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Eval u at ing the ra di a tion dose of tar get or gans of a lab o ra tory mouse re quires a glass do sim e -
ter to be sur gi cally in serted at the ir ra di ated lo ca tion. How ever, pre cisely in sert ing the glass
do sim e ter at the same lo ca tion in dif fer ent mice is rarely achieved, re duc ing the re li abil ity of
the mea sured ra di a tion dose. To ad dress this lim i ta tion, 3-D mouse phan tom was de vel oped
us ing com puted to mog ra phy scan ning and 3-D print ing tech nol ogy. The ra di a tion dose of
tar get or gans was as sessed us ing four mouse mod els: lab o ra tory mouse, 3-D mouse phan tom, 
Monte Carlo N-Par ti cle (MCNP) 3-D phan tom, and MCNP sim u la tion. In all the ex per i -
ments, the brain, heart, lungs, and ab do men were ir ra di ated with 100 mGy of mea sured air
kerma at a 6 mGyh–1 air kerma rate. A small vol ume glass do sim e ter was in serted into the
mouse mod els to as sess the ra di a tion dose, and the re li abil ity of the glass do sim e ter read ing
sys tem was eval u ated us ing the dose-re sponse curves. The dose val ues of the lab o ra tory mouse 
and 3-D-printed mouse phan tom were found to dif fer by up to 3.3 %. This study pro vides a
method to ac cu rately mea sure the ra di a tion dose to tar get or gans, en hanc ing the re li abil ity of
pre-ex per i ments.
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IN TRO DUC TION

Ow ing to the re cent in crease in the uti li za tion of
3-D print ers, re search on the use of out put ma te ri als and
prod ucts is be ing in creas ingly con ducted in the med i cal
field. Al though many stud ies em ploy 3-D- printed mice,
no re search has been found on ra di a tion dose eval u a tion
of tar get or gans in mice with a non-break able trace abil ity
ret ro spec tive as sess ment chain. In this study, a re al is tic
3-D mouse phan tom was cre ated us ing com puted to -
mog ra phy (CT) scan ning and 3-D print ing tech niques
[1-3]. The CT was used to cap ture the in ter nal or gans of
the lab o ra tory mouse to pro duce the 3-D phan tom [4-7].
The 3-D mouse phan tom was 3-D printed us ing
acrylonitrile bu ta diene sty rene (ABS), a ma te rial that is
ac tively used as a tis sue equiv a lent. The ra di a tion dose of
tar get or gans was as sessed us ing four mouse mod els:
lab o ra tory mouse, 3-D mouse phan tom, Monte Carlo
N-par ti cle (MCNP) 3-D phan tom, and MCNP sim u la -
tion. Ex per i ments were per formed at the Dongnam In sti -
tute of Ra dio log i cal and Med i cal Sci ences (DIRAMS),
an in ter na tion ally ac cred ited cal i bra tion and test ing lab o -
ra tory that be longs to the Ko rea Lab o ra tory Ac cred i ta -
tion Scheme (KOLAS). The ab sorbed ra di a tion dose of

the four mouse mod els was eval u ated us ing the trace abil -
ity of the cal i brated ion cham ber at the Ko rea Re search
In sti tute of Stan dards and Sci ence (KRISS). A to tal of
100 mGy was ir ra di ated us ing a 137Cs gamma ra di a tion
field at a bi o log i cally low dose rate of 6 mGyh–1 to eval u -
ate the dose ir ra di ated in side the mouse mod els with a ra -
dio photo-lu mi nes cent (RPL) glass do sim e ter and read -
ing sys tem [8-10]. The ra di a tion dose in tar get or gans
was as sessed and com pared in the 3-D mouse phan tom,
MCNP 3-D phan tom, MCNP sim u la tion, and lab o ra tory
mouse.

MA TE RI ALS AND METH ODS

This study con ducted dose as sess ments of in ter -
nal or gans on four mouse mod els: lab o ra tory mouse,
3-D mouse phan tom, MCNP 3-D phan tom, and MCNP
sim u la tion. The tar get or gans for dose eval u a tion were
the brain, heart, lungs (left and right), and ab do men, as
well as or gans that can con firm the ef fect of ra di a tion at -
ten u a tion in tis sues. The lab o ra tory mouse was dis -
sected, and glass do sim e ters were in serted into each tar -
get or gan lo ca tions for ir ra di ated dose as sess ments by
gamma ra di a tion which was emit ted at 662 keV from
137Cs source of each tar get or gan.
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To pro duce the 3-D mouse phan tom, a 25.15 g lab -
o ra tory mouse was CT scanned (Light SpeedTMRT16,
GE Healthcare) in the T-B di rec tion at 1.25 mm, P-A, and 
L-R di rec tion at 2.5 mm in ter vals of a 512 ma trix. Us ing
the MIM ICS soft ware, a soft ware used for 3-D print ing,
the cap tured DICOM im ages were bound by con tour dif -
fer ences in the to tal body, brain, heart, lungs (left and
right), and ab do men and were trans formed into an STL
out put file state ment [11]. A CT reader ex pert man u ally
dis tin guished   each  mouse  or gan  from  the  DICOM
file. Each or gan was made with a cyl in der-shaped hole
(0.3 mm in di am e ter and 9.7 mm long) to in sert a glass
do sim e ter (GD-301, Asahi Techno Glass) for dose as -
sess ment in the STL file, as shown in fig. 1. For the lung,
a 0.3 gcm–3 vol ume was ap plied by phys i cally cre at ing

an in ter nal space for den sity in the 3-D print ing pro cess.
When a glass do sim e ter was in serted, its vol ume oc cu -
pied the en tire in ter nal lung space, there fore, the ef fect of
lung den sity was neg li gi ble in as sess ing the ra di a tion
dose. The 3-D printed mouse phan tom was as sem bled
for glass do sim e ter in ser tion, and a cross sec tion was
made at a per pen dic u lar in the beam di rec tion from the
cen tre of glass do sim e ter po si tion.

The 3-D phan tom was made us ing ABS ma te rial
with a den sity of 1.05 gcm–3, a ten sile strength of 50 MPa,
and a multi-body out put via the poly-jet method [8]. For
com par i son, a lin ear al ge bra-based mouse was sim u lated
us ing MCNP 6.2, and a MCNP 3-D phan tom was pro -
duced us ing a 3-D printer as shown in fig. 2 [12]. The pur -
pose of dose as sess ment by a lin ear al ge bra-based mouse
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Fig ure 1. The CT scan of a
lab o ra tory mouse (a),  STL
file for 3-D print ing (b),
and 3-D mouse phan tom (c)

Fig ure 2. Geo met ric
shape of lin ear
al ge bra- based MCNP
sim u la tion (a) and MCNP
3-D phan tom (b)



phan tom is to se cure the re li abil ity of the com pu ta tional
sim u la tion data by com par ing the mea sure ment re sults
and sim u la tion re sults. A MCNP 3-D phan tom of lin ear al -
ge bra is a phan tom that can rep re sent mice of dif fer ent
size. The MCNP 3-D phan tom was also pre fab ri cated,
like wise the 3-D mouse phan tom.

A hole was built in side the 3-D mouse phan tom
to eval u ate the ra di a tion dose, such that two glass do -
sim e ters on both sides of the spine could be mounted
based on CT im ages. The small cy lin dri cal glass do -
sim e ter in serted into the phan tom was a sil very ac tive
phos phate com pris ing P (31.55 %), O (51.16 %), Al
(6.12 %), Na (11.0 %), and Ag (0.17 %). It was 1.5 mm
wide and 8.5 mm long. Glass do sim e ters with re sponse 
sta bil ity, com pact size, and read abil ity are widely used 
in field of gamma dose as sess ment as pas sive de tec -
tors. The glass do sim e ter, which was ir ra di ated, un der -
went 30 min utes of pre-pro cess ing at 70 °C. The ra di a -
tion dose was eval u ated us ing a reader (FGD-1000SE,
Asahi Techno Glass) with a holder size 2.8 mm wide
and 9.5 mm long. The glass do sim e try sys tem was cal i -
brated by pro duc ing a dose-re sponse curve us ing a
glass do sim e ter that main tains trace abil ity that was
stan dard gamma ir ra di a tion at 6 mGy and 2 Gy by
137Cs source at KRISS.

It is im por tant not only to ac cu rately read the
glass do sim e try sys tem, but also to pre serve the re li -
abil ity of the mea sure ment of the gamma dose rate to
ir ra di ate the phan tom dur ing the ex per i ment. To re tain
the re li abil ity of the ir ra di a tion dose rate, a ra di a tion
de tec tion sys tem that main tains trace abil ity was used
and com pared with the re sults of MCNP sim u la tion.

A stan dard cal i brated EXRADIN ion cham ber
(A3, Stan dard Im ag ing) with trace abil ity from the
KRISS was used to eval u ate the air kerma rate from the 
137Cs irradiator source (370 GBq, Chiyoda Technol.
Corp.) to the de tec tion po si tions at 1-5 m. Low-dose ir -
ra di a tion was per formed with a to tal ir ra di a tion dose
of 100 mGy at a rate of 6 mGyh–1 at 2 m from the 137Cs
source [8, 9]. Low-dose ir ra di a tion of the 3-D mouse

phan tom was also con ducted af ter dose eval u a tion of
the pho ton ir ra di a tion de vices us ing a stan dard cal i -
brated A3 ion cham ber [13-15]. The dose rate, ac cord -
ing to the dis tance from the irradiator to the de tec tion
po si tion, was eval u ated by ex per i men tal re sults and
MCNP sim u la tion, as shown in fig. 3 [8, 9].

Fig ure 4 il lus trates the ex per i men tal set-up for
the ir ra di a tion ex per i ments. The ra di a tion di rec tion of
the lab o ra tory mouse, 3-D mouse phan tom, MCNP
3-D phan tom, and MCNP sim u la tion sam ples was P-A 
with po si tion ing on a cir cu lar arc-shaped mouse-
apart ment sys tem. The sys tem built in the DIRAMS is
de signed to ir ra di ate an uni form dose for each po si -
tion. The dis tance from the source to the heart of the
mouse mod els was 2 m. The MNCP sim u la tion was set 
up for each ir ra di a tion ex per i ment in ABS plas tic
cases that had a length, width, height, and thick ness of
13, 12, 14, and 0.3 cm, re spec tively [16].

The lab o ra tory mouse was dis sected un der the
same con di tions as the 3-D mouse phan tom and MCNP
3-D phan tom, and glass do sim e ters were in serted into the 
tar get or gans. Af ter com ple tion of gamma ir ra di a tion of a 
to tal of 100 mGy, the dose of the glass do sim e ter was
eval u ated by own glass do sim e try sys tem.
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Fig ure 3. Ir ra di a tion dose as sess ment us ing an ion
cham ber with trace abil ity and MCNP sim u la tion

Fig ure 4. Ex per i men tal set-up for ir ra di a tion of  lab o ra tory mouse (a), MCNP 3-D phan tom (b), and 3-D mouse phan tom (c)



RE SULTS AND DIS CUS SION

In this study, a 3-D mouse phan tom was cre ated
from a lab o ra tory mouse us ing CT scan ning and 3-D
print ing tech nol ogy to eval u ate ra di a tion dose mea -
sure ments of tar get or gans. The ra di a tion dose and un -
cer tainty of the 137Cs ra di a tion units, mea sured at a dis -
tance of 2 m from the source and ra di a tion point, were
6.49 mGyh–1 and 3.1 % (ap prox i mately 95 % con fi -
dence lev els and k = 2), re spec tively, and the to tal ra di -
a tion dose at the ra di a tion point was 100 mGy [13, 14]. 
The ex tended un cer tain ties of the ir ra di a tion dose in -
cluded mea sure ment un cer tainty of the ion cham ber,
electrometer, ther mom e ter, ba rom e ter, beam uni for -
mity and reproducibility of de tec tor lo ca tion. Ta ble 1
shows the dose read ing re sults of the lab o ra tory
mouse, 3-D mouse phan tom, MCNP 3-D phan tom,
and  MCNP  sim u la tion  af ter  the  com ple tion  of  the
100 mGy ir ra di a tion.

Be cause there was mea sure ment un cer tainty in all 
the ex per i ments, the mea sure ment un cer tainty was
eval u ated more ac cu rately in the glass do sim e try sys -
tem us ing a small-vol ume el e ment. In ad di tion to the
un cer tainty of the 137Cs ra di a tion units, the el e ments of
rel a tive mea sure ment un cer tainty, based on the un cer -
tain ties of the dose mea sure ment de tec tor sys tem, in -
cluded un cer tainty of the ion-cham ber, ion iza tion am -
me ter, ba rom e ter, ther mom e ter, beam ho mo ge ne ity, ion 
re com bi na tion, in ter po la tion func tion, and po si tion re -
peat abil ity. Ad di tion ally, the un cer tainty of the glass
do sim e try sys tem in cluded the stan dard ir ra di a tion of
glass do sim e ters, read ing re peat abil ity, and the in ter po -
la tion func tion of the dose-re sponse curves [13, 14, 17,
18]. The rel a tive com bined un cer tainty of the ex per i -
men tal do sim e try sys tem was 6.2 % (ap prox i mately 95
% con fi dence lev els and k = 2). All rel a tive ex tended
un cer tain ties are equal be cause of the un cer tainty of the
dose de tec tor sys tem and stan dard ir ra di ated glass do -
sim e ters with trace abil ity. We ob tained the ra di a tion
dose us ing the MCNP code with a rel a tive er ror, di rectly 
ob tained from the code, of less than 1 % [7].

Ta ble 1 shows the dose as sess ment re sults for the 
lab o ra tory mouse, 3-D mouse phan tom, MCNP phan -
tom, and MCNP sim u la tion. A mouse apart ment ra di a -
tion sys tem de liv ered a dose of 100 mGy to the heart

po si tion, and the tis sue in side the mouse at ten u ated the 
pho ton. There fore, the ra di a tion dose that pen e trated
the heart was eval u ated to be lower than 100 mGy. The
brain, which was closer to the ra di a tion source, re -
ceived a ra di a tion dose higher than 100 mGy. The ab -
do men, which re quired the ra di a tion to pen e trate
deeper into the mouse, re ceived a ra di a tion dose of less 
than 100 mGy ow ing to ra di a tion at ten u a tion. Each as -
sessed dose of the tar get or gan was within un cer tainty.
The most un cer tainty was the un cer tainty of the mea -
sur ing equip ment and the un cer tainty of the stan dard
ir ra di ated glass do sim e ter.

In all dose as sess ment cases, the dis tance be tween
the ra di a tion source and heart po si tion was set to 2 m, and 
100 mGy was ir ra di ated from this dis tance. The lin ear al -
ge bra-MCNP phan tom shows a slightly higher dose
value in the lungs, and the MCNP sim u la tion shows a
slightly higher dose value in the ab dom i nal cav ity. These
dif fer ences are caused by the dif fer ent geo met ric struc -
tures of the lab o ra tory mouse, 3-D mouse phan tom,
MCNP 3-D phan tom, and MCNP sim u la tion.

The dose as sess ment re sults for each mouse model
are shown in fig. 5. The re sults of all mouse mod els show
a mea sured dose value higher than 100 mGy in the brain,
where the dis tance be tween the ra di a tion source and tar -
get or gan was closer than the ref er ence po si tion, and the
mea sured dose value, in all mouse mod els, de creased to -
ward the ab dom i nal cav ity. In the case of the heart or gan,
it was wrapped in the lungs, which tended to be lower
than the dose eval u ated in the lungs.

CONCLUSSION

This study aimed to ac cu rately mea sure the ra di a -
tion doses that reach tar get or gans-a pro cess that is es sen -
tial for en sur ing the re li abil ity of pre-ex per i ments, which
are re quired be fore eval u at ing the bi o log i cal ef fects of
ra di a tion. The re sults from the lab o ra tory mouse, 3-D
mouse phan tom, MCNP 3-D phan tom, and MCNP sim u -
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Ta ble 1. Re sults of the dose as sess ment of
the in serted glass do sim e ter in each tar get or gan

Mouse model
Ir ra di ated dose [mGy]

Brain Heart Lung
(left)

Lung
(right) Ab dom i nal

Lab o ra tory
mouse 108.5 89.7 94.9 92.5 83.6

3-D mouse
phan tom 106.5 90.2 95.9 95.7 86.0

MCNP 3-D
phan tom 108.8 93.6 96.5 99.1 81.9

MCNP
sim u la tion 106.0 92.5 96.9 97.5 87.9

Fig ure 5. Com par i son of dose as sess ment for lab o ra tory
mouse, 3-D mouse phan tom, MCNP 3-D phan tom, and
MCNP sim u la tion at cen ter po si tion



la tion show that dose val ues higher than 100 mGy were
mea sured in the brain, where the dis tance be tween the ra -
di a tion source and tar get or gan was closer than the ref er -
ence po si tion. The dose value de creased to ward the ab -
do men in all cases. The un cer tain ties of fi nal do sim e try
in clude the dose de tec tion sys tem and do sim e try sys tem.
The mea sured dose eval u a tion val ues in the tar get or gans
of the lab o ra tory mouse and 3-D mouse phan tom dif -
fered by up to 3 %. More over, the mea sured dose val ues
of a 3-D mouse phan tom are within the mea sure ment un -
cer tainty for each tar get or gan. This shows that the lab o -
ra tory mouse may be re placed with the 3-D mouse phan -
tom for dose eval u a tion of tar get or gans in ad vance or in
real-time. How ever, the 3-D mouse phan tom does not re -
flect the move ment of a liv ing lab o ra tory mouse. In the
fu ture, the move ment of liv ing lab o ra tory mice will be
eval u ated and ap plied to dose as sess ment us ing a 3-D
mouse phan tom. Fur ther more, in the fu ture, the MCNP
sim u la tion will be di rectly com pared with the man u fac -
tured 3-D mouse phan tom us ing the DICOM file ob -
tained through CT scan ning. The MCNP sim u la tions and 
phan toms in this study were rep re sen ta tive of mice, but
geo met ric sim u la tions of de tailed or gans were not pos si -
ble. There fore, the ge om e try of lin ear al ge bra-based
phan toms needs to be im proved to voxel-based phan -
toms, and stud ies of MCNP rep re sen ta tive phan toms de -
vel op ment are also re quired for di rect com par i son with
3-D printed phan toms.
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Jong Uk KJE, Hjo \in KIM, ^ang Geun LI, Vol Sun \O, \i Un LI,
Min \i BAE, Seong|un MOK, He \in JANG, Jeong-Rok KANG

RAZVOJ  3-D  [TAMPANOG  FANTOMA  MI[A  KAO  ZAMENE  ZA
SADA[WI  @IVOTIWSKI  MODEL  MI[A

Procena doze zra~ewa ciqanih organa laboratorijskog mi{a zahteva da se stakleni
dozimetar hirur{ki ubaci na ozra~eno mesto. Me|utim, precizno umetawe staklenog dozimetra na
istu lokaciju kod razli~itih mi{eva retko se posti`e, smawuju}i pouzdanost izmerene doze
zra~ewa. Da bi se re{ilo ovo ograni~ewe, razvijen je 3-  fantom mi{a kori{}ewem  skenirawa 
i tehnologije 3-  {tampawa. Doza zra~ewa ciqanih organa procewena je kori{}ewem ~etiri
modela mi{a: laboratorijskog mi{a, 3-  fantoma mi{a,  3-  fantoma i MCNP simulacije.
U svim eksperimentima, mozak, srce, plu}a i ab do men zra~eni su sa 100  izmerene kerme u
vazduhu pri ja~ini kerme od 6 . Stakleni dozimetar male zapremine uba~en je u modele mi{a
da bi se procenila doza zra~ewa, a pouzdanost sistema za o~itavawe staklenog dozimetra
procewena je kori{}ewem krive doza-odziv. Utvr|eno je da se vrednosti doze laboratorijskog
mi{a i 3-  {tampanog fantoma mi{a razlikuju do 3.3 %. Ovaj rad obezbe|uje metodu za precizno
merewe doze zra~ewa na ciqane organe, pove}avaju}i pouzdanost pripreme eksperimenata. 

Kqu~ne re~i: standardno ozra~ivawe, dozimetrija sa staklom, 3-D fantom mi{a,
                         Monte Karlo simulacija


