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Table 1. Characteristics of studies included in the systematic review and meta-analyses

Study Country Study | Cases No of non- Exposure OR/RR (95% CI) Adjustment for Covariates
design cases or
No of Year of Age, median | Sex (n) controls
cases diagnosis (range), yrs
THYROID CANCER (n=7)
Ron et al., 1987(60) | USA cC 159 1978 - 80 (<25-179) F (109)/ 285 No. of dental x-rays Age, sex, prior radiotherapy
M (50) 0-4 1.0 to head and neck, and
5-9 14 thyroid nodules or goitre
10-19 1.1
20-29 0-7
>30 0-5 (p for trend =
0-05)
Dental x-ray ever (> 5) (estimated OR) 1.15 (0-70 - 1.87)
Dental x-ray (> 10) (estimated OR) 1-08 (0-65 — 1-66)
Exposures up to 1978, no results by age at
exposure
Wingren et al., Sweden CcC 93 1977 - 87 (20 - 60) F 187 Dental x-ray never 1-0 Age, geographic area,
1993(41) Repeated (>10) dental x-rays 5-5(1-6 - 19-0) occupational exposures,
Exposures up to 1982, no results by age of other radiographic
exposure exposures, family medical
history
Hallquist et al., Sweden cC 171 1980 -89 49" F (123)/ 325 Dental x-ray never 1.0 Sex and age
1994(83) (20-70) M (48) Dental x-ray ever 1.2 (0-6-3-0)
Repeated (>10) dental x-rays 2:4(1-0-8-0)
Exposures up to 1984, no results by age of
exposure
Inskip et al., Sweden CcC 484 1980 — 92 F (371)/ 484 (123)" Never had panoramic of full-mouth x-ray 1-0 Unadjusted
1995(14) (123)f M (113) Panoramic x-ray or full-mouth x-ray ever 2:3(1-1-4-8)
Exposures up to 1992, no results by age of
exposure
Memon et al., Kuwait CcC 313 1981 -99 35(F) F (238)/ 313 Dental x-ray never 1.0 Upper-body (head, neck, and
2010(13) 38(M) M (75) Dental x-ray ever 2:1(1-4-3-1) chest) x-rays
(5-70) No. of dental x-rays:
1-4 2:2(1-4-3-5)
5-9 4.6 (1-4-14.7)
>10 54((1-1-26-7) (p
Exposures up to 1999, no results by age of for trend < 0.0001)
exposure
Neta et al., USA Cohort | 251 1989 - 2005 | 35-7° F (219)/ 75243 Dental x-ray never 1.0 Sex, birth cohort, smoking
2013(15) (22 - 86) M (32) Dental x-ray ever (estimated OR) 2-46 (0-95 - 6-38) status, body mass index,

Dental x-ray (per 10 x-rays)
Dental x-ray (per 10 x-rays) first procedure
when aged <20 years

1-13 (1.01 - 1-26)}
1-12 (0-99, 1-28)

history of benign thyroid
condition, estimated
occupational radiation dose




Study Country Study | Cases No of non- Exposure OR/RR (95% ClI) Adjustment for Covariates
design cases or
Noof | Year of Age, median | Sex (n) controls
cases diagnosis (range), yrs

Dental x-ray (per 10 x-rays) first procedure 117 (1-01, 1-34) to the thyroid, and non-
when aged >20 years dental medical diagnostic x-
Exposures up to 2005 ray procedures

Zhang et al., USA cC 462 2010-11 51.2" F(375)/ 498 Dental x-rays < once every 5 years 1.0 Age, sex, educational level,

2015(40) (sd 12-3) M(87) Dental x-ray once every 2-5 years 0-86 (0-57 —1-29) family history of thyroid
Dental x-ray 1/year 0-89 (0-61—-1-31) cancer, previous benign
Dental x-ray > 1/year 2-20 (1-03-4-72) thyroid diseases, body mass
Dental x-ray at least once every five years 0-95 (0-69 - 1-30) index, alcohol consumption,
(estimated OR) radiation treatment,
Dental x-ray > 1/year (estimated OR) 0-90 (0-66 — 1-25) diagnostic x-ray exposure
Exposures up to 2011, no results by age of
exposure

MENINGIOMA (n =8)

Preston-Martin et USA CcC 185 1972 -75 (18 - 64) F 185 (101)* Full-mouth x-ray never 1-0 Unadjusted

al., 1980(23) (101)" Full-mouth x-ray ever 1.2 (0-48 — 3-00)*
Full-mouth x-ray >5 1-6 (0-86 — 2-99)¢
First full-mouth dental x-ray aged < 20y 4.0
First full-mouth dental x-ray before 1945 2:1
Exposures up to 1975

Preston-Martin et USA CcC 105 1972-79 52 M 105 Full-mouth x-ray never 1.0 Unadjusted

al., 1983(22) (25-69) Full-mouth x-ray ever (estimated OR) 0-70 (0-39 - 1-25)
Full-mouth x-ray >5 (estimated CI) 0-81 (0-39 - 1-68)
Full-mouth x-ray ever before 1960 1-03 (0-63, 1-86)
(estimated OR)
Full-mouth x-ray ever before 1945 0-94 (0-48, 1-84)
(estimated OR)
Exposures up to 1977, no results by age of
exposure

Preston-Martin et USA cC 70 1980 - 84 45" M 70 Frequency of dental x-ray up to age 25: Unadjusted

al., 1989(84) (25 -69) Never or < every 5 years 1.0
Every 2 — 5 years 1.1(0-5-2-2)
1/year 1.5(0-5-4-4)
Frequency of full-mouth x-ray after age 25
Never of < every 5 years 1-0
Every 2 — 5 years 2:0(0-8-5-0)
1/year 2.5(0-2-29'5)

Full-mouth x-ray ever, after age 25
(estimated OR)
Exposures up to 1989

1:93 (0-81 — 4-61)




Study Country Study | Cases No of non- Exposure OR/RR (95% ClI) Adjustment for Covariates
design cases or
Noof | Year of Age, median | Sex (n) controls
cases diagnosis (range), yrs
Ryan et al., Australia cC 60 1987 -90 (25-74) F (50)/ 417 Dental x-ray never 1.0 Age, sex
1992(24) M (10) Dental x-ray ever 1-37 (0-68 — 2-73)
Dental x-ray ever aged <25y 0-49 (0-16 — 1-56)
Panoramic x-ray > 1 1-13 (0-30 — 4-43)
Dental x-ray > 1/year (estimated OR) 3-27 (0-59 - 18-18)
Exposures up to 1988
Rodvall et al., Sweden cC 74 1987 — 90 (25-74) F (152)/ 339 Frequency of dental x-rays from age 25y Age, sex, dentures
1998(25) M (122) ! Dental x-ray never or < 1/5 years 1.0
Dental x-ray < 1/year and > 1/5-years 0-7(0-4-1-5)
Dental x-ray > 1/year 2:1(1-0-4-3)
Dental x-ray ever (estimated OR) 0-96 (0-56 — 1-66)
Exposures up to 1990
Longstreth et al., USA cC 200 1995 -98 56" F (143)/ 400 Bitewing x-rays Age, gender and education
2004(85) (18 —>70) M (57) Never 1-00
Ever (estimated OR) 0-96 (0-47 — 2-03)
Full-mouth x-ray
Never 1-00
Ever (estimated OR) 0-96 (0-67 — 1-35)
>6 2-06 (1-03 - 4-17)
Panoramic x-ray
Never 1-00
Ever (estimated OR) 0-86 (0-59 - 1-25)
Lateral cephalometric
Never 1-00
Ever 0-88 (0-60 — 1-29)
Exposures from 1955 to 1997, no results by
age of exposure
Claus et al., USA cC 1433 2006 - 11 57" F (1049)/ | 1350 Dental x-ray, not yearly dental visits 1.0 Age, sex, race, education,
2012(43) (20-79) M (384) Dental x-ray, yearly dental visits 0-8(0-6-0-9) history of head CT
Bitewing x-rays
Never 1.0
Ever (any age) 2:0(1-4-2-9)
Full-mouth x-ray
Never 1.0
Ever (any age) 1.0(0-9-1-3)
Full-mouth x-ray ever age < 10 1.2(0-8-1-7)
Full-mouth x-ray > 1 year age < 10 1.3(0-8-2-3)
Full-mouth x-ray ever age 10-19 1.1(0-9-1-4)
Full-mouth X-ray >1/year age 10 — 19 1.2(0-9-1-8)




Study Country Study | Cases No of non- Exposure OR/RR (95% ClI) Adjustment for Covariates
design cases or
Noof | Year of Age, median | Sex (n) controls
cases diagnosis (range), yrs
Panoramic x-ray
Never 1.0
Ever (any age) 1.0(0-8-1-2)
Exposures up to 2011
Linetal., 2013(42) | Taiwan cC 4123 1997 - 2010 | 44" F (2403)/ | 16492 Dental x-ray O per year 1-00 Age, sex, dementia, epilepsy
(<20 - >60) M (1720) Dental x-ray ever (ie.> 0 per yr) 1-39 (1-30 - 1-50)
Dental x-ray < 1/year 1.33 (1-22-1-42)
Dental x-ray 1 — 2/year 147 (1-26 - 1-71)
Dental x-ray 2 — 3/year 1.57 (1-24-1-99)
Dental x-ray > 3/year 1-65 (1-37-1-98)
Exposures from 1996 — 2010, no results by
age of exposure
GLIOMA (n=38)
Burch et al., Canada CcC 215 1977 -81 57" F(78)/M | 215 Dental x-ray never 1.0 Unadjusted
1987(86) (25 -80) (137) Dental x-ray ever 1-25 (0-34 — 4-66) ¢
Exposures up to 1981, no results by age of
exposure
Preston-Martin et USA cC 202 1980 - 84 45" M 202 Frequency of dental x-ray up to age 25: Unadjusted
al., 1989(84) (25-69) Never or < every 5 years 1.0
Every 2 — 5 years 1.5(1-0-24)
1/year 1.4 (0-8-2-4)
Frequency of full-mouth x-ray after age 25:
Never or < every 5 years 1.0
Every 2 — 5 years 1.6 (0-7-3:6)
1lyear 3:0(0-6-14-9)
Full-mouth x-ray ever, after age 25 1-58 (0-80 — 3-16)
(estimated OR)
Exposures up to 1989
Neuberger et al., USA cC 7 1973 - 821 (28 - 68) F (4)/ 25 Demtal x-ray never 1.0 Unadjusted
1991(44) M (3) Dental x-ray ever 10-66 (1-95 —
Exposures up to 1982, no results by age at 58.28)
exposure
Ryan et al., Australia cC 110 1987 - 90 (25-74) FIM 417 Demtal x-ray never 1.0 Age, sex
1992(24) Any dental x-ray ever 0-42 (0-24 -0-76)

Any dental x-ray ever aged <25y
Panoramic/full-mouth x-ray > 1

Dental x-ray > 1/year, age >25y (estimated
OR)

Exposures up to 1988

0-42 (0-19 — 0-93)
198 (0-72 - 5-39)

2-93 (075 -11-43)




Study Country Study | Cases No of non- Exposure OR/RR (95% ClI) Adjustment for Covariates
design cases or
Noof | Year of Age, median | Sex (n) controls
cases diagnosis (range), yrs
Rodvall et al., Sweden cC 126 1987 -90 (25-74) F (152)/ 339 Frequency of dental x-rays from age 25y Age, sex, dentures
1998(25) M (122)' Dental x-ray never or < 1/5 years 1-0
Dental x-ray < 1/year and > 1/5-years 0-7(0-4-1-2)
Dental x-ray > 1/year 1.0 (0-6-1-9)
Dental x-ray ever (estimated OR) 1-21 (0-77 — 1-90)
Exposures up to 1990
Ruder et al. USA cC 798 1995 - 97 51.8" F(341) 1175 Panoramic x-ray never 1.0 Age, sex, education, state
2006(45) (sd 16-1) IM(457) Panoramic x-ray ever 0-75(0-61-0-92)
Exposures up to 1992, no results by age at
exposure
Davis et al. USA cC 205 2003 - 07 48-5" F 91y 333 Frequency of dental x-rays as an adult Age and sex
2011(46) (sd 12-3) M (114) Dental x-ray never 1-00
Dental x-ray < 1/year 0-58 (0-20 — 1-67)
Dental x-ray > 1/year 0-60 (0-21-1-73)
Dental x-ray ever (estimated OR) 0-60 (0-22 - 1-63)
Panoramic x-ray never 1.00
Panoramic x-ray 1 —2 0-95 (0-57 — 1-58)
Panoramic x-ray 3+ 0-70 (0-40-1-21)
Exposures up to 2005
Linetal., 2013(42) | Taiwan cC 197 1997 - 2010 | (<20 ->60) F (94)/ 788 Dental x-ray O per year 100 Age, sex and epilepsy
M (103) Dental x-ray ever (ie.> 0 per yr) 0-99 (0-68 — 1-45)
Dental x-ray < 1/year 1-16 (0-76 — 1-77)
Dental x-ray 1 — 2/year 0-65 (0-26 — 1-63)
Dental x-ray > 2/year 0-60 (0-19-1-87)
Exposures from 1996 — 2010, no results by
age of exposure
VESTIBULAR SCHWANNOMA (n = 2)
Rodvall et al., Sweden cC 36 1987 - 90 (25-74) F (152)/ 339 Frequency of dental x-rays from age 25y Age, sex, dentures
1998(25) M (122)' Dental x-ray never or < 1/5 years 1.0
Dental x-ray < 1/year and > 1/5-years 0-4(0-2-1-0)
Dental x-ray > 1/year 0-7 (0-3-1-9)
Dental x-ray ever (estimated OR) 0-73 (0-35-1-56)
Exposures up to 1990
Han et al., 2012(47) | USA cC 343 1997 — 2007 F (174)/ 343 Dental x-ray never 1.00 Race, education, residency,
M (169) Dental x-ray ever 4.26 (1-49 -12-18) cigarette smoking, alcohol
Dental x-ray never or <1/5 years 1-00 consumption, occupational
Dental x-ray once every 2 — 5 years 2-65 (1-20 - 5-85) exposure to noise, regular
Dental x-ray 1/year 2-27 (1-01 -5-09) cell phone use, history of
Full-mouth/panoramic x-ray ever 1-04 (0-62 — 1-75) hay fever or diabetes, and
family history of cancer




Study Country Study | Cases No of non- Exposure OR/RR (95% ClI) Adjustment for Covariates
design cases or
Noof | Year of Age, median | Sex (n) controls
cases diagnosis (range), yrs
Exposures up to 2007, no results by age of
exposure
SALIVARY GLAND TUMOUR (n =3)
Preston-Martin et USA cC 139 1976 - 84 (25 -64) F (74)/ 139 Cumulative parotid dose from dental x-rays Unadjusted
al., 1988(87) M (65) <5 rad 1.0
5-24.9 rad 1-2 (0-65 — 2-29)
25-49.9 rad 1.7 (0-50 — 5-68)
>50 rad 2-8(0-85-9-48)
Exposures up to 1979, no results by age of
exposure
Dietz et al., Germany cC 101 1983-1991 NA F (51)/ 404 Dental x-ray never 1.0 Unadjusted
1993(88) M (50) Dental x-ray ever 3.58 (1.28 — 5.65)
Exposures up to 1991, no results by age of estimated from
exposure figures in paper
Horn-Ross et al., USA CcC 141 1989 - 93 57.2" F (61)% 191 Panoramic x-ray ever (reference category not | 0-67 (0-38 — 1-2) Age and sex
1997(48) (20-79) M (80)* stated)
Full-mouth x-ray never 1.0
Full-mouth x-ray ever. 1.6 (1-0-2.7)
No. of full-mouth x-rays:
1-3 1.3(0-73-2-3)
>4 2:0(1-0-3:5)
Exposures up to 1993, no results by age of
exposure
ORAL CANCER (n=1)
Schildt et al., Sweden cC 354 1980 -89 72 (F) F(117)/ 354 Dental x-ray never 1.0 Unadjusted
1998(89) 70 (M)” M (237) Dental x-ray ever 1.0 (0-6 - 1:5)
No. of dental x-rays
1-5 0-8(0-5-1-3)
615 1.2(0:6-2-2)
>15 1.4 (0-8-2:6)
Exposures up to 1989, no results by age of
exposure
LARYNGEAL CANCER (n=1)
Hinds et al., USA cC 47 1976 - 77 63" M 47 Dental x-ray 0 — 4 1.0 Unadjusted

1979(49)

Dental x-ray > 5
Exposures up to 1977, no results by age of
exposure

2-40 (0-85 — 6-81)°




exposure

Study Country Study | Cases No of non- Exposure OR/RR (95% ClI) Adjustment for Covariates
design cases or
Noof | Year of Age, median | Sex (n) controls
cases diagnosis (range), yrs
NON-HODGKIN’S LYMPHOMA (n =1)
Parodi et al., Italy cC 199 2003 -05 68" F(@84)/M | 279 Dental x-ray (reference category not stated) 1.2 (0-7-2-0) Age, gender, type of
2015(90) (115) Exposures up to 2005, no results by age of interview, smoking habit,

educational level, and
exposure to radiation,
pesticides, and aromatic
hydrocarbons

CC= case control, CT — computed tomography * - mean value, 1- the effective sample size for dental x-ray exposure, ¥ - RR from Cox proportional hazards regression, § - 95% Cl
estimated, || - data for all cases (glioma, meningioma and vestibular schwammona, information on gender was not available for each tumour type), 9 - date of death due to brain

cancer, # - estimated from paper (43% women).




Appendix 1: Search strategy used to search Medline in Ovid

#1.
#2.
#3.
#4.
#5.
#6.
#7.
#8.
#9.
#10.
#11.
#12.
#13.
#14.
#15.
#16.
#17.
#18.
#19.
#20.
#21.
#22.
#23.
#24.
#25.

Dental x-ray.tw

Dental x-rays.tw

Tooth radiography.tw
Teeth radiography.tw
Dental radiography.tw
Bitewing radiography.tw
Diagnostic x-ray.tw
Diagnostic x-rays.tw
Diagnostic radiography.tw
lonizing radiation.tw
10R20R30R40R50R60R70R80R90R 10
Head.tw

Neck.tw

Mouth.tw

Brain.tw

Thyroid.tw

Glioma.tw
Meningioma.tw
Parotid.tw

Salivary gland.tw
120R130R140R150R16 OR17OR18 OR19 OR 20
Neoplasm.tw

Cancer.tw

Carcinoma.tw
220R230R24

#26.11 AND 21 AND 25



Appendix 2: Newcastle-Ottawa Quality Assessment of included studies

Case-control studies

Study Is case definition Representativeness of Selection of Definition of Comparability of Ascertainment of Same ascertainment Non-response

adequate? the cases controls controls cases and controls exposure method for cases and rate same for
controls both groups

Burch 1987(86) * * *x *

Claus 2012(43) * * * *x *

Davis 2011(46) * * * *x *

Hallquist * * * el * *

1994(83)

Inskip 1995(14) * * * % *

Lin 2013(42) * * * *x * * *

Longstreth * * * folad *

2004(85)

Memon 2010(13) * * folad * *

Neuberger * il *

1991(44)

Preston-Martin * * * *x *

1980(23)

Preston-Martin * * *x *

1983(22)

Preston-Martin * * *x *

1989(84)

Rodvall * * * wx * *

1998(25)

Ron 1987(60) * * * * ** *

Ruder 2006(45) * * * * ** *

Ryan 1992(24) * * * wx *

Wingren * * faad *

1993(41)

Zhang 2015(40) * * * * *x * *

Cohort studies

Study Representativeness of Selection of non- Ascertainment of Demonstration that Comparability of Assessment of Was follow-up Adequacy of
exposed cohort exposed cohort exposures outcome of interest not cohorts outcome long enough follow up of
present at start of study cohorts
Neta 2013(15) * * *x * *

The Newcastle-Ottawa scale evaluates case-control and cohort studies across three parameters (selection, comparability and outcome). Eight specific items are assessed, for each of which a study can score either 0 or 1 point,
with the exception of comparability, which can score up to 2 points. A star in the table indicates that the paper scored a point for the specified item.
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