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Prediction of fractures in perimenopausal women:
a comparison of dual energy x ray absorptiometry
and broadband ultrasound attenuation

A Stewart, D J Torgerson, D M Reid

Abstract
Objective-To consider whether bone
mineral density (BMD) measurements
can predict traumatic fractures occurring
in perimenopausal women.
Methods-One thousand perimenopausal
women called up for screening underwent
both dual energy x ray absorptiometry
(DXA) of the spine and hip, and broad-
band ultrasound attenuation (BUA) ofthe
heel. Two years later, they were sent a
questionnaire to discover those who had
since had a fracture, and compare them
with those who had not.
Results-About 2% of the women had
sustained a fracture in the two years since
attendance for screening. Fractures in this
age group can be predicted weakly, but
significantly, by bone mass measurements
using DXA and BUA (odds ratios from 1*4
to 2.1). The lumbar spine appeared to be
one of the best predictive sites (odds ratio
for 1 SD reduction inBMD 2 1 (95% confi-
dence interval 1-2 to 3.8)), but no signifi-
cant differences were found between the
areas under the curve in receiver operator
characteristic (ROC) analysis.
Conclusion-In this preliminary study it
appeared that bone mass measurements
are predictive of perimenopausal trau-
matic fractures in addition to postmeno-
pausal fractures related to osteoporosis.
DXA of the lumbar spine did not per-
form significantly better than BUA. The
number of fractures occurring was low,
however, and further long term follow up
is required to confirm the finding.
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Population screening for osteoporosis risk
remains contentious.' However, treatments
such as hormone replacement therapy (HRT)
are frequently targeted at those in the peri-
menopause or early postmenopause years, to
prevent osteoporotic fractures. Women with
non-osteoporotic fractures early in life are at
greater risk of sustaining an osteoporotic
fracture later in life.2 If those women likely to
sustain such a fracture could be identified,
prophylactic treatment could be offered at an

early stage.
Both dual energy x ray absorptiometry

(DXA)' and broadband ultrasound attenu-
ation (BUA)4 are techniques that have been
shown to be predictive of hip fracture, but their

relative predictive ability has not yet been
examined. In recent case control studies of hip
fracture patients, BUA and DXA were equally
effective at discriminating prospectively be-
tween cases and controls,5 6 and a combination
of the two techniques may prove to be
significantly better than DXA alone to predict
hip fracture risk.
The aims of this study was to compare the

predictive abilities of BUA and DXA with
respect to perimenopausal fractures.

Patients and methods
As part of a research programme evaluating the
measurement of perimenopausal bone mass as
a screening tool for future osteoporosis risk,
women were selected at random from a popu-
lation based register and invited to attend for
scanning.7 The women reported in this paper
were all aged between 45 and 49 years at the
time of measurement and lived within a 20
mile radius ofAberdeen. A follow up question-
naire was sent to all patients two years after the
measurements were made, and included
questions relating to any falls or fractures.
DXA scans of the spine (L2-4), left hip

(neck of femur, greater trochanter, and Wards
area) were performed to determine bone
density at those sites (Norland XR-26).

In 1000 of the women who consented, an
additional BUA scan of the os calcis was
performed, using a Walker Sonix UBA 575
machine (Walker Sonix, MA, USA). The
coefficient of variation of the technique in our
hands was 26/6% (range 0-6O05%) when seven
women aged 21 to 51 years were measured,
and 3-98% (range 0-13.2%) when elderly
patients aged between 71 and 92 years (mean
78-7 years) were measured twice in succession
with removal of the foot from the scanner
between each scan.

Age, standing height, weight (indoor
clothing, no shoes) and years postmenopause
were recorded. The menopause was defined as
the date of the last period, and women were
classified as postmenopausal if their last period
was six months or more before the date of
attendance.
Independent t tests were used to determine

the significance of any differences between
groups. x2 and Fisher's exact test were used
to test differences between non-parametric
data. Receiver Operator Characteristic (ROC)
analysis8 was used to identify which tech-
nique(s) had the best predictive ability. The
SPSS-PC (Chicago, Ill, USA) statistical
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Differences in bone mass measurements between fracture
and non-fracture groups

Variable Fracture Non-fracture t p
group group

BUA 80-5 (19-2) 86-7 (18-7) 1-35 0-177
DXA
L2-4 0-97 (0-13) 1-07 (0-16) 2-65 0-008
Neck offemur 0-86 (0-13) 0-89 (0-12) 0-85 0-395
Trochanter 0-70 (0-10) 0-72 (0 11) 0-88 0 377
Wards area 0-78 (0-17) 0-85 (0-15) 1-94 0 053

Z score
BUA -0332 (1-027) 0 000 (1 00) 1-35 0 177
L2-4 -0654 (0 800) 0 01 (1-03) 2-65 0-008
Neck of femur -0210 (1 010) -001 (0 96) 0-85 0 395
Trochanter -019 (0-95) 0-02 (1 01) 0-88 0 377
Wards area -0464 (1-16) 0-02 (1 01) 1-94 0-053

Values are mean (SD) where relevant.

package was used in calculating the above
statistics. Areas under the ROC curve (AUC)9
and their statistical differences were calculated
using the Rocker program (Quantic Software,
1993). Z scores were calculated from the
control group of patients.

Results
Among the 1000 women who had both a DXA
scan and a BUA scan and were sent a
questionnaire two years later, 790 replied and
17 of them reported 18 fractures of varying
sites. Eight of the fractures were associated
with falls, while the others were associated with
more traumatic events, such as road traffic
accidents. The non-responders to the ques-
tionnaire did not differ from the responders
with respect to age, height, weight, years
postmenopause, or bone mass measurement at
baseline.

Fractures of the following sites were re-
ported: wrist, toes, ribs, bones in foot, humerus,
and nose.There were no significant differences
between the fracture and non-fracture groups
for age (fracture = 46-8 (SD 1 4) years; non-
fracture = 47*7 (1.4) years), height (frac-
ture= 1 60 (0 07) m; non-fracture= 1-61
(0 06) m), or weight (fracture = 61-6 (11.2) kg;
non-fracture = 65-9 (11 7) kg). The fracture
group included seven women (41-2%) who
were premenopausal and 10 who were post-
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menopausal (58/8%), while the numbers of the
non-fracture group were 523 (6777%) and 250
women (32-3%), respectively (x2 = 5-28,
p = 0 022). There was a trend (p = 0 055)
towards a difference between fracture and non-
fracture groups regarding the number of years
postmenopause, the fracture group being a
mean 3-6 years since their menopause and the
non-fracture group 1-7 years postmenopause,
on average.
No significant differences were found for

age, height, weight, years postmenopause, or
bone mass measurements when comparing
those patients whose fracture resulted from a
fall from a standing height and those whose
fractures resulted from a more traumatic force.
Thus all fracture patients were grouped
together in the fracture group for further
analysis.

All bone mass measurements tended to be
lower in the fracture group compared with the
non-fracture group, but this reached signifi-
cance only at the lumbar spine (fracture
group = 0-97 g/cm2; non-fracture group=
1-07 g/cm2; t= 2-65; p = 0-008) (table). When
the bone mass measurements were adjusted for
age, height, weight, and menopausal age, the
differences for the spine remained significant
(f= 4465, p = 0 035), while the significance
for the Wards area diminished (f= 1-476,
p = 0-225). Using z scores instead of raw
scores, the findings were similar (table).
Odds ratios were calculated to determine the

risk of fracture. For a reduction of 1 SD of
bone measurements, the odds ratios (95%
confidence limits) were: BUA = 1 43 (1v17 to
2-38); L2-4 = 2-14 (1-22 to 3 76), neck of
femur = 1-40 (1 25 to 2-36), Wards area = 1 80
(1.01 to 2.85).
The area under the curve (AUC) was

greatest for DXA L2-4 (AUC = 0 69) and least
for DXA trochanter (AUC = 0 56), with BUA
(AUC = 0 58), neck of femur (AUC = 0 58)
and Wards area (AUC = 0 64) showing
intermediate values (figure). However, none of
the differences at any site was significant using
the z statistic. ROC analysis thus showed no
one site to be superior in predicting these
fractures in this group of perimenopausal
women.

Discussion
Bone densitometers are usually used to
measure bone density in order to predict
osteoporotic fractures. However, in this study we
measured bone mineral density and BUA in
perimenopausal women, and followed the
women two years later to determine if any
fractures had occurred, including traumatic
cases. Using the bone measurements it was
possible, to a certain degree, to predict even
these traumatic fractures in this group of
penmenopausal women, with odds ratios up
to 2, which is only slightly less than the odds
ratios found in older women when DXA was
used to predict hip fracture.3 We acknowledge
that a major limitation to the study was the
small number of fractures occurring in this
population to date: only about 2% of the

0.0 0.2 0.4 0-6 0.8 1.0
1-Specificity

Receiver operator characteristic (ROC) analysis for broadband ultrasound attenuation (0)
(area under the curve (A UC) = 0 58) andfor dual energy x ray absorptiometry ofL2-4
(A) (AUC 0-69), and neck offemur (0) (AUC 0-58).
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women sustained a fracture during the follow
up period of two years, and this is fewer than
one would find in an elderly population.
BUA is said to give information regarding

the structure of the bone, in addition to its
density.'01 Unfortunately, the technique was
found not to be as good a numerical predictor
of perimenopausal fractures as DXA of the
spine, but it may provide an independent
additional risk factor. The poorer precision
values found for ultrasound, compared with
DXA, may explain why no significant differ-
ences were found between the fracture and
non-fracture groups; improving precision for
the ultrasound equipment must be a priority.

It has been shown that an axial site such as
the spine or hip can predict peripheral frac-
tures, in much the same way as appendicular
sites are predictive of spine and hip fractures.'2
BUA seems to have a predictive ability
comparable to that of DXA of the spine and
hip. Previous studies5 6 demonstrated that
BUA had a discriminatory value similar to that
ofDXA in patients with hip fractures and those
with Colles fractures.'3 However, in vertebral
fracture BUA is not as good a discriminator as
DXA of the spine.'4 BUA may therefore be
best applied to determining risk of future hip
fracture, while remaining less useful in
predicting osteoporotic fractures of the spine.
We conclude that DXA and BUA are not

only useful in predicting osteoporotic fractures
in the elderly, but also have some use in
predicting all fractures, including those caused
by traumatic forces in a perimenopausal group
of women. One study has shown that those
people who sustain non-osteoporotic fractures
in early adulthood will continue to sustain
fragility fractures later in life: those with a non-
osteoporotic fracture (tibial shaft or ankle
fracture) before the age of 50 years showed an
odds ratio of 1-9 for a future fragility fracture.2
Therefore, if it is possible to detect those who
have an early non-osteoporotic fracture as a
result of even moderate trauma, it may be
possible to offer prophylactic treatment and

prevent fragility fractures later in life. Early
postmenopausal women suffering a traumatic
fracture could, perhaps, be considered for bone
density assessment to determine their suit-
ability for preventive treatments. The present
study was preliminary in nature, and follow up
of a larger target population is required.
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