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Occupational Hazards of Dentistry

A REVIEW OF LITERATURE FROM 1990

Sara Babich, D.D.S.; Ronald P. Burakoff, D.M.D.

very profession has its
inherent occupational
health risks. Dentistry
is no exception. A den-
tist must be knowledgeable of
both the potential health risks and
the methodologies, procedures and
protocols to reduce risk and afford
some degree of protection. At
times, a healthier work environ-
ment can be established with only
minor changes or adaptations.
Occupational hazards are
constantly evolving. Once a par-
ticular health hazard has been
identified, attempts are made to
either reduce or eliminate the
risk. For example, in the late 1960s
and early 1970s, the adverse
health effects of waste anesthetic
gases were documented; such rec-
ognition led to development of
adequate scavenging systems.’
However, as more advanced sci-
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A brief survey of the scientific and
clinical literature (1990 - present)
on occupational hazards in den-
tistry is presented. The hazards
identified are associated with
chemical and biological agents.
Yet, dentistry is a relatively safe
profession. Other adverse health
risks arise as new technologies
and materials are developed.
However, once identified and rec-
ognized as a risk, new guidelines,
precautions and protocols are
rapidly instituted to greatly reduce
or even eliminate the occupational
hazard.

ence and technologies arise, new
health risks surface. The use of
lasers in dentistry, for example,
has allowed dentists to perform

some procedures with greater ef-
ficacy, but, unfortunately, it has
increased their exposure to harm-
ful microbial aerosols. The dentist
also risks injury if proper laser
safety protocol is not maintained.

During the course of pro-
viding patient care the dentist
comes into contact with various
biological, chemical and physi-
cal agents that could adversely
affect health. Thus, it is impera-
tive that the dentist keep abreast
of new protocols and technolo-
gies for handling chemicals
safely, controlling the spread of
infectious microbial and viral
agents, and avoiding physical
risks. Such information is needed
not only to maintain the health
of the dentist, but also to keep
the dental staff and patients safe.
This article reviews occupational
hazards that are present in the



dental office today, as described
in literature published from 1990
to the present.

Infectious Agents

Dental instruments such as the
air turbine handpiece (high-speed
drill) and the ultrasonic scaler
generate dental aerosols, which
contain a mixture of potentially
infectious agents and antigenic
materials. Aerosolized infectious
agents and nonliving organic
materials originate primarily in
the mouth of the patient.2 Fur-
thermore, splatter from the water
spray may contain droplets of the
patient’s saliva, respiratory secre-
tions and blood.® Aerosolized
infectious agents include bacteria
and viruses; other materials in the
aerosol are droplets of lubricating
oil from dental instruments and
enamel, and dentin particles of re-
spirable size. These latter materials
contain both calcium salts (mainly,
hydroxyapatite) and an antigenic
protein matrix that could evoke an
immune response.’ Percutaneous
exposure to patients’ blood is an-
other mode of exposure to
infectious agents.*

The causative agent of tu-
berculosis is the bacterium,
Mycobacterium tuberculosis, which
is usually spread by the airborne
route. The reemergence of tuber-
culosis, a leading cause of death
in humans, is of much concern,
especially as multiantibiotic resis-
tant strains have been isolated.5*
Although dental care providers are
considered to be at low risk of ex-
posure to patients with active
tuberculosis, they should be famil-
iar with recent recommendations
for preventing transmission of the
disease in the health care setting.’”

On the other hand, it is gen-
erally accepted that the dental
staff is at greater risk than the
general population of acquiring
hepatitis B virus (HBV), as a blood-
borne infection. Thus, it is the
policy of the American Dental As-
sociation (ADA) that all dentists
be vaccinated against HBV. Of re-
lated concern is that the dental
staff may be exposed to patients’
blood infected with human immu-
nodeficiency virus (HIV). Although
there are recorded incidences of
accidental percutaneous exposure
of dental staff to blood from an
HIV-infected patient, there are no
reported cases of HIV transmission
from the patient to the dentist.?

Recently the ADA® drew up
a series of recommendations for
infection control in the dental of-

The reemergence
of tuberculosis,
a leading cause

of death in
humans, is of
much concern.

fice and laboratory. These in-
cluded the wearing of gloves,
surgical masks or face shields,
and protective clothing; limiting
contamination by droplets and
splatter through the use of high-
volume evacuation; proper patient
positioning and rubber dams;
proper handling of sharp instru-
ments and needles; adequate hand
washing, and suitable disinfection
and sterilization procedures for in-
struments.

Lasers are a relatively new
source of biologically generated
aerosols. Carbon dioxide lasers
in particular are valuable tools in
dental surgery and endodontics.
Their advantages over a scalpel
or electrocautery in surgical pro-
cedures include preciseness in
concentrating on a specific tissue
area, reduction in trauma to sur-
rounding tissues, and a drier
operative site as a result of the
coagulating effect of the laser on
small blood vessels.” The appli-
cations of lasers in endodontics
include removal of pulp tissue
from the root canal, enlargement
of the canal space, disinfection of
the pulp canal and sealing of the
apical foramen."

However, the laser smoke
plume may present a health haz-
ard. The energy supplied by the
laser beam is so intense that when
the tissue is vaporized, the re-
sultant smoke may contain
cellular material or intact cells
explosively disrupted near the
focal point of the beam. Malig-
nant cells (for example, mela-
noma cells), bacteria and viruses
have been detected in laser smoke
and may pose a health threat if
inhaled.'”!* Of particular concern
is the research by Baggish et al.”2
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in which infectious proviral hu-
man immunodeficiency virus
(HIV) DNA was noted in laser
smoke resulting from laser-
treated tissue culture pellets
infected with HIV. The use of a
mechanical smoke evacuator sys-
tem near the operative site, in
conjunction with respiratory pro-
tection, may appreciably reduce
the health risk to the dentist and
the patient.’o"

Allergic Contact Dermatitis
Dental personnel are exposed to
many allergens, and work-related
skin problems are common. Al-
lergic contact dermatitis (ACD)
is a delayed-type of hypersensi-
tivity, with a relatively long period
(» 24 hr) required for development
of inflammation following expo-
sure. The major causative agents of
ACD in dentistry are acrylics,
among them methyl methacrylate,
ethyleneglycol dimethacrylate and
triethyleneglycol dimethacrylate,
and bisphenol A, an epoxy resin
compound. Dental products that
contain acrylic include removable
dental prostheses, individual im-
pression trays, orthodontic devices,
occlusal splints, fixed crowns and
bridges, dental bonding agents and
dental composite resins.'*¢

Occupational ACD appears
primarily as pulpitis of the finger-
tips. Acrylates quickly penetrate
practically all surgical latex and
polyvinyl chloride (PVC) gloves.
The use of 4H-glove fingertips,
worn under a disposable latex or
PVC glove, has been suggested as
a preventive measure.”

Latex

Allergic reactions to latex gloves
have been noted in nine percent
to 12 percent of dental care work-
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AVOID SKIN
CONTACT
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ers.'”48 Skin irritation is the most
frequent symptom. However, pro-
longed exposure to latex gloves
may develop into immediate (Type
I) and delayed (Type 1IV) hyper-
sensitivity immunologic reactions.
Immediate hypersensitivity is char-
acterized by urticaria (pale wheal)

Delayed
hypersensitivity
is characterized by

contact dermatitis
6 to 72 hours
after exposure.

and erythema at the site of contact
within minutes after exposure. The
severity of immediate hypersensi-
tivity ranges from diffuse skin
rashes to systemic reactions, includ-
ing life-threatening bronchospasm,
hypotension, anaphylaxis and
death. Delayed hypersensitivity,
which occurs in the sensitized in-
dividual, is characterized by
contact dermatitis six to 72 hours
after exposure.'” Alternatives,
among them latex-free substitutes,
are available.

Mercury

Based on weight composition,
dental amalgam is 50 percent
pure metallic mercury, with lesser
amounts of other metals such as
silver, copper, zinc and tin. Oc-
cupational exposure to metallic
mercury, usually in the form of
mercury vapor, occurs during the
cutting, filling and polishing of
amalgam restorations in routine
clinical procedures. Additional
sources of exposure include the
use of squeeze cloth to express
the excess mercury, accidental
spills, contaminated mechanical
amalgamators, high temperature
sterilization of mercury-contami-
nated instruments, heating the
amalgam, storing mercury in
leaking containers, and amalgam
waste discharge from dental
vacuum units,'*#

Upon inspiration, about 80
percent of the inhaled mercury
vapor diffuses across the alveoli
and enters the circulatory system.
This elemental mercury (Hg") is
oxidized to divalent, cationic mer-
cury (Hg*"), which accumulates in
tissues, with the kidney being the
major site of deposition. There is
considerable information on the
toxicity of acute exposure to mer-
cury. However, little information
is available on the adverse health
effects of chronic exposure to low
concentrations of mercury. Such
exposures are common in the den-
tal office, with dentists averaging
twice the mercury concentrations
in their blood as nondentists.”

Data on adverse health ef-
fects associated with occupational
exposure to dental amalgam are
inconclusive.* Studies with labo-
ratory animals noted that mercury
vapor and inorganic mercury com-
pounds are potent neuroterato-




genic and reproductive hazards.
Yet an epidemiologic study by
Brodsky et al.® of dentists and
dental assistants showed no in-
creased rate of spontaneous
abortions or congenital abnor-
malities in the offspring of men
and women exposed to elevated
vs. low levels of mercury in den-
tal environments.

Warfvinge® reported no
toxic effect in a female dentist
exposed for one year to elevated
levels of mercury vapor from a
leaking amalgamator. The den-
tist became pregnant and a mild
bilateral hydronephrosis diag-
nosed at 20 weeks of gestation
was resolved at 32 weeks of ges-
tation. Rowland et al.¥ studied
the effect of occupational expo-
sure to mercury vapor on the
fertility of female dental assis-
tants. The probability of a
conception each menstrual cycle
(termed fecundability) was re-
duced by 37 percent in women
who prepared 30 or more amal-
gams a week and who had poor
mercury hygiene work practices.
Apparently, further studies are
needed to clarify whether mer-
cury is a reproductive hazard to
dentists and their staff.

Fung et al.” enumerate sev-
eral measures to reduce exposure
to mercury vapor in dental of-
fices. They are: proper storage of
mercury-containing materials in
unbreakable, tightly sealed con-
tainers; proper collection of
globular particles of mercury; use
of commercial suppressants to
clean mercury spills; avoidance
of heating mercury or amalgam;
and proper ventilation. Further-
more, use of a water spray and
high-speed suction during the
cutting of amalgam would also

reduce occupational exposures to
mercury.?

Nitrous Oxide
Since the mid-19th century, ni-
trous oxide has been used as an
anesthetic in dental offices. Be-
cause of its analgesic, anxiolytic
and psychosedative properties,
the use of nitrous oxide, particu-
larly for outpatient sedation, has
been increasing; approximately
85 percent of pediatric dentists
and 50 percent of general practi-
tioners use nitrous oxide in their
practices.” Unlike patients in hos-
pital operating rooms, dental
patients are not intubated; there-
fore elevated levels of ambient
nitrous oxide from leakage and
as unscavenged gas in the dental
operatory present a potential haz-
ard to the dentist.”? The 1991 ADA
Survey of Dental Practice found
that 58 percent of general and spe-
cialty practitioners reported nitrous
oxide capability, but one-third
lacked scavenging equipment.®
Approximately 20 years
ago, in their retrospective epide-
miological survey of dentists and
chairside dental assistants, Cohen
et al.! provided evidence that ni-
trous oxide was a reproductive
hazard. Spontaneous abortions
were increased 2.3-fold for female
dental assistants and 1.5-fold for
unexposed wives of male den-

tists. More recently, Rowland et
al?! reported an elevated risk of
spontaneous abortion among fe-
male dental assistants who
worked with nitrous oxide for
three or more hours a week in
offices not using scavenging
equipment. In an earlier study,
Rowland etal.* reported a decrease
in the fertility of female dental as-
sistants who worked in dental
surgeries without scavenging sys-
tems. Women who were exposed
for more than five hours a week
were only 41 percent as likely as
unexposed women to conceive
during each monthly cycle.

The work by Rowland et
al.*'** refocused attention on the
potential hazards nitrous oxide
posed to the reproductive sys-
tem.?#% Many of the adverse
health effects, including reproduc-
tive hazards, resulting from chronic
exposure to nitrous oxide have
been noted in studies with labora-
tory animals. These studies have
provided a possible biochemical
mechanism for the reproductive
effects of nitrous oxide.

Apparently, nitrous oxide
has a deleterious effect on the
metabolism of vitamin B,,, which
in the reduced state is essential
for the functioning of the enzyme,
methionine synthetase. This en-
zyme is responsible for the
recycling of the amino acid, me-
thionine, which, in turn, plays a
crucial role in the synthesis of
thymidine, a nitrogenous base of
DNA. Nitrous oxide oxidizes the
cobalt ion in reduced vitamin B,
(cobalamin); this results in the in-
ability of vitamin B,, to function as
a cofactor. Exposure to nitrous ox-
ide, therefore, may impair DNA
synthesis. Furthermore, a decrease
in the activity of methionine syn-
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thetase may disrupt folliculogen-
esis and early development of the
conceptus. Lastly, nitrous oxide
may interfere with the hypothala-
mus-pituitary gland-ovary inter-
action by blocking the action of
luteinizing hormone releasing
hormone (LHRH), thereby dis-
rupting ovulation.?33

Two approaches can mini-
mize the risk of occupational ex-
posure to nitrous oxide. As noted
by Donaldson and Meechan,” the
direct approach is to use a nitrous
oxide delivery system that has a
mixing dial for proper dosage con-
trol, give the patient the minimum
effective dose of nitrous oxide, and
use scavenging equipment. Ost-
reicher” suggests a biochemical
approach; vitamin B,, supplements
to the dental staff may provide pro-
tection against reproductive
hazards induced by inhalation of
nitrous oxide.

Ethylene Oxide

Ethylene oxide is a gaseous ster-
ilant used in some dental offices
to disinfect equipment. A variety
of in vitro and in vivo studies
have shown ethylene oxide to
cause mutations, chromosomal
aberrations, fetal abnormalities;
it may also be a carcinogen. A
few epidemiologic studies have
suggested that ethylene oxide is a
reproductive hazard for female
workers, including hospital ster-
ilizing staff and chemical workers.
Rowland et al.*¥ noted an increase
in spontaneous abortions and
preterm and post-term births
among female dental assistants
exposed to ethylene oxide. The
dental offices using ethylene ox-
ide during this study often used
a vented tray or bag sterilization
system that could have exposed
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the dental staff to high levels of
ethylene oxide via the respiratory
and dermal routes. Individuals
handling ethylene oxide, therefore,
should wear the required proper
protective gear.

Conclusion

Advancements in materials de-
velopment and in technologies
may elicit new occupational haz-
ards in the dental profession.
Thus, the dentist should not be-
come lax or complacent. Yet, once
a potential adverse health effect
is identified, steps are taken to
rectify - the situation. The field of
dentistry is a relatively safe profes-
sion and, with proper knowledge
and precautions, even those rela-
tively few minor risks can be
lessened or even eliminated.d
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