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Proximal femoral bone mineral density (BMD) can be measured by dual energy X-ray absorptiometry
method in the neck, trochanter, intertrochanter, total and Ward's triangle area. Ward’s triangle area
of the proximal femur is a smaller area to measure than the others, and the position varies, depend-
ing on the status of inner rotation of the target leg. In this study, the measurements of the proximal
femoral BMD in women were carried out on the neck, trochanter, intertrochanter, total and Ward's
triangle area with the, subjects’ legs turned 15 degrees toward the inside. The Ward's BMD were
measured using Ward's cognitive method, in which the measured BMD were compared among age
groups of 50-59, 60-69, 70-79 and 80-89 to determine whether this process could reveal decreased
femoral BMD in elderly women. The correlation between BMD and age was tested using the Pearson
correlation coefficient. In all measured parts, the BMD of women age 50-59 were significantly higher
than those of women age 80-89. The correlations between BMD and age were negative in all measured
parts, and the most negative correlation was between age and Ward's BMD. The study using Ward's
cognitive method showed an inverse correlation between Ward's BMD and age in women.
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D ual energy X-ray absorptiometry (DXA) is

mainly used for the measurement of bone min-
eral density (BMD). This method detects bone via
high-energy and low-energy X-ray. DXA can be used
for the measurement of BMD of all bones of the body,
and is used especially often to measure the BMD of the
lumbar vertebrae, proximal femur and radius. The
incident number of proximal femoral fractures has
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been increasing recently [1, 2], and the appropriate
evaluation of proximal femoral BMD via accurate
measurements is considered necessary for the preven-
tion of these fractures [3]. The BMD of the neck,
trochanter, intertrochanter, total and Ward's triangle
area of the proximal femur can be measured with
DXA. The dual energy X-ray permeates Ward's tri-
angle area the most [4, 5], as it is an offal part of the
bone, and Ward's BMD is the lowest of the proximal
femoral BMD. The range of region of interest (ROI)
in Ward’s is narrower than those of other parts of the
proximal femur, which causes a reproduction problem.
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In this study, we used the Discovery W (Hologic
Company) version of Ward's cognitive method to
determine the ROI in the proximal femur.

Strictly speaking, Ward's triangle area refers to
the crossing of the neck, trochanter and intertro-
chanter, and it changes slightly depending on the
position of the inside-turned leg. A previous report
[6] showed that better measurement could be obtained
if a subject’s leg was turned inside 15 degrees for the
measurement of proximal femoral BMD. Therefore,
in this study the position of subjects’ legs was fixed to
be turned inside 15 degrees for every measurement.
Because osteoporosis is more common in women than
men currently, we studied middle-aged and elderly
women who may suffer from osteoporosis. Our goal
was to examine whether Ward’s triangle area is a suit-
able part of the proximal femur to find decreasing
BMD in elderly women.

Materials and Methods

Subjects. The subjects were all middle-aged
and elderly women who visited Meiwa Hospital to have
medical examinations from January to June in 2009.
They were 288 women (50-59 years: 42, 60-69
years: 100, 70-79 years: 113, 80-89 years: 33)
without deformity in the proximal femur, and their
proximal femoral BMD was measured in the Hospital.
The permission to undertake this study was given by
the Ethical Committee of Meiwa Hospital.

Measurements and evaluation of BMD. The
method using DXA (Discovery W, produced by Hologic
Company) was applied to the measurements of proxi-
mal femoral BMD. Each subject lay on her back on the
examining table with the leg turned inside 15 degrees,
and proximal femoral BMD was measured in the neck,
trochanter, intertrochanter, total and Ward's triangle
area. These parts are shown in Fig. 1. Ward's BMD
was measured using Ward's cognitive method. The
part of Ward's examined by this method is shown in
Fig. 2. We established the ROI to cover a wide area
that would be likely to include Ward's triangle area.
With a 1em X 1cem stabilized area of ROI the Ward's
triangle area could automatically be regarded as the
area having the lowest BMD within the ROI. The
measured BMD were compared among 4 age groups of
50-59, 60-69, 70-79 and 80-89.

Statistical analyses.  The Pearson correlation
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coefficient was used for the test of correlations
between ages and BMD. Differences with p <0.05
were regarded as significant. Statistical analyses were
performed using SPSS Japan, Inc, Tokyo, Japan.
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Fig. 1  The parts of the proximal femur for BMD measurements.
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Results

Table 1 shows measured values (means = SD) of
BMD on 5 areas of the proximal femur in subjects
separated into age groups. All values of measured
BMD for age 50-59 are significantly higher than those
for age 80-89. The inverse correlations between BMD
and age are shown in Fig. 3 for the neck, in Fig. 4
for the trochanter, in Fig. 5 for the intertrochanter,
in Fig. 6 for the total and in Fig. 7 for Ward’s tri-
angle area. The correlation coefficients were —0.444
for the neck, —0.405 for the trochanter, —0.344 for
the intertrochanter, —0.381 for the total and —0.501
for the Ward's triangle area. The coefficient for the
Ward's triangle area had the greatest inverse rela-
tionship among the coefficients.
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Fig. 3  The correlation between neck BMD and age.
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Fig. 4  The correlation between trochanter BMD and age.
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Fig. 5  The correlation between intertrochanter BMD and age.
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Fig. 6  The correlation between total BMD and age.
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Fig. 7 The correlation between Ward's BMD and age.
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Table 1 Measured BMD on 5 parts of the proximal femur

part\.age 50-59 60-69 70-79 80-89

neck 0.931 +0.138 0.876 + 0.139 0.805 +0.175 0.762 + 0.156
trochanter 0.566 + 0.095 0.518 +0.087 0.462 +0.103 0.450 + 0.093
intertrochanter 0.931 +0.138 0.876 +0.139 0.805+0.175 0.762 + 0.156
total 0.777 +0.112 0.722 +0.108 0.661 +0.137 0.629 +0.121
Ward's 0.492 +0.116 0.414 + 0.117 0.325+0.110 0.295+ 0.124

(mean + SD)
Discussion be turned inside to expose the proximal femur.

To prevent proximal femoral fracture, it is neces-
sary to find the point where proximal femoral BMD
begins to decrease initially with aging. In this study,
the correlation coefficient between Ward's BMD and
age was more inverse than those between BMD of
other parts of the proximal femur and age. We believe
that Ward's BMD decreases with aging earliest in the
proximal femoral BMD in women and that Ward's
triangle area is a suitable part to measure decreasing
BMD with aging.

Previous reports revealed that Ward's BMD
decreased remarkably with aging [4, 5, 7], that the
correlation between Ward's BMD and age was nega-
tive similar to that between neck BMD and age [8],
and that the values of Wards BMD were close to
those measured with quantitative computed tomogra-
phy (QCT) [9]. Other reports indicated that Ward’s
BMD was more suitable then neck BMD for the evalu-
ation of proximal femoral fracture [10] and that
exercise for 6 months prior to measurement had little
effect on Ward's BMD [11]. As cortical bone has a
lower metabolic rate than cancellous bone [12], it can
be concluded that Ward's BMD covers an area con-
taining many cancellous bones.

Other papers showed that Ward's BMD decreased
with aging more than did the neck, trochanter, inter-
trochanter or total BMD [7, 13], and that there was
no difference in neck BMD but any difference in tro-
chanter and Ward's BMD between the cases of proxi-
mal femoral fracture and no fracture [14]. The coef-
ficient of variation (CV) of Ward's BMD was higher
than those of the neck, trochanter, intertrochanter
and total BMD [15, 16]. For the measurement of
proximal femoral BMD, the leg of the subject should

However, the Ward's triangle area changes depending
on the leg status. We avoided this problem in the
present study by using a fixed position with the leg
turned inside 15 degrees, and by using Ward's cogni-
tive method. However, more detailed and longitudinal
studies using Wards' cognitive method are necessary
to improve the CV of Ward's BMD, especially because
it is sometimes difficult to fix the leg of an elderly
person due to proximal femoral deformation.

In conclusion, the study using Ward's cognitive
method showed a fairly large inverse correlation
between Ward's BMD and age in women. The mea-
surement of Ward’s BMD will contribute to the for-
mation of an index of proximal femoral fracture in
advanced age.
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