
Metheds: Participants were 126 Japanese women (mean
age = 61.8 years). Locomotive syndrome was defined as a
score of 16 or more on the 25-question Geriatric Locomotive
Function Scale. Physical performance was evaluated using
grip strength, unipedal stance time with eyes open, seated
toe-touch, and normal and fast 6-m walk time (6MWT). Vari-
ables were compared between LS and non-LS groups.
Results: Fourteen participants (11.1%) were classed as hav-
ing LS. Unipedal stance time, normal 6MWT, and fast 6MWT
were significantly different between the 2 groups. The LS
group had a shorter unipedal stance time and a longer normal
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and fast BMWT than the non-LS group. For these 3 variables,
the area under the receiver operating characteristic curve was
greater than 0.7, and the threshold for discriminating the non-
LS and LS groups was 15 s for unipedal stance time, 4.8 s
for normal BMWT and 3.6 s for fast BMWT. These variables
were entered into a multiple logistic regression analysis, which
indicated that unipedal stance time less than 15 s was signifi-
cantly related to LS (odds ratio = 8.46; P < .01).
Conclusion: Unipedal stance time was the physical perfor-
mance measure that was most strongly associated with LS.
This measure may be useful for early detection of LS.

Key Words: GLFS-25, locomotive syndrome, physical perfor-
mance, unipedal stance time
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INTRODUCTION

Japan is facing the advent of a super-aged society. The
Japanese Statistics Bureau reported that, in 2013, people
aged 65 years or older accounted for 24% of the Japanese
population.! The number of individuals who require nurs-
ing care is increasing because of the increasing incidence of
stroke, senility, falls or fractures, dementia, joint disorders,
and other health issues.?

The Japanese Orthopaedic Association has proposed
a concept called locomotive syndrome (LS) to iden-
tify middle-aged and older adults at high risk of requiring
health care services because of problems with locomotion.?
This syndrome is caused by reductions in muscular strength
and balance that occur with aging and locomotive patholo-
gies such as osteoporosis, osteoarthritis, and lumbar spinal
stenosis.” In women, the syndrome may also be caused by
reductions in physical activity and bone density that occur
after menopause. To prevent LS, Nakamura? recommended
that individuals avoid deterioration of the locomotive
organs and the development of orthopedic problems and
maintain or improve walking ability.

Recently, a quantitative and evidence-based screening
tool called the 25-question Geriatric Locomotive Function
Scale (GLFS-25) was developed to identify individuals with
LS.#* The GLFS-25 is a self-completed questionnaire that
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