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Abstract

Bone mineral density (BMD) of dual energy X-ray absorptiometry (DEXA) at both
radius and ulna were measured to evaluate the correlation of those and BMD at lumbar
(L) spine, hip, femoral neck and Ward’s triangle. The 64 simple linear regression
analysis was calculated to postulate the predicted equation by using the BMD at
supradistal, distal 1/10, distal 1/6 and distal 1/3 of both forearms as independent variables,
while the dependent variables were BMD at L1-L4 spine, total hip, femoral neck and Ward’s
triangle. 115 patients aged between 41-79 years (mean age 55.97%8.34 years) from the
menopausal clinic, Pramongkutklao Hospital, were scanned at both forearms by Panasonic
(DXA-70) DEXA and at non forearm regions by Hologic (QDR 4500) DEXA on the same
day. The results showed that the BMD of each of the 4 parts of both radius and ulna had
positive correlation to those of L-spine, total hip, femoral neck and Ward’s triangle
with 1 = 0.4012 to 0.7032 (P<0.001 for all). The greater distal of the forearm, the better
correlation of BMD to the non forearm BMD. The 64 simple linear regression equations
were constructed with regression coefficient ranging from 0.6048 to 1.9011 (P<0.001
for all). When considering the non forearm BMD, the mean BMD at Ward’s triangle
significantly declined more rapidly than that of L-spine, total hip and femoral neck
(P<0.05 for all). It indicated that there was an early change of BMD at Ward’s triangle.
However, this change followed the forearm BMD. Distal forearm BMD was the earliest
sign of bone loss. We can predict non forearm BMD by supradistal and distal 1/10 of
forearm BMD.
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BMD of the human forearm can be
measured by determining the amount of bone or
bone loss at the scanning site and predict the risk
of forearm fractures. The load at fracture was the
most specifically predicted (R2 = 0.74) by bone
mineral and geometric measures of the cortex at
the shaft of the radius(1). The forearm measure-
ments were also used to estimate bone loss at
remote anatomical locations and thereby estimate
the risk of hip, vertebral and other fractures(2,3).

To evaluate the correlation of forearm
DEXA and DEXA at lumbar spine, hip and proxi-
mal femur (femoral neck and ward’s triangle),
BMD at 4 parts of both radius and ulna were
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carried out for comparison with the non forearm
BMD. To predict the BMD at lumbar spine, hip
femoral neck and Ward’s triangle, simple linear
regression was analyzed by using each of the 4
parts of the forearm BMD as an independent
variable.

MATERIAL AND METHOD
Patients

115 peri and post senile menopausal
patients, aged between 41-79 years, (mean age
55.9748.34 years) were scanned by both Panasonic
(DXA-70) and Hologic (QDR 4500) DEXA. In
each patient, the right and left forearm were

Table 1. Baseline characteristics of the patients.

Variables Mean SD Minimum Maximum n
Age (years) 55.9 8.34 41 79 115
Weight (kg) 58.0 8.41 43 92 115
Height (cm) 155.3 5.48 146 172 115
Menarche (years) 139 1.67 9 18 1S
Menopause (years) 48.6 3.64 40 59 84

Table 2. Mean, SD and range of the forearm and non forearm BMD (g/cmz).
Variables Mean SD Minimum Maximum n
Right Radius
supradistal 0.409 0.053 0.256 0.560 115
1/10 0.484 0.059 0.287 0.625 115
1/6 0.536 0.060 0.352 0.721 115
1/3 0.610 0.062 0.372 0.733 115
Right ulna
supradistal 0.352 0.052 0.184 0.515 115
1710 0.443 0.067 0.242 0.597 115
1/6 0.495 0.066 0.299 0.667 115
1/3 0.611 0.064 0.388 0.779 115
Left radius
supradistal 0410 0.061 0.236 0.585 115
1/10 0.491 0.060 0.293 0.647 115
1/6 0.541 0.063 0.324 0.709 115
173 0.604 0.072 0.238 0.839 115
Left ulna
supradistal 0.364 0.054 0213 0.534 115
1/10 0.451 0.072 0.221 0.885 115
1/6 0.496 0.065 0.281 0.713 115
1/3 0.605 0.054 0.371 0.789 115
L-spine 0.874 0.141 0.443 1.277 115
Total hip 0.843 0.117 0.512 1..139 115
Femoral neck 0.707 0.106 0.476 1.031 115
Ward’s triangle 0.551 0.139 0.214 0.888 115
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Fig. 1.

correlation coefficient ranging from 0.4012 to
0.7032 (p<0.001 for all) as shown in Table 3.
However, BMD at supradistal and 1/10 of both
radius and ulna showed a stronger correlation with
non-forearm BMD than distal 1/6 and 1/3.

The scatter plot between spinal BMD
and BMD at supradistal of right radius showed
a positive correlation (Fig. 1). The correlation
of BMD of other parts of the forearm and non
forearm BMD showed a similar trend as shown

Scatter plot between spine BMD and BMD at supradistal of right radius.

in Fig. 1 but the degree of correlation (slope)
was different depending on the regression coeffi-
cient (Table 4). From 64 simple regression
analysis, the BMD at the supradistal, 1/10, 1/6
and 1/3 of both radius and ulna can predict that
at L1-L4 spine, total hip, femoral neck and
Ward’s triangle with constant value and regression
coefficient ranging from -0.275 to 0.482 and
0.6048 to 1.9100 (P<0.001 for all), respectively as
shown in Table 4.
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DISCUSSION

Correlation of Z-scores of ultradistal
radius BMD with Z-scores for lumbar spine
(L2- L4) and femoral neck were high(4). A
single BMD measurement at the forearm has
a predictive ability for fragility fractures, includ-
ing hip fractures, on a 25-year perspective(3).
BMD declined slowly in the trochanter and total
hip but more rapidly in the forearm, femoral neck
and Ward’s triangle(5). It was found that, BMD
at Ward’s triangle declined more rapidly than
that of spine, hip and neck of femur. It indicated
that there was an early change of BMD at Ward’s
triangle. However, this change followed forearm
BMD. Distal forearm BMD is an early sign of
bone loss. Because patients with distal radius
fracture who are otherwise healthy have not only
preferential bone loss at the distal forearm but
also a generally low bone mass, patients with
fracture of the distal radius fracture should be
considered for prophylactic measures against
osteoporosis(6).

BMD measurements of lumbar spine,
femoral neck and forearm are widely used to
detect osteopenia and osteoporosis and to monitor
the efficacy of treatment(7). DEXA is the best
method to measure bone density(8,9) and measure-
ment of the lumbar spine and femoral neck is

PREDICTION OF NON-FOREARM BMD BY FOREARM BMD 395

standardized. Our data indicated that BMD at
radius and ulna can predict that of lumbar spine,
femoral neck, hip and Ward’s triangle. There was
positive correlation between the forearm BMD and
that of the spine, hip, femoral neck and Ward’s
triangle (r=0.4012 to 0.7032, p<0.001 for all) in
peri and postmenopausal women. This is the
same conclusion as the measurement in young
healthy subjects(6). DEXA provides adequate
reliability for in vivo determinations of bone
mineral content and areal BMD in the distal and
shaft sides of the forearm(10),

The peripheral DEXA has the potential
for a rapid scanning of patients and is not affected
by calcification and degenerative changes that
can corrupt DEXA measurements on the antero-
posterior spine in older women. The patient
motion may occur during femoral scanning
(11). Furthermore, the BMD of radius and ulna,
especially at supradistal and distal 1/10, showed a
strong association between that of lumbar spine,
hip, femoral neck and Ward’s triangle. So non
forearm BMD can be predicted by supradistal
and distal 1/10 of forearm BMD. Forearm DEXA
measurement is simpler, more suitable and more
comfortable method than non forearm measure-
ment. Forearm scanning should be considered to
detect bone loss in the general population.

(Received for publication on June 8, 2000)
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