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Abstract The aim of this study was to gather data on
occupational health effects among Flemish dentists. A
questionnaire on various potential health effects was sent
out to randomly selected Flemish dentists. Pilot experi-
mental studies were performed on hearing and sensory
function of the fingers on small groups of dentists. Au-
diometric data of both ears, gathered with an interval of 10
years, were analysed. Sensory tests of the fingers were
performed for dominant and non-dominant hands in re-
lation to exposure time to (ultra)sonic equipment. Positive
responses for the questionnaire were as follows: low back
pain, 54% (stress-correlated); vision problems, 52.3% (age-
correlated); infections, 9%; allergies, 22.5% (mainly latex);
stress level was scored 7 on a scale from 0 to 10; diminished
sensitivity of the fingertips, 6% and auditory disorders,
19.6%. Pilot audiometric data showed a hearing loss at
4,000 Hz for the left ear, presumably indicative of occu-
pational noise trauma. The two-point discrimination ability
of the dominant hand tended to diminish in line with the
number of years of practice. Dentists in Flanders were
found to suffer from various health-related problems. More
elaborate studies are required to provide more details on the
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risks for occupational hearing impairment and vibration
hand neuropathy and to determine whether the problems
described were related to the practice of dentistry.

Keywords Questionnaire - Dental - Health - Occupation

Introduction

The dental practitioner is confronted with a number of
possible occupational threats to his general health on a
daily basis. Besides the potential risks of scattered radia-
tion deriving from diagnostic exposure of patients (Gijbels
et al., unpublished data), there are numerous other occu-
pational health risks. The literature on musculoskeletal
problems, neurovascular disorders, sight and hearing com-
plaints, infections, allergies, psychological stress, kidney
disease and disturbances in short-term memory among
dentists will be summarized. Musculoskeletal problems
seem to occur more amongst dentists [3, 31, 54]. They often
result from a prolonged forced working position of the
dentist, allowing good sight in the narrow work area of the
patient’s mouth. This could lead to increased disk pressure
and spinal hypomobility and thus low back pain and muscle
ischaemia [57]. Abduction or flexion of the upper arm and
flexion and rotation of the neck [19, 20, 39] can cause
injuries of the neck and shoulder region. Repetitive move-
ments of arms and hands, as often performed in dentistry,
are known risk factors for musculoskeletal disorders [38].
Female dentists are reported to have more musculoskele-
tal complaints than their male colleagues [17, 19, 31, 37,
52]. Younger dentists would have more musculoskeletal
disorders than older dentists [19, 37, 52]. Furthermore,
dentists reporting psychological stress would have more
musculoskeletal complaints [17, 34, 52].

The dental profession is often perceived as rather stress-
ful, and a number of studies pay attention to psychological
stress and stress-related health problems in the dental
population. A strict time schedule, coping with anxious
patients or painful treatments are frequently referred to as
major stressors [40, 42, 59]. In the long term, these high



levels of stress could lead to burnout, with typical char-
acteristics of emotional exhaustion, depersonalisation and
reduced personal accomplishment [23, 30, 45]. Blood
pressure and heart rate are shown to be significantly higher
during work than during other activities, whereas these
differences could not be observed in a non-dentist popu-
lation [24]. Kidney disease and memory disturbances are
reported to have a higher prevalence within a dentist
population. An association with urinary mercury levels
could, however, not be proven [49, 50].

A well-known occupational risk for dentists concerns
irritations or allergic reactions towards different dental
materials and products. The use of latex examination
gloves during dental treatment has induced a shift in the
type of occupational irritations and allergies. Whereas ir-
ritations and allergies were previously mainly caused by
restorative or prosthodontic materials, they derive in recent
years mainly from latex proteins and other rubber glove
chemicals, from methacrylates which have the capacity to
penetrate gloves and from disinfectants [27, 51]. Most
adverse reactions against dental materials are type 1 (IgE-
mediated) or type 4 (T-cell mediated, delayed) allergies.
Latex allergies among dental professionals are well doc-
umented: 23% of Swedish dentists report latex glove
intolerance, which appears to be latex allergy in 11% [60].
In a UK study, 18.5% of dental students and 22.8% of
dental practitioners report adverse skin reactions to latex
gloves [5]. Furthermore, hand dermatoses would occur
more often among women and atopic subjects [31].

Dentistry could also lead to a number of vision-related
problems. Mechanical injuries can be caused by particles of
human tissues or restorative materials released during
drilling or scaling [56]. Fatigue of the eyes can result from
prolonged and concentrated working days [56]. UV light
used in laser therapy is hazardous to the eye and can cause
cataract [8, 56]. Blue light from light-curing units is also
harmful to the eye [53]. Presbyopia increases in the general
population with age and thus also in the dental population.
For a profession where adequate vision is indispensable, it
is striking, however, that 27% of practising dentists fails
a near-vision test at a working distance of 25 c¢m, the vast
majority of these practitioners being 45 years of age or
more [12].

Another risk relates to different kinds of bacteria, vi-
ruses, prions and fungi, which may cause occupational
infection of the dentist. The emergence of blood-borne
pathogens like HIV, HBV and HCV has urged dentists to
adopt a number of precautions that have become generally
accepted [6, 16]. Needle-stick injuries should be treated
immediately [55]. Bacterial aerosols are induced by the use
of high-speed drills or (ultrasonic) scaling and possibly
through air conditioning and ventilation systems [32].

Noise is inevitably associated with the use of certain
dental equipment. Especially high-speed drills and ultra-
sonic scalers could lead to hearing loss among dentists [7].
In the audible range, the limit for possible hearing damage
would be at 70—85 dB. In the ultrasonic range (>20 kHz),
the limit would be 110 dB. Dental turbines can yield noise
of 32 kHz and 110 dB, which implies potential auditory
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risks [7]. Hearing loss among dentists is a matter of debate.
In a study by Zubick et al. [61], dentists show a greater
hearing loss at 4 kHz compared to controls. The hearing
loss is greater at the left side for right-handed dentists. In
another study on dentists, hearing loss is found at 4, 6 and
8 kHz, which is greater than the expected loss for a general
population [33]. Other studies reveal no significant hearing
disorders among dentists or report sound levels too low to
cause damage [21, 46, 58].

Sensory disturbances of the hands and fingers can be
related to neurological or vascular disorders. The hand-arm
vibration syndrome is reported in occupations where vi-
brating machinery is used, such as stone-cutting [43] and
chain-saw use in forestry work [10]. It is characterised by
paraesthesia of the fingers, pain or tenderness in the wrist
or hand, whitening of finger(s) and muscle weakness [22]
and is often accompanied by carpal tunnel syndrome.

Among dentists, carpal tunnel syndrome [26], numbness
and paraesthesia and Raynaud’s phenomenon [38] are
reported.

For the sensory disturbances of the hand caused by nerve
injury, a distinction should be made between damage to
large myelinated nerve fibres (e.g. carpal tunnel syndrome)
and small nerve fibre injury of the fingertips, resulting in
numbness and paraesthesia [41]. While nerve compression
syndromes, such as carpal tunnel syndrome, are probably
related to forced working positions and repetitive move-
ments [13-15, 26], small nerve fibre injury would be
caused by vibration (drill, ultrasonic scaler) [41]. While
nerve compression can be revealed by median nerve tests,
small nerve fibre disorders can be tested with sensory tests.
Among these sensory tests, light-touch sensation (with
Semmes—Weinstein monofilaments), two-point discrimi-
nation and thermal sensation are frequently used [29] to
determine the activation threshold of the skin receptors.

All of the aforementioned experiences could possibly
lead to working inability and even cessation of dental
practice [11].

The present study was undertaken because, to date, no
data are available on the work-related health status of
Belgian dental practitioners. It is built up in two parts, with
the first part being a questionnaire addressing different
possible health problems. The second part concentrates on
auditory function and sensory response of the fingers and
consists of a number of pilot experiments on small groups
of dentists.

Material and methods
Questionnaire

A written questionnaire (Appendix) was sent by mail or fax
to a random sample (#=500) of dental practitioners in
Flanders (Dutch-speaking part of Belgium). To avoid bias
from regional differences, the questionnaires were equally
distributed throughout Flanders. Non-respondents were
contacted a second time by telephone in order to create a
representative group.
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Statistics were performed with Statistica 5.1 for Win-
dows (StatSoft, Tulsa, OK, USA). The level of significance
was set at p<0.05.

Pilot experimental studies
Auditory function

Hearing tests of a group of 13 first year dental students
performed in 1993 were compared to new tests on the same
group performed in 2003. All subjects were born in 1975.
At the time of the second test, all students had graduated for
5 years. Six of them were general practitioners, three were
prosthodontists, three were periodontologists and one was
an endodontist. The tests were performed by the ENT
department of the University Hospital. One of the subjects
had a temporary cochlear disorder at the second test (2003),
which was treated with medication before testing and was
not work-related. Before performing auditory tests, the
tympanic membrane of the subjects was inspected. Ceru-
men had to be removed in one subject before auditory tests
were performed. Auditory tests were performed in an
audiological room, and a tone audiogram was constructed
for each test subject. Hearing performance (in dB HL) was
tested at increasing frequencies ranging from 125 Hz to
18 kHz. For each frequency, the differences in hearing
threshold between the first (1993) and the second (2003)
test were calculated. Left and right ear were compared with
Wilcoxon matched-pairs tests.

Sensory function of fingers

Sensory tests were performed on the dominant and non-
dominant hands of a group of 20 randomly selected
dentists (ten female). The non-dominant hand was con-
sidered as the control, as this hand was assumed not to be
subject to vibrations deriving from handpieces or (ultra)
sonic scalers. The group of dentists was split in four
subgroups depending on the number of years of practice.
The first subgroup (1 to 9 years of practice) consisted of
four practitioners, the second (10-19 years practice) of
four practitioners, the third (20-29 years practice) of nine
practitioners and the fourth subgroup (=30 years of prac-
tice) of three practitioners. Three sensory tests were per-
formed on both hands for each dentist in the same order.
Whereas two-point discrimination and light-touch sensa-
tion tests investigate mechanoreceptor function, thermal
sensation tests can reveal thermoreceptor dysfunction.

a. Two-point discrimination test—This test was origi-
nally developed for testing nerve repair after surgery
(The Clinical Assessment Committee of the American
Society for Surgery) [35]. The testing device [29]
consists of a constant force periodontal probe, on
which small plastic testing discs with two wires can be
attached (Fig. 1). A total number of 15 discs was used,
with increasing distances between pins (1, 2, 3,4, 5, 6,

Fig. 1 Constant pressure probe with disk with two pins, used for the
two-point discrimination test of the skin

7,8,9,10, 12, 14, 16, 18 and 20 mm). Care was taken
that the two pins touched the skin simultaneously and
that the pressure was sustained for at least 2 s. The
subject was blinded and was told that one or two pins
were brought into contact with the skin. He had to
report whether he felt one or two pressure points. The
test was performed as a “staircase” method: first, the
disk with the largest distance between the pins was
used. When a positive result was recorded, the next
disk (with a smaller distance between pins) was used,
and the procedure was continued with narrowing pin-
distance until the subject only felt one pressure point.
Then the test was repeated, starting with a disk with
larger pin distance until the detection limit was de-
termined. In between, “blanco” tests were performed,
with only one pin touching the skin, in order to check
the reliability of the answers.

b. Thermal sensory test—Four disks of different materials
[copper, steel, glass, polyvinyl chloride (PVC)] were
mounted on the constant pressure probe and applied
to the skin of the fingertips. Because of the different
thermal conductivity of the materials, a different ther-
mal sensation will be provoked. Because of the good
thermal conductivity of copper, this disk will be ex-
perienced as the coldest, followed by steel, then glass,
and finally, the PVC disk will be experienced as the
least cold. For the test, two materials were offered
each time to the subject, who had to decide whether
the second material was colder or not. A correct
answer was recorded as “+”, a wrong answer as “—”.
Afterwards, the “correct” ratio was calculated.

c. Light-touch sensation test—For the third test, the
Semmes—Weinstein Aesthesiometer (Stoelting, IL,
USA) [9] (Fig. 2) was used to measure the sensitiv-
ity of the fingertips. A set of these nylon monofila-
ment probes, with decreasing filament thickness, was
applied to the skin until they bended. The subjects
had to close their eyes and tell whether they felt
pressure or not. Similar to the two-point discrimina-
tion test, the staircase method was used to determine
the detection threshold.



Fig. 2 Semmes—Weinstein monofilaments are clinically used to
measure light-touch sensitivity of the fingertips

Data and statistical analysis of the pilot tests

Statistics were performed with Statistica 5.1 for Windows
(StatSoft). The level of significance was set at p<0.05. For
auditory testing, descriptive and non-parametric statistics
were performed. For sensory testing of the different age
groups, analysis was limited to descriptive statistics only.
The limited number of subjects in each age subgroup and
the known inter-subject variability amongst sensory testing
prevented further statistical analysis [29].

Results
Questionnaire
Characteristics of respondents

Three hundred and eighty-eight (out of 500) forms were
returned and analysed (response rate of 78%). A total of
55.7% of the respondents were male. General practitioners
constituted 83% of the respondents, and 46.6% were
between 40 and 49 years of age (Fig. 3).
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Fig. 3 Diagram showing age
distribution of respondents

respondents (%)
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Table 1 Incidence of occupational health problems among dentists

Reported disorder Positive responses

in the survey (%)

Low back pain 54
Orthopaedic disorders 11
Vision problems 523
Occupational infections 9
Allergies 22.5
Diminished sensitivity of the fingers 6

Auditory disorders 19.6

Reported disorders

The reported disorders are summarized in Table 1. More
than half (54%) of the respondents reported low back pain,
while 11% mentioned orthopaedic disorders. Low back
pain was significantly correlated with level of stress (Sign
test, Wilcoxon matched-pairs test). About half of the den-
tists (52.3%) had vision-related problems, with a positive
family history in 27%. Age and vision problems were
significantly correlated [Sign test, Wilcoxon matched pairs
test, Spearman test (R=—0.223)]. Nine per cent of the re-
spondents reported to have had serious infections in the
professional environment (5.1% viral, 3.9% bacterial).
Allergies were reported by 22.5% of the respondents.
About half of the allergies towards dental materials were
latex allergy (48%), followed by nickel (19.5%), acrylates
(13.8%) and polymers (11.5%). The median score on the
stress rating scale was 7, with most scores between 5 and 8.
Six per cent of the respondents reported diminished sen-
sitivity of the fingers (52% male). According to the in-
formation obtained from the respondents, this did not seem
to correlate with the duration of drilling/(ultra)sonic scal-
ing. More than half of the dentists (55%) reported use of
handpiece/(ultra)sonic scaler of more than 10 h per week.
Out of all the respondents, 19.6% reported auditory
disorders and 5.4% mentioned a family history of com-
parable disorders. Auditory disorders were significantly
correlated with age (Kruskal-Wallis ANOVA).

B

<=29y

30-39y 40-49y

age categories

50-59y >=60y
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Pilot experimental studies
Auditory function

When the differences in audiogram data of 1993 and 2003
were compared (Fig. 4), the difference in hearing per-
formance varies between +5 and —5 dB HL, which can be
considered as a threshold. The only exception is found for
the left ear at 4,000 Hz. At higher frequencies (starting
from 12 kHz), a clear hearing loss can be observed, which
is increasing in line with the frequency (+10 dB at 12 kHz,
+25 kHz at 18 kHz). When hearing loss of left and right ear
were compared (Wilcoxon matched-pairs test), significant
differences were found for 250 Hz (difference 8.46 dB) and
4,000 Hz (difference 6.15 dB), where the left ear performed
worst. The difference between left and right ear remained
significant for the individual data at 4000 Hz, which could
be indicative for noise trauma.
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Fig. 5 The perception values (in millimetre) for the different
subjects, both for dominant and non-dominant hands
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Sensory function of fingers

Following are the results of the different sensory tests:

a. Two-point discrimination test—For the non-dominant
hand, the detection limit for two-point discrimination
was 3 mm. For the dominant hand, the detection limit
was 2 mm for the first two cohorts (1-19 years
practice). For the third cohort (20-29 years practice) it
raised to 3 mm, and for the fourth cohort (=30 years
practice) it reached 5 mm (Fig. 5).

b. Thermal sensory test

¢. Monofilament test—For both the thermal and mono-
filament tests, differences between hands or years of
practice could not be demonstrated.

Discussion

The total number of dentists in Flanders is about 4,200. In
order to create a representative sample of dentists, initial
non-respondents were contacted a second time by tele-
phone. Still, 112 out of 500 dentists preferred not to re-
spond, which may cause a non-response bias. When
contacted by telephone, the main reason for non-response
appeared to be lack of time. All respondents were prac-
ticing dentists, which may cause bias because dentists re-
tired for health reasons are not included.

More than half of the respondents (54%) mentioned low
back pain, which will be mainly caused by bending of
the back to allow good sight, causing (over)stretching of
muscles and ligaments of the spine. Mainly the muscle and
ligament fibres of the musculus latissimus dorsi at the
level of the lumbal and sacral spine are overloaded by
bending the thorax forward [54], causing low back com-
plaints. The prevalence of low back pain is comparable to
other studies on dentists [19, 37, 47]. The positive cor-



relation with stress, as found in the present study, has also
been mentioned previously [34, 52].

Orthopaedic complaints were reported by 11% of the
dentists. Although not specified in the present study, these
complaints will probably be mainly related to overloading
of shoulders, cervix and arm, as reported in previous stud-
ies [19, 20, 47]. In the present study, it was not analysed
whether magnification was used during work and whether
this would influence the prevalence of low back pain or
orthopaedic complaints.

The median score on the stress rating scale of 7 indicates
that the dental profession is perceived as highly stressful.
This is also in accordance with previously published data
[40, 42, 59].

Impaired vision was reported by 52.3% of the re-
spondents. As in the general population, there was a cor-
relation between age and vision problems [1, 2, 28].
Because of the high visual demands of the dental pro-
fession and the close working distance (between 25 and
40 cm) of the dentist, correction of visual impairment is of
great importance [12].

According to the respondents, the prevalence of oc-
cupational infections was 9% (5% viral infections, 4%
bacterial). This number seems to be relatively high because
appropriate measures can be taken in order to avoid con-
tamination. It was not the aim of the study to further specify
the type of infection.

About one out of four (22.5%) of the dentists reported
allergies. About half of these allergies were towards latex.
It was, however, beyond the scope of the current study to
investigate whether the reported allergic reactions were
true allergies or rather latex intolerances.

Although diminished sensitivity of the fingers was
reported by only a small number of dentists (6%), our pilot
sensory experiments on a small number of dentists showed
a tendency towards diminishing two-point discrimination
for the dominant hand according to years of dental practice.
For the most recently graduated dentists, the dominant
hand performed better than the other hand, but the de-
creasing discrimination ability with increasing time after
graduation might be indicative for some vibration neuro-
pathic changes. Regarding light-touch sensation and ther-
mal sensory tests, no differences were found. Additional
studies are however necessary to explore these data among
larger groups of practitioners, allowing the use of elaborate
statistical analysis. Ekenvall et al. [18] found a difference in
sensitivity of the fingers in a group of long-term exposure
to vibration compared to a group of short-term vibration
exposure. In the latter study, however, the sensitivity was
disturbed in both exposed and non-exposed fingers of
the dominant hand, which suggests an indirect effect of
vibration to the fingers.

One out of five (19.6%) respondents mentioned auditory
disorders, which showed a significant positive correlation
with age. Age-related hearing loss is a common phenom-
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enon among the general population and starts with hearing
loss at higher frequencies [7]. In previous studies [48, 61],
hearing loss among dentists appeared to be higher than
among a control group in the high-frequency range (4,000
and 6,000 Hz). According to other studies, dentists would
not be at higher risk for hearing loss than a control group
[21, 46], or the equipment used produced noises that are
harmless for hearing [36, 44, 58]. The latter is countered by
another study, where potentially damaging frequencies
were found for dental air turbines [4].

Our pilot hearing experiments showed a striking hearing
loss at 4,000 Hz for the left ear, which is in accordance with
a previous study [61] where a control group of physicians
was used. The reason for greater hearing loss of the left ear
could possibly be explained by the shorter distance of this
ear towards the rotating/vibrating equipment for right-
handed practitioners (all test subjects were right-handed)
[61]. This hearing loss at 4,000 Hz is superimposed on an
overall age-related hearing loss at higher frequencies [61].

The results of the present study should be interpreted
in the light of the health data of the general population.
A national health survey by the Belgian government
(Wetenschappelijk Instituut Volksgezondheid, Gezondheid-
senquéte, http://www.aps.vlaanderen.be/sgml/recksen/3571.
htm) shows that in a general population with higher ed-
ucation, 24% reports one disease and 18% reports two or
more diseases. This is a total of 42% with one or more
diseases. It is not clear whether allergies, vision and hearing
are included in these figures. The prevalence of low back
pain in a sample of the general Belgian population is 41.8%
[25], which is lower than in our dentists’ sample (54%).

Further studies are, however needed to clear out whether
the afore-mentioned health issues are related to the practice
of dentistry.

Conclusions

From the questionnaire data, it can be concluded that
various health problems occur among dentists. Low back
pain and impaired vision are reported by more than half of
the dentists, whereas allergies and auditory disorders are
mentioned by about one out of five respondents. General
orthopaedic disorders, occupational infections and dimin-
ished finger sensitivity are stated by 6 to 11%. Stress level
is rated 7 on a scale from 0 to 10.

Pilot follow-up data on auditory performance over a 10-
year period indicate pronounced hearing loss at 4,000 Hz
for the left ear. Sensory tests of the fingertips indicate a
tendency for a diminishing two-point discrimination abili-
ty of the dominant hand in line with the number of years
of practice. Light-touch sensation and thermal sensation
do not show any differences. Further studies should clar-
ify whether the various health effects can be explained by
the practice of dentistry.
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Appendix
OCCUPATIONAL HEALTH PROBLEMS AMONG DENTISTS
QUESTIONNAIRE
1. Gender 0 male 0 female
2. Age 0 <29y O 30-39y O 40-49y
] 50-59y u] 260y
3. Time since graduation 0O <10y u] 10-25y u] >25y
4. Working as O general practitioner u] specialist
5. If you have (had) any of the health disorders mentioned below, please tick the appropriate box(es)
O cardiovascular disorders O allergie(s)
O lung disorders O neurological disorders
O kidney disorders O haematological disorders
u] endocrine disorders O virological infections
u] rheumatological disorders O orthopedic complaints
0 Ot
6. Do you have auditory complaints? O yes O no
If yes, is there a positive family history of comparable complaints?
o yes o no
7. Do you have an impaired vision? u] yes u] no
If yes, is there a positive family history of comparable complaints?
o yes o no
8. Do you have diminished tactile function of the fingers? O yes 0 no
9. Do you have low back pain? 0O yes O no
10. Did you ever get a serious infection in your office? O yes O no
If yes, please specify: O viral O bacterial o other
1. Are you allergic to dental materials/products? 0O yes ] no
If yes, please specify product(s)/material(s): ..............c.cocvviiiiiiiiiiiinin..
12. Please indicate on the scale below the level of stress in your working environment
(0 = no stress; 10 = unbearable stress)
0 1 2 3 4 5 6 7 8 9 10
1 ] ] | ] ] 1 ] ] 1 ]
13. How many hours per week are you exposed to rotating or vibrating dental equipment?
] <2h ] 2-10h u| >10h
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