Computation of energy imparted in diagnostic radiology
Nikolaos A. Gkanatsios and Walter Huda

Citation: Medical Physics 24, 571 (1997); doi: 10.1118/1.597939

View online: http://dx.doi.org/10.1118/1.597939

View Table of Contents: http://scitation.aip.org/content/aapm/journal/medphys/24/4?ver=pdfcov
Published by the American Association of Physicists in Medicine

Articles you may be interested in
Validating plastic scintillation detectors for photon dosimetry in the radiologic energy range
Med. Phys. 39, 5308 (2012); 10.1118/1.4738964

Estimation of effective doses to adult and pediatric patients from multislice computed tomography: A method
based on energy imparted
Med. Phys. 33, 3846 (2006); 10.1118/1.2349694

Assessment of different computational models for generation of x-ray spectra in diagnostic radiology and
mammography
Med. Phys. 32, 1660 (2005); 10.1118/1.1906126

Generation and use of photon energy deposition kernels for diagnostic quality x rays
Med. Phys. 26, 1687 (1999); 10.1118/1.598674

Effective dose and energy imparted in diagnostic radiology
Med. Phys. 24, 1311 (1997); 10.1118/1.598153

ScandiDos Delta4 family
offers precise and easy
QA from plan to the last

fraction

b ScandlDOS Delta* — Confidence based on real measurements

www.manaraa.com


http://scitation.aip.org/content/aapm/journal/medphys?ver=pdfcov
http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/test.int.aip.org/adtest/L23/1066775406/x01/AIP/ScandiDos_MPHCovAd_1640x440Banner_2014/Scandidos201640x440.jpg/4f6b43656e314e392f6534414369774f?x
http://scitation.aip.org/search?value1=Nikolaos+A.+Gkanatsios&option1=author
http://scitation.aip.org/search?value1=Walter+Huda&option1=author
http://scitation.aip.org/content/aapm/journal/medphys?ver=pdfcov
http://dx.doi.org/10.1118/1.597939
http://scitation.aip.org/content/aapm/journal/medphys/24/4?ver=pdfcov
http://scitation.aip.org/content/aapm?ver=pdfcov
http://scitation.aip.org/content/aapm/journal/medphys/39/9/10.1118/1.4738964?ver=pdfcov
http://scitation.aip.org/content/aapm/journal/medphys/33/10/10.1118/1.2349694?ver=pdfcov
http://scitation.aip.org/content/aapm/journal/medphys/33/10/10.1118/1.2349694?ver=pdfcov
http://scitation.aip.org/content/aapm/journal/medphys/32/6/10.1118/1.1906126?ver=pdfcov
http://scitation.aip.org/content/aapm/journal/medphys/32/6/10.1118/1.1906126?ver=pdfcov
http://scitation.aip.org/content/aapm/journal/medphys/26/8/10.1118/1.598674?ver=pdfcov
http://scitation.aip.org/content/aapm/journal/medphys/24/8/10.1118/1.598153?ver=pdfcov

Computation of energy imparted in diagnostic radiology
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Energy imparted is a measure of the total ionizing energy deposited in the patient during a radio-
logic examination and may be used to quantify the patient dose in diagnostic radiology. Values of
the energy imparted per unit exposure-area produit), absorbed by a semi-infinite water phan-

tom with a thicknesg, were computed for x-ray spectra with peak x-ray tube voltages ranging
from 50-140 kV and with added filtration, ranging from 1—-6 mm aluminum. For a given phantom
thickness and peak x-ray tube voltage, the energy imparted was found to be directly proportional to
the x-ray beam half-value lay@HVL) expressed in millimeters of aluminum. Valuesaffz) were
generated for constant waveform x-ray tube voltages and an anode angle of 12°, and were fitted to
the expressiom(z) = « X HVL + B. Fitteda andg parameters are provided that permit the energy
imparted to be determined for any combination of tube voltage, half-value layer, and phantom
thickness from the product of the entrance skin expoguee-in-aip and the corresponding x-ray
beam area. The results obtained using our method for calculating energy imparted were compared
with values of energy imparted determined using Monte Carlo techniques and anthropomorphic
phantoms for a range of diagnostic examinations. At 60, 80, and 120 kV, absolute values of energy
imparted obtained using our method differed by 8%, 10%, and 12%, respectively, from the corre-
sponding results of Monte Carlo computations obtained for an anthropomorphic phantom. The
method described in this paper permits a simple determination of energy imparted for any type of
diagnostic x-ray examination which may be used to compare the radiologic risks from differing
types of x-ray examinations, optimize imaging techniques with respect to the patient dose, or
estimate the patient effective dose equivalent. 1€97 American Association of Physicists in
Medicine.[S0094-24087)01304-1
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[. INTRODUCTION The energy imparted during a radiologic examination may
be obtained from measured depth dose ddfa>and meth-
Although the entrance skin exposure has been a populdjds derived from this approac¢h’’ Energy imparted gener-
method of expressing patient radiation doses, this parametefly depends on the x-ray beam quality, as well as the field
does not take into account the x-ray beam qudligy., half-  sjze and irradiation geometry, which makes depth dose data
value layer(HVL)] or the size of the x-ray beam. As a result, of limited value in the everyday clinical setting. Monte Carlo
the patient exposure is generally a poor indicator of the riskechniques may also be used to obtain values of energy im-
associated with a given radiologic examination. In recenparted, but these methods are computer intensive, time con-
times, the effective dose equivalehtE,1 and the effective suming, and relatively cumbersome to d&&° The most
dose,E,? have been used to quantify the dose to patientpractical approach developed to date to obtain values of en-
undergoing radiologic examinations. The major benefit ofergy imparted is the use of transmission ionization chambers,
using the effective dose is that this parameter accounts faghich can generate energy imparted data from an exposure-
the absorbed doses and relative radiosensitivities of the irrarea, or air collision kerma-area prodéd&Measurements of
diated organs in the patient and, therefore, better quantifiegxposure-area product have been reported to result in an ac-
the patient risk > Unfortunately, the effective dose is diffi- curacy of energy imparted between 10% and 28%How-
cult to determine because it generally requires a knowledgever, exposure-area product meters do not take into account
of the mean absorbed dose to each irradiated organ in thtte patient thickness, and the incident beam may not totally
body®’ The energy imparted to the patient, also known asrradiate the patient. Although it may be possible to over-
the integral dose, is a measure of the total ionizing energgome both of these limitations, an accurate and practical
deposited in the patient during a radiologic examination andnethod for estimating energy imparted to patients that does
may be used to quantify the patient dose in diagnostiqot rely on special instrumentation would clearly be advan-
radiology®1°In general, energy imparted is easier to calcu-tageous.
late or measure than the effective désé&he energy im- In this study, we describe a method to obtain an estimate
parted to a patient may be used directly as an approximatef the energy imparted to patients undergoing radiologic ex-
indicator of the patient risk'? or used to estimate the corre- aminations, which may be used with the dosimetry equip-
sponding values of the effective dose equivalént. ment available in most radiology departments. The method is
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based on Monte Carlo calculations of energy imparted from Voltage
monoenergetic photofisand makes use of published diag- J Vv
nostic energy x-ray spectfa.The patient is modeled as a Vit
homogenous slab of water with a specified thickness. The Vi
water equivalence of a given patient may be obtained by vy
direct measurement of the patient or by estimating the thick-
ness of water that results in the same x-ray technique factors
when the imaging equipment is in automatic exposure con-
trol (AEC) mode. Experimental measurements needed for 8:(;).
this computation include the entrance skin exposure, the !
x-ray beam qualitieskV and HVL), as well as the exposed AW
area and thickness of the patient, all of which may be readily
measured or otherwise estimated. The results of our method
for obtaining the energy imparted to patients undergoing repgc. 1. Schematic diagram of a half-pulse section of the kilovolt waveform
resentative diagnostic examinations were compared with thepple. The tube voltage is taken to fluctuate betwsgrandV,; &(t); is
Corresponding values of energy imparted obtained usingle time interval of theth ripple sectionA(t) is the total time it takes the
Monte Carlo dosimetry techniques with an anthropomorphic'PPie waveform to reach fro; to V.

Half-Pulse
! 1

Time

phantom.
The x-ray spectrum for a given waveform ripple was ob-
II. METHOD tained using the expression
V
A. X-ray spectra ()
Y P PE)= 2 1 PiE), (4)
A semi-empirical model developed by Tuclaral > was i=v]

used to compute x-ray spectra generated by energetic ele\%’heredb-(E) is the x-ray spectrum generated at a voltage
trons hitting an alloy target of tungsten mixed with 10% '

rhenium atoms. X-ray spectra were generated at tube volﬁ/ - Equation(4) was used to generate x-ray spectra for x-ray
. T . -~~~ "“Ttube voltage ripple factors ranging from Ofice., constant
ages ranging from 50 to 140 kV using x-ray tube filtration ge 1pp ging ¢

. . potentia) to 100%(i.e., single phase
ranging from 1 to 6 mm aluminurfAl). The generated x-ray ) o :
specira consisted of discrete energy bib$E), each giving X-rays generated at a depth inside the target undergo at

) ) ) tenuation by the target material and for a given voltage,
the number of x-ray photons per_unlt area at a given d'StanC(e,hanges in the anode angle will alter the beam qualiey,
féog\;he source in the energy interval betweler 1 and degree of beam hardeningf the resultant x-ray spectrum.

The waveform ripple factorf, of an x-ray generator may Tuckere_t aI._22 developed an expre_ssion to account for self-
b d as " attenuation in the target as a function of t_he tube anode angle
€ expresse that was employed in this study to obtain x-ray spectra for
Vp—V, anode angles ranging from 6° to 20°.
f= V—, (l)

p

where V,, and V, are the maximum(peak and minimum
x-ray tube voltages. The effect of a varying x-ray tube volt-
age on the output x-ray spectrum was accounted for by using The exposure in air for an x-ray spectrum with discrete

B. Entrance exposure and HVL

the idealized waveform ripple shown in FigZ41The value

of the minimumV, was rounded to the nearest integéf,,

energy bins®(E), generated at a tube voltagjewas ob-
tained using the expression

and the voltage range betwe¥fi to V, was subdivided into v E c
equal increments of 1 kV. X-ray spectra were generated at y — c > Fan(E) E®(E) —, (5)
each voltage increment and were summed to yield the x-ray WEST  par kg

spectrum for a given waveform. The time interva#t);,
during which the tube voltage increases fromto V,, 4
(Fig. 1) was obtained using the expression

Vies —sin! Al
Vp Vel
The total time,A(t), for the voltage to increase frow to
V,, was obtained using the expression

v/

A(t)=sin‘1(z—2) —sin‘l(v—). ©)
p

)

5(t)i=sin‘1<

Medical Physics;Val. 24, No. 4, April"1997

wheree is the unit chargeW is the ionization energy of air,
and wap(E)/ pair is the mass energy absorption coefficient of
air. The ionization energy of air was taken to be 33.97 eV per
ion pair?? The exposureX in C/kg was converted to roent-
gens using the relationship 1.6-R.58<10 “C/kg. The
HVL of an x-ray spectrum generated at a tube voltsdgeas
obtained using an iterative method by varying the aluminum
filtration thickness until the resultant x-ray beam exposure
was reduced to 50% of the original value. The iterative pro-
cess of computing the HVL resulted in an uncertainty of the
HVL of no more than 0.01 mr’

www.manaraa.com
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Fic. 2. X-ray irradiation geometry of a semi-infinite water phantom with a L pr
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C. Energy imparted: Water phantom

Figure 2 shows the irradiation geometry assumed for théic. 3. Values ofw(z) (mJ R'*cm™? as a function of photon energy of
computation of energy imparted. For a semi-infinite watermonoenergetic photons for water phantoms with thicknesses from 5 to 30
phantom of thicknesg cm, irradiated normally by an x-ray
spectrum generated at an x-ray tube volt&gethe energy
imparted due to a uniform x-ray beam with 1%rmoross-

sectional area may be obtained from the expression the energy imparted to each body region to be determined

v from the product of the mean dose and mass of the specified

J body region. The energy impartes,to the anthropomorphic
G(Z):Ezl €(EP(E) o ®  phantom was computed using
wheree(E,z) is the average energy in joules imparted to the €= DnMy+Dim+Dimy, ®

water phantom with thicknesscm by a normally incident \yhereD,,, D,, andD, denote the average absorbed doses in
monoenergetic photon of ener@y Polynomial expressions the head, trunk, and leg regions, respectively, amd m,
from Booné®** were used to compute(E,z) over the en-  andm, are the corresponding masses of these body regions.
ergy range of 10—145 keV at increments of 1 keV. Anterio—posterior and lateral view examinations covering

For any diagnostic x-ray spectrum, the energy impartedhe head, chest, stomach, and rectum were investigated. The
per unit exposure-area produat(z), is the energy imparted puyplished dosimetry data of Haet al.” are normalized to
to the phantom of thickness, for an x-ray beam with a ynjt air dose-area produ¢free-in-aiy and the relationship
cross-sectional area of 1 émnormalized to unit exposure that an exposure of 87.7 R results in an air dose of 1.0 Gy
(free-in-aip at the phantom surface with no backscatter. Val-was used to convert air absorbed dose values to exposure.
ues of energy imparted per unit area-exposure productfypical entrance skin exposuré¢see-in-aiy were assumed
w(2), were obtained by dividing Ed6) by Eq.(5), yielding  for each examinatiorlisted in Fig. § with the x-ray beam

W E\E’Zle(E,z)CD(E) J cross-sectional area at the patient midplane obtained from

e SV (ttan/par) ED(E) Ren? ™

Values of energy imparted per unit area-exposure product 0.20
were computed from x-ray spectra generated at constant volt- [ _e— 140KV
ages, ranging from 50 to 140 kV using a tube anode angle of __ - —x— 100 kV
12°. Added tube filtration ranged from 1 to 6 mm aluminum 0.15 | —o—80KkV
in increments of 0.5 mm. Computations @fz) were made [ —=-B0kV
for water phantom thicknesses ranging from 5 to 30 cm in
increments of 5 cm.

w(z)=

0.10 |

D. Energy imparted: Anthropomorphic phantom

(@) (MR for 1 cm?

0.05 L

The results of energy imparted computations for represen- I
tative radiologic examinations using the method described in
this study were compared with corresponding energy im-
parted values determined from dosimetry data based on
Monte C;:lrlo calculations performed on an anthropomorphic
phantom. These Monte Carlo data prowde values of theFIG. 4. Values ofw(z), computed using Eq.7), for a constant x-ray tube

el _doses to three body regidne., head(5.8 .kg), trunl_( potential 3 mm Al filtration and an anode angle of 12° plotted as a function
including arms(43.0 kg, and legg22.1 kg],?° which permit  of water phantom thickness.

000
0 10 20 30

Phantom Thickness {(cm)
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Fic. 5. Values ofw(z) as a function of HVL for a water phantom thickness )
of 20 cm. Fic. 6. Values ofw(z) as function of the HVL for a water phantom of 20

cm.

the published data of Haet al.” Inverse square law correc-

tions were applied, using the specified SID/SSD data, to obmonoenergetic photons as a function of photon energy. Val-

tain the x-ray beam area at the patient entrance and appraes ofw(z) always increased with increasing water phantom

priate corrections were incorporated for the fraction of thethickness. For a given water phantom thickness, dife)

x-ray beam that intercepted the patiéht. parameter initially increased before reaching an approxi-

mately constant plateau value. Figure 4 shaw@) com-

IIl. RESULTS puted using Eq(7) as a function of phantom thickness for
Figure 3 shows the computed values of energy imparted-ray spectra generated at constant x-ray tube voltages rang-

per unit exposure-area product, obtained using &y.for  ing from 60 to 140 kV and an anode angle of 12°. The

Medical Physics;Val. 24,"No. 4, April"1997
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Fic. 7. Values ofw(z) as a function of HVL for water phantoms with a thickness of 5—-30 cm.

increase ofw(z) with phantom thickness is largest at the HVL for voltage waveform ripples between 0% and 100%.
smallest phantom thicknesses. For a phantom thickness of Zbr a given x-ray tube voltage(z) increased linearly with

the HVL. At a given tube voltage and HVL, the waveform
ripple had a minor impact on the value o{z). At 60 kV,
going from a constant potential to a single phase generator
reduced the value ob(z) by less than 4%, and at 140 kV,
this change was less than 1%. For modern x-ray generators

cm at 80 kV, variations of phantom thickness ©f0.5 cm
would changean(z) by only = 0.5%. At the same kV, how-
ever, a variation of= 0.5 cm for a nominal phantom thick-
ness of 5 cm would change(z) by = 7.0%.

Figure 5 shows values @¥(z) plotted as a function of the

Medical Physics;Val. 24,"No. 4, April"1997
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with ripple factors, ranging from 0% to 20%, neglecting anyLAT Stomach examination. At 120 kV, the two methods
waveform ripple when computing a value af(z) would  produced results with an average difference of 12%, with the
result in errors of between 0% and 2% for any given kV andLAT Stomach examination resulting in a maximum differ-
HVL. Figure 6 shows values ab(z) plotted as a function of ence of 29%.
the HVL for anode angles between 6° and 20°. For a given
x-ray tube voltagew(z) increased linearly with the HVL. At
a given tube voltage and HVL, the anode angle had a minoIrV' DISCUSSION
impact on the value o#(z), and changing the anode angle  Figure 3 shows that for a given phantom thickness, the
from 6° to 20° affected the value @§(z) by less than 2%. value of the energy imparted per unit exposure-area product,
Figure 7 shows the values af(z) computed using Eq7)  «(2), is strongly dependent on photon energy at the lower
for constant x-ray tube voltages and an anode angle of 12shoton energies. As the photon energy increases, however,
plotted as a function of the HVL. At a given tube voltage andthe value ofw(z) generally reaches a plateau value and be-
phantom thicknessp(z) increased linearly with the HVL. comes relatively independent of photon energy. This behav-
For each tube voltage and phantom thickness, values aér indicates that for heavily filtered x-ray beams at high
w(z) were fitted to the equation kV'’s, the energy imparted to the phantom normalized to the
_ _ entrance skin exposure will be relatively independent of the
0(2)=axHVL+B JRTem ©) x-ray spectrum. If the x-ray spectrum contains lower-energy
where @ and B are parameters of the fit. Table | lists the photons, it is the factors that harden an x-ray beau.,
resultant values ofr and 8 parameters for each listed kV and small tube anode angleshat will causew(z) to increase,
phantom thickness. All the correlation coefficientd, ob-  while factors that soften the x-ray beaf®.g., large ripple
tained for these linear fits ranged between 0.984% and 1.0@actorg will reduce w(z).

All values of w(z) computed using the: and 8 parameters Figure 4 shows the energy imparted per unit exposure-
listed in Table | agree to within 1.9% when compared to thearea producte(z), as a function of phantom thickness for a
exact values obtained using ). range of x-ray tube voltages. The largest increase ()

Figure 8 shows values of energy imparted as a function oWith phantom thickness is expected at small thicknesses,
tube voltage for four body regions and two projections withgiven that the mean-free path of monoenergetic photons in
an x-ray tube filtration of 3 mm Al, where the data points water ranges from 4.4 cm at 50 keV to 6.6 cm at 140 keV.
have been fitted to a second-order polynomial. In each figurédnce the phantom thickness reaches about three or four
the water equivalent phantom thickness assumed in our conmean-free paths, most of the x-ray photons will have been
putation is provided with the error bars indicating the varia-absorbed and any further increase of the phantom thickness
tions in energy imparted obtained by changing the watewill have little affect onw(z). Figure 4 shows that at 80 kV,
phantom thickness by 2 cm. For water phantom thickness the thickness of the water phantom used to simulate a patient
values not listed in Table I, the appropriaé€z) values were for the purposes of estimating energy imparted generally will
obtained from a polynomial fit of(z) plotted as a function not be a critical parameter for applications with phantom
of phantom thickness. For the same entrance exposure, vadhicknesses greater than 10 cm. For phantom thicknesses less
ues of energy imparted increased with increasing tube voltthan 10 cm, however, the selection of phantom thickness will
age and filtration. At 60 kV, the average difference betweerbe more important.
the two methods of determining energy imparted was 8% The energy imparteds, to a patient undergoing a radio-
with a maximum difference of 20% for the LAT Stomach logic examination, can be estimated by modeling the patient
examination. At 80 kV, the average difference between thes a slab of water. A knowledg®r measuremejtof the
two methods was 10% with the maximum being 25% for thex-ray beam kV and HVL, together with an estimate of the

TaBLE |. Values ofa and B parameters for different tube voltages and phantom thicknesses. At a given kV, valugg ¢6 a water phantom with thickness
zcm are given byw(z) = @ X HVL + B, where the HVL is expressed in mm Al aadz) isin JR *cm™2.

Phantom thickness

5cm 10 cm 15 cm 20 cm 25 cm 30 cm

kv a B a B a B a B a B a B
50 1.08E-05 1.44E-05 1.80E-05 1.36E-05 2.11E-05 1.26E-05 2.23E-05 1.21E-05 2.28E-05 1.19E-05 2.29E-05 1.18E-05
60 9.20E-06 1.80E-05 1.65E-05 1.89E-05 2.03E-05 1.84E-05 2.19E-05 1.79E-05 2.27E-05 1.76E-05 2.29E-05 1.75E-05
70 8.04E-06 2.10E-05 1.52E-05 2.38E-05 1.94E-05 2.39E-05 2.14E-05 2.36E-05 2.23E-05 2.34E-05 2.27E-05 2.32E-05
80 6.98E-06 2.39E-05 1.38E-05 2.886-05 1.81E-05 3.01E-05 2.04E-05 3.02E-05 2.14E-05 3.02E-05 2.19E-05 3.01E-05
90 6.13E-06 2.63E-05 1.26E-05 3.33E-05 1.69E-05 3.57E-05 1.93E-05 3.64E-05 2.05E-05 3.66E-05 2.10E-05 3.67E-05
100 5.42E-06 3.85E-05 1.15E-05 3.75E-05 1.57E-05 4.12E-05 1.80E-05 4.26E-05 1.93E-05 4.31E-05 1.99E-05 4.33E-05
110 4.82E-06 3.04E-05 1.05E-05 4.14E-05 1.45E-05 4.64E-05 1.68E-05 4.85E-05 1.81E-05 4.94E-05 1.87E-05 4.98E-05
120 4.35E-06 3.21E-05 9.68E-06 4.47E-05 1.35E-05 5.08E-05 1.58E-05 5.36E-05 1.71E-05 5.48E-05 1.77E-05 5.53E-05
130::3:95E-061:3:35E-05::8:96E-06:24:78E-05 1.26E-05 5.50E-05 1.49E-05 5.83E-05 1.61E-05 5.99E-05 1.68E-05 6.06E-05
140 3.61E-06 3.48E-05 8.36E-06 5.05E-05 1.18E-05 5.86E-05 1.41E-05 6.25E-05 1.53E-05 6.44E-05 1.60E-05 6.53E-05
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Fic. 8. Energy imparted as a function of tube voltage for representative x-ray examinations. The entrance skin exposures, E@eevialwss used for
each calculation are listed in each figure.

water equivalent thicknesg, of the patient will permit the product, EAP. The energy imparted to the patient may then
appropriate value ofv(z) to be determined. The product of be computed using the expressiosa w(z) X EAP. An expo-
the free-in-air exposure at the patient entrance surface arglire area meter mounted at the collimator of the x-ray tube
the x-ray beam area at this location yields the exposure-araaay also be used to obtain a direct estimate of the EA®.

Medical Physics;Val. 24;"No. 4, April"1997

www.manaraa.com



578 N. A. Gkanatsios and W. Huda: Energy imparted in diagnostic radiology 578

TasLE Il. Entrance skin exposure, energy imparted, and effective dose equivalent for representative radiologic examinations of the head, chest, abdomen, and
pelvis.

z kVp/HVL Beam area ESE? € He

Exam Projection (cm) (kV/mm Al) (cm?) (MR?) (mJ) (uSv)
Head PA 20 80/3.0 250 300 6.8 67
LAT 16 75/2.8 270 150 3.3 35

PA 15 120/5.8 1100 10 1.4 19
Chest LAT 18 120/5.8 640 25 2.3 46
AP portable 15 80/3.0 960 20 1.9 47
Abdomen AP 23 75/2.8 900 300 23 480
Lumbar AP 23 75/2.8 700 300 18 450
spine LAT 28 80/3.0 240 800 18 210
Pelvis/colon AP 23 75/2.8 840 300 22 590
Fluoroscopy PA 23 80/3.0 200 3000 56 600

(1 min)
%Free in air.

b1.0 R=2.58E-4 C/kg.

Any EAP measurements, however, will need to be correctedniform irradiation normally encountered in diagnostic radi-
to take into account the fraction of the x-ray beam area thablogy, energy imparted data may be converted into effective
actually intercepts the patient. dose equivalents by using body region spetific/ e conver-

Our method to estimate energy imparted to patients unsion factors:®> which were used to generate the data in the
dergoing diagnostic x-ray examinations has several sourcdast column of Table Il. Energy imparted to a patient exami-
of error. Minor errors in computing energy imparted to pa-nation range from a few mJ for simple chest examinations to
tients arise from the use of diverging x-ray beams in clinicalseveral hundreds of mJ for fluoroscopic examinations lasting
radiography and the presence of nonuniformities in x-rayten minutes. The corresponding values of effective dose
beam intensity due to the heel effect. The former is likely toequivalent range from tens @fSv to tens of mSv.
be of negligible importance whereas the latter could easily be Energy imparted to patients undergoing diagnostic exami-
accounted for by experimentally obtaining an average ennations may be used to study the relationship between the
trance skin exposure over the beam area. This latter methdathage quality and the patient do¥e>° particularly with the
is explicitly done when an exposure-area meter is used tadvent of digital radiographic imaging equipment such as
quantify the amount of radiation incident on the patient.  photostimulable phosphors and photoconductdrBigital

Major errors in determining energy imparted to patientsdetectors normally permit the radiation exposure to be freely
result when estimating the equivalent water phantom thickselected by the operator, as opposed to fixed exposures re-
nessz, and due to the implicit differences betweeffiaite) quired to generate satisfactory radiographs screen-film com-
heterogenous patient and a semi-infinite homogeneous watbmations. As a result, a simple and convenient method for
phantom(Fig. 2). The data presented in Fig. 4 and Fig. 8 estimating patient doses permits a systematic investigation of
indicate that for many clinical applications, the precise valuehow patient dose and image quality change as radiographic
of the water phantom thickness has a small effect on théechnique factors change. The patient dosimetry method de-
resultant value of energy imparted. The data presented imeloped in this study is well suited for this purpose since it
Fig. 8 show very good agreement at the lowest kV valuestequires a minimum of effort and no special measurement
whereas at higher kV’s, the water phantom model generallygquipment beyond that normally found in diagnostic radiol-
overestimated the energy imparted values. Given tlaé#t  ogy departments and has an accuracy that is likely to be
era) scatter becomes increasingly important at higher kVsatisfactory for most patient dosimetric applications.
values, these results suggest that the major source of error
may be the use of a water phantom model with infinite lateral
extent. . ACKNOWLEDGMENTS
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