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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 1110, distal 116 and distal 113 of both forearms as independent variables, 
while the dependent variables were BMD at Ll-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 r = 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 1110 of 
forearm BMD. 
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scanned by Panasonic DEXA while the antero­
posterior (AP) lumbar spme, hip and proximal 
femur were scanned by Hologic DEXA. Scanning 
was performed on the same day. Measurement of 
the forearm was performed over the entire length 
of the forearm and analysis was carried out at 4 
regions of interest (ROI) including supradistal, 
distal Ill 0, distal 116 and distal 113 of the forearm. 
Each of the ROis, bone mineral content (g), area 
(cm2) and areal BMD (g/cm2) were computed. 

The non forearm included Ll-L4 spine, 
total hip region and Ward's triangle. The total 
hip region was the sum of the femoral neck, 
trochanter and intertrochanter regions. The non 
forearm was scanned, then total area, BMC and 
BMD were calculated. 

Equipment 
The Panasonic bone densitometer (DXA-

70) was manufactured by Matsushita Industrial 
equipment (Osaka, Japan). The Hologic DEXA 
(QDR-4500) was manufactured by Hologic INC 
(USA). Routine machine calibration was performed 
beforehand. 

Statistics 
SPSS-PC version 7.5 was used to calcu­

late the mean, standard deviation (SD) and range. 
Scatter plots were constructed to evaluate the 
correlation of BMD between each of the forearm 
and non forearm regions. Linear regression analysis 
was carried out and Pearson correlation coeffi­
cients were determined. 

RESULTS 
115 pen and post senile menopausal 

women from the menopausal clinic, Phramongkut­
klao Hospital, with a mean age of 55.97±8.34 
years (range from 41-79 years) were scanned by 
both Panasonic and Hologic DEXA. The baseline 
characteristics of the patients were demonstrated 
by subclass analysis as mean, SD and range 
(Table 1 ). For forearm BMD, the lowest mean 
BMD occurred at supradistal of the right ulna 
(Table 2). When considering non forearm BMD 
(Table 2), mean BMD at Ward's triangle signifi­
cantly declined more rapidly than that of Ll-L4 
spine, total hip and femoral neck (P<0.05 for all). 
The BMD of all parts of both radius and ulna had 
positive correlation to that of Ll-L4 spine, total 
hip, femoral neck and Ward's triangle with a 
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Fig. 1. Scatter plot between spine BMD and BMD at supradistal of right radius. 

correlation coefficient ranging from 0.4012 to 
0.7032 (p<O.OOI 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 l/6 and l/3. 

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, 1110, 116 
and l/3 of both radius and ulna can predict that 
at Ll-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<O.OOI for all), respectively as 
shown in Table 4. 

The scatter plot between spinal BMD 
and BMD at supradistal of right radius showed 
a positive correlation (Fig. I). The correlation 
of BMD of other parts of the forearm and non 
forearm BMD showed a similar trend as shown 
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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 treatmentO). DEXA is the best 
method to measure bone density(8,9) and measure­
ment of the lumbar spine and femoral neck is 

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<O.OOl 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 forearmOO). 

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 Ill 0, 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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