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Calcaneal Quantitative Ultrasound?
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Abstract. With the increasing number of quantitative device and measurement parameter was used. Four
ultrasound (QUS) devices in use worldwide it is different approaches, based on DXA-equivalent pre-
important to develop strategies for the clinical use ofvalence rates of osteoporosis, were utilized to examine
QUS. The aims of this study were to examine the agewhich T-score threshold would be appropriate for
dependence ofl-scores and the prevalence of osteo-identifying postmenopausal women at risk of osteoporo-
porosis using the World Health Organization Studysis using QUS measurements. These ranged from —1.05
Group criteria for diagnosing osteoporosis and toto —2.12 depending upon the approach used to estimate
examine thel-score threshold that would be appropriatethe threshold and on which QUS device the measure-
to identify women at risk of osteoporosis using QUS.ments were performed, but all were significantly lower
Two groups of women were studied: (i) 420 healthythan the threshold of —2.5 used for BMD measurements.
women aged 20-79 years with no known risk factorsin conclusion, the WHO threshold of = -2.5 for
associated with osteoporosis; (i) 97 postmenopausaliagnosing osteoporosis requires modification when
women with vertebral fractures. All subjects had dual-using QUS to assess skeletal status. For the three QUS
energy X-ray absorptiometry (DXA) measurements ofdevices used in this study, ascore threshold of —1.80
the spine and hip and QUS measurements on threwould result in the same percentage of postmenopausal
calcaneal ultrasound devices (Hologic Sahara, Hologievomen classified as osteoporotic as the WHO threshold
UBA575+, Osteometer DTUone). A subgroup of 102 (76for BMD measurements. Correspondifigscore thresh-

on the DTUone) healthy women aged 20-40 years waselds for individual measurement parameters on the
used to estimate the young adult mean and SD for eadiwo commercially available devices were —1.61, —1.94
QUS and DXA measurement parameter to calculete and —1.90 for Sahara BUA, SOS and estimated heel
scores. The age-related decline Trscores for QUS BMD respectively and —1.45 and —2.10 for DTU BUA
measurement parameters was half the rate observed fand SOS respectively Additional studies are needed to
the bone mineral density (BMD) measurements. Thealetermine suitabl@-score thresholds for other commer-
averageT-score for a woman aged 65 years was —1.Zial QUS devices.

for QUS measurements and -1.75 for the BMD

measurements. When osteoporosis was defined By a Keywords: Calcaneus; Osteoporosis; Quantitative ultra-
score <—2.5 the prevalence of osteoporosis in healthysound;T-scores

postmenopausal women was 17%, 16% and 12% far
lumbar spine, femoral neck and total hip BMD
respectively. When the same definition was used for

QUS measurements the prevalence of osteoporosj i
ranged from 2% to 8% depending on which ultrasoun htroduction

In recent years there has been a large increase in the
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to the progressiveaging of the world’'s population.
Despitethis, the widespreactlinical applicationof QUS
has been limited by the fact that dual-energyX-ray
absorptiometry (DXA) remains the accepted gold
standardfor assessingkeletal status.However, DXA
devicesare relatively expensiveand require patientsto
be referredto hospital-basedacilities. QUS hasseveral
advantage#cluding no patientor operatorexposureto
ionizing radiation, low cost and portability. Large
prospective fracture studies have demonstratedthat
both broadband ultrasound attenuation (BUA) and
speed of sound (SOS) at the calcaneuscan predict
osteoporoticfracture as well as can DXA at the spine
and hip [1,2]. Recently the US Food and Drug
Administration approved a number of commercial
QUS systems.As a consequencethe numberof QUS
devices in clinical use is set to increaseand it is
importantto developimprovedstrategiedor the clinical
useof QUS.

At presentthereis a widely acceptedconventionof
defining osteoporosisin terms of T-scoresas recom-
mended by the World Health Organization (WHO)
Working Party[3]. The WHO definition of osteoporosis
of a T-scorevalue of lessthan—-2.5 was developedfor
bonemineraldensity(BMD) measurementat the spine,
hip and forearm. This thresholdvalue of BMD greater
than2.5 SD belowthe meanfor ayoungadultpopulation
identifies approximately 30% of all postmenopausal
Caucasianwomen as having osteoporosisat either the
spine,hip or forearm.This is similar to the lifetime risk
of fractureat thesesites[4]. It hasbeenreportedthatthis
definitionof osteoporosisaynot beappropriateat other
skeletalsitesor for differenttechnologiessuchas QUS
[5,6]. Thesestudiesshowthat few patientshavea QUS
T-score value below —2.5 and suggestthat it may be
necessaryto provide a T-scorecriterion specificto the
measurementechnologyemployed.In addition to this,
there are many different QUS devicesavailableworld-
wide, all using manufacturer-suppdid referencedata-
bases,which will further increasethe heterogeneity
betweendevices.

The aim of this study was to examine the age-
dependencef T-scoresandthe estimatedprevalenceof
osteoporosis as defined by the WHO, for two
commercialQUS devices(Hologic Sahara,Osteometer
DTUone)andthe Hologic UBA575+ usedin early QUS
prospective fracture studies. We also examined the
optimumT-scorethresholdthat could be usedto identify
postmenopausallomenat risk of sustaininga fragility
fractureusing calcanealQUS.

Subjectsand Methods
Subjects

The study population consistedof two groups: (i) 420
healthy premenopausaand postmenopausaCaucasian
women; (i) 97 postmenopausaiomen with vertebral
fractures. The healthy women from group 1 were
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recruited from three sources:(i) patients referred by
their general practitioner for routine bone density
screeningby DXA,; (ii) young hospital personnel;(iii)
womenfrom the generalpopulationwho volunteeredo
participatein clinical research.To obtain a group of
healthy womenwhich is a close representatiorof the
generalpopulation,womenwere excludedif they hada
history of low-traumafracture,a menopausédeforethe
age of 40 years, a history of amenorrheaor any
treatmentr disease&nownto affectbonemetabolism.
The womenfrom group2 wererecruitedfrom the Guy’s
Hospital metabolic bone clinic. Written informed
consentwas obtainedfrom all study participantsand
the studywasapprovedby the Guy’s HospitalResearch
Ethics Committee.

Measurements

BMD measurementsf thelumbarspine(L1-4),femoral
neck and total hip were performed using a Hologic
QDRA4500 (Hologic, Bedford, MA). All subjectshad
calcaneaRQUS measurementsn the Hologic Saharaand
the UBA575+. Threehundredandthirty-eight of the 420
women also had calcanealQUS measurementsn the
OsteometeDTUone.

Sahara Clinical Bone Sonometer(SAH). The Sahara
Clinical Bone Sonometer (Hologic, Bedford, MA)
consistof two unfocusedransducersnountedcoaxially
on a motorized calliper. One transduceracts as a
transmitterand the other as a receiver.The transducers
are acoustically coupledto the heel using soft rubber
padsand an oil-basedcoupling gel. The Saharadevice
measurebothBUA andSOSat afixed regionof interest
in the mid-calcaneusand the results are combinedto
provide an estimateof heelBMD (Est.heelBMD) with
units of gramsper squarecentimeterusingthe following
equation:

Estimated heel BMD =
0.002592 x (BUA + SOS) — 3.687(g/cm?)

It is important to note that estimatedheel BMD is
inferredfrom alinearcombinationof BUA andSOSand
is not an actualmeasuremendf calcaneaBMD.

Ultrasonic Bone Analyzer575+ (UBA). The UBA575+
(Hologic, Bedford, MA) consists of two unfocused
transducersnountedcoaxiallyin awaterbathcontaining
a surfactantThe heelis positionedin the waterbathand
arectilinearscanis performedwith measurementsaken
in a 3x 3 grid locatedin the mid-calcaneusBoth BUA
and SOS are calculated. A pulse echo techniqueis
utilized to provide an estimateof bonethicknessand a
third parameteis calculatedtermedbonevelocity (VB)
which is the velocity of soundthroughboneonly.

DTUone (DTU). The DTUone (OsteometerMeditech,
California, USA) consistsof two focusedtransducers
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mounted coaxially in a water bath containing a
surfactant. A rectilinear scan of the calcaneusis
performed yielding an image size of approximately
60x 80 mm anda pixel size of 0.5 mm. Both BUA and
SOSarecalculatedat eachpixel andanautomaticregion
of interestis selectedn anareawith alocal minimum of
attenuation,located in the posterior tuberosity of the
calcaneus.

Data Analysis

A subgroupof 102 (76 for the DTUone)healthywomen
aged20-40yearswere selectedto estimatethe young
normal mean and SD for each QUS and DXA
measuremenparameterfor the purposeof calculating
T-scores:

Measurement value — Young adult mean
T-score=

Young adult population SD

Women aged50+ yearswere then classifiedinto three
groups accordingto their T-scoresas defined by the
WHO:

Normat a T-scoregreaterthanor equalto —1.

Low bonemass(osteopenia)a T-scorelessthan—1
but greaterthan—2.5.

Osteoporosisa T-scorelessthanor equalto —2.5.

The proportionsof postmenopausalomenagedover50
yearsin eachWHO diagnosticcategorywere expressed
as percentagesTo examinethe age-relatediecreasen
T-scoresfor eachmeasuremenparametemvomenwere
placedinto 5 yearagegroups(20—24years,25—-29years,
etc.) andthe meanT-scorewasthen calculatedfor each
age group. To investigatethe optimum threshold for
identifying a high-risk group using QUS four different
approachesvere compared:

Approach 1. Simple linear regressionwas performed
betweenthe age-relateddeclinein eachof the QUS T-
scoreparameterg&ndthe age-relatedieclinein total hip
T-scoregforcing theline throughthe origin) for healthy
womenin group 1. The regressiorcoefficientwasthen
multiplied by —2.5 to estimatethe equivalentT-score
thresholdfor QUS.

Approach 2. A thresholdfor QUS was estimatedby
taking the T-scorethresholdthatwould diagnosel 5% of
the healthy women in group 1 as osteoporotic.This
figure of 15% was chosenas it was the average
prevalenceof osteoporosisn healthy postmenopausal
womenusingthe spine(17%), femoral neck (16%) and
total hip (12%) BMD dataindividually (seeResults).

Approach 3. The percentageof women with vertebral
fracturesin group 2 with a total hip T-scoreequalto or
lessthan—2.5was calculated.The T-scorethresholdfor
QUS was chosenby estimatingthe T-scorerequiredto
detect the same percentageof women with vertebral

323

fracturesas identified by total hip BMD. This method
was identical to that applied by Hanset al. [6] to the
EPIDOSstudy QUS datain hip fracture patients.

Approach4a. This approactis similar to thatappliedby
Hanset al. [6] (approach3) but it was appliedto the
healthywomenin group 1 identified as osteoporoticon
the basis of their lumbar spine T-score. The T-score
thresholdfor QUS waschoserby estimatingthe T-score
requiredto detectthe samepercentag®f womenwith a
lumbar spine T-score equal to or less than —2.5 as
identified by total hip BMD.

Approach4b. This approachis the sameasapproacha
but a T-scorethresholdwas chosenby estimatingthe T-
scorerequiredto detectthe samepercentagef women
with a total hip T-scoreequalto or lessthan—-2.5 as
identified by lumbarspineBMD.

Theindexof positiveagreemen{P,.) wascalculated
to assessthe agreementbetweentﬁe different QUS
devices and betweenQUS and DXA for identifying
postmenopausalvomen with osteoporosisThis index
was proposedby Cicchettiand Feinstein[7] to estimate
the proportion of agreementbetweentwo techniques
when neitheris regardedas the ‘gold standard’.In the
presentstudy, P,,s representshe proportionof women
that areclassifiedby both devicesasosteoporotiandis
expresse@sa fraction of the meannumberidentifiedby
the two devicesseparately.

Results

Calculationof T-scores

The young adult meanand SD for each measurement
parametemre shownin Table 1. Also shownin Table 1
are the manufacturervaluesfor the young adult mean
and SD. Although all threeQUS devicesmeasureBUA
and SOSin the mid-calcaneushereis wide variationin
boththe meanand SD values.The youngadult meanfor
BUA as measuredon the DTUone was approximately
30%lowerthanthatseenfor the otherQUSdevices The
BUA youngadultSD wasalsosignificantlylower for the
DTUone imaging device. The bone velocity (VB)
parametemdisplayeda larger young adult meanand SD
comparedwith the other velocity measurementsThe
meanand SD obtainedusing our referencepopulation
for eachmeasuremenparametemvere similar to those
used by the manufacturer,although the manufacturer
youngadultmeantendedto be slightly lower (exceptfor
DTU SOS).The manufactureiSD was higher than that
obtainedfor our referencepopulationfor DTU BUA,
DTU SOSandtotal hip BMD but lower for estimated
heelandlumbarspineBMD. The referencedatausedin
this study for femoral neck and total hip BMD were
closerto the Hologic manufacturer'seferencedatathan
referencedatafrom the NHANES study|[8].
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Table 1. The youngadul® meanand SD for QUS andBMD parametersisedfor the calculationof T-scores

Measurement Local referencepopulation Manufacturersvalues
parameter

Mean SD Mean SD
SAH BUA (dB/MHz) 7.7 135 n/a n/a
SAH SOS(m/s) 1560.7 25.1 n/a n/a
SAH Est.heelBMD (g/cn) 0.561 0.10 0.537 0.08
UBA BUA (dB/MHz) 80.2 155 n/a n/a
UBA VB (m/s) 1639.0 46.4 n/a n/a
UBA SOS(m/s) 1507.5 6.6 n/a n/a
DTU BUA (dB/MHz) 54.0 6.0 51.3 6.4
DTU SOS(m/s) 1553.5 8.4 1557.8 10.2
DXA Iumbarspine(g/crrrjz) 1.068 0.12 1.047 0.11
DXA femoralneck (g/cnt) 0.892 0.10 0.895 0.1
DXA total hip (g/cnr) 0.988 0.10 0.975 0.12

2102 (76 for the DTU) healthywomenaged20-40Qyears.

SAH, Hologic SaharajUBA, Hologic UBA575+; DTU, OsteometeDTUone;n/a, not available.

Age-RelatedDeclinein T-scores

The age-relateddeclinein T-scoresfor both BMD and
QUS measurementss shownin Fig. 1. The T-scores
calculated for BMD measurementsegin to fall at
approximately age 40 years and decline thereafter
(Fig. 1a). By age 65 yearsthe averagelumbar spine
and hip BMD T-scorewas approximately—1.75. The
meanT-scoresfor the lumbarspinedisplay an apparent
increaseafter the ageof 65 yearsthat probablyreflects
degenerativechangesn the spine,which is a problem
when measuringelderly subjects.As a comparisonthe
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estimatedheel BMD parametemeasuredy the Sahara
devicehasalsobeenplottedwith the spineandhip BMD
parametergFig. 1a). T-scoresfor estimatedheel BMD
fell at approximatelyhalf the rate of the spineand hip
BMD parameterandatage65 yearstheaveragel-score
was —1.10. When the three BUA measurementsvere
compared,the Saharaand UBA T-scoresdecline at a
similar ratewhile the DTU displaysa ratherslowerage-
relateddeclinein T-scoreg(Fig. 1b). The BUA T-scores
declineto about—1 atage65 yearswhichis significantly
higher than the mean T-score seen for the BMD
measurementat the sameage. The age-relateddecline
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Fig. 1. Age-relateddeclinein T-scoredor (a) DXA measurementsnd
SaharaestimatecheelBMD, (b) QUS measurementsf BUA and(c)
QUS measurement®sf ultrasoundvelocity. LS, lumbar spine; FN,
femod neck; T.HIP, total hip; SAH, Hologic Sahara;JUBA, Hologic
UBA575+; DTU, OsteometeDTUone.
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in T-scoresfor the velocity measurementslisplays a
similar patternto BUA (Fig. 1c). All four velocity
measurement®llow a similar age-relatedleclinein T-
scoresfalling to approximately-1.20by age65 years.

Prevalenceof Osteoporosis

Figure 2 displays the percentageof postmenopausal
womenaged50+ yearsclassifiedas normal, osteopenic
and osteoporoticaccordingto the WHO criteria. The
proportion of women classifiedas normal rangesfrom
40% for the BMD measurement® almost60% for the
QUS measurementsThe prevalenceof osteopeniais
approximately40%for all measurememarametersThe
prevalenceof osteoporosigor the BMD measurements
is 17%at the lumbarspine,16% at the femoralneckand
12% for the total hip site. The mean prevalenceof
osteoporosigor all threeskeletalsiteswas 15%. When
definedas a T-score < —2.5 the prevalenceof osteo-
porosis for QUS measurementss significantly lower
comparedwith the lumbar spineand hip, rangingfrom
just 2% for the UBA bonevelocity parameteto 8% for
the DTU SOS measurementThe averagefor all the
QUS measurementwas 3.8%.

LEEMD FHEMD THIP  SAHBUA SAH 505 SAH BMD UBABUA USAVE UBASOS OTUBUA DTU 508

| BNORMAL OOSTEOPENIA IDS'I’EOPOROSISl

Fig. 2. The proportionof postmenopausalomenclassifiedasnormal,
osteopenicand osteoporoticaccordingto the WHO criteria. VB,

velocity in bone;BUA, broadbandiltrasoundattenuationSOS,speed
of sound;otherabbreviationsasin Fig. 1.
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Fig. 3. The prevalenceof osteoporosisisdefinedby the WHO criteria
in postmenopausalvomen aged 50-80 years for BMD and QUS
parametersAbbreviationsasin Fig. 2.
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To examinethis further, the prevalenceof osteoporo-
sis accordingto the WHO criteria was calculatedfor
each decadefor postmenopausalvomen aged 50-80
yearsfor boththe BMD andQUS parametergFig. 3). As
expectedthe prevalenceof osteoporosiincreasessthe
population gets older. By ages 70-79 years, the
prevalenceof osteoporosigor the BMD measurements
rangesfrom 22% at the spine to almost 40% at the
femoral neck. The prevalenceof osteoporosisat the
spineis lower becauseof the increasedoccurrenceof
osteoarthritisseenin women of this age, which will
artificially increase BMD values. If we examine
postmenopausalvomen aged 50 years and over, the
prevalencevaries considerablyaccordingto the mea-
surementsite and measurementechnique. The pre-
valenceof osteoporosiss significantlyhigherif a BMD
measuremenis taken, with the prevalencebeing on
averagel15%. In comparisonthe QUS measurements
classifya muchlower numberof womenasosteoporotic
for everyagedecade.

The OptimumT-scoreThresholdfor Interpretationof
QUSResults

The four different approachesused to estimate the
optimum thresholdfor QUS measurement$o identify
postmenopausalomenat risk of osteoporosiyieldeda
range of different T-scorethresholds.However,in all
casesthe calculatedT-scorethresholdwas significantly
less negative than the —2.5 currently used for BMD
measurements(Table 2). If linear regression was
performed (approachl) to estimatethe differencein
slopesbetweenthe age-relatedieclinein total hip BMD
andthe QUS parametersthe averageT-scorethreshold
was—1.50(range—1.05to —1.73).The T-scorethresholds
that captured 15% of postmenopausalwomen as
osteoporotic(approach2) had a meanof —1.80 (range
—1.45t0 -2.10). Fifty-one (55%) of the women with
vertebralfractureshadatotal hip T-scoreequalto or less
than—2.5. The T-scorethresholdthat identified 55% of
the vertebral fracture group (approach3) yielded the
lowestT-scorethresholddor the QUSparametersyith a
meanof —1.89(range—1.39to —2.12).The sensitivity of
total hip BMD for identifying spinal osteoporosisvas
41% and the sensitivity of lumbar spinefor identifying
osteoporosiatthe hip was50%. Thesefigureswereused
to estimateT-scorethresholddor QUSin approacheda
and4b. Approach4 yielded T-scorethresholdfor QUS
rangingfrom —1.32to —2.19,averaging-1.79and-1.59
for approachedta and 4b, respectively.Regardlessof
which approachwasutilized, the BUA parametetended
to haveslightly lessnegativeT-scorethresholdghanthe
SOSmeasuremenparametersThe individual resultsof
thesedifferent approachesre summarizedn Fig. 4.
Approach?2 yieldeda meanT-scorethresholdof —1.80
for the three QUS devices.To assesshe agreement
betweenthe different QUS devicesand betweenQUS
and DXA in identifying postmenopausalvomen with
osteoporosisthe index of positiveagreemen{Pp.9 was
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Table 2. T-scorethresholdsfor identifying women at risk of osteoporosisusing QUS measurementsgstimatedusing the four approaches
describedn Subjectsand Methods

Approachl Approach2 Approach3 Approach4a Approach4b AverageT-score

threshold
Linear 15% POST Vertebral LS T-score T.Hip T-score
regression women fracture <-2.5 <-25
Sajara
BUA (dB/MHz) -1.33 -1.61 -1.81 -1.50 -1.50 -1.55
SOS(m/s) -1.46 -1.94 -2.03 -1.83 -1.32 -1.72
Heel BMD (g/cn?) -1.48 -1.90 -2.11 -1.63 -1.45 -1.71
UBA 575+
BUA (dB/MHz) -1.57 -1.75 -1.39 -1.75 -1.69 -1.63
VB (m/s) -1.64 -1.77 -1.83 -2.00 -1.77 -1.80
SOS(m/s) -1.73 -1.89 -2.12 -2.19 -1.74 -1.93
DTUone
BUA (dB/MHz) -1.05 -1.45 -1.91 -1.55 -1.43 -1.48
SOS(m/s) -1.71 -2.10 -1.91 -1.88 -1.82 -1.88
AverageT-scorethreshold -1.50 -1.80 -1.89 -1.79 -1.59

LS, lumbar spine;T.Hip, total hip; POST,postmenopausal.
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Sahara BUA

Sahara SOS
UBA BUA
UBA SOS8

DTUBUA
DTU SOS

Measurement Parameter

Fig. 4. The averageT-score thresholdsfor QUS measuremenparametersusing approachesl to 4 describedin Subjectsand Methods.
Abbreviationsasin Fig. 2.

calculated(Table 3). Postmenopausaiomenwith a T-  0.68 to 0.76, indicating that approximately 72% of
scorethresholdof < —1.80for eitherBUA or SOSon  women were classified similarly using different QUS
eachQUSdevice,or < —2.50at eitherthelumbarspine  devices.Pyos rangedfrom 0.43 to 0.46 when QUS and
or total hip, were consideredosteoporotic.When the  DXA werecomparedindicatingthatapproximately45%
three QUS deviceswere compared,P,,s rangedfrom  of womenwereclassifiedsimilarly asosteoporoticAs a
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Table 3. The index of positive agreemenbetweeneachof the QUS
devicesand betweenQUS andBMD for diagnosingosteoporosis

UBA SAH DTU
SAH 0.76 - -
DTU 0.68 0.75 -
BMD 0.44 0.46 0.43

UBA, UBA575+; SAH, SaharaDTU, DTUone.
Womenwereclassifiedasosteoporotidf theyhada T-score< —2.5at
eitherthelumbarspineor total hip for DXA measurementsr < —1.80
for eitherBUA or SOSfor QUS measurements.

comparison45% (Pp0s= 0.45)of womenwereclassified
similarly using lumbar spine and total hip BMD
measurements.

Discusson

As theuseof QUSfor clinical studiesncreaseshereis a
need for guidelines on how to interpret the results
obtained with these devices. At present, the most
commonly acceptedguidelinesare those proposedby
the WHO Study Group for the interpretationof BMD
measurementsat the lumbar spine, femoral neck and
distal forearm[3]. However,it is becomingincreasingly
clear that these criteria cannot be applied to QUS
measurementg.he aim of this studywasto examinethe
consequencesf using the WHO criteria for the
interpretationof QUS measurementsind to derive an
improvedthresholdfor QUS which will be of practical
usein aclinical setting.

The age-relatedieclinein T-scoredor QUS measure-
ments was almost half that seen for the BMD
measurementperformedby DXA. By age 75 years,
the averageT-scorefor the QUS measurementaasjust
—1.25. Similar findings have beenreportedfor another
study, which examinedthe age-relateddecreasan T-
scores using manufacturer normative databases[5].
There could be two explanationsfor this: (i) the
calcaneusdisplays a slower rate of age-relatedbone
loss, or (i) QUS hasa higherpopulationSD compared
with DXA. The first explanationis unlikely as studies
haverevealedhatthe calcaneuslisplayssimilar ratesof
bonelossto the spineandhip [9-11]. Onestudyshowed
thattheannualchangesn QUSmeasuremerpgarameters
were comparableto BMD measurementsf the spine
and hip [12]. The secondexplanationseemsto be the
more plausible.Randomaccuracyerrorsinherentin the
QUS measurementechniqguemay increasethe young
adult SD over andabovethe true variationdueto BMD
differences.The effectsof accuracyerrorsfor DXA of
the lumbar spine caused by osteoarthritis, aortic
calcification, etc., have been well documentedbut
theseproblemsare commonin the elderly and so do
not affectthe accuracyof the youngadultmeasurements
which are usedto calculateT-scores.One possibleway
in which the young adult SD could be artificially
increased using QUS is a process called phase
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cancellation[13]. As the calcaneuss highly inhomoge-
neous in terms of bone tissue, when a broadband
ultrasound signal propagatesthrough the calcaneus
different parts of the wavefrontwill travel at different

speedglueto the dependencef ultrasoundvelocity on

density (i.e., the ultrasound signal will travel faster
through denserareasof bone). This meansthat the

emergingwavefrontswill arrive atthetransducefaceat

different phasesand will tend to cancel,leadingto an

underestimatiorof the true intensity of the signal and

subsequentlyhe attenuatiorwill be overestimatedThis

phenomenoris larger at high BUA as the ultrasound
signalwill undergomoremodificationasit traverseshe

calcaneusndthusthis could havea significanteffecton

the youngadult SD. On examinationof the youngadult

datafor this studyit would appeartthatthis might be the

explanationWhenthe youngadult SD is expresse@sa

percentag®ef theyoungadultmeanfor BUA it is almost
20% while the correspondingvalue for BMD is just

10%. The young adult SD for SOS measurementsre

also high if they are comparedwith the clinical range
observedfor these measurementsThe Saharadevice

combinesboth BUA and SOSto provide an estimateof

heelBMD. If we comparethe youngadult SD obtained
for this estimatedheel parametemwith the young adult

SD estimatedfor DXA at the calcaneusobservedin a

recentstudy,the Sahara-estimatedeelBMD SDis 16%

higher[14].

The slower rate of age-relateddecline in T-scores
observedor QUS comparedvith DXA hasimplications
whenusingthe WHO criteria to diagnoseosteoporosis.
The numberof subjectsidentified as osteoporoticwill
vary accordingto the site andtechniqueusedaswell as
the referencepopulation. The WHO report statesthat
30% of all postmenopausdaCaucasianvomenwill be
identified as having osteoporosisbased on BMD
measurementsat the spine, hip and forearm [3]. If
resultsof asingletechnologysuchasDXA arecompared
at different skeletalsites,the prevalenceof osteoporosis
will vary [15,16]. In one study 45% of postmenopausal
women were diagnosedas having osteoporosisat the
lumbar spine, femoral neck or forearm [4] while in
another study the prevalenceof osteoporosisranged
from 10% to 45% dependingon the site measuredoy
DXA [17]. In the presentstudy, the prevalenceof
osteoporosisvas much lower when the WHO criteria
were applied to QUS measurementsompared with
BMD. The prevalenceof osteoporosiswas approxi-
mately 3—4% for women aged 50 years and over. A
similar prevalenceatehasbeenreportedn theliterature
for QUS[5]. This hasimplicationswhenusingQUSin a
clinical setting,asvery few womenwould befoundto be
osteoporoticand thereforerecommendedor preventive
treatmentif the currentWHO definition of osteoporosis
wereto be applieduncritically to QUS.

In the presentstudywe calculatedT-scoresusingour
own populationof young adultsto estimatethe young
adult meanand SD. This consistencyin usingthe same
youngadult populationto calculateT-scoress advanta-
geousas any differencesobservedbetweenQUS and
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BMD measurements dueto the differenttechnologies
and not discrepanciesn manufacturereferenceranges.
If manufacturer-basemferencedatawereuseddifferent
proportionsof women,as well as different individuals,
would have beenidentified as osteoporotic.Significant
discrepanciesin diagnosing osteoporosishave been
found when using different DXA systems with
incompatible reference data [18—-20]. In one study,
which comparedthe Hologic femoral neck reference
valueswith the NHANES referencedatafor the femoral
neck, the prevalenceof osteoporosidell from 49% to
28% whenthe latter referencedatawereused[21]. This
can increase the apparent heterogeneity between
anatomic regions and measurementechniques.There
arenow many different QUS devicesin useworldwide,
all usingdifferentreferencedatato calculateT-scoresso
onewould expectdifferencesin the way individualsare
classifieddependingon which ultrasounddevice they
were measurean.

In the presentstudy, four different approachesvere
usedto derive a suitable T-score threshold for QUS
measurements:or all four approacheshe thresholdfor
QUS was significantly less negative than the T-score
thresholdof —2.5recommendedor BMD measurements
at the spine, hip or forearm, with QUS thresholds
ranging from —1.05to —2.19. The only other study to
examinethis to daterevealedthat a T-scoreof —1.5for
BUA and -2.3 for SOS detected76% of hip fracture
patientsaswell asdid DXA [6]. The methodusedin the
latter study by Hanset al. [6] wassimilar to approach3
used in this study, although women with prevalent
vertebralfractureswere usedin this case.If the T-score
thresholdsobtainedin the presentstudy were compared
to thoseby Hanset al, they were comparablefor BUA
but the thresholdsfor SOS were higher than those
obtainedby Hanset al. [6]. However,the QUS device
usedby Hanset al. was different to thoseusedin this
study and this may indicate that the T-scorethresholds
are device-specific, with different devices having
different optimum T-score thresholds.In addition to
this, BUA measurementgendto havedifferent T-score
thresholdsto velocity measuremenparametergTable
3). Therefore, at presentit may not be possible to
recommenda single T-scorethresholdwhich would be
appropriatefor all QUS devicesand all QUS measure-
ment parametersfor identifying women at risk of
osteoporosisThe diversity of its technologyhas been
identified as a challengefor the advancemenbf QUS
[22]. The International QUS Consensussroup recog-
nizesthat the standardizatiorof methodsof calibration
and expressionof measurementesultswould increase
theclinical utility of QUS[22]. It wasexpectedhatthe
four approachesisedin the presentstudy would yield
different T-scorethresholdfor QUS.Theapproachused
in the presenstudythatwasmostsimilar to thatusedby
the WHO Working Party to define a threshold for
diagnosingosteoporosi$3] wasapproach2, which was
basedon classifyingasosteoporoti@ similar percentage
of healthypostmenopausalomenaged50+ yearsasdo
BMD scans.The T-scorethresholdsobtainedusing this
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approachwere relatively consistentfor the three QUS
devices, averaging —1.80, and therefore this T-score
thresholdis probablythe optimumfor usein identifying

postmenopausalomenat risk of osteoporosisisingthe
three QUS devices employed in this study. It is

importantto notethat, with any measurementechnique,
a patient’s T-score result should be examined in

conjunctionwith clinical risk factorssuchas history of

fractureand age, so that an individuals risk of fracture
canbe fully assessed.

Using a T-scorethresholdof < —1.80for QUS, the
agreement between the different QUS devices in
classifyingindividuals as osteoporoticvas assesseds
well as the agreement between QUS and DXA
measurementst the lumbar spine or total hip. The
indexof positiveagreemen(P,,9 wasconsisteneamong
the three QUS devices,with approximately72% of the
women classified similarly. The agreementbetween
QUS and DXA was less, as expected,with approxi-
mately 45% of women classifiedsimilarly (Table 3).
This value of 45% was identical to that obtainedwhen
comparinglumbar spine and total hip BMD measure-
ments. Although QUS and DXA identified different
groups of women as osteoporotic,there was overlap
betweentechniquesand, as statedby Gluer and Hans
[24], aslong asthe predictivecapabilitiesare of similar
magnitude the two approachesre of equalvalue.

Oneof thereasongor the introductionof QUSwasto
increaseheavailability of bonedensitometryserviceslt
has been estimated that only 25% of Caucasian
postmenopausalomenin the US haveaccesso bone
densitometry services [25]. The introduction and
acceptanceof QUS and other peripheral devices has
givenmorepeopletheopportunityto haveanassessment
of their skeletal status. It is important to provide
guidelineson how to interpret QUS scans,especially
in view of the fact that QUS devicesare morelikely to
be usedaway from specialistcenters.Severalrecom-
mendationshave beenpublishedin recentyears.Baran
etal. [25] recommendethatif a T-scorelies between-2
and1 for womenunder65 yearsor between-2 and0 for
womenover 65 yearsthen further investigationshould
be performedby DXA at the spineand hip to excludea
false negative. The United Kingdom National Osteo-
porosisSocietyrecommendedhatif a patienthasa low
QUS measurementhen they should be referredon for
axial bone densitymeasuremeni26]. Miller et al. [27]
proposedhatif anindividual hasa peripherabonemass
T-scoreof lessthan—1 they would not needadditional
centralmeasurementst is clearfrom theserecommen-
dationsthatalargenumberof womenwill continueto be
referredfor axial measurementst specialistcentersafter
having a low ‘QUS or other peripheralmeasurement.
This may beimpracticalwhenwe considerthatthe main
reasorfor theincreasinghumberof peripheraldevicesn
usein recentyearshasbeenthe lack of availability of
resources.Therefore,demandfor axial measurements
may still exceed supply if individuals with low
peripheral measurementsare referred for additional
testing. Suitable guidelinesneedto be establishedso
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that QUS can be usedeffectively in a clinical setting
without the need for referring a large proportion of
womenfor additionaltesting.However it mustbe noted
that at presentthereis a lack of agreemenbn whether
QUS can be usedto monitor diseaseprogressionor
treatmentfficacy;thereforepatientsmay still needto be
monitored using DXA or other established bone
densitometrytechniques.

Thereare severallimitations to this study. Thereare
manydifferent commerciallyavailableQUS devicesbut
only three were assessedn addition, the UBA is no
longer commercially available and the Saharawas
developedto match the performanceof the UBA.
Other QUS devices may yield different optimum T-
scorethresholdsfor diagnosingosteoporosisespecially
thosethatmeasur&QUSparameterat skeletalsitesother
than the calcaneusThe T-score thresholdshave been
derivedusingour own referenceyoungadult population
andthereforemay not be applicableto the manufacturer-
supplied referencedata, although our referencedata
weresimilar to thoseusedby themanufacture(Tablel).
Although the T-scoreswere calculatedusing our own
referencepopulation,a largerangeof T-scorethresholds
was obtainedusing the four approacheslescribedhere.
Different methodsof deriving equivalentthresholdsfor
QUS mayyield otheroptimumthresholdsThe majority
of the study population consistedof womenwho had
volunteeredfor bone density studiesand women were
excluded from analysisif they had any risk factors
associatedavith low BMD; consequentlgheremay be a
degree of bias towards a more ‘healthy’ study
population. Large population-basedsampling studies
do not excludewomen becauseof specificrisk factors
and so thesestudiesmay bestaddresshe issueof how
the currentWHO criteria can be adaptedfor QUS and
other bone densitometrytechnologies DXA-equivalent
prevalencaatesof osteoporosisvere usedto determine
suitable T-score thresholds for identifying high-risk
individuals using QUS. Other approaches,such as
lifetime risk of fracture estimateg28-30], can also be
used althoughat presenthesehaveonly beendeveloped
for hip fracture and have not beenwidely adoptedin
clinical practice. Other approachesfor developing
equivalent diagnostic criteria for QUS include using
prospectivdracturestudiesto determinefracturethresh-
olds. Due to the diversity of QUS technology,which is
expected to increase further, additional studies are
required to determine suitable T-score thresholdsfor
otherQUS devices.

In conclusion, this study indicatesthat the current
WHO criteria for the diagnosis of osteoporosisin
postmenopausalomen cannotbe appliedto calcaneal
QUS measurementslt appearsthat different QUS
deviceshave different optimum T-score thresholdsfor
diagnosingosteoporosisHowever, for the three QUS
devicesusedin this study a T-scorethresholdof —1.80
may be appropriate for identifying postmenopausal
women at risk of osteoporosis using ultrasound
attenuationand velocity measurementat the calcaneus.
Additional studiesare requiredto determinesuitableT-
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scorethresholdgor othercommercialQUS systemsAs
the numberof QUS devicesin useworldwide increases
and as bone densitometryservicesmove away from
specialistcenterdnto primary care, it is importantthata
differentclinical strategybe implementedor QUS soiit
canbe usedwith confidenceasan alternativediagnostic
tool in the field of osteoporosis.
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