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INTRODUCTION

Dental diagnostic X-rays are an essential part of dental prac-

tice. Although radiation doses have been reduced due to the 

development of digital techniques, dental diagnostic X-ray 

imaging remains one of the most common types of radiologi-

cal procedures that are frequently performed in dental clinics 

for oral examinations [1,2]. Dental diagnostic X-rays for certain 

types of examinations, including bitewings, full-mouth series, 

and panoramic views, are in common use. Considering the 

lifetime frequency of exposure to dental diagnostic X-rays, 

even a slight increase in health risk would be of considerable 

public health importance [3].

Dental X-rays expose patients to relatively low radiation doses. 

However, the survivors of the Hiroshima atomic bombings pro-

vide evidence of increased cancer risk from low doses of radia-

tion [4]. Repeated exposure could also increase cancer risk [5]. 

Exposure to dental X-rays is associated with potential risk of 

cancer, which was revealed in previous studies [6,7]. 

In the head and neck region, cancer risks caused by exposure 

to dental X-rays have been discussed. Although many epidemi-

ological studies have reported on the association between ex-

posure to dental X-rays and meningioma risk, it is still contro-

versial, as some studies have shown a lack of association [8-10]. 

A meta-analysis study proposed that there is no clear evidence 

of a significant association between exposure to dental diag-

nostic X-rays and the risk of developing meningioma [11]. Sev-

eral studies have found an association between dental X-ray ex-

posure and increased risks of brain cancer [12,13], tumors of 

the parotid gland [14] and breast cancer [15] and thyroid cancer 

[16,17]. In particular, thyroid cancer is one of the most common 

cancers in the worldwide, and the side effects from dental radi-

ation exposure are likely to contribute to its incidence due to 

the location of the thyroid gland. Repeated exposure to dental 

X-rays may result in various health problems including head 

and neck tumors and various systemic problems. Thus, we con-

ducted a systematic review of papers that reported an associa-

tion between dental X-ray exposure and overall health risks be-
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cause no previous reports have summarized these associations. 

MATERIALS AND METHODS 

The patient, intervention, comparator, outcomes (PICO) 

method was followed as a viable tool for the systematic review 

process [18]. The PICO method for this systematic review was 

as follows. The “P” referred to all patients, the “I” referred to 

dental X-ray exposure, the “C” referred to dental X-ray non-ex-

posure, and the “O” referred to brain cancer, meningioma, 

thyroid cancer, leukemia, and other cancers.

Search strategy and data sources

We searched the PUBMED, EMBASE, and MEDLINE data-

bases and performed a manual search for papers. The data-

bases were searched for all related paper published before 

December 2016. The paper published in all languages were 

selected. The following search terms were employed. 

(i) PUBMED: (“radiography, dental” [MeSH Terms] OR (“ra-

diography” [All Fields] AND “dental” [All Fields]) OR “dental 

radiography” [All Fields] OR “dental x ray” [All Fields]) AND 

exposure [All Fields] AND (“brain neoplasms” [MeSH Terms] 

OR (“brain” [All Fields] AND “neoplasms” [All Fields]) OR 

“brain neoplasms” [All Fields] OR (“brain” [All Fields] AND 

“cancer” [All Fields]) OR “brain cancer” [All Fields]); (ii) EM-

BASE: ‘dental’/exp OR dental AND (‘x ray’/exp OR ‘x ray’) 

AND (‘exposure’/exp OR exposure); (iii) Manual search was 

carried out using the reference lists of papers included in the 

systematic review, on review papers about overall health.

Study inclusion and exclusion

Two reviewers (S.Y.H, E.S.C.) independently assessed the eli-

gibility of each study through the databases based on the pre-

determined selection criteria. Any disagreements were resolved 

through discussion. The inclusion criteria were as follows: (i) 

human study; (ii) health problems including cancers related to 

dental radiation exposure; (iii) the full text of the study was 

available. The exclusion criteria were as follows: (i) Radiation 

dose assessment study; (ii) Radiation safety management study; 

(iii) Review articles; (iv) Letter and recommendation. 

Data extraction

Two authors (M.A.H. and H.Y.K) independently collected the 

following information: first author’s name, year of publication, 

study design, dental diagnostic X-ray type, health outcome, 

significance, risk estimates, and their confidence intervals 

(CIs). We tried to summarize the significance of test results ac-

cording to the types of health outcomes and types of the den-

tal x-ray. However, test results in some studies were expressed 

for more detailed categories such as age groups or frequencies 

of exposure and occurred either consistent which means that 

all test were significant or nonsignificant, or inconsistent which 

means that both coexisted. To solve the problem, the integrat-

ed significance was marked as having partial significance (PS) 

when only some of the characteristics were statistically signifi-

cant, as having significance (S) when all the characteristics 

were significant, and as not having significance (NS) when all 

were nonsignificant.

Quality assessment

We assessed the methodological quality of each study using 

the Newcastle-Ottawa scale (NOS) [19] which uses a star rat-

ing system. A full score is 9 stars, and a score range 5 to 9 stars 

is considered to be a high methodological quality while a 

score range 0 to 4 is considered to be poor quality. Nineteen 

case-control studies and one cohort study were assessed on 

the quality excluding one case-report study.

RESULTS

A total of 2 158 studies, except for duplicate studies, were ini-

tially collected. The abstracts and titles of the 2 158 papers were 

assessed. The full-text of the final 21 studies that were selected 

through classifications of exclusion criteria were read (Figure 

1). We assessed information provided by the reporting of case–

controls (n=19), cohort studies (n=1), and case studies (n=1). 

These studies were published between 1997 and 2015. These 

studies were conducted in the following countries: the United 

States (n=12), Sweden (n=4), Taiwan (n=1), Australia (n=1), 

Kuwait (n=1), Japan (n=1), and Syria (n=1). 

Quality assessment

The quality of all included studies was summarized in Table 1. 

Figure 1. Flow chart of identification of eligible studies to final inclusion.

Potential articles identified (n=3 486)
PubMed (n=1 541)
EMBASE (n=1 025)
Medline (n=918)
Hand search (n=2)

Records excluded based on titles 
 and abstracts (n=2 137)

Dose (n=243)
Safety (n=66)
Reviews (n=10)
Other (n=1 818)

Duplicate records & only abstract 
excluded (n=1 328)

Relevant records screened (n=2 158)

Full-text articles reviewed (n=21)
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The median NOS score of the eligible studies was 4.0, 5.0, and 

3.5 for meningioma and tumors in head and neck areas, thy-

roid cancer, and systemic health outcomes, respectively.

Health-related outcomes
Brain tumors 

Table 2 shows 10 research papers on dental diagnostic X-rays 

and brain tumors. All were case–control studies. Five catego-

Table 1. Newcastle-Ottawa Scale Quality Assessment of included studies (N=20) 

Type Author(year) Study design Selection Comparability Exposure Total

Brain tumor Preston-Martin (1980)
Preston-Martin (1983)
Preston-Martin (1989)
Neuberger JS (1991)
Ryan P (1992)
Rodvall y (1998)
Longstreth w (2004)
Claus E (2012)
Han YY (2012)
Lin MC (2013)

Case-control
Case-control
Case-control
Case-control
Case-control
Case-control
Case-control
Case-control
Case-control
Case-control

2
2
2
2
2
2
2
3
3
3

1
1
1
1
0
2
2
2
2
1

1
1
1
1
1
1
2
2
2
1

4
4
4
4
3
4
6
7
7
5

Thyroid cancer Wingren G (1993)
Hallquist A (1994)
Wingren G (1997)
Memon A (2010)
Neta (2013)

Case-control
Case-control
Case-control
Case-control

Prospective cohort*

2
2
2
3
3

2
1
2
1
2

1
1
1
2
2

5
4
5
6
7

Tumors in head and neck areas Hinds MW (1979)
Preston-Martin S (1988)
Horn-Rose PL (1997)

Case-control
Case-control
Case-control

2
2
2

1
1
1

1
1
1

4
4
4

Systemic health outcome Motoi (1989)
Hujoel P (2004)

Case-control
Case-control

1
3

0
1

0
2

1
6

* Newcastle-Ottawa Scale Quality Assessment: cohort      

Table 2. Summary of studies on association between dental X-ray exposure experience and brain tumor     

Author (year) Country Study design
No. of exposed 
case/control

Dental X-ray types Health outcome Significancea

Preston-Martin S 
 (1980) [20]

US Case-control 189/185 Full mouth Meningioma PS Strong positive association with early exposure 20 yr old 
 (OR = 4.0, P < 0.01) among women
Nonsignificant with more than five dental X-ray exposures 
 (OR = 1.6, p = 0.14)

Preston-Martin S 
 (1983) [21]

US Case-control 120/105 Full mouth Meningioma PS Strong positive association with early exposure 20 yr old 
 (OR = 7.0, P = 0.04) among men
Nonsignificant with five or more dental X-ray exposures before 1945 
 (OR = 2.7, p = 0.11)

Preston-Martin S 
 (1989) [12]

US Case-control 272/272 Full mouth
Full mouth

Meningioma
Glioma

NS
PS

-
Positive association with exposure after age 25 (0R = 1.0, P < 0.04)

Neuberger JS 
 (1991) [13]

US Case-control 7/25 Any Brain cancer S Strong positive association (OR = 10.66, 95%CI = 1.95-58.28)

Ryan P 
 (1992) [10]

Australia Case-control 6/110 Any
Any

Meningioma
Gliomas

NS
S

-
Negative association (OR = 0.42, 95%CI = 1.95-58.28)

Rodvall Y 
 (1998) [22]

Sweden Case-control 66/65
24/65
34/65
8/65

Any
Any
Any
Any

Total CNS tumor
Meningioma
Glioma
Acoustic neuroma

NS
S

NS
NS

-
Positive association (RR = 2.1, 95%CI = 1.0-4.3)

-
-

Longstreth W 
 (2004) [23]

US Case-control 200/400 Full mouth
O thers (panorama, 

cephalometric)

Meningioma S
NS

Positive association (OR = 2.06, 95%CI = 1.03-4.17)
-

Claus E 
 (2012) [24]

US Case-control 1 433/1 350 Full mouth
Bitewing

Panorama

Meningioma NS
S
S

-
Positive association (OR = 2.0, 95%CI = 1.4-2.9)
Positive association (OR = 3.0, 95%CI = 1.6-5.6) 
 at frequent exposure, yearly or more

Han YY 
 (2012) [25]

US Case-control 343/343 Any Vestibular 
 schwannoma

S Strong positive association (OR = 4.26, 95%CI = 1.49-12.18)w

Lin MC 
 (2013) [26]

Taiwan Case-control 4 123/16 492 Any
Any

Benign Brain tumor
Malignant Brain tumor

S
NS

Positive association (OR = 1.39)
-

aPS: partial significance S: significance NS: no significance  
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rized or specified the types of dental diagnostic X-rays, while 

the other five did not. Two of these studies also included the 

panorama and bitewing types of examinations. Detailed anal-

yses according to age groups or exposure frequencies were 

performed in five studies examining the correlation between 

the full-mouth examination type and brain tumors. 

There were seven papers on meningiomas, three on gliomas, 

one on acoustic neuroma, and one on vestibular schwannoma, 

while two papers mentioned unspecific brain cancer. Seven 

papers reported a significant positive association and three 

presented a partially positive significant association, while 

eight had nonsignificant results. One paper reported a negative 

association between full-mouth X-ray exposure and glioma.   

The association with meningioma was significant in 5 of 7 

studies, while it was nonsignificant in the remaining 2 studies. 

Inconsistent results were reported on the association with gli-

oma. A strong positive association was found in relation with 

vestibular schwannoma, while not with acoustic neuroma. 

The full-mouth examination type increased the risk of brain 

tumors significantly in three of the four studies. 

Thyroid cancer

There were five research findings related to thyroid cancer 

(Table 3). As far as research design was concerned, four were 

case–control studies, while one was a cohort study. The five 

studies did not specify dental diagnostic X-ray types. In four of 

the five studies, there were significant correlations between 

dental diagnostic X-rays and thyroid cancer. One of these 

studies categorized the subjects by occupation and confirmed 

the correlation between dental practice and thyroid cancer.

Tumors in head and necks areas

Table 3 lists research findings on the tumors in head and 

necks areas. Tumors included laryngeal, parotid gland, and sal-

ivary gland cancers. As exposure to dental diagnostic X-rays in-

creased, the risk of laryngeal cancer also increased. There was 

also a statistically significant correlation between full-mouth X-

rays and salivary gland cancer, but not parotid gland cancer.

Systemic health outcomes

Leukemia and low birth weight have been reported as system-

ic health outcomes related to dental X-ray exposure (Table 3). 

One study categorized dental diagnostic X-ray types and ex-

amined correlations with low birth weight (LBW) and showed 

that only panoramic examination types had a statistically sig-

nificant correlation with LBW. The risk of leukemia signifi-

cantly increased in accordance with dental diagnostic X-ray 

exposure. A case report showed that thumb carcinoma oc-

curred in radiographic technician who had performed dental 

diagnostic X-ray examinations for 15 years.

Table 3. Summary of studies on association between dental X-ray exposure experience and thyroid cancer, tumors in head and neck areas, and other 
health outcomes

Author (year) Country
Study 
design

No. of exposed 
case/control

Dental X-ray 
types

Health outcome Significancea

Thyroid cancer
Wingren G (1993) [27]   Sweden Case-control 11/12 Any Papillary thyroid cancer S Positive association (OR = 2.8 ,95%CI = 1.1-7.5)
Hallquist A (1994) [28] Sweden Case-control 14/34 Any Papillary thyroid cancer NS -
Wingren G (1997) [17] Sweden Case-control 7/1 Any Papillary thyroid cancer S Occupation: dentists or dental assistants 

 (OR = 13.1 95%CI: 2.1-389)
Memon A (2010) [16] Kuwait Case-control 313/313 Any Thyroid cancer S Positive association (OR = 2.1, 95%CI: 1.4-3.1)
Neta (2013) [29] US Prospective 

cohort
251/75 000c Any Thyroid cancer S Positive association (RR = 1.13 95%CI: 1.01-1.26)

Tumors in head and neck areas
Hinds MW (1979) [30] US Case-control 47/47 Any Laryngeal cancer PS Heavy smoker: Positive association 

 (RR = 7.5, P = 0.02) at frequent exposure ≥ 10
Preston-Martin S 
 (1988) [31]

US Case-control 408/408 Any
Any

Malignant parotid gland tumor
Benign parotid gland tumor

NS
NS

-
-

Horn-Rose PL (1997) [32] US Case-control 106/122 Full mouth Salivary gland cancer S Positive association (OR = 1.6, 95%CI:1.0-2.7)
Systemic health outcome

Motoi N (1989) [33] Japan Case-control 63/126 Any Leukemia S Positive association (RR = 1.4)
Hujoel P (2004) [34] US Case-control 1 117/4 468 Full mouth

Panoramic
Bitewings

Low-birth-weight NS
S

NS

-
Positive association with LBWb and NBWb(p = 0.009)

-
Esam S (2015) [35] Syria Case report - - Thumbs carcinoma - Dental Radiographer: A dental radiographer developed 

 thumbs carcinoma after 15 years of practicing.

aPS: partial significance S: significance NS: no significance. 
bLBW: low birth weight, birth weight < 2 500 g; NBW: normal birth weight, birth weight ≥ 2 500 g. 
cNo. of exposed case/population. 
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DISCUSSION

Patients are certainly exposed to dental diagnostic X-rays, 

and dental practitioners also potentially receive exposure. Al-

though the level of exposure is lower than that of medical radi-

ation, there is an innate risk from radiation exposure that can-

not be ignored. However, there are a few studies on low-dose 

dental diagnostic X-ray exposure and health effects, except 

with respect to some parts of the body. In addition, papers re-

port inconsistent statistical significances on dental diagnostic 

X-ray exposure and health effects, depending on the subjects 

and research design; therefore, related studies should be sys-

tematically organized. Hence, through a systematic literature 

review, this study included various studies with different re-

search designs and examined the health risks associated with 

dental diagnostic X-ray exposure. For the literature review, this 

study examined twenty-one papers on dental diagnostic X-ray 

exposure and health effects.

Among twenty-one papers that reported a correlation be-

tween dental diagnostic X-rays and overall health, eighteen 

papers assessed a correlation with head and neck areas. The 

selected papers included ten on brain cancer, five on thyroid 

cancer, and three on head and neck areas other than the brain 

and thyroid. Since the oral cavity is anatomically located near 

the head and neck [36], dental X-ray examinations seem to af-

fect the brain and neck areas. The correlation of X-rays with 

brain and thyroid cancers has been reported for many de-

cades and seems to explain this finding.

Papers that reported a correlation between dental diagnostic 

X-ray exposure and overall health of dental practitioners were 

identified. The present study identified two papers on occupa-

tional groups [17,35]. According to a study on dental practitio-

ners and thyroid cancer the risk of thyroid cancer was 13.1 

times (95% CI 2.1–389) higher among female dentists and den-

tal hygienists [17]. It is believed that women are more likely to 

have to thyroid cancer than men due to their hormones [37]. In 

a case report, a dental radiologist was exposed to dental diag-

nostic X-rays for 15 years and ended up developing finger can-

cer, which demonstrates that long-term exposure to low doses 

of dental diagnostic X-rays can pose a risk to health [35]. Anoth-

er paper also reported that the cumulative dose for dentists who 

had worked for a long time was high [38]. Hence, dental practi-

tioners should be aware of exposure to low doses of dental diag-

nostic X-rays, and risk of accumulative exposure to low-dose 

radiation from dental X-rays cannot be ruled out.

Dental diagnostic X-ray types were specifically categorized. 

Especially, panorama examination types are more commonly 

used than simple dental X-ray types, because panoramic diag-

nostic information coverage exceeds that of dental diagnostic 

X-rays [39]. Panoramic examinations also require fewer steps 

than conventional full-mouth examination types [40]. The full-

mouth type had a statistical correlation with meningioma and 

salivary gland cancers. Meningioma cancer showed four times 

higher risk at younger ages (<20 years). Unlike adults, children 

are much more sensitive to radiation exposure due to active cell 

division [41]. In addition, the panorama examination type 

showed a correlation with meningioma cancer at higher expo-

sure frequencies. Accordingly, a study on the amount of radia-

tion exposure from each dental diagnostic X-ray type is needed. 

Nonetheless, the selected papers on thyroid cancer, which has a 

high level of radiation sensitivity [42], did not categorize dental 

diagnostic X-ray types, so this could not be examined.

There were some limitations of this study. This study did not 

specifically categorize exposure measurements, including ex-

posure dose (mGy) and frequency, because each study has di-

verse radiation exposure categories. This study performed the 

only systematic review, not was extended to a meta-analysis, 

because the types of health outcomes were too diverse. How-

ever, we could identify trends in the dental diagnostic X-ray 

studies via this systematic literature review. This study has 

some important contributions. First, unlike existing literature 

reviews, this study covered diverse health outcomes as well as 

meningioma. Second, this study showed evidence that the in-

creased risk of head and neck cancer due to exposure to low 

doses of dental diagnostic X-rays cannot be ignored. 

It should also be noted that no studies have examined the 

specific types of dental X-rays and prevalence of thyroid can-

cer, which should be explored in further studies. Further stud-

ies are also needed to investigate the health effects of dental 

diagnostic X-rays in dental practitioners, who may be fre-

quently exposed to high levels of radiation exposure.
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