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ABSTRACT

Te determine if measuring skeletal status at the caleaneus is a potentiatly valuable technigue for diagnosing

osteoporosis, we examined five calcaneal assessment techniques in 53
pausal women with osteoporosis and compared these measurements to

young normal women and 108 postimeno-
duat-cnergy X-rvay absorpiiometry {DEXA)

at the ealcansus, hip, and spine. The five instruments, including single-energy X-ray absorptiometry (SEXA) and

four guantitagive ultrascund (LS} instrwments,

were evaivated for precision,

ability to discriminate osteoporotic

from young normal subjects, and corvelation to the other instruments. The coefficient of variation (%CV) for

instrument, pesitioning, interobserver,

and shert-term precision of the five caleancal instruments ranged from
1.347.76%, 1.63-7.00%, 1.84-9.44%, and 1.99-7.04%, respectively. The

%CVs for positioning, interobserver, and

shori-term precision were similar for exlcaneal DEXA, calcaneal SEXA, and stiffness (as measured by Achilles).

The %CVs for instrument precision were similar between calcaneal

DEXA and SEXA. The ability of the five

calcaneal instruments to discriminate osteoporotic from young normal subjects was similar hased on the analysis

of ares under the receiver opersting characteristic curves

(range (.88-0.93) and equivalent to DEXA of the

caleanens and hip (0.88-0.93). The carrelations between the measurements of five caleanenl instruments were

strong (0.80 = r < 094, p < 00013

Fhese data suggest that although the precision is variable, the caleaneal QUS

and SEXA instruments can discriminate between osteoporotic patients and young normal controls and appear to
be & useful fechnigue for assessment of osteeporosis. (J Bone Miner Res 1997;12:1303-1313)

INTRODUCTION

STEOPOROSES 1§ A ZFOWINg coneern due to the increased
aging of our population. In the United States, there
are more than 250,000 hip fractures annually at a cost of
over $10 biltion.? Because women over the age of 65 are
the fastest growing segment of the U.S. population® it is

*T{mis work was presentad in part at the Seeond Annual Scientific
Meeting of the Society for Clinical Densitometry, Januasy B-21,
14996, Colorade Springs, Colorado, US.A

expected that the number of hip fractures alone will double
or triple within the next quarter century.t? Along with
established agents, such as estrogen replacement therapy,
additional therapeutic alternatives are available to treat
osteaporosis.® 1t has therefore become imperative fo eval-
uate and diagnose patients with 0steoporsis $O that pre-
ventive or therapeutic measures can be instituted as soon a5
possibis,

Although there arc several techniques 10 assess bone
minera) density (BMD) or conteat {(BMC), including quan-
fitative computerized tomography, dual photon absorpti-
ometry, singie photon absorptiomelry, and radiographic ab-
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sorptiometry, dual-energy X-ray absorptiometry (DEXA}
of the hip and spine has become the most widely acoepted
technique for evaluation of skeletal status © DEXA mea-
surements have good precision and accuracy, low radiation
exposure, and are associared with hip and vertebrat fracture
risk (¥ However, because these machines require dedicated
office space and can be expeasive, they are not ajways
accessibie and tend 1o be located mainly in urban areas,

Ouantitative ultrasound (QUS) and single-energy X-ray
absorptiometry (SEXA} are potentially uscful technigques (0
evaluate skoletal integrity ot peripheral sites such as the
calcanens, patella, tibia, finger, and forearm. While SEXA
measures BMC {g/om), QUS uses sound waves (o 285258
skeletal status. Two parameters are typically measured by
QUS: ultrasound velocity or speed of sound (SO5), which
reftects the speed of the ultrasound wave; and broadband
wlirasound attenuation {BUAY, which reflects the frequency
dependence of ultrasound attenuation. S An additional pa-
rameter, stiffness, is caleulated as 3 linear combination of
$03S and BUA. Both QUS and SEXA are associated with
fracture risk. 1% Although caleaneal devices have been
developed that are small, portable, and relatively inexpen-
sive compared with farger, stationary DEXA machines,
these techniques have not received widespread clinical ac-
ceptance in the US.

This study was undertaken to evaluate five calcaneal
bone assessment instruments for precisiosn, correlation, and
ability to discriminate osteoporotic from normial subjects.
The investigation allowed for comparisons between the
various calcaneal instruments and comparisons with stan-
dard DEXA measurements.

WMATERIALS AND METHODS
Subjects

Two UG, centers participated in the study. Both centers
recoived Institutional Review Board approval, and each
subject gave written informed consent prior Lo pariicipa-
ion. The study population consisted of two groups, young
normal and osieaporotic. The subjects were recruited from
cither the study sites’ current patient population or through
community-based advertising. The young normal group
(n = 53} was comprised of non-Hispanic, Caucasian fe-
males aged 25-35 who were nol pregnant of tactating and
without a history of osteoporosis or medical disorders as-
sociated with Iow bone mass. The osteoporotic group {n =
10%) was comprised of non-Hispanic, Caucasian, postmeno-
pausal females at least 35 years of age with a BMD more
than 7.5 standard deviations (3D) below the mean young
normal bone mass at the femoral neck or trochaater
(<0.645 or <0497 glem?, respectively) as determined Dy
the Hologic normative database. The osteoporotic group
was comprised of two subgroups: subjects with ne history of
osteoporotic fracture (osteq non-Fx) {7 = 52 and subjects
with osteoporotic fracture (osten Fx} (1 = 56} An ostoo-
porotic fracture was defined as a fracture that (1) oocurred
after menopause, (2} was dug 10 no more than a moderate
trauma (1.¢., energy less than of equal to a fall from stand-
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ing height), and (5} javolved 1 of 15 fracture sites associated
with low bone mass or mild/moderate trauma.t?

Txcluded from the osteoporotic group were subjects with
a history of evidence of metabolic bone disease (other than
postrnencpausal bone loss}, those ever treated with fluo-
ride. or those who took high doses of calcium (1500
mg/day} ot vitamin D =800 I1ifday) within the past year.
Subjects who initiated use of the following medications
within the prior year were excluded: estrogen, ghicocorti-
coids, anticonvuisants, anticoagulants, bisphosphonates,
calcitonin, androgen, or vitamin [ Subjects on these med-
ications at 2 stable dose during the entire year priof to the
study and who planned 1o continue use throughous the
study were eligible.

Bane assessment technologies

Your QUS instruments were examined and included:
Achilles, Lunar Corporation (Madison, W UsAY
CUBRA, McCac Ultrasonics, LTD. (Hampshire, UK.}
QUS-1X, Osteo Sciences Corporation {Beaverton, OR,
U.8.AY; and Ultrasonic Bone Analyzer {LIBASTS +}, Ho-
togic, Inc. (Waltham, M4, USA) (Table 1) A single
calcaneal SEXA instument was useds OsteoAsnalyzer,
Dove Medical Systems, Inc. (Newbury Park, CA, USAL
DEXA was used to assess calcaneal, Bip, and spine BMD
(ODR-1500 and QDIR-2000; Bologic, Inc.). Al of the QUS
instrumenis provided multiple measurement paramelers;
however, the single measurement parameter considered by
the carresponding instrument manufscturer a5 the most
clinically relevant was used in the primary analyses. Second-
ary analyses with the other QLJS measurement parameters
are presented U Appendix L

Measurements were condusted by two technicians at
cach study site. One technictan at cach site was identificd as
the primary technician for the Achilles, OsteoAnalyzer, and
UBASTS+, and the other technician was the primary tech-
nician for the CUBA, calcaneal DEXA, and QUS-1X. The
\echnicians received training on cach machine and were
instructed to conduct all messurements according 1o the
manufacturers’ operating manuals,

Stucdy design

This cross-sectional study was conducted during a -
menth period. Qualification of each subject was determined
by obtaining a meddical istory including prior medications
and a discase-directed physical examination on the subiects
wha reported any ailments. All subjects of child-bearing
potential were required to have a negative uring pregnancy
test. Vital signs, height, and weight were colested. Subjects
whe met all inclusion and exclusion criteria underwent &
DEXA sean of the hip and postercanterior spine.

Within cach group (young normal, osicd non-fx, 0§ten
Fu}, qualified subjects were randomly assigned to one of
four groups. All measurements were conducted by the pri-
mary techniclan for the instrunent with the exception of the
positioning/interobserver  precision groug. The baseline
group underwent one measurement of each of the five
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Tasiks 1, Carcaneal INSTRUMENTS

Instrurnent {manufacturer) Frstrismient Weight Water
Measurernent paramerers Uinits ope {Ib} bath
Achilles {Lunar Cotporation) QUi 46 yes
*stiffncss (0.67 [BUA] + 028 [SOS]) ~ 420 %
broadband ultrasound attenuation (BUA) dB/MHz
speed of sound (SOS) m/s
CUBMA (MeCue Ultrasonics, Lad) €IS 28 o
*BUA dB/MHz
velocity of sound (VG5 /s
QUS-1X {Osten Sciences Corporation) QUS 3 no
*ulirasonic bone index-4N (UBT4N}Y dB/MHziem
BUA dB/MHz
ultrasonic bone index-4 (URE-4Y' dBMHz
UBASTS+ (Hologic, Int) QUS 25 yes
*BUA, dB/MHz
bone velocity {Vb) s
08 mifs
OstecAnalyzer {Dove Medical Systems, Inc.) SEXNA 72 ¥es
*bone mineral content (BMC) mgfom’
DEXA caleaneus (Hologic, Inc.) DERA 125G no
*hone mineral density (BMD)} glom?

QUS, quantitative ulirasound; SEXA, single-energy X-ray ahsorptiometry; DEXA, dual-energy Xeray absomiiomety.

* Massuremnent parameter sclected by the instrument manufacturer as being the most clinically relevant, and therafore used In the
prmary analyses. Analyses with the other mgasurement parametsrs are presented in Appendix 1.

tUBI4 is & variant of BUA, UBL4N is sormalized for heel size (UBI-4/ust. heel widih}k

calcansal instruments plus calancal DEXA within a single
day. The instrument preeision group undsiwent a total of
five measurements on each instrument without reposition-
ing: measurements for all instruments were completed
within a L-week period. The positioningfinterobserver pre-
cision group underwent a total of four measurements on
cach mstrument within a I-week period. The first three
measurcments were conducted with repositioning by the
primary technician; the fourth measarement was conducted
by the secondary technician. The short-term precision
group underwent one measurement by each of the instru-
ments on § separate days within a 2-week period.

Throughput time was defined as the time iaclosive of
preparing the subject for the measurement (e.g., swabbing
the heel with alcohol, positioning the foot), entering the
subject demographics into the computer, performing the
measurament, and enalyzing the measurement.

A in vivo cross calibration of the two units of each of the
four OUS instruments was conducted at the beginning of
the study (at one study site) and at the end of the study (at
the other study site). A total of 10 subjects were selected at
each study site with T scores at the femoral neck of tro-
chanter ranging from —3.0 to +3.0 on a recent DEXA scan
{within the past & months). Each subject underwent five
measurements (withoul repositioning) on each stru-
ment by the primary techaician. In vitro cross calibration
was performed at the beginning and ead of the study
using instrument-specific phantoms supplied by the
manufacturers.

-

Statistical analysis

Precision: Precision was assessed using {wo parameiers,
coefficiant of variation (HCV) and standardized coefficient
of variation (%SCV), for the five calcaneal instruments and
compared with the precision of caleaneal DEXA, For test-
ing and estimation purpases of the Vs for instrument,
positioning, interobserver, and short-term precision, the
foparithmic transformation was used. The SD of the loga-
rithmic transformed data was computed for cach subject on
each instrument. The esiimated %CVs were pooled across
subjects fo obtain estimates for cach instrument. The esti-
mated %EVs of the jostruments were compared by taking
the square toot of the 95% confidence intervals on the
ratios of the squarcd %CWVs for alf pairs of mstruments
using the F-distribution. The %SCV was calculated using
the ratio of the pooled within individual variation to the
95% range of the data. Ninety-five percent confidence in-
tervals were penerated for all precision estimates. The low-
est precision indicates the best precision.

Measuremenss, T scores, and throughput time: Descriptive
statistics were calculated on the first measurement of each
instrument and subject. For each instrument, the mean
measurements from the young normal, osteo non-Fx, and
osteo Fx group were compared by Friest from two-way
analysis of variance (ANOVA) tests with effects for center
and cohort, T scores were caloulated for each subject and
calcaneal instrument using the young normal group from
the study as the reference database:
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Tapiz 2. DeMocrarics of STUDY POPULATION

Total Young normal Csteaporotic all Osieo mon-Fx Osieo Fx

Subjects enrolied 161 53 HB 32 56
&gt (years)

mean & SEM 574 = 1.60 3024 043 0.8 1 078 688 1 102 725 = 134

range {min-max} 2492 2435 55-82 5583 3597
Postmenopausal {years)

mean + SEM NA NA 24.1 £ 0.99 228 + 146 253+ 133

range (min-max) MA MNA 356 645 3-56
Height (em)

mean + SEM 1651 & (55 1657 #0772 158.8 = 0.63 1591 = (.96 1585 = 0.83

range (min-man} 141-176 152 — 176 141 - 173 144-173 141-172
Weight {kg)

mean + SEM 613 =077 637 = 1.41 G4 1 050 60.2 = 136 800 x 1.21

range {min-max) 40-100 49-100 40-88 4088 41-83

NA, not applicable.

Measurement ~ Young normal group mean
Young normal group ST

T sgore =

In addition, with the young normal group a8 the reference
database, T scores were calculated for DEXA femoral neck
and trochanter. Statistical similarity of T scores was as-
sessed by Duncan’s multiple range test,

Discriminatory ebiline Recelver operating characteristic
(ROCY curves and area under the curve (AUC) were used
to ovaluate the sensitivity and specificity of sach calcaneal
instrument, DEXA femoral neck and trochanter 10 {1
identify osteaporotic subjects from all study subjects and (2)
discriminate between osteoporotic subjects with and with-
out fracture, using the first measurement by each instru-
ment and subject.

Cerrelation: Corrclations of the measurements Fom all
cafcaneal Instruments and hip and spine DEXA were as-
sessed using Pearson’s product moment eoarelation coeffi-
cients. The first measurement by each instrument gogd sub-
ject was used to calculate the correlation coefficients.

Analyses were conducted using both an “all scans” and a
“per protoeol” approach. The all scans approach included
the measurements from all subjects whao qualified for the
study and underwent the protocol specified procedures.
The per protocol approach was the result of 3 post hoc
quality assurance sudif of all caleaneal measurements con-
ducted for the study (3005 measurements)., This quality
assurance audit identified 72 measurements {2.49%) that did
not meet the manufacturers’ specifications (OsteoAnalyzer,
5 = 29502 measurements [5.8%) calcancal DEXA, o =
61501 [1.2% ], QUS-1X, » = 37/500 [7.4%]). These measure-
ments were excluded from the per protoco! analyses. Rea-
soas for exclusion included incorrect positioning, move-
rrent, artifacts, and wrong foot scanncd (left or right), The
72 individual measurements that were excluded from the
per protocol analyses were distributed among all of the four
subject groups. in addition, the measurements of the sub-
jects initially recruited into the osteoporotie group who did
not gualify as osteoporotic {n = 3) and the measurements
of the subjects who did not have all of their measurements

completed in 31 days as specified by the protecol (n = 2)
were excluded from the 2l scans and per protocol analyses
of measurements, T scores, and discriminatory ability. The
measurements from the lafter two subjects were akso ox-
cluded from the correlation calculations. Unless otherwise
aotad, data presented ars from the per protorol analyses.

Cross calibration

Far cach study site and QUS instrumend, the data were
modeled using a repeated measures ANOVA and 95%
confidence intervals on the mean differences between the
units were constructed, In addition, deseriptive statistics
were used o summarize measurements using the phantoms
for each unit, and in cases where the same phantom was
used at both sites, the difference between siles was also
sutnmarizad.

RESULTS
Demographics

A total of 161 subjects were enrolled in the study (young
novmal, £ = 53; osteo nonFx, # = 52; ostea Fx, n = 536). In
¢he osteo Fx group, 37 women {57%) had fractures of the
hip, vertebrae, and/or wrist and 24 women (43%) had other
osteoporosis-associated fractures. Demographics for both
of the osteoporotic subgroups were similar {Table 2} with
the exception that, on average, the subjects in the osteo Fx
group were 4 years okder and postmenopausal 2.5 years
tonger than those in the osteo non-Fx group. A comparison
of the subject demographics between the two study sites
roveaied that the osteo non-Fx group subjects at ono site
were on average 6.5 years older and 6.1 o shorter than
those at the other study site. These differences were not
considered clinically meaningful.

Frecision

Tahle 3 summarizes instrument, position, interobserver,
and short-term precision, The %CV and 9HSCY for instru-
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TanLe 3. Precision

Interabserver precision Short-ferm precision

FHICY GOV

WSOy HOY*

PSCY G FaCE

(95% Cfp (5% Cib (9SO (93% C)

2358 2.51

1 257y (1.99,332) (0.59,4,35) (2.08,2.69) (194,3.08)

387 7.58¢ 504 5710 4.31

0.84 9.44° .16 7.04% 6.8}

312 497 198 6.64° 533

1.68 1.84° 1.72 1.59¢ 1.76

1.68 1.91% 1.56 .02 2.35

Tnstrurment K e
{pararmeter) (059 CI) (95% C) (9% O} (95%: C)
Achities 2.74° 2.69 1.78% 2.03 2.487 2.47
(stiffness) (244, 3.11) (174, 3.64) (151,237 (1.5
CUBA 4.37° 3.21 4.44°
(BUA} (3490, 4.97) (079, 5.63) (377, 5.40) (2324, 550y (6,06, 10.13} (2.57, 9.51) (464, 5.86) (352, 5.11)
QUS-1X 7767 8.3 7.00° .
{UBI-4N} {690, B.86) (5.6% 10.64) (5.50, 8.63y (3.87, 9.81) (147, 12.85) (0.91, 17.42) (622, 8.10) {5.56, 8.06)
LIBASTS + 2.01P 161 3.99% _
{BUA) (1.80,2.29) (0.67, 254} (3.39, 4.86) (1.54, 470y (397, 665) (L7 624y (5.89, 7.60) {440, 6.26)
QsteoAnalyzer 1.34% 1.16 1.63
{BMC) (1.1%, 1.53) (0.96, 1.36) (137, 2.02) (3.1, 2,007 (145, 2.55) {0.85 2.58) (L.77,2.29) (133, 2.19%
DEXA calcaneus 123" 107 1.63°
{BMD) (1.09, L40) (076, 1L.3T) (1.39, 1.99) (.25, 3.12) (1.53,2.55) (084, 3.07) (179, 2.31) (1.4, 287)

BUA, broadband uitrasound attenuation; BMC, bone mineral content] BMES, bone mineral density; WO, coatficient of vanation
@SV, standardized coefficient of vartation {ratio of the pooled withia individual varation 1o 3% range af the data).
» {dentical letters dennte precision that is not siatistically different as deterrmined by the confidence intervals of the palrwise ratios

within each precision paratneiern

ment precision (Le., repeat measurentents with no reposi-
tioning) of the five calcaneal instruments ranged from 134
to 7.76% and 116 to 8.13%, respectively, as compared with
precision of the calcancal DEXA {%CV, 1.23%; %3CV,
107%}3. The OsteoAnalyzer had the lowost GBCY, which
was statistically similar to calvancal DEXA.

The positioning precision {i.c., repeal measuiements on
same day with repositioning; %CV and ZSCV) of the five
calcaneal instruments ranged from 1.63 to 7.00% and 1.68
10 6.84%, respoctively, as compared with precision of the
caicaneal DEXA (1.63 and 1.689). The Achilles and Os-
teoAnalyzer had the lowest %CVs, which were statistically
simitar to calcaneal DEXAL

The STV and BECV for interobserver precision {Le,
repeat measurements on same day by different technicians)
ranged from 1.84 1o 9.44% and 1.72 10 9.16%, respectively,
as compared with precision of the caleaneal DEXA (1.91
and 1.96%). The Achities and OsteoAnalyzer had the Jow-
est HCVs, which were statistically similar to calcaneal
DBEXA.

The short-term precision (Le., repeal MEasuTements
within 2 weeks) ranged from 159 to 7.04% and 176 t0
6.51% (BCV and %SCV, respectively) as compared with
precision of the caicaneal DEXA (202 and 235%). The
Achilics and OsleoAnalvzer had the lowest 9o0Vs, which
were statistically similar to caleancal DEXA.

When the analyses were performed inchading ali scans
(L.e., adding the T2 measurements that had been excluded
during the quality assurance avdit}, the GV and FSCV

e

were simitar o the per protocol sesults for all instruments
except the OsteoAnalyzer. For the Osteasnatyzer, the in-
strument precision (%CV and %5LV) tncreased from 1.34
to 6771 % and 1.16 10 5.75%, respectively, posttioning pre-
cision from 1.63 10 8.02% and 168 to 7.54%, interobserver
precision from 1.84 10 5.79% and 1.72 to 5.38%, and short
1orm precision from 1.9% 10 5,86% and 1.76 10 5.10%.

Measurements, T scores and throughput time

Higher mean measurements {p < 0.001) were oblained
in the young normal group than in either of the osieopo:
rotic groups for all instruments and body sites (Table 4).
Simnilarly, higher mean measurements were obtained in the
osteo non-Fx group thar in the osteo Fx group for alf
technologiss (g = 0.024) except DEXA of the spinc (p =
(4500,

Mean T scores for the osteoporotic subjects ranged from
—1.79 to ~2.43 (Table §). T scores from DEXA femoral
neck (—7.43), OsteoAnaiyzer (~2.36), QUS-IX (~231}
and Achilles {—2.30) were statistically similar,

Throughput time {mean minutes * SI) was shortest for
the CUBA, (409 = {38y followed by QUS-IX {569
1.28), OseoAnalyzer (5.04 1 LAT), Achilles (8.55 + 3.14},
UBASTS+ (1089 = 1.4}, and calcancal DEXA {11.40 x
1.81). Throughput time was assessed wsing the ail scans
analysis.
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TapE 5. T Scongs® rrom ALL OsvEOPORGTIC SURECTS

Instriemnent (paremeier}

Cohon e Mean * S0*

Achilles (stiffness}

young normal 50 1068 = 1539

osteo pOR-FX 48 756 = 11.85

asten Fx 34 7.7+ 1304
CUBA (BUA)Y

young normal A2 86.3 = 1658

osteq pon-Fx 48 56.8 % 13.89

osteo Fy 55 481+ 14.18
QUIS-IX (UBL4M)

young normal 46 21.68 = 2802

osteo non-Fx 47 16.10 = 3516

asteo Fx 56 14.40 + 3.838
UBASTS+ (BUA}

young normal 52 93.5 = 1801

osteo non-Fx 49 65,8 = 1928

osteo Fx 55 57,1+ 1684
OsteoAnabyzer (BMC)

young normal &2 4285 = 64.04

osteq pon-Fx 47 2040 + 59.07

osten Fx 53 2631 = 7633
DEXA. calcaneus (BMD}

young normal 52 (L.570 + 00799

asten non-Fx 4% 0.430 = 00011

osteo Fx 54 0387 = 00979
DEXA trochanter (BMD}

young formal 52 (.69 = 00987

osteq non-Fy 49 11.529 + 00684

astea Fy 55 {1489 = 0.75%
DEXA femaoral nock (BMD)

young normnal 52 0.854 = (1.1223

osteo non-Ix 49 (1,573 = 00510

ostea Fx 55 0,543 & 00727
DEXA spine (BMDY

young normal 52 1.044 2 0.1240

osteo nop-Fx 49 0783 £ 01228

osteo Fx 54 6,762 = .1407

aUA, broadband ultrasound atienustion; BMC, bone mineral
content; BMD, bone mineral density.

= Siatistical significance demonsirated between young nopal
and osten non-Fx groups and between young normal and osteo ¥
proups within each instrument {p < (L0011 Statistical significance
demonstrated bebween osten non-Fx and osteo Fx groups within
each instrument (p = 0.024) except DEXA of the spine (p =
0.450)

* Subjects with at least two evaluable vertehrae were inchded.

Diseriminatory ability

The data from all five calcaneal instruments and DEXA
calcaneus, femoral neck, and trochanter were examined
with ROC curves to assess the discriminatory ability be-
tween the osteoporotic and young normal subjects. The
gight corves were similar and exhibited discriminatory abil-
ity {AUC ranged from (.88 10 0.93) (Fig. 1), ROC curves for
all technigues could not discriminate between Osieg Fx
subjects and osteo non-Fx subjects (Fig. 2).

Duncan’s
muliiple
frstrument range
{pararnaier) 0 Mearn 802 testt

Achiles (Stiffness) 103 —230 0848 A B

CUBA (BUAY 104 202 0BT <
QUS-IX (UBL-4N) 97 ~231 1351 A B
TIBASTS+ (BUA} 4 —1.79 1026 C
QsteoAnalyzer WG 236 1097 A
{BMO)
DEXA calcancus 103 —204 1112 B C
(BMID)
DEXA trochanter 04 ~193 {1783 <
{BMD}

DEXA femoral neck 104 ~2.43 527 A
{(BMD)

BiIA, broadband ultrasound attenuation BMC, bone mineral
content: BMD, bone minerat density.

* T gooqes calentated with the reference range established by the
young nosmal group for the sludy-

* Pruncan’s sudtiple range test; identical letiers denote instru-
ments exhibiting T scotes {hat arc ot siatistically different.

Tripe Ponitive Fraction

4 URAST S+ {080
- Dstentnalyrer {LAS)
- DWA Golognecs (0.88)
o —  {3%A Trozbanter $0.87)
wnowms [3%4 Forsoral Neck (093} _‘_'

Insteumend {AiCy  ——~— Achilles {083}
pee e DA {0,945
s - 1% (0.8Y)

T T T

T
2.3 4.3 0.4 2.5 G.& 0.7 e 4% 140
Foise Positive Froctien

F1G. 1. Receiver operating characteristic curves: disgrim-
ination benween osteoparotic and young normal. True pos
itive fraction, proportion of osteoporotic subjects correctly
classified s osteoporotic; false positive fraction, praportion
of young normal subjects incorrectly classified as osteopo-
rotic; AUC, ares under the curve.

Corelations

The correlations between the five calcaneal measure-
rents (QUS and SEXA) were strong (080 =7 = 0.9, p <
{1.001) and corretations between the six caleaneal measure-
ments (Including calcaneal DEXA} and DEXA of the fem-
oral neck, trochanter, and spine were penorally weaker
(0.58 = r = 0.82, p < 0.001) (Table 6.
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Cross calibration

Review of the mitial and final eross calibration resiths
from the QUS instruments digd not Indicate any clinically
significant differences between the instruments (data not
showwn ),

DISCUSSION

In this study, designed to examing the precision and
discriminatory ability of five calcaneal bone assessment
technologies, we found that alf calcaneal instruments were
abie 10 discriminaie osteoporotic patients from young nor-
mal controls in a manner similar o DEXA of the hip. In
general, aff of the calcaneal instrumests appeared to have
adequate precision for identifying patients with osteoporo-
sis, since the precision errors were much smalier than the
difference between young normals and oStCOporolics {ap-
proximately 24-34%) {Table 4).

For all types of precision studied, SEXA performed in a
sirmilzs manner 1o caleanes) DEXA with %OV approxi-
mately 2% or fess. The most clinieaily rejevant precision
categories are likely the positioning and short-term preci-
sion, For these categories, the BTV for Achifies was sta-
tistically similar to that of calcancal DEXA and 3EXA. For
posttioning precision, CUBA and UBAST5+ were inferme-
date and QUS-1X was the highest {Tabie ). Adthough we
were unable 1o perform hypothesis testing for %5CV, the
performance trends were sirnilar to the %CV. Comparisons
with the Wigrature are problematic because many studics
have not clearly defined the type of precision assessed.
Noaetheless, the %CVs that we obtained wire similar 1o
those previously reported.! 7% The precision results re-
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ported here arc specifie for e instruments studied. These
resuits cannot he applied to other peripheral instruments
measuring other sites (e.g. patella, tibia, or phalanx).

For ingrrumend and imterobserver precision, the best pre-
cision among the atirasound machines was seen for those
using a water bath, This was nob true for positioning preci-
sion, where the CUBA and LIBASTS+ were similar, and
shart-term precision, where the CUBA performed better
thap the URASTS +. In choosing & appropriate ultrasound
deviee for o particular application, many factors need 1o be
(aken into consideration, such as grecision, $ie, cosl, ease
of use, paticat comion, and portability. For dimgnostic use,
All instriments demonstiate adequale precsion. However,
if the goal is 1o monitor changes over time, then an insin-
menl with good short-term precision would be preferable.

1t should be noted that the preeision error calcutated as
@0V s influcnced by the QUS variable used, Technigues
that report SO5 of stiffness often have lower %OV than
those that report BUA. Therefore, using stiffness (defined
as a combination of BUA and 505} as the most clinically
relevant messurement for the Achilics Instrument may ox
plain why its 9OV was lower than that of the other QUS
technigues which used BUA as the most clinically relevant
measurement {Table 3 and Appendix 1). HKecause of diffs
culty in comparing %CVs, some investigaiors®™3? have
sugpested using a %OV adjusted for the range of chipcal
values known as the standardized %OV {%SCV). This
eliminates the favorable bias on instruments thatl oifer &
small range of clinical values whes compared with insiru-
cents that ofter a large range of clinical values, We found
that, whereas the %SCV for calcaneal SENA and calcaneal
THINA were nearly equivalent o %GV tor cach precision
grudied, the TSCV for CUS measurements raaged from
nearly equivaient to the calcaneal DEXA precision values
to nearly cight times greater than the calcaneal DEXA
preciston vaiues {Table 3.

There were no sigaificant differences for the precision
determinations using an “all scans” analysis versus 4 “per
protocel” analysis, with the exception of the caleanea!
SEXA, which improved significantly when only properiy
performed scans were analyzed. This was primarily dut o
mispiacement of the heel and heel wovement during the
sean. Per protocol analyses provide reliable information
since this reflects the performance quality when oporated as
specified by the manufactares. In contrast, the all scans
analyis provides “reat world” use of the machines when
quality assurance of enach scan cannot be performed rou-
tinely. Since both analyses provide information that could
be pertinent to several different medical setiings and the
rosuits were relatively simtlar, with the exception of the
SEXNA instrument (OsteoAnraiyzer), the por protocel anal-
ysis is provided in the body of this paper.

Far all caicaneal measarements, the ability discrimia-
nate patients with osteoporasis from young pormal controls
was gsimilar to shat of DEXA of the caloaneus and hip. As
expected, the disesiminatory ability at the femoral neck wis
good since DEXA of the femeral neck was a criteria used 10
clagsify subjects ag osteoparetic. Other studies have dem-
snstrated that QLS echnigues can discriminate betwesn
controds and patients with hip fracture t 11046850 vertebral
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Tasie 6. CORRELATION OF MEASUREMENTS BETWEEN INSTRUMENTS FOR ALL SUBIECTSY

Instrusmans® Achilles CUBA QUS-IX tBASTS+
Achilies 1000
CURA £.500 LOOG
{1873, 0.931}
QUS-IX (.861 (1815 1.000
(1,812, 0.898) (0,752, 0.563)
LBASTS + 0882 (840 Q.862 1000
(841, 0913 {0,787, 0.BBL) {0.813, 0.899)
OsteaAnalyzer 8.906 0832 0.834 {1758
(0.872, 0.931) (0,776, 0.875) (0776, C.578) (0.733, 0.849)
DEXA calcaneus 1.83% 0.822 {.804 0.787
(811, 0.895) (0,764, 0.867) {01738, 0.855) {0,719, 0.840)
DEXA trochanter 2770 0.696 0.697 0,659
(0.697, 6.821 {0,606, 0.768) {0.603, 0772} {0.561, 0.73%)
DEXA femoral neck 31.800 0.715 0711 0.697
{0.735, 0.850; (0.629, (1.783) {0.620, 0.783) {0.607, 0.769%)
DEX.A spine’ 0.678 0.640 1635 (.580
(0,583, 0.755) {0,538, 0.724) {0,551, 0739 {0.4606, 0.675)

= All morrelations p < 0.001 testing whether correfation equals B,

T Ouantitative wlitasound parametens assessed: UBASTS + and CUBA, braadband uitrasound atlenuation; Achithes, stiffness; QUE-TX,

UBI-4M.
* Sublects with at least two evaluable vertebrae were included,

fracture, 25230 wriet fracture, %! and osteopenia > In
practice, this would be a clinically relevant use for the
ealeaneal instruments, in that a diagnosis of osteoporosis
can be established and appropriate therapy initiated. Al
though there were significant differences in mean values
betweon osteoporatic subjects with and without fractures by
ANOVA, using ROC analysis we could not distinguish
between the two groups. This may be because afl of owr
patients were enrolled with the primary inclusion criterion
of a low kip BMD. In addition, it is well established that
factors independent of BMD (eg., fall tpe, body mass
index, and use of medications associated with falls, et} are
assaciated with hip fracturest®®3438) these factors were not
nssessed.

We found a strong correlation between all calcaneal
measures {0.79 = r = 0.93), We observed 3 moderately
strong correlation between calcaneal measurements and
DEXA measurements of the hip or spine. These corre-
iations are similar 1o what has been reporied when com-
paring measurements at peripheral sites to central site
mtasuremcnts.{m)

There were several strengths of tis study. Itisene of the
few to compare the precision and discriminatory abilities of
five different calcaneal instruments. In addition, we com-
pare thelr perfornance to DEXA of the calcaneus, hip, and
spine. Furthermore, we used our own reference group of
young normal controls, basing our T score and RO curves
on this group rather than the manufacturer’s normative
¢latabase.

However, our study also has several Hmitations. Because
we defined our study population {osteoporotic versus young
normal) based on hip BMID measurements provided by the
manufacturer’s database, it would be anticipated that we

would he able to discriminate between osteaparotic and
nonosteoporotic patients based on hip BMD measure-
menats. Although we used the manufacturer’s database for
classification of osteoporosis based on WHO criteria, use of
other young normal databases such as NHANES {158
may have resulted In a stightly different study population. In
fact, the mean and standard deviation values for the hip
femoral neck and trochanter derived from the young no:-
mal population used in this study are different from the
vaiues in use by the manufacturer. This may be explained by
differences in the selection of the normative population,
geographic differences, and the age ranges used. We only
included non-Hispanic, Caucasian, osteoporofic women in
the postmenopausal group, Precision values among the
technologies may be different for men, patients with meta-
hotic bone disease, and non~-Ceucasians. In addition, we
only examined precision over a short period of time, We did
not examine whether these techniques would be appropri-
ate for long-term follow-up with or without therapy. Be-
cause therapy today is primarily directed at maintaining or
improving BMI> at the hip and spine, follow-up of calcancal
measurements could potentially be misleading if therapies
have difforential effecss at various skeletal sites.S*941

Tn summary, we found that the five calcaneal instruments
can discriminate osteoporntic subjects from young normal
controts. The techniques have variable precision but appear
to be adequate for detection of osteoporosis. Becanse these
calcaneal instruments provide rapid measurements, do not
require dedicated office space, and are more affordable
than DEXA of the hip and spine, they offer a reasonable
alternative for the initial evaluation of patients with osteo-
porosis. However, future studies are needed to determine
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TapLe &, CONTINUED

DX4 DXA XA femoral bXA4

OsteoAnalyzer calcarens trachanter neck spine?

1000

08,930 1000
(0.505, 0.949)

1.816 0.749 1000
(0.756, D.863) (0.671, 0.810)

0.802 8,728 0.878 1.00¢
(0.738, 0.852) (0.646, 0.795) (0.837, 0.909)

0,740 0.683 0.7%6 {.788 1.000
(0.659, 0.804) (0.592, 0.760) (0,731, 0.847) (0721, G.841)

whether these technigues can be used to monitor discase 7. Langtos CM, Porter SE, Porler RW 1084 The measurement of
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Med 13:89-91.

4. Cummings SR, Nevitt MC, Browner W5, Stone K, Fox KM,
Ensrud KE, Cauley §, Biack D, Yogt THM 1993 Rigk factars for
hip fracture in white women. M Engl § Med 332767-773.

@ Hans [ Dargent-Molina P, Schott AM, Sebert JL. Commier C,
Yotzki PO, Delmas FL, Pouilles JM, fBreart G, Meunier FI
1996 Ultrasonographic heel measurements (o prodict hip frac-

ACENOWLEDRGMENTS

We thank Lauren Ferguson and Micheile MacCallum
{Osteoporosis Prevention and Treatmant Center, Beth Is-
racl Deaconess Medical Center, Boston, M4, U.8.A.), and ture in elderly women: The EPIDQS prospective study. Lancel
Tlizabeth Allen and Sandra Veith (Bone and Mineral Re- 145511514,
search Unit, Oregon Health Sciences University, Portland, 10, Ross P, Huang C, Davis 1, Imose K, Yates J, Yogel J, Wasnich
OR, U.5.A.) for performing and analyzing the subject mea- R 1995 Predicting vertebral deformity using bone depstiomelry
surements. This study was funded and conducted by Merck at various skelefal sites apd calcansus nitrasound. Bone

& Co., Ine. 16:325-332.
11, Porter RW, Miller CG, Grainger D, Pahmer 5B 1990 Predic-
tion of hip fracture in ciderly women: A prospective study. Br
REFERENCES Med § 31638641,
12, Biack 1M, Commings SR, Genant HE, Mevitt MC, Palermo L,

. Melon 11 LI, Chriseliilles EA, Cooper C, Lane AW, Riggs BL Browner W 1002 Axial and appendicular bone density predict
1092 How many women have osteoporosis? § Hone Miner Res fractures in oider women, § Bone Miner Res 7:033-638.
051G, 13, Secley DG, Browner WS, Nevitt MC, Genant HE, Seott 1C,

. Praemer A, Purner $, Rice DP 1992 Costs of musculoskeletal Cummings SR 1991 Which fractures are associated with low
conditions. Im: Musculoskeletal Conditions in the United appendicular bane mass i clderly women? Ann Intern Med
Btates. American Academy of Orthopaedic Burgeons, Park 165837~ B42.

Ridge, IL, U5A, pp 142170, 14. Schott AM, WeilkEngerer 5§, Hans [, Dubocuf F, Delmas P,

. Drams PE, Kerr MR 1979 Gerontology and gertatrics in medical Meunicr P} 1995 Ultrasound discriminates patieats with hip
education. N Engf J hed 306:228-232, fracture equally well as duab-energy Xoray shsorptiometry and

. Kelsey JL, Hoffman § 1987 Risk faciors for hip fracture. independantly of bone mineral density. § Bone Miner Res
M Engl J Med 316:4D4 406, 10;243-249.

. Liberman UA. Welss SR, Brolt 1, Minne HW, Guan H, Bell 15. Faulcner KG. MeClung MR, Coleman LY, Kingston-Sandahl £
MH, Rodriguez-Portates I, Downs Jr RW, Degueker §, s 1004 Quantitative ultrascund of the heel: Cormelation with
M, Seeman E, Recker RR, Caplzzi T, Santora I AC, Lom- densilometric measurements a1 different skeletal sites. Ostee-
b:%rdi A, Shah R, Hirsch LI, Karpf [¥B 1995 Effect of eanent poros It 442-47.

‘fwf%? oral slendranate on bone mincral density and fracfure 16 Mavtalen ©, Vega B, Gonzalez B, Carrilere P, Ofano AL
ncidence in postmencpausal OSICOPOTOSE. N Engl § Mead Silberman ¥ 1995 Ulirasound and dual x-ray ehsorpiometry
333:1437-1443, densitometry i women with hip fractyre. Caldif Tissue Int

- Kellie $E 1992 Diagnostic and therapeutic technology assess- STI65-168.

ment FIATTA). JAMA, 167286288, 200124, 17, Massic A, Reid DM, Porer RW 1890 Sereening for osteopo-



1312

0.

2

2%

3

24

24

7.

28

resis: Comparison batwoen dual enevgy w-ray absarpiometry
and broadband ultrasound atienuation fp 0 pc-t'imc;nopaus;d

women, Osteoporos Int k1G7-110

 Salamone LB, Krall BA, Hamis 5 Dawson-Hughes B 1994

Comparison of broadband ultrasouad attenuation to single
%-ray absorpiiometry messurements o e calcanous in post-
meniopausal wonen. Calaf Tissuc ing 54:87-9

 Haran DT, Kelly AM, Karellas A, Gionst B, Price M, Leahey

£1. Stewterman S, MoSherry B, Roche § 1988 {litrascurndd ag-
tenuation of (he 08 calis in women with osteaporosis and hip
fracrures. Calelf Tissue Taf 43:138-142.

Baver DO, fHuer CC, Genant HEK, Stone K 1993 Cuantitative
ultrasound and vertebral fracture in pustmenopausal women.
I Bone Miner Res 39353358,

Ferd RIM, Siake GM, Ramalingam T. Mifler G, Ryan P,
Fogaiman I 1993 Measurements af postmenopausal bone 1asa
with a new contact ultrasound systerm. Catcil Tissue int
53153137,

Rroake-Wavell K, Jones PRM, Pye W 1995 Ultrasound and
dual ¥-ray absorptiometry measyrement of the calcaneus: ine
flucnce of region of interest location. Caleif Tissue Int
§h20-24.

Milier €0, Herd RIM, Ramalingam T, Fogelman [, Blake (b
1953 Uitrasonic velocity measuroements through the calcaneus:
Which velocity should be measured? Osteoporos Ini 3:31-33
Gluer €C, Vahlensieck M, Faulkner KG, Engelke K, Black 12,
Genart HI 1992 Site-matched calcaneal measurenonts of
broadband ultrasound atienuation and single X-ray absorpti-
ometry: {30 they measure different skeletat proposties? J Hone
Miner Res T:1071-1079.

 Moris M, Perety, A, Ticka R, Negaban M. Woiters M, Berg-

marn P 1995 Cruantitative uitrasound bone FCASUrEIRCHis:
Norma! vatzes and comparison with bone rineral density by
dual x-ray absorptiometry. Caleif Tissue Int 57610

Turner CH, Peacock M, Timmerman L, meal IM, Johnston Jr
©C 1995 Calcaneal ulirssonic measurements discriminate hip
fracture independently of bone mass. Oste0pOrGs it 5130135
Stewart A, Reid DM, Porter RW 1994 Rroadband ultrasound
atteruation and dual energy X-ray absorptiometsy 18 patients
with hp fractures: Which technique discriminates fracture risk,
Calci§ Tissue Inl 541406469,

Gluer CC, Cummings SR, Bauer DC, Stone K, Pressman A,
Mathur A, Gengnt HE 1996 Osteoporosiss Association of re-
cont fractutes with quantitative LS. findings. Radiotogy
199:725- 732

. Heaney RF, Avioli 1LV, Chesnut Tl Cid, Lappe I, Recker RE,

Brandenburger G 1088 Osteoporotic bone fragility detection
by ulrasound transission velocity. FAMA 26129862590,

Ot SML Kilcoyne BF, Chesaut HI CH 1987 Ability of four

different techniques of measuting bone mass (o diagnose ¥er-
whral fractures in postmenopausal women, I Boae Miney Res
2201214,

. Kroger H. Jurvelin J, Amala 1 Penitila K. Rask A, Vainio P,

kY8

3

34

35,

3.

3T

38,

35

40,

41,

GUEENSPAN ET AL

1995 Ulirasonnd atfonuation aof the calcangus MY
fracture. Acta Or-

Alhava I
pormal subjects and in patients with wrist
thop Scand 66:47-52

Agren M, Karetias A, Leahey D, Marks S, Baran D199
Uittrasound attenuation of the caleancus: & sensitive and spe-
cific diseririnator of asteopenta in postmenopausal wormn,
Caicif Tissue Int 45:240-244.

Rassman P, Zagzebsk J, Mesing ©, Sorenson J, Maznss [r ]
Comparison of speed of sound and ultrasound attepuation in
the os calcis 1o bone density of ihe radius, femur and lumbar
sping. Clin Phys Physiol Meas HE353-360.

Girisse JA, Kolsoy IL., Strom BL, Chin GY. Maistin G, (¥Brien
1A, Hoffman 5, Kaplan F 1991 Risk factors for falls as a causs
of nig fracture i women. N Engl | Med 324:1326-1331
Greenspan $L., Myess ER, Maithaud LA, Resaick NM, Hayes
WO 1994 Fall severity and bone mineral density 38 risk {actors
for kip feacture in ambulatory ciderly, JAMA 271128133,
Mevitt MO, Cummings SR 1993 Study of Osteoporotic Frac
tures Rescarch Group-—Type of falt and risk of hip and wrist
fractares: The study of osteaparolic fraclics. 3 Agn Gerlaty
Soc 4112261234

Cenant HK, Grampp $, Mathur A, (uer G Jeagas M, Takada
M. Lang P, Lu Y, Chavez ¥ 1998 Comparisons of non-nvasive
bone mineral TICASHITMEDTS i assessing age-retaied loss, frec
ture discrimination, and diagnostic cassification. Proceedings
of the 1ith Intermational Bone Densitomety  Workshop,
Citenden Beach, OR, (L5.A,

Enoker AC, Johnsten Jr CC, Wahner Hw, Dunn Wi, Calvo
M8, Harris TB, Heyse SF, Lindsay RL 1993 Prevalence of low
femorai bone density in older U.S. wamen fromn MHANES TH.
1 Bone Miner Res 1796802

Looker AC, Wabner HW, Dunn Wi, Calvo MS, Harris TR,
Heyse $P, Johnston fr €, Lindsay RL 1995 Proximal femur
bone mineral fevels of US adelts, Ostewporos It 5389408,
Nacssen T, Matimin H. Ljunghat! 5 1995 Heol ulirasound in
women after jong-term ERT compared with bonc densities in
ihe forearm, spine and hip. £3seoparos e 520524k
Gonnelli 5. Cepollare C, Pondreill ¢ Martini S5, Rosst 5,
Ciennari € 1906 Ulsrasound parameiers in GSIEOPOFotic pa-
tiends tecated with salmos calcitoning A fongitudinal stady.
Ostenporos int Si303-307,

Address reprint reguests

Mary E. Melton, M.D,

Merck & Co., Ine.

Sumneytows Pike and Brood Street
PO Box 4, HM-2i6

West Point, PA 19486 U5.A.

Received in onginal form November 37, 199 in evised form
March 21, 1997; accepled March 31, 1997,





