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(Physics in Medicine ;
using ionizing radiation as an example)

AR TER
(Ji-Hong Hong, M.D., Ph.D.)

In “Physics and Life” class of NCCU
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P YA S 4
- & B & (Electromagnetic radiation)
Velocity = c¢: 3 x 1010 cm/s,
Av=c ((A: wavelength, v: frequency)
- Photons: “packets” of energy

E =hv (E=energy, h=
Planck’s constant, v=
frequency)

keV=1.6 x 10°ergs
A=108cm




X—%+ & £7 #off 5 & (Gamma-ray)

o X-5+4 (X-ray): % ¢t 2
— Accelerating of electron to hit the target,
energy loss by the form of x-ray.

— Diagnostic and therapeutic X-ray

» Pef & (y-ray) iR w2
— Decay of Isotope
— Co-60, Cs-137 ......



Definition of radiation dose

unit:
1Gy=1J/Kqg, (4 Gy =4J/Kkg)
1 calorie =4.18 J, (1 J=0.24 calorie)
Increase 1°C => 1 Kcalorie/l Kg
1 Gy =1J/Kg=0.0002°C




Total-Body Irradiation

Mass = 70 kg
LD/S0/60 = 4 Gy

Energy absorbed = LD/50/60: 7&.60 :’\ P\ ;‘:', l ﬁ‘i—.
mr ;_gfuéiscalorieé ";L' ﬁg\ ‘é'ﬂ_i j}';’ )’7_9 - 5"?‘% I;L]/'?}gl.flj
" BooaALART o
xra
y (LD: Lethal dose)

Drinking Hot Coffee

Excess temperature (°C) = 60° — 37° = 23°
Volume of coffee consumed to

equal the energy in the LD/30/60 = 67
23
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Mechanical Energy: Lifting a Person _— *’a b{}o@ A L‘-"-%‘ Fx ’]{ Rt B
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Mass = 70 kg "L AL ETJE} e ’°m 1:_"_')5: -1;': Fx "]( RE

Height lifted to equal ' s )

the energy in the ‘E'. m%"i}ﬁ g]/’Jrr,é. ’F.‘ﬁ’ o

LD/50/60 280
70 X 0.0981
0.4 m (16 inches)
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1. & 7 sz (Photoelectric
process):

lower energy range

proportional to Z3.
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Absorption of X-rays

2. & ¥ & s i ( Compton
Process):

higher energy range,
Independent of Z.

FAST
ELECTRON




Absorption of X-rays

3. = ¥» i (Palr production): 0.511MeV
>0.51 MeV, photon
proportional to Z

positron e* electron e-
hv>1.02 MeV

electron e 0511 MeV
photon
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(Consequences of ionizing event)
eg. 70-80% body content is water
H,0 2> H,O* +¢e

H,0* > OH: + H*
H,0* + H,0 ->H,0*+ OH

* Formation of free radicals is the major
biochemical consequence

o X-ray damage to DNA: 2/3 caused by hydroxy
radicals



Components of an eukaryotic cell

Mitochondrion ( Plasma

Outer membrane membrane
'Inner membrane

Centriole & Golgi
procentriole

Nuclear Endoplasmic
envelope reticulum
Outer layer |
Inner layer

Chromatin
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Nuclear lamina Nuclear pore




What is Deoxyribonucleic acid (DNA) ?

Adenine pairs thymine » Guanine pairs cytosine




Function of DNA:
carry genetic code.



DNA strand break
o H W %1% (Single strand break) vs=x i< %72 (double
strand break)




INDIRECT
ACTION

Y i w2 (Single-strand
breaks, ssb’s)

g %4 (Double-
strand breaks, dsb’s)

DIRECT
ACTION
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Time Scale of Radiation Effects

Sec INCIDENT PHOTON
-18 —
10 IONIZATION AND )

EXCITATION ~ Physical effects

J \

10-12_
ION RADICAL LIFETIME

> Chemical effects

106

FREE RADICAL LIFETIME

) \

BREAKAGE OF BONDS
CHEMICAL REPAIR / MISREPAIR ™ Biochemical effects
109 ENZYMIC REPAIR / MISREPAIR

Mins-Hrs EARLY BIOLOGICAL EFFECTS
Hrs-Days Cellular effects

- .
10°J | ATE BIOLOGICAL EFFECTS Tissue _effects
Days-Years Systemic effects







X-ray:
— discovered by Roentgen in 1895.

— “anew kind of ray” emitted by a gas discharge tube.
X: unknown

First radiography: hand

First application: published in Lancet in 1896,
located a piece of knife in the backbone.

Radioactivity:
— by Becquerel in 1898.

Radium:
— by Piere and Marie Curie, 1898



Roentgne’s laboratory
1895-11-08; University of Wurzburg



http://www.deutsches-museum.de/ausstell/meister/img/roentgr.jpg

The first X-ray —
Roentgne’s wife’s hand

1895-12-22



1899 # /r-/&] basal cell carcinoma



Office-based therapy
|

Hammersmith Hospital, London, 1905



Radioactivity and radium

1896 1898
Antoine Henri Becquerel: Marie and Piere Curie:
Uranium Radium and polonium



Radium bomb
1930




First Co-60
machine: 1951

Vsl cobalt-60 radiation therapy unit
|051).




6 MV Stanford Linac and first
treatment —year 1955




Ernest O. Lawrence
Cyclotron, 1931
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— X-ray
o X-ray tube
¢ T RaHTR
— Isotope
o ¥ %g
¢ He iR
— R
» C0-60, X-ray, & + (proton), €+ ..
- f P
e |sotope
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7 "a%rAk (CT scan)







& The PET/CT design

Gantry dimensions: _ <—{10cm—» on =

170 cm x 168 cm x 110 cm 80 cm A d Positron
-

Rotation: 30 rpm ' m

CT PET
! s B ¥

«+—100cm —»
Dual-modality imaging range




PET camera
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o @3 10 R 2 A 5, ARI3 94

(34 Ad) ;Wi FAW

(7,051 ~ 7,159)% 18 - 18 {

(5,426 ~ 5,497 )% % 2 5% 14~ 14
(5,537 ~ 5566)% 1414 |

(4,363 ~ 4,310)r = 11~ 11
(2,660 - 2,703k 77

(2,380 ~ 2,288) % 66 |
(1,374 ~ 1,403) & if 4~ 4
(1,380 ~ 1,363)% % 4.3

(1,196 ~ 1,139) & & 3+ 3
(1,123~ 1,123)f*F] 3+ 3
(6,585 ~ 6879)H # Fm 16~ 17

§ £ (39,075~ 39,4314 )

A Wi (B4 LK)
.If 21-22 % (6,176 ~ 6593 4 )
v | 1414 B % 2 E % (4,109 ~ 4107 %)
L 10-9 (2779~ 2,7574)
.":'9 "9 7% (2,605 ~ 2,746 1)
87 F ¥ (2,292 ~ 1,9771)
5~ 4 3 (1,338~ 1,2924)
4~4 e (1,132 1,1464)
3~4 A (965~ 1,0394)
3.3 + g A(877 - 987 4)
3~3 “F ¥ (841~ 894 4)
2020  ## Bz (5707 - 5,9381)

s L 2 (28,821 - 29,476 % )
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4 {210+ B 90-94# RTE B F 3 F F (L HLI 95+)
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= B % Egas;5% (3-D conformal RT)
Immobilization Image acquisition

3-D treatment planing and
treatment




Ideally

34 LEE FU CHERNG 3A1518-M203 shn 34 LEE FU CHERAMNG 3P1518-M203 =

1 3@15184 1 3M151849
12~ 29 18- 2@

— 29— 39 — 2p- 39

— 38— 40 — 3p- 40

— 4@~ 50 — 4858

— 52— 60 — 5B- 66

— 58- 79 — 5@- 7@
78- 80 78- 8@

— @8- 98 — 8@- 9d

— 9g-109

—1@E-

SIN

Max 103.0% Max 105.8%
Min 98. 1% | [Min 89.5%
JIMean 181.3% R

| [Mean 100.5% Z= 123.0 em
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Intensity
modulation field



Conventional
field
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Y& @ By faEd | (Image-guided radiotherapy, IGRT)
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Do not decrease integral dose to body, but
reduce dose/per unit area




Dose profile of proton

Deptn In water [mm]

L_ess dose at the entrance.
Nearly no dose at the distal sites



Spread of Bragg Peak (SOBP)
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Entrance dose Is increased as the SOBP, but
still less than tumor dose and that by X-ray.
Still nearly no dose at distal sites.
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Modulated proton beam

Spread-out Bragg peak
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& ¥ 4v i F(Cyclotron)
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R ﬁ;f] % $u(Beam transport)

B+ 5+ @ ix & si(Beam delivery)
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Facility Design

e Loma Linda Medical Centre




Facility Design

 Typical proton therapy equipments
— ex. IBA system

Proton
Accelerator

Rotation gantry

Beam line




System Overview

Rotating treatment gantry
— IBA design







Cyclotron




—— Magnetic dipole
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e Bending Magnets e Bending Magnets

— Quadrupole — Dipole
* Beam optics focusing e Beam direction control
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e Treatment room at NCC, Japan

Dual X-ray positioning system
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