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Abstract
Objective—We have previously shown that surrounding fat causes an increase of up to 21% in
bone mineral density (BMD) measured by Lunar ‘Intelligent DXA’ (iDXA), one of the latest
generation dual energy X-ray absorptiometry (DXA) scanners [1]. The purpose of our study was
to see if it was possible to avoid this artifact when measuring the BMD of metacarpals II, III, and
IV by digital X-ray radiogrammetry (DXR).

Methods—We took X-rays of the bones of a cadaveric left hand which were immobilized in a
wooden cradle to preserve an approximate in vivo configuration. The X-rays were digitized into
Digital Imaging and Communications in Medicine (DICOM) files which were analyzed using dxr-
online (dxr-online, Sectra, Sweden) which uses the same DXR-BMD algorithm previously used
by Pronosco X-posure v2 and Sectra Osteoporosis package. The X-rays were repeated four times.
We then surrounded the bones with a layer of lard, and again X-rayed four times. This process was
repeated with the bones were covered by two layers, and then three layers of lard.

Results—The measured DXR-BMD increased by a maximum of 0.44% when the metacarpals
were covered by either two or three layers of lard compared with when the metacarpals were not
covered by lard.

Conclusion—The measurement of metacarpal BMD measured by DXR is minimally affected by
surrounding lard. The measurement of metacarpal BMD by DXR seems to be a way of avoiding
the artifactual change in BMD caused by fat, when it is measured by DXA.
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Introduction
Today, the most widely used technique for measuring BMD is DXA. It has proved useful for
following the BMD of individuals longitudinally, to see how osteoporosis is evolving, and
how it is responding to treatment.

However we have previously shown that surrounding lard causes an increase of up to 21%
in BMD measured by dual energy X-ray absorptiometry (DXA) [1]. Bolotin et al [2] showed
that only relatively small extraosseous soft tissue inhomogeneities within the region of
interest (ROI) of DXA scans causes substantial inaccuracies in addition to those resulting
from uniformly distributed soft tissues around the bone. The extent of these in vivo
inaccuracies depended on the mean extraossous fat to lean areal density ratio and its degree
of nonuniformity within the ROI. They found that in many cases, inaccuracies can be as
large as 20–50%, particularly in osteopenic, osteoporotic, and elderly patients. In another in
vitro study using a different phantom configuration, we have found that iDXA overestimated
fat by 2 - 29%, and underestimated BMD by 7.2% with the thickest layer of lard [3]. Thus
the measurements of BMD, bone mineral content (BMC), and fat by iDXA are changed by
the configuration of the phantom in relation to fat, or bone in relation to fat, emphasizing
that the configuration of fat and bone have a marked influence on the results of fat and bone
reported by iDXA. This accords with the findings of Bolotin et al when they used the older
DXA machine to measure phantoms of fat, bone, and lean arranged in different
configurations [2]. Weigart and Cann compared spinal T scores determined by DXA with
spinal T scores determined by quantitative CT (QCT) in control and obese groups. Their
results suggested that DXA scanning in obese patients can have substantial errors,
overestimating BMD by 1 or 2 T score units and causing misdiagnosis of the patient if DXA
is used as the primary diagnostic methods [4]. Others have reported similar findings [5-6].

We were interested in finding a technique for measuring BMD which is not altered by
surrounding fat. DXR-BMD is based on the measurement of cortical thickness which is a
geometric measurement that does not depend on the absorption of X-rays. Thus it seemed
possible that there might not be measurement artifact when using DXR-BMD.

Materials and Methods
We used hand bones from a cadaveric skeleton. They were put in a usual anatomic
configuration and placed in a cradle carved out of balsa wood, and stabilized by a molded
plastic cover. The underside of the cradle was flat, enabling it to be placed firmly on an X-
ray plate from which it was separated by about 0.5 – 1.0 cm, approximately the same
distance that would separate hand bones from an X-ray plate in vivo.

Four sets of X-rays were taken of the hand bones when uncovered, and then covered by one,
two, and finally three layers of lard. A Fuji FCR5000 processing machine was used at 50
kV. 2.5 mAs without a grid, 100 cm source image distance, fine focus 0.6 mm. Each set of
X-rays was repeated four times. The X-rays were digitized into DICOM files which were
sent to dxr-online, Sectra; the DXR computer algorithm was used to calculate the mean
cortical thickness and DXR-BMD of metacarpals II, III, and IV.
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Statistical Analysis
Mean and standard deviation were calculated for each DXR-BMD result with no lard and
with one, two, and three layers of lard covering the metacarpals. The t-test was used to test
the null hypothesis that the mean values were equal to each other. Separate analyses were
performed for each measured value.

Results
Figure 1 shows a plot of mean DXR-BMD of the metacarpals vs thickness of lard covering
the hand bones. There was a statistical difference (p = 0.03) between DXR-BMD with 1.9
cm of lard vs no lard, although the difference was only 0.44%. The standard deviations of
these two measurements were very small (0.0014 and 0.0015 respectively) and this would
account for the low p value.

Table 1 gives the details of the lard thicknesses and the measured BMD.

Discussion
The measuring of cortical thickness as a surrogate for BMD was introduced in 1960 by
Barnett and Nordin [7]; it was supplanted by DXA in the 1970s; this was quicker, simpler,
and able to measure BMD at 3 different sites – lumbar spine, hip, and forearm. DXA was a
more convenient technique than measuring cortical thickness which required a radiologist to
measure the thickness of the bone cortex seen on an X-ray. Around 2000, digital X-ray
radiogrammetry (DXR-BMD) was developed. This technique was based on measuring the
cortical thickness of various bones including the middle three metacarpals - using a
computer algorithm to avoid observer error. Jorgensen et al found that the coefficient of
variation of DXR-BMD in a group of pre-menopausal women was 0.68%, and the CV in a
group of post-menopausal women was 0.61% [8]. DXR-BMD is not subject to observer
error (as were the original cortical thickness measurements of Barnett and Nordin); there are
approximately 180 measurements per cm in the ROI of each metacarpal. Around 1000
measurements contribute to the total measurement of the three metacarpals.

The reason that fat causes artifactual alterations in measured BMD is that it absorbs X-rays
albeit to a lesser extent than bone. There is no way for the amount of fat in the path of the X-
rays measuring the bone density to be accurately known, and as the reported BMD is a
function of the amount of absorption of X-rays, the reported result will be affected according
to the amount of fat overlying the region of interest (ROI).

As DXA is inaccurate for measuring BMD in obese subjects, we were looking for an
alternative method for measuring BMD. We believe that this is the first report to
demonstrate that the measurement of BMD by DXR is minimally affected by fat.

Overall, DXR-BMD is as predictive of future fracture as is BMD measured by DXA. In a
prospective study of 9704 elderly women, Bouxsein et al found that DXR-BMD of
metacarpals II – IV obtained from hand radiographs was as predictive of subsequent fracture
of vertebrae and wrist as BMD of these sites - measured by DXA. [9]. Bach-Mortensen et al
in a study of 1,370 post menopausal women reported similar findings [10]. Ravna et al
reported an association between body size and bone mass [11]. Others have reported an
association between body size, body weight, BMD [12-13].

In contrast to these studies showing a positive association between obesity and BMD, Hsu et
al showed that increased fatness is associated with reduced bone density in a cross-sectional
study of 7137 men, 4585 premenopausal women, and 2248 post menopausal women aged
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25-64 yrs [14]. Total-body and hip bone mineral content (BMC), bone mineral density
(BMD) and body composition were measured by DXA. They found that BMD was
associated with both body weight and lean body mass. They concluded that the risks of
osteoporosis, osteopenia, (and non-spine fractures) were significantly higher for subjects
with higher percentage body fat mass (FM), independent of body weight, physical activity
and age. Thus in this study, FM had a negative effect on bone mass in contrast with the
positive effect of weight itself. Wang et al also found that lean body mass has a greater
effect than fat mass on bone mass [15].

In view of the inaccuracy of BMD measured by DXA in obese subjects, it is not clear to
what extent these associations represent a real effect of obesity on BMD rather than being
the result of an artifact in the measurement of BMD.

It would seem that the relationship of BMD to obesity needs to be revisited by using a
technique for measuring BMD which is not artifactually altered by fat. There seems to be a
place for the use of DXR-BMD in measuring BMD in subjects and patients of differing
degrees of fatness. In the present epidemic of obesity, DXR-BMD may prove to be an
important contribution to the measurement of BMD.
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Figure 1.
mean DXR-BMD of the metacarpals vs thickness of lard covering the hand bones.
BMD 0.544 (1.9 or 2.7 cm lard thickness) is 0.4% > BMD 0.542 (no lard)
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Table 1
Relationship of lard thickness with measured BMD

Thickness of individual Lard strips (cm) Measured BMD-DXR (g/cm2) SD

0 0.5420 0.0014

1.1 0.5443 0.0031

1.9 0.5444 0.0015

2.7 0.5444 0.0030

Thickness of each lard strip was measured 12 times

Strip 1 average: 0.7 cm SD 0.35

Strip 2 average: 0.7 cm SD 0.08

Strip 3 average: 0.8 cm SD 0.33

The large SDs reflect the relative unevenness of the lard strips (which were prepared by a butcher).

The difference between DXR-BMD with 1.1 cm of lard vs no lard was 0.42% p = 0.13

The difference between DXR-BMD with 1.9 cm of lard vs no lard was 0.44% p = 0.03

The difference between DXR-BMD with 2.7 cm of lard vs no lard was 0.44% p = 0.118
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