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INAIRODIIEHIOIN

* RADIAMONBAOILLOGYAS THE STUDY
OEMFIE EERECHS OFIONIZING
RADIAIHONCONFEIVANG SY'STEMS.

« s discipline requires studying many. level
offorgamsations within pIologic systems
Spannming road ranges in size and temporal
scale.



INAIRODIIEHIOIN

« ihennitialinteraction hetWeenionizing
rediatientandimattereccurs Within first 1072
SECONUSTAllERFEXPOSUTE.

¢ SUPSEqUEntTModIfication i kIelegIc
MEJecUleswithin thefollowing seconds to
NOUTS:

« rater these molecular changes may result in
alterations in cells'and organisms that may
PENISTS for hours,decades and possibly for
geEnerations. °




INAIRODIIEHIOIN

* BIGIGQIC EffECtSIehIcnIZINg radiation
meay kediVvidedinte twoe broad
CALEGOIIESE

« Deterministic effects
* Stechastic effects



DENERVINISTIECEFEECITS

* IDETEMINISTIC ENfECLS ale thOSE EIfECTS
IMAWRICHITE SEVERTY O LESPONSE IS
PIEPEIIGHAINGITNE dOSE.

* DETEMINISTIC EffECTS have a doSse
resheldivelow Which the respoense Is
NOLSEEN.

* Examples: oral'changes after radiation
therapy, and radiation sIckness after
Whole bedy: Irradiation.



SIOChAaslG elfects

¢ STOCHESHIGC ENfEctS are thiese fer which
MERIERARIIN CIOCCUITENCE Ofithe
changes ratherrthan itsrseverity. ,Is dose
JEPENCENL:

s iheyrareall’orrnene effects.

* iheyrdenetihave dose thresholds.
« Examples Radiation induced cancer Is

StOChAastiC effects because of,greater
EXPOSUre of a person.




ON CHEMISTRY




Direct effects and indirect effects

« VV/HENMhE ENERGY 0iaPNOIoN O SEcondarny,
ElECIonNSItansiened directiy to RIeliogic
MACTOMEIECUIES), thE EffECT IS termedas
“direct”.

s \VVhenithe phoeteniisrabsoerved by the water,
e water molecules are ionized and form
Eeeradicals that in . turn Iteract with and
pPreduce changes in bielegic molecules |, the
effect is called as “indirect”



DIFECi erfects

« Direct effects involves three steps:

« Absorption of energy by the biologic
molecules.

« Transfer of energy between unstable
Intermediate molecules

« Formation of stable , damaged
molecules.



DIFECi erfects

s Aiheresultantmeleculestthen either
UNGERGRIAISSOCIatioN O UNGUENGO CIOSS
INKING:

« RH + X-RADIATION BIE) R* + Ht+ e

* EREE RADICALL FATES:

s [DIsseciations: R: ==X+ Y

* Cross linking: R+ S= RS




RADIOLYSIS OF WATER

* Complexsseresioichemicalichanges
OCCURINNWALER altEREXPOSULE 1o
IGNIZINGadiation; and theESE eactions
arer knewnras radiolysis: ofiwater.

¢ EISTSTEPIIN TNIS PrECESS IS the
jonIzation;eiiwater that may result from
alSepPLion or-a photoelectron or
Compten electron.



RADIOIFNVSISIOEVVATER

*Niheakseredienergy displaces an
eleciontomithe wWatersmolecule
resultinginrantelectron pair; a
POSIHVEIY Charged Water,
moelecule(H505)

« Photon'+ HO'= e+ H O



RADIOIFNVSISIOEVVATER

s NiheEnrtheelectrontweuldive abserbed
PYAEVEIV ChagEdNON Lo relorm a stable
Waterrmpelecule orit-may e captured

Py anitunienIZed watermolecule.

he

resulttiranetner -Vely charged water

moJIECUIE.
¢ € +H0 = H,0r
o L HE0F =) |+ OH

o HO0mm=)» OH + H-




RADIOIFNVSISIOEVVATER

estvelyichargediwaterrmolecule will
gdiSsoeciate torfermmnydregenion and
AV AREXYITEE: radical’, the=vely
chargediwatermolecule will'disseciate
erermrahydroxyliieon and a hydrogen
freeradical:



RADIOIFNVSISIOEVVATER

s WHERTAISSEIVEdIMBIECUlarzOXyY e IS
PrESeEntiIniadiatedwater:, then
AV ArepeEXyiireeradical Is formed
Whichimay later form hydregen
PENOXICE:

« Bothithese are oxidizing agents and
alterrBIelegic moelecules and thus cause
cellldestruction.



INDIRECT EFFECTS

« Indirect effects of radiation are those
changes in biologic molecules-that are
mediated through the hydrogen and
hydroxyl free radicals from ionized
water molecules.

« They react with organic molecules may
result in formation of organic free
radicals.



INDIREGIFEFEECIS

3 RE >R+ H,

* INESE Grganic meElecules are unstable
andimay transfeorm Inte' new molecules
PV UNGERGOING Condensation or
reariangement reactions.



Radlialionleliectsraticellularslevel

EEEECISTONANIRACEINTUIIAR
SIRUCTURES!

ASNUCIFEUS
BICHRONOSONEABERRATIONS
CHCYAIORIFASIVI

EEEECIS ONCELL KINETICS:
AFMINOIIEC DEITAY,

BHCELS DEATH

C RECOVERY:




EEEECIS ONINIRACELITUITAR
SIRUCITIURES

s Aiennitalimelecularrchanges are
PrEdUCEAWIthINTaiaction offa. Second
afiterexposure; Cellularrchanges reqguire
A MINIMUMIGINGUIS terhecomE
apparents.

* IhEse changes are manifest initially as
Structuralrand functional:changes in
cellularerganelles.

* [faterrcell’death may occur.



Elfecisioniintracellular
Structures

« NUGletusslinenucieus Is more
[AdIGSENSItIVE than cyteplasm’,
especiallyantdividing cell.

* lheisensitive site'inthe nucleus is the
DNAWIThIn the:chromosomes.




NUCGES|CGACIPS

IRISTClearshardamage torBDNATmolecule s
prmanyaresponsibleforn cell’death after,
[dIaIGNIEXPOSUTE:

Eellewingralternations 6eccurs in the DNA:
Changeerioss Glia base

DISruption eifnydrogen bonds between DNA
Strands.

Breakage ofione or both DNA strands

Cress linking off DNA strands within the
NElX, to the other. strands or to proteins.



Elfecisioniintracellular
Structures

s Chremoesome anerations: Chreomoesemes
SEnverasiatuseriiimarkenforradration mjury.

«Chneomoseome aberations are ohserved in
adiated cells atthe time ofimitosis When
the DNATCondenses to form chromosomes.

« INEypPE ofidamage that may be eabserved
deEpends on the stage ofithecell'in the cell
Cycle atithe time rrradiation.




Dicentric
Formaltio

Normal :
Chromosome
>

S‘

Formation

Chromosomé damage following radiation exposure




CESECYECITE

« JATproliferatingicell
MOVESININE CYCIE
TOMIMIteSIS I tergap
(& HIHeIhE PENBA
O BDINATSYATNESIS
(S)itergap 2 (6G;) to
e next mItesIs..




Ehromosomeraberfatons

s liFradiaiGNIEXPESUNE OCCUrS alter the
DNATSYRTRESISHINTG orrmid andilate S)

ORIV eNE alim eI CNOMOSOME IS
PBLEKEN:

Iiftherradiation' induced break occurs
pefere BDNATreplication (G, or early S)
damage occurs at both the arms of
CNIOMOSOMES.



Radiatientinduced Genetic
Damage

heramillionimice;  VMEGamOUSEN ProJectirevealed the following
goneliusions (Ezig) (hII2):

DIfferenttmutationsidiffersignimcantly i the rate atwhich they
arepreducediy agIVEN dOSE:

heres asupstantial’dese rate effect:with no threshold for
mutatien preduction:.

e malewas more radiosensitive than the female. Tthe males
carhiedimostiofithe radiationinduced genetic burden.

INEgENENIC CONSEqUENCES Ofia radiation dose.can be greatly
reducGedipby extending ithe time interval between irradiation and
CONCEPLIoN. SIXimoenths to ayear Is

[ECOMMENded:

heamountoefiradiation required tordouble the natural and
Spontanecus mutation rate is between 20 to 200 rads




Radiatientinduced Genetic
Damage

« Radiation apparently, dees net cause
URIgUe types o mutatiens, but simply.
[ACreases the mutations rate above their
natural rate ol eccurrence



Effectisionithelntracellular,
SIUGIUES

s CVieplasmylfarge doses ofiradiation(30
ESOIGEY)N mItechondna demoenstrate
Ncreasedmpermeanilitys, swelling and
diserganisation efithe mternal cristae.




Changes In biologic molecules

« Proteins: lrradiation of proteins in
solution causes disruption of
secondary and tertiary structure
through disruption of side chains or the

breakage of hydrogen or disulfide
bonds.

« Primary structure Is not altered.




ElflectisSion GellFKinetics

« WinteticrdelayaMItetiC delay CcUrS after,
radiationreifapepulationtefidividing cells.

«IFeWrdeSE causesimild mitetic.delay:in G,
CEllS:

* JANmMGdErate dose results in'longer mitotic
delay (G5 block)yrandisome cell death.

* CArgerR deSEeS causes profound mitotic delay
WIthIINGCOMPIETE rECOVELY.




ElfecisSion Gell Kinetics

« CellfdeathEViitesisilinked death in a cell
POPUIEHENISHOSS Gifthe capacity for
MItGHC AIVISION:

« Cellfdeathiresults due to damage to the
AUCIEUS

* ihrstdamage causes the cell to die,
usually;while attempting to complete
the first few mitesis after irradiation.




cellfdeath

s REPredUctive deathreccurs Iin a
dIVIAINGICElIfpopUlation alter exposure
[Oraimegderate dese ofilrradiation.

s Eornenrdividing cells lenger time and
|argERAOSES are reguired to cause cell
gdeatn.



RECOVENRY

« (CElINECOVERNVOIVES ENZYMALIC repair,
OIfSIngle strand reaks of DNA.

s Because elhithisTrepairanigher total
dOSEISrequIned torachieve a given
degree eficelllkilling when multiple
[IFACTIGNS are USEd.

* Damage to both strands off DNA at the
same site 1s usually lethal to'the cell.



Radlesensitivityzand Gelltvpe

« DIfferentiCellSTefiidIiferentergans i the
samenndnvidualirespoends differently to
AW IaeNT, thiSSWas LECOgnISEd by
Bergonieandlirbondead.

* ey ehsen/ed that most radiosensitive
CEllstare thiese that:

« 1fhavehigh mitolic rate
* 2-Uundergomany. future mitosis
¢ Srare mostprimitive in differentiation.




RADICSENSIEIVEREANPIEG = EE
INRE

« Viammealiantcellsscanivedivided into
VEercCateyerHES GliradioSeEnSItIVILY 6N
MERASIS OIFNISTIeIEYIC BRSERVations of
early cellrdeatn.

s \/egetativeintermitotic cells

* Differentiating/intermitotic cells

« Multipotential'connective tissue cells
* Reverting post:mitotic cells

* Eixed/ post:mitotic cells




EXaMpPIES

« \Vegetranvelntermmitonc cells:
ERVINLORIASTICISENES, SPEMMAIGFENIC
SENES, hasal'Cellfllayerofioralimucous
MEmMprane:

« Differentiating intermitotic cells:
termediate dividing cells of inner
enamelfepithelitm ofideveloping
CEllS,CellS ofihematopoletic
CElls;Spermatocytes and 00CYy1teS.




EXaMpPIES

« Vitltpoetential ConNEecVe tissue
cellssavascularendoethelial.cells
fprenlasts;andimesenchymal cells.

« Revenrlingipestmitotic cells:acinar and
ductalicellstelisalivary glands and
PANCTEAS

* EIXed post mitetic cells:
NEUrenS,striiated muscle
cells;sguamous epithelial cells.




Increasing Sensitivity to Radiation

[Lyvimphocyvies

Ervthrocvies, Granulocyies
opithehial Cells
Endothelial Cells
Connective Tissue Cells
Bone Cells

MNerve Cells

Brain Cells

Muscle Cells




RadaliGnleliecisatitissueand
Organtevel

s Nihererarehasicall VA iwe  effects:
* SHORTEMNNTETECTS
« IfonNgternm effects



RadaliGnleliecisatitissueand
Organtevel

« Shontttenmn elects: e shornt term
eectS Oliadiation on a tissue are

determined prmanly,

o)/

s Sensitivityserits parenchymal cells.
 Av Rapidly proliferating cells

« B Rarely dividing ce
« |long term efiects: It

|S.

orimarily depends

ONn'the extent ofidamage to the fine

vasculature.



SO0 AEHNIETECTIS Oliradiation

IERadiatnon=—=capillanes=—= swelling ,degeneration
ZANECTOSIST=—INCreasepemeanilitys=—=- fibrosis
SHlIpEUS SCar=—=prematurenareowing efilumen
AZenliteration oivasculariumens == impair. transporit
5 ACKIOTTOXYGENS, nutients ———=fibroatrophy.



Wleeliiviglepifzlefe) fs

« HEDOSE
* 25 [DOSE liate
OS&'Qnyge»n



RADIANIOGNEEEECIS OFE ORAIL

CAV IR

ORAIFNVIUCOUSTIVIENIBRANE:

IARINE ENAIGTIISECONU WEEK G thEerapy , mUcous
MeEMPraneshows areas ofiredness , and
Hammation(MUCOSILS).

Za Eurtheriradiation iormation ofiwhite to yellow
PSEUCOMEMbrane

Sicandidraliinfectionta complication
lreatment:

15g00d eral’hygiene

2 topIcal anesthnetics

3:neals in about'2 menths may be atropic




ABLE 8-4 Management of Mucositis

Jiluting agents

Saline, bicarbonate nnses, frequeant water rinses, dilute hydrogen peroxde
nnses

oating agents

kaolin-pectin, aluminum chloride, aluminum hydroxide, magnesium hydroxide,
hyd rosypropyl cellulose, sucralfate

Ip Lubncants
Water-based lubricants, lanalin

opical anesthetics
Dyclonine HCL, xylocaine HCI, benzocaine HCI, diphenbydramine HC

hnalgesic agents
Benzydarmine HC







GURE 8-37 Radiation mucositis complicated by candidiasis, result-
1 in increased severity of mucositis and angular cheilitis.




lasiebuds

« M DEgENErRAlioN Oiftaste UdS
* 22 EGSSIOlilaSterSeEnNSations
* Sliaste acUIty 0 ECTEASES

RECOVERY IO NEARNORMAL LEVELS
SOME 60O 20 DAYS AETER
IRRADBIATIONE



SAEINVARCEENNPIS

1S RPIOGLESSIVENOSSIelisallVary SECTENONS
2 Sal Ve oW red UCEd o) zero at 60 Gy,

sAViouthiusraytender, swallowing difficult
anapamniniul:

AN/ ISCoUS saliva
55 Radiation caries



Jeelin

ST pRECEMESICalCIlication Itimay destroy the tooth
PUGE

ZaATeRcalciiication’, mayinhnibit cellular
differentaten, causing malfermations, and arresting
generaligrowin:

S Childrenirecenving radiation: may have retarded
OO dEVEIGPMENnt; dwarfed teeth,or failure to form
[eetn;

Ailleethiinradiated ' during development may cause
pPremature eruption of teeth.

5 PUlpalitissue may show fibroatrophy.






FIGURE 8-46 FRadiograph showing the effects af radiation on tl
devalopment of the dentiton. &genesis, shortenad rmat forms, lack af ro
devalopmeant, and premature closure of apical foramina are saan in teg
that were in the primary radiation field and that wara in the process
devvalopmeant during radiation therapy.



RAP N ION G RI=S

RaMPaniSiermieiicaesioccurng anter
adiationreExXposUre especially ofithe salivary
glands:

CalsesyChangesiinisaliva andisalivary glands
reduced fiow ensaliva

DECTEASEN PH

REAUCEM PUTTERNg capacity of saliva

NCreasea ViSCoSIty,







RAP N ION G RI=S

ClinicallyAmree types are present.

IS SURERIcCIallesIons affecting
puccaljecciusaliincisaliand palatal surfaces

ZATTECTINGICEMETUM andfdentin in cervical
egion
SADarkepigmentation ofithe entire crown



RAP N ION G RI=S

« Neatiments:

« AEallyrapplicatieneliteopical neutral
SEAdIUmMIUeHAEEToR IVe mMINnUtes

* 2PAVeIdance offdietarny SUCILOSE
* SHRESTorative dental procedures
« 45EXcellent eralinygiene

* 55 Gressly decayed . teeth extracted
PETGrE Irradiation.




BONE

sAhepnman/fdamage torthe mature
PEREESUItSHem rradiation maducead
damage torthevasculature ofithe
PEMGSIEUM and corticallbene. .

« Radiation acts by destroying
PSteehlasts and te lesser. extend
PSteoclasts.



(OS1E0AUIBNECIOSIS

« Radiationicalsesrmarow tissue to
PECOMENYPOXIChypoVascularand
AYROCEllUlar:

« Endoesteumis atropic shows lack of
OSteEERIasts

* [Degree offmineralisation Is reduced
lEading te prittleness .

* Einally'bene death results and leads to
OSTEQAdIGNECIKOSIS.



(OS1E0AUIBNECIOSIS

«Viandiplensimore commonly: aifected
thanimaxillarecause ofithe

s AErIcCheRvascularsupp
* Z2mandiklelns more frec

adiated.

y:ofithe maxilla
uently






Radielegical ieatlres

RaGIG@RPRICTEature similarterchronic
@SteemyElitis:

Rerphen/isiliidelined . lirthe lesion reaches the
Infererverder effmandible iregular resorption of
[HEe Cotex IS SeEen.

Intermal structlre shows features of either bone
fermation or hene resorption.

Balance heavily loaded toward bone formation.

Scaltered area of radielucency with or without
central seguestra.



« A maiighant neepiasm
* 25 ChreNIC BSteomy:



SHAC =

PDESCRIPTHON

TREATMENT

| Reselved healed Prevention of recurrence

1z NG pathe:iiact

149 Past pathoe inact

2 Chrenic nenipregressive. | lLecal wound care HBO if
needed

2.2l Nepathoe fract

20) Patho fract

3 ACliIVe progessive Lecal wound care , HBO
and surgery.

3a No patho fract

30

Patho fract




(OS1E0IAdIONEGIOSIS

Rreventiiont: bentalicare shouldibe done before
[2d IR ERAPY:

IS RESTONNG Al CaiGUSIIESIONS
Zalnimatinglgeed eralinygiene measures.
SH EXIaction eithepeless teeth

ASAllowW sUtficienttime to heal ofiwoeund before
NItatng the therapy.

SFAdJUSTMEnt efidentures to avoeid denture sore

GFATtERIradiation, Ifi.teeth are to extracted do it
Underantibietic cover and atraumatic surgical
proecedures should'be followed.




IHVPErArc oxXygen

« Viechanisim ol actien:
« 1E It IRCreases the exygen tension

« 2. ltincreasesithe leukocyte bactericial
ACHIVITY-

* 3; It Increases the fibroblastic activity.

« 20 TO SO DIVES AT 100% OXYGEN AND
2 10 2.5 ATMOSPHERE OF PRESSURE.

« [T IS GIVEN 5 DAYS A WEEK.




HYRPERBARIC OXYGEN

* Prophylactic IHBO IS given WhRen:

« IEWWhHEn surgeny Is reguired after radiation
tRerapy.

« 2. \When patient Is felt to be at extreme risk
due te high dese radiation to the bone with
a nigh bielegic effect.

« \When extensive surgery Is required.









AGULENadalienisyndrome

SVRArome SVYMpPIoms [DOSE(rad)
Radiation SICkNESS Nausea, veomiting > 100'rad
IHEMOPOIETIC Significant disruption of »250rad
ability te preduce blood
preducts
L D50/60d Death in hali'the poepulation 5= 250 - 450 rad
Gl Failure of.GI t.ract Iining, $> 500rad
loss of fluids, infections
ONIS
Brain death
»>> 2,000 rad




Radiation
Effect

Threshold
to Produce
{rad)

Amount of
Fluoroscopy to
produce @
5R/min

Amount of Cine
to produce @
30 R/min

Time to
effect

Transient
Erythema

200

0.7 hours

0.1 hours

24 hours

Epilation

300

1 hours

0.2 hours

3 weeks

Main
Erythema

2 hours

0.3 hours

10 days

-Pericarditis

2.7 hours

04 hours

=10 weeks

Dermal
MNecrosis

6 hours

1 hours

=10 weeks |

_ Skin Cancer

NA

NA

=5 years




Radiatientinduced Prematune
ANejlnle

« |ranimal pepulatiens; radiatien Was
colEelatedwith premature aging



IREULErG I Radiation Health Effects

ONCECONCEPLIBNINAS GECUREd (MOhERIS Pregnant); the
Unbormichildiferus)icanibehanmed by radiation. Certainly, the
unherichildicanthave thessame health problemssthat anradult
mightthaversuchras cancerandigenetic defects. The LLaw of
BErgonieandiinvondeau predicts thata fetus would be
eExguisitelyssensitive torradiation since they are

IS RapIdly dividing;
2. Undifferentiated; and

3. Have along mitetic future.



IREULErG I Radiation Health Effects

« IRraddienrterthe ealtih effects whichrare a
CORCE for an adult, there Is also a serieus
CORCE albeut the pessinlity of develepmental
EIerS (terategenesis) which can occur. There
alie tnree generaliprenatal effects which have
PEEN GRSENVEU:

« Cethality;
* Congenital abnormalities at birth; and

« Delayed effects, not visible at birth, but
manifested later in life.




IREULErG I Radiation Health Effects

« ATHUMantEMPIYOIEXPOSE torgreatern than 250 rads

PERLEZ2AOISAWEEKSIOligestation wWillNikely resultin
prenatalfaeathi(miscaniage): Eortunatelys those
INANTS;WHOISUNVIVE TOtERmM atithese extreme doSes
generallyrdermnotiexhibit:congenital’abnoermalities.

Ifadiationrefitherniman fetus between 4 to 11 Weeks
Offgestationimay cause multiple’severe
apnermalities efimany: ergans.

Iradiation during the 14dth te 15th week of gestation
may resultiintmental retardation and microcephaly.

« Afterthe 20th week, the human fetus IS more

radieresistant, however, functional defects may be
ORhSEnved.

Infaddition, alow incidence (one in 2000) of leukemia
nas been ebserved in individuals who recelyved
prenatal radiation.



Prenatal Death

I..r-'t'.'n-nmni'l:al Abnormalities
+—Meonatal Death

%
=
o
E
I
S
Lu

4 eTames {5 Tomener
e e e T e T e e T e :.::'I_-._:: e ;.

pramrt SRR AT BN L e

20 24 28
Gestational Age (weelks)




|[Falersomatic erfects

S ISOMAalC elfects ane those seen in the
adiated nmdividualr.

s ihermoestimportant are radiation
INJUGCEM CANCENS.

¢ SUcGhIIEesIionS are stochastic effect of
radiatienin that the probability of an
dividual getting cancer depends upon
e amount ofi radiation exposure.



RadationathumaniCalGCinegen?

sstnetwelltinderstood.

« Radiationiactsrasrainitiator, It prodUces
changeinithe cellfserthat it ne lenger
UNRGErgees terminal differentiation.

« EVidence are also'there that radiation
aCtS a preomoter stimulating cells to
multiply,

* [imay; convert premalignant cells to._
malignant. W%




IEYNMEFRATS SUE

High Sensitivity

Low Sensitivity

L HYRUIE
ESUPHAGUS

— it ey

LEIVER

SPLEEN

KIDNEYS
ILVARTES / /
TRIESITNES J

FANCREAS

LIVARIES
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Stochastic Effects
Population

Extrapolated

Cancer
Deaths




"Absolutely nothing to worry about!"




