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Mini-Abstract

A reference database for trabecular bone densiytical thickness, and elastic
modulus of trabecular bone for a novel ultrasoniond densitometry system
(LD-100) based on two longitudinal waves (fast atdw) was determined over a

wide age range in a normal Japanese population.
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ABSTRACT

Introduction: A novel ultrasonic bone densitometry system (LD-18Gtem) was
applied to create a reference database for trabedadne density (TBD), cortical
thickness (CoTh), and elastic modulus of trabecldane (EMTb) for this device
over a wide age range in a normal Japanese popalati

Methods: In a comparative study between LD-100 and periphepaantitative
computed tomography (pQCT) systems, 52 individuaksre examined by both
systems at the same radius simultaneously. To er@aeference database, a total of
2380 healthy subjects (1179 men, 1201 women), 4889 years, were examined
using the LD-100 system.

Results: Highly significant correlations between the LD-1@0d pQCT systems
were found in TBD (r=0.877, p<0.001) and CoTh (f&B, p<0.001). For the
reference database, peak values of TBD, CoTh andtEMere observed at 30-34
years (255.09 mg/cf, 20-24 years (5.23 mm) and 20-24 years (4.09 GRa)en,
and at 25-29 years (209.24 mgRm25-29 years (3.98 mm), and 20-24 years (3.33
GPa) in women, respectively. The TBD fell signifitly (p<0.05) beginning at 55-59
years in both sexes, with a relatively rapid deseem women. The CoTh showed a
significant decrease beginning at 40-44 years in @red 50-54 years in women. The

EMTb showed a significant decrease beginning a#440years in men and 55-59



years in women.
Conclusions: The LD-100 system is a useful bone densitometryiake\and the
database of age-related changes in TBD, CoTh andtEBbktablished in this study

will provide fundamental data for future studietated to bone status.

KEYWORDS: trabecular bone density (TBD); cortical thicknes3oTh); elastic
modulus of trabecular bone (EMTb); ultrasonic batensitometry; fast and slow

waves; pQCT



INTRODUCTION

Early identification of risks for deteriorating benstatus is one of the most

important approaches to preventing osteoporosir this reason, establishing a

simple, non-invasive technique for mass-screenihane status is necessary. In

the non-invasive assessment of skeletal statusl| pli@ton X-ray absorptiometry

(DXA) and peripheral guantitative computed tomodrap(pQCT) are relatively

widely used X-ray-based methods. Dual photon X-a@gorptiometry is the most

widely used method for bone densitometry, with dbecd precision and accuracy,

and has been used as a gold standard for fractskeassessment (1-3), although

drawbacks have recently been pointed out, suchwasdimensional projectional

density measurements precluding separation of cartand trabecular bone with

entirely different properties (4, 5). Another X-rbpsed method, pQCT is a

three-dimensional bone mass measurement technltpteseparately determines the

trabecular and cortical bone mineral density of filve@arm volumetrically (6).

On the other hand, the quantitative ultrasound (Qutethod, free from the

exposure to ionizing radiation, has been applietheoassessment of bone status for

almost two decades, opening the further possibiitymeasuring bone quality in

addition to bone density (7-9). Quantitative uttwmand, a non-radiation method,

has the advantage of avoiding the limiting factor preventive studies, particularly



for those involving children, adolescents, and mag women, and for medical

check-ups performed at non-X-ray-shielded sitesdifidnally, QUS is generally

inexpensive, portable, and highly acceptable/regddatto the subjects.

Presently available QUS devices can be classifiaxbtiy into three groups

related to the type of ultrasound transmissionbg@alar transverse transmission,

cortical transverse transmission, and cortical laxiansmission) (10). Trabecular

transverse transmission is the best for measurimg leel; cortical transverse

transmission is used in phalanx contact deviceg] aortical axial transmission

presently is being investigated for use in multipiees, such as phalanges, the radius,

and the tibia (11).

Recently, an ultrasonic wave propagation phenomelescribed as Biot's theory that

focuses on two longitudinal waves (fast and slowesa has been actively studied (12-18).

Cancellous bone is a poroelastic and biphasic mediamposed of an elastic network

(trabecular network) filled with a viscous fluidafile marrow). According to the Biot

theory, the fast wave is related to a propagati@adenmainly involving the solid phase

(trabecular network), whereas the slow wave istedldo the fluid phase (bone marrow),

and the arrival time of the fast wave is simplyedetined by the speed and the distance of

propagation in bone tissue (19). It has been shibnvahboth fast and slow longitudinal

waves propagate through trabecular bone as prddibte Biot's theory and that



experimentally observed propagation speeds fordadtslow waves coincided well with
the theoretically calculated ones (12-14). Theppgation speeds and amplitudes of the
fast and slow waves are significantly affected iy trabecular micro- and macro-structures,
the trabecular orientation to the propagation diioa¢ and the visco-elastic properties of
bone marrow (12-15).

The LD-100 system (Oyo Electric, Kyoto, Japan) imewly developed ultrasonic
apparatus to apply the ultrasonic parameters basetivo longitudinal waves (fast and
slow waves) (20-22). The ultrasonic parametersainbtd by LD-100 system are
trabecular bone density (TBD, mg/®mn cortical thickness (CoTh, mm), and elastic
modulus of trabecular bone (EMTb, GPa) calculatedchfthe propagation speed (m/s) and
the attenuation (dB) of both fast and slow waveBhe measurement site used for LD-100
system is the distal radius, where echo waveseateically easily accessible and also one
of the most common fracture sites in osteoporosis.

The aim of this study is to indicate the reliabiland capability of the new QUS
device, the LD-100 system. The present study falstwed the high correlation
between the TBD and CoTh values of the LD-100 aQ@Cp systems, adopting the
distal radius of the same forearm as a measurementand then created a reference
database for TBD, CoTh, and EMTb in a normal popatausing this new QUS

method, as the first step for the clinical applicatof this apparatus.



MATERIALS AND METHODS

Subjects

To compare LD-100 and pQCT systems, measurementBobly systems were

performed in the same 52 volunteers (age range853§ears) on the same day.

Subsequently, to create a reference database éoLBPh100 system, a total of 2380

healthy Japanese volunteers (1179 men and 1201 woage range 18-99 years)

were examined using the LD-100 system. This stwadg approved by the Ethics

Review Board at Kobe University Graduate SchooM&dicine and was performed

between April 2007 and April 2009. Following prewn of informed consent, an

extensive and accurate clinical history was obtdine For the purpose of

determining the reference database, subjects withistory of disease and/or

pharmacotherapy known to affect bone metabolistheothan smoking, diet, and

alcohol, were excluded.

LD-100 measurements

Calibration of the LD-100 system was performed wdiwally according to the

instructions from the manufacturer. The LD-100teys was applied to the forearm,

specifically the distal radius of the subjects. dmsure adequate acoustic contact,

ultrasound gel was applied to the skin at the mesment site.



As described in the previous literature (23), ir tttansmission mode for the
measurement of transmitted ultrasound through tle@surement site (distal site of
the radius), one of the transducers was the ulmaswansmitter and the other acted
as a receiver. Both transducers were coaxiallgne@ld and moved simultaneously
for scanning. The amplitudes and propagation timmédoth the fast and slow
waves were obtained in the transmission mode.

In the echo mode, both transducers were driven Ishat signal voltage and
acted as transmitters. After the transmission plise wave, both transducers were
switched to act as receivers to receive echo sgyfraim the acoustical boundaries.
Echo signals were analyzed to obtain the thickres$eoft tissue, cortical bone, and
trabecular bone of the measurement site.

For the measurement of transmitted ultrasound thinotlhe measurement site in
the transmission mode, the ultrasound beam scammeadraster pattern through the
measurement site using a two-axis scanning mecimnis

The ultrasonic measurement involved two scans. thinfirst scan, transmitted
signals were taken and recorded at intervals on2 ewer a scanning area in both X
and Y directions (28x28 mfh The overall amplitude of transmitted signals,
including both the fast and slow waves, was analyteobtain a local attenuation

distribution of the measurement site. The localemtation distribution was



displayed as a two-dimensional image of the disadl of the forearm. This

two-dimensional image was used to confirm the bgaemetry of the measurement
site and to determine the position (distal 5.5%tipor of the radius) for the second
scan. The second scanning area (4x4°mmas automatically selected by a
specially developed measurement algorithm at therest point to the distal 5.5%
point and also at a site with a good likelihood fast and slow wave transmission in
trabecular bone. The waveforms and amplitudesath lthe fast and slow waves
were analyzed automatically both for the time aretjiency domains during the first
scanning to select a perpendicular incidence sitdtfe ultrasonic beam and to avoid
interference waves overlapping with the transmigeghal.

During the second scan, the measurements were ®@dcat intervals of 1 mm
both in the transmission and echo modes. Tranethidignals were recorded at
intervals of 1 mm and analyzed in the transmisgiode to obtain the amplitudes
and propagation times (time-of-flight) of both tHast and slow waves. Echo
signals were analyzed in the echo mode to obtaentthcknesses of soft tissue,
cortical bone, and trabecular bone of the measun¢siee. The CoTh is expressed
as the sum of the thicknesses of the cortical batnime inlet and outlet sides of the

ultrasonic beam.



The ultrasonic parameters used to derive the tnabedensity are given in the

literature (20-22) and expressed for the slow wase

KBEI]EZ
£y

—D'_.;I_X4 ¢ ¢ _ 0
£ T3yTys = Lﬂn

where Ey is the received signal voltage without the measwaet subject
(propagation through only water as a reference mma}tiE , received signal voltage
for the slow wavep 4, attenuation constant of the slow wave in trabachlone;A,
total attenuation excluding trabecular borg;, attenuation in water (without the
measurement subjecty;, thickness of the trabecular bone; angiT 45, the product

of the transmission coefficients of both sides bé trabecular bone for the slow
wave. Then, the apparent densipy, of trabecular bone was evaluated using the

equation. The propagation speegl, of the fast wave in trabecular bone is given by:

*4
Cy =

2y
wheret, is the propagation time in trabecular bone andndt, were obtained using
measured signals during the second scan in botlréimsmission and echo modes.

The elastic modulus of trabecular bone with banarrow in situ for the

longitudinal wave was evaluated usiagand as:
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EMTb=E, + E,(1- 7

=i + i (-7

whereE, is the elasticity of the trabecular structuge; the elasticity of the bone
marrow; p4, the bone mass density of trabecular bangithe propagation speed of
the fast wave in the trabecular structupe;, the bone marrow densitygs, the
propagation speed of the slow wave in bone marramg V¢, the bone volume
fraction (bone volumetric density)(BV/TV) (24).

The short term of reproducibility (percent coeféint of variation: %CV) of all
parameters was obtained by measurements of 10 hosoigects (5 men and 5

women) performed once a day for 10 consecutive days

pQCT measurements

Peripheral quantitative computed tomography measangs were performed in
52 subjects ages 36-85 years, on the non-domimaaafm at a distance 4% of the
forearm length proximal to the distal end of thdius for TBD and at the mid-radial
20% site for CoTh (25), using single 2.5-mm thitikces pQCT (XCT-960 Stratec,

Medizintechnik, Pforzheim, Germany).
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Statistical analysis

Data management and analysis were performed usiP§SSv15.0 software
(Statistical Package for Social Sciences; SPSScdjju, IL, USA). All data are
expressed as meanstandard deviation (SD). For the reference databdar TBD,
CoTh, and EMTb of the LD-100 system, all subjectsrevdivided into 5-year age
groups and data were shown by age groups for basthkss Parameters in each age
group were compared using Tukey’'s method after yaslof variance (ANOVA).
Pearson’s correlations between the LD-100 and p@@&asurement values in TBD
and CoTh were expressed by linear regression. CGdioes were considered
statistically significant for values ¢<0.05.

The T-scores, criteria for assessing bone statdslatermining the risk of fracture (26),

were calculated as:

( Mean subject™ Meanyoung—reference)

T - score =

SD young-reference.

The age range of 20 to 39 years, where no signifidiferences from the peak value were

observed in all three parameters (TBD, CoTh, andrEMfor men and women, was used

for the young reference range.
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RESULTS

In the comparative study between the LD-100 and pQ&ystems, a highly
significant correlation was found between the LD31@Gnd pQCT measurement
values in TBD (r=0.877; p<0.001) (Fig. 1A) and Co{rk0.723; p<0.001) (Fig. 1B).

Anthropometric features of the population usedr®ate a reference database for
the LD-100 system are summarized in Table 1. Fureddal data of TBD, CoTh, and
EMTb for the LD-100 system are summarized in Taldésand 2B, and graphically
described in Figures 2A, 2B, and 2C, respectively.

Peak TBD in men (255.09 mg/éjnwas found at 30-34 years (Table 2A), and in
women (209.24 mg/cih at 25-29 years (Table 2B). In men, TBD was maiméd
at a plateau from 25-29 years to 35-39 years, 8started to decrease thereafter in a
linear manner with age, with a significant decre§s€0.05) beginning from 55-59
years (Fig. 2A). On the other hand, TBD in womeaswmaintained at a plateau
from 20-24 years to 45-49 years, then started toaehkse thereafter with a significant
decrease from 55-59 years (Fig. 2A).

Regarding the CoTh, the peak value was found a22§ears in men (5.23 mm)
and at 25-29 years in women (3.98 mm) (Tables 2B).2n men, CoTh was
maintained at a plateau from 20-24 to 35-39 yedlngn significantly decreased

(p<0.05) thereafter in a linear manner with agetipalarly after 60-64 years (Fig.

-13-



2B). In contrast, CoTh in women was maintainec gateau from 20-24 to 45-49

years, then decreased significantly thereafter in@ar manner with age (Fig. 2B).

The EMTb showed a peak in the age group of 20-2&rs/én both sexes (4.09

GPa in men and 3.33 GPa in women) (Tables 2A, 2Bh) men, EMTb started to

decrease after the peak value and showed a signifidecrease (p<0.05) beginning

at 40-44 years (Fig. 2C). In contrast, EMTb in weomwas maintained at a plateau

until 45-49 years, then decreased thereafter withgaificant decrease from 55-59

years (Fig. 2C). The age-dependent change of EMa® much larger in men than

in women. Additionally, under 65-69 years, thenstard deviation of EMTb in men

was much larger than that in women (Fig. 2C).

The %CVs of the three parameters were 1.96% (ra0@® - 2.42%) for TBD,

1.87% (range, 0.89- 2.61%) for CoTh, and 1.48% dearD.62- 2.41%) for EMTDh.

DISCUSSION

The new QUS system LD-100 has been developed thuatea TBD, CoTh, and

EMTDb, which cannot be evaluated by the previousdyaloped QUS instruments, by

applying the ultrasonic parameters based on twagitodinal waves, fast and slow

waves.

We first showed a highly significant correlationtlween the LD-100 and pQCT

-14-



measurement values, not only in TBD (r=0.877, p€Q)0 but also in CoTh (r=0.723;

p<0.001), using 52 individuals measured at the saméius simultaneously,

suggesting that this new QUS apparatus, LD-100, mamsed for the evaluation of

bone status with similar reliability to pQCT. Tpercent coefficient of variation of

TBD with the LD-100 system was also similar to tlvath pQCT reported in the

literature (4, 25).

The measurement sites adopted by the LD-100 andTp§)Stems were slightly

different, although on the same radius of the stiisjeAs mentioned iMATERIALS

AND METHODS the measurement site for the LD-100 system (th&r@st point to

the distal 5.5% point of the radius for both TBDda@oTh) was chosen to select a

perpendicular incidence site for the ultrasonicrheand to avoid interference waves

overlapping with the transmitted signal. On théesthand, the measurement site

used for the pQCT system is well-accepted as 4%mefforearm length proximal to

the distal end of the radius for TBD and the midiah 20% site for CoTh, adopting

the area of high mineral content and trabecularebpercentage for the former and

the area with a relatively round shape of the ci@sstion of the radius, permitting

the application of the circular ring model, for tlater (25, 27-31). In the present

study, a highly significant correlation was foundtlween the LD-100 and pQCT

measurement values in TBD and CoTh, suggestingabhaluation of the bone status,

-15-



at least the bone status of the forearm, can bdasimnevaluated at positions used by
both systems.

In the present study, the peak TBD was observenden 30-34 years of age and
in women 25-29 years of age, while plateaus wewméoin men from 25-29 to 35-39
years and in women from 20-24 to 45-49 years. Simiindings have been reported
in Japanese women using a pQCT system, showingehk TBD at 25-29 years and
a plateau of TBD from 20-24 to 40-44 years (28).heTdifference in the pattern of
decrease in TBD after the plateau between men aochem seen in our study is
probably related to the well-known estrogen effeat maintaining bone mass in
women (32, 33).

Very few studies have examined cortical thickngsarsticularly in terms of a
reference database showing age-related changesrtical thickness in a normative
population. In the present study, CoTh deducednfrihe propagation time (the
time-of-flight) between the transmitting and theeesing transducers for the fast and
slow waves showed a similar age range of platesam(f20-24 to 35-39 years in men
and from 20-24 to 45-49 years in women) to thaTBD (from 25-29 to 35-39 years
in men and from 20-24 to 45-49 years in women),idgating that the pattern of
age-related changes in CoTh resembles that in TBi2. CoTh reportedly decreased

about 50% in the 70-79 year age group comparech¢o20-29 year age group in

-16-



Japanese women using a pQCT system (34). Simjil&@bTh measured by the

LD-100 system decreased 48% in the 75-79 year gomuppared to the 25-29 year

group in women, while decreasing 36% during the sage interval in men. Reports

have shown that biomechanical failure force of tbheg bone is correlated with

cortical thickness, as well as cross-sectional amd principal area moments of

inertia, but not with TBD (35, 36). Indeed, CoTreasured by the LD-100 system

showed a good correlation (r=0.612, p<0.001) witrersgth-strain index, another

parameter in the pQCT system reflecting bone stitefdata not shown).

Furthermore, we presented a reference databas&Nbrb for the first time,

using the LD-100 system based on two longitudinahsmitted waves (fast and slow

waves). The EMTb deduced from the measured bonsideand propagation speed

of the fast wave is directly related to the meclkahistrength of bone, which has

never been assessed in a non-invasive manner (44)the present study, the age

group showing peak EMTb (20-24 years in both sex&al younger than that

showing peak TBD (30-34 years in men and 25-29 y@amwomen), suggesting that

decreases in bone elasticity might start earliemtidecreases in bone density. In

men, EMTb showed a significant decrease beginningGa44 years. In contrast,

EMTb in women maintained a plateau until 45-49 gedhen decreased thereafter

with a significant decrease from 55-59 years. Tagtern of decrease in EMTb

-17-



after the plateau in women resembled that in TBOggesting that estrogen also
participates in maintaining the elasticity of banevomen.

Our results also showed that, the standard deviatb EMTb at ages below
65-69 years and the age-dependent change of EMTé mach larger in men than in
women (Fig. 2C). In the relationship analysis be¢w TBD and EMTb (Figs. 3A,
3B), both EMTb and the divergence of EMTb were @aged at higher TBD,
especially after a TBD value of 200 mg/&m As shown in Figure 2A, TBD is
relatively higher in men than in women and the megalue of TBD is consistently
higher than 200 mg/cfin men under 65-69 years. These things suggehtdthe
higher standard deviation of EMTb at ages below665years and the larger
age-dependent change in EMTb in men than in wonfreg. 2C) might result from
the relatively higher TBD in men than in women. pB®viously described, EMTb
is given by:

EMTy = By + Byl - V)
= paci + pard (1~ V7]

In this equation, bone volume fraction (bone volantedensity) ¥;) changes from 0
to 1 and EMTb approachgsc,” along with the increase of;. A previous study
indicated that, and the divergence af, increased along with the increase\pf24).

The increased divergence of EMTb at higher TBD rmilgd principally explained by
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this increased divergence of at higherV;. It has been shown thai and EMTb

mostly depend on the orientation of the trabecy8). The increased divergence

of c4 at higherV; and the resulting increased divergence of EMTlhigher TBD

might be caused by the increased multiplicity oé tinabecular structure at higher

bone densities (23, 24, 37).

The novel LD-100 ultrasound bone densitometry gystbased on two

longitudinal waves (fast and slow waves) is thugsyveiseful for multi-sided

evaluation of bone status. Furthermore, the LD-4¢$tem has advantages of ready

portability and no use of radiation (particularlgrteficial for children, adolescents,

and pregnant women requiring early detection of eboamsk and for medical

check-ups performed at non-X-ray-shielded sites),well as a simple handling

process and relatively low price.

The World Health Organization recommended the uls@ gcores (established

using central DXA) to interpret data from densitdnyedevices and a threshold of

-2.5 standard deviation to diagnose osteoporo%3. (Bowever, there is increasing

evidence that the current T score definition ofeogtorosis cannot be universally

applied to different densitometry techniques oesiand particularly to peripheral

devices (38, 39). Indeed, mean values in the ptestenly with T scores under -2.5

were observed only in CoTh in women 75-79 yearagd or older, but not in TBD or
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EMTDb even in the oldest age group (85-89 years emrand 95-99 years in women).

There is increasing interest in device-specificeitrolds for interpreting peripheral

bone measurements in clinical practice and in tlamagement of osteoporosis (40,

41). It could be appropriate to apply this concéptthis new QUS device, the

LD-100 system, to define specific thresholds foentfying patients at high or low

risk of having osteoporosis and for confirming patis with low bone mass by

comparison to normative data.

Because the LD-100 and pQCT systems adopt the sadithe same forearm for

the measuring site and a highly significant coriela was found between both

systems in TBD and CoTh, the LD-100 system seemsuseful as pQCT for

evaluating bone status, especially of the forearmrecise evaluation of the distal

radius itself seems important, because fracturthefdistal radius (Colles’ fracture)

has been thought a sentinel for future increasskl of other osteoporotic fractures

(42, 43). Furthermore, in the pQCT studies, it bagn reported that the index of

volumetric bone mineral density and CoTh as weltles bone strength index at the

forearm are useful for predicting vertebral fraesias well as Colles’ fractures (35,

44). Recently, it has been shown that TBD measbrethe LD-100 system shows

a closer relationship with TBD measured by the pQ&/Etem than bone mineral

density measured by DXA at the ultra distal radausd that TBD and EMTb
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measured by the LD-100 system are able to predectebral fractures as well as

TBD measured by the pQCT system (23). Althoughecoaditely designed

prospective studies using the LD-100 system arel@eeé¢o evaluate which parameter

(TBD, CoTh, and/or EMTD) in this apparatus is mostrelated to actual fractures or

changes in biochemical markers of bone status @& to define the specific

thresholds of these parameters for identifying gras with high risk of bone

fractures, this novel ultrasound bone densitomsystem will be a useful device not

only for evaluating bone status in individuals, lalgo for mass screening studies of

bone status or population-based screening progodrbene. The LD-100 system is

now close upon the commercial use. The databasgefrelated changes in TBD,

CoTh, and EMTb for the LD-100 system establishedhe present study provides

fundamental data for such evaluations as well daaréumass screening studies of

bone status.
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FIGURE LEGENDS

Figure 1:

a) Correlation of trabecular bone density (TBD) measiuby the LD-100 and pQCT
systems, using the following regression equation=Y.116X — 12.574 (r=0.877,
p<0.001). X: pQCT; Y: LD-100.

b) Correlation of cortical thickness (CoTh) measured the LD-100 and pQCT
systems, using the following regression equation=Y2.553X — 1.556 (r=0.723,

p<0.001). X: pQCT,; Y: LD-100.

Figure 2:

a) Changes in TBD (mg/cth with age and sex. Open circle, men; closed cjrcle
women.*Significant decrease from peak value (p<0.05);ighsficant decrease from peak
value (p<0.01).

b) Changes in CoTh (mm) with age and sex. Open ¢iroken; closed circle, women.
*Significant decrease from peak value (p<0.05);igrsficant decrease from peak value

(p<0.01).
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c) Changes in EMTb (GPa) with age and sex. Opengimolen; closed circle, women.

*Significant decrease from peak value (p<0.05);igrsficant decrease from peak value

(p<0.01).

Figure 3:

a) Elastic modulus of trabecular bone (EMTDb) valuesti@d versus trabecular bone

density (TBD) values in men.  ------ theoreticatlgduced relation.

b) Elastic modulus of trabecular bone (EMTDb) valuesti@d versus trabecular bone

density (TBD) values in women.  ------ theoretigatieduced relation.
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FIGURES

Figure 1 a

Trabecular Bone Density [mg/crﬁ]
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Figure 1 b

Cortical Thickness [mm]
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Y =2.553X -1.556, X:pQCT, Y:LD-100.
r=0.723, p<0.001

-32-



Figure 2 a

Age - related Changes of TBD in Both Genders
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Figure 2 b

Age - related Changes of CoThin Both Genders
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Figure 2 ¢

Age - related Changes of EMTb in Both Genders
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Figure 3 a
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Figure 3 b
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Tables

Table 1. Anthropometric characteristics of subjectdor a reference database of the

LD-100 system

Variable Total (n=2380) Male (n=1179) Female (n=1201)
Mean + SD Mean + SD Mean + SD
Age [years] 39.00 £ 19.27 36.00 =+ 16.55 41.00 + 21.32
Weight [kg] 57.94 + 12.37 65.33 + 10.28 50.54 + 9.54
Height [cm] 162.65 + 19.01 170.95 + 9.58 154.35 + 22.21
BMI [kg/m?] 21.54 + 3.08 22.32 + 3.37 20.58 + 2.35

n, number of subjects; BMI, body mass index.
All data are expressed as meaD for each value.
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Table 2A. LD-100 ultrasound indices in healthy Japaese men

TBD ( mg/cm®) CoTh (mm) EMTb ( GPa)
n Mean SD T-score | Mean SD T-score Mean SD T-score

<19 185 | 21546 * 68.43 -0.50 4.85 0.97 -0.28 3.79 141 -0.17
20-24 250 | 241.75 67.76  -0.10 5.23 1.04 0.10 4.09 152 0.02
25-29 77 | 254.19 59.89 0.09 5.06 0.88 -0.07 4.06 1.59 0.00
30-34 110 | 255.09 62.75 0.10 5.10 0.93 -0.03 4.05 157 -0.01
35-39 109 | 253.37 71.06 0.07 4.99 0.98 -0.14 4.01 1.83 0.01
40-44 87 | 240.15 51.80 -0.13 489 * 0.74 -0.24 370 * 092 -0.23
45-49 81 | 230.02 57.20 -0.28 459 ** 071 -0.55 358 * 0.86 -0.30
50-54 78 | 226.07 7031 -0.34 465 **  0.93 -0.48 368 * 189 -0.24
55-59 94 | 21691 * 4358 -0.48 455 **  0.74 -0.59 3.44 ** 059 -0.39
60-64 50 | 207.43 * 64.48 -0.62 450 **  0.86 -0.64 3.60 ** 184 -0.29
65-69 16 176.81 ** 57.44  -1.08 409 ** 0.88 -1.05 3.06 * 051 -0.63
70-74 12 14549 ** 4151  -1.55 3.70 ** 0.77 -1.44 2.82 ** 029 -0.78
75-79 12 140.32 ** 46.56  -1.63 324 **  0.79 -1.91 279 ** 031 -0.79
80-84 12 136.20 ** 2555 -1.69 3.42 ** 0.71 -1.73 271 * 0.18 -0.84
85-89 6 136.73 ** 2523 -1.68 279 *  0.64 -2.36 275 ** 025 -0.82
Total 1179| 230.86 67.02 -0.27 4.85 0.99 -0.28 3.81 145 -0.16

n, number of subjects.

TBD, trabecular bone density; CoTh, cortical bdriekness.

EMTD, elastic modulus of trabecular bone;

*  Significant decrease from peak value (p<0.05)

**Sjgnificant decrease from peak value (p<0.01)

T-score = (Mean subject — Mean young-referencgD youngreference. The age range of 20 to 39 years
used for the young-reference range.
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Table 2B. LD-100 ultrasound indices in healthy Japaese women

TBD ( mg/ cn?) CoTh (mm) EMTb ( GPa)
n Mean SD T-score Mean SD  T-score Mean SD  T-score

<19 130 | 187.68 48.96 -0.34 3.56 0.57 -0.62 3.17 0.51 -0.18
20-24 214 203.35 58.23 -0.05 3.85 0.56 -0.09 3.33 0.92 0.04
25-29 115 209.24 48.76 0.06 3.98 0.49 0.15 3.26 0.45 -0.06
30-34 139 208.66 53.62 0.05 3.94 0.58 0.07 3.33 0.68 0.04
35-39 99 204.86 51.99 -0.02 3.82 0.55 -0.15 3.26 0.51 -0.06
40 - 44 80 197.58 43.64 -0.16 3.87 0.59 -0.05 3.18 0.42 -0.17
45 - 49 71 207.12 56.12 0.02 3.82 0.73 -0.15 3.33 0.65 0.04
50 - 54 44 179.74 55.80 -0.49 3.28 ** 0.71 -1.13 3.04 0.45 -0.36
55 - 59 49 159.85 ** 51.91 -0.85 3.13 ** 0.65 -1.40 287 ** 0.36 -0.58
60 - 64 35 138.77 ** 41.96 -1.24 2.81 ** 0.74 -1.98 279 ** 033 -0.71
65 - 69 44 150.34 ** 51.19 -1.03 2.73 ** 0.75 -2.13 2.88 ** 0.46 -0.61
70-74 33 115.68 ** 37.12 -1.67 253 ** 054 -2.49 260 ** 0.25 -0.97
75-79 56 104.58 ** 39.25 -1.88 2.06 ** 0.64 -3.35 255 ** 029 -1.04
80 -84 37 109.68 ** 45.84 -1.78 190 * 0.66 -3.64 261 ** 0.35 -0.96
85 - 89 36 90.99 ** 38.81 -2.13 1.81 ** 0.76 -3.80 246 ** 0.27 -1.17
90 -94 14 93.23 ** 55,01 -2.08 1.71 * 0.9 -3.98 252 * 046 -1.08
95 - 99 5 90.17 ** 3541 -2.14 191 *» 0.31 -3.62 246 ** 0.26 -1.17
Total 1201 181.32 62.80 -0.46 3.44 0.91 -0.84 3.11 0.65 -0.26

n, number of subjects.

TBD, trabecular bone density; CoTh, cortical bdriekness.

EMTD, elastic modulus of trabecular bone;

*  Significant decrease from peak value (p<0.05)

**Significant decrease from peak value (p<0.01)

T-score = (Mean subject — Mean young-referencé) y&ing-reference.

used for the young-reference range.
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