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Abstract

In a cross-sectional study of 70 early postmenopausil women,
regional bone measurements were compared with total body cal-
cium (TBC*). Spinal and forearm trabecular bone were mainly
related to age and time since menopause. In contrast, TBCa and
forearm integral (cortical and trabecular) and cortical bone were

unrelated to age, although the time since menopause also had
some influence. Forearm integral and cortical bone measurements
were quite well correlated with TBCa (r = 0.84 and 0.73, re-

spectively, P < 0.001). The correlation between spinal bone
measurements and any of the forearm measurements, even purely
trabecular bone,' was weak (r < 0.52, P < 0.001). Our results
show quite clearly that forearm bone measurements cannot be
used to predict bone density in the vertebrae. Loss of ovarian
function affects bone in general, and trabecular bone in particular.
Bone measurements at specific anatomical sites are clearly nec-

essary for studies of metabolic bone diseases and their response
to treatment.

Introduction

Quantitative assessment of the skeletal mass has for many years
lacked either the precision or the sensitivity to be useful in the
study of bone diseases. However, during the past two decades,
methods have been developed which have resolved these prob-
lems, namely photon absorptiometry (1, 2), neutron activation
analysis (3, 4), and computed tomography (CT)' (5-8). These
methods measure either cortical, trabecular, or integral (cortical
and trabecular) bone mass at various anatomical sites. Each
method has its own advantages and drawbacks. However, the
validity of predicting bone mass in one anatomical site from
measurements at another, and hence the clinical usefulness of
the individual methods, is still controversial. Previous studies
comparing regional and total bone mass measurements have
largely been conducted in patients with established metabolic
bone disease and there are few data from normal populations.
Yet such bone mass measurements are very necessary, partic-
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1. Abbreviations used in this paper: BD, bone density; CT, computed
tomography; TBCa or TBK, total body calcium or potassium.

ularly in the early postmenopausal period when bone loss is
most rapid (9-1 1). It is at this time when intervention therapy
is most effective in preventing postmenopausal osteoporosis (12-
14). Wehave therefore performed measurements of bone mass
in the appendicular, axial, and whole skeleton during the early
postmenopausal period to assess their interrelations.

Methods

Patients
The study comprised 70 Caucasian postmenopausal volunteers, mean
age 54.3 yr (range 37-65). The majority were within 5 yr of the menopause
(mean 52.2 mo), and measurement of plasma gonadotrophins and go-
nadal steroid hormones confirmed a true menopausal state in each case.
All the women were in apparent good general health, without clinical
or radiologic evidence of osteoporosis. None were taking any medication
known to influence bone mass or calcium metabolism.

Methods
For each volunteer, age, height, and weight were recorded. From these
parameters, the lean body mass and fat body mass were calculated (15).
For 51 women with an intact uterus, time since menopause was also
recorded. 63 women underwent all of the following measurements of
bone mass, whereas seven underwent two of the three measurements.

Vertebral measurements
Vertebral trabecular bone density (BD) was measured by whole-body
quantitative CT (6). Three 4-mm slices were measured in the vertebral
bodies of L2-4, and the mean value was expressed as milligrams per
cubic centimeter (mg/cm3) by means of a mineral equivalent phantom.
This method has a precision of 2.2% in vivo, and an accuracy of 2.5%
on phantoms (6). The accuracy error based on measurement of vertebral
samples obtained at autopsy has been reported to be 10-25% (16), al-
though such studies introduce their own inaccuracies.

Forearm measurements
CT measurements on the radius were made using a specially built (IS-
OTOM)CT system which incorporated a source of 1231 (29 keV) (8).
Measurements were made on the dominant wrist at the distal end and
midshaft of the radius. These were - 8-10% and 33%, respectively, of
the distance from the ulnar styloid process to the olecranon. The following
quantities were measured:

DISTAL RADIUS
Trabecular BD. The mean linear attenuation coefficient of the central
50% of the bone cross section is expressed as cm-' (8). At this site the
measurement includes only trabecular bone.

Integral BD. ThAs is the product of the mean linear attenuation coef-
ficient for the complete bone cros§ section and the cross-sectional area
and thus expressed as mass per unit length (cp) (8). At this site, the
measurement includes 30% trabecular and 70% cortical bone (1 7), and
is highly correlated with BD a§ determined by single-photon absorp-
tiometry ( 18).

MIDSHAFT RADIUS
Cortical BD. At this site, the measurement includes only cortical bone
and is the product of the mean linear attenuation coefficient for the
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Table I. Correlation Coefficients for the Relationship of the Bone Mass Measurements
with Age, Time Since Menopause, and Various Physical Parameters

Body mass
Months since

Measurement Age menopause Height Weight TBK Lean Fat

Vertebral BD -0.52w -0.35* -0.05 0.03 0.14 0.12 0.00
(9.3) (14.3) (26.2) (23.4) (27.3) (31.2) (62.9)

Forearm trabecular BD -0.30* -0.42* 0.04 0.20 0.21 0.21 0.18
(16.2) (11.2) (32.3) (19.3) (19.0) (19.0) (21.6)

Forearm integral BD -0.19 -0.27 0.29* 0.38* 0.41* 0.44 0.34*
(29.4) (29.8) (13.2) (7.8) (7.2) (7.3) (12.3)

Forearm cortical BD -0.18 -0.27 0.27 0.45# 0.421 0.48# 0.42'
(30.2) (31.3) (21.2) (5.3) (6.6) (8.8) (7.0)

TBCa -0.16 -0.38* 0.39' 0.47f 0.57# 0.56"' 0.42§
(22.6) (8.6) (9.2) (6.9) (6.0) (6.1) (7.8)

Standard errors of estimates are shown in parentheses (SEE %). * P < 0.05. * P < 0.01. I P < 0.001.

complete bone cross section, expressed as mass per unit length (cm) (8).
The precision of these measurements is - 2%(8).

Total body calcium (TBCa)
TBCa was determined by neutron activation analysis in vivo (4). The
method involves production of whole-body 4Ca, by neutrons generated
by a cyclotron, which is then measured in a multicrystal whole-body
counter. The precision of the measurement is - 3% with an accuracy
of < 8% (4). The method also allowed measurement of total body po-
tassium (TBK), which is an indicator of skeletal muscle mass.

Statistical analyses
Single and multiple linear regression analyses were used to examine re-
lationships between the various parameters.

Results

Vertebral measurements (TableI). The mean vertebral trabecular
BD(±SEM) was 131±4 mg/cm3. BDwas negatively correlated
with both age (Fig. 1) and months since menopause. There was
no significant correlation with height, weight, TBK, lean, or fat
body mass.

Forearm measurements (Table I). The mean forearm tra-
becular BD(±SEM) was 0.70±0.01 cm-'. There was a negative
correlation with age and months since menopause (Fig. 2). No
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significant correlation with height, weight, TBK, lean or fat body
mass alone was observed. However, the addition of fat mass
brought a substantial improvement to the regression with time
since menopause (r = 0.42 to r = 0.54, P < 0.01), whereas the
addition of weight brought a small improvement (P < 0.05) to
the regression with age.

The mean forearm integral BD(±SEM) was 3.08±0.07 cm.
There were positive correlations with height, weight, TBK, lean
and fat body mass. There was no significant correlation with age
or menopause alone, but the addition of time since menopause
brought a small improvement (P < 0.05) to the regression with
weight, lean, and fat body mass.

The mean forearm cortical BD(±SEM) was 2.52±0.05 cm.
This correlated with weight (Fig. 3), TBK, lean (Fig. 4), and fat
body mass, but not with age or menopause. However, the ad-
dition of time since menopause brought a small improvement
(P < 0.05) to the regression with fat mass.

TBCa (Table I). The mean TBCa (±SEM) was 767±11 g.
Positive correlations with height, weight, TBK(Fig. 5), lean, and
fat body mass were observed, as was a negative correlation with
months postmenopause. The addition of time since menopause
brought improvements (P < 0.01) to the regressions with weight,
TBK, and fat mass, with a smaller improvement (P < 0.05) to
the regression with lean body mass. No significant correlation
with age was seen. TBKcorrelated quite well with the calculated
lean body mass (r = 0.74, P < 0.001).
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Figure 1. Correlation between vertebral BD (mg/cm3) and age (yr) in
70 postmenopausal women.
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Figure 2. Correlation between forearm trabecular BD (cm-') and
months since menopause in 48 women.
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Figure 3. Correlation between forearm cortical BD(cm) and weight
(kg) in 66 postmenopausal women.
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Figure 4. Correlation between forearm cortical BD(cm) and calcu-
lated (15) lean body mass (kcg) in 66 postmenopausal women.

Interrelations of measurements (Table II). There were fairly
close correlations between TBCaand either forearm integral (Fig.
6) or cortical BD. Indeed, these peripheral CT measurements
gave a better estimate of TBCa than that reported for single-
photon absorptiometry measurements (19). However, correla-
tions between TBCaand either vertebral BDor forearm trabec-
ular BD were weaker. The correlations between vertebral tra-
becular BDand all of the forearm measurements were similarly
weak (Fig. 7). Contrary to previous observations (20), no sig-
nificant improvement in any correlation was observed when
forearm measurements were adjusted for height.

Discussion

Our results clearly demonstrate that measurements of TBCaor
any of BDperformed in the forearm are not highly correlated
with vertebral trabecular BD, which therefore cannot be pre-
dicted with a degree of certainty comparable to direct measure-

Table II. Correlation Coefficients for the Interrelations
of the Various Bone Mass Measurements

BD

Forearm Forearm Forearm
Measurement Vertebral trabecular integral cortical

Forearm trabecular BD 0.52*
(11.3)

Forearm integral BD 0.51* 0.72*
(9.6) (5.3)

Forearm cortical BD 0.40* 0.55* 0.70*
(14.2) (12.6) (9.3)

TBCa 0.54* 0.64* 0.84* 0.73*
(10.2) (10.4) (6.3) (10.6)

Standard errors of estimates are shown in parentheses (SEE %).
*P<0.00l.

ment. This is of considerable practical importance because post-
menopausal osteoporosis occurs most frequently in the vertebral
bodies (21). Studies using forearm bone measurements have
proven of value in comparing the efficacy of various forms of
treatment for preventing postmenopausal bone loss (22, 23).
However, such studies have involved very large numbers of pa-
tients. Our findings strongly suggest that, in the assessment of
individual patients, specific axial bone measurements are essen-
tial. Other studies using a variety of methods for bone mea-
surements have found weak correlations between forearm in-
tegral BDand spine of an order similar to ours (20, 24-26).

It is of interest that one factor that influences all the bone
measurements is time since menopause, emphasizing the im-
portance of loss of ovarian function on the skeleton (27). TBCa,
which reflects 80% cortical and 20% trabecular bone (28), fore-
arm integral bone, which reflects 70%cortical and 30%trabecular
bone (17), and forearm cortical bone are measurements of mass,
and thus are related to physical characteristics-height, weight,
and skeletal muscle mass-as previously shown (29). These
measurements are not significantly related to age, but there is
clearly some influence from the menopause. However, vertebral
and forearm trabecular BDare influenced by both age and time
since menopause, although not by the physical parameters. It is
perhaps a little surprising that the trabecular component of the
forearm BD is only weakly correlated to that of the spine (20,
24-26). However, studies of patients with various metabolic bone

0

n=68
r=0. 57
p<O. 001

I l I Il

70 80 90 100
TBK (g)

I I I

110 120 130

Figure S. Correlation between TBCa (g) and TBK(g) in 68 postmeno-
pausal women.
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in 63 postmenopausal women.
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Figure 7. Correlation between vertebral BD (mg/cm3) and forearm
trabecular BD (cm-') in 64 postmenopausal women.

diseases have suggested that appendicular trabecular bone is rel-
atively inactive compared with that in the axial skeleton (30-
33). By far the most important metabolic bone disease is post-
menopausal osteoporosis in terms of frequency, morbidity,
mortality, and cost (27). No single bone measurement has been
able to separate totally an osteoporotic population from age and
sex-matched normals when the definition of osteoporosis was
the presence of fracture (34-37). However, if such a definition
is used, it is hardly surprising that there is considerable overlap
between patients and controls. A considerable proportion of
postmenopausal controls would have a bone mass as low as the
so-called osteoporotics, and indeed, could convert to the osteo-
porotic classification instantaneously with one episode of minor
trauma causing fracture. The treatment of the established os-
teoporotic remains so far unrewarding in terms of adequately
restoring bone mass, yet prevention of the disease in its early
stages is certainly possible (12-14). Hence suitable measurements
of bone mass in the early postmenopausal period are paramount.
Our study emphasizes the necessity for measurements of the
axial skeleton at this time; appendicular measurements of any
type alone are clearly inadequate in determining the skeletal
status of individual patients.
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