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Abstract, In this prospective study we investigated the
predictive value of quantitative uoltrasound  (QUS)
measurements and other potential predictors of osteo-
p(?l’t)ilg fractures in the elderly, During a boyear period,

710 partcipants (137 men and 578 \f\nmm} aﬂvd bt
vears and older {mean age = SDu 828 = 3, were
recrotted from seven bomes and apartment 'h(}iise.s o the
elderly. U5  measurements (roadband  altrasound
attenuation (BUAY and speed of sound (SO8Y were
assessed with a clinical bone densitometer, A structured
guestionnaire was used o collect information on other
potential predictors. Follow-up of fractures was done
each half vesr by telephone interviews, During the study
period {(median follow-up 2.8 years, maximum 3.7
vears), 30 participants had a first hip fracture and 54
suffered from a first other nonspinal fracture, Cox
regression analyses, adjusted for age and sex, showed
that the relative risk (RRY of hip fracture for each
aanhard deviation reduction was 2.3 {953% 1, 1.4-3.7)
for BUA and 1.6 (95% €1, 11223 for SO5. Shghtly
weaker relationships were found for am frocture (BUAS
RR, 1.6 95% 1 1.2-2.1 SOS: RR, 13 98% 1 1.0~
1.6}, Multivariable EH'&{-ZL%}E\ 5 14 c.m.sﬁc:d !_tm BUA values
and mmmobility s the strongest predictors "{)r hip
fraciures and any fracture. Female gender proved to he

the strongest predictor for other r;(_}z‘tspnmi fraciures. }
can be concluded that QUS measwrements can predict
the tisk for hip fracture and any fracture in elderly
people

and  offprint requesty fo: PooLips. MIDO PRE.
ndocrinology, Acadende Hospital, Vrije Universitel,
3 Amsterdam, The Nethorlands, Telo +31 24
ax: +31 20 4440502,

Z—'i -.1(}33\.’.'(_],

i.‘u R”g, E‘%{-}EHCEJ“Z

Department of Epidemiology and Biostatistics and “Depuartroent
ands

and P, Lips i3

Keywords: Caloaneus:  Fractures:  Prediciors,

Hrasound

Aged:

introduction

Osteoporosis has become a major public health issue,
hecause world-wide the number {)i fractures is increasing
due 1o the increasing pumber of elderly people [H]
Fractures, particularly hip fractures, often result n
decreased physical functioning, and permanent RSt
tional care Em;wrmm consequences are an impaired
guality of hin. impatred survival and ii'EU‘Cd‘;ii’lP’ costs of
health care 12-4)1 The identification of predictors for
fractures is necessary for the implementation of effective
preventive strategies.

The risk for fractures is strongly related to bone
mineral density (BMD). which is usuaih measured with
dusl-energy  X-ray dbxmpimmf:[.r) (DXA) [3-71 Care
rently, there is increasing imterest in the use of
guantitative  ulirasound (Ql"?', measurements of the
heel bone for predicting the visk of fractures. It has
been suggested that the QUS parameters of broadband
{stimsmmd arsenuation (BUAY and speed of sound {SO5)
depend not only on bone density but alse on bone
siructure and elasticity {8107 QUS offers several other
advantages over DXA, since the apparatus 18 free of
jonizing radiation, relatively inexpensive amd simple to
apply [LEL

Several cross-sectional and retrospective studies have
demonstrated  lower QUS values in persons  with
osteoporosis or fracwres compared with controts [12-
181, Recently, the resulis of three prospective studies
have shown that QUS measurements of the heel can
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indeed be vsed to predict the risk for fractures in elderly
women [19-2 1], However, these studies all used a water-
hased QUS system. The predictive value of a dry system
has not vet been examined prospectively. A dry system
has the advantage that it is portable, \\»Emh makes H
possible o measure elderly people at home A
r;ii‘;gz('i\'dma};{, may be less efficient coupling by 2
coupling gel mstead of water, which may influence the
piuiume value. Furthermore, the independent contribu-
tion of QUS to the pwdmh{m of fracture risk compared
with other potential risk factors. such as decreased
physical activity, recurrent falls, low body weight or
Hstory of fractures, is not clear. This knowledge is
important for the identification of high-risk groups and
for adequately targefing preventive strafegies,

The main ob hicotive of this prospective study was to
examine the value of QUS measurements with a portable
dry system for the prediction of osteoporotic fractures. A
secondary objective was to compare the predictive valie
of QUS parameters with that of some other polential
prediciors for fractures in elderly people.

Subjects and Methods
Study Poprlation

Between Qctober 1993 and December 1994, 710 elderly
(132 men and 578 women) were recruited from seven
homes and seven apartment houses for the elderly in
Amsterdam  and s viciaity (The Netheriands) to
participate in this prospective study. In Duich bomes
for the elderly some care is provided, but less than in a
nursing home. People who live in apartment houses for
the elderly live independently, but they can ask for help
when necessary, meals are served on demand and their
houses  offer special  protection  against falls  and
accidents and wre equipped with an alarm system. The
people are less independent than elderly people living in
the community. Tnclusion criteria were age 70 }‘Eam or
older and 1o severs cognitive impatrment as judged by
the personnel of the care facility. Informed consent was
asked  from  the participants.  Measuremenis  were
performed  at baseline and thereafter follow-up of
fractures was performed each half year. The protocol
was approved by the Medical Ethics Committee of the
Academic Hospital of the Vrije Universiteit. Amster-
dam.

Buaseline Measurements

vorrined
research assistants at the residence of each participant,
and included the completion of a structured question-
upire doring a personal inferview, QUS measurements
and body weight assessment. The questionnaire was used
o collect information on age, gender, residence, fracture
history sinee age 30 years, the use of a walking aid. the
level of daily ;1?1\, sieal activity, mobility, and recurremt

The baseline examination was performed by
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falls (=2 falls) in the previous year. Daily physical
activity in the previous year was ascertained by means of
a4 validated questionnaire for elderly persons regarding
household, sports and leisure activities {22} To assess
the level of mobility in the previous year, participants
were asked whether there had been a period in that year
in which they had not been able to walk or had besn
confined to bed. Participants were classified as immohile
if this period had been longer than 4 weeks.

QUS measurements were obtained using the CUBA
Clinical insgumens (MeCoe Ultrasonics, Winchesier,
{FK). The uhtrasound system conststs of two ransducers
(emitting and receiving) faced with silicone subber
coupling pads. These are placed in direct contact on
either side of the heel using a coupling gel. BUA (dB/
MHz)y and speed of sound SOS (mfs) were measured
twice in both the right and keft calcaneus. Mean BUA
and 8O8 were calouated from these four measurements.
The coefficient of wvarlation (CV), calculsted in 20
healthy volurteers measared on 3 occasions consecu-
tively within 1 b, was 3.4% for BUA and 1.3% for 508
(231

Follow-up of Fractures

Participants were contacted by telephone every half year
to ask whether they had had a fracture m the previous
hatf year. Participants were sent a self-administered
guestionnaire on fractures if they could not be reached
by telephone, Caregivers were interviewed i partici-
pants were not able (o respond. When participants died,
their primary care physician or caregiver was contacted
to supply information on whether a fracture had occurred
since the last telephone comtact. Each reporied hip
fracture was verified with the general praciitioner.

Barg Analvsis

A Cox proportional-hazard regression model was used to
estimate the relationship between QUS parameters and
fractures and fo identify other potential predictors of
fracture risk. A stepwise backward Cox regression model
was used to identify the independent risk factors.

The duration of follow-up was recorded for each
participant from the date of enrolment in the study o the
date of the first fracture, the date of death or the date of
the last follow-un. Separate analyses were performed for
participants  with one or more hip fractures (vs
participants with no hip fracture), participants with
other nonspinal fractures {vs participants with no other
nonspinal fractures) and these both groups combined
(participants with any fracture vs participants with no
fraciure ab alb) as outcome measures. Hazard ratios are
repori'ed as the relative risk (RR) with 953% confidence
intervals (95% Cls). Age, body weight and towd activity
score were entered as continuous variables when they
were Hnearly related to fracture risk.
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Fable b Baseline churactecistics of the study populition {# = 71

Characteristic

Lint Yadue

Age (vears

Famale

B (ABMH"

505 (m/a®

Body weight (kp)"

Recursent falls in provious vear
Ay fractare since age ﬁ{} \L,A-u-s“
E’b\\scel Activily seor
fmmobile period (=4 woekst in previous vear
Lise of & wilking aid

Living in & home for the elderly

Maean (5123 S2H (5%
2 814
¥ LR (260

Mean + KL FE08.6 {34.3)
Moan o+ 5D 67712
9.7
4.2
Han {range} 30 L2 H)
34
2 493
i 183

SBRUA theoadhand altnsound attensation and SO8 (speed of sound) were not measured i 2

" Body weieht was o measured in 4 SR RHIEN

< Tw hunteod and forty-three respondents suffered 296 fractuses afier the age of 50

D prarticipants,

ears, aof which 47 were ip fructures,

61 other Jower catremity fractures (fomu Shia, ankle and foot fracturesy, HM wrist fractures. 63 other upper extrenity
Em{,turu fhumcrus. clavicle. hand fracturest and 22 other fractares tpelvic, rity skull and kaown vertobral Fraciores).
"According to g questonnaire on household, sports and lelsure aotivities,

In the first analyses. the crude relative risks of hip
fractures, other nonspinal ractures and sny fracture were
assessed for o ostandard doviation {SIY decrease in
BUA and SOS. Additonally. the same analyses were
performed after adjustment for age and sex. After that
cach other potential predictor was entered in 2 single
Cox regression model, Muliivariable models were used
to ientify the strongest predictors for fractures, Those
variables that woere significantly (p<(L05) related to
fractore risk in the univariate malyses were included in
stepwise hackward Cox regression models, Because SO8
and BUA showed collinearity, the significant predictors
were entered  in twoe different mudiivariable Cox
regression models: one with BUA and one with S0S.
Vartables with a p vadue smabler than 0.05 were included
snd those with o p ovabue greater than (.10 were
climinated from the madels,

Resulis

Baseline characteristics of the study population are
shown i Table I, Ultrasound parameters were nof
abtained in 2 participants, and in 7 participants only on
one side. due to oedema. a fractured calcancus and other
disabilities. Durmg 1818 personeyears of follow-up
(median 28 years. maximum 3.7 vears) 168 (23.7%:)
participants died and 5 (0.7%) were lost to follow-ap,
Thoese who died were older. [ell more often, had a lower
physical activity score and fower baseling BUA and SOS
values compared with the survivors,

Table 2 shows the types and numbers of the various
fractures sustained during the total follow-up period.
During this period. 96 nonspinal fractures occurred in 77

participants, Thirty-one hip fractures ()L{Liiit‘d in M)
participants: 1 had a hip fractre on each side. Fifty-four
participanis  sustained 65 other mmspstml fractures,

nchuding 23 Colles” fractures and 8 humerys frachires,
Seven participants sustained both a hip fractwe and
another nonspinal fracture,

Fable L Number of fravtures sustived durimg Teblow.up at different
shedetal sites in mon and women o = 7ih

Type of fracture Women (n o= 378) Men (1= J32)

Hip fracire 27 4
Other lower exiremity™ i !
Wi 23 {i
Hinmerus # {
Ciher upper extrensiy” 12 ¥
Cither® 13 ¥
Total ¢ 5

? Femur, tbia, ankle, foot fractures,
T ey . -

T Clavicle, hand fraciures.

FPebvie, b and skad] fractures.

In Table 3. the associations between nltrasound
parameters and fracture risk are presented. Afier
adjustment for age and sex. both vlirasound parameters
were assoctated with increased risk for hip fracture and
jor any fracture. but not for other nonspinal fractures, A
decrease of 1 8D in BUA was associated with a more
than 2-fold increase o risk for hip fractre (RR. 2.3:
958G Cl, 14-3. ?} and a HO% mumw in the risk for any
fracture (RR, L6 953% (I, 2.0% The associations
hetween 508 and fractures were siigh{!y‘ weaker: each |
5P reduction in SO8 was asss)ciate{i with o 60% increase
m the risk for hip fracture (RR. 1.6 95% C1 1.1-2.%)
and a 30% increase in the risk for any fracture (RR. 1.3:
9549 CL 1.0-1.6),

Table 4 shows the relative risks of hip fractures, other
nonspinal fractures and any fracture for cach single other
potential predictor. Inereasing age. low body weight and
an immobile period of more than 4 weeks in the previous
vear were related (o risk for hip fracture. A lower hody
weight and fermale sex were related 1o risk for other
nonspinal fractures, whereas increasing age, female sex,
a fower body weight and an immobile period were
significantly d.‘mm,miazd with risk for any fracture.
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Fable % Relative risk of hip fraciun

measurements, according o Cox regression analyses

53

other aomspinal fractres and any fractuse for o | ostandasd devistion (8D decrease fn ultrasenographic

CQUS parameter” Hip fraciure

Crther nonspingd Any Dacture

o= 3N fractres (7 = 34y
RR {gat Ch R 3% Ch R A Oh
2.3 [l i 1-2.4 Ly
2.3 £ [CER S R
é](.i_i%l;-;[(ﬁt‘z 1.5 i3 [ e (1018
Adjuszed” I.& 11 1515 13 (1016
5 quantitative altrasound measwrements: BUA, broadband ultrasound attenuation: 508, speed of sounds o = mumber of portcipants: RE.

ative riske O confidence Tnterval,

Fpph A0,

THUA and SO8 were not obtained In two panticipanis,
" Adjusied for age and sex.

Fable 4. Relatve rizks (RR} and 93%
fracture, according to Cox regression analysis

confldence intervais (83%: C1) for soverat prediciors of By fracture, other nonspinat fraciimes and any

Fredicior

Hip fraciure

Ciher nonspinal
fractures

Ay fraciure

HE {954 RE {UAs Chy "R (9StE Ch
Vovenes olderd 1.6 ii 1.2 (1.0-1.5
Fernade {vy male) 1.4 i 4. i1.5-11 4
Body weight <67 kg {vs hady weight 267 kgl Ry 13 P4 i1t
Recarrent falls in Previous vear Il 17 1.4 {0.9-2
[ . fai% Y PFEVICUS Year)
: 1 30 vears (vs none) | .4 HiE-3.35 RN 1.2 (0,719
3 pozma i}]ﬂhu] 0.4 (-1 4.0 R (07160
s immabile in [eViGLES ¥ 34 (] 2. 2.0% 2.7 r§ {} 3l {14272
weeks iymohile?
of i walking ald b (062,31 in [EEN Il (3747
ivs no use of a walking aid}
Living in a home for the elderty 300 (RPN Ry 1.2 ({37240 | 4 (ISR

[vg apartment for e eldeslyy

por i ke decrease 1,

Table 3 shows the results of stepwise backward Cox
regression analysis including QUS parameters and the
other significant predictors of fracture yisk. Model |
shows the multivariable models that mcluded BUA,
while model 2 shows the multivariable models with SO5
inciuded. In model 1. Jow BUA values and inunobility
were identified as p;udmmx for respectively hip fractre
and any fracture. Female sex was o strong predicior for
ciher ponspinal {mL%ijiL‘ and for any fracture, whergas
fow body weight remained a significant predicior only
for hip fracture. Tn model 2, increasing age. o low body
weight and an immobile period were identified as Strong
predictors for hip fracture and any fracture. Pemale sex
was ddentified as a strong predictor bath for other
nonspinal fractures and any fracture. Low SO8 valee
wias only inctuded in the model for hip fractures.

PHscussion

The resuits of this prospective study showed that both
BUA and SOS measurements of the calcaneus predict
risk for hip fracture as well as for any fracture n elderly
people. BUA was idemified a8 a relatively spong
predictor since the increased risk for hip and any
fracture perststed in a multivariable model In addition.
other factors that can pradict fracture visk in elderly
people were identified. An immobile period of longer
than 4 weeks was particslarly related w increased risk
for hip fracture and any fracture. whereas female sex was
identified as the strongest predictor for other nonspinal
fraciures.

Our results support the previous finding from case
contred  stuchies  that clrasound  messurements  can
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. Relative risks for cach predictor, included in the multivariable models with broadhand

h}!;.:s'-,{mnd attenvation (BUA)Y {imodel 1) and with speed of sound (SOS} imodel 2, for hip fracure,
other gonspind fractires and any nonspinal finciure, after stepwise Cox regression analysis

(hackward cHminationy”

RR {95%: Ch

Model 1
Hip frocture
BLUA (per |51 decrem 24 {E3-33%)
Body weight <67 kg (vs =67 kgt 22 A-5.0)
immaobile =4 weeks in provious vear (vs 53 woeeks) 36 (31120
Other nonspinal fractures
Famale (vs male) PEG {6841
Any frocture
BUA {per | 5D decreane) 1.6 (1.2-2.2)
Imwnobdle =4 weeks i previous your tvs 54 weeks) 2.6 {33601
Female {vs male) 23 {1868
Maodol 2
Hip frociure
SO (por 1S decressed 1.4 (1021
Age fevery B vears older 1.4 (10-19)
Body weight <67 kg {vs 207 ky) 32 {0951
fmmobile >4 weeks in previous vear (vy = d weeks) EN {12136}
Other nonspinagl fracnires
Fenmde {vs made) 11.6 (168400
Anv fractsre

avery 3 vears obden b2 {16151
} umlt, {'»s sl 34 {(1.2-9.5)
Body weight (every 1 kg kvwerd 1.2 (10-1.5
Immobile =4 weeks in provious vear (vs 54 weeks) 3.2 (1.4-7.3)

RE. redative risk: 1, contidence interval.

Verlables with @ p vidue smalfer than (005 were ineluded and those with a p value greater than

(1 were eliminated from the modebs.

dik;cz'imiim{e b:‘;‘{wean fracture and controt groups [12-
18], The 2-fold increase in the relative rvisk of hip
fracture for each | SD reduction in BUA Is similar to the
results found in other prospective studies {20.21]. The
strength of the association between BUA and risk for any
fracture was similar to that reported by Bauer et al, [211
The association between Q1S measurements and other
nonspinal fractures was very weak and not significant.
This may be due to the fact that a relatively large number
of these fractures were less related 0 osteoporosis. such
us fractures of the lower exremities and fractures of the
fingers,

Aince we were not able to measure BMD in our study
population, we cannot compase the predictive value of
QUS parameters with that of BMD. However, the
strength of the association hetween QUS and hip fracture
risk seems similar 1o that previousty reported for femoral
neck BMD [6.20.21.241 In addition, it has been shown
that ultrasonographic measurements predict fracture risk
independently of BMID 120211,

The finding that age is especially related to risk for hip
fracture in the very elderly. bul not o other non-spinal
fractures, confirms the resulis of other studies [25,26]. It
is well established that the incidence of Colles” fracture
reaches a platean around age 50 vears in men and around
age 63 vears m women. while hip fracture incidence
increases  exponentially  throughout  fife {527,281,
Women have a higher risk for hip fractures and other

types of {ractures {29] than men. In this study, however,
we did not observe a significant increase in hip fracture
risk in women compared with men, which may be due 10
the low hip fracture incidence and the re id{neiy small
nunmber of men participating in this study. Moreover, it
is known that the sex ratio s more pronounced for
Colles” fractures than for other types of fracture {301

QOur finding that people with a higher body weight had
a lower risk for hip fracture than those with a lower body
weight agrees with the findings reported in previous
studics {31-33]. Fat dssue is positively related o
estrogen activity In postmenopausal women, and may
thus protect against bone loss, Furthermore, soft tissue
around the hip may madify the impact of a fall,

Immobility has been shown 1© be associated with an
increased risk for fractre in several studies [26) Our
results also showed an increased risk for fracture in those
wha were confined to bed or not able to walk for a period
of more than 4 weeks. People who are immobile arg
more susceptible to falls as a conseguence of muscle
weakness or coordinagion problems. In addision, im-
mobility results in increased bone resorption and g
pegative calcium balance leading to increased bone loss
E3~s‘»-3(}i. Since the method to measure immaobility was
noi based on a validated guestionnaire, i is uncertain
how precisely it reflects immobility, Confinement to bed
for a long period can also be due 1o other aspects of
fraifty, sm,h as chronic iliness,
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Abthough 90% of hip fractures are the result of a fall,
recurrent falls during the year yreceding the study were
not assoctated with increased risk for fracture. Further-
more, the results of this stady do not contivm results of
previous studies that daily physical activity protects
against hip fracture {371 and that a history of fracture
1337 increases the risk for fractures. However, the latter
is probably due to the small sample size.

This is the fisst prospective study which demonsirates
that a dey oltrasound systemn can predict fracture sk i
elderty people. The dry, portable system  permits
measwrement of elderly people st home or in an
imstitution. In this way, risk assessment in the very
elderty is feasible to identify those at high risk for
fractures, so that preventive measures. such as hip
proectors or medication, can be allocated efficientdy
(38,391 The prospective design of this study avoids
potential bias associated with case~control studies, On
the other hand, our study also has several limitations, the
most important of which I8 s Hmdted powert in
particular the incidence of a first hip fracture and the
numnber of men participating in this study are rather
small. Therefore, inferences about the predictors of
fractures must be interpreted with cantion. The estimate
of the relative visks are less accurate and some
relationships can only be detected with o larger sample
and a higher incidence of {ractures, Secondly. since the
participants were 70 vears ofd or older and living
apartment houses and homes for the elderly, these
findings cannot automatically be generalized to younger
people or clderly people living in the community.
Furthermore, since people with severe cognitive impair-
ments and those who were not able (o participate were
excloded. we must be careful 1o generalize the results of
this study to the very frail elderly living in homes and
apartment bouses for the elderly. Thindly, the ascertain-
ment of fractures was based on selfvreport. Although this
method has been shown o be accurate {401, there may
have been misclassification in the ascertainment of
fractures since radicgraphs were not checked, On ithe one
hand, people may have overreported fractures. This may
partly explain the small association found between QUS
and  other nonspinal fractures that  included  less
osteaporotic fractures, such as those of the fingers, foes
arsed 1ibs. On the other hand there may have been people
who had a fracture that they never n.ported, This may
have led 0 an underestimation of the fracture risk. In the
fowrth place. we could not compare the predictive value
of QUS with that of BMD in this study. However,
comparison with data from the lterature shows that
fravture prediction m this study wag quite similar to that
using BMD measured by DXA in other studies.

In conclusion. in this prospective study we found that
tow wvalues of BUA and 505 can predict the risk for
fractures in elderly people. In addition, some other easily
castrable factors were Wentified as predictors for the
different types of fractures. Because measurements can
be performed with a dey portable instrument which s
simple to apply, relatively inexpensive and free of
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jonizing radiation, QUS seems suitable for the identifica-
ton of elderly with a bigh risk for esteoporotic fractures.
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