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<국문초록>

직 ·간접 디지털파노라마의 유효선량

이근선

지도교수 :김재덕

조선대학교 대학원 치의학과

서론;최근 다양한 디지털 파노라마 장치가 이용되고 있다.방사선 검사를 할 때

이들의 방사선 위험도가 정확히 비교 평가되어야 할 필요가 있다.이 연구는 판톰

과 노출에 따른 직접 및 간접 디지털 파노라마 방사선 촬영 시 유효선량을 비교하

고 유효선량 계산 시 관여 조건을 평가하기 위한 것이다.이를 위하여 두경부 판톰

과 전신 판톰을 이용하고 4종의 디지털 파노라마 촬영을 시행하여 등가선량과 유

효선량을 계산하였다.

연구방법: 두부판톰 (남자형)과 전신판톰 (여자형) 2개의 계측판톰 (Rando,

AldersonResearchLaboratories,Longbeach,CA)을 이용하여 4종의 디지털 파노

라마 촬영을 시행하였다.TLD칩은 Harshaw TLD-100 (Thermo Electron Co,

OakwoodVillage,OH)60개 와 96개의 TLD 두 세트를 사용하여 선택된 부위에

서 흡수선량을 측정하였다.각 판톰의 내부와 표면에 30부위 (두부)와 48부위 (전

신)를 선택하여 부착하였고.Ludlow와 Ivanovic의 24부위와 비교되었다.모든

dosimeter는 실험중 동일 형태와 범위 내의 방사선을 사용하여 계산되었다.매 방

사선 노출 전 TLD는 100°C에서 1시간,400°C에서 2시간 anealing하고 나서

35°C까지 식혔다. 모든 TLD는 각 노출 후 Harshaw 3500 TLD 판독기

(Harshaw/Bicron,Solon,OH)를 이용하여 제조사의 지시에 따라 판독,각 장기의

여러 부위에 위치시킨 TLD로 부터 측정된 모든 흡수선량을 평균하여 그 장기의

평균흡수선량으로 하고,이때 항상 배경방사선을 공제하였다.그 조사받은 장기가

해당 장기 전체의 몇 퍼센트에 해당하는가를 추정하여 이를 각 장기의 평균흡수
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선량에 곱하여 전신등가치화 한 다음,방사선가중계수를 곱한 등가선량 (equivalent

dose;HT)를 구하고.유효선량은 E=ΣHT ×WT,즉 각 장기가 받은 등가선량에

조직가중계수 (WT)를 곱한 값의 합으로 구하였다.조직가중계수는 2007weighting

factor가 사용되었다.

실험 결과:서로 다른 파노라마장치에 대한 유효선량의 범위는 8.9μSv에서 39.0μ

Sv를 나타내었다. 두부판톰 사용시 직접디지털 파노라마장치인 ProMax와

ProlineXC의 유효선량이 37.8, 27.6 μSv로 간접디지털 파노라마장치인

Orthopantomograph OP100과 ProlineXC의 8.9, 15.9 μSv 보다 높았다.

OrthopantomographOP100(CR)에서 72kVp,12mA의 노출로 전신판톰을 사용하

여 두부만 계산한 유효선량은 13.6μSv를 나타내었고,두부판톰를 사용하면 8.9μ

Sv를 나타내었다.ProlineXC(DR)에서 70kVp,12mA의 노출로 전신판톰을 사용

하여 두부만 계산한 유효선량은 36.8μSv를 나타내었고 두부판톰에서는 27.6μSv

를 나타내었다.직,간접디지털 파노라마장치 모두,여자에 해당하는 전신판톰 사용

한 두부계산 유효선량이 남자에 해당하는 두부판톰 사용 유효선량보다 높았다.두

부 및 전신판톰을 사용한 모든 경우에서 Ludlow와 Ivanovic의 계산법에 의한 유효

선량이 본 실험의 계산법에 의한 유효선량보다 낮았다.동일 파노라마장치에서 보

다 높은 kVp를 사용했을 때 낮은 kVp를 사용했을 때 보다 유효선량이 높았다.

결론:두부판톰과 전신판톰 사용 모두에서 직접디지털 파노라마장치가 간접디지털

파노라마장치 보다 유효선량이 높았다.그러나 동일한 파노라마장치를 사용하더라

도 사용된 판톰의 성별,TLD의 수와 위치 그리고 kVp의 변화에 따라 유효선량은

다르게 나타났다.따라서 다양한 치과 방사선장치에 대한 방사선위험도를 비교하기

위하여는 임상에서 통상 사용하는 노출조건을 이용하고,동일한 판톰의 위치,동일

한 TLD의 부착 부위와 수를 이용하되,판톰에 따른,즉 성 (gender)에 따른 유효

선량이 평가될 필요가 있다고 생각된다.
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I.INTRODUCTION

Panoramicradiographsarewidelyusedasadiagnostictoolbecauseitiseasy

to produce a radiographic overview of teeth and surrounding anatomical

structures.1–2 Recently,agrowingnumberofdentalpractitionerspreferdigital

radiographytoconventionalfilm radiography.
3–6
Oneofthemainadvantagesof

digital radiography compared with conventional film radiography is the

possibilitytosaveradiationdose.
7
Diagnosticbenefitandpossibledosehazards

trade-offsareimportantconsiderationsin choicesofradiographicprocedures.

Because X-ray risks are cumulative,itis imperative thatthe choice of

radiographicunitfordosereductionbeconsideredinexaminingallpatients.
8

Somedifferentdigitalpanoramicunitsshouldbeevaluatedandbeusedforthe

application of as-low-as-reasonably achievable principles to maxillofacial

panoramicimaging.

TheuseofEffectivedose(E)isaconceptandapproachrecommendedbythe

InternationalCommissiononRadiologicalProtection(ICRP)
9
toestimatedamage

from radiationtoanexposedpopulation.E isawidelyusedcalculationthat

permitscomparisonofthedetrimentofdifferentexposures,including specific

areaexposure,
10
toionizingradiationtoanequivalentdetrimentproducedbya

fullbodydoseofradiation.
8
White

11
usedthisapproachin1992whenassessing

theradiationriskfrom variousdentalradiographicexaminations.Effectivedose,

expressedinSv,iscalculatedusingtheequation:E=ΣHT ×WT whereEis

theproductofthetissueweightingfactor(WT),whichrepresentstherelative

contributionofeachorganortissuetotheoverallrisk,andtheequivalentdose

HT.
12 The whole-body risk is found by the summation ofthe weighted

equivalentdoses to alltissues ororgans exposed.The earlier1990 ICRP

tissue-weightingfactors,
13
2005weightingfactors,andthenew 2007weighting

factors
12

were used to calculate effective dose.
7,8,14

Newly adopted

recommendations ofICRP provide revision oftissue-weighting factors and

inclusionofsalivary glandsasaweightedtissue.Thesechangeswilllikely
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resultinanupwardreassessmentofeffectivedosefrom oralandmaxillofacial

radiographicexaminations.
12

The studies ofthe absorbed dose oreffective dose from each exposure

program ofthefilm based panoramicmachinewith alimblesswholebody

phantom andaheadphantom respectivelywerereportedbyLecomberetal

(2000)
15
andChoietal(2001)

16
.Thetissue-absorbeddoseandthewhole-body

effective dose (E) for a new generation film based panoramic machine

(PlanmecaPM 2002CCProline),operatinginthepanoramicexaminationmode

withaheadphantom wasstudiedby Danforthetal(2000)
14
.Gijbelsetal

7

reportedthat effectiveradiationdosesrangedbetween4.7μSvand14.9μSv

for the various digitalpanoramic units with a head phantom using the

recommendationsofICRPadoptedin2005.

Few studies have been reported aboutthe difference in radiation dose

betweendirectandindirectdigitalpanoramicexposures.And,toourknowledge,

no studies have been published aboutthe difference in the calculation of

effectivedosebetweenusinghead andwholebodyphantom.

Ludlow andIvanovic(2008)
8
reportedthataneven greaterdifferencewas

seen between the Iluma CBCT unit“Standard” exposure and the “Ultra”

exposureanddescribedthatasubstantialdifferenceineffectivedosesfrom the

sameunitwereseenwiththetechniquevariations.Asabove,itisnecessaryto

preparethestandardizedconditionsforcalculationofeffectivedosetocompare

theradiationriskfrom variousdentalradiographicexaminations.

Theaim ofthepresentstudyistoprovidecomparativemeasurementsof

effectivedosefrom directandindirectdigitalpanoramicunitswithphantom and

exposure parameters.Average tissue-absorbed dose,weighted (equivalent)

radiationdose,andeffectivedosewerecalculatedfortheanatomyofthehead

andneckareaandthewholebodywiththecorrespondingphantom respectively.
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Fig.1.Thelimblesswomanwholebodyphantom Fig. 2. The head phantom
representingaman

II.MATERIALSAND METHODS

Dosimetry

Dosemeasurements were carried outon two anthropomorphic phantoms

(Rando,AldersonResearchLaboratories,Longbeach,CA).Theheadphantom

representing an averageman (175cm tall,73.5Kg male)(Fig.1)andthe

limblesswholebodyphantom representinganaveragewoman(155cm tall,50

Kgfemale)(Fig.2)areconsistedof9and31transversesectionsrespectively.

Thereservoirsfortheplacementofradiationdosimetrymeasuringdeviceswere

prepared to correspond to the anatomic sites ofinterest.Lithium fluoride

thermoluminescentdosimeter(TLD)chips(Harshaw TLD-100,ThermoElectron

Co,OakwoodVillage,OH)wereused asdosimeter.Theabsorbeddosesat

selectedlocations,correspondingtotheradiosensitiveorgansofinterest,were

measuredusingtwosetsof60and96TLDs.The30and48phantom sites

bothinsideandonthesurfaceofeachphantom canbeseeninTable2.Two

dosimeterswereplacedineachanatomicalsitetocalculatethemeanvalueof

eachlocation,whileretainingthesamedosimetersinthesamepositionsfor
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Table1.Exposureandphantom parametersforthepanoramicunits

ProMax ProlineXC ProlineXC Orthopantomograph

Type Direct Direct Indirect    Indirect

kVp 70 70 70 70    72 72 83

mA 10 12 12 12    12 12 12

Phantom Head Body Head Head    Body Head Head

each exposure.A set of dosimeters were kept separately to record the

backgroundradiation.Beforethestudy,alldosimeterswerecalibratedusingthe

sametypeandrangeofradiationthatwouldbeusedduringtheexperiments.

Priortoeveryexposure,thedosimeterswereannealedat100°Cfor1hr,400°C

for2hrsandthencooledto35°C.AllTLDswerereadinaccordancewiththe

manufacturer's directions aftereach exposure using a Harshaw 3500 TLD

Reader(Harshaw/Bicron,Solon,OH).

Exposures

Thedigitalpanoramicunitsused forthisstudy wereProMax (Planmeca,

Helsinki,Finland),OrthopantomographOP100(Imaging,Tusula,Finland)and2

ProlineXC (Planmeca,Helsinki,Finland).Table 1 shows the technicaland

phantom parametersforeachunitused.Takingthesmallamountofradiation

andtheexposurelatitudeoftheTLDsintoaccount,afterloadingwithTLDs,

thephantom wasexposedtentimesinordertoprovideareliablemeasurement

ofradiation by thedosimeters.Later,thesevaluesweredivided by ten to

provide one individual value for each region after subtraction of each

background dose. The phantom was positioned in accordance with the

manufacturer'sspecificationsforeachmachine,followingthereferencelinesand

headrests.Thestandardexaminationwascarriedoutforeachunitandthe

dosimetry wasperformed two timesforeach techniquein orderto ensure

reliability.
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Dosecalculations

Afterreading,an individualsensitivity value wasapplied foreach TLD.

Exposuredoseswererecordedinnanocoulombs(nC)and,aftertheapplication

ofenergycalibrationfactors(RCF,readercalibrationfactor;andECC,element

correctioncoefficient),thedosimetrydatawereconvertedintomicrograys(uGy)

and subsequently recorded.The standard deviation of the readings from

TLD-100islessthan 30%.Dosesfrom thetwoTLDslocatedatdifferent

pointsinthesametissueororganwereaveraged,resulting intheaverage

organ absorbed dose.Theweighted doseforbonemarrow ofwhole body

phantom was calculated using the sum ofthe radiation from calvarium,

mandibularbodyandramus,cervical,thoracicandlumbarvetebra,andsacrum.

Theweighteddoseforbonemarrow ofheadphantom wascalculatedusingthe

sum oftheradiationfrom calvarium,mandibularbodyandramus,andcervical

vertebra.Sublingual,submandibularandparotidsalivaryglanddoseswereused

forcalculatingtheweighteddoseforsalivaryglands.Thethyroidglanddose

wasindividuallycalculatedtakingitsspecificweightedfactorintoconsideration.

Fortheskinsurfacearea,fifteenpointsweremeasured:posterosuperiorsurface

ofhead,thyroidsurface,backofthorax,andbothsidesofrightandleftof

temporalregion,lensofeye,cheek,backofneck,axilla,andbreast(Table2).

Theproductsoftheseaverageorganabsorbeddosesandthepercentageofa

tissueororganirradiated(Table3,4)inaradiographicexaminationwereused

tocalculatetheequivalentdose(HT)in microsieverts(μSv).
12
Theeffective

dosewascalculatedbymultiplyingactualorgandoses(equivalentdose;HT)by

'riskweightingfactors'asfollows:E=ΣHT ×WT.Thetissueweightingfactor

(WT)representsthecontributionthateachspecifictissueororganmakestothe

overallrisk.Thewhole-bodyriskwasfoundbythesummationofthetissue

weighted equivalentdosestoalltissuesororgansexposed.Thisdosewas

expressed in microsieverts(μSv).In thisstudy,authorused theweighting

factors(Table5),includingsalivarytissueintheriskestimation,approvedby

theICRPMainCommission
12
.Theobtainedeffectivedosefrom eachpanoramic



- 6 -

Table2.LocationsofTLDchipsinphantoms

Head and Neck ID Body ID
Posterosuperior surface 1 Right lung (13) 31
Right temporal surface (2) 2 Left lung (13) 32
Left temporal surface (2) 3 Thoracic spine (13) 33
Calvarium anterior (2) 4 Back (13) 34
Calvarium right (2) 5 Right axilla (14) 35
Calvarium left (2) 6 Left axilla (14) 36
Calvarium posterior (2) 7 Right breast surface (15) 37
Mid brain (2) 8 Left breast surface (15) 38
Pituitary (3) 9 Heart (15) 39
Right lens of eye (3) 10 Stomach (18) 40
Left lens of eye (3) 11 Liver (18) 41
Right orbit (4) 12 Right kidney (22) 42
Left orbit (4) 13 Left kidney (22) 43
Right cheek (5) 14 Lumber vertebra (24) 44
Left cheek (5) 15 Sacrum (27) 45
Right parotid (6) 16 Right ovary (29) 46
Left parotid (6) 17 Left ovary (29) 47
Right ramus (6) 18 Bladder (31) 48
Left ramus (6) 19
Center C spine (6) 20
Right back of neck (7) 21
Left back of neck (7) 22
Right mandible body (7) 23
Left mandible body (7) 24

Right submandibular gland (7) 25

Left submandibular gland (7) 26

Center sublingual gland (7) 27
Midline thyroid (9) 28
Thyroid surface (9) 29

Esophagus (9) 30

unitwascomparedwiththedosimetricvaluescalculatedfrom the24anatomical

sitesofphantomsusedbyLudlow andIvanovic
8
.
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Table3.Estimatedpercentageoftissueirradiatedwithheadphantom

Head and Neck ID %

Bone marrow 16.5

Mandible 18, 19, 23, 24 1.3

Calvaria 1-7 11.8

Cervical spine 20 3.4

Thyroid 28,29 100.0

Esophagus 30 10.0

Skin 1-3 ,10, 11, 14, 15, 21, 22, 29 9.0

Bone surface* 16.5

Mandible 18, 19, 23, 24 1.3

Calvaria 1-7 11.8

Cervical spine 20 3.4

Salivary glands 100.0

Parotid 16, 17 100.0

Submandibular 25, 26 100.0

Sublingual 27 100.0

Brain 8, 9 100.0

Remainders

Lymphatic nodes 16-20, 23-28, 30 10.0

Muscle 16-20, 23-28, 30 5.0

Extrathoracic
airway

12, 13, 16-20, 23-28, 30 100.0

Oral mucosa 16-19, 23-27 100.0

*Bonesurfacedose=bonemarrow dosexbone/musclemassenergyabsorption,
coefficientratio=-0.0618x2/3kVpeak+6.9406usingdata.citedfrom 8
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Table4.Estimatedpercentageoftissueirradiatedwithwholebodyphantom

Whole  body ID % ID %
Bone       
marrow

 Salivary     
  glands 100.0

Mandible 18, 19, 23, 24 1.3 Parotid 16, 17 100.0

Calvaria 1-7 11.8 Submandibular 25, 26 100.0

Cervical  
 spine 20 3.4 Sublingual 27 100.0

Thoracic  
 spine 33 14.1 Brain 8, 9 100.0

Lumbar   
 vertebra 44 10.9 Remainders

Sacrum 45 13.9 Lymphatic     
 nodes

16-20, 
23-28, 30, 
35, 36, 39

40.0

Colon 41-43, 48 100.0 Muscle
16-20, 

23-28, 30, 
33, 44, 45

43.9

Lung 31, 32, 39 100.0 Extrathoracic  
 airway

12, 13, 
16-20, 

23-28, 30
100.0

Stomach 39, 40 100.0 Oral mucosa
16-19, 

23-27
100.0

Breast 37, 38 100.0 Adrenals 40 100.0

Gonads 46, 47 100.0 Gall bladder 41 100.0

Bladder 48 100.0 Heart 39 100.0

Liver 41 100.0 Kidneys 42, 43 100.0

Thyroid 28,29 100.0 Pancreas 40 100.0

Esophagus 30, 39 100.0 Small intestine 42, 43 100.0

Skin 1-3,10, 11, 14, 15, 
21, 22, 29, 34-38 36.0 Spleen 40 100.0

Bone 
surface* 16.5 Thymus 39 100.0

Mandible 18, 19, 23, 24 1.3 Uterus/cervix 48 100.0

Calvaria 1-7 11.8

Cervical  
 spine 20 3.4

Thoracic  
 spine 33 14.1

Lumbar   
 vertebra 44 10.9

Sacrum 45 13.9

*Bonesurfacedose=bonemarrow dosexbone/musclemassenergyabsorptioncoefficient
ratio=-0.0618x2/3kVpeak+6.9406usingdata.

cited from 8
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Table 5. Tissue weighting factors for calculation of effective dose 2007
12

recommendations

Tissue/Organ
Weighting factor

2007

Bone marrow 0.12

Breast 0.12
Colon 0.12
Lung 0.12

Stomach 0.12
Bladder 0.04

Esophagus 0.04

Gonads 0.08
Liver 0.04

Thyroid 0.04

Bone surface 0.01

Brain 0.01

Kidney Remainder

Salivary glands 0.01

Skin 0.01

Remainder tissues 0.12†

† ; Adrenals, extrathoracic region, gall bladder, heart, kidneys, lymphatic nodes, muscle, oral 
mucosa, pancreas, prostate, small intestine, spleen, thymus, and uterus/cervix. Italicized text 
represents remainder tissues used for calculation of maxillofacial dose.



- 10 -

Table6.Equivalentdose(HT)totissues/organsandEffectivedosesfrom direct(DR)and
indirect(CR)digitalpanoramicunits unit;μSv

  ProMax

  (DR)

      ProlineXC

     (DR)

      ProlineXC

      (CR)

      Orthopantomograph

     (CR)
kVp (mA) 70 (10)      70 (12) 70 (12)         72 (12) 83 (12)
Phantom Head Head  Body Head Head Body Head
Bone marrow 33.4 18.5 24.6 14.2 8.2 8.9 8.1 
Colon 1.0 0.0 
Lung 3.4 0.7 
Stomach 2.0 0.0 
Breast 0.8 0.0 
Gonads 2.4 0.0 
Bladder 2.3 0.0 
Liver 0.2 0.0 
Thyroid 73.7 37.5 41.8 26.9 28.8 14.9 25.0 
Esophagus 10.6 4.4 22.3 4.6 4.4 7.0 3.5 
Skin 10.2 7.0 10.2 5.7 3.4 3.8 3.7 
Bone surface* 135.6 75.0 99.8 57.7 32.7 35.3 28.6 
Salivary glands 1161.1 880.9 1214.6 522.5 203.0 447.1 414.0 
Brain 29.2 14.9 25.0 1.6 5.2 9.2 6.5 
Remainders 1853.2 1510.9 2036.2 761.8 451.3 754.2 652.9 
Effective dose 37.8 27.6 39.0 15.9 8.9 13.9 12.7 

III.RESULT

ThedosimetricresultscanbefoundinTable6.Theequivalentdosesandthe

effectivedoseswereexpressedinμSv.Thegreatestindividualorgandosesfor

allexaminationweremeasuredinthesalivarytissue.

Effectiveradiation dosesranged between 8.9 μSv and 37.8 μSv forthe4

digitalpanoramicunits.Byusingheadphantom,theeffectivedosesfrom direct

digitalpanoramicunitsofProMax(37.8μSv)andProlineXC (27.6μSv)were

higherthanthosefrom indirectunitsofOrthopantomographOP100(8.9 μSv)

andProlineXC(15.9μSv).

Theeffectivedosefrom thesamepanoramicunit(OrthopantomographOP100)

usingsameheadphantom washigherwith83kVpthanwith72kVp.
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Table7.Comparisonofeffectivedoseswithparameters unit;μSv

 Type kVp mA Phantom Effective dose

ProMax Direct 70 10 Man Head 37.8 

ProlineXC Direct 70 12
Woman

Body 39.0

Head (cal)* 36.8

Man Head 27.6

ProlineXC Indirect 70 12 Man Head 15.9

Orthopantomograph Indirect
72 12

Woman
Body 13.9

Head (cal) 13.6

Man Head 8.9 

83 12 Man Head 12.7 

*Head(cal);calculationofonlyheadportionofwholebodyphantom.

Comparisonofeffectivedoseswithparameters;exposure,phantom (gender),

andcalculationmethodcanbefoundinTable7.

Theeffectivedosefrom ProlineXC(DR)withexposureof70kVp,12mA was

36.8μSvbythecalculationforheadregionofwholebodyphantom and27.6μ

Svbyheadphantom.Theeffectivedosefrom OrthopantomographOP100(CR)

with exposureof72kVp,12mA was13.6 μSv by thecalculation forhead

regionofwholebodyphantom and8.9 μSvbyheadphantom.Theeffective

dosefrom directandindirectdigitalunitrespectivelywashigherwithfemale

phantom thanwithmaleone.

Theeffectivedosescalculatedby Ludlow andIvanovicmethodwerelower

thanthosecalculatedbyauthorfrom eachpanoramicexamination.
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IV. DISCUSSION

Theequivalentdoseisused tocomparetheeffectsofdifferenttypesof

radiationontissuesororgans,presentedassievert(Sv).Theequivalentdose

(HT)werecalculatedaccordingtotheequation:HT =ΣWR ×DT,wherethe

equivalentdose(HT)foratissueororgan istheproductoftheradiation

weightingfactor(WR)andtheaverageabsorbeddose(DT)measuredforthat

specificorgan.
13
Theproductsofthesevaluesandthepercentageofatissueor

organirradiated(Table3)inaradiographicexaminationwereusedtocalculate

theequivalentdose(HT)inmicrosieverts(Sv).
12

Theequivalentdosesfrom indirectanddirectdigitalpanoramicradiographys

werehighestinremaindersandsalivaryglands(Table6).Equivalentdoseto

anotherorganswerehighinorderofbonesurface,thyroidgland,andbone

marrow.Severalstudiesonpanoramicunitshavepointedoutthesalivarygland

tissuereceivesoneofthehighestindividualorgandosesduringmaxillofacial

imaging
7,15,17

and author’sresultsconfirmed thesefindings.Lecomberetal
15

indicated thattheinfluenceon thecalculated effectivedoseoftreating the

salivarytissueasaremainderorgandeserveddiscussionin2000.Ludlow and

Ivanovic
8
explainedwiththefactthattherotationalcentersofpanoramicunits

forthejawscoincidewiththelocationofthesalivaryglands.Becauseanatomy

attherotationalcenteriscontinuously exposed,effectivedosesfrom dental

panoramicimagingwillbelargerthanimagingproceduresthatproduceamore

uniform distributionofabsorbedenergy withinthescannedregion.Itseems

reasonabletoincludesalivaryglandexposuresincalculationsofeffectivedose

untiltheseexposurescould beshown tobenotsignificant.18 Theeffective

dosesinthisstudywerecalculatedwithinclusionofthesalivaryglandtissue

using 0.01 in 2007 ICRP tissue weights
12
.Dentalradiographic examinations

resulted in negligible doses to the gonads and hereditary doses were not

effective forthe calculation ofdetrimentin this study.The use ofhead

phantom ortheonlyheadregioncalculationofwholebodyphantom isthought
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to be reasonable forthe calculation ofdetrimentfrom dentalradiographic

examinations.

TheeffectivedoseistheproductoftheICRPstissueweightingfactor(WT)

forthetypeoftissueorbodyandthehuman-equivalentdosefortissue(HT).

Theeffectivedoseiscalculatedby multiplying actualorgan dosesby 'risk

weightingfactors'(associatedwithindividualorgansensitivities)andrepresents

thedosethatthetotalbodycouldreceiveandthatwouldprovidethesame

cancerriskastheapplicationofdifferentdosestovariousorgans.13Onesievert

ofeffectivedosecarrieswithita4.1% chanceofdevelopingafatalcancerin

anadultworkeranda5.5% chanceinawholepopulation, anda0.8% chance

ofhereditary defectin future offspring.
12
The ICRP recommends limiting

artificialirradiationofthepublictoanaverageof1mSvofeffectivedoseper

year,notincludingmedicalandoccupationalexposures.
12

Theeffectivedosesfrom directdigitalpanoramicunitsofProMax(37.8μSv)

and ProlineXC (27.6 μSv)were higherthan those from indirectunits of

OrthopantomographOP100(8.9 μSv)andProlineXC (15.9μSv)byusinghead

phantom (Table7).Gijbelsetal
7
reportedthatcomparableresults(9.35mSvfor

CCD,8.1 mSv for storage phosphor)were found for the various digital

panoramicunits,whentheeffectivedosedataofthedirectpanoramicunitsare

averagedandcomparedwiththeindirectunits.Theeffectivedosesfrom both

typesofdigitalpanoramicunitevaluatedinthisstudywerelargerthantheir

results.

Withthereasonthatcomparisonoftheeffectivedosesfrom thedifferent

panoramicunitswasdifficultbecauseofthedifferentexposuresettings,Gijbels

etal
7
reportedthatbyconsideringperunitofexposure(mAs),theOrthoralixw

yieldedthelowestdosepermAs(0.10mSvmAs
-1
),buttheVeraviewepocsw

thehighest(0.17mSvmAs
-1
)andthattheinfluenceofthetubepotentialwas

lessclear.Actually,forthecomparisonoftheeffectivedosesfrom thedifferent

unitshaving differentexposuresettingsrecommendedforthepreservationof

diagnosticimagequality,thedosesperunitofexposurearethoughttobenot

significant.Inthepresentstudydesign,theX-rayparametersusedwerethose
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foranadultasusualinhospital.Theobtainedresultsitselfarethoughttobe

availableforthecomparisonofeffectivedosesfrom severaldigitalpanoramic

unitsconsideringrespectivetechnicalaspectsofeachradiationunitforgood

imagequalitysuchasthesizeoftheradiationfieldandshapeofthefocal

trough.

Withphantom parameters,theeffectivedose(13.6μSv)from indirectdigital

panoramicunitbythecalculationforheadregionofwholebodyphantom was

higherthanone(8.9 μSv)byheadphantom.Theeffectivedose(36.8 μSv)

from directunitbythecalculationforheadregionofwholebodyphantom was

also higherthan one(27.6 μSv)by head phantom (Table7).Thatis,the

effectivedosewashigherwithfemalephantom thanwithmalephantom inboth

typesofdigitalunit.ThisisbecausetheabsorbeddoseateachTLD dosein

the phantom depends on skullsize
19
,and softtissue morphology ofthe

phantom,whichsimulateanactualmanandwoman.

Theeffectivedosecalculatedfrom the24anatomicalsitesofphantom used

byLudlow andIvanovic8waslowerthantheobtainedeffectivedosefrom each

panoramicunitinthisstudy.Thenumbersofanatomicalsitesofphantom for

the calculation ofeffective dose by them were less than the numbers of

anatomicalsitesinthisstudy.Furthermore,thedifferenceofthelocation(left,

center,right)andnumbersofsitesforTLDattheselectedsameorganscanbe

accountedforthesmalldifferenceineffectivedosebetweentwocalculations.

Besides,smallvariationsincollimatoradjustmentorphantom positionwithin

theunitmay accountforthevery nearly 23% differenceseen between the

dosimetervaluesforthe2modesofoneunit.8 Theslightdiscrepancyinthe

location ofthe TLD or phantom position are magnified as the TLD is

positionedinoroutofthefieldofdirectradiation.
18

Conclusively,eventhesamepanoramicunitshowedthedifferenceineffective

dosesaccordingtothegenderofphantom,numbersandlocationofTLD,and

kVp.
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V. CONCLUSION

Theeffectivedosesfrom directdigitalpanoramicunitswerehigherthanfrom

indirectunits.To assess reasonably the radiation risk from various dental

radiographic units,the effective doses should be obtained with the same

numbersandlocationofTLD,andwithusualhospitalexposure.Afterthat,the

surveyfortheeffectivedosesfrom variousdentalradiographicunitsisneeded

tobeperformedaccordingtothegenderwithcorrespondingphantom.
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