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Abstract. In this cross-sectional study we investigatedin SOS of 5.1 m/s, which is similar to the differences
the relationship between ultrasound measurements in tressociated with 10 kg higher body weight, or 10 years
calcaneus versus daily physical activity and fractureyounger age. After the age of 50 years, 47 subjects had
sustained in the past in elderly subjects. Ultrasoundractured a hip, 61 subjects had sustained another lower
measurements were performed at both heels, whickxtremity fracture, 104 subjects a wrist fracture, and 62
enabled us to examine determinants of differencesubjects another upper extremity fracture. After adjust-
between contralateral heels. Participants were 132 meing for age, gender and residence, odds ratios for all
and 578 women, aged 70 years and over (mean age afiéicture types in the lowest terciles of BUA and SOS
standard deviation (SD): 83 + 6 years), living in homesversus the highest terciles ranged from 1.9 to 3.8. This
for the elderly (=343) or apartment houses for the study showed significant differences in ultrasound
elderly (=367). Broadband ultrasound attenuationmeasurements between the left and the right heel,
(BUA) and speed of sound (SOS) were measured irndicating that measurements at both sides are necessary
the right and left calcaneus. The median difference (anfor optimal evaluation of bone strength. Furthermore,
interquartile range) between the two heels for BUA andafter careful adjustments, ultrasound parameters had
SOS, expressed as a percentage of the mean value foigher values with higher daily physical activity in
each individual, was 9.6% (4.2-15.7%) and 1.0% (0.4-elderly subjects and discriminated subjects with a history
1.7%), corresponding to 25% and 40% of the studyof fracture from those without.
population SD, respectively. Greater differences in BUA
between the two heels were associated with variableKeywords: Bone; Elderly; Fractures; Physical activity;
indicating poorer functional status, such as past fracturegltrasound
at the lower extremities. The level of daily physical
activity was obtained by means of a questionnaire
regarding household and leisure activities. Subsequently
sumscores were calculated for daily physical activity an ;
a subscore indicating weight-bearing physical activity?lntmducnon
After adjustment for age, gender, residence, and bod¥ o . . . .
weight, physical activity scores were positively linearly | N€ incidence of fractures rises exponentially with aging
related to both BUA and SOS. Each 5 point increase oind leads to disability that may be transient (e.g., after a
the weight-bearing physical activity score, correspond\Vist fracture) or permanent (e.g., following a hip
ing to, for example, walking for 2.5h per week, was fracture). Fractures are multi-causal events in which
associated with a difference in BUA of 4.7 dB/MHz and POne strength plays a dominant role [1]. Bone strength is
usually evaluated by measurement of bone mineral
Correspondencand ofprint requestdo: Dr P. Lips, EMGO Institute, density (BMD), which has been shown to predict
Faculteit der Geneeskundeyrijle Universitét, Van der Boechorst-  fractures [2—6]. Recently, ultrasound measurements of
straat7, 1081BT Amsterdam The Netherlands. bone have been suggested for the evaluation of bone



https://core.ac.uk/display/15460911?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

450

strength[7,8]. This type of measuremenis relatively
simple and can be done at the calcaneusUltrasound
parametersare associatedwith bone mass and may
supplyinformation aboutthe structureof bonetissueas
well, whichis anothemajorcomponenbf bonestrength
[9]. Severalstudies suggestthat ultrasoundmeasure-
ments at the calcaneusmay be useful for estimating
fracturerisk [10,11].

In contrasto BMD, measureat predominantracture
sites, ultrasound parametersare not determinedat a
skeletalsite of interestfor its fracture risk. Character-
istics of the measuredsite in the skeletonmay have
implicationsfor interpretation for examplewith respect
to physicalactivity [12,13]. The calcaneusasa central
positionin bearingbody weight. Therefore,ultrasound
parametersn the calcaneuamnay be sensitiveto small
differences in physical activity, especially weight-
bearing activity. With advancingage, daily physical
activities such as housekeepingshoppingand leisure
activities increasingly determine the total amount of
physical activity, since occupational activities and
heavy-intensity activities decline with age [14].
Although few intervention studies suggesta positive
effect of physical activity on BMD [15-17], the
relationship betweendaily physical activity and bone
characteristicsemainsto be establishedFracturesatthe
lower extremities may lead to immobilization, which
resultsin a reducedlevel of physicalactivity and bone
loss[18], especiallyin the fracturedlimb comparedvith
the contralaterallimb [19]. Therefore,in the relation-
ships between ultrasound parametersversus physical
activity andpastfracturesmeasurementsbtainedat the
nonfracturedside only were usedfor analysis.In this
cross-sectionaktudy we investigatedultrasoundpara-
metersmeasuredat both heelsin an elderly institutio-
nalized population regarding side difference, daily
physicalactivity andfracturehistory.

Subjectsand Methods

During a 1l-year period, subjects were recruited to
participatein a prospectivestudy on the prediction of
fracture risk by ultrasound measurementsat the
calcaneus. This prospective study is currently in
progressParticipantswere recruitedfrom sevenhomes
andapartmentousedor the elderly in Amsterdamand
its vicinity. Somecareis providedin Dutch homesfor
the elderly, although less than in a nursing home.
Inclusion criteria were 70 yearsof ageor older and no
severecoghitiveimpairment,asjudgedby the personnel
of the carefacility. Eligible subjectswere senta letter
with information about the study. Subsequentlythey
were askedto participateduring a visit by our research
workers.The protocolwasapprovedy the ethicsreview
boardof the AcademicHospitalof the Vrije Universiteit.
Ultrasoundmeasurementsvere performedusing the
CUBA Clinical instrument (McCue Ultrasonics,
Winchester, UK). Two transducers (emitting and
receiving)facedwith silicone rubbercoupling padsare
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placedin directcontacton eithersideof the heel,usinga
coupling gel. Double measurementsof broadband
ultrasoundattenuation(BUA, dB/MHz) and speedof
sound(SOS, m/s) were donein the right and left heel,
with repositioning between measurementsMeasure-
ments were performed at the residence of the
participants.Precisionof BUA and SOS measurements
(expresseascoefficientof variation)are3.4%and1.4%
[12].

Data on daily physical activity in the previousyear
wereobtainedusinga validatedquestionnairdor elderly
persong20]. Frequencytimesperweekandmonthsper
year)anddurationof differentactivitieswereregistered:
householdactivities(e.g.,cleaningandshopping) sports
activities (e.g., swimming and cycling), and leisure
activities (e.g.,going for a walk). For eachactivity the
energy expenditurewas calculatedand subsequentlya
scorewas calculatedby summationof all activities for
eachpersonduring the pastyear[20]. The activity score
in a previousstudyin elderly peoplerangedfrom 2 to
approximately 30 [20]. The weight-bearing activity
score was obtained by modifying the daily physical
activity score:activities that do not involve loadsas a
consequencef bodyweightin anupright position(e.g.,
swimmingand cycling) were excludedfrom the activity
sumscore.

Additional information aboutpossibleconfoundersof
therelationshipbetweerphysicalactivity andultrasound
parametersvas obtainedon the day of the ultrasound
measurementfiody weightwasmeasuredandinforma-
tion about age, gender, residence and the use of
corticosteroidswas obtainedby meansof a question-
naire. Possibledeterminantf differencesbetweenthe
ultrasoundparametersn the right and left heel were
obtained by meansof a questionnaire:the use of a
walking aid (including occasionaluse of a wheelchair),
motordexterityandfracturehistory.In caseof doubt,the
information obtained with the questionnairein those
living in homesfor the elderly was checkedwith the
nurseof the residence.

Data Analysis

Mean ultrasoundparametersvere calculatedfrom four
measurementg&wo in theright andtwo in theleft heel).
The differencebetweerthetwo heelswasexpressedsa
percentageof the mean value for each participant.
Possible determinants of the side differences in
ultrasoundparametergi.e., dexterity, age, the useof a
walking aid, a history of lower extremity fractures,and
the value of the ultrasound measurements)were
analyzed using linear regressionanalysis, using the
log-transformedabsolute difference betweenthe two
sidesasa dependentariable.

Fractures of the lower extremities may lead to
immobilization and will affect the ultrasoundmeasure-
mentsand the level of physical activity. Therefore,in
those subjectswho had suffereda hip or other lower
extremity fracturein onelimb afterthe ageof 50 years,
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ultrasoundmeasurementat the nonfracturedside only
were usedfor analysis,insteadof the meanof the two
sides.

The relationshipof the physical activity score with
ultrasound parameterswas evaluated in a multiple
regressionanalysis, controlling for age, gender, resi-
dence,body weight and the use of corticosteroids.A
possiblesignificantinteractionbetweenphysicalactivity
and genderwas examinedin the regressiormodel. The
associatiorbetweenphysicalactivity andthe ultrasound
parametersvasexpresse@sthe differencein ultrasound
parametergor every 5 point increasein activity score,
calculatecby multiplying the B of the activity scoreby 5
in the linear regressionmodel. Fracturesin relation to
ultrasound measurementswere analysed in logistic
regression models, controlling for age, gender and
residence. Ultrasound parameters were entered as
categoricalvariablessincetherewas no linear relation-
ship. Ultrasoundparametersvere divided into terciles,
which resultedin sufficientnumbersof fracturesin each
tercile for meaningfulevaluation.Adjusted oddsratios
for the relationshipbetweenultrasoundparametersand
fractureswere presentecbn a logarithmic scale,which
enablesa more straightforward interpretation of the
logistic model with symmetricconfidenceintervals. As
for the relationshipbetweenupper extremity fractures
and ultrasound parameters,the analysis was also
performedexcluding thosewho had sustaineda lower
extremity fractureafter the age50 years,sincethis may
have led to immobilization and therefore affected the
ultrasoundmeasurements.

Results

During a 1-year period, 710 subjects(132 men, 578
women)wererecruitedfrom homesfor the elderly (343)
and apartmenthousesfor the elderly (367). Table 1
showsthe study population characteristicsUltrasound
parametersvere not measuredn threeparticipantsand
only on one side in sevenparticipants.Missing values
were due to edema, fractured calcaneus,and other
disabilities that made measurementon both sides
impossible.

The differencebetweenthe ultrasoundparameteron
the left andright sideswas calculatedfor 700 subjects.
The mean (and standarddeviation) and median (and
interquartilerange)differencebetweenthe two heelsfor
BUA were6.8(6.0)dB/MHz and5.0 (2.0-9.5)dB/MHz,
respectivelyandfor SOS18.8(20.5)m/sand13.6(5.5—
24.7) m/s. The median difference (and interquartile
range)in BUA and SOS,expresseds a percentagenf
the meanvalue of both measurementfor the individual
at issue,was 9.6% (4.2—-15.7%)and 1.0% (0.4-1.7%),
respectively. The difference in ultrasound parameters
betweenthe two heels was not related to dexterity
(p>0.8). The differencein BUA betweenthe two heels
washigherwith advancingage(p=0.03)andtheuseof a
walking aid (p=0.007). Furthermore,a history of hip
fracture or other lower extremity fracture (p=0.001),
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Table 1. Study populationcharacteristic§n=710)
Parameter

Mean (StandardDeviation)
Age (years) 82.8(5.9)
Yearssincemengausé 34.4(7.9)
BUA (dB/MHz)? 60.8(20.6)
SOS(m/sy 1468.6(34.3)
Body weight (kg) 68.0(12.7)

Median (Range) IQR
Activity scoré 3.0(0.0-22.8) 1.3-5.7
Weight-bearingactivity score 1.3 (0.0-15.5) 0.4-2.9

For skewedparametersnedian,rangeand 25" and 75" percentiles
(IQR) are presented.

Y earssincemenopaus@btainedin 499 women.

PBUA (broadbandultrasoundattenuation)and SOS(speedof sound)
were not measuredn threesubjects.

“According to a questionnaireon household, sports and leisure
activities.

and lower BUA values(p=0.004),were independently
relatedto this difference.No relationshipswere found

betweenany of thesefactorsandthe differencein SOS

betweenthe two heels.With respectto those subjects
who suffereda hip or otherlower extremity fracture at

one side (n=77), BUA and SOS were lower at the

fractured side: mean difference and SD, expressedas

percentagef meanvalueswere 5.0% (20.9) and 0.2%

(1.5), respectively.

The physical activity score was linearly related to
BUA and SOS. The activity score was significantly
higherfor menthanfor women,afteradjustmenfor age:
1.5 (0.9-2.1)points on the scale.The meandifference
and 95% confidencenterval (95% CI) for each5 point
increaseon the physicalactivity scorefor BUA andSOS
werecalculatedor men(6.0(1.9-10.5dB/MHz and8.5
(2.0-15.1)m/s, respectively)and for women (3.5 (1.1—
5.6)dB/MHz and6.5(2.0-11.0)m/s,respectively) After
including the physical activity score in a multiple
regression model, along with possible confounders,
physical activity was still significantly relatedto BUA
and SOS (Table 2). Regarding the weight-bearing
activity score, the mean difference and 95% CI for
each5 point increaseon the activity scorefor BUA and
SOSwere calculatedfor men (7.3 (0.4-14.1)dB/MHz
and 6.4 (—4.2-17.0)m/s, respectively)and women (5.2
(1.8-8.6)dB/MHz and9.0 (2.2-15.8)m/s, respectively).
After adjustmentfor age, gender,residenceand body
weight, the differenceg(meanand95% Cl) in BUA and
SOSfor each5 point increaseon the weight-bearing
physicalactivity scorewere 4.7 (1.7-7.7)dB/MHz and
5.1 (-0.6-10.9) m/s, respectively. The relationships
betweenphysical activity and weight-bearingactivity
versusultrasoundparametersvere similar after exclu-
sion of subjectswho sustaineda hip fracture and/or
anotherower extremity fracture(n=102). Although the
unadjustedrelationshipsbetweenphysical activity and
weight-bearing physical activity versus ultrasound
parametersvere different betweenmenandwomen,no
significant interaction was found between (weight-
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Table 2. Theeffectof physicalactivity, genderage,bodyweight,andresidenceon broadbandiltrasoundattenuationBUA) andspeedof sound

(SOS)in the calcaneus

BUA (dB/MHz) SOS(m/s)

Meanvalue 95% Cl Meanvalue 95% ClI
Physicalactivity score(every5 points higher) 3.0 0.9t0 4.9 3.8 0.1t0 7.6
Femalegender(vs men) -20.0 —-16.7to —23.3 -9.7 -3.4t0-16.1
Age (every 10 yearsolder) -3.5 -1.0to -5.9 -6.3 -1.7to -10.9
Body weight (every 10 kg heavier) 4.2 3.1t05.3 7.1 51t09.1
Homefor the elderly (vs apartmenthouses) -2.3 0.5t0-5.1 -7.8 -2.6t0-13.1

Eachvariableis adjustedfor all othervariablesin the table. Mean valuesand 95% confidencentervals(CI) were obtainedby multiple linear

regression(n=700), involving all variablessimultaneously.

#Completedatasetswere not obtainedin 10 subjectsdueto missingvalueson body weight and ultrasoundparameterst the nonfracturedside.

Table 3. Numberof subjectswvho had sufferedfracturesafterthe age
of 50 years

Type of fracture No. of subjects

Hip 47
Otherlower extremity? 61
Wrist 104
Other upperextremity’ 62
Othef 22

#Femur,tibia, ankle andfoot fractures.
PHumerus clavicle and handfractures.
“Pelvis, rib, skull andknown vertebralfractures.

bearing)physicalactivity andgenderin relationto BUA
and SOSin the multiple regressionmodels (p>0.20).
The relationshipbetweenphysical activity and weight-
bearing physical activity versusultrasoundparameters
was not confoundedby the useof corticosteroidqused
by 36 participants,5.1%) (p>0.90).

In retrospect234 subjectssuffered296 fracturesafter
the age of 50 years. Table 3 shows the number of
subjectswho had sufferedfractures.Fifty-one subjects
had suffered more than one type of fracture and 10
subjectanorethantwo typesof fracturesBUA andSOS
valuesweregroupedn terciles.As alreadymentionedn
Subjectsand Methods,valuesof the nonfracturedside
were usedin thosewith hip or other lower extremity
fractureson oneside.Meanvalues(andSD) of BUA and
SOSin the lowesttercile were 39.9 (7.7) dB/MHz and
1433.1(17.9) m/s, in the secondtercile 58.5 (4.7) dB/
MHz and1466.9(8.3) m/sandin the highesttercile 84.2
(13.7)dB/MHz and 1506.2(23.0) m/s, respectively The
numberof hip fracturesin thelowest,middle andhighest
tercileswas?27, 15 and5 for BUA, and30, 11 and6 for
SOS, respectively. Regarding wrist fractures, the
equivalentvalues were 45, 44 and 14 for BUA, and
49,30and24 for SOS:.BUA andSOS ,adjustedor age,
genderand residencewere relatedto hip, other lower
extremity fractures, wrist, and other upper extremity
fractureqFig. 1). Theremainingotherfractureswerenot
relatedto ultrasoundparametergdatanot shown).When
repeatingthe analysisafter excluding subjectswith a
history of lower extremityfractures similar relationships

BUA
10

Odds ratio

upper
extremity

lower
extremity

Odds ratio

lower
extremity

upper
extremity

wrist

Fig. 1. The oddsratio (depictedon a log scale)for differentfractures
(i.e., hip, other lower extremity fractures, wrist, and other upper
extremty fractures)adjustedfor age,genderand residencein three
tercilesof BUA (upperpane) and SOS(lower pane). The left bars
representthe highest tercile, indicating the referencegroup; the
middle bars and the right bars denotethe intermediateand lowest
terciles, respectively.The error barsrepresenthe upper half of the
95% confidenceintervals. *p<0.05 indicates significant difference
from the highesttercile.

were found betweenultrasoundparametersand upper
extremityfracturestheadjustecbddsratios(95%Cl) for
wrist fracturesin the middle and lowest terciles versus
the highesttercile of BUA were 2.8 (1.4-5.8)and 2.6
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(1.2-5.5)dB/MHz, and for SOS 1.4 (0.7-2.7)and 2.3
(1.2-4.3) m/s, respectively. The adjustedodds ratios
(95% CI) for other upper extremity fracturesin the
middle and lowest terciles versusthe highesttercile of
BUA were1.2(0.5-2.8)and1.7 (0.7-3.8)dB/MHz, and
for SOS 3.8 (1.5-9.8)and 4.6 (1.8-12.1)m/s, respec-
tively.

Discusson

This study shows that ultrasound measurementsnay
differ substantially between opposing heels. Daily
physical activity in elderly peoplewas associatedvith
ultrasound measurementsand ultrasound parameters
discriminatedbetweensubjectswith a history of fracture
andthosewithout. The adjustedoddsratio for fractures
in the lowestversusthe highesttercile of BUA andSOS
rangedfrom 1.9 to 3.8. Previousstudiesalso reported
lower ultrasoundmeasurementaluesin subjectswith a
history of fractures[21-23]. However,theseresultsare
hardto interpretsincefracturesmay causeimmobiliza-
tion and consequently affect bone characteristics,
especiallyin the fractured limb [18,19,24], and thus
currentmeasurementsay not berelatedto valuesatthe
time of the fracture.

Suggestinga causalrelationshipin a cross-sectional
study has someseriouspotential methodologicalflaws.
However lifestyle factorssuchasdaily physicalactivity
aredifficult to investigatein a longitudinal settingsince
thesefactorsare not proneto changeover a few years.
Severalstepsweretakento approximatea unidirectional
relationshipbetweenphysicalactivity versusultrasound
parameters and ultrasound parameters versus past
fractures.Firstly, ultrasoundmeasurementat the heel
of a fracturedlower limb were not used,but only the
contralateraimeasuremenwasincludedin the analyses.
Secondly, analyses were also performed excluding
participantswho suffered a lower extremity fracture,
which might have led to immobilization. Thirdly,
adjustmentswere made in multiple regressionmodels
for variablespossibly affecting the examinedrelation-
ship (i.e., age, gender,residence pody weight and the
useof corticosteroids).

In subjectswith a history of lower extremityfracture,
ultrasoundmeasurementwere usedthat were obtained
at the non-fracturedside only. The differencein BMD
between contralateralbones has been the subject of
investigation before, and it has been suggestedthat
routine BMD measurementat the hip should include
both sides[25]. In this study substantialdifferencesin
calcanealltrasoundparameterbetweertheleft andthe
right side were measuredAlthough the differencein
SOSbetweenthe two sidesis only 1% of meanSOSof
both heels,it increasesvhenexpressedh relationto the
range of measurementsn the study population: the
mediandifferencein SOS betweenthe two heelswas
40% of the study population SD, and the median
differencein BUA was 25% of the study population
SD. The magnitude of this difference indicates a
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considerablerisk of misclassifying bone status when
only onesideis measuredln accordancevith previous
results,left or right handednessvas not relatedto the
directionof this difference[25]. The functionaldivision
of motor tasksbetweenthe left and right handmay not
apply to different use of the right and left leg. Several
other factors were related to the difference in BUA
betweenthe two heels.All relatedfactorsmay indicate
the degreeof disability: aging,the useof a walking aid,
history of fracturesof the lower extremities,and low
BUA values. The lack of associationbetweenthese
factors and the differencein SOS may be due to the
different bone propertiesbeing measuredand the lower
precisionof SOSmeasurementfl2].

A higher level of daily physical activity was
associatedwith higher ultrasound measurementsjn
particularregardingBUA. This relationshipwas some-
what strongerin men than in women. However, the
differencesbetweenmen and women are well within
the confidenceintervals and no significant interaction
betweenphysicalactivity and gendercould be detected
in the regressionmodels. Thus, although the results
suggesta differencein effect of physical activity on
ultrasound parametersbetween men and women, the
power of this study was insufficient to examine this
difference.Basedon a multiple linear regressiormodel,
including physical activity and other determinantsof
ultrasoundparametersa comparisorwas maderegard-
ing the strengthof the relationshipsvith BUA andSOS
(Table 2). The effect expressedfor each 5 point
increasein the activity scorewas similar to the effect
of each10 kg increasen body weightandeach10 year
reductionin age, but lessthan the difference between
menandwomen.An increaseof 5 pointson the activity
scoreis equivalentto, for example,going for a walk or
cycling for 2.5h per week. Severalinterventionstudies
in elderly people have shown that especially weight-
bearingactivities,leadingto high strainsin the skeleton,
may be beneficialto maintainbonemass[17,26,27],but
otherstudieswere unableto demonstratesuchan effect
of physical activity on bone mass[28,29]. Although
theseresultssuggest protectiveeffect of daily physical
activity for skeletal integrity, physical activity in this
very elderly population may be an indication of the
level of physicalactivity in the past. However,it may
be difficult to show independentelationshipsfor past
and presentphysical activity since they are strongly
related.

This study showeda large differencein ultrasound
measurementsbetween opposing heels, indicating
possiblemisclassificatiorof bonestatuswhenbasedon
unilateralmeasurementsSpecialattentionis warranted
in thosewith disabilitiesand lower extremity fractures.
Theseresultsindicate that measurementat both sides
are necessaryfor optimal evaluationof bone strength.
Furthermoredaily physicalactivity is one of the more
importantdeterminantsof bone characteristicssuchas
age and body weight. Although a prospectivestudy
design is preferred with regard to the prediction of
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fractures by ultrasound measurementsgross-sectional

datarevealeda strongrelationshipeven after extensive

adj

ustments.
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