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Abstract
Procedures were developed to compute effective dose equivalent (HE) values for patients undergoing bone
mineral densitometry (BMD) measurements such as dual energy X-ray absorptiometry (DEXA) and quantitat-
ive computed tomography (QCT). Representative values of HE were determined for patients undergoing each
type of BMD procedure. Typical DEXA measurements are associated with an HE of about 2.5 uSv. For QCT,
the values of HE are 300 JISV for single energy techniques and 1 mSv for dual energy techniques, respectively.
By comparison, a single well collimated abdominal X-ray examination often taken in conjunction with DEXA
studies results in an HE of about 100 uSv. BMD patient doses are at the lower end of the exposure range
encountered in diagnostic radiology. As a result, radiation dose is not a primary factor in choosing the
method for BMD determination.

Diagnostic techniques employing ionizing radiation
are utilized for performing bone mineral densitometry
(BMD). Currently, the most popular of these techniques
are single energy quantitative computed tomography
(SEQCT) [1 ] , dual energy quantitative computed tom-
ography (DEQCT) [2, 3] and dual energy X-ray
absorptiometry (DEXA) [4 ] . Comparisons among these
diagnostic techniques have generally focused on their
respective accuracy, precision and ability to differentiate
adjacent structures [1] .

Traditional parameters used to quantify radiation
doses in BMD are the entrance skin exposure (ESE) in
DEXA and the computed tomography dose index
(CTDI) in QCT [5] . Values of ESE and CTDI, however,
do not permit a direct comparison of the patient doses
associated with DEXA and QCT examinations. These
descriptors do not provide any quantitative estimate of
the radiation risk to patients undergoing these examin-
ations. Use of the effective dose equivalent (HE) as the
patient radiation dose descriptor overcomes these limi-
tations [6, 7].

Computation of the effective dose equivalent normally
requires an estimate of the radiation dose to all irradiated
organs and tissues. Obtaining these organ doses by
measurement or calculation is generally time-consuming
and cumbersome [8-12]. In addition, measurements or
calculations on one system may not be applicable for
new BMD equipment, or when different technique fac-
tors are used on existing equipment. In this paper, a
simple method is proposed to determine approximate
values of HE for any type of BMD examination.
Representative HE values to patients undergoing lumbar
spine DEXA, SEQCT and DEQCT bone mineral density
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measurements were determined, as well as the conven-
tional film radiographs that are often taken during BMD
measurements.

Methods and results
DEXA dosimetry

The effective dose equivalent, HE, to patients under-
going DEXA BMD measurements is obtained using a
two step procedure. The first step requires an estimate
of the product of the entrance skin dose (mSv) and the
X-ray beam cross-sectional area in cm2 associated with
the DEXA procedure. This value is known as the dose-
area product and is expressed in mSv-cm2. The second
step uses a conversion factor to obtain the value of HE

from the dose-area product. This conversion factor is a
function of X-ray beam quality as determined by X-ray
tube potential and filtration. A representative value for
commercially available BMD X-ray systems was taken
to be 80 kVp with 2.5 mm Al filtration. Accordingly,
anteroposterior (AP), posteroanterior (PA) and lateral
conversion factors used in this study are 0.05 uSv/
mSv-cm2 and 0.04 uSv/mSv-cm2, respectively [13].

The total irradiation area in a representative DEXA
study is between 200 and 300 cm2 and the corresponding
entrance skin dose is between 50 and 300 uSv [14]. The
range of HE for DEXA measurements is thus 0.5-4.5 uSv.
A representative value for typical DEXA BMD measure-
ment may be taken to be the average of this range, or
about 2.5 |iSv.

QCT dosimetry
Patient radiation doses were estimated for a GE

9800Q CT scanner. CT scanners may be utilized in two
different manners for QCT. In the first, the patient is
moved through the circular aperture to generate a planar
scan projection radiograph (SPR). In this mode, the
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X-ray tube is stationary with an X-ray beam collimation
slit of 1.5 mm. The X-ray tube voltage and current are
generally 120 kVp and 40 mA, respectively. The resultant
planar SPR images correspond to conventional radio-
graphic images and may be AP or lateral views
depending on the positioning of the X-ray tube.

For BMD measurements the total length of the scan
is in the range 250-350 mm. HE values of patient dose
for lateral and AP SPRs are in the range 40-70 uSv
[15]. To a good approximation, the patient dose will
scale in a linear manner with the total energy imparted
[13]. As a result, HE will be directly proportional to
both the scan length and selected tube current.

After the initial SPR (scout) view, three locations in
the lumbar vertebrae (e.g. LI, L2 and L3) are selected
for acquisition of tomographic images. Typical CT tech-
nique factors for SEQCT as used at our institutions are
10 mm thick CT slices, a tube voltage of 80 kVp, tube
currents in the range 70-140 mA and scan times of 2 s.
For DEQCT, a second series of the three lumbar spine
CT images is generated with the voltage across the X-ray
tube increased to 120 kVp.

A standard abdominal CT examination on a GE
9800Q scanner performed at 120 kVp, 400 mAs and con-
sisting of 22 tomographic images results in an HE of
10.8 mSv [15]. For a given body part, the effective dose
equivalent in a CT examination may again be taken as
directly proportional to the energy imparted. CT images
of the abdomen obtained using N 10 mm slices and
X mAs will thus result in HE values given by

N X
(1)

Reducing the applied X-ray tube voltage from 120 kVp
to 80 kVp lowers the energy deposited in the patient by
the ratio of mean CTDI values at these two kVps with
the effective dose equivalent at 80 kVp (H£(80)) given by

HE(S0) =
CTDI(80)

CTDI(120)
HE(l20) (2)

where HE( 120) is the effective dose equivalent at 120 kVp
and CTDI(80) and CTDI(120) are the mean body com-
puted tomography dose indices at 80 and 120 kVp,
respectively. The ratio of CTDI(80) to CTDI(120) for a
typical GE 9800 CT scanner is 0.3 [16] and is the
amount by which HE is reduced when the kVp is lowered
from 120 kVp to 80 kVp with all other technique factors
remaining constant.

CT technique factors described above are typical of
BMD measurements for QCT studies. An SPR and three
CT images associated with an 80 kVp SEQCT measure-
ment correspond to HE ranging from 0.2 to 0.36 mSv.
An SPR and six CT slices associated with the 80 and
120 kVp DEQCT measurement correspond to HE rang-
ing from 0.7 to 1.4 mSv. Representative values for
SEQCT and DEQCT may be taken to be the average
of each range, and equal to approximately 0.3 mSv and
1 mSv, respectively.

Radiograph dosimetry
Patients undergoing BMD often have conventional

radiographs taken for spine localization reasons or to
check for compression fractures and the presence of cal-
cium in the aorta anterior to the spine. It is of interest
to determine patient HE values associated with these AP
and lateral radiographs. The method of computing HE

for these conventional radiographs is similar to that
employed in DEXA examinations described above and
requires a dose-area product with the corresponding
conversion factor.

Patient doses in radiography are predominately influ-
enced by the X-ray beam collimation and the sensitivity
(speed) of the screen-film combination. For an AP pro-
jection, entrance skin dose values for current screen-film
combinations may be taken to be between 2 and 4 mSv,
with the collimated cross-sectional X-ray beam area at
the patient entrance between 400 and 600 cm2. For lat-
eral projections, the entrance skin dose may be taken to
be a factor of two higher [17] than the AP dose with
an X-ray cross-sectional area range equal to that used
in AP views.

AP and lateral lumbar X-ray examinations are gener-
ally performed at X-ray tube voltages close to 80 kVp.
Conversion factors for these views are the same as for
DEXA measurements given previously. The range of HE

values for a collimated AP view is 40-120 uSv, and for
a collimated lateral view is 60-190 uSv. Representative
values for collimated AP and lateral views are therefore
80 uSv and 130 uSv, respectively. For uncollimated X-ray
views of the spine, the irradiated area increases by about
a factor of two resulting in HE values which are twice
the collimated values.

Discussion
Table I summarizes representative values of patient

dose, expressed in terms of HE for each type of BMD
examination. These doses are clearly dependent on the
assumptions made for exposure techniques, but scaling
these values to different technique factors and systems is
easy to achieve using the method described in this paper.
Our approach makes the assumption that the effective
dose equivalent is directly proportional to the energy
imparted to the patient. This simplification is partly
justified by the very low doses associated with BMD. In
addition, for most applications it is the relative patient

Table I. Represenatative approximate radiation dose (HE) in
BMD

Type of BMD
measurement

DEXA

SEQCT
DEQCT

Radiographs

HE
(uSv)

-2 .5

-300
-1000

-100

Comments

Representative value for single PA
scan

SPR + 3 CT slices @ 80 kVp
SPR+ 3 CT slices @ 80kVp + 3 CT

slices @ 120 kVp
Single (collimated) view (AP or

lateral)
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doses that are of primary interest rather than the
absolute values. An approximate method with a consist-
ent methodology will provide the relative changes in
patient risk as technique factors are changed or when
different equipment is used.

The results for DEXA obtained in this study are simi-
lar to the doses published by other workers [8-11].
Effective dose equivalents which neglect the gonad dose
are of the order of 1 uSv whereas those which incorporate
the gonad dose can be up to several times higher. Dose
values for any specific BMD system could differ from
this average by up to a factor of three, due to differences
in radiographic techniques used. The one published
study for QCT is consistent with the values shown in
Table I once account is taken of differences in technique
factors (i.e. number of CT sections and mAs) used to
perform these types of examination [12].

All published studies agree on the low radiation doses
associated with BMD studies. Differences in published
patient doses relate to the assumptions made regarding
technique factors and on the inclusion or exclusion of
the female gonads in the dose computation. Our
approach includes the irradiation of gonads, but the
gonad dose was of less significance since much larger
regions of the body were irradiated when computing the
HE per unit dose area product conversion factors [16].
Most women undergoing BMD examinations are post-
menopausal and this factor would need to be taken into
account when estimating any resultant radiation
detriment.

It is of interest to compare doses to patients under-
going BMD measurements with HE values associated
with common radiological examinations which are sum-
marised in Table II [6, 7, 16, 17]. Doses to patients
undergoing DEXA measurements are very small in com-
parison with all other diagnostic procedures. SEQCT is
comparable with the low dose procedures (chest and
skull X-rays), whereas DEQCT is comparable with pelvis
or abdominal screen-film examinations commonly
performed in radiology departments. These doses are
also very low in comparison with natural background

Table II. Representative values of radiation doses (HE) in diag-
nostic radiology [6,7,16,17]

Radiographic
procedure

Chest (PA + lateral)
Skull
Thoracic spine
Pelvis
Abdomen
Lumbar spine
Cholangiography
Barium meal
Intravenous urogram
Barium enema
Head CT scan
Body CT scan
Nuclear medicine

Range of effective
dose equivalent (uSv)

10-50
100-200
500-1100
700-1400
600-1700

1300-2700
700-3800

1900-4800
2500-5100
5100-8800
2000-4000
5000-15000
2000-10000

which is about 2.4 mSv per year [7] . BMD doses are
comparable to exposures associated with travel by aero-
plane where the exposure rate from cosmic radiation is
of the order of 5 uSv h"1 [18]. Most BMD doses are
considerably lower than current recommendations for
regulatory annual dose limits for radiation workers and
members of the public which are 20 mSv and 1 mSv,
respectively [19].

Radiation risk estimates have been recently revised
and a new parameter was introduced to replace the
effective dose equivalent [19]. This new parameter, the
effective dose (£), is conceptually very similar to HE,
except that a revised set of weighting factors are
employed. Relative values of patient dose will be compar-
able regardless of whether the computed dose parameter
is HE or E. A recent study computed HE and E values
for both lumbar spine and hip BMD scans and found
relatively minor differences between them [10]. Hence
the conclusions drawn in this study may be taken to be
valid regardless of whether patient doses are expressed
using HE or E.

The as low as reasonably achievable (ALARA) prin-
ciple is also applicable to patient exposures in diagnostic
radiology [20]. Patients should only undergo BMD
measurements if this is likely to generate information
that will benefit the patient. Given a benefit accruing
from the information generated by the diagnostic pro-
cedure, all unnecessary patient exposure should be elim-
inated. For example, it is necessary to ensure that only
the patient areas that are of clinical interest are exposed
to the X-ray beam, using collimation to shield the
remainder of the patient. Provided that these radiation
protection guidelines are followed, radiation doses in
BMD measurements should not be of concern to phys-
icians or patients undergoing these procedures.
Furthermore, the low radiation levels associated with
BMD show that patient dose is not a significant factor
in the choice of method for BMD determination.
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