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Abstract. In this cross-sectional study 954 Polish5.1% (0.63%/year) and in the next 15 YSM by 5.44%
healthy women aged 30-80 years were evaluate(D.36%/year). In postmenopausal women mean AD-SoS
(mean age 50.8 £ 8.9 years). Among them were 46Qvas regressed simultaneously on age and YSM, resulting
premenopausal (mean age 44.4 + 5.5 years) and 494 AD-SoS =2181.0 - 4.03k Age —3.911x YSM. In
postmenopausal women (mean age 56.8 + 7.2 yearsgjonclusion, ultrasound measurements of proximal
Women suffering from diseases known to affect bonephalanges were found to enable detection of age- and
metabolism and/or treated with drugs that affect bone¥ SM-related skeletal changes in a Polish healthy female
tissue were excluded. All women were volunteers frompopulation. Results obtained in this study showed a
six towns in the south of Poland, who underwent bongpremenopausal decrease in the ultrasound parameter (not
measurements for screening purposes. Bone status wabserved by other authors) and an AD-SoS value lower
assessed using an ultrasound device (DBM Sonic 120@han those in French, Italian and Spanish populations.
Igea, Italy) that measures amplitude-dependent speed @he premenopausal decline in AD-SoS, the most
sound (AD-SoS) in metres per second. Phalanges (lI-\Vimportant observation, requires further longitudinal
of the non-dominant hand were measured and an averagevestigations to determine factors affecting the skeleton
value was computed. In vivo short-term precision washefore menopause.

0.49% for intraobserver, and 0.42% for interobserver

measurements. Mean AD-SoS values were: in the whol&eywords: Healthy female population; Menopause;
group, 1974.6 = 90.7 m/s; in premenopausal womenNormative data; Phalanges; Quantitative ultrasound
2032.1 + 50.0 m/s; and in postmenopausal women
1921.0 + 87.3 m/s <0.0001). The mean decrease in
AD-SoS value in the studied population was 6.1 m/s per

year. Simple linear regression analysis showed signifi ;
cant, negative correlations between age and AD-So0S: il]ntmduc“on
the whole groupr = —0.70 ¢ <0.0001); in pre- and
postmenopausal womem, = —0.29 fp <0.0001) and
r=-—0.58 p <0.0001), respectively. Years since meno-
pause (YSM) showed a significant influence on AD-SoS
linear correlation in the whole group resulted in a
value of r=—0.59 ¢ <0.0001) and in the group
of postmenopausal women in a value of= —0.57
(p<0.0001). AD-SoS decreased in the first 8 YSM by

Bone mineral density (BMD) is regarded as the most
important parameter in the assessment of osteoporosis
and fracture risk [1]. Currently available techniques of
bone mass measurement include: single-photon absorp-
tiometry (SPA), dual-energy X-ray absorptiometry
(DXA) and quantitative computed tomography (QCT).
However, none of them enables a qualitative evaluation
of bone tissue. These techniques reflect bone mass only
guantitatively. Low bone mass may be only one of
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[2,3]. Qualitative aspectsalone may accountfor up to
30% of abone’scapabilityto resistan appliedforce [4].
Indirect and in vitro experimentshave shown that
quantitativeultrasound(QUS) may provide information
not only aboutthe bonemassbut alsoaboutbonetissue
architecture and elasticity [5-8]. QUS is free from
ionizing radiation and relatively cost-effective.Several
studieshave shownthat QUS candiscriminatebetween
osteoporoticand normal individuals [9-11].

In moststudiesthat haveusedultrasoundmethodsthe
os calcis hasbeenchosenas the measuremensite [9—
13]. Researcherbavefound age-relatecandyearssince
menopaus€Y SM)-related changesin ultrasoundpara-
meterswithin the heel in women [12—-14]). The only
commercially available ultrasounddevice that can be
usedfor measurementsf the proximal phalangess the
DBM Sonic 1200 (Igea, Italy). Severalrecentstudies
have shownthat such measurementare able to detect
bonechangegdueto aging andthe menopaus¢l15-19].
In thesestudiescorrelations rangingfrom 0.43to 0.69,
betweenamplitude-dependerspeedof sound(AD-SoS)
and BMD measuremenbf spine, distal and ultradistal
radius,metacarpal@ndtotal body were reported.

The aim of the presentstudy was to evaluatebone
statusin a healthy Polish female population by using
ultrasoundat the proximal phalangesOn the basisof the
data collected, a normal curve for the Polish healthy
female populationwas established.

Materials and Methods

Nine hundredandfifty-four healthywomenaged30-80
yearswere studied: 460 in premenopausand 494 in
postmenopauseWomen were recruited after public
announcementsn six towns in the south of Poland.
The majority of them were hospital staff. All were
volunteers who underwent bone measurementsfor
screening purposes.Each woman gave her consent
prior to the study and was interviewedby a physician
in orderto excludethosewith a presenbr pasthistory of
conditions affecting bone metabolism. None of the
subjects was on hormone replacementtherapy or
taking calcitionin, bisphosphonatesfluoride, calcium
orvitamin D. The studywasapproveddy thelocal ethics
committee.

Table 1. Characteristicof the populationstudied
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The subjectswere divided into subgroupsto dis-
criminate the skeletal changesdue to age and to
menopause. To evaluate the effect of aging on
ultrasound parameters,women were divided into 5-
yearagegroups:30-34years,35—39years,etc. Because
rapid bone changeswere expectedduring the first year
after the menopausethe following subgroupswere
createdaccordingto time sincemenopauserom 6 to 12
months(1 YSM), from 13 to 36 months(2—-3YSM) and
then every 3 years(4—6 YSM, 7-9 YSM, etc.). Time
sincethe postmenopause&asestablishedn the basisof
interviews with the subjects.The characteristicof the
womenstudiedare presentedn Table 1.

Bone status was assessedoy DBM Sonic 1200,
consisting of two probes mounted on an electronic
caliper. The emitting probe positioned on the medial
surfaceof the phalanxgeneratesa single pulseat 1.25
MHz every128ms. Thereceivingprobeis positionedon
the lateral surface of the phalanx and records the
ultrasoundthat hascrossedhe phalanx.We determined
the speedof soundin the distal metaphysesof the
proximal phalangesof the secondthroughfifth fingers
of the non-dominanthand. The time interval between
emission and reception of the ultrasound signal is
recordedand usedto calculatethe speedof sound.In
addition,the deviceautomaticallytakesinto accountthe
amplitude(2 mV) of the signal presentat the receiving
probe, and hence an amplitude-dependenspeed of
sound(AD-SoS;in m/s)is calculated Acousticcoupling
was achievedusing a standardultrasoundgel [15-17].
All measurementaere doneby the sametechnician.

In vivo short-termprecisionwas assessedhasedon
standarcerror of estimation(SEE)for 15 measurements
taken in each of four healthy personsby the same
operator.CV% was 0.49%. Interobservelprecisionwas
0.42% as assessedby comparing the results of 40
measurementsbtainedby two independenbperatorsn
two healthypersons.

StatisticalAnalyses

Student’st-testwas usedfor comparisonof differences
between subgroups. Simple and multiple regression

Whole Premenopausal Postmenopausal
group women women
n=954 n=460 n=494
Age (years) 50.87+ 8.94 444+ 55 56.8+ 7.2
Weight (kg) 67.1+ 11.0 65.3+ 10.5 68.7+ 11.2
Height (m) 1.61+ 0.05 1.62+ 0.05 1.61+ 0.05
BMI (kg/nm) 25.74+ 4.09 249+ 3.8 26.5+ 4.2
Age at mengause(years) 48.9+ 4.26
Yearssincemenopauségyears) 74+6.9

All parametersre givenasmeanvalue+ SD.
BMI, body massindex.
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analysesvereusedto evaluatethe relationbetweenAD-
SoS,ageandYSM. All calculationsveremadeusingthe
Statisticaprogramrun on an IBM PC.

Results

Table 2 showsage-relatedchangesn AD-SoSvaluesin
the whole group. Table 3 shows ultrasound values
accordingto YSM. Groupsof fewer than 8 personsare
not included. Mean values of AD-SoS were: 2032.1
+50.0m/sin premenopausalomen,1921+ 87.3m/sin
postmenopausalvomen and 1974.6+ 90.7 m/s in all
women.AD-SoSwas significantly differentin pre-and
postmenopausatomen(p <0.001).

Resultsof simple linear regressiomanalysisbetween
AD-SoSandage AD-SoSandY SM for thewholegroup,
and for pre- and postmenopasal women are listed in
Table4. The AD-SoSdeclinewith agingwaspresentin
premenopausaiomen (r =—0.29,p<0.00001),a larger
decline was observedin postmenopausavomen (r =
—0.58,p <0.0001).Annual changesn Ad-SoSvaluein
meterspersecondperyearor in percent(%/year)canbe
calculated.The value of AD-SoSin the youngestgroup
studied (aged 30-34 years) was establishedas 100%;
betweenthe youngestaged30-34years)andthe oldest
group (aged70-74years)AD-SoSdroppedby 244 m/s,
i.e. 11.86%o0f the young AD-SoSvalue.Meandecrease
was 6.1 m/s per year (0.29% eachyear). In premeno-
pausalwomen AD-SoS decreasedi4 m/s (2.18%), i.e.
2.58 m/s per year (0.12% each year). After the

Table 2. Age-relatedchangesn the whole group (n = 944)

Age (years) n MeanAD-SoS(m/s) + SD
30-34 12 2058 39.0
35-39 58 2048 37.4
40-44 160 2038 43.8
45-49 224 2020 50.8
50-54 210 1972 74.0
55-59 138 1917 76.7
60-64 69 1876 77.2
65-69 43 1870 60.9
70-74 30 1814 85.9
Average 1974.6 90.8

Table 3. AD-SoS changesaccordingto yearssince menopausén =
487)

YSM (years) n AD-SoS (m/s) + SD
1 58 2000.5 57.0
2-3 111 1961.1 69.3
4-6 99 1941.3 71.8
7-9 52 1910.3 76.0

10-12 64 1886.4 78.0

13-15 36 1862.2 67.3

16-18 31 1869.9 73.9

19-21 15 1824.7 73.6

22-24 13 1806.5 68.0

25-27 8 1808.0 61.8
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Table 4. Correlationsand regressiondetweenAD-SoS and ageand
YSM in the whole groupandin pre- and postmenopausatomen

Regressiorequation r p-value
Wholegroup

AD-S0S=-7.16 x Age + 2338.8 -0.70 <0.00001
AD-S0S=-7.6 x YSM + 1983.7 -0.59 <0.00001
Premenopausalvomen

AD-S0S=-5.4 x Age + 2266.3 -0.29 <0.00001
Postmenopausakomen

AD-S0S=-6.99 x Age + 2318.7 —0.58 <0.00001
AD-S0S=-7.4 x YSM + 1980.5 -0.57 <0.00001

menopausehe AD-SoS declinewas as follows: during
the first 8 YSM, 104 m/s (5.16%),or 13.0 m/s per year
(0.64% eachyear); during the following 15 YSM, 104
m/s (5.44%), or 6.93 m/s per year (0.36% eachyear).
During the 23 postmenopausalearsAD-SoSdecreased
by 208 m/s (9.07%),or 9.04 m/s per year (0.39% each
year).

Figures1-4 show the relationshipbetweenAD-SoS
andageandYSM in the differentgroupsconsideredAll
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Fig. 1. Simple regressionbetweenAD-SoS and age in the whole
group.

2200

3
2150 u
© 6
° 2 3 [¢]
2100 [0 : 8 : :
- 8698000
2050 Vnwa - : 8 g o
s = ‘ §: : ‘
g Z B B o = 8 2 § ’
o .. oo
«n 2000 o o 8 g 9.0 E E ’ e ¥ 8‘»-?4
[=] 8 © ° 8 0§ ) oo
@ o g o § 808°8080° o
2 1950 i o |
< o o a o
60009,
o
1900 - :
o :
. °
1850 0
o
1800
1750
| | p” 58

AGE

Fig. 2. SimpleregressiorbetweenAD-SoSandagein premeiopausal
women.



352

2250

2150 : a

2080

1850

AD-SoS

1850

1750

1650 L .
35 45 55 65 75 85

AGE

Fig. 3. SimpleregressiobetweenAD-SoSandagein postmenopausal
women.
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Fig. 4. Simple regressiorbetweenAD-SoS and YSM in postmeno-
pausalwomen.

correlations are highly significant. AD-SoS was re-
gressedsimultaneouslyon ageand YSM in postmeno-
pausalwomenresultingin AD-SoS = 2181 -4.031 x
Age -3.911 x YSM.

Discussion

A longitudinal study hasshownthat radiogrammetryof
the metacarpalscan predict hip fractures[20]), and a
cross-sectionatrial has demonstratedhat radiographic
absorptiometryof the phalangegliscriminatesbetween
osteoporoticand healthy postmenopausaivomen[21].
The abovefindingssuggesthatthe phalangesnaybean
appropriate measurementsite for the assessmenbf
skeletal status. The presentstudy has shown age- and
YSM-related skeletal changes within phalanges as
monitoredby ultrasound.

Correlation betweenage and AD-SoS in the whole
groupof Polishhealthywomenstudiedwas higherthan
thatreportedin anItalian studyby Venturaetal. [15] (r
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= —0.70vs —0.47).The age-relatedlecreasen AD-S0S
valuewasgreaterin our populationin comparisorwith
the decreaseeportedin a Frenchstudy, Duboeufet al.
[16], in simple linear regressioranalysis,obtainingthe
following equation:AD-SoS= -2.87 x Age + 2150.25
(r=—0.61,p <0.0001).The regressiorequationobtained
in our studyis givenin Table4. In Polishpremenopausal
women a significant, age-relateddecreasein AD-SoS
was observed(simple linear regressionequation: AD-
SoS= -5.4 xx Age + 2266.3,r =-0.29, p<0.00001;
also shown in Fig. 2). No such findings have been
reported by other authors [15-17]. The correlation
coefficient between AD-SoS and age in Polish post-
menopausalwomen was —0.58 (p<0.0001), similar to
thatgivenby Sili Scavallietal. [19] r =—0.63andhigher
thanthe value obtainedby Duboeufet al. [16] r =—0.39.
A decreasén AD-SoSrelatedto YSM wasalsoreported
by the abovementioneduthors.In the studyby Ventura
et al. [15], YSM causeda smallerdecreasen AD-So0S
(simple linear regressionanalysis equation: AD-SoS
=-0.5 x YSM + 2050.5, r=-0.42, p<0.0001) in
comparisonwith our results (Table 4). Murgia et al.
[17] reportedthe correlation coefficient betweenAD-
SoSandYSM to ber =—0.52,andSili Scavallietal. [19]
foundit to ber =—0.58.

Multiple regression calculated in postmenopausal
women showedalmost the sameinfluence of age and
YSM on AD-SoS. This finding is different from the
resultsobtainedn studieson spinalbonelossassessedy
densitometrianeasurement®2—24]. Gambaccianet al.
[22] and Richelsonet al. [23] have shownthat meno-
pausal(hormonal)bonelossis a major factor in spinal
osteopenian postmenopausatomen.in alargestudyby
Gambacciankt al. [22] age-relatecboneloss was also
observedin astudyby Nordin etal. [24] performedwith
QCT of the spineno age-relateconelosswasnoted. It
can be arguedthat age and menopausatomponentof
bonelossmayberelatedto trabecular/cortickratioin the
measuredone.Measurementsf the phalangesonsist-
ing of bothcorticalandtrabeculabonetissuerevealboth
age- and YSM-related changesas shown by multiple
regression. Spine seems to be more sensitive to
menopausabonelossdueto its high trabecularcontent,
while cortical bonelossis moreage-dependent.

A generaltendencytowardsa decreasen phalangeal
AD-SoS was similar in all studies when comparing
postmenopausalvomen and pre- and postmenopausal
women together, but only in Polish premenopausal
populationwas a significantdecreasén AD-SoSnoted.
Thedeclineobserveds the mostimportantfinding of the
study.

Direct comparisons of various populations are
possibleif we usea decreasan AD-So0S expressedn
per cent. In the Frenchstudy by Duboeufet al. [16] a
9.6% decreasewnas noted between30 and 80 years of
age, which is clearly less than the 11.86% decrease
betweenwomen aged 30-34 years and 70-74 years
obtained in our study. Especially interesting is a
comparisonof our referencecurve with thosegiven by
Mele [25] and Palacioset al. [26]. Measurementsvere
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madein womenaged35—65years AD-SoSwasfoundto
be decreasedy 9.6% (our study), 8.6% (Mele), 6.8%
(Palacios)and 7.2% (Duboeuf). The comparisonshows
thatthegreatestiecreasén AD-SoSwasobservedn the
Polish population. Comparisonof our AD-SoS values
with those given by other authors provides further
interesting information. For example, in 55-year-old
womenMurgia et al. [17] observedan AD-SoSvalue of
2007+ 74 m/s,while in our studyit was1942+ 72 m/s.
In 60-year-oldwomen Sili Scavalliet al. [19] reported
1962+ 71 m/s,Aguadoetal. [18] 2006+ 68 m/s,andin
our study it was only 1903 £ 84 m/s. The differences
were also observedin the youngeragerange:39-year-
old womenhad an AD-SoSvalue of 2114+ 73 m/sin
Aguadoetal.’s study[18] comparedvith 2035+ 38 m/s
in ours. In the study by Ventura et al. [15],
postmenopausaomenaged54 yearshad an AD-SoS
of 2026+ 50 m/s;in our studythis valuewasachievedat
about44 yearsof age.lt is difficult to explainthe lower
valuesobtainedin our study in comparisonwith other
studies. Probably social, dietetic and other unknown
factorsdifficult to detectin a cross-sectionatudywere
responsibldor our results.All the studiesquotedabove
were carried out in women from the south of Europe,
which may alsoaccountfor the differencesMoreover,it
should be stressedthat Polish women are the only
population in which a premenopausaldecreasein
AD-SoSis observed.This fact is especiallydifficult to
explain. In our study women with clinical featuresof
irregular bleeding were excluded.Ventura et al. [15]
examinedwomen with regular and irregular bleeding
and noted values significantly lower in women with
irregular menstruationThus, we suspectthat in Polish
premenopausalomenwith irregularmenstruationAD-
SoSmay be evenlower thanthat obtainedin our study.
In orderto explainfactorsaffectingskeletalstatusbefore
menopausesome other aspects(besidebone measure-
ment) ought to be taken into considerationin further
studies,suchasthe endocrinesystem,physicalactivity,
calciumintake and genetics.

In conclusion,the study demonstratedhe ability of
ultrasoundmeasurementsf the proximal phalangeso
detect bone changesdue to aging and time since
menopauselt also revealedunexpectediylarge differ-
encesdetweerour PolishwomenandFrench Jtalian and
SpanishhealthyfemalepopulationsThe premenopats
decreasein the ultrasound parameter studied (not
observedby other authors)and generallylower values
of AD-SoS in the Polish female healthy population
requirefurther, longitudinal investigation.
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