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Quntitative Ultrasound of the Calcaneus in Japanese Students

For the prevention of osteoporosis, it is important to increase peak bone mass as
well as to keep healthy diet and physical exercises. In this study we assessed osteo
sono-assessment index (OSI) at the calcaneus in J apahese students and examined the
association with dietary habits and physical activities. The subjects were high school
students and university students who lived around Tokyo. We measured speed of
sound, transmission index and OSI at the calcaneus by using AOS-100 (ALOKA Co.,
Ltd, Tokyo). OSI has been used as an index of bone mass and it was reported that OSI
significantly correlated with bone mineral density measured by dual-energy X-ray
absorptiometry. Height, weight and grip strength were also measured, and the percent
of body fat was assessed by a bioelectric impedance method with TBF-300 (TANITA
Co., Ltd, Tokyo). We asked current physical activities and food intakes by the
questionnaire. This questionnaire also included items to ask histories of diet and
physical activities. Nutrient intakes were calculated by using the food frequency
questionnaire (Yoshimura, 2001). Male OSI was significantly higher than female OSI
in both the high school students and the university students. OSI in the university
students was significantly higher than OSI in the high school students among the male
subjects, OSI positively correlated with lean body mass and grip strength among the
female subjects. Also, the students who had the habit of doing physical activities
showed high OSI compared to the students who seldom participated in physical
activities. However, there was no significant correlation between OSI and other factors
about lifestyle. |

The population of older adults grew rapidly and osteoporosis has been thought as a

big health problem in Japan. It is estimated that almost 30% of Japanese women 50
years of age and over suffer from osteoporosis. To prevent osteoporosis and to increase
peak bone mass during young adulthood, keeping good diet and physical exercise are
important. In this study we assessed osteo sono-assessment index (OSI) at the
calcaneus in Japanese high school and university students to examine the association
with dietary habits and physical activities.

The subjects were 229 high school students (106 boys and 123 girls) and 143

university students (65 men and 78 women) who lived around Tokyo.




METHODS

We measured transmission index (TI) and speed of sound (SOS) at the calcaneus by
using AOS-100 (ALOKA Co., Ltd, Tokyo). Osteo sono-assessment (OSI) was calculated by the
following formula: OSI=TI X SOS2. OSI was used as an index which reflected the density of
the bone. Height, weight and grip strength were also measured and the percent of body fat
was assessed by a bioelectric impedance method with TBF-300 (TANITA Co., Ltd, Tokyo).
Total body bone mineral density was measured on a dual-energy X-ray absorptiometer
DPL-X (Lunar Corp., Madison, WI) to verify that OSI was correlated with bone mineral
density. Nutrient intakes were calculated by using the food frequency gquestionnaire
(Yoshimura, 2001). We also asked the subjects about their current and past dietary habits
and physical activities as well as their experiences of losing weight. The questionnaire for

the female subjects included items about the age of menarche and menstrual status.

Results
Results obtained were following:

1. As for the male subjects, OS] in the university students was significantly higher than OSI
in the high school students. There was no significant difference of female OS] between the
high school students and the university students. 2. OS] was positively correlated with grip
strength in the high school male students. As for the female students, OSI was positively
corrélated with weight, lean body mass and grip strength.

3. OSI was significantly correlated with dietary intakes such as calcium, dairy products and

‘seaweed. 4. The students who had the habit of doing physical activities not only at present
but also in the past showed high OSI.

CONCLUSION

As conclusion of the present study, it was indicated that body composition and OSI in
the male students would keep growing even after their high school periods. On the other
hand, body composition and OSI in the female students would reach the plateau during
their high school periods. In our study BMI in the subjects were within the normal range
and the female students whose weight and LLBM were at a high level demonstrated also high
OSI.



OS], Body Composition and Grip Strength of Subjects Mean =+ SD
High School Male University Male High School Female University Female
Students Students Students Students
(n=106) (n=65) (n=123) (n=78)
Speed.of Sound (m/s) 1609 = 28 1619 =+ 26° 1601 =+ 25 1603 =+ 27
Transmission Index 1.226 =+ 0.125 1.289 =+ 0.107° 1.160 =+ 0.087 1.179 =+ 0.095
oslI (x10%) 3.182. = 0417 3.378 % 0.372° 2.981 =+ 0.297 3.036 =+ 0.334
Age (yr) 16.2 *+= 0.6 204 *+15° 16.2 = 0.6 205 +17°
Height (em) 1704 £54 1729 *59° 158.6 X 4.6 158.1 = 5.2
Weight (kg) 609 =+ 82 655 =+ 6.9° 526 6.4 522 £ 6.4
Body Mass Index 210 =26 21.9 £ 20° 210 £ 25 208 = 2.1
Body Fat (%) 206 + 54 19.3 =+ 3.6 270 +£53 26.0 = 3.9
Lean Body Mass  (kg) 481 =53 527 X 4¢6° 382 =30 385 *+ 3.7
Grip Strength (kg) 393 +54 428 £ 49° 25.1 +54 269 +38°
Age of Menarche 122 = 1.2 124 =15

(yr)

a:Means statistically different from the values for the high school male students at p<.05.

b:Means statistically different from the values for the high school female students at p<.05.

Pearson Correlations of OSI with Body Composition,Grip' Strength and Age of Menarche

High School Male

University Male

High School Female

University Female

Students Students Students Students
Height -0.163 -0.225 0.243° 0.118
Weight 017N -0.113 0.430° 0.231°
Body Fat - 0.027 -0.222 0.320° 0.103
Lean Body Mass 0.189 -0.019 0.418° 0.238°
Grip Strength 0.256° -0.015 0.335° 0.237°
Age of Menarche — — -0.161

=0.112

¢:There was a significant correlation with OSI, p<.05

Partial Cbrrelation Coefficient to Predict OSI

High School Female

University Female

Students Students-
Height 0.084 -0.022
Body Fat -0.068 -0.073
Lean Body Mass - =0.117 0.068
Grip Strength 0.147 0.145
Age of Menarche -0.110 —-0.087




trient Intakes and Food Consumption (by FFQg)

_ - Mean =+ SD
High School Male University Male High School Female University Female
Students Students Students Students
(n=102) (n=56) (n=118) (n=78)

it
rgy (MJ) 10.27 £ 298 8.06 =+ 278° 7.89 £ 230 6.67 =+ 2,40b
:ein (& 88.1 + 305 66.3 =+ 27.9° 643 * 224 499 =+ 221
rgy from fat ®) 327 £ 48 31.7 £52 333 48 303 =+ 70
sium (mg) 771 % 354 575 = 404° 537 =+ 231 420 =+ 240"

(mg) 90 + 3.1 68 +24° 74 + 24 60 £ 25°
min A (ug 956 -+ 503 671 £ 415° 875 £ 363 626 =+ 393°
min B, (mg) 1.25 + 047 094 = 0.39° 095 =+ 0.35 0.75 =% 0.37°
min B, (mg) 1.47 £ 0.56 112 £ 062° - 1.05 £ 0.37 0.81 = 0.40°
min C (mg) 114 += 123 71 % 47° 107 *x 55 76 =+ 55°
iroup
ns (g) 2512 + 748 1816 = ¢1.2° 1814 =+ 51.0 1659 = 69.3
atoes _ (g) 53.2 =+ 348 30.9 =+ 29.0° 641 X+ 440 383 =+ 32¢°

(& 188 =+ 9.2 129 =+ 79° 180 9.7 123 + g5t
bean products (@ 66.5 + 454 447 =+ 32.1° 504 =+ 323 400 =+ 354°
en and yellow vegetables (g) 626 = 455 45.1 & 40.7° 70.2 =+ 40.3 493 -+ 433"
er vegetables and fruits (@) 947 + 63.6 59.7 &+ 52.8° 995 + 61.6 69.2 + 63.1°
weed (& 34 += 36 1.9 *+17° 29 £20 17 £1.7°
es ® 826 =+ 50.8 528 * 474° 63.8 + 364 371 =+ 434°
ts (® 131.7 =710 109.1 = 58.9° . 895 =+ 559 715 =+ 62.1°
3 @® 47.7 * 283 374 =+ 246° 39.1 % 19.1 300 =+ 19.1°
y products . () 329.0 + 228.1 2373 =+ 2815° 166.8 + 153.9 1231 =+ 131.0°

a:Means statistically different from the values for the high school Male Students at p<.05
b:Means statistically different from the values for the high school Female Students at p<.05

rson Correlations of OS] with Nutrient Intakes and Food Consumption.

High School Male

University Male

High School Female

University Female

Students Students Students Students
‘ent
Energy 0.161 0.075 0.248 * -0.059
Protein 0.139 0.103 0.222 % -0.059
Calcium 0.193 ~0.007 0.292 % -0.012
Iron 0.059 0.135 0.212 % 0.018
Vitamin A 0.019 0.131 0.272 * 0.050
Vitamin B, 0.144 0.072 0.223 * -0.042
Vitamin B, 0.215 * 0.045 0.248 * 0.040
Vitamin C 0.152 0.030 0.318 * 0.180
| Group '
Soy bean products -0.057 0.075 0.123 0.048
Green and yellow vegetable -0.111 0.168 0.185 0.011
Other vegetables and fruits 0.118 0.011 - 0248 % 0.043
Seaweed 0.055 ~0.016 -0.166 0.388 *
Fishes 0.080 0.138 0.185 0.023
Dairy products 0.252 * -0.045 0.199 -0.084.

* : There was a significant correlation with QSI, p<.05



OSI, Height, Body Weight and Grip Strength of Subjects
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* : Means statistically different between the male students and the female students at p<.05.

OSI by Physical Activities

+ : Participate in physical activities 3 or more days per week.

- : Participate in physical activities less than 3 days per week or no physical activities

ot High School Male Students (x10°) High School Female Students
4500 ‘ 4000
4000 - .
3500 r
3.500 :
I 3000 '
3.000 l
2500 i 2500
_In the past - -— + In the past -_— —_— +
At present -— — + + ! At present — - + +
(x 10°) University Male Students (x10%) University Female Students
4,500 4.000
4000 | ! r —-_‘l I :
3500
3.500 ’“
3000 | .l- _
3.000 3
2,500 2500 _
In the past -— + In the past - - +
At Prasant —_— -— + + At Prasant — — + -+

% : Means statistically different anjgne physical activities gourp at p<.05




OSI by Experience of Losing Weight

(x10°%)
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- 2500
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There was no significant difference between the group.
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TEANBZEOERLAEEE

Relationship between bone mass and lifestyle of Chinese students in Japan

Relationship between bone mass and lifestyle were investigated in 117
Chinese students in Japan and 162 Japanese students were examined. We
measured speed of sound, transmission index and osteo sono-assesment index
(OSI) at the calcaneus by using AOS-100 ( ALOKA Co., Ltd, Tokyo). Height,
weight and grip strength were also measured, and percent of body fat was
assessed by bioelectronic impedance method with TBF-300 (TANITA Co., Ltd,
Tokyo). We asked current physical activities and food intakes by the
questionnaire. The questionnaire also included items to ask histories of diet and
physical activities. Nutrient intakes were calculated by using the food frequency
questionnaire (Yoshimura, 2001). The following results were obtained 1) OSI of
Chinese female students in Japan equality with Japanese female students and
also Chinese male students in Japan and Japanese male students. 2) OSI of
Chinese female students in Japan were correlated with current calcium intake,
milk and dairy products intake or bean and bean products intake in the past. 3)
OSI of Chinese female students in Japan were correlated with their past
physical activity.

LI

BRI L 5 B RN AEREEL 2oTHY . FEOBRRERE DBFO
RARIBHEOEMNRR O TNWS, PEZEZSBFHREZRRICLS LD 1997 FFEF
HRRE A AT 8,390 T A (BRAERIIZAFALOD 6.6%), 2010 FiZid#y 11,400 T A
GEERIFLEADD 8.2%)., 2025 4213k 15,130 FA (REAOD 9.9%) &5, &
EHEHBECL > TREZ2EHVELoo5 5, Xuling 52 0 1988— 1992 FE DRI &
5L, LEED 50 B LD B L HHORBEEEHERORERITENEN 10 HFAF
97 N. 10 FAH 87 AT, 1988 £ 5 1992 FEDMITRERIIZN TN 34%, 33%HE X
T EBEShTVWS,

FEIFAOREL, EEEAEEICER L TRV, 2003 FEICIIEEHEN 7.03%% 5H 5
EFRBENY BEMEHRICEAT S L 50k B, BHBREICH L CORRITEEERIC
CBRTIOFUEBN TS EWbid, BIFICL DERTBRRAZERT 5121320
FEEN MDD DOREETH D, BRI THTEREEERRCH Y., TOTHH
WCRLEERAIL, BRI TR AR EREZEALEXEEEEDTH L, 2
WO L OBRICHE Y BEBAZD L THIHITHZ & ThHhb, Ll 1992 EoH
EEEXERAE TR BRELEERBEENRH D L ENBINLT Y AOTKRREFEATY
T A% EIES . BAEOREREDBERETHIEELE L bR,

FIT, AFRTIE, ARICBEL TV ATEARZREOBREZRAEL, BAAORE
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BONE BT 5L L bic, BEEDORETH (BED) AEBEROAATOEESDE
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Zﬂf%jﬂ‘%

. B

*EFZ-‘F) HIRFEED tF'EU\‘%'%é 117 A (10~30 &, KF 57 A, BF 60 N), BLURER
DEANFE 162 AT 68 A, BF 94 N), BLET219 AZx5e LT, 2001 F 11 A
hri 2002 4 10 AIZANT CRREEIT 2o 7, ' '

2. RERUHAENE

BEOHE. HE&. P—FE {Zﬁﬂaﬁﬁﬁ BAORE & AEE IEODT vr— bRE. RYE
BEERE LT 7,

BRIZOWVTIX B EBF Al & (ALOKA #-84 A0S-100) & iV T BB BB D F & (Speed
of Sound , BAF SOS &9%), FHifEHE (Trans—mission Index, AT TI &9 5)ZHEL.
FEYEhfE (Osteo Sono—Assessment Index, AT 0SI &9%) #EH L,

0ST=TT X S0S? _,

BE, EEERCOWTL, ¥ =4 tRoEENE (TFB-101) #HWT, FEBIWV
NAZFA o —F o RBEC LV EIEEREZRIE Le, RENORIEEZZLSIWEZ
BRAENSE (Lean Body Mass, LBM) & Lﬁ_o BINIT X VEFFHGRIP-D, H#eET
%@)%Fﬁmr@ﬂm L, -

BEICOWTE, BELBEEOREE (REEHR. BEO4H. LBMBERFN.
1@2"&0)&. ERESRUERLSR L), BELAEOESH TR, €OMOLEFEIE (BRE2KE
WED, BEERL, BEEKENED, ALY AAOERER, £T70H BRI, BT
DFEED Y i, WEFHRRL) >V TERM LT,

‘ FEEEHBEIC OV T, **TB%B%% Lﬁﬁ%ﬁﬁiﬁfi_ﬁﬁ{ﬁ (FFQg) X OHEE
EIToTHHLE,

3. HEHaE
F— A DEEF . EHTICIIHEE S Y 7 b SPSS 10.0J 2RV,

RS

1. BAABIUHEARSEOER
HANBLIOHPEABFELEDEE (SOS, TI, OSI) &K 1ITRLT, HZEELFD OSI

XERAKTF LV EBICEBECTH N, BELAE L L CAFBREZTRD bhad

27, Eic, BREBTFLRAAABFO OSLITIFERH LR T, ‘
REAEEEBICRAADREED OSL &, AAAZRGL Ll OSI OUIEELEL
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B OSI 25, @R 3 RFEILIT) MLV BVERRLE (M3), BRAEBFTIXOSI &
EEEE L ORICBEEIIR bR 0o T,

58 |

BEIIRE EHR CAEBESCHANVE LV OSUNRIER EORBEZITHR, ABIcko
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K1 NEEOHEFELSIVOERE

HEERF BEXABF

n= 60 n=94

Tty £ SD et + SD

F ) 250 + 49 249 + 50

5k (em) 1732 + 56 171.1 = 54

®E (kg) 68.1 = 9.8 65.4 + 8.6

BMI 227 £ 3.2 223 + 2.7

N ES (%) 190 = 49 18.0 + 4.6

FRABRAIAE (ke) 548 + 5.6 534 + 5.1

#Bh (ke) 481+ 70 *ok 445 + 56

EHiE (SOS) (m/s) 1604 += 33 1603 + 31
EBIEE (TD 1.302 = 0.128 1.269 + 0.135
EEMEM{E (oS 106 3.361 = 0.451 3.270 = 0.461
{KEFREOSI 108 3.369 = 0.056 * 3.180 = 0.066

HRERTF BEAXF

n=57 n=68

F#5+SD E+SD

FEh (v) 255 + 45 250 + 5.8

BE (cm) 159.0 + 5.2 1573 £ 55

*KE (ke) 51.7 = 6.2 525+ 5.8

BMI 203 + 2.1 21.1 + 28

{KRERAZE (%) 229 + 40 * 25.6 = 5.3

FREERRIAE (k) 39.6 + 3.3 388 = 25

EP)] (ke) 257 + 438 27.2 = 5.2

& (m/s) 1577 £ 27 1577 + 23
EiBIEE 1.112 £ 0.076 *  1.149 = 0.101
BENEITME 108 2.771 + 0.264 Aok 2.863 + 0.325
{KEFREOSI 108 2.772 + 0.037 2.856 + 0.050

*:p<0.05 *¥p<0.1
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K2 PFEAEPEOBEOREBERESERE

8 F T F

ER ERE |FEEICx| MEE | ERE |MEEICH

THEE THEIE
- (%) (%)
IxVF - (kecal) | 2600 [1836=635 71% 2300 | 1603:466 70%
E0HE (g) - 80 66.3::29.1 83% 70 537209 |  77%
A9 (mg) 800 468248 59% 800 4524211 57%
% (mg) 12 75432 63% 18 6.5+3.1 36%
E23VA  (ureg) 800 597 +411 75% 800 601331 75%
E43VB, (mg) 1.3 0.950.44 73% 1.2 0.85+0.43 71%
ES3UB, (mg) 1.3 1.1%0.54 91% 1.2 0.88+0.37 73%
EA32C 60 72443 120% 60 85+44 142%

(mg)

#£3  TBHFIGEOSD LA, FERSERE L O1EH

B85 TF

n=60 n=57
F#h -0.367 ** -0.007
Sk -0.191 0.095
*KE -0.121 0.325 *
KRB E -0.123 0.189
BREEREIAE -0.99 0.395 %k
=N -0.23 0.21
IRILF— -0.025 0.334 %
£0E 0.011 0.202
fEE 0.039 0.248
RKIE -0.092 0.383  **
ANy LERE -0.115 0.397 %
4ZLIMRERE -0.089 0294 *
ZEHGERE 0.188 -0.183
REAHEEN=E ~0.091 0.073
BEENE -0.076 0.226
ANEENE ~0.086 0.041
*k:p<001 * :p<0.05
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