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Absorbed and effective dose from periapical radiography by portable

intraoral x-ray machine
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ABSTRACT

Purpose : The purpose of this study was to measure the absorbed dose and to calculate the effective dose for peri-
apical radiography done by portable intraoral x-ray machines.

Materials and Methods : 14 full mouth, upper posterior and lower posterior periapical radiographs were taken by
wall-type 1 and portable type 3 intraoral x-ray machines. Thermoluminescent dosemeters were placed at 23 sites at
the layers of the tissue-equivalent ART woman phantom for dosimetry. Average tissue absorbed dose and radiation
weighted dose were calculated for each major anatomical site. Effective dose was calculated using 2005 ICRP tissue
weighted factors.

Results : On 14 full mouth periapical radiographs, the effective dose for wall-type x-ray machine was 30 Sv; for
portable x-ray machines were 30 Sv, 22 Sv, 36 Sv. On upper posterior radiograph, the effective dose for wall-type
x-ray machine was 4 Sv; for portable x-ray machines doses were 4 Sv, 3 Sv, 5 Sv. On lower posterior radiograph,
the effective dose for wall type x-ray machine was 5 Sv; for portable x-ray machines doses were 4 Sv, 4 Sv, 5 Sv.
Conclusion : Effective doses for periapical radiographs performed by portable intraoral x-ray machines were simi-
lar to doses for periapical radiographs taken by wall type intraoral x-ray machines. (Korean J Oral Maxillofac
Radiol 2007; 37 : 149-56)

KEY WORDS : Radiometry; Radiation Monitoring; Thermoluminescent Dosimetry; Diagnostic Imaging; Radio-
graphy, Dental
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1. 971X =

Qe TAZ dxAD AU FAAS} FAD A
22 AZtE" ART-woman phantom (Radiology Support
Devices, Inc., Long Beach, USA)E dFdAte = 3jgit)
phantom2 2.5cm 72 Ad® 10719 o=z FAH
A AREAE FAY shIRelcHFig 1. 2 A
ol 2072] 1 (hole)o] low, AFEHAA Aste +

Fig. 1. Tissue-equivalent ART woman phantom consisted of ten
2.5 cm horizontal sections which numbered from 1 to 9.

®ell TLD chip& A3

1/8” % 1/8” x0.035”¢] LiF TLD chip (Thermoluminescent
dosemeter TLD-100 Li F chip, Harshaw Chemical Co., USA)
3} TLD reader (model 5500 reader, Harshaw Chemical Co.,
USAYE |43l A& &A%} (Fig. 2).

A2t AMIARR Eed-2 15:9] WA o3 T WA
o3 7] (wall type intaoral x-ray machine)$} 322] ©]E3
Hlx}A #ed 7] (portable intraoral x-ray machine)E o]-8-3}e]
AREe 329 015 7 WANBI)E A7 0%
3 A, °]%¥ B, o]Ed Cz st HAly 4 ®
A& 71 A9 70KV, AT 8mA Y, ©]FH Ax
FAY 70kV, FHAF 3mA, ©]F¥ B FH¢ 60kV, #
AF 1mA, o] 53 Cx= A 60kV, FAHF 10mAS -

2. A7y

1) 53 ZH|

WA 241717 A TLD chipell e} gl oluiA
2 2% u&A7)7] 9s)A] furnace (Model F47920, Barn-
stead/Thermolyne, USA)o|] TLD chip& 231 400°ColA 1
AlZb 4243 (annealing)& ¥ ©}A] 100°Cell A 2A17F A3 38}
e}, ARgsl A} 8= TLD chip?] AL 71817 9
3|4 TLD reader 55009 A] element correction coefficient
(ECC) k& Fsldrh o] 3o A HAZL 5% o) 42 %
TLD chipo 2 7Fshe} @71 AHEakA g3k

7} &3 Aol TLD chipg A4AJ3E & phantome] 23%-9
o chip® $%1 A1 75 (Table 1), 233-91% A= SAAL
Z&ed Al MR 2ol Aol e HHE AdEg
ERE R R e s B e
TLD chip& | o|Z & o|&3}le] phantome] 3= e
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Table 1. Location of TLD chips on the phantom

Organ Location Phantom level

Anterior calvarium
Posterior calvarium
Right mandibular ramus
Left mandibular ramus
Right mandibular body
Left mandibular body
Central cervical spine
Thyroid Midline thyroid
Oesophagus Oesophagus space
Skin Right cheek

Left cheek
Eyes Right lens
Left lens
Right orbit
Left orbit
Right parotid gland
Left parotid gland
Right submandibular gland
Left submandibular gland
Right sublingual gland
Left sublingual gland
Brain Mid brain
Pituitary fossa

Bone marrow

Salivary gland
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, 1 9] ¥9%= TLD holder& ©]£-3}e] phantom
Hd Tl S A

2) A2 LARMAEIE A

AT WA AdARR Ed-2 wrAtA#ed 7] 9] 249 phan-
tom 7742 A€ 20cmz 3} Ay 2AMFE o3t
o 7t AT AR #ei o] B £2 G Ee
B34 xg Fo] g3t 14u]9] AMof X WA
Atz Eed-2 FY H9eA 58 AREE 199 2 A
of Xt WAMAARAI 3 92 o} X wARAAL
Aahed 2 FURS A 3035 A3 152 WAy
3 359 o]%3 T WA E]Y) ) #9=7]-L F-speed
LEE o83l dAelM AErbsd HAst E3lxs)
Y2zeg 2= 2H o7 A5} (Table 2, 3).
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Fig. 2. 1/8”" x 1/8” x0.035” LiF
TLD (Thermoluminescent doseme-
ter) chips for placement within and
on the phantom and Harshaw TLD
5500 reader system.

Table 2. Exposure parameter for the 14 full mouth periapical
radiographes

Portable type
Wall type

A B C

kv 70 70 60 60

mA 8 3 1 10
Second  0.55-0.62/UP 0.15'Up  0.7-1/UP  0.2-0.3/UP
0.42/UA  0.12/UA 0.5/UA 0.15/UA
0.35-0.42/LP 0.12/Lp  0.7-1/LP  0.2-0.3/LP
0.35/LA 0.1/LA 0.5/LA 0.15/LA

UP: upper posteiror teeth; UA: upper anterior teeth; LP: lower posterior
teeth; LA: lower anterior teeth

Table 3. Exposure parameter for the periapical radiograph

Portable type
Wall type
A B C
kV 70 70 60 60
mA 8 3 1 10
Second 0.62/UP 0.15/UP 1/UP 0.3/UpP
0.42/LP 0.12/LP 1/LP 0.3/LP

UP: upper posteiror teeth; LP: lower posterior teeth
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Table 4. Estimated percentage of tissue irradiated used to calcu-

Table 6. Absorbed dose for full mouth periapical radiographes

lated mean absorbed dose to a tissue or organ using 14 films and intraoral x-ray machines (LGy)
g w
Tissue/Organ Fraction irradiated (%) . Portable type
Tissue Wall type
Bone marrow 16.5 B C
Mandible 1.3 Bone marrow
Calvaria 118 Anterior calvaria 25 186 170 173
. Cervical spin - 34 Posterior calvaria 192 176 172 170
Thyroid 100 Right mandibular ramus 383 299 182 435
Oesophagus 10 Left mandibular ramus 504 284 206 642
Skin 5 Right mandibular body 673 477 336 862
Bone surface , 16.5 Left mandibular body 722 506 369 939
Mandible 1.3 Central cervical spin 296 254 177 310
Calvajlrla . 11.8 Thyroid
, Cervical spin 3.4 Thyroid surface 193 287 179 326
Salivary gland 100 Oesophagus
Brain . 100 Oesophagus space 189 254 181 270
Remainder Skin
Adipose 3 Right cheek 1,183 866 633 1,617
Connective tissue 3 Left cheek 1,098 691 549 2021
Lymphatic nodes 5 Eye
Muscle 5 Right lens of eye 663 344 189 353
Extrathoracic airway 100 Left lens of eye 271 390 218 380
Right orbit 539 307 226 486
Left orbit 213 263 202 347
. . . . Salivary gland
Table 5. Tissue weighted factors for calculation of effective dose; Right parotid gland 271 278 218 289
2005 draft recommendations Left parotid gland 236 253 190 277

Tissue 2005 W+
Bone marrow 0.12
Breast 0.12
Colon 0.12
Lung 0.12
Stomach 0.12
Bladder 0.05
Oesophagus 0.05
Gonads 0.05
Liver 0.05
Thyroid 0.05
Bone surface 0.01
Brain 0.01
Kidneys 0.01
Salivary glands 0.01
Skin 0.01
Remainder tissue* 0.10

*adipose tissue, adrenals, connective tissue, extrathoracic airways, gall
bladder, heart wall, lymphatic nodes, muscle, pancreas, prostate, SI wall,
spleen, thymus and uterus/cervix

A Sl e Faoh 2AHE R 2459 v)E
< stERde 24 AA 249 13%, FHE2E49
F5E 11.8%, AFE ] F4E 3492 A4St WAL
A 7tEAEe Fest =AM A=) BEE A A=
9] 10%2 AAIY T, 249 379 u]g-2 Ludlow §°
o el dFd AAMF 5% AAdste HpARA
7YeAEE ek A, B, R4 240 ¥

Right submandibular gland 744 413 374 646
Left submandibular gland 688 436 389 691

Right sublingual gland 740 444 351 699

Left sublingual gland 803 460 352 744
Brain

Mid brain 209 179 172 173

Pituitary fossa 203 186 175 176

+& 100%2 AAtste] WA 713A%S T3l 7|E
zA)o] A& 9 7FEAEE Ludlow 5-%9] o 7uby e
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9 AHA e 7l =g vERe, 20053 A FAE 1S
N 2A43 14708) 7etz2A 9] A4g o]4-31% v} (Table 5)
22 HRAPAAA # A v AA 2R o
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Table 7. Absorbed dose for periapical radiograph of right upper

=FA 2

Table 8. Absorbed dose for periapical radiograph of right lower

molar using 1 film and intraoral x-ray machines (UGy) molar using 1 film and intraoral x-ray machines (uGy)
. Portable type Portable type
Tissue Wall type Tissue Wall type
B C B C

Bone marrow Bone marrow

Anterior calvaria 28 30 29 34 Anterior calvaria 35 30 28 31

Posterior calvaria 28 29 27 30 Posterior calvaria 33 28 29 32

Right mandibular ramus 37 65 33 50 Right mandibular ramus 45 84 29 49

Left mandibular ramus 32 30 37 38 Left mandibular ramus 41 35 31 39

Right mandibular body 36 46 36 61 Right mandibular body 291 120 139 291

Left mandibular body 39 32 36 39 Left mandibular body 49 42 40 53

Central cervical spin 29 31 35 35 Central cervical spin 34 36 32 42
Thyroid Thyroid

Thyroid surface 29 31 28 32 Thyroid surface 37 41 30 34
Oesophagus Oesophagus

Oesophagus space 30 31 28 32 Oesophagus space 38 33 31 33
Skin Skin

Right cheek 465 148 217 403 Right cheek 53 58 32 336

Left cheek 39 41 31 64 Left cheek 36 34 28 47
Eye Eye

Right lens of eye 49 48 33 370 Right lens of eye 34 35 29 36

Left lens of eye 34 39 35 142 Left lens of eye 32 35 29 36

Right orbit 71 104 37 343 Right orbit 32 34 30 34

Left orbit 34 40 27 85 Left orbit 32 33 30 38
Salivary gland Salivary gland .

Right parotid gland 35 43 31 35 Right parotid gland 35 39 29 34

Left parotid gland 33 32 32 38 Left parotid gland 51 40 32 47

Right submandibular gland 56 40 41 57 Right submandibular gland 117 64 65 124

Left submandibular gland 42 35 37 48 Left submandibular gland 63 49 45 70

Right sublingual gland 66 43 39 69 Right sublingual gland 103 61 57 112

Left sublingual gland 50 39 35 59 Left sublingual gland 74 48 46 80
Brain Brain

Mid brain 28 30 28 33 Mid brain 33 30 27 31

Pituitary fossa 28 30 27 33 Pituitary fossa 32 30 28 32

#od7)2 #odq 75, T 2 5 wEsle oo
Al 1,098 uGy, 1,183 uGyz =2 H9ro 74 FA=9]
ot o]53 P WA E7| 2 Hgd el o] FH
A,B,C 2% & < wnolo) m)He)A] 691 Gy, 866 uGy,
549 uGy, 633 uGy, 2,021 pGy, 1,617 pGy2 o-& 29jmch
A &A= i} (Table 6).

T wpApdEedr 2 Zeddt Ae, FeARE 5 BE
2)9] 3] Re)A 465uGyR ©E RYrt A SAHI
o} o] 58 T #AEGV)R FQF H9d= o] FH
A,B,C 2% 3 HE99 3] ReA 148 uGy, 217 uGy,
403 uGy= w8 R9un} ¥4 3=} (Table 7).

@ $% et TR ATY PARAALY
2 sjof AR AT YA BANA W o]y

4

FU v gy 2 Hoddt A FLEe o= st
A FHHHAA 291 uGy = c}—s— Hont =7 A
otk o] E3 A, BE #o3 Aex 9= slobx TSS9
oA 120 uGy, 139 uGy = 714 4 2H=% 7, o]53 C
E 53 w9 IHeM 336uGyE 7 A &A4H
1T} (Table 8).
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1) 140 FO X|TCH HIARMAFRI &S

Aot ATt WAL Zod ol A HJAW FEAge Y
Aoy F HAdEedr|z 93 7 B o] 580
usv 7H4 Ekem, |53 A, B, C 2% eldde] Zz
381 uSv, 312uSv, 558 uSv2 E=3tc},

FEAFE JHey | wpatdEedr) 2 F97] A
30uSvelsr, o]%3) A, B,C2 &3t AL} 27k 30uSy,
22uSv, 36 uSve T} (Table 9).
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Table 9. Radiation weighted dose and effective dose for full
mouth periapical radiographes using 14 films and intraoral x-ray

Table 11. Radiation weighted dose and effective dose for periapi-
cal radiograph of right lower molar vsing 1 film and intraoral x-

machines (LSv) ray machines uSv)
Portable type Portable type
Tissue/Organ Wall type Tissue/Organ Wall type
B C B C
Bone marrow 42 35 30 40 Bone marrow 7 6 5 7
Thyroid 193 287 179 326 Thyroid 37 41 30 34
Oesophagus 19 25 18 27 Oesophagus 4 3 3 3
Skin 29 27 20 55 Skin 2 2 1 6
Bone surface 195 163 138 186 Bone surface 30 26 24 30
Salivary gland 580 381 312 558 Salivary gland 74 50 46 78
Brain 206 183 174 174 Brain 33 30 28 32
Remainder Remainder
Adipose tissue 29 19 16 28 Adipose tissue 4 3 2 4
Connective tissue 29 19 16 28 Connective tissue 4 3 2 4
Lymphatic nodes 29 19 16 28 Lymphatic nodes 4 3 2 4
Muscle 23 17 16 24 Muscle 3 ) 2 3
Extrathoracic airway 464 330 248 476 Extrathoracic airway 52 41 38 58
Effective dose 30 30 22 36 Effective dose 5 4 4 5

Table 10. Radiation weighted dose and effective dose for periapi-
cal radiograph of right upper molar using 1 film and intraoral x-

ray machines uSv)
Portable type
Tissue/Organ Wall type
B C
Bone marrow 5 5 5 6
Thyroid 29 31 28 32
Oesophagus 3 3 3 3
Skin 7 3 4 12
Bone surface 23 24 23 26
Salivary gland 47 39 36 51
Brain 28 30 28 33
Remainder
Adipose tissue 2 2 2 3
Connective tissue 2 2 2 3
Lympbhatic nodes 2 2 2 3
Muscle 2 2 2 5
Extrathoracic airway 47 48 34 104
Effective dose 4 4 3 5
2) 10 X| 2B HIAMMALEIES
(1) $& got FAR A2D PARADEY

2 et X2 WAL Z ol A Z]E}R 2] & A9
sl WA sREA e WFeldy ) whAldEedr)=
gt 79 etAAde] 47uSva 7P gghon, o] 53 A,
B,Cx E}iM o] 39uSv, 36 uSv, 51 uSva 74 =9t}

FrEAGE Aoy Tl wAtdEgrie H4s A9,
4uSVRT ©]E3 A B, C2 #3 A9sl 4 4puSy, 3
uSv, 5 uSvel e} (Table 10).
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2 s} Aawk MAMAR el A AAEA e

< Aoy Fu WAt E7]9l o]F¥ A B, CEF g
A X o| 74uSv, SOuSv, 46 uSv, 78 uSvE 713+ E3tc}.

FraAZFE ¥y T w3y o3t A
S5USVHI o] 53 A, B,C2 &43 A9} 24zt 4pSv, 4
uSv, 5uSve]ch(Table 11).
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