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Abstract

For evaluation of forearm bone mineral density (BMD), (1) BMD of corresponding
sites of dominant and non-dominant forearms were compared and (2) characteristics of
each of the 4 regions of interest (ROIs) including supradistal, distal 1/10, distul 1/6 and
distal 1/3 along the long bone of both forearms were analyzed. One hundred and forty
one women (79 normal and 62 osteoporotic) were recruited by randomized selection from
the department of Nuclear Medicine of Phramongkutklao Hospital. Both dominant and
non-dominant forearms of each subject were scanned by Panasonic (DXA-70) dual energy
X-ray absorptiometry (DEXA) on the same day. Lumbar spine BMD was also measured
by Hologic DEXA (QDR-4500) and WHO criteria for diagnosis of osteoporosis was
applied for identifying osteoporosis and normal groups. The results showed that none
of the corresponding sites of BMD of both forearms were significantly different (p>0.05
for all). The BMD from distal to proximal of each long bone (radius and ulna) of both
forearms was gradually increased in osteoporosis and normal groups. Further distal
sites of the forearms and lower BMD were found. Comparison between mean BMD at
corresponding sites in normal and osteoporotic groups, had significantly different BMD
at both radii for all ROIs (p<0.05). While BMD at corresponding sites of both ulna in
the 2 groups was not significantly different (p>0.05). A great percentage change of mean
BMD in the osteoporotic group was seen at supradistal and distal 1/10 of both forearms
when using BMD in the normal group as control. We suggest that both distal radii especially
at supradistal and distal 1/10 sites should be scanned in routine practice. The distal location
of the forearms had a relatively smaller amount of surrounding soft tissue than the proximal.
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Osteoporosis is a common metabolic
disease in which low bone mass and micro-
architectural deterioration of bone tissue lead to
increased bone fragility and a consequent increase
in fracture risk(1). Accurate assessment of indivi-
dual fracture risk requires measurement of bone
mass (density)(z). A single BMD measurement
at the forearm has a predictive ability for fragility
fractures including spine, hip and other fractures
(3.4). The peripheral location of the human forearm,
with its relatively small amount of surrounding
soft tissue, improves the accuracy and precision
of bone mass measurement and has made this
site an early choice for the assessment of a
subject’s bone mineral status(3.3). However, it
is still unknown whether : (1) BMD of the
dominant forearm is similar to the non-dominant
forearm and (2) each of the 4 ROIs along the long
bone of both forearms are identical. The aim of
this study was to answer these questions using
Panasonic (DXA-70) DEXA in healthy subjects.

MATERIAL AND METHOD
One hundred and forty one women (aged
40-76 years, mean 56.82 years, SD = 7.25) were
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recruited by randomized selection from the depart-
ment of Nuclear Medicine of Phramongkutklao
Hospital. In 95.74 per cent of them, the right
forearm was used as the dominant one. Both
dominant and non dominant forearms of each
subject were scanned by Panasonic DEXA on
the same day. The 4 ROIs including supra-
distal, distal 1/10, distal 1/6 and distal 1/3 of each
long bone (radius and ulna) of the forearms were
measured. Bone mineral content (g), area (cm2)
and bone mineral density (g/cm2) were computed
at each of the ROIs. None of the study subjects
had suffered from severe osteoarthritis or bone
related diseases or were on drugs known to inter-
fere with bone mass. Women with surgical meno-
pause were excluded. Lumbar spine BMD was
also measured by Hologic DEXA (QDR-4500)
and WHO criteria for diagnosis of osteoporosis
was applied for identifying osteoporotic and
normal groups.

Statistics

Statistical analysis was performed using
the software SPSS/PC* Version 7.5. Mean + SD
of base line characteristics and 4 ROIs of both

Table 1. Baseline characteristics of the subjects in osteoporotic and normal groups.
osteoporotic normal p

n 62 79

age (years) 59.82+8.71 52.64 £ 7.89 0.552
weight (kg) 55.02£6.93 60.07 £ 8.78 0.191
height (cm) 15451 £5.32 156.33 £ 5.31 0.976
recall menarche age (years) 1410+ 1.34 13.87+191 0.056
menopausal age (years) 48.19£3.45 48.6313.14 0.693

Table 2. Mean BMD (chmz) + SD of 4 ROIs of dominant and non-dominant forearms (radius and ulna).
ROIs dominant non-dominant t P
radius
supradistal 0.409 1+ 0.053 0.409 + 0.060 0.05 0.961
distal 1/10 0.484 £ 0.059 0.489 £ 0.059 -1.14 0.119
distal 1/6 0.536 £ 0.060 0.538 £0.061 -0.74 0.460
distal 1/3 0.610£0.062 0.599 £ 0.069 1.25 0.192
ulna
sgpradistal 0.352+0.05 0.365 £ 0.055 -1.34 0.106
dgstal 1710 0.443 £ 0.067 0.451+£0.074 -1.52 0.132
d¥stal 1/6 0.495 £ 0.066 0.493 £ 0.064 0.32 0.747
distal 1/3 0.611 £0.064 0.603 £ 0.054 1.73 0.087




Vol. 84 No.2 EVALUATION OF FOREARM BONE MINERAL DENSITY 225

0.7
0.6 4+
0 0.5 -+
=
C
-~ 04 +
S
m 03+
g = = ¥ - - dominant radius
0
g 02 -}— - - & - - dominant ulna
I ~—— non-dominant radius
0.1 =~ non-dominant ulna
0 } } —+ sites of forearms
supradistal distal 1/10 distal 1/6 distal 1/3

Fig. 1. Mean BMD (g/cm2) at various sites of dominant and non-dominant forearms.

Table 3. Comparison of mean BMD (g/cm2) of 4 ROIs along the long bone of both forearms in osteoporotic
and normal groups.

ROIs osteoporotic normal
t P t P
Dominant radius
supradistal & distal 1/10 5.57 <0.001* 9.50 <0.001*
supradistal & distal 1/6 9.63 < 0.001* 15.16 <0.001*
supradistal & distal 1/3 15.20 <0.001* 21.54 <0.001*
distal 1/10 & distal 1/6 8.61 < 0.001* 11.22 <0.001*
distal 1/10 & distal 1/3 10.54 <0.001* 19.28 <0.001*
distal 1/6 & distal 1/3 6.21 <0.001* 14.03 <0.001*
Dominant ulna
supradistal & distal 1/10 8.45 <0.001* 12.97 <0.001*
supradistal &distal 1/6 12.64 <0.001* 18.34 < 0.001*
supradistal & distal 1/3 30.86 <0.001* 22,18 < 0.001*
distal 1/10 & distal 1/6 5.40 <0.001* 11.21 < 0.001*
distal 1/10 & distal 1/3 18.28 <0.001* 13.58 <0.001*
distal 1/6 & distal 1/3 13.67 <0.001* 8.69 <0.001*
Non-dominant radius
supradistal & distal 1/18 10.06 <0.001* 12.50 < 0.001*
supradistal & distal 1/6 14.18 <0.001* 16.66 <0.001*
supradistal & distal 1/3 14.55 <0.001* 17.90 < 0.001*
distal 1/10 & distal 1/6 10.28 <0.001* 9.86 <0.001*
distal 1/10 & distal 1/3 11.36 <0.001* 13.34 <0.001*
distal 1/6 & distal 1/3 7.14 <0.001* 691 < 0.001*
Non-dominant ulna
supradistal & distal 1/10 7.85 <0.001* 7.92 <0.001*
supradistal & distal 1/6 13.32 <0.001* 19.77 <0.001*
supradistal & distal 1/3 28.19 <0.001* 31.75 <0.001*
distal 1/10 & distal 1/6 12.04 <0.001* 3.16 <0.001*
distal 1/10 & distal 1/3 21.18 <0.001* . 10.46 <0.001*
distal 1/6 & distal 1/3 15.37 <0.001* 14.87 <0.001*

* significant at p < 0.05
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forearms of the patients were calculated. Paired
t-test was used to compare the BMD of correspon- go
ding ROIs of dominant and non dominant forearms 5 cmo . —owe
and to evaluate the BMD of each ROI along 2l 2258 2 § T
long bone. Characteristics of BMD from supra- g aTTT Tar
distal to distal 1/3 of each long bone was plotted g
by using the software EXCEL. Student’s t-test
was used to compare BMD of corresponding ROIs - T N
in normal and osteoporotic groups. Percentage 5| g g3 s 8533
change of mean BMD in the osteoporotic group E cees =27
was calculated using the mean BMD of the p
corresponding sites in the normal group as control. 4 g %’ g g g § % 'g § §
= ‘5 cooc o SO OO

RESULTS & 5| §3gF sees

Baseline characteristics (mean = SD) 2 g S388 3338
including age, weight, height, recall menarche §
age and menopausal age of 62 osteoporotic patients g I92Y Fe%e
(59.82 £ 8.71 years, 55.02 + 6.93 kg, 154.51 + 2 = 2 §- 2SS g8¢8
5.32 cm, 14.10 £ 1.34 years and 48.19 £ 3.45 years) g E Haa+d HdHadH
and 79 normal subjects (52.64 £ 7.89 years, 60.07 = = ¥RGEE % § DAY
+ 8.78 kg, 15633 £ 531 cm, 13.87 £ 1.91 years E cees T==°
and 48.63 + 3.14 years) are shown in Table 1. 5
There was no significant difference in age (p= : %
0.552), weight (p=0.191), height (p=0.976), recall - 5 . e o —
menarche age (p=0.056) and menopausal age E | SRI2 Fen §
(p=0.693) in the osteoporotic and normal groups. § H Tt TT T
The mean BMD of the corresponding sites & §_
of dominant and non-dominant forearms were com- £ . x o x
pared. The results show in Table 2 that no 5 N gzd3 E8-49
corresponding site was significantly different : - Sece cSEsSc
(P>0.05 for all). The characteristics of BMD = é
from distal to proximal of each long bone gradually :3 £
increased as demonstrated in Fig. 1. This trend = ® 2 SEESE 28§%¢
was similar among dominant radius, dominant g £ 3 3 3 3 3 3 3 <
ulna, non-dominant radius and non-dominant ulna. g g gg%n Sggg
Consideration to mean BMD along each long bone § g s338 88338
of both dominant and non-dominant forearms, =
mean BMD among supradistal, distal 1/10, distal a
1/6 and distal 1/3 were significantly different E ZEE3E =28 §§
(Table 3) in the osteopolrollc and normal groups - Té 558 SS5%
(P<0.001 for all). Comparison between mean BMD g g e83 I Ine
at corresponding sites in the normal and osteo- E 3383 S3383
porotic groups in Table 4, were significantly diffe- :
rent in mean BMD at both radii for all ROIs S
(p<0.05). While mean BMD at the corresponding g 8
sites of both ulna in the 2 groups was not signifi- g 5S¢0 ES8owl|V
cantly different (p>0.05). Mean BMD of 4 ROIs o F3== F=3==| &
of dominant and non-dominant radius in the . 5% %g g‘% ‘E % %
osteoporotic group was significantly lower than : TEREOREER =
that in the normal group with a rate change of = é g %
19.95 per cent and 21.30 per cent at supradistal, = e E *
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17.87 per cent and 18.92 per cent at distal 1/10,
14.41 per cent and 13.19 per cent at distal 1/6 and
13.41 per cent and 10.61 per cent at distal 1/3.

DISCUSSION

WHO criteria for diagnosis of osteo-
porosis was used to discriminate the normal and
osteoporosis (spine) groups. It is shown in Table 1
that the selected subjects of both groups had
similar base line characteristics. Although the
decreased BMD in healthy subjects or patients
with rheumatoid arthritis seems primarily to be
caused by reduction in muscle strength or an
impaired physical activity(6-8), BMC of the
dominant and non-dominant forearms was also
not different in volleyball players(9). In this
study, bone measurements of both forearms in
individual subjects revealed similar BMD. It may
not be absolutely different for physical activity of
dominant and non-dominant forearms. In women
who use the right forearm as the dominant one, the
left forearm might be used for other activities.
Mean BMD from distal to proximal of each long
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bone of both forearms gradually increased, so the
further distal site of the forearms, the lower the
BMD. Comparison of mean BMD at correspon-
ding sites in normal and osteoporotic groups,
revealed significant difference of BMD at both
radii for all ROIs (p<0.05). While the BMD at
corresponding sites of both ulna in the 2 groups
was not significantly different (p>0.05). A great
percentage change of mean BMD in the osteo-
porotic group was seen at supradistal and distal
1/10 of both forearms when using the BMD of
normal group as control. The correlation of BMD
Z-scores of the spine or femur with the ultradistal
site of the radius was better than with the mid-
distal site. Spine, femur and ultradistal radius
have a high proportion of trabecular bone, while
the mid-distal site is mainly cortical bone(10). The
distal location of the forearm has a relatively
smaller amount of surrounding soft tissue than
the proximal. We suggest that both distal radii
especially at supradistal and distal 1/10 sites
should be routinely scanned.

(Received for publication on June 8, 2000)
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