Absorbed and effective dose from spiral and computed tomography for the dental implant

planning
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ABSTRACT

Objectives : To evaluate the absorbed and effective doses of spiral and computed tomography for the dental

implant planning.

Materials and Methods : For radiographic projection, TLD chips were placed in 22 sites of humanoid phantom to
record the exposure to skin and the mean absorbed dose to bone marrow, thyroid, pituitary, parotid and
submandibular glands and nesophagus. Effective dose was calculated, using the method suggested by Frederiksen
et al.. Patient situations of a single tooth gap in upper and lower midline region, edentulous maxilla and mandible
were simulated for spiral tomography. 35 axial slices (maxilla) and 40 axial slices (mandible) with low and standard
dose setting were used for computed tomography. All the radiographic procedures were repeated three times.

Results : The mean effective dose in case of maxilla was 0.865 mSv, 0.452 mSv, 0.136 mSv and 0.025 mSv, in
spiral tomography of complete edentulous maxilla, computed tomography with standard mAs, computed
tomography with low mAs and spiral tomography of a single tooth gap (p<0.05). That in case of mandible was
0.614mSv, 0.448 mSv, 0.137 mSv and 0.036 mSv, in spiral tomography of complete edentulous mandible, comput-
ed tomography with standard mAs, computed tomography with low mAs and spiral tomography of a single tooth

gap (p<0.05).

Conclusions : Based on these results, it can be concluded that low mAs computed tomography is recommended
instead of spiral tomography for the complete edentulous maxilla and mandible dental implant treatment planning.

(Korean J Oral Maxillofac Radiol 2001; 31 : 165-73)
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Table 1. Tissue weighting factor

Organ/Tissue Weighting factor
Gonads 0.20
Bone marrow (red) 0.12
Colon 0.12
Lung 0.12
Stomach 0.12
Bladder 0.05
Breast 0.05
Liver 0.05
Esophagus 0.05
Thyroid 0.05
Skin 0.01
Bone surface 0.01

Remainder 0.05
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Al AdgF 238 93] 2.5cm A2 107] sectiono.
2 ¢]&o0}%] humanoid phantom (humanoid systems, USA),
1/8" x 1/8" x0.035""2] thermoluminescent dosimeter (TLD-
100 Li F chip, Harshaw Chemical Company, USA), TLD
reader (Harshaw Chemical Company, USA)E o]&-3}9] 2,
Al Eed 7 2 Ay F2&ed-S 28l Scanora (Soredex/
Orion Co., Finland), A A}3} ©k&&<]8 ¢}s) General Elec-
tric CT Hilight Advantage 9800 (GE Medical Systems, USA),
dut Freslo}l #eodg 98] PM 2002 CC proline (Planmeca

Co., Finland)& A}-&-3}ic}.
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Table 2. Dosimeter location

Organ/Tissue Phantom level

Thyroid gland 9
Salivary gland
parotid gland (rt)
parotid gland (It)
submanbular gland (rt)
submanbular gland (lt)
Bone marrow
3rd molar (rt)
3rd molar (It)
2nd premolar (rt)
2nd premolar (It)
mandibular symphysis
2nd cervical vertebra
lateral calvarium
posterior calvarium
Esophagus
Skin
philtrum
occipital
vertex
preauricular (rt)
preauricular (It)
posterior neck
chin
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Fig. 1. Calibration curve was obtained by regression analysis of
measured electrical charge of TLD chips exposed by known
radiation doses.
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WAlE odub 5EedS Aot AAR 13] (program no.
003, 760), Aot At 83) (program no. 003, 788, 786, 784,
782,780, 778,776, 774), 8}t X% 13] (program no. 003,
761), 82} A<t 83] (program no. 003, 789, 787, 785, 783,
781, 779, 777, 775) &35} a2 (Table 3), AALs} whzFol
2 Apslel 38 1.5 mm slice thickness, 1.0 mm slice interval
2 Ayele 35 axial slice, F2}2 40 axial sliceE dglom,
23 27 (120kVp, 240 mAs)3} A A= =71 (120kVp, 80
mAs)o| Al Z}zt #edslgic (Table 4). o] A 2] F-2] odulb
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o} shxgjm} #ed2 Scanora #%j7]2 ¥t I}t (pro-
gram no. 001), 1&g 3} -2}u} (program no. 003)F o33}

Table 3. Program number according to the Scanora protocol and
kV and mAs settings used in Scanora tomography

Programs kV mA s mAS
Single tooth gap maxilla
003 (dental panorama) 70 13 15 195
760 70 1.6 84 1344
Total 3294
Edentulous maxilla
003 (dental panorama) 70 13 15 195
788 70 4 84 336
786 70 5 84 420
784 70 2.5 84 210
782 70 1.6 84 1344
780 70 1.6 84 1344
778 70 2.5 84 210
776 70 5 84 420
774 70 4 84 336
Total 23958
Single tooth gap mandible
003 (dental panorama) 70 13 15 195
761 70 16 84 1344
Total 3294
Edentulous mandible
003 (dental panorama) 70 13 15 195
789 70 32 84 268.8
787 70 32 84 268.8
785 70 25 84 210
783 70 1.6 84 1344
781 70 1.6 84 1344
779 ) 70 2.5 84 210
777 70 3.2 84 268.8
773 70 32 84 268.8
Total 1959

kV: kilovoltage, mA: milliampere, s: second, mAs: milliampere second
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Table 4. kV and mAs settings used in computed tomography

kV mA s mAs

Maxilla (low mAs)

Scout view 120 40 5 200

Axial slice 120 40 2 80

Total

(scout view +-35 axial slices) 3000
Maxilla (standard mAs)

Scout view 120 40 5 200

Axial slice 120 120 2 240

Total

(scout view + 35 axial slices) 8600
Mandible (low mAs)

Scout view 120 40 5 200

Axial slice 120 40 2 80

Total

(scout view +40 axial slices) 3400
Mandible (low mAs)

Scout view 120 40 5 200

Axial slice 120 120 2 240

Total

(scout view 40 axial slices) 9800

kV: kilovoltage, mA: milliampere, s: second, mAs: milliampere second

Table 5. kV and mAs settings used in panoramic radiography

kV mA S mAs
Panorama (Scanora) 70 13 13 169
Dental panorama (Scanora) 70 13 13 195
Panorama (Planmeca) 68 7 18 126
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Table 6. Mean absorbed dose from spiral tomography and com-
puted tomography of the maxilla

Absorbed dose (WGy)

Organ/Tissue Single tooth Edentulous Low dose Standard
gap (SC) maxilla(SC) CT dose CT
Bone marrow
37 molar (Rt) 495 14326 830 3328
37 molar (Lt) 486 12150 850 3351
2™ premolar (Rt) 1232 11493 630 2043
2" premolar (Lt) 1228 10540 876 2689
Mn symphysis 450 1853 379 1184
2™ cervical vertebra 128 3224 931 4343
lat. calvarium 29 138 143 361
post. vecalvarium 17 221 194 532
Esophagus 100 920 - 270 797
Thyroid gland 59 594 244 488
Skin
philtrum 1117 4363 7297 23184
occipital 17 218 176 456
vertex 17 75 136 240
preauricular (Rt) 75 3861 1129 3668
preauricular (Lt) 43 5392 1763 4041
posterior neck 895 2225 504 2049
chin 497 1676 298 857
Salivary gland
parotid gl (Rt) 739 61348 7748 26690
submandibular gl (Rt) 426 3317 478 1484
parotid gl (Lt) 534 52095 7294 26234
submandibular gl (Lt) 343 3369 521 1747
Brain (pituitary gl) 56 601 579 2181

kV: kilovoltage, mA: milliampere, s: second, mAs: milliampere second

SC : Scanora tomography, CT : Computed tomography
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Table 7. Mean effective dose from spiral tomography and computed tomography of the maxilla

it Single tooth gap (SC) Edentulous maxilla (SC) Low dose CT Standard dose CT
e A dose E dose A dose E dose A dose E dose A dose E dose
Bone marrow 20 2 207 25 45 5 159 19
Esophagus 100 5 920 46 270 14 797 40
Thyroid 59 3 594 30 244 12 488 24
Skin 34 0 229 2 145 1 444 4
Bone surface 93 1 960 10 209 2 739 7
Remainder
salivary glnads 510 13 30032 751 4010 100 14038 351
other remainder 6 0 60 2 58 1 218 5
Total 25%.1.% 86551 1361 4.1 452419

A dose : absorbed dose (uGy), E dose : effective dose (uSv)
*¥,%.5 I, 9 statistically significant (p<0.05)

uSv
1000

900

B single tooth gap(SC)
800 | B edentulous maxilla(SC)
700 |——|Hiow dose CT
E)standard doseCT

600
500
400
300
200
100

OR T site

BM : bone marrow
S : skin
OR : other remainder

Eso : esophagus
BS : bone surface
T : total

TG : thyroid gland
SG : salivary gland

Fig. 2. Graph of mean effective dose from spiral tomography and
computed tomography of the maxilla.
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Table 8. Mean absorbed dose from spiral tomography and com-
puted tomography of the mandible

Absorbed dose (uGy)

Organ/Tissue Single tooth Edentulous Low dose Standard
gap(SC) maxilla(SC) CT dose CT
Bone marrow
3 molar (Rt) 865 20094 7898 25955
3 molar (Lt) 859 20108 7888 25947
27 premolar (Rt) 3319 24488 8819 29789
2 premolar (Lt) 3316 26435 8879 29768
Mn. symphsys 2924 18590 2134 6531
2" cervical vertebra 391 2955 3466 23175
lat. calvarium 20 78 119 219
post. calvarium 16 106 139 370
Esophagus 124 2169 590 1934
Tyroid gland 119 2042 412 925
Skin
philtrum 362 1157 538 2049
occipital 15 110 149 384
vertex 14 51 118 1674
preauricular (Rt) 52 974 443 1835
preauricular (Lt) 40 763 548 1814
posterior neck 834 2006 1138 3062
chin 6024 13126 7254 23873
Salivary gland
parotid g1(Rt) 456 3193 2049 8049
submandibular gl (Rt) 1088 23927 1825 6357
parotid gl (Lt) 721 3354 1717 6906
submandibular gl (Lt) 432 24475 1929 6815
Brain (pituitary gl) 39 236 311 873

SC: Scanora tomography, CT : Computed tomography

Fog Adgt A ZolM FA e AolE By
(p<0.05).

3. Thoaiof EoA| BR
H|m

Eoua o

05'

T REMEe

Scanora® gu} Ireju}, wied gf-gle} 2o, Planmeca

— 169 —



X2 elmae

m——

A2 AEE 2ot LMY Ut BEEEAD JitE EEE

Table 9. Mean effective dose from spiral tomography and computed tomography of the mandible

) Single tooth gap (SC) Edentulous maxilta (SC) Low dose CT Standard dose CT

Site A dose E dose A dose E dose A dose E dose A dose E dose
Bone marrow 38 5 346 42 156 19 699 84
Esophagus 124 6 2169 108 590 30 1934 97
Thyroid 119 6 2042 102 412 21 925 46
Skin 94 1 234 2 131 1 446 4
Bone surface 177 2 1607 16 723 7 3241 32

Remainder

salivary glands 674 17 13737 343 1880 47 7032 176
other remainder 4 0 24 1 31 1 87 2

Total 36+ 1.1 6144 137%8 1 448t

A dose : absorbed dose (WGy), E dose : effective dose (uSv), *, 1, % .8, ||

: statistically significant (p < 0.05)

BM : bone marrow

Eso : esophagus

TG : thyroid gland

i Sv

700

800 I B single tooth gap(SC)

500 ——| B edentulous mandible(SC)
400 —| Olow dose CT

300 |- @standard dose CT

S : skin

BS : bone surface

200

SG : salivary gland
OR : other remainder

T : total

site

Fig. 3. Graph of mean effective dose from spiral tomography and computed tomography of the mandible.

uSv

30 |—|@m dental panorama(SC) ]
25 —|@ panorama(SC)
20 |0 panorama(PM)

L i B L

BM Eso TG S8 BS §SG OR

T site

BM : bone marrow
S : skin
OR : other remainder

Eso : esophagus
BS : bone surface
T : total

TG : thyroid gland
SG : salivary gland

Fig. 4. Graph of mean effective dose from different kinds of pano-
ramic radiography.
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Fig. 49} Z}. HF E4A%S Scanora® tﬂ‘f—{r g} gfu}
oA orstAdHe| 0.714mGy, 24} F/]Z42 0.15 mGy
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Table 10. Mean absorbed dose from different kinds of panoramic
radiography

Absorbed dose (UWGy)
Organttissue Scanora dental Scanora  Planmeca
panorama panorama  panorama
Bone marrow
37 molar (Rt) 479 395 262
3" molar (Lt) 471 398 1385
2™ premolar (Rt) 58 40 29
2" premolar (Lt) 54 38 55
Mn. symphysis 454 215 234
2™ cervical vertebra 358 321 285
lat calvarium 15 14 15
post calvarium 16 14 14
Esophagus 108 118 57
Thyroid gland 49 65 7
Skin
philtrum 55 38 31
occipital 15 13 14
vertex 16 13 13
preauricular (Rt) 4?2 51 70
preauricualr (Lt) 36 48 68
posterior neck 894 533 381
chin 51 42 31
Salivary gland
parotid gl (Rt) 112 1120 533
submandibular gl (Rt) 714 419 290
parotid gl (Lt) 124 1156 392
submandibular gl (Lt) 347 338 1210
Brain (pituitary gl) 35 26 29
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Table 11. Mean effective dose from different kinds of panoramic
radiography

Planmeca
panorama

Scanora
panorama

Scanora dental
Site panorama

A dose E dose A dose E dose A dose E dose
Bone marrow 119 14 100 12 117 14

Esophagus 1082 54 1184 59 574 29
Thyroid " 488 24 654 33 7.1 04
Skin 143 0.1 95 0.1 78 0.1
Bone surface 552 06 462 05 54.1 05
Remainder

salivary glands 3243 8.1 7584 190 6064 152
other remainder 35 0.1 26 0.1 29 0.1
Total 20.0* 31.4*1 1281

A dose : absorbed dose (UWGy), E dose : effective dose (uSv)
* f : statistically significant (p<0.05)

A= et HFHEAD 2 Scanora #¢17] 2 Uk gl ejo}
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