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t}h'9 w3l o]2] 4= Advance, General-electric Lunar, Medison, USA 7]7]& o] &
< 94 AT A 2 F odojA o el A= LA (L-spine®] verte-

Reference: Lo-L4 Trend: L2-L4

BMD (a/cm? YA T-Score  BMD (a/em? YA T-Score

1.36y
1.24
1.12
1.00

Fig. 1. Identification of ROI of the

0.83
076 spine and measurement of T-
064 scores. T- scores were calculated
052 . .
20 30 40 50 60 70 50 0100 1950 based on the bone mineral density
Age (vears) Age (vears) measurements, which were made by
drawing regions of interest (ROIs)
1 2 3 .
BMD Young-Adult  Age-Matched around L1~L4 vertebral bodies
jesion scet st i after scanning L-spines using a
] T114 05 0.1 '8 P 5
L2 1.185 0.5 0.0 DEXA machine. (a) Set of POI of
L3 1,330 18 12 .
L4 1185 30 o5 @ the spine, (b) Measurement of T-
L1-L4 1.289 15 1.0 scores.
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bral body) T L1 hibEdo] &3] WAsla L5
o] AR7F U Asto] BANE L2~149] FUE
5 o] vl 9o} HxAfolli= I1SCD Aol <A LI
~L4 FFANE 71FoE AdEF =Hojgoh® 2y
B oAfHeE #FAAAGE Q2FAF(L-spine®] vertebral
body) % LI~L4 BE Z7 284 FdE(gem) S
4 ¥ T-scores T3 tha(Fig. 1) 27H8] 2 3ol izl A
—1~—25 8 oJ3lE FRAZ, —25 S olstE FrfEZo
A s

MR 342 352 1.5 T MR scanner (Signa 1.5 T HDx.
GE Healthcare. Milwaukee. WI)$} HD T/R 8 ch spine array
coil (In vivo Corp. Gainesville. FL)S o]-&3}%it}.

FAR QLS AW A FUHEE AES Bl
J3}o] fast spin-echo (FSE) 44" & o] &3] T2 7= of
AH(TR: time of repetition=3,500 msec, TE: time of echo=100
msec, NEX: average=2)¥} T1 7= <J“4(TR: time of repeti-
tion=600 msec, TE: time of echo=10 msec, NEX: average=2)
o] A]AHH (sagittal plane)ed 47} 244 (axial plane)d A4S 7+

Wt ghow 2,

TR: 6,000 ms, TE: 60 ms, Matrix: 128%x192, NEX: 4, Slice
thickness: 4.5 mm, FOV: 280 mm, Scan Time: 1:42 ms

353 A=z 42 Advantage Workstation (Ver 4.3,
Revision 4. GE healthcare. Milwaukee. W) 2.2 X2 ADC
(apparent diffusion coefficient) map 35 & 53} &5
3t Az AbolA] 1~589] QFX|F(L-spined] verte-
bral body) 5 =% 54 F91¢ LA &7 91 Li~
L4 ] B9 ollA A% 7 E(signal intensity)s 4 sFA
ADC map JoA & g4 &4 74]&!‘% =74 &3k oluf
BAAARONS ZHekaA B Sl P2EE o)
& pol EIRHES ichEg 2)

/goJo]] ;H*} ;gakﬂ H/HH]—HJ o7 J,LA ogoj_,‘ T-score2}
Asd] 50 (signal to noise ratio) B A A AT
(apparent diffusion coefficient; ADC)E T8l H 3} &}o]
Aol 4] Tscoretisholl we Asul FHulsh A4
AAle] W3HE BlaElda T-scoreol] o3l 34T, =
pZow BRee] 1gue Auv) Fou9 B
A W3 E vlwzsldet A FenjE Li~14 v B
YollA e A% ZAE e Wagk$ e 353 X} (background
standard deviation)®] A Z7}FE 7ko 2 o] AAbslych

Fig. 2. ROI set of diffusion weighted image and ADC map
image. (A) The first in a total of five spines. (B) The second in
a total of five spines. (C) The third in a total of five spines. (D)
The fourth in a total of five spines. Signal intensity measure-
ments were made over L1~L4 among the five L-spine vertebral
bodies on the diffusion weighted images obtained so that they
could match the regions from which bone mineral density
measurements were made, while ADC values were measured
on the ADC map images. In doing this, ROIs were designated
so that as many anatomical structures (landmarks) to be
measured as possible could be included. (a) Diffusion weighted
image, (b) ADC map image.

°] ’%'54 o A& /ﬂfiiﬂ 51| (signal to noise ratio)S

ST

region, surroundingtissues

SNR = SDN

SDN: standard deviation of noise in background

SI: signal intensity

LI~L4 ] 9ol P53 A5 Fauek dA 24
A2l FFFE Aol ANOVA ZE(ANOVA, SPSS win
208 o8, F o AUY AolZ W skl
Scheffe 752 ©]-&3slod A7 F(post-hoc analysis) 3}
t}h. T-scored} AEd] F-Sn] g AA A A5 oAn

4]& bivariable correlation analysis® H415}9o™ pZho]
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Table 1. A comparison of the S/N ratios and T-scores between the healthy,

diffusion-weighted MR images.

oetzel : M21 & M1 2010

osteopenia, and osteoporosis group on

SNR T-score
Subject group
L1 L2 L3 L1 L2 L3 L4
Health group 252+0.15 2.82+0.21 245+0.23 2.95+0.17 ND ND ND ND
Osteopenia group 243+012  256+0.19 2.37+0.18 2.72+0.23 —2.02+024  —1.83+0.16  —214£015 —1.62+0.13
Osteoporosis group 225+013 2.27+021 2.15+0.16 2.57+0.14 —3.02£024  —290+018  —3.12+021  —2.70+0.16

Numbers are expressed as meant standard deviation. ND: not detected. Regions of interest were placed over the L1~L4 vertebral
bodies. In the qualitative analysis, it was found that for both the osteopenia group and the osteoporosis group, as T-scores
decreased, the S/N ratios on diffusion-weighted MR images also decreased, with the greatest decrease in the S/N rations found in
the osteoporosis group. Additionally, among the three groups, the lowest S/N ratio was found in the osteoporosis group (p<0.05).

3l

=
)-’1 T2 3738 HEZ ARX|sto] HAFZE
Z7A 1921 kruskal-walls testS ©|-&38lo] HFzLE H]

a3t

A, &l

Jl

m

1}

g4 A#H XA} Tscore?b —1~-25 S F9&

FAE L1 183, L2 143, L3 113, = 163L0]

58 B} 2 B9 LI 93, L2& 10
60|}, Tscore7]— —-18 ED]- Z X
_TV_

gEz Bt 39%01:1 1} %)

5
451023, L4olA =
59 L1£ 243+0.12, 1.2

0.15, L2014 = 2.82+0.21, L3ollA4]
2.9540.172 VEbth =74

= 2.56%0.19, L3+ 2.37+0.18, L4+ 2.72+0.232 E}LT)
FohEZE 2§ LIS 2251013, L2¥& 227+021, L3E
2.1540.16, L4¥= 2.57+0.14% el Al 2EollA] L1e
p=0.025 (F: 21.93, df: 42), L2 p=0.038 (F: 31.78, df: 36),
L3¥E p=0.015 (F: 29.56, df: 34), L4 p=0.021 (F: 35.27, df:
29)2 FAFCE ou| Q& W3 (p<0.05)7F Ak =3+

3.00 1

2.80 A

2.60

SNR

2.40 A

2.20 A

2.00 A

Osteoporosis Osteopenia Normal

Fig. 3. Graph of diffusion SNR values for normal, osteopenic,
and osteoporotic subjects. SNR: signal to noise ratio. Among the
three groups, the lowest S/N ratio was found in the
osteoporosis group (p<0.05).

£Z 279 2FAF LiolAE T-score’} —2.02+0.24, 1.2
£ —1.83:0.16, L3E —2.140.15, L4E —1.62+0.13% }E}
vtk FohEE 259 23AF L1E T-score?} —3.02+
0.24, L2 —2.90+0.18, L3+ —3.1240.21, L4+ —2.7040.16
Z ek (Table 1). T-score®} Ao #H2n]2] ATA|
B4 At GogES 0029 (p<0.05)EH EA
o3t ok AWIAE Bk = A% a5
s 2w AF Azl Fevle =
7 GA JebaLFig. 3) ER4ATS =
aFdAE T-score7]- 7+ e whe) Azl zod A
o] An w7t FHaste] vebyket.

ADC map%3dollA 71738 159 4y A4 g4
A (mmYs)= L1olAE  (0.37+0.024)x10 ° A
(0.34£0.024)x10 * mm’fs, L3¥ (0.31£0.017)x10 * mm?’/s, L4
L (035+0.027)x10 ° mm’sE Ve F4AZ 259

A

P HU

81}1 :‘O r
R m]:]

2 off ofN mi X rulru
ofN L
izl
2

mm2/s,
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Table 2. A comparison of the ADC values and T-scores between the healthy, osteopenia, and osteoporosis group on ADC map
images.

ADC value T-score
Subject group
L1 L2 L3 L4 L1 L2 L3 L4
Health group 0.371+0.024 0.343+0.024 0.319+0.017 0.352+0.027 ND ND ND ND
Osteopenia group 0.323£0.021 0.311+0.019 0.282+0.019 0.289+0.014  —2.02+0.24 —1.83+0.16 —214+0.15 —1.62+0.13

Osteoporosis group 0.313£0.024 0.294+0.019 0.265+0.028 0.227+0.017  —2.80+0.24 —2.40+0.18 —3.12+0.21 —2.20£0.16

Numbers are expressed as meant standard deviation. ND: not detected. Regions of interest were placed over the L1~L4 vertebral
bodies. The ADC values are reported in unitsx10 > mm?/s. With respect to ADC map images, for both the osteopenia group and
the osteoporosis group, ADC values were shown to be lower with decreased T-scores. Among the three groups, the group showing
the lowest ADC value was found to be the osteoporosis group (p<0.05).

0.375 1
Table 3. A comparison of the signal intensity between the
= 0.350 1 healthy, osteopenia, and osteoporosis group on T1 weighted
g images (3: high 2: middle 1: lower).
E 0.3251 o 9 )
N T Experts
= 0.300 - Subject group
g RD RT RT Average
30.275- Health group 1534034 1.67+042 149039 1.56+0.40
2 Osteopenia group  2.31£0.51 2.24+0.64 2.38+0.53 2.31£0.56
0.250 - Osteoporosis group 2.52+0.51 2.67+0.56 2.72+0.54 2.63+0.53
0.225 - . . . Numbers are expressed as meant standard deviation. RD:

Osteoporosis Osteopenia Normal radiologist, RT: radiotechnologist. Among the three groups, the
group showing the lowest signal intensity was found to be the
Fig. 4. Graph of diffusion ADC values for normal, osteopenic, health group (p<0.05).
and osteoporotic subjects. The ADC values are reported in
unitsx10 > mm’/s. Among the three groups, the lowest ADC
value was found in the osteoporosis group (p<0.05).

Fig. 5. T1-weighted sagittal images
for each of the healthy, osteopenia,
and osteoporosis groups. The qua-
litative analysis, the osteoporosis
group showed the highest signal
intensity with the healthy group
the lowest among the three groups.
(@) Healthy person, (b) osteopenia
person, (c) osteoporosis person.




WAoo A A AFE LiolAE (0.32+0.021)x10 °
mm’s, L2 (0.31+0.019)x10 ° mm?s, L3= (0.28+0.019)x
10 * mm’fs, L4¥= (0.2840.014)x10 ° mm?sZ vreEbsic) &
s 2w #E99 84 4 AlFe LidAe
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Assessment of Osteoporosis Based on Changes in SNR and ADC
Values on MR Diffusion Weighted Images

Jae-Hwan Cho, Yeong-Soo Kim

Department of Radiology, Soonchunhyang University, Bucheon Hospital, Bucheon, Korea

This study tested how S/N (Signal to Noise Ratio) ratios and ADC (apparent diffusion coefficient) values vary
with different T-scores in a group of patients with osteoporosis. Based on DEXA (Dual Energy X-ray
Absorptiometry) T-scores for L1-L4 for two groups of subjects consisting of 30 healthy people without
osteoporosis and 30 patients who came for treatment of waist (lumbar or low back) pain and were suspected
to have osteoporosis as judged from the simple X-ray findings, this study classified every spine into two groups
of osteoporosis and osteopenia. Signal intensity measurements were made in the four regions of L1 to L4 on
diffusion—weighted MR images obtained using 1.5T MR scanner, while ADC measurements were obtained from
ADC map images. As an approach for quantitative analysis, the comparison of the variances in S/N ratios and
ADC values for varying T—scores in the selected regions of interest was carried out based on averaged T-scores,
S/N ratios, and ADC values. Also, the variances in S/N ratios and ADC values for each of the groups of
osteoporosis and osteopenia, which were classified into by T-scores, were compared. For qualitative analysis,
a careful naked eye examination of signal intensity differences in the area of L4 was made on T1-weighted sagittal
images for each of the healthy (normal), osteopenia, and osteoporosis groups. In the qualitative analysis, it was
found that for both the osteopenia group and the osteoporosis group, as T-scores deceased, the S/N ratios
on diffusion-weighted MR images also decreased, with the greatest decrease in the S/N ratio found in the
osteoporosis group. Additionally, among the three groups, the lowest S/N ratio was found in the osteoporosis
group. With respect to ADC map, it was found that for both the osteopenia group and the osteoporosis group,
as T-scores deceased, the ADC values on diffusion-weighted MR images also decreased, with the greatest
decrease in the ADC values found in the osteoporosis group. Additionally, among the three groups, the lowest
ADC value was found in the osteoporosis group. On the other hand, in the qualitative analysis, the osteoporosis
group showed the highest signal intensity. Additionally, among the three groups, the lowest signal intensity was
found in the healthy (normal) group. It was found that as osteoporosis progressed, S/N ratio and ADC decreased,
whereas signal intensity increased on T1-weighted images. Also, in diagnosing osteoporosis, MRI tests turned
out to be (more) effective.

Key Words: Osteoporosis, T-score, Diffusion-weighted image, Signal to noise ratio (SNR), Apparent diffu—
sion coefficient (ADC)
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