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Abstract. There is a need for low-cost screening Keywords: Bone density; Osteoporosis; Phalanx;
methods to detect low bone mass (osteopenia oBcreening; Ultrasound
osteoporosis) in postmenopausal women. The utility of
guantitative ultrasonography (QUS) of the hand was
assessed for osteoporosis screening using the WHO
criteria. Bone mineral density (BMD) was measured in|ntroduction
206 postmenopausal Mexican-American women at the
total hip and lumbar spine by dual-energy X-ray Osteoporosis is a disease characterized by low bone
absorptiometry (DXA). The amplitude-dependent speednass and microarchitectural deterioration of bone tissue,
of sound (AD-SoS) was measured in the phalanges bjeading to enhanced bone fragility and a consequent
QUS. Subjects identified by DXA as having osteopenigncrease in fracture risk [1]. Prospective studies have
or osteoporosis had significantly lower AD-SoS values inshown bone mineral density (BMD) to be a strong
comparison with normals. Estrogen users had signifipredictor of fracture risk [2—4]. For osteoporotic hip
cantly higher spine and hip BMD and AD-SoS valuesfractures, the BMD assessment has the highest predictive
compared with non-estrogen users. The areas under th@lue when done at the site of fracture risk [5]. Other
receiver operating characteristic (ROC) curves (AUC)studies have shown that pre-existing vertebral fractures
for AD-SoS to screen for osteoporosisgcore< —2.5)  and BMD predict future vertebral fractures [6]. Dual-
at the spine or hip were 0.73 for all subjects, 0.74 forenergy X-ray absorptiometry (DXA) is the current gold
estrogen users and 0.68 for non-estrogen users. The AU§tandard for diagnosis of osteoporosis through a
for non-estrogen users to screen for osteopehiscre  quantitative measurement of BMD. However, DXA is
—1 to —2.5) was 0.77. Performance comparisons ofnot adequate for population screening purposes due to
AD-SoS with SCORE (a risk factor questionnaire) andcost constraints and availability. Consequently, there is a
body weight showed AUC values of 0.73, 0.69 and 0.65need for low-cost screening methods to detect low bone
respectively. QUS was the superior screening test whemass (osteopenia or osteoporosis) in postmenopausal
considering both the AUC and the shape of the ROGyomen. If low bone mass is recognized, subsequent
curves. For non-estrogen users, the group at higher risteferral to DXA for a definitive diagnosis would be
for osteoporosis, QUS correctly identified 31% asrecommended. These pre-screening methods may serve
normal, and 62% as having low bone mass and needings more efficient case-finders and subsequently increase
DXA referral; and the remaining 7% were false the diagnostic utility of DXA scans. Substantial long-
negatives. These data suggest phalangeal QUS can f@@m savings on the treatment of osteoporotic bone
effectively used for screening osteoporosis in postmefractures would become apparent as more people with
nopausal women. low bone mass begin to be treated early.

Screening methods for low bone mass include medical
- . L ) history questionnaires to ascertain risk factors such as
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identifiedbodyweightasa strongandconsistentmarker
of BMD at weight-bearingsites for people without
fracturesMazes<tal. [9,10] havestudiedthe prediction
of spine and hip BMD from body weight. Recently,
SCORE(Bone Measuremeninstitute, PA), a simplified
patient questionnairecomposedof six questions,was
developedto screenfor low bone massin the femoral
neckandoptimizethe useof DXA [11]. It usessix risk
factors (age, weight, ethnicity, presenceof rheumatoid
arthritis, estrogenstatusand history of fractures)found
to have the strongestassociationwith femoral neck
BMD usingregressiormodeling.

Quantitative ultrasound (QUS) is now a rapidly
emergingtechnologyin the field of densitometrywith
a largely proven potential to assesdone fracture risk
using heel measurementg12,13]. Multiple anatomic
siteshavebeenstudied,most commonlythe calcaneus,
followed by the phalangesradius,tibia and patella. All
QUSsitesinvestigatechavea relatively smallamountof
soft tissue around bone. QUS measuresthe average
speedof soundin bone and soft tissue.Therefore,the
sitesarerestrictedto thosewith thin layersof softtissue
to ensurethat the measurementeemainsensitiveto the
statusof the bone.As a screeningtool, QUS has low
cost, portability, short scanningtime, and does not
involve ionizing radiation. PhalangealQUS has been
shownto be an effective methodin the identificationof
osteoporosis[14-6] and fracturerisk in cross-sectional
andlongitudinal studies[14,17].

The common parameters measured by different
manufacturersinclude the speed of sound (SoS) or
ultrasound transmissionvelocity (UTV) and the fre-
quency-dependérmattenuationor broadbandultrasound
attenuatior(BUA) of thesoundbeamasit traversedone
tissue. Attenuation of the QUS signal is a result of
energydissipationfrom the soundwave by absorption
and scatteringin the soft tissuesthe boneand marrow.
SoS and attenuation are both correlated with bone
densityandstrength.Therefore healthybonewill havea
higher SoS and attenuationwhereasosteoporoticbhone
will havealower SoSandattenuationlt hasbeenshown
that both SoSand BUA are parametershat can predict
fracture risk independentlyof BMD [14,18,19]. These
two parametersreflect the overall strength of bone.
Strength is a function of density, elasticity and
microstructure. The latter is influenced by bone
trabecularconnectivity, separatiorand orientation[20].
The relationshipof how SoS and BUA predict these
bonemechanicapropertiesneedgo be exploredfurther.

The aim of this studywasto assesshe precisionand
accuracyof phalangeaQUS asa screeningool for the
identification of low bone mass (osteopenia and
osteoporosisgefinedby BMD at the lumbar spine or
total hip. In orderto identify high-riskgroupsfor referral
to DXA, receiveroperatorcharacteristidROC) analysis
was usedto study the sensitivity and specificity of the
testandto selectappropriateQUS thresholdvaluesthat
minimized false negative results. QUS was also
compared with other low-cost screening methods:
SCOREandbody weight.
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Subjects and Methods
Subjects

The study included 206 Mexican-Amertan postmeno-
pausalwomenfrom SanDiego Countywho volunteered
to participate in a skeletal health study. Exclusion
criteria includeddisease®r conditionsknown to affect
bone health, including Paget’s disease, rheumatoid
arthritis, long-term immobilization, chronic kidney
diseaseand medications(fluoride, calcitonin, bispho-
sphonatesgorticosteroids).Appropriate informed con-
sent forms were obtained from every subject. All
participantswere mailed a Spanishor English medical
guestionnairedependingon their native language.This
included questionson reproductive and gynecologic
history, smoking, alcohol, exercise habits and use of
estrogenExercisewasdefinedasphysicalactivity for 20
min durationat leastthreetimesa week.Regularuseof
alcohol was definedas three or more drinks per week.
Heightandweight were measuredo calculatethe body
mass index (BMI). Self-administeredquestionnaires
were reviewed with the participantin clinic and the
clinic bilingual staff obtainedadditionalhistory.

Ultrasound

Phalangealultrasonographywas carried out using a
DBM Sonic1200(lgea,ltaly). Thisinstrumentmeasures
amplitude-dependenspeedof sound (AD-SoS) trans-
missionthroughthe metaphysiof the proximal phalanx.
The systemuses16 mm diameterQUS transducersvith
a frequencyof 1.25MHz. The transducersare mounted
on a high-precisioncaliper (0.01 mm) that measureshe
thickness of the finger. The ultrasound signals are
attenuatedas they crossthe soft and bonetissuesin a
lateromedialdirection.Sinceosteoporotidoneproduces
a smaller beamarrival-amplitudethan normal bone, it
will nottriggeratransduceresponséor thefirst portion
of the signal. However, a responsewill occur as the
received signal amplitude increases.This amplitude-
dependent characteristic magnifies the differences
betweennormal and osteoporoticpatients. QUS mea-
surementsvere performedon fingerstwo to five of both
dominantand nondominanthands.For each hand, an
averagespeedof sound was calculatedfor the four
fingers.The probeswere positionedover the metaphysis
on the mediolateral phalangeal surfaces using the
phalanxcondyleasa referencepoint. The total scanning
time with analysison eachhandtook no more than 5
min. Measurementsvere performedon both handsto
reduceindividual variability error.

The deviceautomaticallyadvisesthe operatorduring
the measuremenivhenthe BMI value of the subjectis
out of the rangeof 19-32 kg/m?. The amountof soft
tissuearoundthe phalanxis relatedto the BMI of the
subjectandinfluenceshe AD-SoSmeasuremeniThere-
fore, two subjectswvereexcludedfrom the studybecause
they hada BMI greaterthan 32 kg/nv.
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To quantify the reproducibility of this instrument.the
inter-operatorndintra-operatoicoefficientsof variation
(CV) were calculated. The inter-operator CV was
obtainedby having threedifferent operatorsperform at
leastfive sequentiameasurementsn the samesubject.
The intra-operatoiCV wasobtainedby havingthe same
operatomperformat leastfive independentmeasurements
on three subjects.Hand QUS had good reproducibility
with anintra-operatoiCV of 0.61%andaninter-operator
CV of 0.74%

Densitometry

Certified bone densitometry technologists measured
BMD (Hologic QDR 2000, Bedford, MA) at the hip

andlumbarspine(L2—4). BMD resultsarereportedasT-

scorescomparedwith young adult normative data for

women. At the hip site, the NHANES non-Hispanic
white women were the referencegroup and for the

lumbar spinethe manufacturer'seferencedatabasevas
used. BMD (in g/cn), is basedon the mineral content
of aregionof interestdivided by the areaof thatregion.

The women were divided into three groups basedon

their T-scores:normal (BMD >-—1 SD), osteopenic
(BMD between —1 and —2.5 SD) and osteoporotic
(BMD < —2.5 SD) for lumbar spine and total hip

measurementsindependently. Each individual was
classifiedas osteopenicor osteoporotichasedon both

lumbar spine and total hip measurementgpositive for

the diseaseif either of thesetwo sites met the WHO

BMD criteria).

Data Managemenand Analysis

To ascertainwvhetherthe AD-SoSvaluescould identify
normal,osteopeni@andosteoporotigroups,andsubjects
on currentestrogenstatus,the AD-SoS meanand 95%
confidenceintervals were calculated for each group.
Comparisonsbetween groups were made using an
unpaired two-tailed Student’'s t-test. The Pearson
correlation coefficients were calculated for weight,
BMI, AD-SoS, lumbarspineBMD andproximalfemoral
BMD.

ROC analysiscomparingAD-SoS with lumbar spine
or total hip BMD was doneto assesghe accuracyof
phalangealQUS comparedwith DXA scans. Areas
underthe curve (AUC) and their standarderrors were
obtained.ROC curvesto assessAD-SoS performance
versusBMD for estrogenand non-estrogeruserswere
plotted and compared ROC analysiswas usedto select
AD-SoS thresholdsthat had a high sensitivity yet
maintaineda moderatespecificity. AD-SoS threshold
valueswere selectedfrom portions of the ROC curves
optimizing for a high sensitivity with a specificity of at
least50%. The selectedAD-SoS thresholdvalueswere
usedto obtain the percentageof subjectsidentified as
abnormalwho would be referredto DXA (true positives
plus false positives), the percentageof those correctly
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identified as being normal (true negatives)and the
percentagef thosewith osteoporosisvho were missed
(false negatives)For screeningourposeghe numberof

false negativesshouldbe smallerthan that of the false
positives.

The performancesof AD-SoS, SCORE and body
weight were comparedwith ROC curvesthatillustrated
their accuracyin identifying osteoporosigt eitherspine
or hip for all patients.Although the screeningaccuracy
of SCORE was proven for the femoral neck BMD,
Lydick etal. [11] observedhat SCOREalsoperformed
well when comparedwith spine BMD. p valueswere
calculatedfor the AUC usingthe methodof Hanleyand
McNeil [21,22]. Datawere managedand analyzedwith
Microsoft Excel 95 and the add-in statistical function
packageAnalyse-It(University of Leeds,UK). Analyse-
It usesthe ROC methodologyformulatedby Hanleyand
McNeil [21]. The screening methods were then
combinedto explore the possibility of improving the
sensitivity and specificity attainedby QUS alonefor the
risk non-estrogemroup.

Results

A total of 206 postmenopasal women of Mexican-
American heritage residing in San Diego County
participated;their averageagewas 63 years.As shown
in Table 1, the womenstratified by estrogenstatushad
similar habits:relatively smallpercentageweresmokers
or regularly usedalcohol; and more than half exercised
overthreetimesa week.However,estrogerusershada
significantly lower BMI eventhoughbody weight was
not significantly different. Estrogenusers,whosemean
durationof usewas 11.2 years(8.5-13.5,95% Cl), had
significantly higher BMD and AD-SoS than non-
estrogerusers.

As displayedin Tables?2 and 3, the women were
classifiedby the WHO criteria for BMD at the lumbar
spine and total hip. By diagnostic categoriesat the
lumbar spine, Table 2 showsthere were no significant
differencesamong the groupsin terms of age, years
sincemenopausand BMI. Womenwith normal BMD
wereheavierthanwomenwith osteoporosisit the spine.
Both hip BMD and AD-SoSidentifiedlow bonemassat
the spine.Similarly, Table 3 showsthatboth spineBMD
and AD-SoSidentifiedlow bonemassat the hip. It was
also seenthat womenwith osteoporosist the hip were
older andleanercomparedwith thosewith osteoporosis
at the spine.

Correlation coefficients for BMD and AD-SoS
betweendifferent anatomicsitesare shownin Table 4.
Total hip and lumbar spine BMD had a correlation of
0.697.AD-SoScorrelatedbetterwith lumbarspineBMD
(0.415) than with any of the femoral sites. The
correlations between AD-SoS versus femoral neck
BMD andtotal hip BMD were almostidentical (0.311
and 0.316, respectively).Both weight and BMI were
negativelycorrelatedwith AD-S0S.The bestcorrelation
(0.939) was seenbetweenright and left hand AD-SoS,
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Table 1. Samplecharacteristicsbonedensityat spineand hip, and phalangealltrasoundmeasurementtr all subjectsand by estrogeruse

All subjects Currentestrogerusers Non-estrogerusers
(n = 206) (n=74) (n=132)
Age (years) 63.3(62.3-64.3) 62.4(60.8-63.9) 63.8(62.5-65.1)
Yearssincemenopause 18.1(16.8-19.4) 17.8(15.7-19.9) 18.2(16.5-19.9)
Body weight (kg) 69.3(67.7-70.8) 67.4(65.1-69.8) 70.3(68.2-72.3)
Body massindex (kg/m?) 28.8(28.2-29.5) 27.7(26.9-28.6)** 29.4(28.6-30.3)

L2—-4 spineBMD (g/m?)
Total hip BMD (g/m?)
Left handAD-SoS(m/s)

0.912(0.890-0.934)
0.813(0.796-0.831)
1977(1966-1988)

0.977(0.941-1.013)**
0.855(0.827-0.882)*

2014(1997-2032)***

0.876(0.850-0.902)
0.790(0.769-0.811)
1957 (1944-1969)

Currentsmoking 6.6% 5.3% 7.4%
Alcohol use (> 3 drinks per week) 5.2% 6.6% 4.4%
Exercise(>3 times per week) 63.75% 69.7% 60.3%

Valuesare the mean(95% CI) or percent.
Comparedwith non—estrogemisers:** p<0.001;*** p<0.0001.

Table 2. WHO criteria for lumbarspineBMD for all subjects

Normal (n = 62)

Osteopenidn = 96)

Osteoporotidn = 48)

L2—4 spineT-score: T>-1
L2-4 spineBMD (g/n¥?) 1.104(1.073-1.135)

T=-—-1to —-25
0.880(0.870-0.889)***

T<-25
0.728(0.713-0.744)**

Age (years) 60.8(60.8-64.4) 63.3(61.8-64.7) 64.1(62.1-66.2)
Yearssincemenopause 16.9(14.6-19.2) 18.3(16.3-20.3) 19.2(16.5-21.)
Body weight (kg) 72.6(69.8-75.3) 68.9(66.6—-71.2)* 65.7 (62.8-68.6)**
BMI’ (kg/m?) 29.6(28.6-30.6) 28.7(27.7-29.7) 28.1(26.6-29.7)

Left-hand AD-SoS (m/s) 2019 (2000-2038)

1975(1959-1990)**

1929 (1912-1945)***

Valuesare the mean(95% Cl).

Comparedwith the normalgroup: *p< 0.05; ** p<0.001;*** p<0.0001.

Table 3. WHO criteria for total hip BMD for all subjects

Normal (n = 73)

Osteopenidn = 103)

Osteoporotign = 30)

Total hip T-score: T=>-1
Total hip BMD (g/n?) 0.943(0.926-0.960)

T=-—-1to -25
0.781(0.771-0.790)***

T<-25
0.610(0.594-0.626)***

Age (years) 60.8(59.4-62.2) 63.4(62.0-64.8)* 69.0(66.5—71.4)***
Yearssincemenopause 15.3(13.3-17.3) 18.2(16.3-20.0)* 24.4(21.4-27.5)***
Body weight (kg) 74.2(71.6-76.8) 67.6(65.5-69.7)**= 63.0(60.3-65.8)***
BMI  (kg/m?) 30.8(29.7-31.8) 27.9(27.0-28.8)*+ 27.3(26.0-28.6)**

Left-hand AD-SoS (m/s) 2000(1982-2019)

1974(1959-1989)*

1933(1911-1955)***

Valuesare the mean(95% Cl).

Comparedwith the normalgroup:*p< 0.05; ** p<0.001;*** p<0.0001.

Table 4. Correlationcoefficientshetweenbody weight, BMI, hip andlumbarspineBMD, andleft- andright-handAD-SoS

BMI L2-4 spine Total hip Femoralneck Left-hand Right-hand
(kg/m?) BMD (g/n") BMD (g/n") BMD (g/n") AD-SoS(m/s)  AD-SoS(m/s)

Body weight (kg) 0.868 0.215 0.364 0.352 —0.208

BMI (kg/m?) 0.123 0.308 0.291 —0.259

L2—4 spineBMD 0.697 0.603 0.415

Total hip BMD 0.873 0.316

FemoralneckBMD 0.311

Left-hand AD-SoS 0.939

Right-handAD-SoS
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All subjects (AUC=0.73, SE=0.03)

SENSITIVITY

“ No estrogen (AUC=0.68, SE=0.05}

Estrogen (AUC=0.74, SE=0.06)

1-SPECIFICITY

Fig. 1. AD-SoSROC curvesto screerfor hip or spineosteoporosifor
all subjectsand,separatelyfor estrogerusersandnon-usersAD-SoS
thresholdvalueswere chosenfrom quadrantll (sensitivity >80% and
specificity >50%).

demonstratingsymmetry between the dominant and
nondominanthand. For clinical use, only one hand
(dominantor nondominantwith measurementen four

fingersis necessaryor areliablehandQUS assessment.

Figure 1 shows the AD-SoS ROC curve for all
subjectsand, separatelythe curvesfor the non-estrogen
usersand estrogenusersfor screeningosteoporosisat
eitherthe spineor hip combined.The AUC valueswere
0.73, 0.68 and 0.74, respectively. AUC differences
between estrogen users and non-users were not
statistically significant. However, the curves separate
for highersensitivitieswith the estrogerusersshowinga
better specificity than non-users. The vertical and
horizontal lines show arbitrary lower limits chosenfor
the sensitivity(80%) andspecificity (50%) usedto define
phalangeaQUSthresholdvalues.Theselines divide the
chartinto four quadrantsQuadrantl representshe area
that maximizesboth sensitivity and specificity. AD-SoS
thresholdvalueswere chosenfrom pointsin the curves
overquadrantl. Thethresholdvalues,their rangesand
correspondingsensitivity and specificity were: 1980
(1765—-2118)m/s, with 82% and 50% for non-estrogen
users:1995(1765-2200m/s, with 84% and50%for all
subjects;and 2020 (1839-2200)m/s, with 100% and
61% for estrogerusers.

Figure 2 showsthe DXA referral percentagesvhen
screeningfor spineor hip osteoporosisn all subjects,
non-estrogemisersand estrogerusersafter applyingthe
selected AD-SoS threshold values from the ROC
analysis. DXA referrals were lower for the estrogen
usersas well as the missed cases.Conversely,DXA
referralswere higherfor non-estrogemuserswith only a
slight increasein missedcases.For all subjects,60%
would be referredto DXA, 36% were appropriately
screenedisnormaland4% weremissedcasesFor non-
estrogenusers,62% would be referredto DXA, 31%
were appropriatelyscreenedas normal and 7% were
missedcasesFor estrogerusers 46% would be referred
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Fig. 2. DXA referrals with selectedAD-SoS thresholdvalues for

osteoporosiscreeningat spineor hip for all subjectsestrogerusers
andnon-usersDXA referral, true positives+ falsepositives;No DXA

neededtrue negativesMissedcases false negatives.

to DXA, 54%wereappropriatelyscreeneésnormaland
no caseswvere missed.

For screeningpurposesmore attentionwas given to
the higher-risk group for fractures: the non-estrogen
users.Table 5 is a numerical tabulation of the ROC
curve to screen for spine or hip osteopeniaand
osteoporosidor non-estrogerusers.It showsthe AD-
SoSthresholdvalueswith their correspondingensitivity
andspecificity. Table 6 showsthe AD-SoSperformance
in screeningnon-estrogemusersfor osteoporosiaswell
asosteopeniat the lumbarspineor total hip. The AUC
for osteoporosigT-score < —2.5 SD) wassmallerthan
the AUC for osteopenia(T-score < —1 SD). As the
BMD cutoff was changed from osteoporosis to
osteopeniathe AD-SoS thresholdrequiredto maintain
an adequatesensitivity and specificity increased DXA
referrals together with missed cases increased for
osteopenia.

Figure 3 showsthe ROC curvesfor AD-SoS, body
weight and the SCORE questionnaireto screen for
osteoporosisat the spine or hip for all subjects.The
methodswverecomparedisingthe AUC valuesaswell as
the shapeof the curves.The AUC differenceof AD-SoS
andbodyweighthada p valueof 0.07.The AUC of AD-
SoS comparedwith SCORE had a p value of 0.40,

Table 5. Sensitivity and specificity for non-estrogemusers(n = 132)
for various threshold values of AD-SoS for osteopenia(T-score
< —1) andosteoporosigT-score < —2.5) at spineor hip

AD-SoS T-score<—1 T-score< —2.5
threshold
(m/s) Sensitivity Specificity Sensitivity ~Specificity
(%) (%) (%) (%)
1980 69 82 82 50
1990 73 65 84 41
2000 77 53 86 35
2010 83 53 94 32
2020 87 47 98 27
2030 88 41 98 23
2040 90 41 98 22
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Table 6. AD-SoSperformancédor non-estrogemisersn = 132)for osteopenidT-score< — 1) andosteoporosi§T-score< —2.5) at spineor hip

n AUC SE (AUC) AD-SoSthreshold DXA referral (%) No DXA (%) Missedcaseq%)
T-score< —1 115  0.770 0.057 2010 103(78) 9(7) 20 (15)
T-score< —2.5 50 0.682 0.046 1980 82 (62) 41 (31) 9(7)

AUC, areaunderthe curve.

* Body Weight (AUC=0.65, SE=0.04)

SENSITIVITY

SCORE (AUC=0.69, SE=0.04)

AD-So0S (AUC=0.73, SE=0.03)

0 0.5 1

1-SPECIFICITY

Fig. 3. ROC curve comparisorbetweenAD-SoS, SCOREand body
weightto screenfor osteoporosist the spineor hip for all subjects.

ALGORITHM 1 ALGORITHM 2

SENSITIVITY
SPECIFICITY

QandS QandW QorS QorW

QuUs

Fig. 4. Performancecomparisonusing sensitivity and specificity for
combinationsof QUS with SCORE and body weight to screenfor
osteoporosist the spineor hip on all subjectsversusQUS alone.Q,
QUS; S SCORE; W, body weight. In algorithm 1 (‘and’), both
methodsclassify the subjectas having osteoporosist either spineor
hip. In algorithm2 (‘or’), a positivediagnosisof osteoporosist either
spineor hip is requiredfrom either methal.

whereasSCORE comparedwith body weight had a p
valueof 0.23.The mostapparentifferencesetweerthe
curveswere seenin the upperportion. For a specificity
of 50%, AD-SoShada sensitivityof 84%,SCOREhada
sensitivity of 76% and body weight had sensitivity of
68%.

Fig. 4 showsthe effecton sensitivityandspecificity of
combining QUS with SCORE, and QUS with body
weight for all patients.In this study, QUS alonehad a
sensitivity of 82% and specificity of 50%. The methods
were combinedin two ways. In the first algorithm, the
caseswveredetecteconly if they wereidentifiedby both

methodsFewercasesveredetectechere. Thesensitivity
worsenedand the specificity improved. In the second
algorithm,casesf osteoporosisit the spineor hip were
detectedif they were identified by either method. This

algorithm detected more cases. The sensitivity was
improved but the specificity worsened.None of these
two algorithmsachieveda sensitivity of morethan80%
with specificity of 50% or above.The closestapprox-
imation was that of QUS and SCORE using the first

algorithm with a sensitivity of 76% and specificity of

65%.

Discusson

In this cross-sectionalstudy, it was shown that
phalangeaQUSwasableto identify Mexican-American
women with osteopeniaand osteoporosisat both the
lumbar spine and total hip. As expected,women with
osteoporosisat the hip were older and leaner than
womenwith osteoporosist the spine. The first site to
show changesin BMD after menopauseds the spine,
while hip changesbecomemore apparentafter age 65
years[23,24]. The approachof using QUS to screenfor
osteoporosiat eitherspineor hip combinedandnotonly
at onesite is consideredmportantto identify low bone
massat any site regardlesf age. Previousepidemio-
logic studies have reported osteoporosisprevalence
basedon the existenceof low bone massat any one
site (lumbar spine,total hip or midradius)[25].

Both BMD andAD-SoSweresignificantlydifferentin
womenwho did or did not use estrogen.The average
durationof estrogerusein this populationwasover 11
years.It hasbeenpreviouslyreportedby Ettinger et al.
[26] and Felson et al. [27] that women who used
estrogenfor more than 7 yearshad significantly higher
BMD. Looking at p values AD-SoSwassimilar to spine
BMD but betterthan total hip BMD in differentiating
subjectswho usedestrogen Presumablythe population
of interestfor low BMD massscreeningis represented
by the non-estrogergroup, who could benefitfrom any
type of bone-strengtheningreatment. Based on the
resultsshownon Fig. 2, a greaterproportionof patients
would be referredto DXA from the non-estrogemroup
comparedwith estrogenusers,in which the majority is
classifiedasnot needinga DXA scan.

Thebestcorrelationof phalangeaQUSandDXA was
that for the spine. One of the reasonsfor different
correlationshetweersitesis probablybonecomposition.
Buckwalter et al. [28] reported that the phalangeal
metaphysishasa greaterproportionof cancellousbone
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than cortical bone.This proportionmakesthe metaphy-
sis resemblemore a vertebralbody thanthe total hip in
youngadults.Sinceearly osteoporosigs moreevidentin
cancellousbone, the phalanxseemsto be an adequate
site to study systemic bone mass changes.Another
advantageof the phalanxis that it is a non-weight-
bearing site that is less influenced by remodeling
changesthat could hide early bone massloss. Kleer-
ekoperet al. [29] have shownthe phalanxto have the
largest age-relatedvariationsin bone mass(by radio-
graphic absorptiometry)among severalperipheraland
axial measuremergites.

In ROC curve analysis, the AUC representsthe
probability that a randomly chosen subject with
osteoporosisdefined by BMD at the spine or hip
rankedwith greatersuspicionthan a randomly chosen
subjectwith no osteoporosisat either of thesetwo sites
[21]. Swetts [30] suggeststhat areasof 0.5 and 0.7
indicatelow testaccuracyf.7to 0.9 moderateaccuracy,
and greaterthan 0.9 high accuracy However,the AUC
doesnot provideall the information necessaryo assess
the validity of the diagnostictest [31]. Therefore,this
studyalsousedthe rule-outdecisionthresholdachieved
by setting minimum valuesfor sensitivity and specifi-
city. The rule-out threshold (a test with a high
sensitivity) is used when the diseaseis serious and
shouldnot be missed the diseasds treatable andfalse
positive results do not have serious psychologicalor
economicconsequencefr the patient[32]. The shape
of the ROC curve, specifically the upper portion (high
sensitivity),is importantto validate performancan this
studyin additionto the AUC. The importanceof using
both of theseelementds seenin the comparisorof AD-
SoSwith SCOREandbodyweight. Eventhoughhaving
similar total AUC values acleardifferenceis seenin the
upper-portionof the curves(Fig. 3). The three curves
separatewith AD-SoS having the highestspecificities
for sensitivity values above 50%. SCORE and body
weight performedworsethanQUS for highersensitivity
values. When combining methods to improve the
accuracyfor screeningosteoporosisn the non-estrogen
group, it was seenthat either sensitivity or specificity
could be improvedbut not both at the sametime. One
parameter improved at the expense of the other.
Combining tests was not useful to optimize both
sensitivity and specificity. AD-SoS alone remainedthe
best screeningmethod, with a sensitivity of 82% and
specificity above50%.

The useof QUSto screenfor BMD at different sites
hasbeenstudiedpreviouslyby severalgroups[33—35].
Faulkneret al. [33] usedlinear regressionanalysisto
predict BMD at different sites from SoS and BUA
measurementat the heel.Herd et al. [34] and Young et
al. [35] usedROC analysisto assessow bonemassas
defined by BMD at the spine and femoral neck
independentlyHerd et al. [34] investigatedthree QUS
parametersat the heel: velocity of sound,BUA and a
combinationof both. In all studiesthe QUS correlation
coefficientsand ROC analysisshowedresultssimilar to
this study,butthe interpretationrwvassomewhadifferent.
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Both a high sensitivity and high specificity were setas
necessaryconditions for screening.In this paper, we
propose that sensitivity is the critical value to be
maximized rather than specificity becauseQUS would
eventually depend on DXA to reach a definitive
diagnosis.In addition, we looked not only at the AUC
of the ROC curve to make a judgment about the
performancef thetest,butalsoat the shapeof the upper
portion of the curvethat gaveadditionalinformationfor
screening.Our analysiswas taken one step further by
showingthe numberof womenscreenedn andout from
DXA togetherwith missedcasesof osteoporosisin the
future, QUS may provide the clinician with additional
information, suchasbonestrength,and be useddirectly
to predict fracture risk. However at present,it is
important to determinehow QUS could be used in
combinationwith DXA.

This is the first phalangealQUS study of Mexican-
Americanwomen.In 1995, Looker et al. [36] reported
NHANES Il dataon total hip BMD for womenaged50
years or older. There was a 16% prevalence of
osteoporosisand 36% prevalence of osteopeniain
Mexican-Americanscomparedwith a 21% prevalence
of osteoporosisand 39% prevalenceof osteopeniain
non-Hispanicwhite women. The presentstudy had a
similar prevalenceof osteoporosis(15%) and higher
prevalenceof osteopenig50%) at the total hip. Only a
few QUS studieshave provideda multi-ethnic compar-
isonof SoSor BUA. Agrenetal. [37] showedhatvalues
for the attenuationof the sound wave (BUA) were
similar for a givenagein CaucasianGreekand Spanish
women.

A limitation of the phalangealltrasounddeviceis an
excessiveamountof soft tissuearoundthe fingers.As a
result of this, two subjectswho had extremely thick
fingerswereexcludedfrom the study.Soft tissuefat and
edemabetweenskin and bone usually causea slower
transmission of the QUS beam [38]. The study
participants had a larger variation of weight in
comparisonwith height. Therefore,higher body weight
generally indicated a higher BMI or a more obese
patient. Thesepatientshad more finger soft tissueand
slower SOS. The negative correlation factors of body
weight and BMI with AD-SoS are attributed to this
finding. This conceptalsoshowswhy QUS is limited to
peripheralsites where there is less soft tissue around
bone.

This work was a cross-sectionaktudy on a post-
menopausgbopulationthatneedgo be furthervalidated
with larger groups. However, promising results were
seenin the application of phalangealQUS as a pre-
screeningtool for DXA. QUS was able to identify
groupsof women with osteopeniaand osteoporosisat
both lumbar spineandtotal hip and distinguishwomen
who usedestrogenA different approachon how to use
andinterprettheresultsof ROCanalysisappliedto QUS
to screenfor osteoporosiswas also presented.When
phalangealQUS was comparedwith other screening
methodsthat usedrisk factorsonly, it showeda better
performancein identifying high-risk groups. These
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findingsconfirmthatphalangeaQUS could be usefulfor
screeningosteoporosisn postmenopausalomen.
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