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Abstract

Alternatives to dual-energy X-ray absorptiometry (DXA) have been sought to increase accgss to low-cost
osteoporosis risk assessment. Early quantitative ultrasound (QUS) systems measured speed of sound (SOS)
and broadband ultrasound attenuation {BUA) at the calcaneus, and these were demonstrated tg be good pre-
dictors of kip fracture risk. Recent studies have demonstrated the usefulness of other peripheral|sites to assess
bone states. The Sunlight Omnisense™ (Sunlight Medical, Rehovot, Israel) is a portable, ines pensive QUS
device capable of multiple-site SOS measurement. To provide 2 robust male teference databasg, 588 healthy
Caucasion meles aged 20-90 ¥t were recruited from 6 centers atross North America. SOS meastjrements were
taken at the distal 1/3 radius, proximal third phalanx, midshaft tibia, and fifth metatarsal. A ferhale reference
database has previously been collected at North American sites. The results indicate that SOS in ipales exhibits
an age-related dectine beginning in the fifth decade at the radius, phalanx, and metatarsal, whereas the tibial
SOS remains nearly constant untl the ninth decade. Although females reach a higher-peak SOS|than males at
most sites, SOS is higher in males at all sites after the sixth decade, as a result of a more gradjial decline in
SOS. Loagitudingl monitoring of healthy men should be performed to confirm these cross-sectibnal results,

&Key Words: Quantitative ultrasound; multiple sites; speed of sound; reference data.

Intrgduction boom in bone measurement in North America (1-4).
Recently, an increasing senior population and Dmﬂ crerey Xeray absorptiometry (DXA) has long
reater it rnre - ¢ of oSteomors: b sod oeen consiGered the gold standard fdr measurement of
V= puotic awarencss of osteoporosis has cavsed a osteaporosis and other bone diseases. The advantages
of DXA are its precision, Iow radiation dose, and ease
of use (5,6). DXA is also advantagegus because it can
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been developed as primary public screening tools for
the assessment of fracture risk (5,7-17). QUS systems
have obvious practical advantages over DXA, inchud-
ing portability, low cost, the absence of jonizing radi-
ation, and less operator training (8). There are also
some less obvious advantages to using QUS for osteo-
porosis screening. SOS measurements have the poten-
tial to predict fracture better than BMD alone, becanse
the ultrasonic wave is influenced by both density and
structural properties of the bone {12-717); however,
the ability of QUS devices to reflect bone structure in
vivo is still specuiative. The use of nonspecific skele-
tal sites to predict global fracture risk has been estab-
lished, permitting measurement at sites other than the
hip and spine {J8-23). QUS is also an especially valu-
able tool for men, because BMD of the lumbar spine,
as measured by DXA, is often falsely elevated over
the age of 63 as a result of degenerative changes such
as osteophytes, facet joing arthritis, spinal fusion, and
aortic calicification (5,6,24,25). The many advantages
of this technology have led to an explosion of new
QUS devices on the market in the last decade.

Prior to clinical interpretation of SOS measure-
ments with any new device, the age-dependent pat-
tern of bone loss (indicated by SOS) for adults must
be clearly established. Although longitudinal moni-
toring of a population would be preferred, the initial
step in coliecting reference data entails measuring
SOS in a cross-sectional sample of healthy adult vol-
unteers to determine peak bone mass attainment and
subseguent changes with age.

The Sunlight Omnisense™ Bone Sonometer
(Sunlight Medical, Rehovot, Israel) is a noninvasive
QUS device that measures SOS along the length of a
long bone. The technigne is not affected by thickness
of subcutaneous dssue and, unlike other QUS systems,
is capeble of measurement at multiple (peripheral)
skeletal sites. Ultrasonic waves are emitted from one
end of a hand-held probe, transmitted through the
outer layer of a long bone, and received at 2 transducer
at the other end of the probe. Differences in SOS prob-
ably refiect differences in the biological properties of
ke cortical bone, with decreased SOS likely the result
of increased cortical porosity, cortical thinning, or the
presence of unmineralized bone. Measurement preci-

sion is ensured by scftware, which requires concor- -

dance of three to five serial measurements as the probe
is rotaied arovmd the loag agis of the bone.
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Table
Study Enroliment Information
N

Sites

ATl sites 592

Bangor, ME, USA 04

Vancouver, BC, Canada 110

San Prancisco, CA, USA 101

Hamilton, ON, Canada 29

Saskatoon, SK, Canada )

Portland, OR, USA 102
Reasons for ineligibility:

Age out of range 1

No measurement (any of four skeletal sites) 3
Total ineligible 4

Total eligible for study 588
No radius measurement 31

Total eligible for the radius sthdy 557
No tibia measurement 10

Total eligible for the tibia study 578
Ne metatarsal measurement 55

Total eligible for the metatarsal study 523
No phalanx measurement 4

Total eligible for the phalanx tudy 584

In this study, we have docuinented the SOS at four

skeletal sites in healthy Nort
men, aged 20-90. A female 4
lished previously (26). The
used to determine the pattern
SOS values and subsequent ¢

Materials and Method

Subjects

A convenient sample of sy
six North American cities using

h American Caucasian
1tabase has been estab-
reference data will be
of attainment of peak
nanges with aging.

s

bjects was recruited in
 advertisements placed

in newspapers, churches, commiunity centers, places of

business, and nursing homes|
eight healthy Cancasian males

Five hundred eighty-
mean age: 0.6+ 178

yr; range: 20-90) were eligib!
392 that were measured. Co
information is available in Tab

men were ineligible because thi

rapge, 01 n0 measurements

formed. Many possible particy

nated from consideration befo

e for the study, out of
fPiete study enrdliment
& 1. The four excluded
y were outside the age
rere successfully per-
ants were also elimi-
€ a measurement was
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attempted, because of the following exclusion criteria.
None of the eligible subiects had a history of osteo-
porotic fracture or a chronic condition affecting bone
metabolism such as hyperparathyroidism, diabetes
mellitus, byperthyroidism, inflammatory arthritis, and
endogenous or iatrogenic giucocorticoid excess or
malabscrption. No subject had been exposed for more
than 1 yr within the preceding 3 yr to a medication
affecting bone, such as anticonvulsants, immuno-
suppressants, chemotherapeutics, GoRH analogs,
testosterone, steroids, androgen antagonists, bisphos-
phonates, calcitonin, or Huoride. All volunteers gave
informed, written comsent. Ethics approval was
obtained ot each of the six insSrations that participated.

Demoegraphic details of the study population are
provided in Table Z. Most of the participants had
lived in vrban areas for the previcus 20 yr (79.8%)
and most of the men were born in North America
(81.8%). A further 13.6% of the men were born in
Eurcpe, with 4.6% born elsewhere. The subjects’
mean calcium intake was 1241 1 749 mg/d.

Device Description
The Suniight Omnisense Bone Sonomeler mea-
sures the speed of conduction through bone of maudi-
le high-frequency acoustic waves produced at a
frequency of 1.25 MHz by two signal generators in a
hand-held probe. The same probe contains two dif-
ferent transducers such that the speed of conducton
of the sound waves (SOS) that fravel along the length
of long bones can be measured using the “critical
angle” concept (27,28). Briefly, the transducer gener-
ates an array of ultrasound waves that move through
ths soft tissues and enter bone. On reaching the bone
surface, the sound waves are refracted and their
direction of propagation changes. Those waves that
enter at 2 “critical angle™ will be refracted such that
their subsequent direction of travel through the bone
is along its long axis. The receiver detects a small
fraction of the originei beam and the first waves to be
detected are used to calculate the SOS. In clinical
use, the SOS value generated is compared to a young
adult and an age-matched population to generate T-
and Z-scores, respectively.

Sdeasurements

Speed of sound measurements were made in each
velunteer at the distal 172 of the radius, the proximal
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Table 2
Demographic Characteristics of the| Study Population
N{(%)
Age (y1)
20-29 89 (15.1)
30-39 99 (16.8)
4(-49 97 (16.5)
50-59 105 (18.4)
60-69 v 99 (16.8)
70-79 62 (10.5)
80-90 34 (5.8)
Total ' 588 (100.0)
MeantSD 50.6£17.8
Riange 20-90
Physical activity
Seldom/mever 45 (1.7
Oncefweek 71 (12.1)
Several/week 275 (46.8)
Daily 196 (33.3)
Total 588 (100.0)
Body mass index (kg/m?)
<325 208 (35.3)
26-30 272 (46.3)
31-35 77 (13.1)
35+ 31(3.2)
Total 588 (100.0)
MeantSD 27.4x4.7
Range 18-64
Alcohol consumption
Never 78 (13.3)
Past 62 (10.5)
Current 448 (76.2)
Total 588 (100.0)
Smoking
Never 369 (62.8)
Past 149 (25.3)
Current 70¢(11.9
Total 588 (100.0)

the midshaft of the tibia of the nondominant limb. In
ali cases, the probe was positioned|in the direction of
the long axis of the bone and goodjacoustic coupling
was achieved with a thin layer of $ltrasound gel.

phalanx of the third finger, the ngb metatarsus, and

Results

The precision and reproducibifity of the Cmni-
sense was previously established by Drake et al. duir-
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Table 3
Mean SOS (in m/s) in Males by Decade at Four Skeletal Sites
Radius Tibia Phalanx i Metatarsal
Age N  Mean SOS SD N Mean SO8 8D N Mean 50§ 5D N Mean SOS SD
20-29 47 4081 120 48 3082 i31 48 3971 150 44 3740 288
30-39 46 4108 123 47 3988 116 47 3943 193 44 3735 223
4049 44 4117 109 44 3978 98 44 3971 192 41 3740 213
50-54 54 4471 139 54 3986 115 53 3933 162 50 3751 280
6055 46 4043 134 49 3969 128 50 3891 176 44 3712 258
T3-79 25 4006 134 28 3994 131 28 3825 244 21 3593 213
8090 21 - 4030 124 20 3929 152 21 3786 189 15 3528 328
ing the collection of the female reference database the tibia throughout life (p < 1).01). At the other three

(26). Duplicate measurements {with repositioning)
were performed at each anatomical site on 15 volun-
teers (10 premenopausal and 5 postmenopausal
women) by 3 separate operators. Overall precision
(including interobserver and intraobserver precision)
was calculated for all six measurements taken at each
site in each volunteer, in an attempt to quantify preci-
sion in a clinical setting. Precision was expressed as
a cocfficient of variation (CV = 0.4-0.82% for the
four sites). To correct for bias in the CV resulting
from the large SOS numbers, precision was 2lso
expressed as a standardized coefficient of variation
(SCV = 1.5-2.7% or 3.0-4.5%, depending on the
method of calculation used).

Mean SOS measurements by decade and accord-
ing to site are given in Table 3. Moving-average plots
of the male reference data were generated for each
measurement site to show a smoothed progression of
SOS with age. These plots of the male reference data
are shown in Fig. 1. The curve for the tibia appears
to be nearly horizentel from the age of 26 to 80, at
which point SOS begins to decrease. The moving-
average SOS of the cther three sites increases to a
peak between the ages of 42 and 46, with an overall
plateau between 30 and 30 yr. Thereafter, SOS at the
radius, phalanx, and metatarsal declines. After the
age of 60, the SOS can be fitted to a linear regression
at the phelanx and metatarsal sites (p<0.03 and
p<0.8003, respectvely). '

Moving-average plots. including both male and
fernzle reference data, ave shown in Fig. 2. The male
SOS at the tibia remains higher than female SOS at
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sites, female SOS is higher fr
significant difference betweer
at the radius and phalanx (p
ages of 45 and 59, the radius,
S0S declines in females (10
= —15 m/s/y1) at a greater raf
—1.7 m/sfyr; mean = -3 m/s

pm age 20 to 39, with a
1 male and female SOS
< (.0001). Between the
phalanx, and metatarsal
4 to —22.% m/s/yr; mean
> than in males (+1.5 to
vr), and the reference

curves cross. An interactive regression model was fit-

ted to all reference data for ag

es 4069, and the slope

of the reference curve for men

and women was found

to be significantly different atiall measurement sites in
this age range (p < 0.0001); Female SOS remains
lower than male SOS for thejremainder of life at the

radius, phalanx, and metatarsgl.

Analysis was also perfo
effects, if any, known life

ed to determine what
le and demographic

variables had on SOS measutements. No significant

relationships were found a
sites, although a few lifestyl
be significant predictors of S¢
sites. Unexpectedly, a decrs
(BMI) was found to predict :
in the larger bones that werg
for the radius and tihia). The
nificant if the SOS values we

increased amount of physicmr

dictive of increased SOS at tv
tibia and phalanx sites). W|
were adjusted for age, the rel:
greater significance (& < 0.07
is pormally considered a risk
we must consider that intense

iross all measurement
: factors were found to
DS at two measurement
rsed body mass index
n increased SOS value
measured {p < 0.0033
2 results Temained sig-
e adjusted for age. An
activity was also pre-
o sites (p < 0.05 for the
ten these SOS values
tionship achieved even
4). Although low BMI
factor for osteoporosis,
physical activity could
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lower BMI while increasing bone strength as a result
of increased weight-bearing activity. No significant
relationship was found between SOS and height,
weight, caicium intake, alcohol consumption,
tobacco use, family history of osteoporosis, or fam-
iy history of hip fracture.

Discussion

The last decade has seen the conception and evolu-
tion of QUS technologies for use in widespread frac-
wure risk assessment. Cuzrently, bone mineral density

(BMD), measured by DXA §canning, is considered to

be the most important measurable factor in the assess-
ment of fractuwre risk (29). Unfortunately, disadvan-
tages of DXA scamning, such as cost size, and
requirement for specialized operators, dictates that this
technigue is not ideal for screening. This will be espe-
cially true in the future, because with our aging popu-
lation, fractures in North America will increase
significantly (7,3). Furthermore, DXA does not reflect
siructural properties of bone, such as elasticity and
porosity, which may contribute independently to frac-
tare risk (5,8,17,30).

Recent research has established that the peak bone
mass may be rezched at different ages at different
skeletal sites (3/-34). Lumber spine BMD measure-
ments in men over the age of 65 may also be altered by
skeletal and extraskeletal artifacts (5,6,24,25).
Therefore, measurernent of BMD using DXA at just
the niip and spine might Hmit the available information
when the misk of facture of any bone as a result of
0steoporosis Is o be assessed. QUS devices are well
suited to deal with these possible problems in skeletal
assessment. Peripheral site measurement avoids inter-
ference from artifacts in the spine. Measurement at
multiple sites provides more information for skeletal
assessment, which might reduce the discordance that
has been observed when diagnosing osteoporosis
using 2 single skelete] site (35,36).

This study esiablished a reférence database for
SCS at multple skeletal sitss in Caucasian North
Amcricen males, using the Sunlight Omnisense. The
results clearly demonstrate a decline in SOS with
age al the pholanx and metatarsal sites. SOS peaks at
both of these sites in the fifth decade and begins to
decline af a rate of 1.5-2 m/sfyr early in the sixth
decads. The rate of decline continues to increase
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throughout life at the metatagsal site, reaching about
5-8 m/s/yr in the seven decide, 8-10 m/s/yr in the
eighth decade, and 1012 m/8/yr in the ninth decade.
The rate of decline in phalank SOS increases from 2
m/sfyr at age 50 t0 7 m/sf§r at age 70. The rate
rernains between 5 and 7 m/sfyr for the remainder of
Iife. Similarity between thel declines in SOS and
BMD reference data is likely|reflective of the depen-
dence of SOS on bone densify. The different ages at
which peak values are attained [usually third or
fourth decade for BMD (37-39) and fifth decade for
SOS in this study} indicate] that some component
othef thian density may also Play a role in determin-
ing SOS. Earlier studies may| support this theory by
demonstrating the ability of QUS to predict fracture
risk, independent of BMD| (7,9,20,40}). See the
review by Njeh and colleagugs for discussion of the
possible role of structure in QUS measurement (41).

The radial SOS also peakslin the fifth decade. The
rate of decline is 34 m/s/yr jfrom age 48 to 70, but
decreases to near zero as th¢ radial SOS reaches 2
plateau from age 70 to 84.;The SOS resumes its
decline again late in the ninth decade. The uneven
decline in SOS was unexpeqted. Most studies that
have examined total radial BMD or radial fracture
have not detected a disruptipn in BMD decline or
radial fracture patterns later|in life. However, two
studies that specifically inyestigated the cortical

layer of the radius reported
tical BMD in men over

increase in radial cor-
age of 70 (42,43),

Because the “critical angle” tdchnique utilized by the

Omnisense primarily reflec
bone, the observed plateau

the status of cortical

in; SOS might be indica-

tive of this increase in cortical BMD in the eighth
decade. The SOS measurements can also be influ-
enced by factors other than density, including corti-

i

cal thickness and porosity, bt the effect of age on
these factors is not well undeijstood.

Tibial SOS did not demonstrate an age-related
decline between the ages of 20 and 80. The mean
SOS values ranged from 398 to 4001 m/s for this
time period. The fixed r;ature) f tibial SOS was sur-
prising, aithough it should be noted that tibial shaft
fracture does not regularly follow a consistent age-
related pattern (44-46). A similar study to collect
normative SOS data also founyl a linear pattern at the
tibia. Stegman et al. found |mesn SCS results of
3898-3869 m/s for men aggd 30 and up, with a
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- 47}, Studies have con-

ed a COTT Nl bﬁal $OS and ‘coruc;l
gﬁim cortical thickness, az';d cortical EIa:f:ai?ed
I;s (;,’-'8,49). Isolated expenment_s _ha\gMDogo ted
33»-lmt cortical elastic modulus and tibial ) o no
Epciine with age (50,51). Although _thzsiesos £e
< d help to explain the observed tibi l;)een
nce is wnconvincing. Brror may also have

] f
using a convenient sample, as Most o
d active. Finally,

cline of only :
ge elation between &

woul
evi de

introduced by
the older men were ambulatory an

the cortical bone measured by the OgmMBeﬂse may
not refiect any decrease in trabecular ) fthe four
The meaningfulness of results at eacit O ..
measurement sites Is an important ?‘;?:BE’CS got
cially for clinicians. Because the 1 ;1 ine with
demonstrate a visible peak in SOS or a g Ecb ol
the eighth decade, this site Wil D USE
age before the eig ds but the usé of
for identifying men with low T-scores, bu e
s-scores wouid be redundant. The mefatars S0S
demonstrates 2 suitable age-related decline 1n : .On,
but measurement difficulties cause 108S Qf PI?CISSIOS’
resulting in unexpectedly large ﬂuctuatzonstms
with age and differences between study centers. e
Our study is not without limitations. LOB;;‘?HASPOI
sempling introduces an inherent potentla.l ford 1;15. e
example, study participants who responded to
advertisement about bone research may be mu(ilz
likely to have stronger bones than the aCEualfPOP .l
fion that they are representing. The effects © suc
bias are mitigated in normative data collection,
because those who are unhealthy (in any way that may
affect their results) are excluded from participation.
In surpmary, this cross-sectiopal study has shqwn
that the Sunlight Omnisense—a new, INEXpensive,
portable QUS device—is able to detect‘changes in
the sound propagation properties of cortical bonelat
nultiple sites in 2 healthy Caucasian m{ile popula-
tion. Further work is needed to determine how to
most effectively utilize the multiple-site caga_bﬂlty.Of
this machine 1o evaluate fracture risk. If multiple-site
Hesurement can improve the accuracy of fracture
sk assessment, the efficacy of expensive pharma-
cOtherapies can be monitored and we can then pro-
vide more cost-effective osteoporosis treatment.
C@mparative studies with techniques like peripheral
ouenitziive computeg tomography (pQCT) wouid
) zeidate ‘m; structural elements of
e bore that determine SOS.

3950 be usefnl 1 el

LRy o) £

L .
0 Cliniead Deneisormerry

Acknowledgments
The authors would like to th

69

< the men who par-

ticipated in the study and all clinical staff for their
help. We would also like to ext nd our appreciation
to Dr. Irit Yaniv and Tehila Giyaty at Sunlight for

their guidance, and special than

s to Diklah Geva at

Sunlight for her statistical assistance.

References
1.

[F3]

11

- Melion LI T, Thamer M, Ray NF

. Hans D, Fuerst T, Lang T, et al. 159

. Bauer DC, Glier CC, Genant

Papadimitropoulos EA, Coyte PC,|Josse RG, Greenwood
CE. 1997 Cumrent and projected nﬁtes of hip fracture in
Canada. Can Med Assoc J (CMAT)157:1357-1363,

..Cooper C, Campion G, Meltor LTI 1992 Hip fractures

ig the elderly: 2 world-wide projiction. Osteoporos Int
2:285-289.

- Cumnmings SR, Rubin SM, Black D| 1990 The foture of kip

fractures in the United States. Numjbers, costs, and poten-
tial effects of postmenopausal gstrogen. Clin Orthop
252:163-166.
et al. 1997 Fracturesg
attributable to osteoporosis: repoit from the National
Osteoporosis Foundation. J Bone Miner Res 12:16-23.

. Genant HK, Ergelke K, Fuerst T, et al. 1996 Noninvasive

assessment of bone mineral and strutture: state of the art. J
Bone Miner Res 11:707-730,
How can we measure
bone quality? Baillieres Clin Rheumatol 11:495- 515,

HK, Stone K. 1995
Quantitative ultrasound and vertehral fracture in post-
mencpausal women. Fracture Intervention Trial Research
Group. I Bone Miner Res 10:353-338.

. Gliier CC. 1997 Quantitative ultrascx‘,md techniques for the

assessment of osteoporosis: expert jﬂgreement on current
status. The International Quantitativell lirasound Consensus
Group. J Bone Miner Res 12:1280-1P88.

Schott AM, ‘Weill-Engerer S, Hans
PD, Meunier PI. 1995 Ultrasound
with hip fracture equally well as du
tiometry and independently of bone
Miner Res 10:243-249,

, Duboeuf F, Delmas
iscriminates patients
energy X-ray absorp-
ineral density, J Bone

. Tromp AM, Smit JH, Deeg DJ, Lips

. Hans D, Wu C, Njeh CF, et al. 1999

- Hans D, Aslot ME, Schott AM,

P. 1999 Quantitative
ultrasound measurernents of the tibia jand calcaneus in com-
parison with DXA measurements at |various skeleral sites.
Osteoporos Int 9:230-235.
Greenspan SL, Bouxsein ML, Meltlon ME, et al. 1997
Precision and discriminatory ability of calcaneal bone
assessment technologies. 7 Bone Mingr Res 12:1303-1313.
frasound velocity of
trabecular cubes reflects mainly bone density and clasticity.
Calcif Tissue Int 64:18-23.
oux JP, Kotzki PO,
Meunier PY, 1995 Do ultrasound me) urements on the os
caleis reflect more the bone microarchitecture than the bone
mass? A two-dimensional histemorphometric study. Bone
16:295-300.

Volume 5, 2002




14.

15.

16.

17.

19.

23

24,

25.

26.

27.

. Mershall D, Jokmell O, Wt

Nicholson PH, Muller R, Lowet G, et 2l. 1998 Do quantita-
tive nltrasound measurements reflect structure indepen-
dently of density in buman vertebral cancellous bone? Bone
23:425-431.

van der Bergh JP, van Lenthe GH, Hermus AR, Corstens
FH, Smals AG, Huiskes R. 2000 Speed of sound refiects
Young’s moduius as assessed by microstructural finite ele-
ment analysis. Bone 26:519-524.

Abendschein W, Hyatt GW. 1970 Ultrasonics and selected
physical properties of bone. Clin Orthop 69:294-301.
McCarthy RN, Jeffeott LB, McCartney RN, 1990 Ultrasound
speed in equine cortical bone: effects of orientation, density,
porosity and temperstuze. § Biomech 23:1139-1143,

. Hars D, Srivastav SK, Singal C, et al. 1999 Does combin-

ing the results from multiple bone sites measured by a new
quantjtative ultrasound device improve discrimination of
kip fractare? J Bone Miner Res 14:644-65],

Turner CH, Peacock M, Timmerman L., Neal IM, Johnson
€C. 1995 Calcaneal ultrasonic measurements discriminate
hip fracturs independently of bone meass. Osteoporos Int
5:130-135.

. Reginster J'Y, Dethor M, Pirenne H, Dewe W, Albsrt A. 1998

Repreducibility and diagnostic sensitivity of ultrasonometry
of the phalanges to assess osteoporosis. Int J Gynascol
Chstet 63:21-28.

. Bouxsein ML, Coan BS, Lee SC. 1999 Prediction of the

sizength of the elderly proximal fernur by bone mineral den-
sity and quantitative ulirasound measurements of the heel
and tibiz. Bone 25:49-54.

. Barkmann R, Kantorovich E, Singal C, et al. 2000 A new

method for guantitative ulirasound measurements at muiti-
ple skeletal sites: first results of precision and fracture dis-
crimination. J Clin Dengitom 3:1-7.
Feldes AZ, Rimon A, Keinan DD, Popovtzer MM. 1995 A
novel approach for assessment of bome status. Bone
17:363~367.
Drinka PJI, DeSmet AA, Banwens SF, Rogot A. 1992 The
effect of overlying caleification on lumbar bone densitome-
try. Caleif Tissue Int 30:507-510.
Crwoll ES, Oviatt SK, Mann T, 1990 The impact of osteo-
phytic and vascular calcifications on veriebral mineral den-
sity measurements in men. J Clin Endocrinology Metab
70:1202-1207.
Drake W, Njeh CF, McClung MR, Genant HE, Rosen 7,
Watts NB, et 21, 2001 \Lﬁasﬁe bone ultrasournd measure-
ment on 2 North American female reference population. J
Clin Densitom 4(3):230-248.
Njeh CR Nicholson PHF, Langton CM. 1999 The physics of
ulirasound azpl itzd t0 bone. In:"Quangitative Ultrasound:
Assessmert of Osteoporosis and Bome Stams. Njeh CF,
Hans B, Fuerst T, Glier £C, Genant BX, eds. Martin
Duniiz, London, 67-75.

. Antich PP, Anderson JA, Ashman RB, et al 1991

Measurement of mechanicel properties of bone raaterial in
vitro by uitrasound reflection: methodology and comparison
ultresound transraission. I Bone Miner Res 6:417-426.

fel H. 1996 Meta-analysis of how
well measuies of bone minera] density predict oocurrence of
s. Br Med J 312: ?2;4-.12“3

with u

$1n

Jorrnal of Clizical Densizometry

31

32.

33.

34.

35.

36.

37.

38

39.

40.

41.

42.

43.

I
n

. Ottt SM. 1993 When bone m

Calcif Tissue Int 53:S7-513
Pouilles IM, Tremollieres F,
densiiometry at the menopa
the assessment of the risk o

52:344-347.

Davis JW, Ross PD, Wasm

Hayman et al.

s fails to predict bone failure.

ibot C. 1993 Spine and femur
se: are both sifes necessary in
osteoporosis? Caleif Tissue Int

RD. 1994 Evidence for both

generalized and regional llw bone mass among eiderly
women. J Bone Miner Res 9:305-309.

Greenspan  SL, Maitland-

amsey L, Myers E. 1996

Classification of osteoporosis in the elderly is dependent on

site-specific analysis. Caleif
Deng B-W, Li L, Li 1, 1

Tissue Int 58:409-414.
avies KM, Recker RR. 1998

Heterogeneity of bone min
and its clinical implication

2] density across skeletal sites
J Clin Densitom 1:339-353.

Mulder JE, Michael D,
Comparison of bone mine
lursbar spine, hip, and for

Flaster ER, Sids E. 2000
ral density of the phalanges,
arma for assessment of osteo-

porosis in postmenopausil women. I Chin Densitom

3:373-381.

Stach SA, Wysong E, Cony
SL. 2000 Classification of

men is dependent on site-sp
3:311-317.

olly C, Parker RA, Greenspan
steoporosis and osteopenia in
wific analysis. J Clin Densitom

Nelson DA, Jacobsen (3, Barondess DA, Parfitt AM. 1995

Ethnic differences in region

i1l bone density, hip axis length,

and Ji{estyle variables amon

> healthy black and white men.

T Bone Miner Res 10:782--7
Mazess RB, Barden HS, D

R7.
rinka PJ, Bauwens SF, Orwoll

ES, Bell NH. 1990 Infiuen

of age and body weight on

spine and femur bone min
Bone Miner Res 5:645-632.
Fatayerji D, Cooper AM,
regional bone mineral de
Osteoporos Int 10:39-65.

Bauer DC, Giiier CC, Ca
ultrasound attennation predi
pendently of densitometry
study. Study of Osteoporo
Arch Intern Med 157:629-6
Njeh CF, Fuerst T, Diessel R

tive ulirasound dependent o

Osteoporos Int 12:1-15.
Mazess RB, Cameron IR.
normal 11.S. whites. Prod
Conference on Bone Min
228, '

Alhava BM, Karjalainen P
mineral density of bone of

density in U.S. white men, T

tell R. 1999 Total body and
sity in men: effect of age.

ey JA, et al. 1997 Broadband
ts fractures strongly and inde-
older women. A prospective
c Fractures Research Group.
4.

Genant HK. 2001 Is guantita-
h bone structure? A reflection.

1973 Bone mineral content in
eedings of the Inmternational
sral Measun_zments, 1973, p.

1973 The miners] content and
he foreasm in healthy persons

measured by AM-241 gamnda rav altenvation miethod. Ann
o t=4 o

Clin Res 5:238.

. Singer BR, McLauchlan ¢

1998 Epidemiology of fra
influence of age and gend
B:243-248,

. Bengner U, Bkbom T, Johnell

¥, Robinson CM, Christie J.
tures in 15 QG0 adulis—ihe
1. J Bone Joint Surg Br 80-

O, Nilsson BE. 1990 Incidence

of femoral and tibial shaft fraqrures: epidemiology 1950-1983

in Mamo, Swaden. Acte Ot

op Scand 61:251-254.

Volume 35, 2002




Sunlight Male Reference Database

46. Emzmi A, Mjoberg B, Ragnarsson B, Larsson 8. 1996
Changing epidemiology of tibial shaft fractures: 513 cases
compared between 19711975 and 1986-1990. Acta Orthop
Scand §7:557-561.

47. Stegman MR, Heaney RP, Travers-Gustafson D, Leist L
1995 Cortical ulirasound velocity as an indicator of bone
status. Osteopores Int 5:348-353,

48. Prevrhal S, Fuerst T, Fan B, et ab. 2001 Quantitative ultra-
sound of the tibia depends om both cortical density and
thickness. Csteoporos Int 12:28-34.

Jowrzial of Clinicc! Bensizometry

49,

50.

51.

! 71

Lee SC, Coan BS, Bouxsein ML. {1997 Tibial ultrasound
velocity measured in situ predicts the material properties of
tibial cortical bone. Bone 21:119-135.

McCalden RW, McGeough JA, Ba}ker MBEB, Court-Brown
CM. 1993 Age-related changes iy tensile properties of
cortical bone. J Bone Joint Surg Aln 75-A:1193-1203.
Bohr HH, Schaadt O. 1987 Minera! content of upper tibia
assessed by dual photon densimmeL'y. Acta Orthop Scand
58:557-559.

Volume 5, 2002




