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P R O F E S S I O N A L I S S U E S

Ionizing radiation is a well-established risk factor for
cancer.1–7 However, despite the fact that most dental
offices and clinics have x-ray machines that are in

frequent use,8 the exposure of dental workers to ionizing
radiation and the associated potential cancer risk have been
assessed in only a few studies. It appears that there has been
a downward trend in the occupational dose of ionizing radi-
ation received by dental workers, which provides evidence

of the efficacy of radiation protection measures.9,10

Nonetheless, concerns remain about total-body radiation
dose and the risk of cancer11,12; for example, one study
suggested that dentists and dental assistants were at
increased risk of papillary thyroid cancer.13

The purpose of this study was to determine the occupa-
tional doses of ionizing radiation and to examine possible
associations with mortality rates and cancer incidence in a
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A b s t r a c t
Objective: To describe doses of ionizing radiation and their possible associations with mortality rates and cancer

incidence among Canadian dental workers.

Methods: The National Dose Registry (NDR) of Canada was used to assess occupational dose of ionizing radiation
received by dental workers. The NDR cohort includes 42,175 people classified as dental workers. Subjects in
the NDR were linked to both the Canadian Mortality Database and the Canadian Cancer Database to ascertain
cause of death and cancer incidence, respectively.

Results: The cohort consisted of 9,051 male and 33,124 female dental workers. A total of 656 incident cases of
cancer and 558 deaths were observed. The standardized mortality ratio associated with all-cause mortality was
0.53 (90% confidence interval [CI] 0.49–0.57). The incidence of cancer among dental workers was lower than
that for the Canadian population for all cancers except melanoma of the skin (for melanoma, the standardized
incidence ratio was 1.46 [90% CI 1.14–1.85]). Occupational doses of ionizing radiation among dentists and
dental workers have decreased markedly since the 1950s.

Conclusions: Dental workers receive very low doses of ionizing radiation, and these doses do not appear to be asso-
ciated with any increase in cancer incidence; the increased incidence of melanoma is more likely related to
other risk factors such as exposure to ultraviolet radiation from sunlight.
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cohort of dental workers listed in the National Dose
Registry (NDR) of Canada.

Materials and Methods
National Dose Registry of Canada

The NDR, a database maintained by the Radiation
Protection Bureau of Health Canada since 1950, contains
records of occupational doses of ionizing radiation for over
500,000 individuals from about 24,000 organizations. The
NDR, a major part of Health Canada’s population health
surveillance program, accounts for virtually all monitored
radiation workers in Canada. Further details on the NDR
are provided elsewhere.14

Cohort Definition
The study cohort was derived from all 191,042 individ-

uals in the NDR database whose sex, year of birth and
dose information spanning the period 1951–1987 were
recorded; of these, 42,175 were classified as dental workers,
including dentists, dental assistants and hygienists. A retro-
spective dose history for each individual in the cohort was
previously constructed by combining dose records for indi-
viduals over the entire study period.14–16 Vital status and
cause of death were determined by record linkage to the
Canadian Mortality Database for the years 1951 to 1987. 15

Incident cases of cancer were identified by linkage to the
Canadian Cancer Database,4 derived from the National
Cancer Incidence Reporting System for the years 1969 to
1987. Cases of non-melanoma skin cancer were excluded
from the cohort because reporting procedures for this type
of cancer have varied widely among provinces.4 Disease and
death codes were reconciled to the ninth revision of the
International Classification of Diseases.17

Dosimetry
Dosimetry information was obtained from the National

Dosimetry Services of the Radiation Protection Bureau of
Health Canada. External radiation dose, expressed in
millisieverts (mSv), represents the amount of energy

absorbed per gram of tissue.4 Individual doses recorded at
frequencies ranging from biweekly to annually were
combined to obtain annual doses for each member of the
cohort. In cases where the recorded dose was below the
detection limit of the radiation dosimeter used (generally
< 0.20 mSv), the value was recorded as zero.4,15 The collec-
tive dose received by the cohort was the sum of all individ-
ual doses throughout the study period. Similarly, the collec-
tive annual dose was the sum of all individual doses
recorded in a given year.

Statistical Methods
Mortality rates and cancer incidence for dental workers

were compared with those for the general Canadian popu-
lation using standardized mortality ratios (SMRs) and stan-
dardized incidence ratios (SIRs). Associated confidence
intervals were calculated under the assumption that
numbers of deaths and incident cases of cancer follow a
Poisson distribution.18

Results
The cohort consisted of 9,051 men and 33,124 women.

The number of dental workers in the NDR cohort peaked
in the early 1980s and subsequently declined (Fig. 1). The
collective annual dose reflects the percentage of the total
collective dose of 13.07 Sv received by cohort members in
any given year (Fig. 1). The mean annual dose received by
dental workers reached a maximum around 1963 and then
declined, reaching very low levels by 1975 and remaining at
those low levels thereafter (Fig. 2). The mean lifetime cumu-
lative dose among Canadian dental workers in the NDR
cohort was 0.31 mSv. The mean annual dose for the period
1970–1987 was 0.045 mSv, which is over 50-fold less than
the annual background radiation dose of 2.4 mSv.8

A total of 656 incident cases of cancer and 558 deaths
were observed. The mortality rate among dental workers
was lower than that for the general Canadian population,
and the SMR was estimated at 0.53 (90% CI 0.49–0.57)
(Table 1). The overall incidence of cancer within the cohort

Figure 1: Number of dental workers in the National Dose Registry
cohort and their collective annual dose (as a percentage of total
collective dose of 13.07 Sv) between 1951 and 1987.

Figure 2: Mean annual radiation dose received by dental workers in
the National Dose Registry between 1951 and 1987.
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was also lower than that in the Canadian population; the
SIR was 0.87 (90% CI 0.82–0.93) (Table 2). For the
majority of specific cancers, the SIR was less than 1.0
among dental workers; however, the incidence of
melanoma was greater among dental workers (SIR 1.46,
90% CI 1.14–1.85).

Discussion
Although several studies of dental workers have focused

on exposure to mercury, anesthetic gases and infectious
diseases, as well as on stress and allergic reactions to
latex,9,11,19,20 few studies have examined the potential risks

of occupational exposure to radiation. Direct radiation
injury has been virtually eliminated by improvements in
radiologic equipment and methods and radioprotection
measures.9 However, the potential effects of whole-body
doses remain of concern,11 with secondary radiation scat-
tered from bones in the patient’s head now representing the
greatest source of radiation received by dentists and dental
workers.10

Other than an increased SIR for melanoma, mortality
rates and cancer incidence among dental workers were no
greater than within the general Canadian population. To
our knowledge, a greater incidence of melanoma among

Table 1 Standardized mortality ratios (SMRs) for dental workers in the National Dose Registry
cohort (1951–1987)

No. of deaths

Cause of death Observed Expecteda SMR (90% CI)

Cancer

Tongue and mouth 2 2.8 0.71 (0.12–2.23)
Pharynx 1 3.2 0.31 (0.01–1.47)
Esophagus 2 4.9 0.41 (0.07–1.28)
Stomach 8 13.2 0.61 (0.30–1.09)
Colon 30 23.4 1.28 (0.92–1.74)
Rectum 3 8.1 0.37 (0.10–0.96)
Liver, primary 4 2.8 1.44 (0.49–3.29)
Liver, not specified 1 1.2 0.85 (0.03–4.01)
Gallbladder 1 2.5 0.40 (0.02–1.89)
Pancreas 13 13.1 0.99 (0.59–1.58)
Lung 29 69.8 0.42 (0.30–0.57)
Bone 2 1.6 1.28 (0.22–4.04)
Connective tissue 1 2.2 0.46 (0.02–2.18)
Melanoma 7 5.8 1.21 (0.57–2.28)
Female breast 39 36.2 1.08 (0.81–1.41)
Ovary 6 9.0 0.67 (0.29–1.32)
Uterus, including cervix 6 9.7 0.62 (0.27–1.22)
Prostate 7 8.6 0.82 (0.38–1.53)
Bladder 4 4.4 0.90 (0.31–2.07)
Kidney 2 6.1 0.33 (0.06–1.04)
Brain, nervous system 9 13.2 0.68 (0.36–1.19)
Thyroid 1 0.6 1.60 (0.06–7.58)
Non-Hodgkin’s lymphoma 7 9.8 0.72 (0.34–1.35)
Hodgkin’s disease 6 3.8 1.60 (0.70–3.15)
Multiple myeloma 4 3.6 1.12 (0.38–2.55)
Leukemia 17 13.5 1.26 (0.80–1.89)
Leukemia, excluding chronic lymphatic leukemia 15 11.8 1.27 (0.78–1.95)
Myeloid leukemia 7 6.7 1.05 (0.49–1.97)
Acute myeloid or monocytic leukemia 5 4.3 1.15 (0.45–2.43)
All cancers 224 296.5 0.76 (0.67–0.84)

Noncancer

Accidents 101 222.4 0.45 (0.38–0.54)
Circulatory 165 339.7 0.49 (0.43–0.55)
Endocrine and metabolic 8 21.6 0.37 (0.18–0.67)
Genitourinary 2 9.7 0.21 (0.04–0.65)
Infective and parasitic 2 7.9 0.25 (0.04–0.79)
Respiratory 13 48.6 0.27 (0.16–0.43)

All causes 558b 1,059.1 0.53 (0.49–0.57)

aThe expected numbers of deaths were calculated on the basis of the mortality rates in the Canadian population.
bTotal number of deaths includes 43 deaths in the noncancer category that were not analyzed.
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dental workers has not been previously observed, although
medical workers exposed to x-rays have been reported to be
at higher risk.5,21 The elevated risk of melanoma observed in
the present study is more likely related to ultraviolet
sunlight exposure than to occupational exposure to ionizing
radiation.4 Because of the large number of cancer types
examined in the present study, it is also possible that the
elevated SIR for melanoma was due to chance.

The current study summarizes actual dose measurements
for dental workers in Canada over a 40-year period. This
study was limited by the fact that monitoring of dental work-
ers was not compulsory throughout the entire study period
and varied from province to province. As such, an unknown
number of dental workers are missing from the cohort, and
some dose records may be incomplete.15 However, there is no
reason to assume that the radiation dose received by moni-
tored dental workers was systematically different from that
for workers who were not monitored.

The dose of ionizing radiation received by Canadian

dentists and other dental workers has declined to very low
levels. Continued adherence to established guidelines for
occupational radiation exposure22 is recommended as a
means of protecting dental workers from the harmful effects
of ionizing radiation. C
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Table 2 Standardized incidence ratios (SIRs) for dental workers in the National Dose Registry
cohort (1969–1987)

No. of cancers

Type of cancer Observed Expecteda SMR (90% CI)

Tongue and mouth 6 8.9 0.67 (0.29–1.33)
Salivary gland 5 3.0 1.65 (0.65–3.46)
Pharynx 1 7.3 0.14 (0.01–0.65)
Esophagus 2 5.3 0.38 (0.07–1.19)
Stomach 14 19.6 0.71 (0.43–1.11)
Colon 57 51.5 1.11 (0.88–1.38)
Rectum 30 27.8 1.08 (0.78–1.47)
Liver, primary 3 3.5 0.87 (0.23–2.24)
Pancreas 16 14.0 1.15 (0.72–1.74)
Nose 1 1.6 0.63 (0.02–2.96)
Lung 44 93.0 0.47 (0.36–0.61)
Bone 5 3.9 1.27 (0.50–2.67)
Connective tissue 11 7.6 1.44 (0.81–2.38)
Melanoma 50 34.2 1.46 (1.14–1.85)
Female breast 126 129.7 0.97 (0.83–1.13)
Ovary 22 24.0 0.92 (0.62–1.31)
Uterus and cervix 42 66.4 0.63 (0.48–0.82)
Prostate 30 34.7 0.86 (0.62–1.17)
Testis 10 6.3 1.58 (0.86–2.68)
Bladder 25 27.4 0.91 (0.63–1.27)
Kidney 14 15.5 0.90 (0.55–1.41)
Brain, nervous system 20 20.5 0.98 (0.65–1.42)
Thyroid 25 20.9 1.20 (0.83–1.67)
Non-Hodgkin’s lymphoma 22 27.2 0.81 (0.55–1.15)
Hodgkin’s disease 15 16.5 0.91 (0.56–1.40)
Multiple myeloma 6 6.0 1.01 (0.44–1.99)
Leukemia 26 21.0 1.24 (0.87–1.72)
Leukemia, excluding chronic lymphatic leukemiab 18 15.9 1.13 (0.73–1.68)
Myeloid leukemiab 12 11.0 1.10 (0.63–1.78)
Acute myeloid or monocytic leukemiab 7 6.7 1.05 (0.49–1.96)
Other cancers 28 39.4 0.71 (0.51–0.98)

All cancers 656 750.8 0.87 (0.82–0.93)

aThe expected numbers of deaths were calculated on the basis of the mortality rates in the Canadian population.
bThe individual numbers of observed cancers sum to more than the total of 656 observed cancers because the counts for chronic lymphatic leukemia, myeloid
leukemia, and acute myeloid or monocytic leukemia were also included in the overall count for leukemia.



January 2005, Vol. 71, No. 1 33Journal of the Canadian Dental Association

Decreases in Occupational Exposure to Ionizing Radiation among Canadian Dental Workers

Mr. Garner is a research associate at Carlington Community and
Health Services, Ottawa.

Dr. Krewski is the NSERC/SSHRC/McLaughlin Chair in
Population Health Risk Assessment at the McLaughlin Centre for
Population Health Risk Assessment, Institute of Population Health,
University of Ottawa.

Dr. Ashmore is a former head of the National Dose Registry in
Radiation Protection Bureau, Health Canada, Ottawa, and affiliate
scientist at the McLaughlin Centre for Population Health Risk
Assessment, Institute of Population Health, University of Ottawa. 

Dr. Band is senior medical epidemiologist in Healthy Environments
and Consumer Safety Branch, Health Canada, Ottawa, and adjunct
professor in the department of epidemiology and community medi-
cine, University of Ottawa.

Mrs. Fair is a former chief of Health Statistics Division, Statistics
Canada, Ottawa.

Dr. Jiang is research associate, McLaughlin Centre for Population
Health Risk Assessment, Institute of Population Health, University of
Ottawa.

Dr. Letourneau is the former director of the Radiation Protection
Bureau, Health Canada, Ottawa.

Mr. Semenciw is technical advisor, Public Health Agency of Canada,
Health Canada, Ottawa.

Dr. Sont is head of the National Dose Registry in Radiation
Protection Bureau, Health Canada, Ottawa, and affiliate scientist at
the McLaughlin Centre for Population Health Risk Assessment,
Institute of Population Health, University of Ottawa. 

Correspondence to: Mr. Michael J. Garner, Carlington Community
and Health Services, 900 Merivale Rd., Ottawa, ON  K1Z 3Z8.
E-mail: mgarner@carlington.ochc.org.

The authors have no declared financial interests. 

References
1. Kai M, Luebeck EG, Moolgavkar SH. Analysis of the incidence of
solid cancer among atomic bomb survivors using a two-stage model of
carcinogenesis. Radiat Res 1997; 148(4):348–58.
2. Luebeck EG, Heidenreich WF, Hazelton WD, Paretzke HG,
Moolgavkar SH. Biologically based analysis of the data for the Colorado
uranium miners cohort: age, dose and dose-rate effects. Radiat Res 1999;
152(4):339–51.
3. Hazelton WD, Luebeck EG, Heidenreich WF, Moolgavkar SH.
Analysis of a historical cohort of Chinese tin miners with arsenic, radon,
cigarette smoke, and pipe smoke exposures using the biologically based
two-stage clonal expansion model. Radiat Res 2001; 156(1):78–94.
4. Sont WN, Zielinski JM, Ashmore JP, Jiang H, Krewski D, Fair ME,
and others. First analysis of cancer incidence and occupational radiation
exposure based on the National Dose Registry of Canada. Am J Epidemiol
2001; 153(4):309–18.
5. Wang JX, Inskip PD, Boice JD, Jr., Li BX, Zhang JY, Fraumeni JF Jr.
Cancer incidence among medical diagnostic X-ray workers in China,
1950 to 1985. Int J Cancer 1990; 45(5):889–95.
6. Wang JX, Zhang LA, Li BX, Zhao YC, Wang ZQ, Zhang JY, and
other. Cancer incidence and risk estimation among medical x-ray work-
ers in China, 1950-1995. Health Phys 2002; 82(4):455–66.
7. Yoshinaga S, Aoyama T, Yoshimoto Y, Sugahara T. Cancer mortality
among radiological technologists in Japan: updated analysis of follow-up
data from 1969 to 1993. J Epidemiol 1999; 9(2):61–72.
8. United Nations Scientific Committee on the Effects of Atomic
Radiation. UNSCEAR 2000 Report to the General Assembly, with scien-
tific annexes. Volume I. Vienna, Austria, UNSCEAR (2000).
9. Leggat PA, Chowanadisai S, Kukiattrakoon B, Yapong B, Kedjarune
U. Occupational hygiene practices of dentists in southern Thailand. Int
Dent J 2001; 51(1):11–6.
10. Kuroyanagi K, Hayakawa Y, Fujimori H, Sugiyama T. Distribution of
scattered radiation during intraoral radiography with the patient in
supine position. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 1998;
85(6):736–41.

11. Mandel ID. Occupational risks in dentistry: comforts and concerns.
J Am Dent Assoc 1993; 124(10):40–9.
12. Miyaji CK, Colus IM. Cytogenetic biomonitoring of Brazilian
dentists occupationally exposed to low doses of X-radiation. Pesqui
Odontol Bras 2002; 16(3):196–201.
13. Wingren G, Hallquist A, Hardell L. Diagnostic X-ray exposure and
female papillary thyroid cancer: a pooled analysis of two Swedish studies.
Eur J Cancer Prev 1997; 6(6):550–6.
14. Ashmore JP, Krewski D, Zielinski JM. Protocol for a cohort study of
occupational radiation exposure based on National Dose Registry of
Canada. Eur J Cancer 1997; 33(Suppl 3):S10–S21.
15. Ashmore JP, Krewski D, Zielinski JM, Jiang H, Semenciw R, Band
PR. First analysis of mortality and occupational radiation exposure based
on the National Dose Registry of Canada. Am J Epidemiol 1998; 148(6):
564–74.
16. Fair ME. Record linkage in the National Dose Registry of Canada.
Eur J Cancer 1997; 33(Suppl 3):S37–S42.
17. World Health Organization. International classification of diseases.
Manual of the international statistical classification of diseases, injuries,
and causes of death. Ninth Revision. Geneva, Switzerland: World Health
Organization (1977).
18. Breslow NE, Day NE, editors. Statistical methods in cancer research.
Volume II. The design and analysis of cohort studies. IARC Scientific
Publication No. 82. Lyon, France, International Agency for Research on
Cancer; 1987.
19. Garfunkel AA, Galili D. Dental health care workers at risk. Dent Clin
North Am 1996; 40(2):277–91.
20. Babich S, Burakoff RP. Occupational hazards of dentistry. A review of
literature from 1990. NY State Dent J 1997; 63(3):26–31.
21. Freedman DM, Sigurdson A, Rao RS, Hauptmann M, Alexander B,
Mohan A, and others. Risk of melanoma among radiologic technologists
in the United States. Int J Cancer 2003; 103(4):556–62.
22. Radiation protection in dentistry - Recommended safety procedures
for the use of dental X-ray equipment - Safety code 30. Ottawa, Health
Canada, Healthy Environments and Consumer Safety Branch; 1999.

mailto:mgarner@carlington.ochc.org

