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Quantitative Ultrasound for Osteoporosis Screening in Postmenopausal Women
Min-Ho Shin, Hee-Young Shin, Eun-Kyung Jung, Jung-Ae Rhee, Jin-Su Choi

Department of Preventive Medicine, Chonnam National University Medical School and
Chonnam National University Research Institute of Medical Science

Objectives : To evaluate the diagnostic value of quantitative
ultrasound (QUS) in the prediction of osteoporosis as defined by dual
energy x-ray absorptiometry (DEXA) in postmenopausat women.

Methods : Questionnaires and height and weight measurements
were used in the investigation of 176 postmenopausal women. QUS
measurements were taken on the right calcaneus while bone mineral
density (BMD) measurements of the lumbar spine and femoral neck
were made with DEXA. The areas under the curves {AUC) of the
speed of sound (SOS) for osteoporosis in the lumbar spine and
femoral neck were obtained through receiver operating characteristic
(ROC) analysis and evaluated. A comparison was made, for
osteoporosis in the lumbar spine and femoral neck, between the AUCs
of the logistic model with clinical risk factors and SOS.

spine BMD, and of SOS and femoral neck BMD were 0.26 and 0.37.
The AUC for the logistic model in its discrimination for lumbar spine
osteoporosis was 0.764, and for SOS 0.605. The AUCs for the logistic
model in its discrimination for femoral neck osteoporosis and for SOS
were 0.890 and 0.892, respectively.

Conclusions : These results suggest that the diagnostic value of
QUS as a screening tool for osteoporosis is moderate for the femoral
neck, but merety low for the lumbar spine and that the predictability
provided by SOS is no better than that by the sole use of clinical risk
factors in postmenopausal women.
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Results : Pearson’ s correlation coefficients of SOS and lumbar Screening

o J/

N T LY = AFY R g2 A Fo] 10%E ANEE A § (11 2

= o7 dAakEt) %29 (quantitative ultrasound, QUS)&

. _ TUEFY FHEL AFol WSl o] §g Q8 ZAL|A] 504 oo} FE

SteSE RS B AN TAR gy e goz geA gom el aely B0EFl 118% 2247

ol WA o2 st Ao ZE ¥ Ao H7A & wolojA e 50%7} B7+A 3492 AX GG 2 HAZd e

Aol J&S nX = Afo g, ko] 7} 2 30%7} 2UE2S T gom, M AT ¥ Z [8]0] 654 oAb wolelF

£ M2 HATEA ADE2A9T o) e sl Qager 19 oY oA 2BAEAD wARSl 0B

f}ﬂ] Ge0] Gefts 2822 BT sag 49t Um0z A% dmHl (person-yeand WAo] 1528, o141
[1].

olo

1980 o] F&F A
FoE FEReAE kel
A A A el FE7F 843
A% Rolx Qlo], ¥

504

j—,}—o[]
I

ﬁ‘}f‘ 120014 79 3¢, Ad : 20014 108 309
ATE 20008% 73_70‘% 17139 4928 TH5IE.
““‘”XV} ARE (373 7 815 594 Ao dr g3gs oJfegn
- mhshinx@orgio.net)

o] Azt o 60-100%]
o [2-4]. T H$= Rowe 5 [51& IOEFe @ A AT £l

ot oelN dF BF Erkes A WS B Bt 54 &
o] 46%, 8.5 FUF Tl 61%Z AA3E o} 27| 5

A 504
A3 3 23 23 3 = N
A A xg J_—’oi AR 2A, =Tt Z zUgzo] 16.3%, ¥ 2o 2oy
s

4, RS 0622204170, B

B oj2ria & 55252 AA)sIch

lo

I, of

]A]— 041401111 kel =19

[§)

A =ufLlol A olFuA WA F

95 6 el TN |(dval energy x-ray absorptiometry,



DEXA)7} 20435 2dta} #ejo g5
(gold standard) © 2 o] 451 glc}. T2}
TERAL 93 AE ol DEXAY
o] &L 83 o] 87k WA B
A2k 73 917} wiiEel, FA7A] Fu
T Z/IHAETRA FHEA 41 9
9]

F2%0= Xray g o] &3

f7bEeta WA kol
o= <lsle] Wkl #
250} g3, 2 109 7 QUST|&LS
ofF w2 A w3 gt [10]. o3t F
Aol &0 AFFAEE ddeE QUS
g ol&% Ty 27|1AA A
of thel =99} o] A7Eo] FYHA
T [9-17], AAZ 9E2] Otu Health
Center= QUSE o|g&slo] Z7|74x =
2aRE At ot [15]. 282 =
HAME AR E GGl A QUSY o] &
o] F7k= 1 gtk

& A7 44 § NN FeF
o Z|HRETFREA QUSY 84 o
F& T/ S9dA Frtsiint. AlA,

A1 B9 EE ROC(receiver

operating characteristic)®4}-2 28] ¢
< I3 A (area under the ROC
curve, AUC)Zt 0 & 37}5}9th. E4, 9

gagmoz 731 20¥5e 48
[¢]
N

=2 .
il QUSTH Etgss U & d33te
A& Bkl

A7 Y

L AR
200013 8¢ 145E 8¢ 174744 A
BPd T AAT SFEHA 304 o4 A

TF QTRAE AFEAAT 2 F 507
gol AEEAb SHIAATHEHE
26.3%). AE&Hol BT A
A AR P A8, FetEols B4
9,74 508 GBS B4d Ho| gE
B, A2 QA aHS AHE A

A7 ¥ ool B35S 2IIAETZY B2354e) 484

4 59%-& A9ste, HF FA e
7 & 44 1769 o2 XAt

2. \IE3H

HEZAE APadyes 289
o, AEA o A, w&FE, 23N
g, A4, 4, &5, 79 &7, AAH
&%, A9 GAY, oo 349, 24
g, oks Bae, 27 9%, A4, 94 5
of et B3& TSk AR 25
S A 197 HHHoE AEY 59|
U go] 2ol A 5 dFYd
2 W SErtR S48 %a, 2dEe
oS A9 Yol s dojit =
Aol gjs} AR,

AAZE A734ART} 7R 2 &
Ahg HE AejeA o]Fexe

, A-A% A5%47](Dong Sahn
Jenix Co, Seoul, Korea)& o]-&3st0] 214
2 0.1cm, %L 0.1kg B7H] Z45
Atk AT NG AFE o838t A
2 %24 (body mass index, BMI)E AAt
sheleh

QUS &4 & Mark-6000(Medison,
Seoul, Korea)S o] &3t 243191,
AL AT b A EE A

Rl 2

92 z°
N

Zlol| #38k0] 9 2% FF(calcaneus)o] A
o|FHoH, 2853 FH&Z(speed of
sound, SO8)E =4 3hsich

=4 =+ DPX(Lunar Radiation,
Madison, Wisconsin, U.S.A)E o] &34

1 T

409

-1u)ekel 9, A Tscore?} -10]4
A A% sglon, duLE 303
(osteoporosis), = 7+AZ(osteopenia), A

8 3
a9, A%, 7], BMI, SOS, &5 29
E 08 3% 3951 Dol g
4*(Pearson’ s correlation coefficients)Z

Azatglt.

=

2
Ho b e 2
e A R
ooy oy Mol
Ol'N rx okl
-l">' o om
_ﬁ )
iy 48
o
Sb 2
do
jakl
ko
(-AO
=2
O
ok

I kXSl rE R S R o
Lol oft

B Y
o KA
%2
rir
rg
I
-
it
o
ol
Q.
i
ofX
b
>

4) 27| AAETEA Y QUSY F44
Hb T

n\l
!
o
ul
L,
i
it
[0
4%
T
fr o
=
e
w2

ol

Q
o
Rl
ot
>
~
N
rlo

AUC7} 0.5-0791
AALZ, 0.7-0.9291 7
BALE, 090) 4
1AtE B7kstAc Al
L s

Q

5
)
EXLE



b e
{fr
2
=
o
~
Q
(@]
(Sl
2,
rlo
=
re,

9ol BA LA = SPSS for Windows
10.0(SPSS Inc, Chicago, IL. USA)%}
Stata 6.0(Stata corp, College Station.
USA)S A8ttt

A7 A

| RCpTIS S UeHEel S

FEH 300 o] 1930% 5 deR
TXAFE At e, o] & 5074
TZAL Zefstgley WA i A
ZAAe AHEEE v WEH A
Aol AME T} 3047} 22.1%, 40T)
7} 17%, 50t)7F 19.1%, 60t 7} 23.2%,
70t o] Fo] 18.6%0|U 1, AEZAte
Zoj 2= 30t 7} 10.3%, 40007} 17.4%,
5007} 20.2%, 60th 7} 35.0%, 70t} o)Ak
o] 172%= AT 2A} Zed&o] 30T)eA
S 60t oA = 9kth(p<0.01). o]
exclusion criteria®] 3t 794 7
DEXA Z74o| it o2 19348
Aste] 2357 0] NALNTL, AHEE
7} 30t 7} 6.8%, 40T|7} 18.3%, 50t]7}
16.2%, 60t 7} 40.9%, 70t] o]Ato]
17.9%= AZ2A} o Aete] #9382}
ol UNL(p=0.06), HF AFE A&
ZAL Zgre} Hu s o Fog Ao
7F A p=0.50). ©] F #HH T 4]
176%8(74.9%)& A& ATHEE 39
t}

3
=
J

>

>

=2
=i
na

=

FHE AT RIS AHE T 4007t
2%(1.1%), 50t)7} 36%(20.5%), 60t) 7}
96™(54.5%), T04) o]4ko] 42%(23.9%)
oZ 60uj7t b ok, P AR
64.7AAY. WEFEE AusS B
% AFEo] 8578(48.3%), 258 wF
o) 4hg Hhe Alghe 917(51.7%)°] % 1L,

<27 - el - AT

Table 1. General characteristics of study subjects (N=176)
“Characteristics Mean + SD * or N(%)

Age(years) 64.717.1
Height(cm) 1494155
Weight(kg) 535+49.1
BMI * (kg/nt) 235134
Education

No education 85(48.3)

>Elementary school 91(51.7)
Income(Won)

¢{500,000/month 130(73.9)

2>500,000/month 46(26.1)
Smoking

No 156(88.6)

Yes 20(11.4)
Alcohol intake

No 137(77.8)

Yes 39(222)
Physical activity(times)

1/week 82(46.6)

2-5/week 54(30.7)

>6fweek 40(22.7)
Coffee or tea consumption(cups)

(1/day 147(83.5)

>1/day 29(16.5)
History of fracture

No 154(87.5)

Yes 22(12.5)
History of maternal fracture

No 162(92.0)

Yes 14(8.0)
Age at menarche(years)

<15 C179)

16-17 85(48.3)

218 74(42.0)
Delivery(times)

<3 22(12.5)

4-5 64(36.4)

26 90(51.1)
SOS * (m/s) 1708.2+90.1
Lumbar spine BMD * (g/am) 0.899-+0.184
Femoral neck BMD * (g/cn?) 0.736+0.116
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* 8D, standard deviation; BMI, body mass index; SOS, speed of sound; BMD, bone mineral density
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Table 2. Prevalence of lumbar spine osteoporosis by age Unit:N(%)
Age(years) Normal Osteopenia Osteoporosis Total
50-59 16(44.4) 15@41.7) 5(13.9) 36(100)
60-69 22(22.9) 34(35.4) 40(41.7) 96(100)
> 70 4(9.5) 15(35.7) 23(54.8) 42(100)
Total 42024.1) 64(36.8) 68(39.1) 174(100)
Table 3. Prevalence of lumbar spine osteoporosis by age Unit:N(%)
Age(years) Normal . Osteopenia Osteoporosis Total
50-59 24(66.7) 12(33.3) 36(100)
60-69 22(22.9) 69(71.9) 5(5.2) 96(100)
> 70 5(11.9) 24(57.0) 13(30.1) 42(100)
Total 51(29.3) 105(60.3) 18(10.3) 174(100)

Table 4. Correlations between age, height, weight, body mass index(BMI), lumbar spine bone mineral density(BMD), femoral
neck bone mineral density(BMD)

Age " Height Weight BMI LN(L2-4) ¥ LN(Neck) t
Height -0.42%*
Weight -0.33%* 0.55%*
BMI t -0.17* 0.15 0.90**
LN(@1.2-4) t -0.38%* 0.40** 0.56** 0.45%*
LN(Neck) ¥ -0.58%** 0.48** 0.54** 0.39%* 0.67**
SOS t -0.41%* 0.13 0.10 0.05 0.26%* 0.37%*

*p-value < 0.05, **p-value < 0.01

1 BMI, body mass index; LN(L2-4), natural log-transformation of lumbar spine bone mineral density; LN(Neck), natural log-transformation of femoral neck bone mineral

density; SOS, speed of sound
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Table 5. Univariate analysis of risk factors for lumbar spine and femoral neck osteoporosis

Lumbar spine . Femoral neck .
Risk factor(unit) osteoporosis osteoporosis

OR* 95% ClI* p-value OR 95% Cl p-value
Age(+1 year) 110 1.05-1.16 <0.001 122 1.11-1.33 <0.001
Height(+1 cm) 0.87 - 0.82-0.93 <0.001 0.82 0.74-091 <0.001
Weight(+1 kg) 0.90 0.87-0.94 <0.001 0.86 0.80-0.92 <0.001
Education(yes vs no) 0.55 0.30-1.02 0.057 0.23 0.07-0.74 0.013
Income( >W500,000 vs{W500,000) 0.54 0.26-1.11 0.095 0.53 0.15-1.94 0.341
Smoking(yes vs no) 11.67 3.27-41.6 <0.001 5.14 1.67-15.8 0.004
Alcohol (yes vs no) 1.49 0.73-3.06 0.276 2.51 0.90-6.98 0.079
Physical activity(>2/week vs(2/week) 0.73 0.40-1.34 0.304 040 0.14-1.11 0.079
Coffee or tea (> 1/day vs(1/day) 0.81 0.35-1.86 0.616 0.61 0.13-2.79 0.521
History of fracture(yes vs no) 2.10 0.85-5.17 0.107 444 147-13.44 0.008
History of matenal fracture(yes vs no) 0.87 0.28-2.07 0.815 0.66 0.08-5.33 0.693
Age at menarche(>18 vs {(18) 1.13 0.33-1.53 0.450 1.35 0.83-2.21 0.225
Delivery( >6 vs{6) 1.83 0.99-3.39 0.055 1.57 0.58-4.26 0.375

*OR, odds ratio; CI, confidence interval

Table 6. Multivariate analysis of independent risk factors for lumbar spine and

femoral neck osteoporosis

Type of osteoporosis and risk factor(unity ~ Odds ratio 95% CI* p-value
Lumbar spine osteoporosis
Age(+1 year) 1.03 0.96-1.10 0.406
Height(+1 cm) 0.94 0.87-1.02 0.161
Weight(+1 kg) 0.92 0.88-0.97 0.003
Education(yes vs no) 145 0.65-3.25 0.361
Income( >W500,000 vs<WS500,000) 1.02 0.43-243 - 0958
Smoking(yes vs no) 8.61 2.08-35.7 0.003
Physical activity(>2/week vs(2/week) 0.90 0.43-1.88 0.784
History of fracture(yes vs no) 1.42 0.48-4.22 0.531
Delivery( >6 vs{6) 1.80 0.81-4.02 0.149
Femoral neck osteoporosis
Age(+1 year) 1.15 1.03-1.28 0.015 .
Height(+1 cm) 092 0.79-1.06 0.235
Weight(+1 kg) 0.91 0.82-0.99 0.045
Education(yes vs no) 0.80 0.18-345 0.762
Smoking(yes vs no) 111 0.22-554 0.898
Alcohol(yes vs no) 2.71 0.70-10.45 0.147
Physical activity(>2/week vs(2/week) 0.80 0.22-290 0.736
History of fracture(yes vs no) 2.57 0.66-10.09 0.176

*Cl, confidence interval
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(p=0.678) (Table 8, Figure 2).
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Table 7. Sensitivity and specificity for various threshold values of speed of sound
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Table 8. Areas under the curve for lumbar spine and femoral neck osteoporosis
Site of diagnosis AUC * SE* 95%Cl * p-value' R square'
SOS * 0.605 0.043 0.520 - 0.690 0.028
Lumbar spine
Model! 0.794 0.035 0.726 - 0.863 <0.001 0.213
SOS * 0.892 0.033 0.827-0.957 0.339
Femoral neck
Model’ 0.910 0.028 0.855 - 0.965 0.678 0.366

* AUC, area under the curve; SE, standard error; Cl, confidence interval; SOS, speed of sound

 comparison of the AUC by the nonparametric method of DeLong and Clarke-Pearson

# Fitting model using the multiple logistic regression model for lumbar spine osteoporosis

§ Fitting model using the multiple logistic regression model for femoral neck osteoporosis

Il McFadden' s R square
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Figure 1. Receiver operating characteristic(ROC) plot for lumbar spine
osteoporosis by logistic model and speed of sound(SOS).
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Figure 2. Receiver operating characteristic(ROC} plot for femoral neck
osteoporosis by logistic model and speed of sound(SOS).
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