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Small animal models are extensively utilized in the study of biomedical sciences. Current animal experiments and
analysis are largely restricted to in vitro measurements and need to sacrifice animals to perform tissue or
molecular analysis. This prevents researchers from observing in vivo the natural evolution of the process under
study. Imaging techniques can provide repeatedly in vivo anatomic and molecular information noninvasively. Small
animal imaging systems have been developed to assess biological process in experimental animals and increasingly
employed in the field of molecular imaging studies. This review outlines the current developments in nuclear
medicine imaging instrumentations including fused mufti-modality imaging systems for small animal imaging.
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Fig. 1. A-SPECT™ is a dedicated small animal 'SPECT system using
two detectors equipped with pinhole collimators.

Fig. 3. v Imager™ consisted of fwo Harmamatsu R3202 PSPMTs
and paraliel-hole collimators.

A-SPECT™E= 2 mmx2 mmx6 mm 37)¢] wjgs
Nal(T) A324E AEaRey AX9RY Paxsud
(Position Sensitive Photomultiplier Tube: PSPMT) & A&7 2
ojggtt} HiETHIEVE AHSIY FENYH= ¥Ad EF
2 AFGeH A7)7 e vheFH(05, 1, 2 3mm) g B3
ol %A Mo E AREE 4 9ok FF 3 Y HAEVE A
gt 180k 3| ATCE 0L FH9 HoJElE d& 4+ I=E
gl GAFE A7RE T Q=S st
e HE7E 22 mmx22 mm AEYYEL 7HRE Ha-
mamatsu R5900% af g3t FA89th o] AE719) A Aok
£ 130 mmx130 mm ojH fFEA ok 0B} o7k At} Fig,

= A-SPECT™=Z 359 34 wo-ro] O Te-MDP FAbs}

= =
Zo|X AAEE &

Skt Wy upe Ao MMTo-Sestamibi GAFolth dAIE S
2 k23] GAollA 1 mm FWHM B85 238t 788%
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Fig. 2. (A) A coronal section of the vertebrc of a nomal mouse
was obtained with A-SPECT™ and “™Tc-MDP. (B) A coronal
section of mammary fumor model mouse was ocquwed with
A-SPECT™ and “™Tc-Sestamibi.

Fig. 4. A sagittal section of rat heart injected with #mre-MiBl

ngnhou’r gafing) and mouse lung perfusion images with

"Tc-albumine macroagregates,

A4E9Y g50] 7HEE B & ik
a358 e A5E SPECTE Biospace Instruments®] v
imager ™ 24 #- ¢ % 9 22712 7AH ArkFig. 3).
o8] 7)) PSPMTE uj&ste] A2 A-SPECT V't ga Al
oF7} 100 mm¢Q) Hamamatsu R3292 & 7§ PSPMTE A&7
g A3 HYTPREI1E Al IR TH FAl
IUAE GAS AL 5 37 GEA FHGY g5 Lolgrh
Fig. 4= " Tc-MIBIE &3t 5 9 A2 @394, A
7vol we) Walshs vhex ¥ BF TGRS
mine macroagregate 24E-S 0143ty Y53 A& HAFE
V imager & 15 ~ 250 keV dlUiR|q] s|@slE BE
4L G443 T F UEE 671 T/ TEs AT £F7)

2 4G, o8 vhesg B NG0B TR 2o B
A AEE + AES AREUT TS 94T By 7
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Fig. 5. A small animal SPECT system using pinhole collimator and
a PSPMT,
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Fig. 7. (A) The coronal and fransverse section of myocardium of
a Sprague-Dawley rat and B) the coronal section of myocardium
of a mouse.

BAE 1.3 mm, %A 02 mm, 7440 20 mm Z2F7)E v}
F2o) ARSI, AR G4YE B39 PHAE 1.7 mm,
ZETA 02 mm, FE240) 35 mm ZF7= 03)2}5}01] F2

ol 47tk 4HAAYLS A-SPECT Vo SU3 Nal(T) & A28}
ou FAE 4 mmE o ek wjd ol opd % (Foi2h)
FEE ARSIt Alok= 100 mm o1, 140 keV A LS AR

2 o oy Bais
A5g Han

o] A9, Aaddisty o=uis Y dests
AFHAA 2 EEANHE SPECT 3k 72 Ay 437
A3te] AAE A% DA77 BAAA 27 kY Fig 5=
S AFHelA ANEek 28-S SPECTY E&olth Fig 6&
AEE AT A AR o] o] g3le] AL 2y
3ol 3, Fig. 72 “"Tc-MIBIE o) &3t 853 3l Az} wks-
2 A2 AT DE5FdeIT) o3 E AelM BE uiel 7+
o] o] FoF FU 712 AASTE THs Urk

& 2 mm FWHM, 01114%]1—5“%-?: 1%9]
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SHANE T2 AR (Positron Ernission Tomography:
PET) & $HANE YA S A9 oA FdaptE 3 gt
2(annthilation process)ell sl 180% W&oz wiEd (511

Fig. 6. Transverse section of micro hot-rod phantom. The rods sizes
from 4.8 mm to 1.6 mm could be distinguished.

A) ®

Fig. 8. (A) Single detector module of the microPET tomograph
consists of a LSO pixelled matrix, optical fioers, a position sensitive
photomultiplier tube and dedicated electronics. (B) Commercial
version of the microPET R4 scanner is produced by Concorde
Microsystems inc. for imaging rodents.

MeVAlUAE 7t = 71e) 7hapa
Aol M QA =E A3t

ZX)3] Z (coincidence circuit) & ol-8-3led o
23 ‘11‘ 10 ns 9] A7 el AE71e mgat Zobivhs Ad
3l & AHE AMEAY FE Zepdis FE3A "o
abdo] wEd JA T 49 Zﬁiﬂ% AAshz A3 of
L Xo] 59 o]gA AEH MRS ol &3t BEINS A
FA s}
A, 258 A4 PETS 4938t € |22 PET Al24 7
& 93 A7 MAH SR o) AFxlel o3 A&H g e

B Jem, A I Ut FURAL e FA IE}

)5 UCLASIAN 7193 micoPET Y2 3070¢9) 2%7) RE2
ojFolzl 948 wjd AAYR, 74 BEZ 2 mmX2 mmXx10 mm
Ao xg wlgd 150 4324 B4 5 o, PSPMTE +
A"cFig. 8). 29 &2 172 cm °l3, T A0k= 18
cm olth 2701 Alok Z4ell A 1.8 mm, FAIA10F 3 em ofuio]

A 2 mme] #9 IR T H5ES Bolr, WAEE 056%

133



Yong Hyun Chung, et al. Nuclear Medicine Imaging Instrumentations for Molecular Imaging

® ®

Fig. 9. (0) TierPET, developed at University of Juelich, Germany,
consists of four YAP detectors which can be positioned ot
variable diameters. (b) YAP-PET, built at University of Ferrara (ttaly),
is made up of 4 modules: each one is composed of 20x20 YAP
crystals coupled to a 3 PSPMT.

ok UCLAS microPET 71€& w22, Concorde Micros-
ystems AbllA 4719 Fog TAE AT FAF FgL
microPET P49} BA5 94 microPET R4, 34%°] 2gxst
FAGA 135 mme] FHEATE A TEE, IEETY
microPET FOCUS 271 € Akt Aok &3 0975 mm
X0975 mmX125 mm¢] LSO A#244 A& A3 1 mm
olyjg] #7HE8%S 4& 4 JE microPET I A7) A
g

= Juelich el M3 TierPET? L 2020 Wi o)
YAP 3273 (2 mmx2 mmX15 mm) % PSPMT& 249 7
27) BE VN XY AEY 1245 Fejo|n, fEAl0F 5
Aol 21 mme] 7RSS 032%9) IRE 4% Btk
(Fig. 9A).

olge]o} Ferrara th3tellAl 7§ ed YAPPET™ & 30
A wiEy YAP ABEAFE ARGy, F7HES
TierPET} 8l5281, 2145+ 50 keV ¥ oy A
53 17%9] 2 S AUHFig. 9B). 4719 A&7
= 208 AE7] BE 2FVE ¥FAA, SPECT 9
PET ¥/4& 5A S48 5 stk

vl5 Indiana thEeA AL AFFE F4E PETY
IndyPET" & 3143 AEze) 239 242 7% RER +
=] QltiFig. 10A). ¥ RE9Y Agle 22 cmolA 42 em7HAl
Z70) 753l ZHe] REdlE 8709 Siemens/CTI HR A&
7] E8o] Btk 7o) A&7 BEE Tx8 vids A3
A3 4709 PMTE #459) 92, FAM 28 mme M-
oS T, Aoks &R 18 om, EHUF2ZE Som
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Fig. 10. (A) IndyPET, developed at Indiana University, consists of
Siemens/CTI HR BGO detector blocks. (B) Quad-HIDAC is
produced by Oxford Positron System Ltd. and uses 4 high density

avalanche gos chaomber (HIDAC) detectors.

oltt, A= 49 AEV] HEES o4 AR AIAYL
2 A=

¢33 Oxford Positron SystemAoll A A32481= Quad-HIDAC®
& Multi-Wire Proportional Chamber (MWPC) 9} High Density
Avalanche Chamber (HIDAC)& ©]-&8 27)1jo]|tH(Fig. 10B).
Quad-HIDACS ¥%3} 04 mm A9 & F9o| 2L
£ Zogo] AR ok 3% 2 FAE gk Fnbiol
e ARl wheale] 2 At AAge) ol ek
A7)0 o8 7H&E H = AN W@l FRE, 23H 2
2 ZAe 23tY YANEE SN I FHESN TS
7 ZHgol Q& 9T E daate wh g8 o8 23H
W, A%7) ZE 417117 em A€ FEA0k) 28 cm®] F5A]
olZ SHIIEE wlgH ] Utk o] 71719 FHEH TS 1 mm

ol &3l A&7 7+ A2l E Fole Wl AHE-FH T, o]
= 290 Alok g 9AE utie] A&7 HAF
3 YArste HFAAR gAS FHshe ¥Ee B4 R
2, 9= Aofe] FHEE S-S AFAITIE A4S A Eh
ol2 MM $i5t) Fviio] A&7} wkE3 HAo)E
Aate wgol AAEAL, A 98 F9 IFEFS
g wrg-go) &4 AE70 gt A7t e 13 Fol
o} Fig. 112 5% AFAE o] 43 whs2o] FHA 30
5o Wats Bazn

v = 28 B A9 (National Institute of Health)S 8¥Hg-Z o]
Z3o] 7158 A%EE PETA ATLASTE Adsignt
(Fig. 12A). o] 2/ E @83 2 mm X2 mm, ¥ 7 mm2|
LGSO} 7 8 mme] GSO AF2A F S L2 ojFojA 9
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Fig. 11. The spafial broadening of line of response (LOR)
decreases by measuring the depth of inferaction (DOI) using a
dualHayer phoswich detector. Thick arrow: the direction and
mean free path of a 511 keV photon obliquely incident on the
LSO-LUYAP crystals. Dashed line: the possible LORs from the front
layer, dotted line: the possible LORs from the back layer, of the
phoswich detector. ’

X9 28 HA4AAF PSPMTZ 748 #E7) B
7F11.8 cm A159 4302 wjdd ejoit) W34
ThE 2 A 7HLGSO: 40 ns, GSO: 60 ns) < =43}
ot AFAA S HsE S AR 29 SA60A
o] FHE TS 2 mm, UAEE 1.6%°|t
Crystal Clear Collaboration (CCC)ellA N2 Clear-
PET®® 2 g7]9] 9o 749 A& 114 cmd) A2HOR 7
£7] ZE2 2 mmx2 mmXx10 mm =29} S0} LuYAP T
SOF o]Fo)7 gx8 MIEE 4324 64 A'd PSPMTE +
d5o] UrH(Fig. 12B). ¥ Aol A& B3l 2704 Aok Y
ANX #UsHA LRSS A& F e A2FoRE H3AAY
AN Aold oja) WA= 2 42159 H8 W3lE B
gt uh3o] dojyt 3RS PEdTh
By O ALY Bgstolr & e 7
27] LES o848 1T AF PETS Mgk A&7
EEL 2 mmx2 mmx10 mm P4 12x12 WAE LSOt
PSPMTZ FA ST, F41914 1.6 mme] F7-28534 0.12%
o] viZtE A5g Jehliddth Fig 132 348 AZ7]2 o) 83t
1R85 23 PETH A& 1 mme AAY ©29as HojsE
o} k3 9k Aol SAEE 2831 27y Alof Sl A
2 mm, 8 cm Aok el A 35 mm o9l #Udt FHE S

Ueld 4 9= 7885 AZE PETS w0 Qut? A2

W ®

Fig. 12. (A) The ATLAS small animal PET scanner, built at National
Institute of Health (NIH), consists of 18 LGSO/GSO phoswich
detector modules arranged around a ring 11.8 cm in diometer.
(B) ClearPET, developed by Crystal Clear Collaboration (CCC), is
based on LSO/LUYAP phoswich detectors and can obtain the
depth of interaction information by the pulse shape discrimination
method.

w ®

Fig. 13. (A) A dual head PET system, developed at Samsung
Medical Center, Sungkyunkwan University School of Medicine,
consists of a pair of opposite detector heads and a rotating plate
located between two detectors. (B) Reconstructed images for a

phantom containing two capillary tubes were obtained.
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Fig. 14. Comparison of the sizes of Hamamatsu R7600 PSPMT (A)
and $8550 APD array (B). The active area of R7600 PSPMT is 22
mmx22 mm and that of $8550 is 20 mmx 10 mm.
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Fig. 15. Comparison of the quantum efficiency between R7600
PSPMT (A) and $8550 APD array (B). The curves were quoted from

Hamamatsu Manual.
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Fig. 16. (A) The prototype APD PET, developed at University of
Sherbrooke (Canada). makes use of 512 BGO crystals, individually
read by avalanche photo diodes (APD). (B) The MADPET with 6
modules, developed at University of Munich, is based on LSO
crystals coupled to APD array.
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L3to] B2 22 W7k A|AF 817] wjEel & F39 714
WA Byt FhtEE BERde) stk 2ede Wiy &
SARE FAdete FLAAE LS 7Fsd APD, CZT 5l
d)o)5t JA7] 7] Aol EslA o] &I AUtk
2 A& 9A9 APD array

APD array= 2vHAS A AESe o] ofd, 71
& A&3h= W4joln g PSPMTY} nizV A2 43442 A%
sl A&7 2 AREET) Fig 14E 22 mmXx22 mm 2718 A&
49E 7= 428 PSPMT$ 20 mmXx10 mm ZA&99& 7}
A& APD Eolth T804 Hol= ule} Zo] APD A&7 F
MNE ol 43 & w PSPMT} 5Y3F AEHHE 7EHEA 27
453 AAHER AAH AN 22 2 58S KA

o
ko)

T3 APD arraye YAFEE©] PSPMTO] vl8] €53] =tk
Fig. 15914 R® Hamamatsu R7600 PSPMTE 7Fg 22 o
&8°) 400 nm FoNA ok 20%o] B#s ¥ Hamamatsu
$8550 APD array= 400 nm G QoNA 70% 7170 HE AL &
A & F Ak® 600~700 nm T FH el M= ok 85%9 P
e GAEES 9E F dok

At Sherbrooke thetell A 3 mmX5 mmXx20 mm =]
9] BGO 44343 APDZ 744 512/0¢] HEVE d3ue
3 2%E PETPS /lasigleh 10 mme) 240k} 120 mm
o] gZEAjoLE 7EAH, 2.1 mm 9 FZHESN T 04%9) RITT
A5& BUckFig 16A).

£ Munich tgolx APDE o)&3dle] s)2s MAD-
PET*®2 3|48 AEzd] 239 67)9) 2%7] §=2 74
H, A%7] §& 37 mmXx37 mmx12 mm 4 2719] 2x8
o] Mgd LSO HF447 2x8 W9y t'd APDE 45
o] 9tHFig. 16B). ©] 717]= 15.mm FWHMe] &L 27235
T A5 /Y vkl A2 AT AR Aol FElo]

olr

TEEJT dA, MAD-PET H&712 ujgo2 $3= APD &
EE o83 99 2ot g S vk 5 APD A&7
HEL 2 mmX2 mmXx6 mm T4 27]¢) 4x8 HH 24 LSO 4
3273} monolithic APD ¥Wigo] ¥ 202 7A=Y QAT E
TN T, WHeolE S 4 9l
Y HEYANQ CZT
WeA A&7 F 7eld-g A gEse o R CZT 3



Fig. 17. 16 channel CZT defector from eV Products. The use of
compact CZT arrays allows to achieve a higher packing fraction.
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Fig. 18. (A) LumaGEM® 32008 from Gamma Medica ond (B)
sample image of brest cancer patient.
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Fig. 19. (A) SPECT/CT system, developed af Thomas Jefferson
National Accelerator Facility, consists of two sets of gamma-ray
imaging detector systems and an X-ray imaging system which
configured on a gantry. (B) Commercial version of X-SPECT is
produced by Gamma Medica, Inc..
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2FES IR AAvElE ALt vl Jefferson 9T
2 A A2FES SPECT/CT €8 A28 M3l Fig.
19A)® SPECT Al2%& PSPMT vi€8 Csl(T1) 432A
22 A2 CT= 5 amd] AlokE Z& 4% JFFA| 424
X228 (fluoroscopic x-ray system) .2 ?**5]951‘3} 7utd 4%

719 A2 AL 9 AE7 = 18 cmd] AEE Zd= AEZ Y ¥
2=lo] SPECT/CTY Z2¥E 9534E QESPE}

Gamma Medicarhe 2 mm X2 mm X6 mm Z4¢ Nal(Tl)
ABAA 3 PSPMTE 749 22719 05 mme] 9
2 749 1 mm o3} F7EA TS 2t Akl AE719 100
pme F7HEESS Ze CMOS 24 AEv|E A3
SPECT/CTE 7)2813itHFig. 19B)* AFE-S 7AE o]
A7, EA9 SPECT 94ta A2M JAL Q—E—f&t}

vl= UCSFellA & Csl(T) 324} Frie] Q5§ o] 8¢ 7
u} 72719} CCD Y24 7&71% 0|48 SPECT/CT Al2H
3} 23+ CZT AZ&712 0|48 SPECT/CT $4 5 A 2dg
Ak o Qe
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