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Purpose: To establish an organ dose database for pediatric and adolescent reference individuals

undergoing computed tomography (CT) examinations by using Monte Carlo simulation. The

data will permit rapid estimates of organ and effective doses for patients of different age, gender,

examination type, and CT scanner model.

Methods: The Monte Carlo simulation model of a Siemens Sensation 16 CT scanner previously pub-

lished was employed as a base CT scanner model. A set of absorbed doses for 33 organs=tissues nor-

malized to the product of 100 mAs and CTDIvol (mGy=100 mAs mGy) was established by coupling

the CT scanner model with age-dependent reference pediatric hybrid phantoms. A series of single

axial scans from the top of head to the feet of the phantoms was performed at a slice thickness of 10

mm, and at tube potentials of 80, 100, and 120 kVp. Using the established CTDIvol� and 100 mAs-

normalized dose matrix, organ doses for different pediatric phantoms undergoing head, chest,

abdomen-pelvis, and chest-abdomen-pelvis (CAP) scans with the Siemens Sensation 16 scanner were

estimated and analyzed. The results were then compared with the values obtained from three inde-

pendent published methods: CT-Expo software, organ dose for abdominal CT scan derived empiri-

cally from patient abdominal circumference, and effective dose per dose-length product (DLP).

Results: Organ and effective doses were calculated and normalized to 100 mAs and CTDIvol for

different CT examinations. At the same technical setting, dose to the organs, which were entirely

included in the CT beam coverage, were higher by from 40 to 80% for newborn phantoms com-

pared to those of 15-year phantoms. An increase of tube potential from 80 to 120 kVp resulted in

2.5–2.9-fold greater brain dose for head scans. The results from this study were compared with

three different published studies and=or techniques. First, organ doses were compared to those

given by CT-Expo which revealed dose differences up to several-fold when organs were partially

included in the scan coverage. Second, selected organ doses from our calculations agreed to within

20% of values derived from empirical formulae based upon measured patient abdominal circumfer-

ence. Third, the existing DLP-to-effective dose conversion coefficients tended to be smaller than

values given in the present study for all examinations except head scans.

Conclusions: A comprehensive organ=effective dose database was established to readily calcu-

late doses for given patients undergoing different CT examinations. The comparisons of our

results with the existing studies highlight that use of hybrid phantoms with realistic anatomy is

important to improve the accuracy of CT organ dosimetry. The comprehensive pediatric dose

data developed here are the first organ-specific pediatric CT scan database based on the realistic

pediatric hybrid phantoms which are compliant with the reference data from the International

Commission on Radiological Protection (ICRP). The organ dose database is being coupled with

an adult organ dose database recently published as part of the development of a user-friendly

computer program enabling rapid estimates of organ and effective dose doses for patients of

any age, gender, examination types, and CT scanner model. VC 2012 American Association of
Physicists in Medicine. [http://dx.doi.org/10.1118/1.3693052]

I. INTRODUCTION

Although computed tomography (CT) scans have provided

great benefit in patient care, increased use of the CT examina-

tions has raised concerns regarding enhanced radiation dose

and associated stochastic cancer risk to patients.1–3 Pediatric

patients are more susceptible to radiation-induced risks than

are adult patients owing to their more rapidly growing tissues,

their wider and increased cellular distribution of skeletal

active marrow, and their greater postexposure life expectancy.
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Several strategies have been introduced to reduce radiation

dose to pediatric patients including pediatric scan protocols

recommended by the Image Gently campaign.4 Recently, the

U.S. Food and Drug Administration (FDA) announced an

“Initiative to Reduce Unnecessary Radiation Exposure from

Medical Imaging” focusing on informed decision making

regarding the use of CT and increasing patient awareness of

their radiation dose.5 In order to make informed decisions, a

better understanding of the nature and magnitude of the organ

absorbed doses resulting from CT examinations is needed,

along with clinically manageable computational tools to

report these organ doses.

To estimate organ doses in the human body exposed to

CT x-ray photons, two different approaches are possible: ex-

perimental measurement and computer simulation. With

dose measurements, physical phantoms equipped with vari-

ous types of dosimeters are scanned under the CT machine

and then dosimeter readings provide the information on

organ doses for the specific CT system and examination.

This process, however, is laborious and time-consuming and

the point dose measurements cannot, in some cases, accu-

rately represent the average organ dose when high dose gra-

dients exist or distributed body tissues (e.g., active bone

marrow) are of concern. Furthermore, physical phantoms

provide a limited sampling of the variations of age, gender,

and body morphometries seen in actual patient populations.

Compared to physical measurement, the computer simula-

tion approach to dose estimation has been reported to be the

most sophisticated and reliable way to obtain accurate values

of organ dose under CT imaging. The patient body lying on

a CT scanner table and helical fan beam x-rays generated

from the CT scanner are simulated in full detail under the

computer simulation using 3D Monte Carlo radiation trans-

port techniques.

The availability of computational human phantoms is a

crucial part within the computer simulations which are

coupled with well-established Monte Carlo transport codes.

Therefore, previous studies on computer simulations of pedi-

atric CT doses have been limited to their present availability

of pediatric anatomic models. Cristy and Eckerman intro-

duced a series of pediatric stylized phantoms where organs

and body contour are described by mathematical surface

equations.6 Khurseed et al. utilized the Oak Ridge National

Laboratory (ORNL) phantom series to estimate effective dose

in CT examinations for three different CT machines.7 How-

ever, the mathematical equations defining organ boundaries in

stylized phantoms inherently have limitations in describing

true human anatomy. Arm-raised positions which are nor-

mally found in clinical practice are not properly simulated

and it is difficult to define scan ranges based on appropriate

anatomical landmark within stylized phantoms. To overcome

these anatomical limitations, more realistic computational

phantoms, called voxel (or tomographic) phantoms, were

reported by several authors. Zankl et al. developed BABY

and CHILD voxel phantoms from the CT images of 8-week-

old and 7-year-old baby and child, respectively, and utilized

them to estimate pediatric organ doses for CT examinations.8

Caon et al. developed the ADELAIDE voxel phantom based

on the torso CT images of the 14-year-old female which was

coupled with Monte Carlo code, EGS4, to estimate organ

doses for chest and abdomen CT scans. More comprehensive

pediatric voxel phantoms and their applications to CT dosime-

try were reported by researchers at the University of Flor-

ida9,10 include a newborn, 9-month male, 4-year female,

8-year female, 11-year male, and 14-year male voxel phantom

series. More recently, Li et al. reported the organ and effective

doses for 5-week female and 12-year male voxel phantoms

undergoing 64-slice CT examinations.11 Although several

authors have reported organ and effective doses for pediatric

patients undergoing CT examinations, the data are valid only

for the specific technical conditions considered in these stud-

ies and are thus not readily expanded to different scanning

protocols (e.g., scan range, tube potential, current-time-prod-

uct). The software CT-Expo is the only existing general pur-

pose dosimetry tool for pediatric patients undergoing CT

examinations.12 However, the pediatric organ dose database

within this code was established considering only the BABY

(8-week-old) and CHILD (7-year-old) voxel phantoms as

developed in the late 1980s.

In the present study, we present a more up-to-date data-

base of pediatric organ doses from CT examinations which

are designed to rapidly provide organ doses for patients with

different age, gender, examination type, and CT technical

settings. These doses were derived from Monte Carlo radia-

tion transport simulation using a series of pediatric hybrid

computational phantoms with higher age resolution than the

two-age phantom series found in existing software tool. The

resulting organ and effective doses were compared with the

values estimated by several different and published methods.

II. MATERIALS AND METHODS

II.A. CT scanner simulation

A SOMATOM Sensation 16 helical multislice CT scan-

ner (Siemens Medical Solutions, Erlangen, Germany) was

simulated within the general purpose Monte Carlo radiation

transport code, MCNPX2.6.13 Detailed technical specifica-

tions were obtained from manufacturer and simulated within

MCNPX2.6 to generate unique fan-shaped x-ray beams.

Instead of explicit modeling of the external bowtie filter, an

angular biasing technique based on lateral free-in-air dose

profile measurements was employed. To validate the simu-

lated CT beams, a set of computed tomography dose index

(CTDI)100 data was simulated for head and body CTDI

phantoms with diameters of 16 and 32 cm, respectively, and

compared with the measurements. Agreement between these

data was shown to be within 8.6%. Detailed descriptions of

the modeling and validation work can be found in our previ-

ous publication.14 Since MCNPX provides absorbed dose

per simulated photon, the normalization factors (photons per

unit mAs) were calculated based on the ratio of the ion

chamber measurements free-in-air (mGy=mAs) to the simu-

lated ion chamber doses free-in-air (mGy=photon) for head

and body filters and at tube potentials of 80, 100, and 120

kVp under a collimation width of 10 mm. More detailed
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explanation regarding the normalization factors is given in

previous publications.9,15

II.B. Reference pediatric male and female hybrid
phantoms

A series of reference pediatric hybrid phantoms were

employed in this work: newborn, 1-year, 5-year, 10-year, and

15-year male and female phantoms developed at the University

of Florida and the National Cancer Institute.16–18 The phantoms

were originally segmented from the real patient CT images of

head and torso at the given ages. Arms and legs were separately

segmented from high resolution CT images of arms and legs of

the 18-year-old male, and then scaled to match the standard

dimensions of phantoms at each respective age. A total of four

reference datasets were incorporated into the final phantom se-

ries. First, the masses of organs and tissues are matched to the

values in International Commission on Radiological Protection

(ICRP) Publication 89.19 Second, the reference elemental com-

positions for organs and tissues provided by International Com-

mission on Radiation Units and Measurements (ICRU) Report

46 (Ref. 20) and ICRP Publication 89 were used in the Monte

Carlo simulations. Third, the body dimensions are matched to

the reference anthropometric data of the United States.30

Finally, the dimensions of the alimentary tracts were matched

to data given in ICRP Publication 100.21 The pediatric hybrid

phantoms include more than 40 organs as well as 35 different

skeletal sites. The skeleton is composed of cortical and spon-

giosa structures to facilitate detailed dose calculations for both

active and shallow marrow. The male and female phantoms

from newborn to 10-year-old share the same anatomy except

gender-specific organs such as prostate, uterus, testes, and ova-

ries. The 15-year-old male and female phantoms are based on

totally different individuals to accurately represent their

gender-specific anatomy and unique heights and weights.

Arms were removed from each pediatric phantom to more

realistically simulate the typical arm-raised position in both

head and torso CT scans, with the exception of the left and

right humeral heads which were included to facilitate active

marrow dose assessment. The original format of the phantoms

was nonuniform rational B-spline (NURBS) and polygon

mesh (PM) which cannot, at the present time, be directly

imported into MCNPX for radiation transport. The phantoms

were thus voxelized at a resolution of 2� 2� 2 mm3 for the

newborn and 1-year phantoms and 3� 3� 3 mm3 for the

5-year, 10-year, and 15-year phantoms. The higher resolution

was used for the two younger ages to ensure that the presence

of cortical bone layer within the skeleton model was appropri-

ately modeled in the resulting voxel format. Frontal 3D render-

ings of the pediatric hybrid phantoms in NURBS=PM format

are shown in Fig. 1. Table I summarizes the technical parame-

ters as well as body dimensions of the pediatric phantoms.

II.C. Organ dose matrix normalized by 100 mAs and
CTDIvol

In this study, organ doses from axial and helical scans

with a given scan range were approximated as the sum of

doses from multiple axial slices included in the scan range of

interest; this is the same approach adopted within existing

CT organ dose estimation programs.12 The method provides

great flexibility to the CT dosimetrist in which one can read-

ily estimate organ doses for any particular CT scan coverage

by using the precalculated organ dose matrix, defined as the

organ doses normalized by CTDIvol and 100 mAs (units of

mGy=100 mAs mGy per 10 mm slice), without the need to

run Monte Carlo calculations for each patient case. The fol-

lowing equation explains one calculates scanner-specific

organ doses (mGy) using the organ dose matrix and user

input (SS, SE, v, CTDIvol(v), t, and I).

D mGyð Þ ¼
Pz¼SE

z¼SS D organ; age; sex; v; zð Þ
CTDIvol;Siemens vð Þ

� CTDIvol vð Þ � t � I
100

� �
; (1)

where D (organ, age, sex, v, z) is the organ dose per 10 mm

axial slice at longitudinal position z on the phantom and nor-

malized to a fixed integrated tube current of 100 mAs; v is

the tube potential (kVp) of the particular CT scan; z is the

slice number ranging from the top of the head to the bottom

of the patient’s feet; SS designates the slice number where

scan starts; SE designates the slice number where scan ends;

CTDIvol,Siemens (v) is the CTDIvol (mGy) measured on our

reference Siemens Sensation 16 scanner at a pitch of 1 and

100 mAs/rotation; CTDIvol(v) is for the particular scanner for

which organ doses are sought is defined as CTDIw divided

by pitch at 100 mAs/rotation; and t is the single rotation time

(s); and I is the tube current (mA) for that particular CT scan.

Different sets of organ dose calculations were performed for

a single axial scan which started from the top of head down to

the bottom of the phantom’s feet with an interval of 10 mm.

A total of 48 (newborn male and female), 77 (1-year male and

female), 111 (5-year male and female), 140 (10-year male and

female), 162 (15-year female), and 167 (15-year male) consec-

utive axial calculations were performed. Although the male and

FIG. 1. 3D frontal views of the series of the pediatric hybrid phantoms repre-

senting newborn, 1, 5, 10, and 15-year-old males and females. Only male

phantoms are presented from newborn to 10-year-old phantoms because the

male and female share the same anatomy except gender-specific organs.
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female phantoms of the newborn, 1-year, 5-year, and 10-year

share the same anatomy, with the exception of gender-specific

organs, two separate male and female phantoms were generated

at each age and implemented into the MCNPX code for dose

calculations.

To undertake dose calculations to the skeletal tissues,

recently published fluence-to-dose response functions devel-

oped at the University of Florida22 were adopted to estimate

the absorbed dose to active marrow and endosteum (shallow

marrow). Energy-dependent photon fluence to the spongiosa

volume in a total of 34 bone sites was scored for 25 energy

bins ranging from 0.01 to 10 MeV. Active marrow doses in

each bone site were then calculated by multiplying the flu-

ence-to-dose response functions for active marrow. Total

absorbed doses for active marrow were calculated by

weighting site-specific doses by active marrow distribution

in the reference pediatric males and females.

A total of 33 organs and tissues including active marrow

were involved in the organ dose calculations under tube

potentials of 80, 100, and 120 kVp and the collimation width

of 10 mm, resulting in approximately 4300 MCNPX input

files. Kinetic energy released in matter (KERMA) approxi-

mation was assumed considering the photon energy spectra

used in the simulation. Two dedicated computation servers

each equipped with 8 CPUs and 16 GB RAM were

employed for the Monte Carlo calculations. A total of 107

photons were simulated for each axial slice calculation to

obtain reasonable relative errors below 1% for major organs

and tissues close to the axial slice position. Data analysis

was performed using an in-house postprocesser written in

MATLAB language. The entire set of Monte Carlo calculations

and postprocessing tasks took about 2 weeks. Finally, the

five dimensional (5D) dose matrix, Dose (age, gender,
organ, slice, tube potential), was obtained from many sets of

Monte Carlo calculations for different variables: 5 ages

(newborn, 1-year, 5-year, 10-year, and 15-year), 2 genders

(male and female), 33 organs, 167 slices (for 15-year-old

male phantom), and 3 tube potentials (80, 100, and 120

kVp). The resulting dose matrix (mGy=100mAs) was nor-

malized to the CTDIvol measurements (mGy) from the Sie-

mens Sensation 16 CT scanner to eliminate scanner-specific

characteristics. Organ doses for scanners with different x-ray

tube outputs can thus be estimated through proportional scal-

ing by machine-specific measured values of CTDIvol.

Effective doses for different ages and tube potentials

were also included in the dose matrix calculations. In ICRP

Publication 103, the effective dose, E, is shown to be com-

puted from the equivalent doses assessed for organ or tissue

T of the Reference Male, HM
T , and Reference Female, HF

T,

according to the following expression:

E ¼
X

T

WT

HM
T þ HF

T

2

� �
(2)

where breast and gonad doses from male and female phan-

toms are averaged and weighted by tissue weighting factors,

wT. Two sets of the tissue weighting factors recommended in

ICRP Publication 60 and 103, respectively, were adopted in

the calculations to investigate the difference in the resulting

effective doses (Table II). Effective doses using the tissue

weighting factors from ICRP Publication 60 and 103, ED60

and ED103, respectively, were estimated for newborn, 1-year,

5-year, 10-year, and 15-year male and female individuals. To

investigate how much higher organ doses received by pediat-

ric patients are in comparison to those in adult patients, adult

effective doses were calculated by applying the tissue weight-

ing factors to the organ doses of the adult male and female

phantoms previously published by the authors.14

II.D. Organ and effective doses for major scan types
and specific scanner

By using the 5D dose matrix, organ doses (mGy=100

mAs mGy) were calculated by summation of organ doses

TABLE I. Voxel resolutions, array sizes, and body dimensions (height, weight, and abdominal circumference) for the newborn, 1-year, 5-year, 10-year, and

15-year male and female UF=NCI hybrid phantoms.

Parameters Newborn M=F 1-year M=F 5-year M=F 10-year M=F 15-year F 15-year M

Voxel resolution (mm3) 2� 2� 2 2� 2� 2 3� 3� 3 3� 3� 3 3� 3� 3 3� 3� 3

Array size 120� 74� 242 97� 87� 386 97� 70� 372 114� 78� 470 133� 98� 541 147� 97� 558

Height (cm) 48 77 111 140 162 167

Weight (kg) 3.5 10.0 18.1 32.4 53.3 56.8

Abdominal circumference (cm) 37 53 58 71 83 88

TABLE II. Tissue weighting factors published in ICRP Publications 60 and

103.

Organ or tissue ICRP60 ICRP103

Gonads 0.2 0.08

Red bone marrow 0.12 0.12

Lung 0.12 0.12

Colon 0.12 0.12

Stomach 0.12 0.12

Breast 0.05 0.12

Bladder 0.05 0.04

Liver 0.05 0.04

Esophagus 0.05 0.04

Thyroid 0.05 0.04

Skin 0.01 0.01

Bone surface 0.01 0.01

Braina 0.01

Salivary glandsb 0.01

Remainder 0.05 0.12

Total 1 1

aBrain is included in the remainder in ICRP60.
bTissue weighting factor was not given to salivary glands in ICRP60.
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from multiple 10-mm axial slices as given by four major scan

ranges: head, chest, abdomen–pelvis, and chest–abdomen-pelvis

(CAP) examinations. Typical scan ranges for the four CT

examinations were obtained from CT scan protocols utilized at

the Department of Radiology at the University of Florida

Shands Hospital.31 These protocols were confirmed to be in

good agreement with others available in the literature. The head

examination covers from the top of the head to the 2nd cervical

vertebra. The chest examination represents a scan from the

clavicles to the middle of the liver. The abdomen–pelvis exami-

nation covers the anatomy ranging from the top of liver to the

midfemoral head. Finally, CAP examination range from the

clavicles to the midfemoral head. Each anatomical landmark

was carefully identified in the pediatric phantom series and used

for the selection of axial slices for organ dose summation. The

absorbed doses to a total of 33 organs and tissues normalized to

CTDIvol and 100 mAs (mGy=100 mAs mGy) were obtained for

newborn, 1-year, 5-year, 10-year, and 15-year male and female

phantoms at tube potentials of 80, 100, and 120 kVp.

To provide more clinically-relevant organ doses, normal-

ized organ and effective doses were scaled by CTDIvol meas-

urements made at tube potentials of 80, 100, and 120 kVp

for the Siemens Sensation 16 reference scanner. CTDIvol val-

ues from the acrylic head CTDI phantom (6.1, 10.8, and 15.0

mGy for 80, 100, and 120 kVp, respectively) were used for

pediatric head=body scans. CTDIvol values for the body

phantom were 1.9, 3.8, and 5.7 mGy for 80, 100, and 120

kVp, respectively, for readers’ information.

II.E. Comparison with other studies

Organ and effective doses for the head, chest, abdomen–

pelvis, and CAP scans estimated in this study were compared

with three different existing data reported by independent

research groups. First, the selected organ doses from pediatric

phantoms in this study at a tube potential of 120 kVp were

compared with the values given by the software code, CT-

Expo. Organ doses from our study and CT-Expo obtained for

Siemens Sensation 16 scanner were normalized to the CTDIvol

data obtained from our measurement and as given in

CT-Expo, respectively, to eliminate effects of CT scanner-

specific features such as filtration design and inherent x-ray

tube output. Turner et al.23 reported that the coefficients of var-

iation across four different CT scanners from each of the four

major manufacturers decreased from 34.1% to 5.2% on

average when the organ doses were normalized by scanner-

specific CTDIvol measurements. CTDIvol values for head

phantom at the tube potential of 120 kVp, were used for the

normalizations of pediatric head and body scans in our calcula-

tion (15.0 mGy) and in CT-Expo (21.3 mGy), respectively.

Second, our organ dose data are based on the age of the

phantoms, not on the body size which is usually not available

nor is feasible to abstract in large-scale retrospective cohort epi-

demiologic studies. In this case, there is no indicator to estimate

the size of patients other than age. Some selected organ doses

from the pediatric phantom series were compared with the

organ doses derived from abdominal circumferences which is

the method reported by Turner et al.24 They calculated organ

doses for a total of eight different patient voxel phantoms rang-

ing from newborn to adult by using Monte Carlo simulations of

four MDCT CT scanners from the four major manufacturers,

and obtained an empirical formulae correlating doses for in-

field organs in abdominal scan with patient perimeter as meas-

ured at the central slice of the abdominal scan region through

exponential regression analysis. By comparing the organ doses

derived from the formulae with organ doses from our database,

we wanted to verify that the reference body size corresponding

to the age of the phantoms follow this correlation. Absorbed

doses for liver, stomach, adrenals, kidney, pancreas, spleen,

and gall bladder were selected from our results of abdomen–-

pelvis scans, and then compared with the organ doses derived

from the exponential regression coefficients provided in Turner

et al.
Third, the effective doses calculated in this study were

normalized to the dose-length product (DLP) and compared

with the existing DLP-to-effective dose conversion coeffi-

cients, so called k-factors, which are derived by Shrimpton

et al. in their study using stylized anatomic phantoms.7,25

III. RESULTS AND DISCUSSION

III.A. Organ and effective dose matrix for specific scan
types

The 5D dose database (mGy=100 mAs mGy), Dose (age,
gender, organ, slice, tube potential), including a total of 33

organ and tissue doses and two effective doses, ED60 and

ED103, were established for ten different computational hybrid

reference phantoms: newborn, 1-year, 5-year, 10-year, and

15-year males and females. The organ and effective doses

were calculated at tube potentials of 80, 100, and 120 kVp

and for both the head and body filters, and subsequently nor-

malized to the product of 100 mAs and CTDIvol. By using the

5D dose matrix, organ doses for the four major scan types

were calculated as the summation of doses from multiple axial

slices and tabulated in Tables III–VI for head, chest,

abdomen–pelvis, and CAP scans, respectively. Since the new-

born, 1-year, 5-year, and 10-year male and female phantoms

have the identical anatomy with the exception of their gender-

specific organs (prostate, uterus, testes, and ovaries), organ

doses from only the male phantoms are presented. The

absorbed doses for the gender-specific organs were obtained

from separate male and female phantoms. Users can obtain

scanner- and scan type-specific organ and effective doses

using the values in Tables III–VI which are equivalent withPz¼SE

z¼SS
D organ;age;sex;v;zð Þ

CTDIvol;Siemens vð Þ in Eq. (1) for head, chest, abdomen–

pelvis, and CAP, and one’s own scan parameters: CTDIvol,

single rotation time (s), and tube current (mA). Since the

doses in Tables III–VI are calculated only for 80, 100, and

120 kVp, it is recommended to interpolate or extrapolate the

doses if users have tube potential other than those values.

III.B. Scanner-specific organ and effective doses

To provide and analyze more clinically-relevant organ

doses, those specific to Siemens Sensation 16 scanner and
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TABLE III. CTDIvol� and 100 mAs-normalized organ absorbed doses (mGy=100 mAs mGy) and effective doses (mSv=100 mAs mGy) based on tissue weighting factors from either ICRP 60 (ED60) or ICRP 103

(E103) for the newborn, 1-year, 5-year, 10-year, and 15-year male and female reference phantoms for head examinations at tube potentials of 80, 100, and 120 kVp.

Head scan Newborna 1-yeara 5-yeara 10-yeara 15-year female 15-year-male

Tube potential (kVp) 80 kVp 100 kVp 120 kVp 80 kVp 100 kVp 120 kVp 80 kVp 100 kVp 120 kVp 80 kVp 100 kVp 120 kVp 80 kVp 100 kVp 120 kVp 80 kVp 100 kVp 120 kVp

Brain 1.021 1.025 1.051 0.818 0.861 0.925 0.713 0.773 0.854 0.689 0.751 0.834 0.656 0.722 0.808 0.619 0.685 0.772

Pituitary gland 0.866 0.906 0.978 0.627 0.711 0.811 0.632 0.702 0.788 0.600 0.672 0.766 0.589 0.672 0.780 0.498 0.601 0.707

Lens 1.107 1.069 1.063 0.976 0.952 0.943 0.931 0.922 0.919 0.892 0.884 0.888 1.000 0.990 0.990 0.948 0.933 0.936

Eye balls 1.026 1.019 1.028 0.985 0.983 0.989 0.885 0.897 0.924 0.852 0.869 0.900 0.893 0.906 0.934 0.887 0.895 0.921

Salivary glands 0.536 0.548 0.572 0.436 0.460 0.498 0.694 0.726 0.775 0.611 0.639 0.683 0.679 0.714 0.768 0.696 0.735 0.795

Oral cavity 0.363 0.378 0.402 0.658 0.706 0.777 0.623 0.685 0.777 0.583 0.646 0.727 0.432 0.486 0.555 0.420 0.471 0.540

Spinal cord 0.044 0.047 0.050 0.053 0.057 0.062 0.059 0.065 0.072 0.027 0.029 0.032 0.103 0.114 0.128 0.116 0.128 0.145

Thyroid 0.161 0.167 0.175 0.098 0.108 0.122 0.080 0.092 0.107 0.064 0.074 0.085 0.041 0.048 0.057 0.036 0.043 0.051

Esophagus 0.042 0.048 0.052 0.068 0.075 0.087 0.040 0.045 0.054 0.022 0.027 0.032 0.011 0.014 0.018 0.012 0.015 0.019

Trachea 0.060 0.067 0.074 0.089 0.097 0.112 0.049 0.059 0.068 0.033 0.041 0.047 0.018 0.022 0.027 0.020 0.024 0.031

Thymus 0.049 0.053 0.058 0.042 0.047 0.054 0.027 0.032 0.038 0.019 0.023 0.028 0.017 0.020 0.024 0.012 0.016 0.020

Lungs 0.033 0.035 0.039 0.026 0.029 0.034 0.024 0.027 0.032 0.011 0.013 0.017 0.008 0.010 0.012 0.007 0.008 0.010

Breast 0.016 0.015 0.021 0.011 0.012 0.013 0.006 0.008 0.009 0.004 0.004 0.005 0.002 0.003 0.003 0.002 0.002 0.002

Heart wall 0.028 0.030 0.033 0.020 0.022 0.026 0.012 0.014 0.017 0.006 0.008 0.010 0.004 0.005 0.007 0.003 0.004 0.005

Stomach wall 0.008 0.009 0.011 0.006 0.007 0.009 0.004 0.004 0.005 0.001 0.002 0.002 0.001 0.001 0.001 0.001 0.001 0.001

Liver 0.013 0.014 0.015 0.007 0.008 0.010 0.004 0.005 0.006 0.002 0.002 0.003 0.001 0.001 0.002 0.001 0.001 0.001

Gall bladder 0.006 0.007 0.007 0.003 0.004 0.006 0.002 0.002 0.003 0.001 0.001 0.002 0.000 0.001 0.001 0.000 0.000 0.001

Adrenals 0.010 0.011 0.012 0.009 0.010 0.012 0.004 0.005 0.006 0.002 0.002 0.003 0.001 0.001 0.001 0.001 0.001 0.001

Spleen 0.012 0.013 0.015 0.008 0.010 0.012 0.004 0.005 0.006 0.002 0.003 0.003 0.001 0.001 0.002 0.001 0.001 0.001

Pancreas 0.007 0.008 0.010 0.003 0.004 0.005 0.002 0.002 0.003 0.001 0.001 0.001 0.000 0.001 0.001 0.000 0.000 0.001

Kidney 0.007 0.007 0.008 0.005 0.006 0.007 0.002 0.003 0.004 0.001 0.001 0.002 0.001 0.001 0.001 0.000 0.001 0.001

Small intestine wall 0.003 0.004 0.005 0.001 0.002 0.002 0.001 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Colon wall 0.005 0.005 0.006 0.002 0.002 0.002 0.001 0.001 0.001 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000

Rectosigmoid

wall

0.002 0.003 0.004 0.001 0.001 0.001 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Urinary

bladder wall

0.001 0.001 0.002 0.000 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Prostateb 0.000 0.000 0.001 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 NAd NA NA 0.000 0.000 0.000

Uterusb 0.001 0.001 0.002 0.001 0.001 0.001 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 NA NA NA

Testesb 0.001 0.001 0.001 0.001 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000 NA NA NA 0.000 0.000 0.000

Ovariesb 0.002 0.002 0.002 0.000 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 NA NA NA

Skin 0.233 0.227 0.223 0.197 0.195 0.195 0.139 0.139 0.140 0.095 0.094 0.095 0.075 0.074 0.075 0.068 0.068 0.069

Muscle 0.053 0.054 0.055 0.027 0.029 0.032 0.012 0.013 0.015 0.014 0.015 0.016 0.013 0.014 0.015 0.011 0.012 0.013

Active marrow 0.262 0.282 0.314 0.295 0.325 0.368 0.235 0.266 0.312 0.126 0.144 0.169 0.075 0.086 0.103 0.084 0.097 0.116

Shallow marrow 0.427 0.455 0.498 0.237 0.262 0.296 0.215 0.243 0.280 0.136 0.154 0.179 0.104 0.119 0.138 0.108 0.124 0.144

ED60
c 0.081 0.085 0.092 0.074 0.081 0.090 0.060 0.067 0.077 0.041 0.046 0.053 0.031 0.035 0.041

ED103
c 0.075 0.079 0.086 0.072 0.079 0.088 0.061 0.068 0.078 0.042 0.047 0.053 0.032 0.036 0.041

aGender-independent organ doses for newborn, 1-year, 5-year, and 10-year phantoms were tabulated from male phantom since male and female phantoms have identical anatomy except gender-specific organs.
bGender-specific organ doses were calculated separately from male and female phantoms.
cEffective doses were calculated using male and female organ doses as recommended by ICRP. Effective dose for 15-year phantoms was tabulated in 15-year female columns.
dMale organ doses are not available (NA) for 15-year female phantom. Female organ doses are not available for 15-year male phantom.
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TABLE IV. CTDIvol� and 100 mAs-normalized organ absorbed doses (mGy=100 mAs mGy) and effective doses (mSv=100 mAs mGy) based on tissue weighting factors from either ICRP 60 (ED60) or ICRP 103

(E103) for the newborn, 1-year, 5-year, 10-year, and 15-year male and female reference phantoms for chest examinations at tube potentials of 80, 100, and 120 kVp.

Chest scan Newborna 1-yeara 5-yeara 10-yeara 15-year female 15-year-male

Tube potential (kVp) 80 kVp 100 kVp 120 kVp 80 kVp 100 kVp 120 kVp 80 kVp 100 kVp 120 kVp 80 kVp 100 kVp 120 kVp 80 kVp 100 kVp 120 kVp 80 kVp 100 kVp 120 kVp

Brain 0.039 0.043 0.047 0.020 0.024 0.028 0.014 0.017 0.021 0.014 0.018 0.022 0.008 0.011 0.014 0.007 0.009 0.012

Pituitary gland 0.038 0.041 0.053 0.020 0.025 0.031 0.010 0.014 0.014 0.010 0.013 0.017 0.007 0.009 0.011 0.004 0.007 0.009

Lens 0.038 0.044 0.048 0.013 0.017 0.021 0.008 0.010 0.012 0.008 0.010 0.014 0.005 0.007 0.009 0.009 0.010 0.013

Eye balls 0.044 0.047 0.053 0.015 0.018 0.022 0.009 0.011 0.013 0.009 0.011 0.014 0.006 0.007 0.009 0.007 0.008 0.010

Salivary glands 0.676 0.677 0.693 0.135 0.142 0.152 0.075 0.082 0.090 0.072 0.080 0.090 0.040 0.046 0.053 0.033 0.039 0.046

Oral cavity 0.307 0.313 0.327 0.082 0.089 0.098 0.048 0.054 0.063 0.043 0.050 0.058 0.043 0.050 0.058 0.034 0.040 0.047

Spinal cord 0.733 0.742 0.777 0.499 0.519 0.551 0.382 0.414 0.462 0.162 0.181 0.206 0.235 0.270 0.316 0.154 0.178 0.208

Thyroid 1.190 1.177 1.193 1.000 1.003 1.034 1.000 0.991 0.991 0.783 0.778 0.786 0.574 0.585 0.605 0.515 0.531 0.556

Esophagus 0.922 0.947 0.997 0.751 0.787 0.845 0.643 0.685 0.751 0.518 0.572 0.654 0.426 0.482 0.555 0.395 0.451 0.524

Trachea 0.961 0.985 1.024 0.882 0.898 0.954 0.826 0.851 0.906 0.606 0.651 0.724 0.540 0.594 0.667 0.493 0.542 0.615

Thymus 1.019 1.023 1.052 0.909 0.935 0.989 0.891 0.915 0.959 0.668 0.720 0.795 0.593 0.645 0.717 0.526 0.582 0.663

Lungs 1.085 1.088 1.113 1.016 1.026 1.054 0.870 0.896 0.937 0.738 0.778 0.834 0.601 0.645 0.706 0.574 0.621 0.684

Breast 1.091 1.054 1.057 0.825 0.836 0.858 0.751 0.759 0.789 0.656 0.673 0.697 0.587 0.605 0.634 0.572 0.593 0.624

Heart wall 1.128 1.130 1.154 1.004 1.023 1.065 0.886 0.918 0.965 0.741 0.789 0.859 0.643 0.692 0.759 0.615 0.672 0.747

Stomach wall 0.822 0.834 0.862 0.477 0.497 0.529 0.344 0.366 0.396 0.233 0.257 0.290 0.307 0.332 0.365 0.204 0.227 0.258

Liver 0.952 0.956 0.980 0.604 0.624 0.653 0.443 0.469 0.502 0.400 0.432 0.473 0.407 0.441 0.486 0.305 0.337 0.378

Gall bladder 0.774 0.787 0.819 0.204 0.222 0.248 0.105 0.120 0.138 0.113 0.131 0.154 0.174 0.202 0.236 0.111 0.133 0.161

Adrenals 0.828 0.845 0.887 0.716 0.746 0.793 0.393 0.423 0.466 0.228 0.254 0.289 0.235 0.271 0.314 0.198 0.232 0.270

Spleen 1.041 1.034 1.052 0.818 0.825 0.846 0.441 0.460 0.486 0.300 0.319 0.345 0.397 0.417 0.447 0.254 0.275 0.303

Pancreas 0.643 0.651 0.672 0.135 0.148 0.165 0.088 0.101 0.119 0.086 0.103 0.123 0.084 0.100 0.123 0.060 0.073 0.091

Kidney 0.301 0.304 0.315 0.253 0.270 0.293 0.105 0.119 0.138 0.075 0.088 0.105 0.073 0.087 0.105 0.060 0.074 0.091

Small intestine wall 0.142 0.149 0.158 0.047 0.053 0.061 0.020 0.025 0.030 0.017 0.022 0.028 0.021 0.026 0.033 0.013 0.017 0.023

Colon wall 0.317 0.320 0.326 0.052 0.059 0.067 0.022 0.026 0.031 0.018 0.022 0.028 0.014 0.017 0.021 0.011 0.015 0.019

Rectosigmoid wall 0.053 0.058 0.064 0.011 0.014 0.018 0.005 0.007 0.009 0.002 0.003 0.004 0.002 0.003 0.004 0.001 0.002 0.002

Urinary bladder wall 0.030 0.033 0.037 0.011 0.013 0.016 0.003 0.004 0.006 0.001 0.002 0.002 0.001 0.001 0.002 0.001 0.001 0.002

Prostateb 0.023 0.023 0.024 0.005 0.006 0.008 0.002 0.002 0.003 0.000 0.001 0.001 NAd NA NA 0.000 0.000 0.001

Uterusb 0.037 0.040 0.043 0.011 0.014 0.016 0.004 0.006 0.007 0.001 0.002 0.003 0.001 0.001 0.002 NA NA NA

Testesb 0.011 0.011 0.013 0.003 0.003 0.005 0.001 0.001 0.002 0.000 0.000 0.000 NA NA NA 0.000 0.000 0.001

Ovariesb 0.055 0.060 0.067 0.013 0.017 0.021 0.005 0.006 0.009 0.002 0.002 0.003 0.001 0.002 0.002 NA NA NA

Skin 0.392 0.380 0.372 0.250 0.245 0.242 0.185 0.183 0.182 0.161 0.161 0.161 0.142 0.141 0.141 0.143 0.143 0.144

Muscle 0.436 0.434 0.438 0.249 0.258 0.274 0.190 0.199 0.212 0.119 0.125 0.133 0.145 0.154 0.166 0.121 0.127 0.135

Active marrow 0.370 0.394 0.434 0.288 0.313 0.349 0.149 0.168 0.197 0.148 0.170 0.203 0.126 0.148 0.179 0.122 0.144 0.175

Shallow marrow 0.411 0.434 0.470 0.374 0.402 0.442 0.252 0.277 0.311 0.182 0.206 0.238 0.129 0.148 0.174 0.113 0.131 0.153

ED60
c 0.557 0.562 0.580 0.403 0.415 0.437 0.323 0.336 0.357 0.265 0.282 0.307 0.222 0.246 0.272

ED103
c 0.640 0.643 0.661 0.459 0.472 0.496 0.372 0.386 0.409 0.307 0.326 0.352 0.262 0.282 0.310

aGender-independent organ doses for newborn, 1-year, 5-year, and 10-year phantoms were tabulated from male phantom since male and female phantoms have identical anatomy except gender-specific organs.
bGender-specific organ doses were calculated separately from male and female phantoms.
cEffective doses were calculated using male and female organ doses as recommended by ICRP. Effective dose for 15-year phantoms was tabulated in 15-year female columns.
dMale organ doses are not available (NA) for 15-year female phantom. Female organ doses are not available for 15-year male phantom.
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TABLE V. CTDIvol� and 100 mAs-normalized organ absorbed doses (mGy=100 mAs mGy) and effective doses (mSv=100 mAs mGy) based on tissue weighting factors from either ICRP 60 (ED60) or ICRP 103

(E103) for the newborn, 1-year, 5-year, 10-year, and 15-year male and female reference phantoms for abdomen-pelvis examinations at tube potentials of 80, 100, and 120 kVp.

Abdomen-pelvis scan Newborna 1-yeara 5-yeara 10-yeara 15-year female 15-year-male

Tube potential (kVp) 80 kVp 100 kVp 120 kVp 80 kVp 100 kVp 120 kVp 80 kVp 100 kVp 120 kVp 80 kVp 100 kVp 120 kVp 20 kVp 80 kVp 120 kVp 80 kVp 100 kVp 120 kVp

Brain 0.012 0.014 0.016 0.004 0.005 0.007 0.003 0.004 0.005 0.001 0.002 0.002 0.001 0.001 0.002 0.001 0.001 0.001

Pituitary gland 0.008 0.009 0.015 0.004 0.005 0.006 0.001 0.002 0.003 0.001 0.002 0.002 0.001 0.001 0.001 0.000 0.000 0.001

Lens 0.014 0.016 0.015 0.005 0.007 0.008 0.003 0.004 0.004 0.001 0.002 0.002 0.001 0.001 0.001 0.003 0.003 0.003

Eye balls 0.014 0.016 0.017 0.004 0.005 0.007 0.002 0.003 0.004 0.001 0.001 0.002 0.001 0.001 0.001 0.001 0.001 0.001

Salivary glands 0.052 0.058 0.065 0.019 0.021 0.026 0.009 0.011 0.013 0.004 0.005 0.007 0.003 0.003 0.004 0.002 0.002 0.003

Oral cavity 0.035 0.040 0.045 0.015 0.017 0.020 0.007 0.009 0.011 0.003 0.004 0.006 0.003 0.004 0.005 0.001 0.002 0.003

Spinal cord 0.659 0.664 0.700 0.511 0.536 0.576 0.404 0.443 0.499 0.303 0.337 0.383 0.185 0.213 0.251 0.227 0.257 0.293

Thyroid 0.066 0.073 0.083 0.056 0.060 0.069 0.025 0.030 0.035 0.011 0.014 0.018 0.009 0.011 0.015 0.006 0.009 0.012

Esophagus 0.471 0.488 0.516 0.208 0.223 0.248 0.218 0.241 0.272 0.155 0.177 0.209 0.146 0.171 0.200 0.121 0.141 0.168

Trachea 0.118 0.130 0.135 0.052 0.059 0.067 0.044 0.050 0.057 0.026 0.031 0.039 0.020 0.026 0.033 0.013 0.017 0.024

Thymus 0.144 0.152 0.164 0.102 0.111 0.126 0.068 0.078 0.089 0.036 0.044 0.053 0.018 0.024 0.031 0.017 0.021 0.029

Lungs 0.626 0.630 0.646 0.468 0.479 0.496 0.276 0.289 0.308 0.236 0.251 0.272 0.158 0.175 0.196 0.172 0.190 0.212

Breast 1.007 0.978 0.983 0.773 0.785 0.807 0.732 0.739 0.768 0.284 0.296 0.310 0.343 0.356 0.375 0.484 0.502 0.529

Heart wall 0.706 0.710 0.732 0.498 0.514 0.543 0.487 0.511 0.546 0.286 0.311 0.345 0.192 0.214 0.242 0.180 0.202 0.230

Stomach wall 1.081 1.096 1.134 0.873 0.910 0.969 0.820 0.860 0.919 0.696 0.749 0.824 0.657 0.706 0.772 0.533 0.589 0.662

Liver 1.113 1.117 1.143 0.933 0.962 1.005 0.822 0.864 0.921 0.694 0.741 0.805 0.644 0.695 0.760 0.559 0.616 0.687

Gall bladder 1.006 1.025 1.069 0.849 0.901 0.976 0.771 0.838 0.912 0.668 0.730 0.814 0.536 0.607 0.702 0.458 0.530 0.621

Adrenals 0.963 0.984 1.032 0.776 0.811 0.871 0.692 0.744 0.814 0.567 0.622 0.699 0.482 0.548 0.632 0.431 0.494 0.575

Spleen 1.114 1.112 1.133 0.983 0.993 1.021 0.844 0.876 0.917 0.764 0.796 0.844 0.691 0.719 0.763 0.593 0.629 0.680

Pancreas 1.088 1.098 1.134 0.897 0.934 0.999 0.790 0.845 0.927 0.611 0.683 0.779 0.547 0.619 0.711 0.421 0.489 0.577

Kidney 1.123 1.129 1.162 1.008 1.054 1.121 0.902 0.967 1.052 0.776 0.838 0.922 0.699 0.761 0.843 0.549 0.620 0.707

Small intestine wall 1.101 1.109 1.137 0.889 0.931 0.992 0.854 0.901 0.969 0.690 0.753 0.839 0.634 0.696 0.777 0.464 0.533 0.620

Colon wall 1.170 1.158 1.164 0.971 0.998 1.039 0.965 0.986 1.024 0.832 0.866 0.918 0.828 0.855 0.894 0.590 0.644 0.715

Rectosigmoid wall 0.943 0.962 1.010 0.701 0.745 0.813 0.607 0.656 0.725 0.504 0.564 0.646 0.399 0.458 0.534 0.336 0.380 0.439

Urinary bladder wall 1.053 1.045 1.045 0.809 0.847 0.910 0.732 0.758 0.797 0.543 0.590 0.655 0.348 0.390 0.448 0.278 0.322 0.377

Prostateb 0.665 0.670 0.691 0.455 0.473 0.515 0.146 0.165 0.189 0.126 0.155 0.181 NAd NA NA 0.060 0.074 0.094

Uterusb 0.893 0.917 0.955 0.677 0.725 0.803 0.591 0.652 0.737 0.474 0.542 0.634 0.336 0.396 0.475 NA NA NA

Testesb 0.142 0.144 0.155 0.166 0.171 0.182 0.094 0.105 0.119 0.056 0.067 0.082 NA NA NA 0.054 0.066 0.082

Ovariesb 0.933 0.960 0.996 0.833 0.873 0.943 0.726 0.770 0.851 0.554 0.622 0.719 0.439 0.502 0.586 NA NA NA

Skin 0.497 0.482 0.470 0.377 0.370 0.366 0.290 0.287 0.286 0.254 0.253 0.253 0.211 0.210 0.210 0.202 0.202 0.202

Muscle 0.723 0.720 0.728 0.434 0.451 0.477 0.325 0.339 0.360 0.223 0.234 0.251 0.228 0.240 0.258 0.215 0.226 0.242

Active marrow 0.300 0.323 0.359 0.278 0.308 0.352 0.168 0.194 0.233 0.198 0.232 0.282 0.210 0.253 0.312 0.170 0.205 0.254

Shallow marrow 0.328 0.349 0.382 0.377 0.415 0.467 0.260 0.295 0.341 0.217 0.251 0.297 0.187 0.220 0.263 0.139 0.164 0.198

ED60
c 0.715 0.722 0.744 0.594 0.618 0.657 0.502 0.527 0.577 0.403 0.436 0.493 0.345 0.376 0.421

ED103
c 0.737 0.740 0.760 0.590 0.613 0.649 0.514 0.538 0.574 0.395 0.425 0.467 0.348 0.380 0.422

aGender-independent organ doses for newborn, 1-year, 5-year, and 10-year phantoms were tabulated from male phantom since male and female phantoms have identical anatomy except gender-specific organs.
bGender-specific organ doses were calculated separately from male and female phantoms.
cEffective doses were calculated using male and female organ doses as recommended by ICRP. Effective dose for 15-year phantoms was tabulated in 15-year female columns.
dMale organ doses are not available (NA) for 15-year female phantom. Female organ doses are not available for 15-year male phantom.
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TABLE VI. CTDIvol� and 100 mAs-normalized organ absorbed doses (mGy=100 mAs mGy) and effective doses (mSv=100 mAs mGy) based on tissue weighting factors from either ICRP 60 (ED60) or ICRP 103

(E103) for the newborn, 1-year, 5-year, 10-year, and 15-year male and female reference phantoms for chest-abdomen-pelvis (CAP) examinations at tube potentials of 80, 100, and 120 kVp.

CAP scan Newborna 1-yeara 5-yeara 10-yeara 15-year female 15-year-male

Tube potential (kVp) 80 kVp 100 kVp 120 kVp 80 kVp 100 kVp 120 kVp 80 kVp 100 kVp 120 kVp 80 kVp 100 kVp 120 kVp 80 kVp 100 kVp 120 kVp 80 kVp 100 kVp 120 kVp

Brain 0.042 0.046 0.051 0.022 0.025 0.030 0.015 0.019 0.023 0.015 0.018 0.023 0.009 0.011 0.014 0.007 0.009 0.012

Pituitary gland 0.041 0.044 0.056 0.022 0.027 0.032 0.010 0.015 0.016 0.011 0.013 0.018 0.007 0.009 0.011 0.005 0.007 0.009

Lens 0.042 0.049 0.052 0.016 0.020 0.024 0.009 0.012 0.014 0.008 0.011 0.015 0.005 0.007 0.010 0.010 0.011 0.014

Eye balls 0.047 0.050 0.057 0.016 0.019 0.025 0.010 0.012 0.015 0.010 0.012 0.015 0.006 0.008 0.010 0.007 0.008 0.010

Salivary glands 0.685 0.688 0.704 0.140 0.148 0.160 0.078 0.085 0.095 0.073 0.082 0.093 0.041 0.047 0.054 0.034 0.040 0.047

Oral cavity 0.313 0.321 0.336 0.086 0.094 0.104 0.051 0.057 0.067 0.044 0.052 0.061 0.044 0.051 0.060 0.034 0.041 0.048

Spinal cord 1.005 1.016 1.066 0.796 0.832 0.890 0.647 0.705 0.792 0.410 0.456 0.519 0.356 0.409 0.478 0.317 0.363 0.419

Thyroid 1.201 1.190 1.207 1.012 1.019 1.054 1.007 1.000 1.001 0.786 0.782 0.792 0.576 0.587 0.609 0.516 0.533 0.559

Esophagus 0.961 0.990 1.045 0.782 0.824 0.890 0.685 0.734 0.810 0.554 0.615 0.708 0.452 0.515 0.596 0.418 0.479 0.560

Trachea 0.977 1.004 1.046 0.894 0.913 0.973 0.838 0.865 0.923 0.613 0.660 0.737 0.544 0.600 0.675 0.495 0.546 0.621

Thymus 1.036 1.044 1.076 0.930 0.960 1.019 0.906 0.933 0.981 0.677 0.732 0.810 0.597 0.650 0.724 0.529 0.586 0.669

Lungs 1.123 1.131 1.159 1.074 1.091 1.127 0.911 0.943 0.992 0.777 0.824 0.889 0.622 0.673 0.739 0.597 0.650 0.720

Breast 1.106 1.074 1.079 0.855 0.868 0.897 0.788 0.798 0.836 0.675 0.695 0.725 0.605 0.627 0.660 0.587 0.612 0.648

Heart wall 1.167 1.173 1.203 1.066 1.092 1.144 0.949 0.990 1.050 0.785 0.843 0.925 0.667 0.723 0.798 0.637 0.700 0.783

Stomach wall 1.126 1.143 1.185 0.944 0.987 1.053 0.870 0.917 0.984 0.740 0.802 0.887 0.697 0.753 0.829 0.565 0.628 0.710

Liver 1.184 1.191 1.222 1.006 1.042 1.093 0.883 0.933 0.999 0.764 0.822 0.898 0.696 0.756 0.834 0.600 0.666 0.748

Gall bladder 1.039 1.058 1.105 0.883 0.939 1.022 0.793 0.864 0.943 0.695 0.763 0.855 0.562 0.641 0.744 0.478 0.556 0.655

Adrenals 1.006 1.030 1.082 0.869 0.912 0.980 0.744 0.805 0.886 0.612 0.676 0.764 0.512 0.588 0.683 0.462 0.535 0.626

Spleen 1.176 1.176 1.202 1.063 1.078 1.114 0.902 0.941 0.990 0.812 0.852 0.909 0.729 0.764 0.818 0.625 0.667 0.727

Pancreas 1.118 1.131 1.170 0.923 0.965 1.034 0.811 0.870 0.957 0.634 0.713 0.816 0.563 0.639 0.738 0.434 0.506 0.600

Kidney 1.149 1.157 1.192 1.049 1.100 1.174 0.927 0.997 1.089 0.797 0.863 0.954 0.713 0.779 0.867 0.562 0.636 0.729

Small intestine wall 1.115 1.124 1.155 0.899 0.943 1.006 0.865 0.914 0.985 0.695 0.759 0.848 0.638 0.702 0.784 0.467 0.537 0.626

Colon wall 1.185 1.174 1.183 0.981 1.010 1.053 0.974 0.997 1.037 0.837 0.873 0.926 0.830 0.858 0.898 0.592 0.648 0.719

Rectosigmoid wall 0.951 0.970 1.019 0.704 0.749 0.817 0.659 0.711 0.786 0.505 0.565 0.648 0.400 0.459 0.535 0.336 0.381 0.440

Urinary bladder wall 1.058 1.050 1.051 0.812 0.850 0.914 0.867 0.895 0.936 0.543 0.590 0.656 0.348 0.391 0.449 0.278 0.322 0.377

Prostateb 0.668 0.673 0.695 0.457 0.475 0.516 0.211 0.231 0.259 0.126 0.155 0.182 NAd NA NA 0.060 0.074 0.094

Uterusb 0.900 0.923 0.961 0.680 0.729 0.807 0.620 0.684 0.772 0.474 0.543 0.635 0.336 0.396 0.475 NA NA NA

Testesb 0.144 0.146 0.157 0.166 0.172 0.183 0.127 0.138 0.155 0.056 0.067 0.082 NA NA NA 0.054 0.067 0.083

Ovariesb 0.940 0.967 1.005 0.837 0.879 0.949 0.755 0.804 0.888 0.554 0.622 0.721 0.439 0.503 0.587 NA NA NA

Skin 0.673 0.652 0.637 0.521 0.511 0.504 0.418 0.414 0.412 0.369 0.368 0.368 0.306 0.305 0.305 0.302 0.301 0.302

Muscle 0.884 0.880 0.890 0.567 0.588 0.623 0.442 0.462 0.492 0.306 0.321 0.343 0.326 0.343 0.369 0.292 0.307 0.328

Active marrow 0.505 0.542 0.600 0.455 0.500 0.567 0.283 0.325 0.386 0.308 0.360 0.435 0.302 0.361 0.443 0.259 0.310 0.383

Shallow marrow 0.558 0.592 0.644 0.620 0.676 0.754 0.461 0.517 0.590 0.362 0.415 0.485 0.285 0.332 0.394 0.225 0.264 0.314

ED60
c 0.908 0.917 0.946 0.782 0.821 0.871 0.699 0.732 0.792 0.576 0.619 0.689 0.473 0.518 0.576

ED103
c 0.936 0.942 0.969 0.790 0.818 0.865 0.705 0.736 0.785 0.591 0.632 0.691 0.487 0.531 0.589

aGender-independent organ doses for newborn, 1-year, 5-year, and 10-year phantoms were tabulated from male phantom since male and female phantoms have identical anatomy except gender-specific organs.
bGender-specific organ doses were calculated separately from male and female phantoms.
cEffective doses were calculated using male and female organ doses as recommended by ICRP. Effective dose for 15-year phantoms was tabulated in 15-year female columns.
dMale organ doses are not available (NA) for 15-year female phantom. Female organ doses are not available for 15-year male phantom.
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TABLE VII. Organ absorbed doses (mGy=100 mAs) and effective doses (mSv=100 mAs) for newborn, 1-year, 5-year, 10-year, and 15-year male and female reference phantoms for head CT examinations using the

Siemens SOMATOM Sensation 16 scanner model at tube potentials of 80, 100, and 120 kVp. The significant digits of table entries reflect the precision of the Monte Carlo calculations. Organ doses less than 0.1

mGy=100 mAs are not tabulated (indicated by a hyphen).

Head scan Newborna 1-yeara 5-yeara 10-yeara 15-year female 15-year-male

Tube potential (kVp) 80 kVp 100 kVp 120 kVp 80 kVp 100 kVp 120 kVp 80 kVp 100 kVp 120 kVp 80kVp 100 kVp 120 kVp 80 kVp 100 kVp 120 kVp 80 kVp 100 kVp 120 kVp

Brain 6.2 11.1 15.8 5.0 9.3 13.9 4.3 8.3 12.8 4.2 8.1 12.5 4.0 7.8 12.1 3.8 7.4 11.6

Pituitary gland 5.3 9.8 14.7 3.8 7.7 12.2 3.9 7.6 11.8 3.7 7.3 11.5 3.6 7.3 11.7 3.0 6.5 10.6

Lens 6.8 11.5 15.9 6.0 10.3 14.1 5.7 10.0 13.8 5.4 9.5 13.3 6.1 10.7 14.9 5.8 10.1 14.0

Eye balls 6.3 11.0 15.4 6.0 10.6 14.8 5.4 9.7 13.9 5.2 9.4 13.5 5.4 9.8 14.0 5.4 9.7 13.8

Salivary glands 3.3 5.9 8.6 2.7 5.0 7.5 4.2 7.8 11.6 3.7 6.9 10.2 4.1 7.7 11.5 4.2 7.9 11.9

Oral cavity 2.2 4.1 6.0 4.0 7.6 11.7 3.8 7.4 11.7 3.6 7.0 10.9 2.6 5.2 8.3 2.6 5.1 8.1

Spinal cord 0.3 0.5 0.8 0.3 0.6 0.9 0.4 0.7 1.1 0.2 0.3 0.5 0.6 1.2 1.9 0.7 1.4 2.2

Thyroid 1.0 1.8 2.6 0.6 1.2 1.8 0.5 1.0 1.6 0.4 0.8 1.3 0.3 0.5 0.9 0.2 0.5 0.8

Esophagus 0.3 0.5 0.8 0.4 0.8 1.3 0.2 0.5 0.8 0.1 0.3 0.5 0.1 0.2 0.3 0.1 0.2 0.3

Trachea 0.4 0.7 1.1 0.5 1.0 1.7 0.3 0.6 1.0 0.2 0.4 0.7 0.1 0.2 0.4 0.1 0.3 0.5

Thymus 0.3 0.6 0.9 0.3 0.5 0.8 0.2 0.3 0.6 0.1 0.2 0.4 0.1 0.2 0.4 0.1 0.2 0.3

Lungs 0.2 0.4 0.6 0.2 0.3 0.5 0.1 0.3 0.5 0.1 0.1 0.3 – 0.1 0.2 – 0.1 0.2

Breast 0.1 0.2 0.3 0.1 0.1 0.2 0.0 0.1 0.1 – – 0.1 – – – – – –

Heart wall 0.2 0.3 0.5 0.1 0.2 0.4 0.1 0.2 0.3 – 0.1 0.2 – 0.1 0.1 – – 0.1

Stomach wall – 0.1 0.2 – 0.1 0.1 – – 0.1 – – – – – – – – –

Liver 0.1 0.2 0.2 – 0.1 0.2 – 0.1 0.1 – – – – – – – – –

Gall bladder – 0.1 0.1 – – 0.1 – – – – – – – – – – – –

Adrenals 0.1 0.1 0.2 0.1 0.1 0.2 – 0.1 0.1 – – – – – – – – –

Spleen 0.1 0.1 0.2 – 0.1 0.2 – 0.1 0.1 – – – – – – – – –

Pancreas – 0.1 0.2 – – 0.1 – – – – – – – – – – – –

Kidney – 0.1 0.1 – 0.1 0.1 – – 0.1 – – – – – – – – –

Small intestine wall – – 0.1 – – – – – – – – – – – – – – –

Colon wall – 0.1 0.1 – – – – – – – – – – – – – – –

Rectosigmoid wall – – 0.1 – – – – – – – – – – – – – – –

Urinary bladder wall – – – – – – – – – – – – – – – – – –

Prostateb – – – – – – – – – – – – NAd NA NA – – –

Uterusb – – – – – – – – – – – – – – – NA NA NA

Testesb – – – – – – – – – – – – NA NA NA – – –

Ovariesb – – – – – – – – – – – – – – – NA NA NA

Skin 1.4 2.5 3.3 1.2 2.1 2.9 0.8 1.5 2.1 0.6 1.0 1.4 0.5 0.8 1.1 0.4 0.7 1.0

Muscle 0.3 0.6 0.8 0.2 0.3 0.5 0.1 0.1 0.2 0.1 0.2 0.2 0.1 0.2 0.2 0.1 0.1 0.2

Active marrow 1.6 3.0 4.7 1.8 3.5 5.5 1.4 2.9 4.7 0.8 1.6 2.5 0.5 0.9 1.5 0.5 1.0 1.7

Shallow marrow 2.6 4.9 7.5 1.4 2.8 4.4 1.3 2.6 4.2 0.8 1.7 2.7 0.6 1.3 2.1 0.7 1.3 2.2

ED60
c 0.5 0.9 1.4 0.5 0.9 1.4 0.4 0.7 1.2 0.3 0.5 0.8 0.2 0.4 0.6

ED103
c 0.5 0.8 1.3 0.4 0.8 1.3 0.4 0.7 1.2 0.3 0.5 0.8 0.2 0.4 0.6

aGender-independent organ doses for newborn, 1-year, 5-year, and 10-year phantoms were tabulated from male phantom since male and female phantoms have identical anatomy except gender-specific organs.
bGender-specific organ doses were calculated separatelyfrom male and female phantoms.
cEffective doses were calculated using male and female organ doses as recommended by ICRP. Effective dose for 15-year phantoms was tabulated in 15-year female columns.
dMale organ doses are not available (NA) for 15-yearfemale phantom. Female organ doses are not available for 15-year male phantom.

2
1
3
8

L
e
e

e
t

a
l.:

P
e
d

ia
tric

o
rg

a
n

d
o

s
e

fo
r

c
o

m
p

u
te

d
to

m
o

g
ra

p
h

y
2
1
3
8

M
e
d

ic
a
l
P

h
y
s
ic

s
,
V

o
l.

3
9
,
N

o
.
4
,
A

p
ril

2
0
1
2



TABLE VIII. Organ absorbed doses (mGy=100 mAs) and effective doses (mSv=100 mAs) for newborn, 1-year, 5-year, 10-year, and 15-year male and female reference phantoms for chest CT examinations using the

Siemens SOMATOM Sensation 16 scanner model at tube potentials of 80, 100, and 120 kVp. The significant digits of table entries reflect the precision of the Monte Carlo calculations. Organ doses less than 0.1

mGy=100 mAs are not tabulated (indicated by a hyphen).

Chest scan Newborna 1-yeara 5-yeara 10-yeara 15-year female 15-year-male

Tube potential (kVp) 80 kVp 100 kVp 120 kVp 80 kVp 100 kVp 120 kVp 80 kVp 100 kVp 120 kVp 80 kVp 100 kVp 120 kVp 80 kVp 100 kVp 120 kVp 80 kVp 100 kVp 120 kVp

Brain 0.2 0.5 0.7 0.1 0.3 0.4 0.1 0.2 0.3 0.1 0.2 0.3 – 0.1 0.2 – 0.1 0.2

Pituitary gland 0.2 0.4 0.8 0.1 0.3 0.5 0.1 0.2 0.2 0.1 0.1 0.3 – 0.1 0.2 – 0.1 0.1

Lens 0.2 0.5 0.7 0.1 0.2 0.3 – 0.1 0.2 – 0.1 0.2 – 0.1 0.1 0.1 0.1 0.2

Eye balls 0.3 0.5 0.8 0.1 0.2 0.3 0.1 0.1 0.2 0.1 0.1 0.2 – 0.1 0.1 – 0.1 0.2

Salivary glands 4.1 7.3 10.4 0.8 1.5 2.3 0.5 0.9 1.4 0.4 0.9 1.4 0.2 0.5 0.8 0.2 0.4 0.7

Oral cavity 1.9 3.4 4.9 0.5 1.0 1.5 0.3 0.6 0.9 0.3 0.5 0.9 0.3 0.5 0.9 0.2 0.4 0.7

Spinal cord 4.5 8.0 11.7 3.0 5.6 8.3 2.3 4.5 6.9 1.0 2.0 3.1 1.4 2.9 4.7 0.9 1.9 3.1

Thyroid 7.3 12.7 17.9 6.1 10.8 15.5 6.1 10.7 14.9 4.8 8.4 11.8 3.5 6.3 9.1 3.1 5.7 8.3

Esophagus 5.6 10.2 15.0 4.6 8.5 12.7 3.9 7.4 11.3 3.2 6.2 9.8 2.6 5.2 8.3 2.4 4.9 7.9

Trachea 5.9 10.6 15.4 5.4 9.7 14.3 5.0 9.2 13.6 3.7 7.0 10.9 3.3 6.4 10.0 3.0 5.9 9.2

Thymus 6.2 11.0 15.8 5.5 10.1 14.8 5.4 9.9 14.4 4.1 7.8 11.9 3.6 7.0 10.8 3.2 6.3 9.9

Lungs 6.6 11.8 16.7 6.2 11.1 15.8 5.3 9.7 14.1 4.5 8.4 12.5 3.7 7.0 10.6 3.5 6.7 10.3

Breast 6.7 11.4 15.9 5.0 9.0 12.9 4.6 8.2 11.8 4.0 7.3 10.5 3.6 6.5 9.5 3.5 6.4 9.4

Heart wall 6.9 12.2 17.3 6.1 11.0 16.0 5.4 9.9 14.5 4.5 8.5 12.9 3.9 7.5 11.4 3.8 7.3 11.2

Stomach wall 5.0 9.0 12.9 2.9 5.4 7.9 2.1 4.0 5.9 1.4 2.8 4.4 1.9 3.6 5.5 1.2 2.5 3.9

Liver 5.8 10.3 14.7 3.7 6.7 9.8 2.7 5.1 7.5 2.4 4.7 7.1 2.5 4.8 7.3 1.9 3.6 5.7

Gall bladder 4.7 8.5 12.3 1.2 2.4 3.7 0.6 1.3 2.1 0.7 1.4 2.3 1.1 2.2 3.5 0.7 1.4 2.4

Adrenals 5.1 9.1 13.3 4.4 8.1 11.9 2.4 4.6 7.0 1.4 2.7 4.3 1.4 2.9 4.7 1.2 2.5 4.1

Spleen 6.4 11.2 15.8 5.0 8.9 12.7 2.7 5.0 7.3 1.8 3.4 5.2 2.4 4.5 6.7 1.5 3.0 4.5

Pancreas 3.9 7.0 10.1 0.8 1.6 2.5 0.5 1.1 1.8 0.5 1.1 1.8 0.5 1.1 1.8 0.4 0.8 1.4

Kidney 1.8 3.3 4.7 1.5 2.9 4.4 0.6 1.3 2.1 0.5 1.0 1.6 0.4 0.9 1.6 0.4 0.8 1.4

Small intestine wall 0.9 1.6 2.4 0.3 0.6 0.9 0.1 0.3 0.5 0.1 0.2 0.4 0.1 0.3 0.5 0.1 0.2 0.3

Colon wall 1.9 3.5 4.9 0.3 0.6 1.0 0.1 0.3 0.5 0.1 0.2 0.4 0.1 0.2 0.3 0.1 0.2 0.3

Rectosigmoid wall 0.3 0.6 1.0 0.1 0.2 0.3 – 0.1 0.1 – – 0.1 – – 0.1 – – –

Urinary bladder wall 0.2 0.4 0.6 0.1 0.1 0.2 – – 0.1 – – – – – – – – –

Prostateb 0.1 0.2 0.4 – 0.1 0.1 – – – – – – NAd NA NA – – –

Uterusb 0.2 0.4 0.6 0.1 0.2 0.2 – 0.1 0.1 – – – – – – NA NA NA

Testesb 0.1 0.1 0.2 – – 0.1 – – – – – – NA NA NA – – –

Ovariesb 0.3 0.6 1.0 0.1 0.2 0.3 – 0.1 0.1 – – – – – – NA NA NA

Skin 2.4 4.1 5.6 1.5 2.6 3.6 1.1 2.0 2.7 1.0 1.7 2.4 0.9 1.5 2.1 0.9 1.5 2.2

Muscle 2.7 4.7 6.6 1.5 2.8 4.1 1.2 2.1 3.2 0.7 1.4 2.0 0.9 1.7 2.5 0.7 1.4 2.0

Active marrow 2.3 4.3 6.5 1.8 3.4 5.2 0.9 1.8 3.0 0.9 1.8 3.0 0.8 1.6 2.7 0.7 1.6 2.6

Shallow marrow 2.5 4.7 7.1 2.3 4.3 6.6 1.5 3.0 4.7 1.1 2.2 3.6 0.8 1.6 2.6 0.7 1.4 2.3

ED60
c 3.4 6.1 8.7 2.5 4.5 6.5 2.0 3.6 5.4 1.6 3.0 4.6 1.4 2.7 4.1

ED103
c 3.9 6.9 9.9 2.8 5.1 7.4 2.3 4.2 6.1 1.9 3.5 5.3 1.6 3.0 4.6

aGender-independent organ doses for newborn, 1-year, 5-year, and 10-year phantoms were tabulated from male phantom since male and female phantoms have identical anatomy except gender-specific organs.
bGender-specific organ doses were calculated separatelyfrom male and female phantoms.
cEffective doses were calculated using male and female organ doses as recommended by ICRP. Effective dose for 15-year phantoms was tabulated in 15-year female columns.
dMale organ doses are not available (NA) for 15-yearfemale phantom. Female organ doses are not available for 15-year male phantom.
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TABLE IX. Organ absorbed doses (mGy=100 mAs) and effective doses (mSv=100 mAs) for newborn, 1-year, 5-year, 10-year, and 15-year male and female reference phantoms for abdomen-pelvis CT examinations

using the Siemens SOMATOM Sensation 16 scanner model at tube potentials of 80, 100, and 120 kVp. The significant digits of table entries reflect the precision of the Monte Carlo calculations. Organ doses less than

0.1 mGy=100 mAs are not tabulated (indicated by a hyphen).

Abdomen-pelvis scan Newborna 1-yeara 5-yeara 10-yeara 15-year Female 15-year-Male

Tube Potential (kVp) 80 kVp 100 kVp 120 kVp 80 kVp 100 kVp 120 kVp 80 kVp 100 kVp 120 kVp 80 kVp 100 kVp 120 kVp 80 kVp 100 kVp 120 kVp 80 kVp 100 kVp 120 kVp

Brain 0.1 0.2 0.2 – 0.1 0.1 – – 0.1 – – – – – – – – –

Pituitary gland – 0.1 0.2 – 0.1 0.1 – – – – – – – – – – – –

Lens 0.1 0.2 0.2 – 0.1 0.1 – – 0.1 – – – – – – – – –

Eye balls 0.1 0.2 0.3 – 0.1 0.1 – – 0.1 – – – – – – – – –

Salivary glands 0.3 0.6 1.0 0.1 0.2 0.4 0.1 0.1 0.2 – 0.1 0.1 – – 0.1 – – –

Oral cavity 0.2 0.4 0.7 0.1 0.2 0.3 – 0.1 0.2 – – 0.1 – – 0.1 – – –

Spinal cord 4.0 7.2 10.5 3.1 5.8 8.6 2.5 4.8 7.5 1.8 3.6 5.7 1.1 2.3 3.8 1.4 2.8 4.4

Thyroid 0.4 0.8 1.2 0.3 0.6 1.0 0.2 0.3 0.5 0.1 0.2 0.3 0.1 0.1 0.2 0.0 0.1 0.2

Esophagus 2.9 5.3 7.7 1.3 2.4 3.7 1.3 2.6 4.1 0.9 1.9 3.1 0.9 1.8 3.0 0.7 1.5 2.5

Trachea 0.7 1.4 2.0 0.3 0.6 1.0 0.3 0.5 0.9 0.2 0.3 0.6 0.1 0.3 0.5 0.1 0.2 0.4

Thymus 0.9 1.6 2.5 0.6 1.2 1.9 0.4 0.8 1.3 0.2 0.5 0.8 0.1 0.3 0.5 0.1 0.2 0.4

Lungs 3.8 6.8 9.7 2.9 5.2 7.4 1.7 3.1 4.6 1.4 2.7 4.1 1.0 1.9 2.9 1.0 2.1 3.2

Breast 6.1 10.6 14.7 4.7 8.5 12.1 4.5 8.0 11.5 1.7 3.2 4.7 2.1 3.8 5.6 3.0 5.4 7.9

Heart wall 4.3 7.7 11.0 3.0 5.6 8.1 3.0 5.5 8.2 1.7 3.4 5.2 1.2 2.3 3.6 1.1 2.2 3.5

Stomach wall 6.6 11.8 17.0 5.3 9.8 14.5 5.0 9.3 13.8 4.2 8.1 12.4 4.0 7.6 11.6 3.3 6.4 9.9

Liver 6.8 12.1 17.1 5.7 10.4 15.1 5.0 9.3 13.8 4.2 8.0 12.1 3.9 7.5 11.4 3.4 6.7 10.3

Gall bladder 6.1 11.1 16.0 5.2 9.7 14.6 4.7 9.1 13.7 4.1 7.9 12.2 3.3 6.6 10.5 2.8 5.7 9.3

Adrenals 5.9 10.6 15.5 4.7 8.8 13.1 4.2 8.0 12.2 3.5 6.7 10.5 2.9 5.9 9.5 2.6 5.3 8.6

Spleen 6.8 12.0 17.0 6.0 10.7 15.3 5.1 9.5 13.8 4.7 8.6 12.7 4.2 7.8 11.4 3.6 6.8 10.2

Pancreas 6.6 11.9 17.0 5.5 10.1 15.0 4.8 9.1 13.9 3.7 7.4 11.7 3.3 6.7 10.7 2.6 5.3 8.7

Kidney 6.9 12.2 17.4 6.1 11.4 16.8 5.5 10.4 15.8 4.7 9.1 13.8 4.3 8.2 12.6 3.3 6.7 10.6

Small intestine wall 6.7 12.0 17.1 5.4 10.1 14.9 5.2 9.7 14.5 4.2 8.1 12.6 3.9 7.5 11.7 2.8 5.8 9.3

Colon wall 7.1 12.5 17.5 5.9 10.8 15.6 5.9 10.6 15.4 5.1 9.4 13.8 5.1 9.2 13.4 3.6 7.0 10.7

Rectosigmoid wall 5.8 10.4 15.2 4.3 8.0 12.2 3.7 7.1 10.9 3.1 6.1 9.7 2.4 4.9 8.0 2.0 4.1 6.6

Urinary bladder wall 6.4 11.3 15.7 4.9 9.1 13.7 4.5 8.2 12.0 3.3 6.4 9.8 2.1 4.2 6.7 1.7 3.5 5.7

Prostateb 4.1 7.2 10.4 2.8 5.1 7.7 0.9 1.8 2.8 0.8 1.7 2.7 NAd NA NA 0.4 0.8 1.4

Uterusb 5.4 9.9 14.3 4.1 7.8 12.0 3.6 7.0 11.1 2.9 5.9 9.5 2.0 4.3 7.1 NA NA NA

Testesb 0.9 1.6 2.3 1.0 1.8 2.7 0.6 1.1 1.8 0.3 0.7 1.2 NA NA NA 0.3 0.7 1.2

Ovariesb 5.7 10.4 14.9 5.1 9.4 14.1 4.4 8.3 12.8 3.4 6.7 10.8 2.7 5.4 8.8 NA NA NA

Skin 3.0 5.2 7.1 2.3 4.0 5.5 1.8 3.1 4.3 1.5 2.7 3.8 1.3 2.3 3.2 1.2 2.2 3.0

Muscle 4.4 7.8 10.9 2.6 4.9 7.2 2.0 3.7 5.4 1.4 2.5 3.8 1.4 2.6 3.9 1.3 2.4 3.6

Active marrow 1.8 3.5 5.4 1.7 3.3 5.3 1.0 2.1 3.5 1.2 2.5 4.2 1.3 2.7 4.7 1.0 2.2 3.8

Shallow marrow 2.0 3.8 5.7 2.3 4.5 7.0 1.6 3.2 5.1 1.3 2.7 4.5 1.1 2.4 3.9 0.8 1.8 3.0

ED60
c 4.4 7.8 11.2 3.6 6.7 9.8 3.1 5.7 8.7 2.5 4.7 7.4 2.1 4.1 6.3

ED103
c 4.5 8.0 11.4 3.6 6.6 9.7 3.1 5.8 8.6 2.4 4.6 7.0 2.1 4.1 6.3

aGender-independent organ doses for newborn, 1-year, 5-year, and 10-year phantoms were tabulated from male phantom since male and female phantoms have identical anatomy except gender-specific organs.
bGender-specific organ doses were calculated separatelyfrom male and female phantoms.
cEffective doses were calculated using male and female organ doses as recommended by ICRP. Effective dose for 15-year phantoms was tabulated in 15-year female columns.
dMale organ doses are not available (NA) for 15-yearfemale phantom. Female organ doses are not available for 15-year male phantom.
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TABLE X. Organ absorbed doses (mGy=100 mAs) and effective doses (mSv=100 mAs) for newborn, 1-year, 5-year, 10-year, and 15-year male and female reference phantoms for chest-abdomen-pelvis (CAP) CT

examinations using the Siemens SOMATOM Sensation 16 scanner model at tube potentials of 80, 100, and 120 kVp. The significant digits of table entries reflect the precision of the Monte Carlo calculations. Organ

doses less than 0.1 mGy=100 mAs are not tabulated (indicated by a hyphen).

CAP scan Newborna 1-yeara 5-yeara 10-yeara 15-year-Female 15-year-male

Tube potential (kVp) 80 kVp 100 kVp 120 kVp 80 kVp 100 kVp 120 kVp 80 kVp 100 kVp 120 kVp 80 kVp 100 kVp 120 kVp 80 kVp 100 kVp 120 kVp 80 kVp 100 kVp 120 kVp

Brain 0.3 0.5 0.8 0.1 0.3 0.5 0.1 0.2 0.3 0.1 0.2 0.3 0.1 0.1 0.2 – 0.1 0.2

Pituitary gland 0.3 0.5 0.8 0.1 0.3 0.5 0.1 0.2 0.2 0.1 0.1 0.3 – 0.1 0.2 – 0.1 0.1

Lens 0.3 0.5 0.8 0.1 0.2 0.4 0.1 0.1 0.2 – 0.1 0.2 – 0.1 0.2 0.1 0.1 0.2

Eye balls 0.3 0.5 0.9 0.1 0.2 0.4 0.1 0.1 0.2 0.1 0.1 0.2 – 0.1 0.2 – 0.1 0.2

Salivary glands 4.2 7.4 10.6 0.9 1.6 2.4 0.5 0.9 1.4 0.4 0.9 1.4 0.3 0.5 0.8 0.2 0.4 0.7

Oral cavity 1.9 3.5 5.0 0.5 1.0 1.6 0.3 0.6 1.0 0.3 0.6 0.9 0.3 0.6 0.9 0.2 0.4 0.7

Spinal cord 6.1 11.0 16.0 4.9 9.0 13.4 3.9 7.6 11.9 2.5 4.9 7.8 2.2 4.4 7.2 1.9 3.9 6.3

Thyroid 7.3 12.9 18.1 6.2 11.0 15.8 6.1 10.8 15.0 4.8 8.4 11.9 3.5 6.3 9.1 3.1 5.8 8.4

Esophagus 5.9 10.7 15.7 4.8 8.9 13.4 4.2 7.9 12.2 3.4 6.6 10.6 2.8 5.6 8.9 2.5 5.2 8.4

Trachea 6.0 10.8 15.7 5.5 9.9 14.6 5.1 9.3 13.8 3.7 7.1 11.1 3.3 6.5 10.1 3.0 5.9 9.3

Thymus 6.3 11.3 16.1 5.7 10.4 15.3 5.5 10.1 14.7 4.1 7.9 12.2 3.6 7.0 10.9 3.2 6.3 10.0

Lungs 6.9 12.2 17.4 6.6 11.8 16.9 5.6 10.2 14.9 4.7 8.9 13.3 3.8 7.3 11.1 3.6 7.0 10.8

Breast 6.7 11.6 16.2 5.2 9.4 13.5 4.8 8.6 12.5 4.1 7.5 10.9 3.7 6.8 9.9 3.6 6.6 9.7

Heart wall 7.1 12.7 18.0 6.5 11.8 17.2 5.8 10.7 15.8 4.8 9.1 13.9 4.1 7.8 12.0 3.9 7.6 11.7

Stomach wall 6.9 12.3 17.8 5.8 10.7 15.8 5.3 9.9 14.8 4.5 8.7 13.3 4.3 8.1 12.4 3.4 6.8 10.7

Liver 7.2 12.9 18.3 6.1 11.3 16.4 5.4 10.1 15.0 4.7 8.9 13.5 4.2 8.2 12.5 3.7 7.2 11.2

Gall bladder 6.3 11.4 16.6 5.4 10.1 15.3 4.8 9.3 14.1 4.2 8.2 12.8 3.4 6.9 11.2 2.9 6.0 9.8

Adrenals 6.1 11.1 16.2 5.3 9.8 14.7 4.5 8.7 13.3 3.7 7.3 11.5 3.1 6.4 10.2 2.8 5.8 9.4

Spleen 7.2 12.7 18.0 6.5 11.6 16.7 5.5 10.2 14.9 5.0 9.2 13.6 4.4 8.3 12.3 3.8 7.2 10.9

Pancreas 6.8 12.2 17.6 5.6 10.4 15.5 4.9 9.4 14.4 3.9 7.7 12.2 3.4 6.9 11.1 2.6 5.5 9.0

Kidney 7.0 12.5 17.9 6.4 11.9 17.6 5.7 10.8 16.3 4.9 9.3 14.3 4.3 8.4 13.0 3.4 6.9 10.9

Small intestine wall 6.8 12.1 17.3 5.5 10.2 15.1 5.3 9.9 14.8 4.2 8.2 12.7 3.9 7.6 11.8 2.8 5.8 9.4

Colon wall 7.2 12.7 17.7 6.0 10.9 15.8 5.9 10.8 15.6 5.1 9.4 13.9 5.1 9.3 13.5 3.6 7.0 10.8

Rectosigmoid wall 5.8 10.5 15.3 4.3 8.1 12.3 4.0 7.7 11.8 3.1 6.1 9.7 2.4 5.0 8.0 2.0 4.1 6.6

Urinary bladder wall 6.5 11.3 15.8 5.0 9.2 13.7 5.3 9.7 14.0 3.3 6.4 9.8 2.1 4.2 6.7 1.7 3.5 5.7

Prostateb 4.1 7.3 10.4 2.8 5.1 7.7 1.3 2.5 3.9 0.8 1.7 2.7 NAd NA NA 0.4 0.8 1.4

Uterusa 5.5 10.0 14.4 4.1 7.9 12.1 3.8 7.4 11.6 2.9 5.9 9.5 2.0 4.3 7.1 NA NA NA

Testesa 0.9 1.6 2.4 1.0 1.9 2.7 0.8 1.5 2.3 0.3 0.7 1.2 NA NA NA 0.3 0.7 1.2

Ovariesa 5.7 10.4 15.1 5.1 9.5 14.2 4.6 8.7 13.3 3.4 6.7 10.8 2.7 5.4 8.8 NA NA NA

Skin 4.1 7.0 9.6 3.2 5.5 7.6 2.5 4.5 6.2 2.3 4.0 5.5 1.9 3.3 4.6 1.8 3.3 4.5

Muscle 5.4 9.5 13.4 3.5 6.4 9.3 2.7 5.0 7.4 1.9 3.5 5.1 2.0 3.7 5.5 1.8 3.3 4.9

Active marrow 3.1 5.9 9.0 2.8 5.4 8.5 1.7 3.5 5.8 1.9 3.9 6.5 1.8 3.9 6.6 1.6 3.3 5.7

Shallow marrow 3.4 6.4 9.7 3.8 7.3 11.3 2.8 5.6 8.9 2.2 4.5 7.3 1.7 3.6 5.9 1.4 2.9 4.7

ED60
c 5.5 9.9 14.2 4.8 8.9 13.1 4.3 7.9 11.9 3.5 6.7 10.3 2.9 5.6 8.6

ED103
c 5.7 10.2 14.5 4.8 8.8 13.0 4.3 7.9 11.8 3.6 6.8 10.4 3.0 5.7 8.8

aGender-independent organ doses for newborn, 1-year, 5-year, and 10-year phantoms were tabulated from male phantom since male and female phantoms have identical anatomy except gender-specific organs.
bGender-specific organ doses were calculated separately from male and female phantoms.
cEffective doses were calculated using male and female organ doses as recommended by ICRP. Effective dose for 15-year phantoms was tabulated in 15-year female columns.
dMale organ doses are not available (NA) for 15-year female phantom. Female organ doses are not available for 15-year male phantom.
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four major scan types were calculated by using the CTDIvol

measurements (see Sec. II.D) and the normalized values

given in Tables III–VI. The resulting organ and effective

doses (mGy=100 mAs) for the newborn, 1, 5, 10, and 15-

year male and female phantoms were tabulated in Tables

VII–X for the tube potential of 80, 100, and 120 kVp. It

must be noted that the following analysis is valid under the

assumption that the same mAs is used even for different

body sizes.

In the head scan as shown in Table VII, brain and eye lens

receive significant doses. Brain and eye lens of the 15-year

male phantom receive 11.6 and 14.0 mGy=100mAs, respec-

tively, for the tube potential of 120 kVp. The brain of the

newborn receives 15.8 mGy=100 mAs at 120 kVp which is

1.4-fold greater than that seen in the 15-year male. As com-

pared to its value at 80 kVp, the ratio of brain doses in the

newborn to those of 15-year-old phantoms are 2.5- to 3-fold

greater at a tube potential of 120 kVp. Salivary gland dose

increases for the head scan at older ages, which is opposite to

that seen for other organs. If an organ is fully included within

the scan range (e.g., brain), the radiation incident to the organ

experiences greater attenuation in the older phantoms than in

younger phantoms which results in a lower organ dose in the

older phantoms. The higher salivary gland dose in older phan-

toms is partly caused by the increasing portion of salivary

glands included within the head scan. ED103 is shown to be

very comparable with ED60 across all tube potentials and

ages. ED60 is slightly greater than ED103 in the newborn and

1-year phantoms but ED60 for the 5, 10, and 15-year phantoms

is smaller than ED60. ICRP Publication 60 states that when a

single one of the remainder organs receives an equivalent

dose in excess of the highest dose in any of the twelve organs

for which a weighting factor is specified, a tissue weighting

factor of 0.025 should be applied to the organ and the value of

0.025 to the average dose in the rest of the remainder. This is

the case in the head examination in the CT scan which gives

the highest dose to brain among the organs to which tissue

weighting factors are given. Hence, the tissue weighting fac-

tors of 0.025 and 0.01 are assigned to brain according to ICRP

60 and ICRP 103, respectively, which results in higher ED60

than ED103 over all ages. However, since a new tissue weight-

ing factor of 0.01 is now assigned to the salivary glands within

which the absorbed dose changes from one half the brain dose

in the newborn to an equivalent value of the brain dose in 15-

year phantom, ED103 increases and becomes higher than ED60

in the phantoms at ages above 5 years.

The heart wall at all ages receives the greatest dose under

chest CT scans as given in Table VIII. The heart wall in the

newborn phantom receives 17.3 mGy=100mAs at 120 kVp

which is 1.5-fold greater than the heart wall dose in the 15-

year phantom. Lungs and thymus received slightly smaller

doses than seen for the heart wall. The ED103 is 1.14-fold

greater than the ED60 on average for different ages and tube

potentials. This is partly attributed to the increase of the tis-

sue weighting factor of the breast from 0.05 (ICRP 60) to

0.12 (ICRP 103).

As for the abdomen–pelvis scan in Table IX, kidneys and

colon receive the highest doses around 10.6 and 10.7 mGy=100

mAs (15-year male and 120 kVp), respectively, which are fol-

lowed by a group of organs receiving similar dose levels from

9 to 10 mGy=100 mAs (15-year male and 120 kVp): small

intestine, spleen, pancreas, gall bladder, stomach, and liver.

The two major organ groups in the newborn receive 17.4 (kid-

ney) and 17.5 (colon), respectively. The ED60 is almost compa-

rable with ED103 in the abdomen–pelvis scans since the

FIG. 2. The comparison of organ doses normalized by CTDIvol for (a) head

scan (brain, thyroid, and active marrow), (b) chest scan (lung, kidney, and

breast), and (c) abdomen=pelvis scan (colon, liver, and urinary bladder)

between the CT-Expo and the NCI calculations.
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TABLE XI. Comparison of major organ doses (mGy=100 mAs mGy) for the organs completely included in the abdomen=pelvis scan as derived by empirical

correlation with patient abdominal circumference (Turner et al.) and as calculated from the organ dose matrix of the present study.

Regression coefficients Age (year)

Organs A0 B0 0 1 5 10 15F 15M

Turner et al. Liver 3.8240 �0.0120 2.45 2.02 1.91 1.63 1.41 1.33

Stomach 3.7800 �0.0113 2.49 2.08 1.96 1.69 1.48 1.40

Adrenals 4.0290 �0.0128 2.51 2.04 1.92 1.62 1.39 1.31

Kidney 3.9690 �0.0124 2.51 2.06 1.93 1.65 1.42 1.33

Pancreas 3.7150 �0.0122 2.37 1.95 1.83 1.56 1.35 1.27

Spleen 3.5140 �0.0111 2.33 1.95 1.85 1.60 1.40 1.32

Gall bladder 3.9940 �0.0115 2.61 2.17 2.05 1.77 1.54 1.45

Our study Liver 2.30 2.03 1.85 1.62 1.53 1.38

Stomach 2.28 1.95 1.85 1.66 1.56 1.33

Adrenals 2.07 1.75 1.64 1.41 1.27 1.16

Kidney 2.34 2.26 2.12 1.86 1.70 1.42

Pancreas 2.28 2.01 1.87 1.57 1.43 1.16

Spleen 2.28 2.06 1.85 1.70 1.54 1.37

Gall bladder 2.15 1.97 1.84 1.64 1.41 1.25

TABLE XII. Comparison of effective doses normalized to dose length product (DLP) (mSv/mGy cm) as given by Shrimpton et al. and as calculated using the

dose matrix of the present study under either ICRP 60 or ICRP 103 tissue weighting factors.

Age (year)

Scan type kVp 0 1 5 10 15 30

Shrimpton et al.a Head 120 0.0110 0.0067 0.0040 0.0032 0.0021

Chest 0.0390 0.0260 0.0180 0.0130 0.0140

Abdomen/peivls 0.0490 0.0300 0.0200 0.0150 0.0150

Trunk 0.0440 0.0280 0.0190 0.0140 0.0150

NCI ED60 Head 80 0.0084 0.0049 0.0033 0.0023 0.0016 0.0013

100 0.0085 0.0054 0.0037 0.0026 0.0018 0.0015

120 0.0092 0.0060 0.0043 0.0029 0.0021 0.0017

Chest 80 0.0428 0.0268 0.0190 0.0126 0.0087 0.0168

100 0.0432 0.0277 0.0198 0.0134 0.0096 0.0180

120 0.0446 0.0291 0.0210 0.0146 0.0106 0.0186

Abdomen=Pelvis 80 0.0447 0.0283 0.0193 0.0122 0.0093 0.0195

100 0.0451 0.0294 0.0203 0.0132 0.0102 0.0210

120 0.0465 0.0313 0.0222 0.0149 0.0114 0.0219

CAP 80 0.0413 0.0261 0.0184 0.0120 0.0087 0.0155

100 0.0417 0.0274 0.0193 0.0129 0.0095 0.0168

120 0.0430 0.0290 0.0208 0.0144 0.0106 0.0175

NCI ED103 Head 80 0.0075 0.0048 0.0034 0.0023 0.0017 0.0013

100 0.0079 0.0052 0.0038 0.0026 0.0019 0.0015

120 0.0086 0.0058 0.0043 0.0029 0.0022 0.0017

Chest 80 0.0492 0.0306 0.0219 0.0146 0.0103 0.0191

100 0.0494 0.0315 0.0227 0.0155 0.0110 0.0203

120 0.0508 0.0330 0.0240 0.0168 0.0121 0.0210

Abdomen=pelvis 80 0.0460 0.0281 0.0198 0.0120 0.0094 0.0159

100 0.0463 0.0292 0.0207 0.0129 0.0103 0.0172

120 0.0475 0.0309 0.0221 0.0142 0.0114 0.0179

CAP 80 0.0425 0.0263 0.0186 0.0123 0.0089 0.0162

100 0.0428 0.0273 0.0194 0.0132 0.0097 0.0173

120 0.0440 0.0288 0.0207 0.0144 0.0108 0.0180

aTissue weighting factors in ICRP60 were adopted to calculate effective doses in Shrimpton et al.
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effective dose increase caused by the change in the breast tissue

weighting factor (0.05 of ICRP60 to 0.12 of ICRP103) is com-

pensated by the decrease of the gonadal tissue weighting factor

(0.2 of ICRP60 to 0.08 of ICRP103). A similar trend of ED60

and ED103 is also observed in the organ doses for the CAP scan

tabulated in Table X where breast and gonad doses majorly

contribute to the effective dose.

III.C. Comparison of pediatric organ doses with other
data

III.C.1. Comparison with CT-Expo

The selected organ doses were compared with the values

obtained from CT-Expo. It is very difficult to define scan

start, scan end, and scan range in the pediatric phantoms of

CT-Expo using their anatomical landmarks. Although the 2-

month and 7-year-old GSF voxel phantoms were used in the

dose calculation, the program provides only a graphical dis-

play of stylized organ anatomy for users to define the scan

range.12 Thus, the stylistic diagram in the CT-Expo was used

to define the scan ranges since the anatomy of the original

voxel phantoms is not available. Scan ranges for head, chest,

and abdomen–pelvis studies were defined in the CT-Expo by

using the identical anatomical landmarks used in the NCI

calculations (see Sec. II.D). The scan range in the CT-Expo

program for head, chest, abdominalpelvis, and CAP exami-

nations was defined as from the top of the head to the bottom

of the cranium (surrogate for 2nd cervical vertebra), from

the top of the trunk (surrogate for the clavicles) to the middle

of the liver, and from the top of the liver to the bottom of the

pelvis (surrogate for the to the midfemoral head), respec-

tively. The dose comparison is depicted in Fig. 2.

As for the head scan, the organ doses for brain, thyroid,

and active marrow were compared between our study

(denoted as NCI in the graphs) and CT-Expo. Although brain

and thyroid doses show no significant differences as in

Fig. 2(a), active marrow dose in 7-year child in CT-expo is

almost half of the value from the NCI calculation. In case of

the chest scan shown in Fig. 2(b), lung doses do not show a

significant difference between the NCI calculations and the

CT-Expo results, whereas the doses to the breasts and kid-

neys are substantially different especially for the 7-year-old

child. The breasts and kidneys of the 7-year-old child in the

CT-Expo receive 1.5-fold and 2.9-fold greater dose than

those for the 7-year-old child, respectively, which can be

interpolated from the 5- and 10-year-old phantoms. Figure

2(c) shows the comparison of the doses to colon, liver, and

urinary bladder in the abdomen–pelvis scan between the

FIG. 3. Comparison of effective dose normalized to DLP (mSv=mGy cm) for pediatric and adult reference individuals undergoing (a) head, (b) chest, (c) abdo-

men=pelvis, and (d) CAP scans between Shrimpton et al. and the calculations in this study.
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NCI calculations and CT-Expo. Although colon and liver do

not show significant differences, urinary bladder of the 7-

year-old child in CT-Expo received around 1.3-fold greater

dose than seen in the NCI calculations. The discrepancies

observed in the chest and abdomen–pelvis scans are likely

attributed to the difficulties in correctly defining the scan

ranges within the CT-Expo.

III.C.2. Comparison with organ doses derived from
circumference

The absorbed doses to selected organs were also calcu-

lated using the regression coefficients provided in Turner

et al.24 These values were compared with those calculated

from our study as tabulated in Table XI. For the liver, stom-

ach, pancreas, and spleen in each pediatric phantom, the

doses calculated using the Turner et al. method fell within

10% of those explicitly calculated in this study. The kidney

doses remained within 10% for all phantoms except for the

10-year-old and 15-year-old female, which had percent

differences of 11.3% and 16.5%, respectively. The greatest

differences were seen in the adrenals and gall bladder doses,

which were all overestimated by the Turner method for

every phantom, especially in the newborn. For the newborn,

the percent differences from the explicitly calculated adre-

nals and gall bladder doses rose to 21%. Overall, the data

seem to support that the reference body sizes corresponding

to the age of the phantoms acceptably follows the correlation

between the body circumference and the organ dose. How-

ever, the method is only valid for abdomen–pelvis scans.

III.C.3. Comparison with the existing DLP-to-effective
dose conversion coefficients

The effective doses, ED60 and ED103, calculated in this

study were normalized to the DLP and compared with the

existing DLP-to-effective dose conversion coefficients based

on the tissue weighting factors from ICRP 60 and derived

from stylized phantoms.25 The comparison is tabulated in

Table XII and also depicted in Fig. 3. When ED60 from this

study was compared with the existing coefficients, the overall

trend showed that the existing conversion coefficients tended

to be smaller than the normalized effective doses from the

present study for all examinations except head scans where

the existing coefficients are up to 1.17 fold greater than those

in this study (the one exception being the 5-year-old phan-

tom). The abdomen–pelvis exam coefficients differed greatest

from those calculated in this study over all phantom ages: our

coefficient is up to 1.5 fold greater than the published values.

Overall, the coefficients most poorly matched were those of

the adult phantoms. The majority of these differences can eas-

ily be attributed to the vast differences in anatomical accuracy

between the stylized phantoms used in the Shrimpton et al.
study and the hybrid phantoms used in the present study. Sim-

ilar to the Turner et al. method, the use of the Shrimpton coef-

ficients could potentially be used for quick, less accurate

effective dose estimations for certain cases. However, based

on the data in this study, these coefficients would be inadvis-

able especially for chest exams and for adult patients.

IV. CONCLUSIONS

A comprehensive organ=effective dose database was

established using Monte Carlo simulation of a CT scanner

and a series of computational reference human phantoms

ranging from newborn to 15-year-old male and female. The

database covers a total of 33 organs and tissues including

active marrow, three tube potentials (80, 100, and 120 kVp),

and both head and body filters. The comparisons of our

results with the three independent existing studies reveal that

use of phantoms with realistic anatomy is crucial to

improved accuracy in CT organ dosimetry. The 5D organ

dose matrix developed in this study is the first organ-specific

pediatric CT scan database based on a series of realistic pe-

diatric hybrid phantoms that are compliant with the organ

mass and body sizes reported by the ICRP.

Nevertheless, there are a couple of limitations in this

study which should be taken care of in the future. We did

not account for the variation of the body size even within

the patients of the same age. A library of phantoms with

different body sizes which is feasible by using hybrid phan-

tom technique will be incorporated into the database to take

this variation into account in the future. Some components

within the Eq. (1) must be verified such as the estimation of

the dose from helical scan by the summation of the dose

from axial scans. Although the organ dose data can be uti-

lized for basic CT imaging techniques, more recent technol-

ogies such as tube current modulation,26–28 dual source

scanning,29 and the collimation other than 10 mm were not

included in the dose calculation. A series of further model-

ing and dose calculations will be incorporated into the

organ dose matrix to better account for these different imag-

ing techniques.

Organ- or tissue-specific estimated doses for large numbers

of exposed individuals are essential for epidemiologic studies

of radiation exposure to CT examinations and provide the crit-

ical data required for modeling radiation dose response. In

many cases, the near-field organs and tissues are of particular

interest in the epidemiologic studies. The organ dose database

developed in this study is very unique tool for the epidemio-

logic studies, of which features cannot be provided by any

existing data or software programs. The organ dose database

established for pediatric phantoms is being coupled with the

adult organ dose database recently published to develop a

user-friendly computer program that will enable rapid esti-

mates of organ and effective dose doses for patients of any

age, gender, examination types, and CT scanner model.
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