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With the exception of the genetic suppressor gene 
deletion found in patients with neurofibroma-
tosis Type 2,18 risk factors associated with the 

development of VS are largely unknown. Frequent expo-
sure to loud noise was associated with the development 
of this lesion in the Swedish and French populations in 
the INTERPHONE Study.6,9 Although epidemiological 
evidence linking the risk of VS and wireless phone use 
is inconclusive, the World Heath Organization/Interna-
tional Agency for Research on Cancer classified radiofre-

quency electromagnetic fields as “possibly carcinogenic” 
to humans (Group 2B) based on an increased risk for 
glioma associated with wireless phone use.10 Cigarette 
smoking,2 family history of cancer,8 history of allergies 
and autoimmune diseases,4 previous head injuries,19 and 
electrical appliance use11 have all been evaluated as pos-
sibly associated with the development of VSs.

Diagnostic radiation, including dental x-ray imag-
ing, full-mouth or panorex radiological examinations, CT 
imaging, and fractionated radiation therapy, have been 
increasingly identified as sources of radiation exposure 
in the general population.1 These diagnostic techniques  
contribute to earlier detection of diseases; however, the 
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matched cohort control group. Reducing the frequency of dental x-ray examinations may decrease the potential risk 
of VS.
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effect of these medical uses of ionizing radiation and the 
etiology of brain tumors is unclear. The aim of the present 
study, as part of a larger epidemiological study of the risk 
factors associated with VS, was to investigate whether 
reported exposure to various diagnostic and therapeutic 
forms of radiation or nonionizing radiation from wireless 
phones was increased in patients with known VSs.

Methods

Study Design

A hospital-based 1:1 matched case-control study was 
conducted between 2009 and 2010. This study received 
approval from the University of Pittsburgh Institutional 
Review Board, and informed consent was obtained from 
all study participants. Sample size was calculated based 
on 80% power and an α statistic of 0.05 in a 1:1 matched 
case-control study.

Cases of VS were recruited from the database of pa-
tients who had undergone outpatient stereotactic radio-
surgery using a Leksell Gamma Knife (Elekta AB) at the 
University of Pittsburgh Medical Center. A total of 822 
patients with VSs underwent Gamma Knife surgery be-
tween 1997 and 2007. Patients with neurofibromastosis 
Type 2 and patients living outside the North American 
continent were excluded from the study. Study participa-
tion consent forms and a health-and-exposure question-
naire were mailed to 712 patients. Four hundred twenty 
patients (59%) completed the questionnaire or were inter-
viewed over the phone by a trained recruiter.

Controls were selected from patients examined at 
the outpatient degenerative spinal disorders service at the 
same institution and were matched by sex and age (± 5 
years) to the cohort of patients with VSs. All control pa-
tients had been scheduled for outpatient evaluation of cer-
vical or lumbar spine disorders. Controls were excluded if 
they had a prior diagnosis of a brain tumor or any current 
symptoms suggestive of a VS (such as unilateral hearing 
loss, tinnitus, balance disorders, or episodic vertigo). A 
trained recruiter distributed the questionnaire to partici-
pants who met the inclusion criteria. Participants com-
pleted the questionnaire while awaiting their outpatient 
appointment with a member of the neurosurgery spinal 
disorders team. Upon final 1:1 matching, 343 cases of 
VS and 343 control cases were included in the final data 
analysis.

Exposure Assessment
Both the patients with VS and the control patients 

completed the structured questionnaire. The question-
naire was designed to collect participants’ demographic 
characteristics, a history of ionizing and nonionizing ra-
diation exposure, and other factors reported to be asso-
ciated with the development of a VS. The demographic 
characteristics that were collected included age, sex, race, 
education, marital and employment status, and the state 
where the patient resided at the time of completion of 
the questionnaire (residency). Detailed information was 
solicited regarding exposure to medical ionizing radia-
tion, including frequency of dental x-ray examinations, 

full-mouth or panorex x-ray examinations, CT studies of 
the head and neck, and any other x-ray examinations or 
previous therapeutic radiation treatment directed to the 
head or neck region. The use of wireless phone technolo-
gies, including a history of cell phone and cordless phone 
use, was also evaluated. Participants who reported using 
a cell phone for at least 1 call per week for 6 months or 
more were defined as regular users. Exposure status was 
assessed before the date of diagnosis of VS and was based 
on self-reporting. Patients who had undergone at least 1 
dental x-ray or full-mouth or panorex x-ray examination 
were defined as having been “ever” exposed to any dental 
or full-mouth or panorex x-ray. Patients who had under-
gone at least 1 CT study of the head and neck, any prior x-
ray examination, or therapeutic irradiation of the head or 
neck region were defined as having been “ever” exposed 
to ionizing radiation. The questionnaire also collected 
information on occupational exposure to loud noise, life-
style factors such as cigarette smoking and alcohol con-
sumption, medical history of an earlier head injury and 
chronic and immunological disorders, and family history 
of cancer.

Data Analysis
A bivariate analysis for VS and potential confound-

ers was estimated by performing the McNemar test for a 
matched case-control study. To evaluate the association 
between environmental or radiation exposure and VS, we 
applied a conditional multivariate logistic regression to 
estimate the aORs and 95% CIs that would account for 
potential confounders. Based on the results of the bivari-
ate analyses, the model included race, education, residen-
cy, cigarette smoking, alcohol consumption, regular use 
of a cell phone, occupational exposure to noise, history 
of hay fever and diabetes, and family history of cancer. 
Age of exposure to full-mouth or panorex x-ray exami-
nations, CT scanning, and any other x-ray examination 
or therapeutic radiation of the head or neck region were 
not included in the multivariate analyses due to the high 
percentage of unknown responses. A separate multivari-
ate analysis was conducted to identify any relationship 
between the use of cell phones or cordless phones and VS. 
All tests were performed at the 0.05 significance level. 
We used the software program IBM SPSS Statistics (ver-
sion 19.0, IBM Inc.) for statistical analyses.

Results
The demographic characteristics of the study partici-

pants are shown in Table 1. The average age of patients at 
the time of interview was 52.9 years in cases of VS and 
52.3 years in control cases. Sex was equally distributed 
between the 2 patient groups. More than 90% of all par-
ticipants were white. We found no differences in either 
marital or employment status between patients with VSs 
and control patients. The bivariate analyses shown in Table 
2 demonstrate differences between the VS population and 
the spinal disorder control population. The highest level of 
education was reported to be ≥ 13 years by 64.1% of pa-
tients with VSs and by 35.3% of the controls. More than 
50% of the patients with VSs were not residents of Penn-
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sylvania, whereas more than 80% of the controls resided 
in that state. Significant differences between the 2 patient 
groups were found for race, education, residency, history of 
cigarette smoking, alcohol consumption, occupational ex-
posure to noise, regular cell phone use, history of hay fever 
or diabetes, and family history of cancer (p < 0.05).

Multivariate Analysis
Results of the multivariate analyses are shown in 

Table 3. To evaluate exposure to medical radiation and 
VS, we built a conditional logistic regression model that 
adjusted for the potential confounding effect of all factors 
found significant in the bivariate analysis (race, education, 
residency, cigarette smoking, alcohol consumption, occu-
pational exposure to noise, regular cell phone use, medical 
history of hay fever and diabetes, and a family history of 
cancer). Patients with VSs reported a significantly higher 
likelihood of exposure to dental x-rays than the control 
group, as shown in Table 3. An increased aOR was found 
among those “ever” having undergone a dental x-ray ex-
amination compared with those who reported “never” 
having undergone such an examination (aOR 4.26, 95% 
CI 1.49–12.18). We also found that more frequent den-
tal x-ray examinations were significantly associated with 

VS: compared with patients who reported undergoing 
dental x-ray examinations less than once every 5 years, 
the aOR was 2.65 (95% CI 1.20–5.85) for those patients 
who reported undergoing dental x-ray examinations once 
every 2–5 years and 2.27 (95% CI 1.01–5.09) for those 
patients who reported undergoing dental x-ray examina-
tions annually. However, no dose-response relationship 
was found. No significant association with VS was found 
when we looked at “ever” versus “never” responses about 
having undergone a CT or x-ray examination or radiation 
therapy directed to the head or neck (aOR = 0.64, 95% 
CI = 0.39–1.06). When evaluated on its own, a CT study 
was found to be reported more frequently by patients in 
the control group (aOR = 0.52, 95% CI = 0.30–0.90); this 
may perhaps be related to the frequent use of this modal-
ity in patients with degenerative spinal disorders.

Results from the multivariate analysis of cell phone 
or cordless phone use are shown in Table 4. Regular cell 
phone use or use of a cell phone for longer than 10 years 
was not found more frequently in patients with VS (aOR 
= 0.95, 95% CI = 0.58–1.58 and aOR = 1.29, 95% CI = 
0.69–2.43, respectively). Similarly, a history of cordless 
phone use was not associated with VS (aOR = 0.93, 95% 
CI = 0.53–1.63).

TABLE 1: Demographic characteristics of patients with vestibular schwannoma and control patients

VS Group (343 patients) Control Group (343 patients)
Variable No. of Patients % No. of Patients %

age at diagnosis (yrs)
 <50 
 50–64
 ≥65
 mean ± SD

126
164
53

52.9 ± 12.4

36.7
47.8
15.5

131
157
55

52.3 ± 12.6

38.2
45.8
16.0

sex
 male
 female

169
174

49.3
50.7

169
174

49.3
50.7

race
 white
 black/African American
 other

333
2
8

97.1
0.6
2.3

315
15
13

91.8
4.4
3.8

education (yrs)
 ≤9 
 10–12 
 ≥13 

93
30

220

27.1
8.7

64.1

170
52

121

49.6
15.2
35.3

marital status
 never married
 married/partner
 separated/divorced/widowed

28
270
45

8.2
78.7
13.1

27
251
65

7.9
73.2
19.0

employment status
 full-time
 part-time
 retired
 other

211
26
50
56

61.5
7.6

14.6
16.3

217
12
40
74

63.3
3.5

11.7
21.6

residency
 Pennsylvania
 out-of-state
 other

158
182

3

46.1
53.1

0.9

283
52
8

82.5
15.2
2.3
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Discussion
Vestibular Schwannoma and Medical Radiation

During this matched case-control study we found 
that exposure to ionizing radiation associated with den-
tal x-ray imaging was more commonly reported by the 
population of patients harboring VSs than by the control 
population with spinal disorders. This finding was main-
tained in a multivariate model that adjusted for other po-
tential confounding factors such as sociodemographics, 
medical history, and environmental exposures. Exposure 
to ionizing radiation from other diagnostic imaging, non-
ionizing radiation from wireless phone technologies, and 
even prior therapeutic fractionated radiation therapy to 
the neck or head was not associated with an increased 
reported rate in our patients with VS.

Investigators from a previous matched case-control 
study reported that exposure to dental x-rays was signifi-
cantly associated with an increased risk of thyroid cancer 
(OR = 2.1, 95% CI = 1.4–3.1) and the risk increased in a 
dose-response pattern adjusted for upper-body exposure 
to x-rays.15 However, Blettner et al.3 did not find that ex-
posure to any medical radiation in the head and neck re-
gion resulted in an increased risk of VS (OR = 0.97, 95% 
CI = 0.54–1.75). Dental x-ray exposures involving more 
than 5 full-mouth series have been reported to be associ-
ated with meningioma (OR = 2.06, 95% CI = 1.03–4.17).13 
Although full-mouth or panorex exposures were reported 
more frequently by our patients with VS (42%) than by 
patients in the control group (36%), this relationship did 
not reach statistical significance in the multivariate analy-
sis (aOR = 1.04, 95% CI = 0.62–1.75).

In the US, the per capita cumulative dose delivered 
during diagnostic radiological procedures increased six-
fold between 1980 and 2006 (from 0.5 to 3.0 mSv), and 
approximately one-half of the individual medical dose is 
derived from the increased use of CT imaging.16 In the 
current study we found no increased use of CT or head-
and-neck imaging in the VS population. Exposure to any 
diagnostic cranial imaging before the age of 20 years 
has been associated with an increased risk of benign tu-
mors of the parotid gland (relative risk = 1.8, 95% CI = 
1.13–2.91).17 Epidemiological evidence for an association 
between CT imaging or head and neck radiation therapy 
and the risk of developing a brain tumor remains unclear. 
Assessing individual exposures by the type of imaging 
and the age at which the exposures occur will be neces-
sary to further investigate the risk of developing a brain 
tumor as it relates to imaging examinations.

Vestibular Schwannoma and Wireless Phone Technologies
The large and growing number of cell phone users 

has raised concerns about the increasing exposure to 
low-dose radiofrequency radiation and the potential risk 
for brain tumors. Aside from the negative finding in our 
study, the final report of the INTERPHONE study, which 
included 1105 patients with VSs and 2145 controls in 13 
countries, found no association between VS and regular 
cell phone use (OR = 0.85, 95% CI = 0.69–1.04) or use of 
cell phones for longer than 10 years (OR = 0.76, 95% CI 
= 0.52–1.11).5 A systematic review of 33 epidemiologi-

TABLE 2: Bivariate analysis of potential risk factors and  
confounders of vestibular schwannoma

No. of Patients

Variable
VS Group

(343 patients) 
Control Group 
(343 patients) p Value

race
 white
 other

333
10

315
28

0.003

education (yrs)
 <13 
 ≥13 

123
220

222
121

<0.001

residency
 Pennsylvania
 out-of-state/other

158
185

283
60

<0.001

cigarette smoking
 never
 former/current

313
30

178
165

<0.001

alcohol consumption
 no
 ≥1 serving/wk

98
245

123
220

0.037

occupational exposure to  
 noise
  no
  yes

213
130

146
197

<0.001

regular cell phone use*
 no
 yes 

140
203

172
171

0.006

medical history
 asthma
  no
  yes
 hay fever
  no
  yes
 eczema
  no
  yes
 other immunological dis- 
  ease
   no
   yes
 cancer
  no
  yes
 diabetes
  no
  yes

310
33

276
67

322
21

331
12

312
31

330
13

303
40

312
31

331
12

335
8

318
25

306
37

0.470

<0.001

0.163

0.503

0.488

0.001

 prior history of head injury
  no
  yes

282
61

266
77

0.129

 family history of cancer
  no
  yes

104
239

147
196

0.001

* Regular cell phone is defined as use of a cell phone for at least 1 call 
per week during a 6-month period.
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cal studies has estimated that the combined odds ratio 
for VS and cell phone use was 1.3 (95% CI = 0.95–1.9).12 
This study suggested an increased risk of brain tumors 
among cell phone users, but the magnitude cannot be as-
sessed due to insufficient information on cell phone use. 
A higher risk of VS development has been noted among 
persons who started cell phone use before the age of 20 

years (OR = 5.0, 95% CI = 1.5–16).7 The number of indi-
viduals who begin to use cell phones at younger ages has 
grown dramatically over the past decade. Although we 
did not find an increased incidence of VS among regular 
cell phone users, the risk of an age-dependent brain tu-
mor and cumulative lifetime use of cell phones warrants 
further investigation.

Limitations of the Current Study
The self-reported exposure to diagnostic dental x-

ray or full-mouth or panorex x-ray examinations is likely 
an estimate of radiation exposure in the participants of 
this study. Recall bias and misclassification may occur 
if participants were unable to distinguish between differ-
ent types of dental imaging. It is estimated that the usual 
radiation exposures during dental examinations are be-
tween 0.005 and 0.338 mSv.14 It is very difficult to es-
timate a more precise dose in our study population due 
to changes in dental x-ray technology over time and the 
amount of user variability of different machines between 
dentists.

Our outpatient control group of patients with degen-
erative spinal disorders may not be an ideal representa-
tion of the general population. For instance, we found 
that a significantly greater proportion of control patients 
reported having undergone CT of the head or neck pre-
viously. Selection bias in the control group most likely 
explains this finding because patients with spinal degen-
erative disorders are more likely to have undergone CT 
imaging. Population-based controlled prospective studies 
will be able to further identify our findings.

TABLE 3: Conditional logistic regression analysis of vestibular schwannoma and medical radiation exposure*

No. of Patients

Radiation Exposure
VS Group

(343 patients)
Control Group  
(343 patients) aOR (95% CI)

any dental or full-mouth/panorex x-ray
 never
 ever

11
332

33
310

1.00
4.26 (1.49–12.18)

 dental x-ray 
  <1 time every 5 yrs
  1 time every 2–5 ys
  1 time/yr

42
151
150

92
120
131

1.00
2.65 (1.20–5.85)
2.27 (1.01–5.09)

 full-mouth/panorex x-ray exam
  never
  ever

200
143

220
123

1.00
1.04 (0.62–1.75)

any CT scan, x-ray exam, or radiation treatment
 never 
 ever

214
129

149
194

1.00
0.64 (0.39–1.06)

 CT scan
  never
  ever 

266
77

209
134

1.00
0.52 (0.30–0.90)

 x-ray exam or radiation treatment
  never
  ever

240
103

180
163

1.00
0.61 (0.37–1.00)

* Model adjusting for race, education, residency, cigarette smoking, alcohol consumption, occupational exposure to noise, regular 
cell phone use, history of hay fever or diabetes, and family history of cancer. Abbreviation: exam = examination.

TABLE 4: Vestibular schwannoma and use of cell or cordless 
phone*

No. of Patients

Variable
VS Group

(343 patients)
Control Group
(343 patients) aOR (95% CI)

cell phone use
 no
 yes

140
203

171
172

1.00
0.95 (0.58–1.58)

cell phone use
 <10 yrs
 ≥10 yrs

111
92

120
51

0.79 (0.45–1.37)
1.29 (0.69–2.43)

cordless phone use
 no
 yes

76
267

73
270

1.00
0.93 (0.53–1.63)

cordless phone use
 <10 yrs
 ≥10 yrs

197
70

222
48

0.91 (0.52–1.60)
1.07 (0.51–2.24)

* Model adjusting for race, education, cigarette smoking, alcohol con-
sumption, occupational exposure to noise, history of hay fever or diabe-
tes, and family history of cancer.
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Conclusions
We found that patients with VSs reported a higher 

frequency of exposure to dental x-rays than age and 
sex–matched control patients with spinal degenerative 
disorders. Because of the underlying limitations of our 
retrospective study, future studies that include objective 
exposure measurements and longer observation periods 
may clarify this relationship. We also recommend further 
prospective evaluation of other types of medical radiation 
treatment directed to the head and neck in view of the 
dramatic increase in their use in recent years. Until such 
studies are available, it seems reasonable to try to reduce 
exposure to dental x-ray imaging to further lessen the risk 
of developing a VS. This recommendation should be bal-
anced against the potential value of more frequent dental 
imaging in the management of dental diseases.
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