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ABSTRACT 

Mercury from dental amalgam and polymer restorative materials has been argued to cause adverse health effects in 
dental personnel. A number of reports have shown that occupational exposure to polymer products can cause 
irritation to skin and eyes and allergies. Studies have surveyed the prevalence of skin symptoms among different 
groups of dental personnel considered having high exposure to dental polymers. The aims of this thesis have been to 
survey the occurrence of allergic symptoms among dental personnel working in general dental practice. Further, to 
analyse the use of personnel protective devises and, if needed develop ergonomic recommendations for safe use. An 
additional aim was to evaluate the irritation potential to skin and eyes of some different polymer products using 
HET-CAM technique. 

The first questionnaire study included dental and medical personnel in the most northern county of Sweden. 
Questions were asked regarding handling of amalgam, exposure, preventive measures, and attitudes. In addition, 
prevalence of muscular pain, headache, tremor, insomnia, irritation, impaired memory, and depression was compared 
between dental and medical personnel. A total of 342 responded to the questionnaire. Results show that information 
to dental personnel on classification and handling of amalgam is far from sufficient. Female dental personnel show 
higher prevalence of muscular fatigue and tremor, but static load and repetitive tasks in dentistry can explain this. 

The second questionnaire study included dental personnel and controls in the two most northern counties of Sweden. 
Questions were asked regarding experience of symptoms from fingers, skin, eyes, and respiratory tract. If 
experienced hand dermatitis, they had to mark the localisation and extension of the dermatitis. Additionally dental 
personnel were asked to give the name of polymer products used, evaluate the potential health risk with different 
type of polymer products, and use of gloves. A total of 1172 responded to the questionnaire. Three of the symptoms 
were more prevalent among dentists: allergic conjunctivitis, atopic dermatitis and hand dermatitis compared to 
controls and chair assistants. Dentists also reported more numbness and finger pain than did controls and chair 
assistants. Opposite to chair assistants and controls, dentists marked higher extension of hand dermatitis on their left 
hand. Occurrence of symptoms was correlated with frequent use of eight polymer products. These products were 
chosen for biological testing. 

Based on results from the second questionnaire study, an extended study including all Swedish dentists in general 
practice, and his/her assisting nurse, was performed. Questions were asked regarding experience of atopic dermatitis, 
conjunctivitis, and hand dermatitis. Detailed questions were asked regarding use of gloves, facemask, and eye 
protective devices. Further, dental personnel were requested to write down their demands regarding proper dental 
safety glasses. A total of 7384 responded to the questionnaire. Result show that more dentists reported allergic 
conjunctivitis, atopic dermatitis, and hand dermatitis than did chair assistants. However, they did not report more 
sick leaves due to symptom. Hand dermatitis was significantly more prevalent in some counties. With increasing age, 
protective devices was used by less dental personnel. Many used prescription spectacles as eye protective devices. 
One explanation could be that dental safety glasses do not correspond with users' demand. Apart from functional 
demands e.g. provide good protection and good vision, dental personnel wants safety glasses that are cosmetically 
acceptable and are easy to wear and combine with other devices, which are not yet available today. 

The irritation potential to skin and eyes was evaluated using HET-CAM technique. As two of the products are no 
longer on the market, two other commonly used products (not associated with symptoms) were chosen. Undiluted 
liquids, 10% powder suspensions, extracts from mixed non-cured materials, and extracts from cured samples were 
tested. Test solutions were applied on the chorioallantoic membrane of embryonated hen's egg. Reactions from the 
blood vessels and capillaries were examined during 4 minutes, and an irritation score was calculated based on 6 eggs. 
Results show that all liquids had strong effects on the CAM with coagulation of blood vessels followed by lysis. 

An observation study including 19 dentists with assistants were conducted to study handling of polymer products. An 
exposure profile was first developed. The procedure was followed from storage/mixing, treatment of patients, to 
cleaning/waste disposal. A checklist was used, and exposure time was measured. Identified was both risk taking 
behaviours, and preventive measured taken by dental personnel to reduce exposure to polymers. Based on theoretical 
and practical information four ergonomic checkpoints were developed. Each checkpoint indicated an action, and 
additionally "why", "how", "some hints" and "remember" with short explanations. 

Key words: dental restorative materials, work environment 
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INTRODUCTION 

Dental personnel are exposed to a number of occupational health hazards such as awkward 
working postures with static muscular work load and repetitive movements, vibration, noise, 
handling of potential hazardous substances, exposure to virus and bacteria, and are under 
psychological and psychosocial stress. The main health hazards for dentists and chair assistants 
today are muscle-skeletal problem, followed by symptoms caused by exposure to chemicals 
according to the latest Swedish Statistics on reported work-related diseases 
(Arbetarskyddsstyrelsen 1996). These problems are not new. Ramazzini considered as the "father 
of occupational health", stated already in 1703, that there were two factors that caused health 
hazards based on work: improper postures and contact to chemicals (Kumashiro 1994). A thesis 
by Coquelin (1936), reported about five health hazards to dentists: working postures, sensitisation 
to a number of products, neurasthenia (fatigue, worry, inadequacy, lack of zest, headache, undue 
sensitiveness to light and noise, disturbance of digestion and circulation), infections, and 
radiation. Hand dermatitis was reported due to repeated washing of their hands, and contact to a 
number of products such as: soap, iodine, mercury, eugenol, formaldehyde and Novocain. 

Clinical dental work includes exposure to a number of products like soap, detergents, 
disinfectants, amalgam, mono- and oligomers, catalysts, inhibitors, etchings, solvents and 
adhesives. Some are chemically very active. External primary irritants produce and acute 
inflammatory response in the skin, self-limiting once the irritant has been removed. Irritant 
contact dermatitis is the most common type of occupational hand dermatitis (Stingeni et al 1995, 
Uveges et al 1995, Meding et al 1994). 

Chemicals that can cause skin sensitisation (allergies) are more harmful. Once sensitisation is 
induced, it is self-perpetuating. Basketter et al (1995) presented an alternative strategy for 
identification of skin sensitises called DEREK (Deductive Estimation of Risk from Existing 
Knowledge). Based on chemical structure two widely accepted sensitisation factors are assessed: 
the ability to react with skin proteins, and the ability to penetrate the skin. I f one of the 
parameters is positive, the LLNA test (local lymph node assay) is conducted. I f LLNA also is 
positive, the chemical is classified as a skin sensitises. 

Hand dermatitis among dental personnel has been an issue in recent years. An unknown number 
of dentists and chair assistants have left their profession due to hand dermatitis and other allergic 
symptoms. A number of cases have been reported, mainly from the Finish Institute of 
Occupational Health, about allergic dental personnel with positive patch tests to a number of 
dental polymer products. Studies have surveyed the prevalence of skin symptoms among 
different groups of dental personnel considered having high exposure to dental polymer products 
such as dental technicians (Hill et al 1998, Jacobsen, Derand & Hensten-Pettersen 1996, 
Rustemeyer & Frosh 1996, Mürer et al 1995, Uveges et al 1995, Jacobsen & Hensten-Pettersen 
1993, Rajaniemi 1987). The occurrence of skin symptoms has also been surveyed among 
periodontists (Jacobsen & Hensten-Pettersen 1989a), orthodontists (Jacobsen & Hensten-
Pettersen 1989b), prosthodontists (Hensten-Pettersen & Jacobsen 1991), dental hygienists (Hill et 
al 1998, Uveges et al 1995, Jacobsen & Hensten-Pettersen 1989a), and chair assistants (Hill et al 
1998, Jacobsen & Hensten-Pettersen 1989a). Some studies have focused on skin reactions among 
dentists (Meding et al 1998, Hill et al 1998, Munksgaard et al 1996, Uveges et al 1995, Jacobsen 
et al 1991). This study focused on symptoms among dentists working in general dental practice. 
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Individual risk factors increase the risk of developing hand dermatitis. The most important risk 
factor, according to Meding & Svanbeck (1987) is eczema in childhood. Nilsson & Knutsen 
(1995), and Rystedt (1985) have also showed the significance of atopic background. Surprisingly 
hand dermatitis was not related to atopic conditions in hairdressers (Majoie et al 1996). The 
second most important risk factor for developing hand dermatitis is female sex (Socie et al 1997, 
Meding % Svanbeck 1990). Dry skin is another individual risk factor related to hand dermatitis 
(Majoie et al 1996, Holness et al 1995, Meding et al 1994). Other individual risk factors reported 
are e.g. a history of asthma (Kristensen 1992, Meding & Svanbeck 1990), and atopic dermatitis 
(Kristensen 1992, Meding & Svanbeck 1990). Further, hand dermatitis has been shown to 
decrease with age (Meding & Svanbeck 1990). 

Several occupational risk factors for developing hand dermatitis have also been identified. 
Meding (1991) reported that exposure to unspecified chemicals, detergents, dust, and dry dirt are 
risk factors. Several authors have identified wet work as an important occupation risk factor for 
developing hand dermatitis (deFine Olivarius et al 1996, Nielsen 1996, Uter et al 1995, 
Rustemeyer et al 1994, Kristensen 1992, Meding 1991). 

Employees with hand dermatitis have been shown to have positive patch tests to e.g. organic 
solvents (Kristensen 1992), formaldehyde (Meding et al 1996, Cronin 1991) and thimerosol, 
nickel and colophon (Meding et al 1996, 1994). A great number of studies have shown positive 
path test in patients when tested to polymer materials (Estlander et al 1996, Gebhardt & Geier 
1996, Kanerva et al 1997a,b, 1996a,b, Jolanki et al 1996, Kanerva et al 1995a,b,c, Koppula et al 
1995, Kanerva et al 1994, Kanerva et al 1993a,b, Jolanki 1991, Munksgaard & Knutsen 1990, 
Kanerva et al 1989). 

A great number of studies have reported about a growing problem with hand dermatitis and 
allergies among health care personnel due to use of latex gloves (Liss et al 1997, Tarlo et al 1997, 
Konrad et al 1996, Knudsen 1992). About 9% of dental personnel were allergic to latex but 33% 
reported symptoms from wearing gloves according to Ketalaris et al (1996). The prevalence of 
latex allergy increase during training in dental school from 2% in the second semester to 10.4% 
in the tenth semester as reported by Heese et al (1995). Studies indicate that the harmful 
component is the powder in latex gloves. Natural rubber latex (NRL) proteins are leaching out 
from the latex gloves, and bind to glove powders causing latex sensitisation, when exposed to 
aerosolised NRL proteins (Field 1997). 

The increasing use of dental polymer products is considered one causative factor to the increasing 
skin problem among dental personnel. Due to environmental concern, the Swedish Parliament 
proposed, in 1992 to discontinue the use of amalgam as restorative material during a five-year 
period. As substitute, new dental polymer materials with better properties and stronger adhesion 
is used. 
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B R I E F INTRODUCTION TO T O X I C O L O G Y 

Development of toxicology 

Modern toxicology is a multidisciplinary area involving most sciences like biology, ecology, 
pharmacology, physiology, genetic, immunology, chemistry, medicine, morphology, pathology, 
veterinary medicine, and statistics. Man has used the knowledge of toxicity of plants and animal 
venom since ancient time for hunting, warfare, and removal of undesired individuals, executions, 
or suicide. The Ebers papyrus (ca 1500 BC) contains information of more than 800 recipes, many 
are poisons. The Greek Hippocrates (400 BC) wrote about how to control absorption of toxic 
materials. Much emphasis was also made to find antidotes to poisons. An early contribution to 
toxicology was made by the physician Moses ben Maimon Maimonides (AD 1135-1204) who 
wrote the book "Poisons and Their Antidotes" (1198). Philippus Aureolus Theophrastus 
Bombastus von Hohenheim-Paracelsus (1493-1541) stated the most fundamental in toxicology, 
the dose-response relationship by saying: "Al l substances are poisons, there is none which is not 
a poison. The right dose differentiate a poison from a remedy". He also described occupational 
diseases (chronic arsenic and mercury poison, asthmatic attacks and gastrointestinal symptoms of 
miners in his book, Bergsucht (about 1533-1534). The Spanish physician Mattieu Joseph 
Bonaventura Orfila (1787-1853) is often considered as the founder of toxicology. By using 
autopsy material and chemical analysis he systematically proved poisoning Casaren & Bruce 
1975). 

Hippocrates and others reported for more than 2000 years ago that environmental factors could 
influence the occurrence of diseases (Beaglehole et al 1993). However, it was not until the 
nineteenth century the distribution of diseases was measured in specific populations, resulting in 
developing of epidemiology. Epidemiology originally dealt with epidemics of communicable 
diseases (Miettinen 1985). Certain principles were developed how to study the occurrence 
(prevalence and incidence) of diseases, principles that are directly applicable to the study of 
occurrence in general. 

Occupational exposure 

Human exposure to chemicals is a potential health hazard as chemicals can interact in the 
biological system causing a variety of adverse health effects. The toxic effects may occur within 
a broad range from subtle biological changes to death and depends on many external and internal 
factors. Occupational exposure to hazardous substances most commonly occurs by inhalation and 
dermal contact. For most toxicants, the higher the concentration in the body the greater the 
damage. The amount of toxicant in the body depends on the level of exposure, and the rate and 
amount absorbed, distributed, biotransformed and excreted. 

Several factors influence the toxicity of a chemical. See Figure 1. Not only chemical factors, but 
also type of exposure (e.g. skin contact, inhalation), concentration of exposure (e.g. short or 
chronic duration). Genetic status and conditions (e.g. nutritional, hormonal, age, sex, body 
weight, health, and current diseases) influence the toxicity of exposure. Further, environmental 
factors (e.g. presence of additional chemicals, temperature, air pressure, safety protection 
equipment, and methods for handling toxic chemicals and training conditions) may heighten or 
lessen the effects of exposure. 



5 



6 

Absorbtion, distribution, biotransformation and excretion 

The mechanisms behind absorbtion, distribution, biotransformation and excretion of substances 
in the body are very complex. Thus, the following is a very brief introduction. No specific system 
or pathway exists for toxicant. They use the same processes, as do biological essential substances 
like nutrients and oxygen. To cause injury the toxicant must be absorbed with the exception of 
caustic and corrosive chemicals that act topically. 

To be absorbed (and distributed and excreted) the toxicant must pass through a number of cell 
membranes. The rate of transfer depends on their lipid solubility and concentration gradient. 
Occupational exposure mainly occurs through the lungs and the skin. The lung can be though of 
as three basic regions: the nasopharygeal, the tracheobronchiolar and the alveolar. Particles larger 
than 5 um are generally deposited in the nasopharygeal region and removed by wiping, blowing 
and sneezing. Particles of 2-5 urn are mainly deposited in the tracheobronchiolar tract where they 
are removed by ciliar movement. Particles smaller than 1 urn may be removed by the alveoli 
fluid, phagocytosis, or via the lymphatic system. Some particles may remain in the alveoli 
indefinitely. Absorption of inhaled gases, vapours and aerosols takes place mainly in the alveolar 
region. Gas and vapour molecules that are very water soluble, or react with cell surface 
component, may be retained in the nose. The epithelial cells lining the alveoli are very thin and in 
close contact with the capillaries. Thus, the blood rapidly removes chemicals absorbed by the 
lungs. Gas and vapour molecules diffuse readily from the alveoli into the blood and dissolve. The 
absorbtion is dependent on the solubility of the gas in the blood, the more soluble it is the faster 
the absorbtion. Liquid aerosols and airborne particles may also be absorbed in the lung. Here the 
size of the particles and the water solubility of the chemical in the aerosol are of importance. 

The skin contains three main layers: epidermis (the outer layer), dermis, and hypodermis. Stratum 
corneum, the outermost layer of epidermis, is the most important barrier. To be absorbed by the 
skin, toxicants must first pass through the dermis. (Minor routes are sweat and sebaceous glands 
and hair follicles). In general the epidermis is relatively impermeable to chemicals. After the 
toxicant has passed the epidermis it easy passes the dermis (which is a less effective barrier) and 
enters the systemic circulation. The absorption of toxicants through the skin varies depending on 
the skin condition. Skin burns and various skin diseases enhance penetration of substances. 
Abrasion or removal of stratum corneum causes a dramatic increase in the epidermis. Acids, 
alkalis, and mustard gases will also increase the absorbtion by injuring this barrier. Also some 
solvents can increase the permeability of the stratum corneum. Under normal conditions, the 
stratum corneum contains about 7% water by weigh. I f completely dry, penetration increases 
about tenfold. I f water content is higher in stratum corneum (due to additional water contact), the 
permeability may increase threefold (Klaassen & Rozman 1991). 

After a substance enters the blood it is readily distributed throughout the body. Distribution, 
biotransformation and excretion occur simultaneously. The rate of distribution to each organs or 
tissues is related to the blood flow, the ease of diffusion through capillaries and cell membranes, 
and the affinity of the chemical to the organ. Some toxicants have restricted distribution, as they 
do not readily cross cell membrane. Some toxicants accumulate in certain parts of the body as a 
result of protein binding, active transport or high solubility in fat. The site of accumulation may 
be its site of major action but often it is not. I f a toxicant is effectively excreted it wil l not be 
distributed to any great extent. 
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Lipophilic compounds are in general readily absorbed but poorly excreted, while water-soluble 
compounds are excreted. To avoid accumulation in the body, a number of processes 
(biotransformation) can convert these compounds by forming metabolites that are more easily 
released than the parent substances. Metabolites are usually more hydrophilic that the parent 
compound. The most important oxidative enzyme systems, found in e.g. liver, lung, kidney, skin, 
brain, and intestinal tract contain cytochrome P-450. Biotransformation can also occur by 
anaerobic bacteria. Older people have differences in their musculature and metabolism, which 
changes the disposition and levels, required inducing toxicity. Women have larger percent of fat 
in their total body weight than men. They also have different susceptibility to reproduction 
system disorders or teratogenic effects. Further, effects on biotransformation rate are usually 
limited to hormone related differences in the cytochrome P-450 enzymes. Good nutrition supplies 
the metals required for the biotransformation and prevents protein deficiencies. 

A toxicant can be excreted as the parent, as a metabolite and/or a conjugate. After absorbtion and 
distribution in the body toxicants are excreted, rapidly or slowly. A generally accepted indicator 
of the rate of elimination of a toxicant is its "half-life" which is the time required for 50% of the 
toxicants to be removed from the blood stream. The principle route of excretion is the urine, but 
the liver and lungs also play an important excretory role for certain types of toxicants. There are 
also a number of minor routes of excretion. The liver is both the major metabolising organ and 
the major excretion organ. The kidney is probably the single most important excretory organ in 
terms of number of components. The lung is the key organ for excretion of volatile gases and 
liquids. The major route for elimination of toxicants from the body is the gastrointestinal tract. 

Toxicants are often concentrated in a specific tissue, a storage depot. Some have the highest 
concentration at the site of toxic action, and others at sites other than their target organ. A large 
number of compounds can bind to plasma proteins, mostly to the albumin. Since the binding is 
reversible the toxicant can dissociate from the protein. Several toxic reactions can arise i f a 
compound with greater affinity replace a bounded toxicant, thereby increasing the free fraction of 
the toxicant in plasma. The liver and kidney have a high capacity to bind a number of toxicants 
and probably concentrate more toxicants than all other organs combined. The adipose tissue, 
which constitutes about 20 to 50% of the body weight, is an important depot for lipid-soluble 
substances. Bone is another major site of storage for toxicants as fluoride and lead. 

Defence mechanisms 

The body is protected from invading organisms by the immune system. The first line of defence, 
the non-specific response, is the mechanical epithelial barriers, the phagocyte cells, the natural 
killer cells and the complement system. There are a number of specialised barriers in the body 
like tissue barriers (the blood-brain barrier, the blood-thymus barrier, and the blood-bile barrier), 
and endocrine barriers (the placental barrier and the blood-testis barrier). 

The blood-brain barrier protects to some extent distribution of toxicants to the central nervous 
(CNS). Thus, this site is less permeable than other areas of the body. The blood-brain barrier 
consists of three parts: tightly joined endothelial cells, glial cells lining the capillaries, and low 
protein concentration in the interstitial fluid of CNS. The blood-brain barrier restricts entrance of 
molecules into CNS, mainly by the tight junction that only exist here. Entrance of water-insoluble 
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compounds is limited due to low protein content in the interstitial fluid. Lipid solubility enhances 
the entry of toxicants into the brain, and ionisation diminishes it. For example methyl mercury 
enters the CNS more readily than inorganic mercury salts. The placental barrier consists of a 
number of cell layers between foetal and maternal blood. It may prevent some toxicants to reach 
foetus. The number of layers differs between species. 

A specific defence system in the body is the adaptive immune response mediated by T- and B-
lymphocytes. The main function is to protect the host from re-infection by producing a faster and 
stronger response when exposed to the same antigen. However, sometimes exposure to a 
peptide/antigen that is not associated with an infection can activate a similar immune response 
resulting in substantial damage to the host. Once sensitisation is induced it probably persists for a 
lifetime. The symptoms of these appropriate reactions are associated with allergy or 
hypersensitivity. When the inducing substance is a self-peptide the reaction is named 
autoimmune. The reaction mechanisms are divided into four types (I - IV). 

Type I reactions involve specific B-cells which recognise a soluble antigen, but instead of 
releasing specific IgG antibodies to neutralise the antigen, IgE antibodies are released. The 
reaction occurs almost immediately (within 5-20 minutes) after the subsequent exposure (contact 
antigen/antibody). The symptoms vary depending on organ sensitised. 

Type I I reactions involve specific IgM or IgG antibodies against non-self peptides on red blood 
cells. Antibodies bound to erythrocytes activate the complements leading to cell-lysis. 

Type I I I reactions (Arthus reaction) occur when antibody/antigen complexes, instead of being 
cleared by phagocytosis, are deposited in the tissues were they are attached. This might occur 
when soluble antigens in the blood are present in excess, since small immune complexes are not 
phagocytosed. In the tissues the immune complexes initiate the complement cascade and the spht 
products recruit neutrophiles which release enzymes resulting in tissue damage. 

Type IV delayed hypersensitivity reactions, are mediated by antigen-specific T lymphocytes 
(antibodies are not involved). The inducing substance is usually a small molecule, i.e. a hapten, 
with the ability to form an antigen complex with self-proteins/peptides. Following initial 
exposure to an antigen a specific pool of memory T cells remain (sensitisation phase). Re-
exposure to the antigen causes rapid proliferation of the specific T cells at the site of contact, and 
release of inflammatory cytokines, which activate macrophages to phagocytosis and increased 
lysosomal activity. About 12-72 h after subsequent exposure an eczematous reaction develops 
due to the inflammatory active compounds released from T-cells and macrophages in the skin. 

A mixture of the different allergic types occurs, and the same antigen can cause several types of 
reactions. 

Classification of toxicity 

Toxicity of chemicals is classified into a variety of ways. It can be classified by the general site of 
action (local or systemic), temporal duration (acute or chronic), by their target organ (neuro
toxic, irnmuno-toxic, nephro-toxic, and hepato-toxic), or by their effects (allergens, teratogen, 
carcinogen). Other classifications are e.g. based on their use (solvent, pesticide, food additives), 
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source (animal and plant toxins), physical state (gas, dust, liquid), chemistry (aromatic amines, 
halogenated hydrocarbons), or by general terms (irritants, corrosive, occupational-related). 

Toxic effects 

The most fundamental in toxicology is the dose-response relationship. The dose-response relation 
can be individual or population based. The individual dose-response relation shows the continuos 
effect over a range of doses. The population based dose-response relation shows the distribution 
of responses to different doses in a population. To describe a dose-response relation between 
toxic material and an effect causality must be certain, the response must be related to the dose, 
and both a quantifiable method of measuring and a precise means of expressing toxicity 
(Klaassen & Eaton 1991). 

Exposure to several chemicals can cause interaction producing additive toxic effect. The 
combined effect may also be higher than the additive effect (synergism). A toxicant may not 
produce specific toxicity but increase the toxicity caused by another toxicant (potentiation). The 
combined effects of two toxicants may also diminish each other's effect (antagonism). 

Toxic effects of chemical exposure can develop rapidly after a single exposure or after a delay of 
several days to many years. Carcinogenic effects usually show after 20-30 years after exposure. 

Some effects are reversible like irritant reactions. A large number of chemicals can cause irritant 
reactions after a single exposure like strong solvents, acids, and bases. Substances causing 
irritation first after multiple exposures are often termed marginal irritants. Other effects are 
irreversible e.g. severe burns (corrosions) from e.g. acids at the site of contact. 

Effects may be local at the site of first contact, or systemic. Local effects are due to inhalation or 
skin contact, while systemic effects require absorption and distribution in the body resulting in 
effects in target organs. Certain toxicants can cause systemic effects after absorbed through the 
skin. 

Toxicants can cause a broad range of adverse health effects. Al l toxic effects result from 
biochemical interactions between the toxicant (and / or their metabohtes) and certain structures of 
the organism. The nature and effects may vary from organ to organ. Biotransformation in the 
body may produce more toxic metabohtes, or a toxic chemical may be less toxic after 
biotransformation. 

A variety of chemicals, or their metabolic products, can induce sensitisation reactions in the skin. 
Allergy reactions may involve various organ system and range in severity from minor skin 
disturbances to fatal anaphylactic chock. Atopic allergy, asthma, atopic dermatitis, and 
anaphylactic chock may be IgE mediated. Most common is involvement of the skin (dermatitis, 
urticaria and itching) and involvement of the eyes (conjunctivitis). Contact dermatitis is a type IV 
reaction. Atopy is an inherit disposition to produce IgE antibodies after exposure. This may result 
in an atopic disease (e.g. asthma, allergic rhinitis, rhino conjunctivitis, and atopic dermatitis) 

Aromatic compounds with molecular weight less than 500g/mol, highly lipid soluble and quite 
reactive with proteins are often strong allergens (Emmett 1991). Allergic responses in the lungs 
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are usually induced by pollen, spores of molds, bacterial contamination but also by chemicals in 
the plastic industry like toluene diisocyanate. 

Risk assessment 

Chemicals differ greatly in the nature and potency of their toxicity and it is not always possible to 
avoid human exposure. As the field is so diverse with many disciplines involved, different areas 
of toxicology focus on different assessments of chemical toxicity. Some are testing the toxicity of 
chemicals on e.g. animals, or cell cultures, or surveying the occurrence of work related diseases 
in epidemiological studies. Others are studying the mechanisms by which chemicals exert toxic 
effects, treatments of poisoned people, environmental effects, or how to analyse. With all these 
data available, it is possible to estimate the risks and propose rules and regulations of how to 
handle the materials. 

REQUIREMENTS OF DENTAL MATERIALS 

NIOM (Nordisk Institutt for odontologisk materialprøvning -Scandinavian Institute of Dental 
Materials) has been inviting manufacturer to enter their products in a test program based on 
standards of acceptance for that type of material. Products that meet certification standards are 
published by yearly NIOM as "Certified products". International standards (ISO) set exact 
specifications with regard to information in instructions for use and marking of packaging as well 
as physical/chemical requirements for strength, dimensional stability, solubility, water absorbtion 
and purity of ingredients. Some ISO standards require an evaluation of biological properties. The 
products that has been tested on biological properties are marked by NIOM with * in the list. 

Since Sweden joined the European Union (1994,) all dental materials shall be in conformity with 
the regulation of the Council directive concerning medical devices and bear the CE marking. 
NIOM became in 1995 a notified body for medical devices used in dentistry. NIOM certification 
administrates a certification program for CE-marking in conformity with the Council Directive 
(93/42/EEC) concerning medical devises. NIOM certification can grant manufacturer the right to 
affix CE marking to their products. There are mainly two routes to CE marking, either by 
certification of the production system, or certification of the products. Al l medical devices 
manufactured under the quality assurance system may be CE marked. This can be combined with 
voluntary product certification by NIOM giving the manufacturer the right to also use the NIOM 
certified label (NIOM 1998). 
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DENTAL USE OF M E R C U R Y AND POLYMERS - A HISTORICAL P E R S P E C T I V E 

Development of amalgam 

The Chinese used amalgam during the Tang dynasty (618-907 AC) according to Bjørklund 
(1998). The first hand written instruction of how to produce dental amalgam is dated back to 
1528 by the German physician Johannes Stockerus. A French chemist, Jean Pierre Joseph d'Arcet 
(177-1844), developed a dental filling material of bismuth, led and tin (called Darcet mineral 
material) but, it had to be heated in boiled water before apphed in teeth. In 1818 a French dentist, 
Louise Nicolas Regnart, found out that by adding 1/10 mercury to Darcet mineral material, the 
melting point could be decreased to 68°C. The Parisian dentist Auguste Onesine Taveau 
recommended in 1826 the use of "silver-paste" (Pate d'Argent); a paste made of mercury, to 
permanent restorations (Hoffmann-Axthelm 1973). In England the chemist Charles Bell 
developed a silver amalgam (called mineral succedaneum) in 1819. 

The five French brothers Crawcour were advertising in London in 1831 the restorative materials 
made by mercury and filings from silver coins. As it was cheap and easy to use it became very 
popular. However, the properties were not good due to shrinkage or expansion. Two of the 
Crawcour brothers opened a practise in New York. None of them were dentists. They advertised 
about amalgam that was much cheaper and easier to use than gold. Lots of patients arrived but 
the results were not satisfied, subsequently the first debate about amalgam started (Bjørklund 
1989, Hoffmann-Axthelm 1973). 

The debate has been so diverse and strong that it has been called "the three wars". When first 
introduced in USA, amalgam was banned due to bad properties and dentists who still used it were 
excluded from the American Dental Association, and the Crawcour brothers had to leave the 
country. However, after some improvements, amalgam became accepted as a dental restorative 
material. The second debate started in Germany around 1920-1930 when a number of articles 
were pubhshed regarding release of mercury vapour from amalgam fillings and adverse health 
effects resulting from that release (Fleichmann 1928, Stock 1936, Stock 1939). Due to the 
outbreak of the Second World War the debate declined, but started again during 1970s in 
Scandinavia, Canada, Germany and USA. Focus was first "oral galvanism", currents that can be 
measured between different metals in the oral cavity. However, although high level could be 
shown it was not possible to correlate it with any specific symptoms. Then the mercury release 
from amalgam fillings came into focus as reports indicated that mercury concentration in brain 
was significantly associated with number of amalgam fillings in the teeth (Friberg et al. 1986, 
Nylanderet al. 1987). 

Development of polymer materials 

Polymer research did probably begin around 1839 when Charles Goodyear invented the 
vulcanisation process. Following the vulcanisation discovery chemists started to search for 
material to replace the decreasing supply of natural materials. The original breakthrough for the 
first semi-synthetic plastic materials was cellulose nitrate, developed by modification of cellulose 
fibres with nitric acid (in 1850s). A Briton Alexander Parkes presented it in 1862 as the first 
plastic in the world. In the 1860s a billiard company offered a price to anyone who could make an 
ivory substitute. The American Hyatt brothers, John and Wesley tried by using nitric acid and 
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sulphuric acid, but this product proved to be very dangerous. They did not succeed until they 
combined pyroxlin (made from cotton and nitric acid) and camphor to create celluloid. However, 
the billiard-company did not give the price to anyone but John Hyatt patented celluloid in 1870 
and began plastic manufacturing (Lund 1993). The commercial success for celluloid lay in dental 
plates for false teeth. 

While looking for a substitute for natural varnish a Belgian-born chemist, Leo Baekland 
developed and patented in 1907 a hard plastic resin that became the first thermoset polymer, the 
Bakelite plastic. Bakelite was made from carboxylic acid and formaldehyde and had excellent 
insulation properties. In 1922 a German chemist, Hermann Staudinger who worked with 
synthesised rubber, found that plastics are made of chains of thousands of molecules liked 
together. This started the invention of many new plastics. In 1930s the manufacturers learnt how 
to produce plastics from petroleum-polystyrene, acrylic polymers and polyvinyl chloride were all 
made this way, and JWC Crawford patented the method to produce methyl methacrylate from 
methacrylamide sulphate, water and methanol that is still in use (Rajaniemi 1987). In 1937 
injection moulding became improved and fully automated, thus the materials became cheaper. 
The first epoxy resins were developed in Switzerland in 1938. The main apphcations were in 
dentistry and medicine, and due to the adhesive qualities as a constituent of glue. 

PROPERTIES AND USE OF M E R C U R Y AND DENTAL POLYMERS 

Properties of mercury 

Mercury is naturally occurrence in the earth's crust, mainly as cinnabar (HgS). The chemical 
abbreviation, Hg is from the Greek hydrargyros (water silver). The English word, mercury is 
from the Roman messenger god Mercury known for his quickness and mobility. Mercury occurs 
in inorganic and organic forms. Inorganic mercury has three oxidation stages: elemental or 
metallic (Hg°), mercurous (Hg2 2 +), and mercuric mercury (Hg 2 +). Liquid metallic mercury 
releases an odourless invisible vapour at ambient air temperatures. The release increases rapidly 
as the temperature rises. Organic mercury, e.g. methyl mercury, is formed from mercuric 
mercury. Because of its property, mercury is used in many different areas e.g. in chloralkali 
plants, manufacturing of electronic devices, batteries, and lamps, for extracting of gold from ore 
(WHO 1991). Organic mercury compounds like phenyl mercury has been used as fungicides. 
Mercury (Hg) is the only metal that is liquid at room temperature. Human uses of mercury have 
generally been associated with local contamination. Today there is increasing interest and 
concern about global contamination. 

Dental use of mercury 

Two types of amalgam are used in modern dentistry, conventional amalgam and non-y-2 
amalgam. Conventional amalgam is made by mixing liquid metallic mercury (ratio 
approximately 1:1) with an alloy powder containing about 70% silver, 25% tin, 1-6% copper and 
0-2% zinc. In non-y-2 amalgam, the amount of copper is increased to about 25% and the amount 
of silver decreased. 
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Properties of dental polymers 

Polymers are substances whose molecules have high molar mass and are composed of a large 
number of repeating units. The name "polymer" come from Greek poly (many) and mer (unit). 
Two mers combined covalently form a unit called a dimer (often a monomer residue), and many 
units together form a polymer chain. A copolymer is created by two chemically different mers to 
the final polymer. Polymers are both naturally occurring (proteins, starches, cellulose, and latex) 
and synthetic. Several species of marine algae produce acrylic acid. Synthetic polymers are 
produced commercially on a very large scale. Polymer science and technology made it possible to 
create new man-made materials with certain properties for certain applications. Esters of acrylic 
and methyl acrylic acids are used to prepare materials referred to as "acrylates" (Autian 1980). 

The most common way to synthesise MMA is by mixing acetone cyanohydrin with concentrated 
sulphuric acid (mol ratio 1:1.5) in a cooling reactor by intensive stirring at 80-100°C. Then the 
product is heated to 130-150°C and the resultant; methacrylamide sulphate is mixed with 
methanol and water at 90°C to form a crude product, which is contaminated with volatile organic 
compounds. The product is purified by distillation giving a commercial product that is at least 
99.6% pure (IARC 1979, Wenzel & Lehmann 1978). The impurities are maximum 0.003% 
methacrylic acid, and 0.05% water. It may contain small amount of hydroquinone and its mono-
methyl-ether as inhibitors. The primarily use of M M A is in manufacturing of PMMA to fabricate 
plastics and acrylic glasses, clear ceramic like resins, and for acrylic moulding and extrusion 
powder (Chan et al. 1988). The monomer is also used in paints, acrylic emulsions, polyvinyl 
modifiers, fibres, unsaturated polyester resins, manufacture of emulsion polymers such as floor 
polishes, textile backing coatings, paper coating, sealants, and adhesive cements (IARC 1979). 

Methyl methacrylate (MMA) is a clear colourless flammable liquid with an unpleasant strong 
acrid odour (Patty 1981, Scolnick & Collins 1986). The molecular formula is C 5H 802 
(CH2=C(CH3)COOCH3), and the molecular weigh is 100.13 g/mol (Maclaine Pont 1991). The 
threshold Hmit value for methyl methacrylate in room air is 50 ppm in Sweden (AFS 1993). 
Apart from M M A a great number of polymers of M M A are used in dentistry such as: BIS-GMA 
(Bisphenol A glycidyl dimethacrylate), EGDMA (ethylene glycol dimethacrylate), 2-HEMA (2-
hydroxyethyl methacrylate), TEGDMA (methylene glycol dimethacrylate), UEDMA (urethane 
dimethacrylate). 

The chemical properties of polymers are defined by its very reactive double binding. However, 
the properties can be modified by: 

• Fillers increase the physical properties. Fillers of inert organic materials such as zircon or 
boron-silicate glass are used in composites, and fillers of silica in impression materials. 
However, fibre reinforcement of acrylic denture bases using fibres has limited effects. 

• Plasticisers with low molecule weight such as phthalate esters are used to make the material 
less brittle. 

• Cross-linking agents are used to chemically join the polymers together and increase physical 
properties, especially cracking. 

• To modify specific properties, additional monomers are added (called copolymerisation). 
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In dentistry the monomers are polymerised and prepared into a specific shape prior to its use. The 
most common polymerisation mechanism is free radical addition involving vinyl (CH2=CHx) 
groups. Vinyl groups readily undergo polymerisation under simple conditions, like the oral 
environment. Free radical polymerisation mechanisms are chain reactions involving three steps: 
initiation, propagation, and termination. 

There are four common initiation mechanisms: 
1. Chemical initiation is used in two past composites and cold cured poly (methyl methacrylate) 

denture bases. The reaction occurs between peroxide and a tertiary aromatic amine. 
2. Thermal initiation is the basis of the polymerisation of heat cured poly (methyl methacrylate) 

denture bases. The reaction is a thermal composition of peroxide. 
3. Photochemical initiation is now the predominant mechanism of composite restorative 

materials. Free radicals are produced by the interaction of visible light, typically 480 nm, with 
a mixture of a-diketone, such as camphorquinone, and amine, such as dimethylaminoethyl 
methacrylate. 

4. Heat and light cure is used in the production of "intensely cured" systems such as composite 
inlays. This is a combination technique. 

Other initiation mechanisms used in dentistry are: 
5. Condensation is common in polymerisation of impression materials. Small molecules like 

H2O or alcohol are cut out. 
6. Cationic such as polymerisation of polyether impression materials 
7. Anionic. A simple molecule such as H20, or NaCI initiates the polymerisation. Occurs in 

polymerisation of cyanoacrylates. 

To prevent unwanted polymerisation, inhibitors such as hydroquinone are used. The 
concentration of the inhibitor is adjusted to give an appropriate working time. Also antioxidants 
such as BHT (butylated hydroxytoluene) are added to improve stability and colour during 
storage. For system initiated by light certain antioxidants are used. 

Composition of dental composite materials, bonding agents, pit and fissure sealants, and 
orthodontic adhesives is similar except for the amount of filler particles. They all consist of a 
monomer system (of one or more oligo- or polyfunctional acrylate monomers), an initiator 
system, inhibitors, antioxidants, and a coupling agent (Ruyter & Øysæd 1988). 

Dental restorative polymers are cured by mixing of two components, or by light. Both methods 
require manual handling of monomer containing products. 

Dental use of polymer materials 

Dental uses have increased rapidly due to development of dental polymer materials with better 
properties such as better adhesion, less shrinkage, stronger, better colour stability etc. Many 
restorative materials in dentistry are formed from one of the acrylic monomers. The most being 
used is the methyl ester of methyl acrylic acid (Autian 1980). The same materials that have had 
success in other fields have found success in the dental field. In other instances, specific polymers 
that have had little use in other field have been synthesised for dental use. Methyl methacrylate 
and its polymers are the basic components in e.g. denture bases, crowns and bridges, artificial 
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teeth, orthodontic appliances, bonding agents, pit and fissure sealants, orthodontic adhesives and 
in dental composite material. Polyelectrolytes such as polyacrylic acid, are the basic components 
in glass ionomer cements, silicone-, polyether-, and polysulphide impression materials, and 
epimine resin (Ruyter & Øysæd 1988). Polyacrylic acid absorbs many times its own weight in 
water. The mechanism behind is unknown. This advantage is used in baby diapers that contain 
polyacrylic acid as a super-absorber. 

ENVIRONMENTAL ASPECTS OF MERCURY AND DENTAL POLYMERS 

Environmental effects of mercury 

Inorganic forms of mercury may undergo environmental transformation. Metallic mercury may 
be oxidised to inorganic divalent mercury, particularly in the presence of organic material such as 
in the aquatic environment. The second potential conversion of divalent mercury is methylation 
to dimethyl mercury by anaerobic bacteria. Thus, when mercury is released into waste water from 
e.g. dental clinics, and reach bottom mud of lakes, highly toxic methyl mercury can be formed by 
micro organisms in anaerobic ecosystem (Wood et al. 1968, Jensen & Jarnlöv 1969, Bertilsson & 
Neujahr 1971). Plankton that is eaten by fish can take up methyl mercury, and thus methyl 
mercury reaches human. 

The most serious aspect of the mercury problem in Sweden is the human health risk associated 
with high consumption of fish from Swedish lakes. The current Swedish goal is to reduce the 
level of mercury in fish to 0.5mg/kg fish. In late 1980, examination of fish from 10 000 Swedish 
lakes showed mercury levels exceeding 1 mg/kg pike, the blacklisting value (Lindqvist et al. 
1984, Håkansson et al. 1988). Regional air emissions and atmospheric transport, not single 
mercury discharged is considered responsible for the pollution problems (Lindqvist 1991). Fossil 
fuel may contain as much as 1 ppm of mercury and it is estimated that about 5000 tons of 
mercury per year may be emitted from burning coal, natural gas, and the refining of petroleum 
products. As much as 1/3 of atmospheric mercury may be due to industrial release of organic and 
inorganic forms according to Goyer (1991). The annual emissions of mercury to air, from point 
sources in Sweden, have decreased from 20-30 ton/year in 1960 to 3.5 ton/year in 1992. Better 
emission control legislation, improved technology, and reduction of polluting industrial 
production have reduced emission of mercury to the atmosphere dramatically. However, levels of 
mercury in fish have only decreased in lakes and coastal water, not in remote forest lakes 
(Håkansson et al. 1988). With decreased use of mercury in many areas dentistry accounts to a 
larger extent of the total amount of mercury used. A rare identified source of mercury emission to 
the environment is faecal excretion from humans with amalgam fillings. Skare & Engqvist (1992) 
estimated this emission from the entire Swedish population to be 150 kg Hg/year, which is about 
the same amount as the yearly leakage of mercury from a modern chlorafkali plant. 

Emission of mercury to air from dental clinics have not been estimated, neither burning of 
amalgam contaminated waste products, erroneous classified as low-risk wastes. Information 
regarding classification and handling of amalgam contaminated waste products has been 
published by the Swedish Dental Association (1995) and distributed to all members. The Swedish 
National Board of Health and Safety has estimated that with funeral cremation (burning of teeth 
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with amalgam fillings), about 400 kg mercury/year is emitted into the atmosphere. In wastewater 
from dental clinics (only from removal of old amalgam fillings) about 300 kg mercury/year is 
discharged, i f 70% of amalgam particles are collected in the amalgam separators (Swedish 
National Board on Health and Safety 1992). Tests on amalgam separators show that separators 
that meet the Swedish standard collect 95% of amalgam particles bigger than 350 nm, while 
particles finer than 100 una, which are the main part (80%) pass into the ecosystem (Testreport 
1992). Thus, amount of mercury in wastewater from dental clinics is probably higher than 
estimated by the governmental authority. Another important factor is dental clinics' contribution 
of mercury to environment by improper cleaning and maintenance of amalgam separators and 
waste pipes. According to personnel communications with Swedish Recycling (1995), proper 
maintenance of separator can reduce out-let of mercury from dental clinics by 50%. Studies have 
shown that accumulation of mercury in waste pipes of dental clinics cause high mercury content 
and wide variation of mercury in wastewater from dental clinics (Arenholt-Bindeslev & Larsen 
1991, Gahnberg et al. 1993). Another factor is erroneous classification of amalgam contaminated 
high-risk wastes as low-risk wastes that later are burnt, leading to mercury release in the air and 
thus a concern for all humans. 

Environmental effects of polymers 

Most polymers are petroleum based synthetic materials composed mostly of carbon and 
hydrogen. Even i f they possess varying physical and chemical properties, they all are comprised 
of high-molecular weight polymers. There are two main types of polymers: Thermosetting and 
thermoplastics. Thermosetting polymers are e.g. epoxy resins and polyurethane. A catalyst and 
heat is required during the polymerisation process. The structure created is not broken apart by 
re-heating and thus this material can not be recycled. Thermoplastics, which are the main part of 
polymers, are recyclable as they can be soften, melted and reformed. Often it is possible to 
transform a thermoplastic into a thermoset material by introducing cross-linking agents. 

Very little information is available regarding environmental effects of polymer products. Burning 
of polymers are recommended, not deposit and left for composting. Polymers and Bisphenol A 
should not be let out in wastewater as they might undergo hydrolyse in acid or alkali 
environment. A l l types of phthalates and hydroquinone are considered dangerous to aquatic life 
and very toxic to fish and algae (Johansson & Zimerson 1994). 

No study has dealt with environmental effects of polymer wastes from dental clinics. Low 
concentrations of MMA has been detected in drinking water (<lmg/l), in plant sewers wastewater 
and in river water in USA (NTP 1987). In one European study MMA was estimated to range 
from 20-81 mg/m3 in air exhausts stacks of paints plants (IARC 1979). 
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ABSORBTION DISTRIBUTION AND E X C R E T I O N OF M E R C U R Y AND P O L Y M E R S 

Absorption, distribution and excretion of mercury in the body 

There axe high individual variations and marked daily fluctuations in uptake, retention and 
excretion. Most human exposure to mercury is by inhalation. At least 75-80% of inhaled mercury 
vapour (Hg°) readily diffuses across the alveolar membrane into the blood (Nielsen-Kudsk 1965). 
Störtebecker (1989) suggested that mercury vapour might bypass the oxidation process in 
bloodstream and Hver and enter the brain by using a direct nose-brain pathway through the 
mucous membranes in the upper region of the nasal cavity. Mercury vapour is Hpid soluble and 
has an affinity for red blood cells and the central nervous system. Thus, it can easily pass the 
placental barrier (Vimy et al 1990), and the blood-brain barrier (Halbach & Clarkson 1987). Al l 
form of mercury cross the placenta to the foetus, but most what is known has been learned from 
experimental animals. Inhaled mercury vapour absorbed into red blood ceHs is transformed to 
Hg 2 + . A smaU portion is transported as Hg° to more distal tissues, particularly the brain where it is 
biotransformed (Halbach & Clarkson 1987). Once mercury vapour is oxidised to Hg 2 + i t is no 
longer Hpid soluble, and is trapped in various organs Hke the brain (Berlin 1992). Organic forms 
of mercury and mercury vapour have a predilection for the central nervous system. 

Absorbtion of metallic mercury is slow from the gastrointestinal tract. About 7% of inorganic 
salts are absorbed in contrast to methyl mercury where 90-95% is absorbed. In children the 
absorption of inorganic salts may be as high as 50% (Clarkson 1992). Gastrointestinal absorption 
of mercury released from amalgam fillings was earlier considered to be low. However, new 
research have shown that an individual with average number of amalgam (32 surfaces) excretes 
about 60ug Hg/24 h, compared to an amalgam free individual about lug Hg/24 h (Skare & 
Engqvist 1992). 

The hydrogen peroxide-catalas pathway probably mediates the oxidation of metallic mercury 
(HgO) to the highly reactive divalent mercuric ion divalent (Hg2+). Alcohol consumption 
diminishes retained mercury vapour in the brain, as ethanol is a catalas inhibitor (Nylander et al. 
1987) . Methyl mercury undergoes biotransformation to divalent mercury compounds by cleavage 
of the carbon mercury bond, releasing inorganic mercury. 

Within cells the reactive divalent mercuric ion is capable of inhibiting hundreds of enzymes and 
produce subtle and bizarre changes to the brain function. Mercury vapours as weU as the highly 
toxic methyl mercury has a strong affinity for protein functional groups e.g. sulfhydryl groups 
(Clarkson 1998). This inhibitation may partly explain the toxicity of mercury (Inoue et al. 1988). 
Other systems that are affected by mercury compounds are ceU membranes (Ribarov & Benov 
1981, Nakada et al 1983). Mercury compounds, especiaUy inorganic mercury have been 
demonstrated to cause disrupted membrane functions with increased membrane permeability and 
changes in active membrane transports (Rajanna & Hobson 1985, BaUatori et a l 1988). 

The retention time varies for different organs, and is longest for brain, kidneys, and testicles. The 
biological half-life for the brain may exceed several years (Nylander et al. 1989, Hargreaves et aL 
1988) . However, the greatest concentration of mercury following exposure to inorganic salt of 
mercury and mercury vapour are retained in the kidneys, but also in spleen, pancreas, lungs, 
heart, Hver, thyroid-, adrenal- and pituitary gland (Weiner et al. 1990). Biologic half time for 
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methyl mercury is about 70 days, for salts of inorganic mercury about 40 days, and for metallic 
mercury or mercury vapour 35-90 days. 

Excretion of mercury from the body is by faeces and urine. Faecal excretion is the major route 
and is predominantly initially after exposure to inorganic mercury. According to Skare & 
Engqvist (1992), the faecal mercury excretion is twenty times higher than the corresponding 
urinary. However, renal excretion increases with time. About 90% of methyl mercury are 
excreted in faeces after acute or chronic exposure and do not change with time (Miettinen 1973). 

Absorption, distribution and excretion of polymers in the body 

Information regarding absorbtion, distribution and excretion of monomers and polymers in the 
human body is very limited. Most studies are done on animals, and with M M A As the monomer 
M M A is small and fat-soluble it can readily penetrate the skin. Studies on rats show the 
absorbtion through the rat-tail to be rather high and amounted to 22 mg/cm2/h (Verkkala et al 
1983). After dermal exposure to MMA the urinary MMA excretion ranged from 19 to 
200nmol/24h in dental technicians (Rajaniemi et al 1989). MMA has not been found in the urine 
of healthy controls (Heindl et al. 1986, Brown et al. 1978). After inhalation M M A can be 
absorbed through the lungs. There is no study on absorption of MMA or vapour of M M A through 
the lungs. 

One study from 1973 deals explicitly with distribution of M M A in the body, but the original 
publication was not available (Maclaine Point 1991). Radioactive MMA injected in rat show the 
highest level in blood and kidney, and low concentrations in liver and red bone marrow. After 2h 
M M A had shifted from the bone marrow to the compact bone. Between 4 to 8h after injection 
M M A was found only in the skeletal bones, liver, intestine, and salivary glands, and after 24 h 
the total amount was eliminated (Borchard 1981). Biotransformation studies have indicated 
M M A is rapidly distributed over the body irrespective of the route of administration, and readily 
biotransformed. Studies on rat show that MMA is metabolised through the same pathway as 
naturally occurring amino acid valine (Bratt & Hathway 1977). MMA is first hydrolysed by 
carboxyl-esterase into methacrylic acid and methanol. Methacrylic acid (like valine) is 
metabolised into methacrylic-CoA, which can be further degraded and taken up by the citric acid 
cycle (Bratt & Hathway 1977). The formation of MMA to methacrylic acid in humans has been 
found both in vitro (Corkill et al 1976) and in vivo (Crout et al. 1982, Svartling et al. 1986). In 
vitro the half-life of M M A was 20-40 min (measured in human blood) and in vivo 47-55 min. 

High doses of M M A saturate the enzymatic hydrolysis and MMA is conjugated to glutathione, 
resulting in increased excretion of thioether (Elovaara et al 1983). Also when carboxyl-esterase is 
blocked the thioether excretion wil l also increase (Delbressine et al 1981). Vitamin B-12 
deficiency increased the thioether excretion 11 times in rat. In a patient with vitamin B-12 
deficiency, large amounts of methylmalonic acid (an intermediate product) were excretion in the 
urine (Crout et al 1982). Eliriination of MMA is rapid and complete. Irrespective of the route of 
administration, within 2h after adrninistration 65% was expired as CO2, and in 10 days 88% of a 
single dose of M M A was expired. About half of the reminder was excreted in the urine and the 
rest retained in the body tissue. Less than 1% of the dose was excreted as unchanged M M A from 
the lungs (Crout et al 1982, Bratt & Hathway 1977). 
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A D V E R S E H E A L T H E F F E C T S DUE TO MERCURY AND DENTAL POLYMERS 

Adverse health effects due to mercury 

The toxic effects of mercury depend on the form of mercury, the dose and the type of exposure. 
Neurologic effects are consistently associated with both inorganic and organic mercury exposures 
in adults. Inhalation of high concentrations (>1 OOOug Hg/m3) of mercury vapour in more than an 
hour can cause severe pulmonary effects (Sittig 1985). Prolonged exposure to levels of mercury 
vapour exceeding lOOug Hg/m3 may result in a typical triad of symptoms: tremor, erethism and 
gingivitis. Tremor starts with intentional tremors of muscles that perform fine motor function 
such as fingers, eyelids, and lips. It may progress to generalised trembling of the entire body and 
violent chronic spasm of the extremities. Another characteristic feature of mercury toxicity 
involves a wide range of psychological and personality disturbances called erethism. Erethism 
includes changes in personality and behaviour e.g. excessive shyness, fits of rage, loss of 
memory, increased excitability, severe depression, delirium, and hallucination. Excessive 
salivation and gingivitis wil l probably not occur at air levels below lOOug Hg/m3, or below the 
corresponding urinary excretion rate of about 80 pg Hg/g creatinine (Clarkson 1998). 

A critical analysis of pubhshed reports on human exposure to mercury and adverse health effects 
concluded that subclinical neurological, immunologic, and renal effects of inorganic mercury 
have been observed at relatively low exposure levels (Ratchffe & Swanson 1996). Low levels of 
chronic occupational exposures may cause irritabihty, insomnia and fatigue, and a mild tremor 
persisting for several months after exposure has ceased. Langworth et al. (1992) did not detect 
any effects of tremor in chloralkali workers exposed to average 25 ug Hg/m3, and average 
exposure time of 13.5 years. Neither did they found any effects on the immune system. However, 
weak evidence for autoimmune effects, and subjective complaints of fatigue, memory 
disturbances and a sense of confusion was higher in the chloralkali workers compared to controls. 
Slowed nerve conducting velocity has been reported at urine levels between 25-35 ug Hg/g 
creatinine (Clarkson 1998). 

Chronic occupational exposure to mercury vapour and inorganic mercury may lead to tubular 
damage of the kidney. Glomerulonephritis with deposits of immuno-globulines have been 
reported in men after exposure to inorganic mercury (Bigazzi 1985, Filastre 1988). An increased 
excretion of proteins and high-molecular-weight proteins in the urine have been demonstrated 
(Roels et al. 1985, Barregård et al. 1988). Changes in excretion of urinary solutes have been 
reported at urinary levels above 50 pg Hg/g creatinine (Clarkson 1998). 

Allergic dermatitis caused by skin and mucous contact to mercury has been reported. Even 
inhalation of mercury vapour have been reported causing symptoms of dermatitis (Nakayama et 
al. 1983) 

An increased risk of intracranial gliomas was found from Swedish register studies. The risk was 
two-fold for dentists, dental nurses and two other groups with occupational exposure to mercury 
(Ahlbom et al. 1986, McLaughlin et al. 1987). A three-fold increased risk of brain tumours was 
seen in a small group of Swedish chloralkali workers (Barregård et al. 1990). An increased risk of 
cancers in the brain was shown in a small group of American workers exposed to elemental 
mercury (Cragle et al. 1984) 
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Mercury vapour and the highly toxic methyl mercury effect the same critical organs (brain) but 
the signs and symptoms of toxicity, with the exception of tremor, are different for both 
physiochemical forms of mercury (Magos 1975). Most of what is known about clinical signs and 
symptoms of high level of methyl mercury has been learnt from studies of epidemics in Japan 
and Iraq (WHO 1976, Berlin 1986). Also from studies of population eating mercury-
contaminated fish (Skerfving 1974) and from published reports of occupational exposures 
(Eyssen et al. 1983). Dose-response relationship has been shown for methyl mercury after 
accidental poisoning in Minamata and Niigeta, Japan in the 1950s and from studies of the episode 
in Iraq in 1972 (Berlin 1986). The critical and lowest observed adverse health effect in adults is 
paresthesia (a numbness and tingling sensation around the mouth, lips, and extremities, 
particularly the fingers and toes). A long-term daily intake of 300 ug Hg/day can cause symptoms 
in most susceptible individuals. Other neurotoxic symptoms are e.g. ataxia (a clumsy stumbling 
gait, difficulty in swallowing and articulating words), neurasthenia (a generalised sensation of 
weakness, fatigue and inability to concentrate), vision and hearing loss, spacticity and tremor, 
coma and death. 

Mercury vapour released from dental amalgam has been claimed to cause various health effects, 
but this topic is controversial. The uptake of mercury from amalgam is considerably less than 
occupational exposure to mercury (Fan 1987). However, the impact of mercury exposure from 
dental amalgam is an important consideration in studies of low exposures according to Ratcliffe 
& Swanson (1996). The average uptake from dental amalgam have been estimated to range 
between 3 to 17ug/day according to WHO (1991). Other studies have estimated the uptake to 
1.2-20ug/day (Vimy & Lorscheider 1985, Jokstad et al 1992, Skare & Engqvist 1994). MFR 
(1992) estimated the uptake from 20-30 surfaces of amalgam to be 10 ug/day or less. A number 
of studies have shown a correlation between number of amalgam surfaces and urinary mercury 
level (Al-Saleh & Shinwari 1997, Trepka et al. 1997, Jokstad 1990, Clarkson et al. 1988, Olstad 
et al. 1987). Nylander et al. (1989) reported about a correlation between number of amalgam 
fillings and amount accumulated in several organs, but no association to any specific symptoms 
could be shown. A number of symptoms have been claimed to be associated with amalgam 
fillings e.g. fatigue, headache, vertigo, visual disturbances, impaired memory, insomnia, anxiety 
and anguish, depression, muscular pains, gastrointestinal disturbances, metallic taste in the 
mouth, heart problem, and increased susceptibility to infections (Weiner et al. 1990). 

The lowest average value reported to be associated with neurologic effects of mercury vapour is 
14 pg Hg/m3. Dentists working for 5.5 years (mean value) performed less well in neuro 
psychological performance tests and had a higher aggression score than controls (Ngim et al. 
1992). Another study suggested behavioural and biochemical effects of mercury in dentists with 
urine levels above 19 ug Hg/1 (Echeverria et al. 1995). 

In a questionnaire study on members of the Swedish Dental Patient Organisation, surprisingly 
many reported symptoms of articular pain (83%), headache (82%), irritation (81%), insomnia 
(73%), tremor (69%) and depression (65%). The authors related the symptoms to amalgam 
exposure, both occupational (many were/had been dental personnel) and exposure from amalgam 
fillings. However, no controls were used. Further 91% of the participants in the study were 
women (Molius & Nilsson 1992). 
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Adverse health effects due to polymers 

The toxic effect of dental polymers is considered low. Toxicity of self-cured plastics and 
elastomers depends on degree of curing. More completely cured materials are less toxic than 
those that are less cured (Autian 1975). 

The chronic toxicity of ethyl-and methyl acrylate has been studied in dog and rat by Borzelleca et 
al (1964). Both monomers were added to drinking water and food during a two-year period. Rats 
received up to 3 000 ppm and the dogs 1 500 ppm. No adverse effects were noted. Singh et al. 
(1972) studied the teratogen effect of a group of methacrylic esters in rat by administrating (IP) 
the LD50 dose during gestation. They found that at one or more dose levels each ester produced 
some or all of the effects: resorptions, gross and skeletal malformation, decreased size or death. 
The effects were dose related. 

According to Autian (1975) inhalation of MMA can lead to serious toxic events and thus care 
must be taken when used. Animal studies have shown local effect in nose and respiratory tract, 
and systemic effects on lung, hver, kidney, and gastrointestinal tract (NTP 1986, Tansy et al. 
1980a,b, Spearman et al 1945, 

Evidence of systemic toxicity of dental polymers is extremely sparse. Methyl methacrylate used 
in orthopaedic surgery has produced hypotension and cardiac arrest due to release of non-reacted 
monomer (Cohen & Smith 1971). 

M M A is mildly irritating to the skin of rabbits, rats, guinea pigs, and rabbit eyes as shown in 
many studies (Kanerva & Verkkala 1986, Verkkala et al 1983, Walle et al. 1982, Spealman et al. 
1945). However, humans are more sensitive to M M A and many studies have documented 
irritation to skin, eyes, and mucous membranes. The first reports on hypersensitive reactions to 
M M A came in 1941 (Stevenson 1941, Moody 1941). Early on, handling of methyl methacrylate 
was demonstrated to cause hand eczema in dental technicians (Stoy 1952). Repeated contact with 
M M A frequent hand washing and frequent exposure has been reported to enhance skin reactions 
(Jacobsen & Hensten-Pettersen 1989, Kanerva et al. 1989, Munksgaard & Knutsen 1990, 
Hensten-Pettersen & Jacobsen 1991, Kanerva et al. 1993a). 

A number of reports from the Finish Institute of Occupational Health have shown acrylate 
compounds to be strong occupational sensitises (Kanerva et al. 1997a, 1995c, Jolanki et al. 1994, 
Savonius et al. 1993). According to Kanerva et al. (1995a) dental personnel were found to have 
the highest number of occupational contact dermatitis due to exposure to common acrylates in 
dental products such as 2-HEMA, TEGDMA, and Bis-GMA Allergic contact dermatitis due to 
epoxy di(meth)acrylates or bisphenol A is rare. However, Jolanki et al. (1995) reported about two 
cases, one was a dental assistant. Fingertip paresthesia and allergic contact dermatitis caused by 
acrylates have been reported in a dental nurse (Kanerva et al 1998). 

Cases on occupational induced asthma due to exposure to M M A have been reported (Pickering et 
al. 1986, Roy et al. 1989). Chamber provocation tests have shown that methacrylates and 
acrylates can cause asthma but the mechanism behind is not known (Savonius et al. 1993). 
Occupational laryngitis has been shown in provocation tests to acrylate compounds (Sala et al. 
1996). 
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The most frequent acrylate sensitises, according to Tosti et al. (1993) are dental materials and 
anaerobic sealants. Exposure to epoxy- or acrylic resins and their additives were identified 
causing both irritant and allergic contact dermatitis. 

Not only the monomers but also many additives used in dental materials, can cause allergies such 
as N,N-dimethyl-4-toluidine (Tosti et al. 1990, Vershueren & Bryunzeel 1991), 4-
tolyldietanolamine (Farli et al. 1990), hydroquinone (Torres et al. 1992), benzotriazoles (Arisu et 
al. 1992) benzophenones (Kanerva et al 1993b). Animal experiments have shown that impurities 
in dental material also may cause allergies (Altuna & Freeman 1987). Further, light cured 
acrylates are more potent sensitises than methyl methacrylate (Kanerva et al 1993c). 

The sensitisation capacity is complex and the correlation between animal studies and clinical 
experiment is not very good (Kanerva et al 1995c). MMA and 2-HEMA had a weak sensitisation 
capacity in some animal experiments, but found to belong to the most common sensitises in patch 
tests on patents. Koppula et al. (1995) suggested that common sensitises like EGDMA 
TEGDMA, and 2-HEMA have a higher sensitisation capacity than M M A and UEDMA because 
they contain a carboxyl ethyl side group which MMA and UEDMA do not have. Further, that 
Bis-GMA shows a low sensitisation capacity because the functional group was too hydrophobic 
and bulky. 

P R E V E N T I V E MEASURES 

Prevention against occupational exposure to mercury 

Gerhardsson & Brune (1989) stated that prevention against mercury consists of three steps; 
appropriate choice of materials and working methods, adequate measures to prevent diffusion of 
mercury vapour and particles, and proper handling to minimise exposure. Choosing dental 
amalgam in capsule compared to manual mixing of liquid mercury and alloy powder, mmimise 
diffusion of mercury vapour to work environment, and exposure to dental personnel and patients. 
Using a local exhaust combined with water spray decrease exposure to mercury vapour 
(MacDonald 1984). Ultrasonic amalgam condensers should be avoided (Rao et al 1982). According 
to recommendations from the Swedish Dental Association, low risk wastes like cotton reel, 
amalgam cloths, cofferdams, gloves, suction pipes and amalgam capsules should be kept separately 
and not mixed with other waste products. Mercury contaminated products should not be heated or 
placed in heat sterilises, and spills of mercury properly cleaned up. Personnel protective devices 
should be worn to avoid contact to mercury and inhalation of mercury vapour. Contaminated air 
should be filtered especially for particles below 5ug (Swedish Dental Association 1995). 

Based on environmental concern an agreement was signed in 1985 between the National 
Environmental Protection Board, the Dental Association, the Dental Trade Association and the 
County Council in Sweden, that all dental units must be connected to an amalgam separator. To be 
effective, maintenance of the amalgam separator is of great importance. 

Further, dental personnel are exposed to a number of ocular hazards (North 1993). To protect the 
eyes against ocular injuries proper dental safety glasses are required (Bezan & Bezan 1988). 



23 

Prevention against occupational exposure to dental polymers 

There is no universal handling practices and procedures to follow regarding dental polymers. 
Dental restorative products are often provided with a Material Safety Data Sheet (MSDS), but the 
information is far from comprehensive both regarding content, health risks and recommended 
precautions. Many products recommend use of gloves and dental safety glasses and good general 
ventilation. 

Dental polymers easily penetrate all gloves used in dental clinics. It has been shown that 2-
hydroxyethyl dimethacrylate (2-HEMA) and triethyleneglycol dimethacrylate (TREGDMA) 
penetrate vinyl gloves in l-3min, and latex gloves in 5-8 min. Bisphenol A diglycidylether 
dimethacrylate (BIS-GMA) and urethane dimethacrylate (UEDMA) penetrate vinyl gloves in 20 
min. and latex gloves in 80 min. Monomethyl methacrylate (MMA) can penetrate latex gloves in 1-
2.5 min because of small molecule size (Munksgaard 1992, Waegemaekers et al 1983). Using a 
face mask retain less than 42% of respirable particles (Collard et al 1991). 

Other interventions 

In order to help patients claiming amalgam poisoning and stimulate debate about hazardous 
dental materials, the Swedish Dental Patient Organisation was founded in 1978. Supporter groups 
have been founded all over the world and have currently about 15 000 members in Sweden. 

The International Academy of Oral Medicine and Toxicology (IAOMT), founded in USA in 
1985, is an international association with more than 100 members in Sweden, mainly physicians 
and dentists. The aim is to support and spread scientific research about dental restorative 
materials and risks associated with them. The focus has been mainly on amalgam so far. 
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RISK ASSESSMENTS 

Biological testing 

There are standards, both national and international for biological testing of dental materials. The 
biological testing program has three levels: initial, secondary and usage tests. In the initial tests 
acute toxicity is tested in a number of in vitro cytotoxicity or mutagenicity tests. The secondary 
tests include animal tests such as bone and subcutaneous implantation, oral irritation and 
sensitisation. The usage tests include pulp and dentine tests in humans or primates (Jacobsen & 
Hensten-Pettersen 1994). 

The Draize eye test has been used for more than 40 years to evaluate the irritation potential of 
substances to the eyes and mucous membranes. Following the application of concentrated solutions 
to the eyes of conscious albino rabbits, irritation reactions such as swelling of the eyelids, 
inflammation of the iris, ulceration, hemorrhaging (bleeding) and blindness are recorded at specific 
intervals. The rabbits are immobilised and the eyes are often held open with clips at the lid. 
However, a growing concern for animal welfare, and the increasing number of chemicals 
introduced into the market, have emphasised the need for development of alternative methods to 
evaluate irritation potential. 

Several alternatives are being used but, according to de Silva et al (1997), no universally applicable, 
validated non-animal alternative is currently available. In HET-CAM, chemicals are apphed to the 
chorioallantoic membranes of embryonated hen's eggs. Irritation of the chorioallantoic membrane 
is observed as haemorrhage, lysis, and/or coagulation, and an irritation score (IS) is calculated. It is 
assumed that the response of the chorioallantoic membrane reflects the potential for damage to 
mucous membranes in vivo, in particular the eye. According to Spielmann et al (1993), at least 
70% of severely irritant chemicals could be identified correctly using the HET-CAM assay. 
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AIM OF T H E THESIS 

The overall aims of this thesis were to survey the prevalence of some selected self-reported 
symptoms among dental personnel and compare with controls without occupational exposure to 
amalgam or polymer products. Further, to survey the handling of dental restorative materials 
(amalgam and polymers) in by dental personnel, their use of personnel protective devises and, if 
needed, develop ergonomic recommendations for safe use. 

The specific aims of the different parts have been to: 

1. Estimate the environmental burden due to mercury used in dental clinics in the northern 
Sweden (Paper II). 

2. Analyse the correlation between some symptoms (muscular pain, headache, tremor, insomnia, 
irritation, impaired memory, depression) and mercury exposure (number of amalgam fillings 
in their teeth, years in practice, handling of amalgam in dental clinics, insufficient ventilation, 
working in dental practice) (Paper HI). 

3. Develop Ergonomic Practices and Procedures (Paper IV, V). 

4. Compare the prevalence of atopic dermatitis, conjunctivitis, and hand dermatitis among 
dental personnel in northern Sweden with all general dental practitioners in Sweden (Paper 
IX). 

5. Analyse the correlation between some symptoms (atopic dermatitis, conjunctivitis, hand 
dermatitis) and use of personal protective devices (Paper IX). 

6. Analyse the correlation between some symptoms (atopy, asthma, atopic dermatitis, and 
conjunctivitis, hay fever/rhinitis, hand dermatitis) with self-reported risk evaluation of 
polymer products, or frequent use of certain polymer products. Further correlation between 
use of certain polymer products and higher health risk evaluation for that type of material 
(Paper XI). 

7. Analyse an "open" question of users' demand of dental safety glasses by using "Grounded 
Theory". (Paper X). 

8. Evaluate the irritation potential of some polymer products using biological testing (Paper 
XII ) . 
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STUDY 1. M A T E R I A L AND METHOD (1993). See paper I, H, and m 

Lists of private dentists were provided from the Social Insurance Office. 
Lists of public dentists were provided from the County Council in Norrbotten. 

Lists of physicians were provided from the medical regions in Norrbotten 

The letter included 2 questionnaires 
1 for dentist/physician + 1 for assistant 

Dental personnel 
400 questionnaires 

1 No answer 120 
Incomplete 4 

Controls 
400 questionnaires 

1 No answer 228 
Incomplete 9 

45% Response Rate (dentists) 

94 dentists (55 male, 39 female) 
85 chair assistants (all female) 

43% Response Rate (physicians) 

163 controls (61 male, 102 female) 

Dental personnel were asked questions regarding: 

• Number of amalgam removed, polished, and produced per day 
• Classification of amalgam contaminated waste products 
• Use of personal protective devices 
• Trying new personnel protective devices against mercury vapour 
• Wanting level of mercury measured in the clinic 
• Amalgam separators 
• Waste pipes and clinics 
• Ventilation problem 

Al l were asked how often they had experienced the following symptoms the last 6 months: 

• Muscle weakness and fatigue 
• Tremor of hands, arms, legs, or face 
• Insomnia 
• Irritation and aggression 
• Impaired memory 
• Depression and worry 
• And number of amalgam restorations in their teeth 
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R E S U L T STUDY 1 

Due to the low response rate (45%), the results do not reflect the state of the art among dental 
personnel in general rather most likely the knowledge and opinion among dental and medical 
personnel who have taken an interest in the amalgam debate. 

The results from this study was presented in my Licentiate Thesis 1996:12L and is only briefly 
described here. 

Mean age of respondent was 42.6 (SD 7.8) ranging from 26 to 62 years. Mean year in practice 
was 17.7 (SD 8.3) years ranging from 1 to 38 years. Mean working hour per week was 35.7 (SD 
6.7) ranging from 20 to 65 hours. 

The number of amalgam handled per day differed widely. Dentists reported removing 7 (range 0-
30), polishing 3 (range 0-10), and producing 4 (range 1-30) amalgam fillings per day. Fewer 
chair assistants answered, and they reported less number of amalgams handled than dentists did. 

Classification of amalgam contaminated waste products showed a wide difference for collected 
amalgam sludge and extracted teeth. A majority of dental personnel classified amalgam cloths, 
remains, and capsules as high-risk. Further, they classified cotton reel, cofferdam, gloves, and 
suction pipes as low-risk wastes. Most dental personnel through low-risk wastes in wastebasket, 
single persons washed collected sludge down the drain, or sucked it up, treat extracted teeth with 
amalgam fillings as biodegradable, or recycled suction pipes. One person reported packing and 
heating up extracted teeth with amalgam fillings in the autoclave. 

About 70% of dentists and 67% of chair assistants reported using gloves always when handling 
amalgam. Never said 20% of dentists and 13% of chair assistants. Only 17% reported having 
access to protective equipment to mercury vapour such as gloves, mask, capsule amalgam, visor, 
local exhaust, disposable mask, clean up (a nozzle), selenium filter to coirfine mercury vapour 
from the air, and Merconvap (a mercury absorbing solution) in the waste container. 

Between 78-90% of the respondents were interested in trying new protective equipment against 
mercury vapour. About 55% of male dentists and 87% of female dentists and chair assistants 
were interested in getting the mercury measured in their clinic. 

Surprisingly many respondents were not familiar with important characteristics of their amalgam 
separator. About 13% of the respondents did not even know where the amalgam separator was 
located. About 70% did not know if the separator was provided with an indicator telling when it 
is ful l . How often the separator was changed was unknown for about 60%. Some reported that the 
separator was changed when full , but in the same time they said that the separator did not have 
any indicator signal. 

Amount of amalgam accumulated in waste pipes depends on age of the clinic and i f the pipes 
have been cleaned. A majority (85%) worked in clinics that were older than 10 years, some were 
more than 20 years, and 1 clinic was more than 30 years old. Only 1% worked in new clinics. 
New waste pipes, or cleaned during the last two years reported 9%, "nothing done with the pipes" 
said 54% and 37% said "do not know". 
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Insufficient ventilation reported about 75% of dental personnel compared to 50% of controls. 

Logistic regression analysis was used for analysing association between symptoms and mercury 
exposures such as: number of amalgam fillings in teeth, years in dental practice, work in dental 
practice, number of amalgam handled per day, insufficient ventilation at work, and age. 

A negative correlation was found between number of amalgam in teeth and muscular fatigue, 
headache, insomnia, and tremor for controls. Thus, more controls with <4 amalgam had 
symptoms than controls with many amalgam fillings in teeth. No significant correlation was 
found between symptoms and number of amalgam in teeth for dental personnel. 

With increasing years in practice significantly more dental personnel reported muscular fatigue, 
impaired memory, and tremor. However, tremor was associated with increasing years in practice 
even for female control, while tremor decreased with increasing years in practice for male 
controls. 

Significantly more female dental personnel reported symptoms of muscular fatigue and tremor 
with increasing years in dental practice. More female controls reported irritation compared to 
female dental personnel. 

There was no association between symptoms and number of amalgam handled per day in dental 
clinic. However, five symptoms: muscular fatigue, headache, impaired memory, depression, and 
tremor increased (not significant) with increasing, but different exposure for male and female 
dental personnel. For female dental personnel there was an association with number of amalgam 
fillings in teeth, and for male dentists there was an association with total number of amalgam 
removed, polished, and produced per day. 

There was a strong correlation between occurrence of any symptom and reporting insufficient 
ventilation for dental personnel, and for all symptoms except depression and impaired memory, 
and insufficient ventilation for the control. 

More female dental personnel reported muscular fatigue with increasing age. Less dental 
personnel reported headache with increasing age. More controls reported impaired memory and 
insomnia with increasing age. 
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STUDY 2 OBSERVATION, MATERIAL AND METHOD, (1996) See Paper IV and V. 

The results from this study was presented in my Licentiate Thesis 1996:12L, and is only briefly 
described here. 

Nineteen dentists (7 men and 12 women) and 20 chair assistants were observed 1 day per team. 
They were working in 4 clinics of different sizes: 1 orthodontic with 5 teams, 3 general public 
clinics with 1,3, and 10 dental teams. The average year in practice was 26 years (SD 7), ranging 
from 13-35 years for male dentists, 16 years (SD 6.6), ranging from 9-31 years for female 
dentists and 18 years (SD 6), ranging from 12-28 years for chair assistants. 

A theoretical model of exposure to polymers in dental clinics was developed as shown in Fig. 2. 

Material used 

Figure 2. 

According to figure 2, dentists were mainly involved only in treatment of patients while chair 
assistants were involved in storage/mixing, treatment and cleaning/waste disposal. Only one 
female dentist cleaned instruments and deposited wastes occasionally. 

A checklist was used to follow the procedures from storage/mixing, treatment of patient, to 
cleaning and waste disposal. 

The following was checked: 
• The name of polymer products used was identified. 
• Time of exposure was defined as the time from opening the non-reacted polymer products or 

the time when grinding started, to the time when material was cured in the teeth, or grinding 
was finished. 

• Use of protective devices 
• Risk-taking behaviours 
• Measures taken to prevent exposure to dental polymers 
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R E S U L T STUDY 2 

A total of 84 treatments were followed involving 52 cavity fillings, 25 bonding, and 7 grindings 
(after removal of orthodontic brackets). The average exposure time (from opening the non 
reacted product, or grinding started, to the time when material was cured in teeth, or grinding 
finished) was: cavity filling 7 min range 1-20 min, bonding 6 min range 1-16 min, and grinding 7 
min range 4-14 min. 

The dental teams used 19 different products containing polymers and monomer. Only half of the 
products had a material safety data sheet (MSDS) providing a complete hst of content. According 
to MSDS on the products, 2 recommended use of facemask, 11 use of eye protective devices or 
safety glasses, and 8 use of gloves. Two recommended gloves made of Nitrite rubber, Butyl 
rubber or polyvinyl alcohol. Proper ventilation was an addition recommendation on 5 products. 

More than 80% of chair assistants used gloves when opening non-reacted products and mixing of 
the materials. However, during the procedure they removed the gloves and during cleaning of 
instrument/waste disposal only 40% still used gloves. Assistants removed the gloves when 
answering the phone, writing, giving an appointment, or collecting something and forgot to put 
on new gloves before cleaning/waste disposal. The same trend was observed with use of 
facemask, but here they pulled down the facemask under the nose or chin during the procedure. 
A l l except two dentists used gloves during treatment and about 50% used facemask. Many 
dentists and chair assistants used the facemask under the nose or chin from the beginning. 
Surprisingly many, both dentists and chair assistants were not aware of wearing facemask under 
the nose or chin. None used safety glasses and few used a visor occasionally. 

It was observed that dentists were using the left hand to hold the hp. When applying bonding, 
primer etc. following use of air spray, the fingers of the left hand were covered with the bonding. 
These fingers were also exposed during hght curing. Only in 3 rooms studied, the materials were 
stored as recommended on MSDS. In 13 of the rooms, wastes were thrown into an uncovered 
container placed near the operating chair, and in 2 room the assistant used closed plastic can for 
all remains of polymer products. Even though the participants in this study was concerned about 
health risks from exposure to polymer products, use of safe practices and procedures was not 
uniform between treatments or among all personnel observed. 

Based on the theoretical and practical information collected, four ergonomic checkpoints were 
developed. The interventions taken are hsted under "some hints" and the risk taken behaviour 
observed under "remember". Each checkpoint indicated an action, and additionally "why", 
"how", "some hints" and "remember" with short explanation as follows: 

1. Use gloves 
2. Use facemask 
3. Use safety glasses 
4. Store polymer materials and waste products closed and far from operating chair. 

Users of ergonomic checkpoints can learn various solutions that are inexpensive and therefore 
apphcable. The checkpoints can also be used as guidance for discussion in dental clinics. 



STUDY 3 AND 4. MATERIAL AND METHOD. See paper VI, VH, VDT, EX, X and X I 

Lists of private dentists from the Social Insurance Offices. 
Lists of public dentists from the County Councils. 

Lists of teachers, researchers, and secretaries from schools and the university. 

STUDY 3 (1995-96) 

To personnel in the two most northern counties of Sweden 

• 

The letter included 1 questionnaire for 
controls (study 3). 

The letter included 2 questionnaires 
1 for dentist + 1 for assistant. 

Dental personnel 
800 questionnaires 

Controls 
890 questionnaires 

No answer 213 No answer 305 

76% Response Rate (dentists) 66% Response Rate 

303 dentists (178 male, 125 female) 
284 chair assistants (all female) 

585 controls (160 male, 425 female) 

STUDY 4 (1997) 

To all general dental practitioners in Sweden 
12.213 questionnaires 

No answer 4401 
y Unknown 428 

Incomplete 61 

70.3% Response Rate (dentists) 
4293 dentists (2349 male, 1945 female) 
3030 chair assistants (all female) 
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Personally addressed letters were sent to the office of the dentists and the referents. One reminder 
was sent to non-respondents. Excluded were dental nurses not working as assistants, dental 
hygienists, and dentists and dental nurses on long term sick or parental leave. 

STUDY 3 AND 4: Questions were asked if they have/had experienced: 

• Shortness of breath, cough, a runny nose, eye irritation, skin eruption, or skin irritation upon 
exposure to the following factors: pollen, dust, animals, foodstuffs, tobacco smoke, 
automobile exhaust, cleaning agents, dental products, or other 

• Allergic conjunctivitis 
• Atopic dermatitis 
• Hand dermatitis 
• Use of personnel protective devices 

Further, i f answered YES to experience of allergic conjunctivitis, atopic dermatitis, and hand 
dermatitis, they were asked since how long, and i f the complaint was diagnosed by a physician. 

STUDY 3: In addition questions were asked regarding: 

• Attacks of wheezing when breathing 
• Hay fever or other type of allergic rhinitis 
• I f experienced hand dermatitis, mark localisation on a picture of palm and back of left and 

right hand 
• Symptoms in the fingers: coldness, numbness, prickling, whitening, and pain. 
• Number of times per day hands was washed (dental personnel). 
• Name the name of the composites, glass ionomers, bonding, primers, fissure sealing material 

and cold cured acrylates used in the clinic, and frequency of use (dental personnel). 
• Evaluate the potential health risk of handling fissure sealing materials, composites, glass 

ionomers, bonding, primers, and cold cured material on a scale from 1-5 (dental personnel). 

Further, i f answered YES to experience of asthmatic symptoms, and hay fever/rhinitis, they were 
asked since how long, and if the complaint was diagnosed by a physician 

STUDY 4: More detailed questions were asked regarding use of protective devices: 

• When 
• What type 
• Define important factors regarding dental safety glasses, "open question" (dental personnel) 

Further, i f answered YES to experience of allergic conjunctivitis, atopic dermatitis, and hand 
dermatitis, they were asked i f they had been compelled to visit a physician, and i f they had been 
on sick leave due to the symptom 
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Logistic regression was used for analysing the correlation between the symptoms and the 
variables age, sex, and year in practice, working hours per week, profession, and eczema in 
childhood (Study 3). Additionally, selected groups were analysed regarding differences in 
prevalence with symptoms. The Odds Ratio (OR) was calculated as a summary statistic to give a 
reasonable estimate of the relative risk and is given with 95% confidence interval [x, y] and p-
value. 

Respondents were asked since how long they had experienced the symptom and could chose 
between <1 year, 1-5 years, 6-10 years, 11-15 years and > 15 years. The time of onset "during the 
last year" was calculated together with the cumulative duration of allergic conjunctivitis, atopic 
dermatitis and hand dermatitis for each group (dentist male and female, chair assistants, and 
referent male and female). For example, in a group of 160 persons, 24 reported symptoms (15%) 
and based on duration of the symptom the calculation was done as follows. Four reported 
symptoms since <1 year (4/160 =2.5), 3 since 1-5 years (3/160 =1.9 + 2.5 =4.4), 1 since 6-10 
years (1/160 = 0.6 + 4.4 =5.0), 7 since 11-15 years (7/160 =4.4 + 5.0 =9.4), and 9 since >15 years 
(15/160 = 5.6+9.4= 15.0%). 

The respondents were classified according to sex and profession. Further, the frequency of 
complaints was compared between dental personnel and referents, female to female and male to 
male, using comparison of proportions. To calculate the power of significant results, sample size 
was calculated based on ratio dental personnel/referents, at 5% significant level (95% confidence 
interval) and to an 80% power. 

A clinical method to calculate the severity score of hand dermatitis, described by Meding (1991) 
was used. Here it was based on the respondents' drawings of the location of their hand dermatitis. 
Each finger back, side, inside, interstitium, tip, and nail board with dermatitis was given score 1. 
Each part of hand palm and back with dermatitis was given score 2, and whole part of hand palm 
and back with dermatitis was given score 4. A total possible score for each hand was 37. The 
scores were divided into very mild (1-3), mild (4-5), moderate (6-12) and severe (>13). 

The correlation was calculated between hand dermatitis and general finger symptoms and the 
variables: age, sex, profession, year in practice, working hour per week, frequent washing of the 
hands, glove use, eczema in childhood, and symptoms of atopy (Study 3). 

Further, dental personnel were asked to give the name of the composite, glass ionomer, bonding, 
primer, fissure sealant and cold cured acrylate they used, and mark i f they used the material daily, 
usually, or occasionally. Materials used by more than 5.6% of dental personnel (22 products) 
were chosen for analysis. Frequency of use was given score 0 = do not use, 1 = occasionally use, 
2 = usually use, and 3 = use daily. Additionally, dental personnel were asked to evaluate five 
different polymer materials (composite, glass ionomer, bonding, fissure sealant, and cold cured 
acrylate) with respect to health risk for dental personnel on a scale from 1 to 5 (1 = no risk, and 5 
= very high risk). 

An updated version (1993) of Logistic regression analysis (Dallal 1988) was used to find if 
occurrence of a self-reported symptom was associated with higher health risk evaluation for 
different types of polymer materials, i f frequent use of a certain dental polymer product was 
associated with occurrence of a self-reported symptom. Additionally, i f those who reported 
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symptoms from frequent use of a certain product, also risk evaluated that type of material higher 
than those without association did. (Study 3) 

In study 4, the correlation was calculated regarding association between symptoms of atopic 
dermatitis, allergic conjunctivitis, and hand dermatitis for the variables: age, sex, eczema in 
childhood, profession, county, position (private or pubhc), working hours with patients, and 
frequency, type, and use of dental safety glasses, gloves, and face mask. As some answers may 
differ for different profession and sex, analysis was done for all respondents, for dentists and 
chair assistants, and for female and male dentists comparing prevalence of symptoms. Odds ratio 
was used as a summary statistics. 

The open question on defining important factors of dental safety glasses was analysed using the 
qualitative method "Grounded Theory" (Glaser & Strauss 1967). 
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R E S U L T STUDY 3 

The response rate was 76% for dental personnel and 66% for referents. Female dental personnel 
were younger than female referents and male dental personnel were older than male referents. 
There was no significant age difference between female dentists and chair assistants. 

Dental personnel had on average 16-20 years in practice and referents 11-15 years. Female dental 
personnel worked on average 31-35 hours per week. Male dental personnel and referents worked 
on average 36-40 hours per week. 

Al l respondents (1172) were used for analysing correlation between symptoms and the variables: 
age, sex, and profession, working hours per week, and eczema in childhood. Table 1 shows the 
correlation between symptoms and the variables with Odds Ratio, 95% confidence interval and p 
value. 

Table 1. Correlation between symptoms and the variables: age, sex, and profession, working hour per week, and 
eczema in childhood (n=1172)  

Symptoms Age Sex Profession Working hours Eczema in 
per week childhood 

Allergic conjunctivitis NS NS OR 1.9 [1.6, 2.4] NS OR 2.7 [1.6,4.8] 
Atopic dermatitis OR 1,1 [1.0,1.2] NS OR 1.4 [1.2,1.4] NS OR 3.2 [2.1, 4.8] 
Asthma NS NS NS NS OR 2.7 [1.7, 4.2] 
Hand dermatitis NS OR 2.0 [1.4, 2.9] NS NS OR 3.7 [1.0, 1.2] 
Hay fever/rhinitis NS NS NS NS OR 2.4 [1.7, 3.41 
Hypersensitive reactions to: 
Pollen NS NS NS NS OR 2.8 [1.9, 4.1] 
Dust NS NS NS NS OR 2.9 [1.9, 4.2] 
Animals NS NS NS OR 3.6 [2.5, 5.3] 

OR 0.9 [0.8,1.0] 
Foodstuffs NS OR 1.4 [1.1, 2.1] NS NS OR 3.3 [2.2, 4.8] 
Tobacco smoke NS NS NS NS OR 1.7 [1.1, 2.5] 
Automobile exhaust NS NS NS NS 

OR 1.2 [1.1, 1.4] 
Cleaning agents NS OR 2.4 [1.6, 3.6] NS NS OR 2.8 [1.6,3.6] 
Dental products NS NS OR 2.1 [1.8,2.51 NS NS 
General hand symptoms: 
Coldness NS OR 1.6 [1.1, 2.4] OR 1.1 [1.0, 1.3] NS NS 
Numbness NS OR 2.0 [1.3, 3.1] OR 1.4 [1.2,1.6] NS NS 
Pricking OR 1.1 [1.0,1.3] OR 3.6 [1.6,8.0] OR 1.2 [1.0,1.5] NS NS 
Whitening NS OR 1.1 [1.0,1.3] NS NS NS 
Finger pain NS OR 2.7 [1.4,5.11 OR 1.4 [1.1,1.61 NS NS 
* NS = not significant correlation 

The frequency of self-reported and diagnosed symptoms was calculated for male and female 
dentists, chair assistants, and male and female referents. Female dentists and chair assistants were 
compared to female referents, male dentists to male referents using comparison of proportions. 
Significantly differences between dental personnel and referents are marked with *. See Table 2. 
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Table 2. Frequency of self-reported symptoms, as reported by dental personnel and referents 
(n=1172).  

Symptom Dentist male 
n=178 

^"V. •% . 

Dentists female 
D=125 

% 

Chair assistant 
n=284 

% 

Referent male 
n=160 

% 

Referent female 
n=425 

% 

Allergic conjunctivitis 15.7*** 18.4*** 3.5 1.3 3.3 
Atopic dermatitis 20.2** 24.8*** 11.6 9.4 9.6 
Asthma 12.9 12.0 8.8 8.8 13.6* 
Hay fever/rhinitis 30.9 27.2 21.8 24.8 28.2 
Hand dermatitis 15.2* 27.0 19.3 7.5 20.0 
Eczema in childhood 8.4 20.2* 12.3 11.3 11.5 
Hypersensitive reactions to: 
Pollen 21.6 24.0 15.6 15.6 21.8 
Dust 17.0 20.8 12.2 14.5 25.6 
Animals 17.6 22.4 19.4 13.1 21.8 
Foodstuffs 12.5 18.4 15.7 11.2 19.0 
Tobacco smoke 10.8 27.2 19.6 15.7 25.9 
Automobile exhaust 5.7 8.8 8.6 8.5 9.7 
Cleaning agents 9.7 20.8 21.9 10.5 23.0 
Dental products 16.3*** 16.8*** 16.2*** 0.6 2.1 
General hand symptoms 
Coldness 15.2* 27.0 19.3 7.6 19.9 
Numbness 11.8* 30.1*** 12.3 4.0 10.0 
Pricking 2.8 15.4** 6.3 1.3 5.5 
Whitening 7.3 7.3 9.5 3.3 8.3 
Finger pain 6.2* 15.4** 8.4 1.3 5.5 
* p<0.05 
** p<0.001 
*** p<0.0001 

Significantly more dental personnel reported shortness of breath, cough, a runny nose, eye 
irritation, skin eruption, or skin irritation upon exposure to dental products (p<0.0001) than did 
referents. These symptoms were not associated with age, sex, working hour per week, and 
eczema in childhood, neither when all respondents were used for analysis, nor when only dental 
personnel were used. 

Twelve times more male dentists and 6 times more female dentists, reported experience of 
allergic conjunctivitis (p<0.0001), compared to male and female referents and chair assistants. 
Allergic conjunctivitis was not associated with age, sex, and working hour per week, but with 
eczema in childhood (p=0.0004). Symptoms upon exposure to dental material was over 3 times 
more prevalent among female dentists (OR 3.2 95% CI [1.2, 8.4] p=0.0223), and almost 6 times 
more prevalent among male dentists (OR 5.7 95% CI [2.3, 14.0] p=0.0001) with allergic 
conjunctivitis, than among those without. Further, significantly more female dentists (p<0.0001) 
and male dentists (p>0.01) than referents had the complaints diagnosed by a physician. 

As allergic conjunctivitis was not associated with age, it was of interest to see the age distribution 
for dental personnel and referents. For each age group the number and percentage of respondents 
with self-reported symptoms of allergic conjunctivitis was calculated. Dentists reported 
symptoms from a younger age than did referents and chair assistants. Even i f not significantly, 
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there was a tendency that allergic conjunctivitis was more prevalent with higher age among chair 
assistants and referents. This tendency was not seen for dentists as shown in Table 3. 

Table 3. Number and prevalence (in percent for each age group) of self-reported allergic 
conjunctivitis with regard to age and sex for dental personnel and referents  

Male- Female 
Age 

Years 

Dentists n= i 78 Referents n=160 Dentists n=l 25 Chair assistants n=284 Referents n=425 Age 

Years n % ii % n % n % n % 
<25 
25-29 1 50.0 
30-34 1 10.0 1 7.7 1 2.9 1 2.7 
35-39 3 11.5 6 19.4 2 2.6 
40-44 8 22.9 7 25.9 2 3.2 3 3.8 
45^9 7 17.5 1 4.3 4 15.4 1 2.1 4 4.2 
50-54 7 26.9 1 3.8 2 13.3 2 9.1 2 •• 4.2 
55-59 2 7.4 1 12.5 1 4.8 1 2.2 
>60 1 12.5 3 13.6 
Total 28 15.7% 1.3% 23 18.4% 10 3.5% 14 3.3% 

Respondents were asked since how long they had experiences allergic conjunctivitis. The time of 
onset was calculated for "during the last year" together with the cumulative duration showing the 
percentage who experienced the symptoms since less than 1 year, 1-5 years, 6-10 years 11-15 
years and more than 15 years. See figure 3. 

Allergic conjunctivitis 

20 

0 

X 
X  * • 

1 X 

< 1 year 1-5 years 6-10 years 11-15 years > 15 years 

dent.male (n= 178) —•—dent.female (n= 125) chair ass.female(n=284) 

ref.male (n= 160) — — ref.female (n=425) 

Figure 3. The percentage with onset of allergic conjunctivitis during the last year, and the 
cumulative duration 

The calculation on allergic conjunctivitis was based on 26/28 male dentists, 23/23 female 
dentists, 10/10 chair assistants, 2/2 male referent, and 14/14 chair assistants. 
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Morethan twice as many dentists, reported experience of atopic dermatitis (p<0.0001), compared 
to male and female referents, and chair assistants. Atopic dermatitis was not associated with sex, 
and working hour per week, but with eczema in childhood (p=0.0004). The prevalence of atopic 
dermatitis increased with increasing age (p=0.031) when analysing all respondents (1172). 
However, when analysing only dentists there was no association between atopic dermatitis and 
age. Symptoms upon exposure to dental material was about 4 times prevalent among female 
dentists (OR 4.1 95% CI [1.6, 10.3] p=0.0035), and male dentists (OR 3.5 95% CI [1.6, 7.9] 
p=0.0025) with atopic dermatitis, than among those without. Further, significantly more female 
dentists (p<0.0001) than referents, had the complaints diagnosed by a physician. 

Respondents were asked since how long they had experiences atopic dermatitis. The time of 
onset was calculated for "during the last year" together with the cumulative duration showing the 
percentage who experienced the symptoms since less than 1 year, 1-5 years, 6-10 years 11-15 
years and more than 15 years. See figure 4. 

Atopic dermatitis 

25 

< 1 year 1-5 years 6-10 years 11-15 years > 15 years 

• dent.male (n=178) —•—dent.female (n=125) chair ass.temale(n=284) 

—-X—ref.male (n=160) X ref.female (n=425) 

Figure 4. The percentage with onset of atopic dermatitis during the last year together with the 
cumulative duration 

The calculation regarding atopic dermatitis was based on 35/36 male dentists, 29/31 female 
dentists, 23/33 chair assistants, 14/15 male referents, and 39/41 female referents. 

More dentists reported experience of hand dermatitis, than did referents and chair assistants. The 
difference was significant only for male (p=0.0408). Twice as many female reported hand 
dermatitis (p<0.0001) than did male. When analysing referents and dental personnel separately, 
the correlation to sex was weaker among dental personnel (p=0.056) than among referents 
(p=0.0007). Hand dermatitis was not associated with working hour per week. The occurrence of 
hand dermatitis decreased with increasing age, but not significantly (p=0.07). However, when 
analysing dental personnel separately, the occurrence of hand dermatitis decreased significantly 
with increasing age only for chair assistant (p=0.0016). Hand dermatitis was strongly associated 
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with eczema in childhood (p<0.0001). Symptoms upon exposure to dental material was almost 3 
times more prevalent among female dentists (OR 2.6 95% CI [0.99, 7.0] p=0.0516), and over 4 
times more prevalent among male dentists (OR 4.4 95% CI [1.8, 10.6] p=0.0011) with hand 
dermatitis, than among those without. Hand dermatitis was associated with frequent washing of 
the hands for referents (p=0.0104) but not for dental personnel. About 16.2% of dental personnel 
and 13.7% of referents without eczema in childhood reported experience of hand dermatitis in 
this study. Among those with eczema in childhood, 52.6% dentists, 29% chair assistants and 
25.5% referents reported experience of hand dermatitis. 

Significantly more dental personnel reported their hand dermatitis to be work related. This was 
reported by 82.1% male dentists vs. 58.5% male referents (p<0.0001), 67.6% female dentists vs. 
39.2% female referents (p<0.0001), and 89.6% chair assistants vs. 39.2% female referents 
(p<0.0001). Further, significantly less dentists reported their hand dermatitis to be related to 
season, as reported by 31.4% male dentist vs. 72.7% male referents (p<0.0001), 34.5% female 
dentists vs. 49.4% female referents (p=0.0031), and 44.4% of chair assistants. Respondents 
named the causes to their hand dermatitis according to Table 4. Some persons have given more 
than one cause. 

Table 4. Assumed causes of hand dermatitis as reported by dental personnel (n=l 12) 

Assumed causes n % 

Washing one's hands 48 42.9 
Gloves 46 41.1 
Dental material 14 12.5 
Detergent 10 8.9 
Allergies 8 7.1 
Talc 5 4.5 
Chemicals 3 2.7 
Soap 2 1.8 
Hand cream 1 0.9 

Respondents with experience of hand dermatitis were asked to mark the location and extension 
on the palm and back of two hands printed on the questionnaire. Four hundred and four hands 
were marked (202 respondents) and the drawings analysed using a clinical method to score the 
severity of hand dermatitis. Each finger back, side, inside, interstitium, tip, and nail board with 
dermatitis was given score 1. Each part of hand palm and back with dermatitis was given score 2, 
and whole part of hand palm and back with dermatitis was given score 4. A total possible score 
for each hand was 37. Dentists and chair assistants were analysed separately as it was assumed 
that differences in tasks might result in different location of hand dermatitis. 
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The severity of hand dermatitis was calculated for both hands, together with mean value for each 
person. The scores were divided into very mild (1-3), mild (4-5), moderate (6-12) and severe 
(>13). Based on the mean values the respondents were classified into severity scores as presented 
in Figure 5. A higher percentage of dentists reported less extension of hand dermatitis (score very 
mild and mild), compared to chair assistants and referents. 

Mean score for both hands 

very mild <3 mild 4-5 moderate 6-12 .severe >13 

dentists (n=55) —a—assistant (n=54) —is—referents (n=93) 

Figure 5. Percentage of respondents in each severity score 

The mean score, calculated for right and left hand with regard to profession, showed that chair 
assistants and referents had a higher mean score on the right hand in contrast to dentists who had 
a higher mean score on the left hand. However, the difference was not significant. See Table 5. 

Table 5. Mean score of hand dermatitis, based on drawings from respondents 

Left hand Right hand 
Mean (Range) Mean (Range) 

Profession 

Dentists (n=54) 4.4 (0-31) 4.2 (0-31) 
Chair assistants (n=54) 5.5 (0-22) 5.7 (0-22) 
Referents (n=94) 4.5(0-16) 5.7(0-18) 
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The time of onset was calculated for "during the last year", together with the cumulative duration 
showing the percentage who experienced hand dermatitis since less than 1 year, 1-5 years, 6-10 
years 11-15 years and >15 years. See Figure 6. 

Hand dermatitis 

2? 

Figure 6. The percentage with onset of hand dermatitis during the last year, and the cumulative 
duration 

The calculation on hand dermatitis was based on 23/27 male dentists, 27/34 female dentists, 
50/54 chair assistants, 11/12 male referents, and 79/85 female referents. 

Al l finger symptoms, except whitening of the fingers, were more prevalent among dentists 
compared to referents. Numbness (p=0.0182) was more prevalent among male dentists. Coldness 
(p=0.0199), numbness (p<0.0001), prickling (p=0.0017) and pain (p=0.0001) were more 
prevalent among female dentists. Further, all finger symptoms were more prevalent among 
female than male. The only symptom of the fingers that was associated with age was whitening. 
With increasing age the prevalence of whitening increased. Calculation of the association 
between finger symptoms and glove use (for all dental personnel n=585) showed that only 
pricking of the fingers was more prevalent among those always wearing gloves (p=0.0233). 

Al l reporting experience of "eczema in childhood" (n=142) were selected and the prevalence of 
self-reported symptoms: asthma, atopic dermatitis, allergic conjunctivitis, hay fever/rhinitis, hand 
dermatitis and hypersensitive to dental materials were compared between dental personnel and 
referent, with regard to sex. Secondly, all reporting "no eczema in childhood" (n=1030) were 
selected and the same comparisons were made. Results showed that comparing the prevalence of 
symptoms for those with "eczema in childhood" there was no difference between dental 
personnel and referents. However, when comparing dental personnel and referents "without 
eczema in childhood" significantly more dental personnel reported experience of allergic 
conjunctivitis (p<0.0001), atopic dermatitis (p<0.0001) and hypersensitive to dental materials 
(p<0.0001). 
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Frequency and type of gloves was calculated for dentists (male and female) and chair assistants 
separately. Total use includes "use always", as reported by 59.6% male dentists, 79.5% female, 
and 68.4% chair assistants, and "use sometimes". See Table 6. 

Table 6. Frequency and type of gloves used as reported by dental personnel  

Use and type of gloves Male-dentist Female dentist Ghair assistant 
tn=178) (n=125) (n=285) 

% % % 
Total use 92.2 96.3 95.1 
Never use 7.9 2.4 4.9 
latex gloves 36.5 19.2 18.9 
vinyl gloves 34.8 52.8 58.6 
latex and vinyl 11.2 16.8 11.9 
other I T 0.8 0.4 
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Further, dental personnel were asked to give the name of the composite, glass ionomer, bonding, 
primer, fissure sealant and cold cured acrylate they used, and mark i f they used the material daily, 
usually, or occasionally. Materials used by more than 5.6% of dental personnel (22 products) 
were chosen for analysis. Frequency of use was given score 0 = do not use, 1 = occasionally use, 
2 = usually use, and 3 = use daily. Dental personnel were asked to evaluate five different polymer 
materials (composite, glass ionomer, bonding, fissure sealant, and cold cured acrylate) with 
respect to health risk for dental personnel on a scale from 1 to 5 (1 = no risk, and 5 = very high 
risk). 

Analysis was done to see i f there was a correlation between occurrence of self-reported symptom 
and higher risk evaluation of different types of polymer material. Further, to see i f frequent use of 
a certain material was associated with higher prevalence of a symptom. Additionally, i f use of a 
certain polymer product was correlated with higher health risk evaluation for that type of 
material. 

The first question was how dental personnel evaluated (on a scale from 1 to 5) the health risk for 
them when handling 5 different polymer products. Thus, a mean health risk value was calculated 
for each material and for dentists (male and female) and chair assistants separately. See Figure 7. 

fissure sealant 
5 

4 

cold cured acrylate composite 

bonding glass ionomer 

chair assistant —•—dentist female —A—dentist male 

Figure 7. Mean values of risk evaluation for 5 different polymer materials as reported by 178 
male dentists, 125 female dentists and 284 chair assistants. 

As shown in Figure 7, glass ionomer was considered the less risky to handle and cold cured 
acrylate the most. More than 30% ranked fissure sealant as 1 and bonding as 4 on the risk 
evaluation scale. Almost 40% ranked cold cured acrylate as 5 (very high risk). Female evaluated 
all materials higher than did male. 



48 

The next question was i f dental personnel with experience of symptom (atopy, atopic dermatitis, 
asthma, allergic conjunctivitis, hand dermatitis, and hay fever/rrrinitis) risk evaluated different 
type of polymer materials (fissure sealant, composite, glass ionomer, bonding, and cold cured 
acrylate) significantly higher than those without. Analyse were done separately for male and 
female dentists, and for chair assistants. See Table 7. 

Table 7. Significant association between occurrence of self-reported symptom and higher health 
risk evaluation for 5 types of polymer materials, as reported by dental personnel (n=585)  

Symptom Fissure sealant Composite Glass ionomer Bonding Cold cured  
acrylate  

Male dentists 
Atopy OR 1.4 [1.1,2.0] OR 1.3 [1.0,1.8] 
Atopic dermatitis OR 1.6 [1.1, 2.3] 
Conjunctivitis OR 1.8 [1.2,2.8] OR 1.5 [1.0,2.2] 
Hand dermatitis OR 1.8 [1.2,2.7] OR 1.5 [1.1,2.3] OR 1.8 [1.1, 3.0] OR 1.5 [1.0, 2.1] OR 1.6 [1.1,2.5] 
Hay fever/rhinitis OR 1.4 [1.0, 1.9] 
Female dentists 
Atopy OR 1.5 [1.0,2.1] 
Atopic dermatitis OR 1.7 [1.0, 2.7] 
Conjunctivitis OR 2.1 [1.3, 3.5] OR 2.0 [1.2, 3.2] OR2.5 [1.2, 2.5] 
Hay fever/rhinitis OR 1.7 [1.2,2.6] OR 1.8 [1.2, 2.8] OR 1.8 [1.0,2.9] 
Chair assistant 
Atopy OR 1.3 [1.0,1.6] 
Asthma OR 1.7 [1.1, 2.31 OR 1.5 [1.0, 2.21 OR 1.7 [1.1,2.8] 
Notes. Odds Ratio with 95% confidence interval 

Results showed that dentists more often than chair assistants, associated symptoms with higher 
risk evaluation of different polymer products. Male dentists with hand dermatitis evaluated all 
materials significantly higher than those without. However, the association was weak for some 
associations as shown by the confidence interval including 1. 
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The next question was if occurrence of a self-reported symptom was associated with frequent use 
of a certain polymer products. The 22 most commonly used polymer products, as given by dental 
personnel, were used for analysis. The total use (daily and occasionally) of the 22 products 
ranged from 55.3% for Swedon to 5.6% for Metabond. 

Logistic regression was used to analyse if occurrence of a symptom was associated with frequent 
use of a certain material. Results showed that dental personnel who reported experience of atopy, 
asthma, atopic dermatitis, allergic conjunctivitis, and hay fever/rhinitis also reported more 
frequent use of 8 products according to Table 8. However, the correlation was weak as shown by 
the p values, and the confidence intervals including 1. 

Table 8. Association between self-reported symptoms and frequent use of 8 polymer products 

Product Total Self-jeported All dental Male Female Chair assistants 
name use 

Tc 
symptoms personnel 

(n=585) 
(n=178) (n=125) (n=284) 

Swedon 55.3 Atopy OR 1.3 [1.0, 1.6] 
p=0.034 

NS NS NS 

Metabond 5.6 Asthma OR 1.6 [1.1,2.5] 
p=0.023 

NS NS NS 

Prisma FU 42.7 Atopic dermatitis OR 1.2 [1.0, 1.4] 
p=0.009 

NS NS OR 1.4 [1.1, 1.8] 
p=0.0115 

Prismabond 23.5 Atopic dermatitis OR 1.2 [1.0, 1.4] 
p=0.017 

NS NS OR 1.3 [1.0, 2.7] 
p=0.0399 

Hand dermatitis OR 1.2 [1.0, 1.4] 
p=0.022 

NS NS NS 

Ketac Silver 35.2 Conjunctivitis OR 1.3 [1.0, 1.6] 
p=0.023 

NS OR 1.5 [1.0, 2.1] 
p=0.0287 

NS 

Prisma APH 16.7 Conjunctivitis OR 1.3 [1.0, 2.6] 
p=0.05 

NS NS NS 

Fuji I and II 32.4 Hay fever/rhinitis OR 1.2 [1.0,1.4] 
p=0.048 

NS NS NS 

Heliomolar 18.1 Hay fever/rhinitis OR 1.2 [1.0, 1.5] 
p=0.047 

NS NS NS 

Materials significantly correlated with a certain symptom were analysed with regard to health risk 
for that specific material. Analyses were done for all dental personnel and for dentists (male and 
female) and chair assistants separately. Results show that dental personnel who experienced 
symptoms from handling of Fuji I and I I also risk evaluated glass ionomer (OR 1.3 95% CI [1.1, 
1.6]) higher than those without. Chair assistants who experienced symptoms from handling of 
Fuji I and I I and Swedon also risk evaluated glass ionomer (OR 1.4 95% CI [1.1, 1.8.]), and cold 
cured acrylate (OR 1.3 [1.1, 1.6]) higher than those without. 
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R E S U L T STUDY 4 

To compare the result from the previous study with dental personnel in other regions, a study was 
conducted including all dentists and his/her chair assistant in Sweden. In the previous study chair 
assistants reported higher prevalence than female referents only for one symptom 
(hypersensitivity to dental materials). Thus, in this study chair assistants were chosen as referents. 

The response rate was 70.3%. A total of 7384 dental personnel, 4293 dentists, (2349 male and 
1945 female), and 3090 chair assistants (all female), responded to the questionnaire. Mean age 
was 45.2 years, (SD 8.8), range 19-65 years. Mean year in practice was 20.1 years (SD 8.9) range 
1-49 years. About 43.6% were working in private care, 55.0% in public dental care, and 1.4% in 
both private and public dental care. 

A l l respondents (7384), were analysed for correlation between symptoms of atopic dermatitis, 
conjunctivitis, and hand dermatitis and the variables: age, sex, profession, working hours per 
week (total and with patients), position, county and eczema in childhood. Analysis was then done 
for only male dentists (2349), female dentists (1945) and chair assistants (3090) separately. 
Further, it was assumed that there might be a difference between male and female and between 
professions. Thus, only dentists (4294) were selected for analysing the differences between 
male/female and women (5035) for analysing the difference between dentists/chair assistants. 
Significant correlation is shown with Odds Ratio and 95% confidence interval in Table 9. 

Table 9. Correlation between symptoms and different variables for dental personnel (n=7384) 

Variable Allergic Con junctivitis Atopic dermatitis Hand dermatitis 
Age NS NS OR 0.99 [0.98,0.99] 
Sex OR 0.83 [0.70, 0.98] OR 0.88 [0.74, 0.95] OR 1.22 [1.08, 1.38] 
Profession OR 2.64 [2.18, 3.19] OR 1.75 [1.54, 1.99] NS 
Total working hours/week NS OR 1.02 [1.01,1.03] NS 
Clinical work hours/week NS NS NS 
Position private/public OR 1.21 [1.02,1.42] OR 1.20 [1.06, 1.35] NS 
County NS NS OR 0.99 [0.98,0.99]* 
Eczema in childhood OR 1.85 [1.50,2.29] OR 2.70 [2.31, 3.16] OR 3.70 [3.20,4.28] 
*Correlated for age NS = not significant correlation 

About 3 times more dentists reported experience of allergic conjunctivitis (p<0.0001) compared 
to chair assistants. Allergic conjunctivitis was more prevalent among male when using all 
respondents for analyse. However, when using only dentists to analyse the correlation to sex, 
allergic conjunctivitis was about 1.5 times more prevalent among female (OR 1.5 95% CI [1.2, 
1.8], p<0.0001) than male. Allergic conjunctivitis was not associated with age, county, and 
working hours per week. Further, allergic conjunctivitis was more prevalent among dental 
personnel in public dental care than private (p=0.0039), and 3 times more prevalent among those 
with eczema in childhood (p<0.0001). Symptoms upon exposure to dental materials was over 2.5 
times more prevalent among female dentists (OR 2.6 95% CI [2.0, 3.5] p<0.0001), and over 2 
times more prevalent among male dentists (OR 2.1 95% CI [1.5, 3.0] p<0.0001) with allergic 
conjunctivitis, than among those without. The mean "year in practice" for dentists with symptoms 
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of conjunctivitis was 21 years for male dentists and 18.9 years for female dentists. About 50% of 
male dentists and 47% of female dentists reported that they had allergic conjunctivitis less than 5 
years. 

About twice as many female dentists reported experience of atopic dermatitis (p<0.0001) than did 
chair assistants. When analysing all (7384), atopic dermatitis was more prevalent among male 
(p=0.0049). However, when analysing only dentists it was shown that more female reported 
atopic dermatitis (OR 1.2 95% CI [1.04, 1.40] p=0.0122) than did male. Atopic dermatitis was 
not associated with age, working hour/week with patient, and county. Atopic dermatitis was 
strongly associated with eczema in childhood (p<0.0001), more prevalent among personnel in 
public dental clinics (p=0.0039) than private, and associated with increasing working hours per 
week (p=0.0001). Symptoms upon exposure to dental products was about 2.5 times more 
prevalent among female dentists (OR 2.4 95% CI [1.9, 3.1] p<0.0001), and over 4 times more 
prevalent among male dentists (OR 3.8 95% CI [3.0, 4.9] p<0.0001) with atopic dermatitis, than 
among those without. Significantly more dentists than referents had the complaints diagnosed by 
a physician (p<0.0001). The mean "year in practice" for dentists with symptoms of atopic 
dermatitis was 21.4 years for male dentists and 18.5 years for female dentists. About 51.5% of 
male dentists and 54.3% of female dentists reported that they had atopic dermatitis less than 5 
years. 

Hand dermatitis was not associated with profession when using all (7384) for analysis. However, 
when analysing only female, hand dermatitis was 1.3 times more prevalent among female dentists 
(95% CI [1.1, 1.5] p=0.0002) than chair assistants. Hand dermatitis was 1.4 times more prevalent 
among female than male when analysing all 4294 dentists (95% CI [1.2, 1.7] p<0.0001). The 
prevalence of hand dermatitis decreased with increasing age (p<0.0001). When analyse dentists 
and chair assistants separately this association with age was shown for male dentists (OR 0.98 
95% CI [0.97, 0.99] p=0.0078), and chair assistants (OR 0.99 95% CI [0.98, 0.99] p=0.0040), but 
not for female dentists. There was no association between hand dermatitis and working hour per 
week, and working in private/public clinic. There was a strong association between hand 
dermatitis and eczema in childhood (p<0.0001). Symptoms upon exposure to dental products was 
more than 5 times more prevalent among male dentists (OR 5.6 95% CI [4.4, 7.2] p<0.0001) and 
3 times more prevalent among female dentists (OR 3.0 95% CI [2.3, 3.7.] p<0.0001) with hand 
dermatitis, than among those without. The mean "year in practice" for dentists with symptoms of 
hand dermatitis was 20.5 years for male dentists and 18 years for female dentists. About 55% of 
male dentists and 51.5% of female dentists reported that they had hand dermatitis less than 5 
years. 

Hand dermatitis was more prevalent among dental personnel living in some counties e.g. Uppsala 
county, Göteborg city, Jämtland county, and Stockholm city. The difference was significant for 
hand dermatitis, also when correlated for age (p=0.034,) and sex (p=0.041). See Figure 7. 
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Figure 8. The self-reported prevalence of hand dermatitis for each Swedish county 
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The self-reported, and physician diagnosed prevalence of atopic dermatitis, conjunctivitis, and 
hand dermatitis was calculated, together with the prevalence of sick-leave due to symptoms for 
dentists and chair assistants, as shown in table 10. As chair assistants were all female, 
prevalences were compared between female dentists and chair assistants. Significant differences 
are shown with Odds Ratio, 95% confidence interval and p value. Even though the prevalence of 
self-reported and physician diagnosed symptoms was higher among dentists, they did not report 
more "sick-leave due to symptoms" compared to chair assistants. 

Table 10. Frequency of self-reported, and diagnosed atopic dermatitis, allergic conjunctivitis, and hand dermatitis, 
and reported sick-leave, as reported by dental personnel (n=7384)  

Symptoms Dentists male Dentists female Chair assistants Comparing female dentists 
n=2349 

% 
n=1945 

% 
n=3090 

% 
with chair assistants. 

Atopic dermatitis 
self-reported 19.8 23.0 13.3 OR 2.0 [1.7,2.3] p< 0.0001 
physician diagnosed 5.0 6.3 2.5 OR 3 [2.2,4.1] p< 0.0001 
sick-leave due to symptom 1.0 1.6 1.1 NS 
Conjunctivitis 
self-reported 10.0 14.1 4.8 OR 3.2 [2.6,4.0) p< 0.0001 
physician diagnosed 5.5 8.4 2.8 OR 3.2 [2.4,4.2] p< 0.0001 
sick-leave due to symptom 0.6 1.2 0.7 NS 
Hand dermatitis 
self-reported 19.7 25.9 21.3 OR 1.3 [1.1,1.5] p = 0.0002 
physician diagnosed 7.8 11.1 9.4 OR 1.2 [1.0,1.5] p = 0.0481 
sick-leave due to symptom 1.2 2.5 2.5 NS 
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Use of personnel protective devices, type and frequency of use was calculated with regard to 
profession and for male and female separately. See table 11. Significantly more male used 
spectacles with magnifying glasses (p<0.0001) than did female. Using the same prescription 
spectacles at work and leisure time, was reported by more female (p<0.0001), than male. 

Table 11. Frequency of use regarding personnel protective devices, as reported by dental 
personnel (n=7384).  

Use and type of protective devices Dentists male 
n=2349 

% 

Dentists female 
n=1945 

% 

Chair assistants 
n=3090 

% 
Use of prescription spectacles 75.5 73.2 65.0 
use the same at work and leisure time 42.6 50.2 82.2 

Type and use of eye protection 
Total use 77.1 87.3 79.1 
ordinary glasses 51.8 43.3 43.0 
safety glasses 19.9 17.5 23.7 
visor 15.8 22.9 20.9 
safety glasses and visor 4.3 4.3 3.0 

Use spectacles with magnifying glasses 34.0 18.9 0.7 
Use eye protection during light curing 63.5 75.6 63.2 

yellow screen 81.1 85.0 85.0 
special glasses against UV- or blue light 5.8 2.6 3.2 
other 13.6 12.4 11.9 

Type and use of gloves 
Total use 78.5 94.2 86.4 
latex gloves 41.9 54.4 59.9 
vinyl gloves 47.2 34.0 30.0 
other 1.9 1.6 0.9 
latex and vinyl 9.0 10.0 9.1 

Type and use of dental face mask 
Total use 87.7 91.4 80.8 
thick papers 43.0 59.6 54.0 
thin papers 26.0 31.3 40.6 
cloth 28.0 0.8 0.4 
other 3.0 8.4 5.0 
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The correlation was calculated between use of protective devices and the variables; age, sex, 
profession, position, clinical working hours per week, total working hours per week, and county, 
as shown in table 12. 

Table 12. Correlation between use of protective devices and variables; age, sex, profession, 
position, total working hours per week, working hours with patients per week, and county (n= 
7384).  

Variables Use eye protection Use eye: protection 
during light curing 

Use gloves Use dental face mask 

Age p<0.0001 P=0.0030 p<0.0001 (neg.) p<0.0001 (neg.) 
Sex NS p<0.0001 p<0.0001 p<0.0001 (neg.) 
Profession* p<0.0001 p<0.0001 P<0.0001 p<0.0001 
Position public/private p<0.0001 p<0.0001 p<0.0001 p<0.0001 
Clinical hrs/week p=0.0O01 NS NS NS 
Total working hrs/w NS NS NS p=0.0281 
County NS NS NS NS 
*Females were chosen to compare dentists and chair assistants 

With increasing age, use of eye protection increased and use of gloves and facemask decreased 
for dentists (male and female) and chair assistants. With increasing age, eye protection during 
light curing increased for female dentists (p=0.0054) and chair assistants (0.0027) but not for 
male dentists. More dental personnel working in public dentistry than in private used eye 
protection, eye protection during light curing, gloves and facemask. More females than male used 
protective devices, and more dentists than chair assistants did. 

Correlation between symptoms and use of protective devices was analysed. See Table 13. Results 
show that symptoms of conjunctivitis was correlated with use of all kind of eye protection, and 
with use of the same spectacles at work and leisure time (p<0.0001). No correlation was found 
between conjunctivitis and type of eye protection used. Hand dermatitis, and atopic dermatitis, 
was only correlated with use of gloves, not with frequency, or type of gloves used. Significantly 
more dental personnel who used gloves reported hand dermatitis and atopic dermatitis, than those 
who did not use gloves. 

Table 13. Correlation between use of protective devices and symptoms (n=7384). 

Conjunctivitis Atopic dermatitis Hand dermatitis 
Prescription spectacles p=0.0038 - -
With magnifying glass p=0.0001 - -
Use of eye protection* p=0.0413 - -
Use of gloves - p<0.0001 p<0.0001 
Use of face mask NS NS -
*46.7% used prescription spectacles as eye protection. 
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Questions were also asked regarding shortness of breath, cough, runny nose, eye irritation, skin 
eruptions, and skin irritation upon exposure to a number of products such as; pollen, dust, animal, 
foodstuff, tobacco smoke, automobile exhaust, cleaning agents, and dental materials. Fifty nine 
percent (59%) reported symptoms from exposure to one or several products. Most prevalent was 
symptoms from exposure to pollen (22.1%), followed by tobacco smoke (20.8%), dental 
materials (19.5%), dust (16.1%), cleaning agents (16.1%), animal (14.8%), foodstuffs (13.9%), 
and automobile exhaust (8.1%). 

Women were selected and the prevalence was compared between dentists and chair assistants. 
Result showed that significantly more female dentists than chair assistants reported symptoms 
upon exposure to foodstuff (p=0.0047), tobacco smoke (p<0.0001), automobile exhaust 
(p=0.0021) and dental products (p=0.0001). 

Further, dental personnel who reported symptoms from exposure to dental materials were asked 
to name the causes as presented in table 14. 

Table 14. Assumed causes to symptoms upon exposure to dental products as reported by dental 
personnel (n=1232) 

Assumed causes % 
Latex 25.2 
Acrylate 23.6 
Gloves 12.1 
Composite 11.0 
Bonding 9.8 
Talc 3.7 
Nickel 3.2 
Primer 2.8 
Dental facemask 2.8 
Eugenol 2.0 
Disinfectant 2.0 
Resin 1.2 
Chloroform 1.2 
Adhesive 0.8 
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To increase the understanding behind the low use of safety glasses in dentistry, dental personnel 
were asked: Which factors do you find most important when choosing safety glasses for your 
dental clinic? 

The qualitative method "Grounded Theory" was used for analysing the answers. To start about 50 
questionnaires were used. Each word respondents had used was Hsted. The words were grouped 
into codes and later into categories. User's demands were found to belong to two main categories, 
functional demand and human factor aspects that formed two axes. Aspects regarding functional 
demand were related to one axis with individual protection at one end, and work performances at 
the other. The other axis was pertained to human factor aspects with rational at one end and 
emotional at the other. The axes represent a continuum and show the possible variations between 
the extremes. 

FUNCTIONAL DEMAND 
Individual protection ^ ^ Work performances 
Size Material Vision 
Protection 

HUMAN FACTOR DEMAND 

Technical, rational «4 ^, Individual, emotional 
Usability Price Design 

Concern 

Individual protection was based on words like; protect against splash, UV-light, hazardous 
radiation, tight fitting, protect the whole face, give 100% protection from all sides, with side 
shields, big, cover all. 

Work performance was based on words like; good optic of glasses, with correction for vision, 
provide good colour visibility, resistant to scratches, give maximum field of vision, no reflection 
frame, good optic, not steaming up when combined with face mask. 

Technical, rational aspects was based on words like: easy to clean, easy to take on and off, give 
freedom in work, cheap, firm, compatible with face mask, robust, foldable, removable side 
shield, not slipping down when bending the head, not heavy, not bad ventilation, not causing 
allergy. 

Individual, emotional aspects was based on words like: nice, comfortable, not too tight, 
individual, discrete, give good impression on patients, not irritating, available in many colours, 
not look like protective glasses, not squeezing the nose, not frighten children, not give the 
impression that aesthetic is not important. 

The axis formed a typology with functional demand on one axis and human factor demand on the 
other axis. The model gives a dynamic understanding of users' demand regarding dental safety 
glasses, and shows the possible variations between the extremes in the model. See Figure 9. 
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Functional demand 
Individual protection Work performance 

Emotional Give good protection Provide good vision 

+ + 
Human factor demand Cosmetically acceptable Cosmetically acceptable 

Rational Give good protection Provide good vision 

+ + 
Easy to wear and use Easy to wear and use 

Figure 9. A dynamic model showing users' demand regarding dental safety glasses 

Individual protection and emotional aspects 

The 1 s t quadrant shows dental safety glasses characteristics, required by dental personnel who 
think the individual protection is the most important issue, together with aesthetic of the glasses. 
Conclusion may be that they use safety glasses if they are cosmetically acceptable. 

Work performance and emotional aspects 

The 2 n d quadrant shows dental safety glasses characteristics, required by dental personnel who 
think the visual aspect is the most important issue, together with nice design. Conclusion may be 
that they use safety glasses, i f the glasses do not impair vision, and i f the glasses are cosmetically 
acceptable. 

Individual protection and rational aspects 

The 3rd quadrant shows dental safety glasses characteristic, required by dental personnel who 
think the individual protection is most important, but also that safety glasses are easy to wear, and 
combine with other devices. Conclusion may be that they use safety glasses if they are easy to 
wear, and combine with other devices. 

Work performance and rational aspects 

The 4 t h quadrant shows dental safety glasses characteristics, required by dental personnel who 
think the visual aspect is the most important, and also that they are easy to wear, and combine 
with other devices. Conclusion may be that they use safety glasses, i f the glasses do not impair 
vision, and i f they are easy to wear, and combine with other devises. 

After the model was designed another (200) questionnaires were used to verify the model. Al l 
words from the following questionnaires could easily fit into the model. 
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STUDY 5. M A T E R I A L AND METHOD, (1998) Biological testing. See paper XH. 

Eight polymer products (Swedon, Metabond, Prisma Fil, Prismabond, Ketac Silver, Prisma APH, 
Fuji I and JJ, and Heliomolar) that correlated with symptoms in the previous questionnaire study 
(Study 3) were selected for testing the irritation potential on skin and eyes. However, Prisma Fil, 
Prismabond and Prisma APH were no longer available on the market, and in addition, two other 
prevalently used products (Fuji LC and Scotchbond) that had no correlation with the symptoms, 
were chosen. Four of the products were glass ionomer (3 Hght cured and 2 chemical cured), 1 was a 
bonding (chemicaUy cured), 1 was a composite (Hght cured), and 1 was a cold cured acrylate 
(chemical cured). 

The selected dental polymers were suppHed with separate powder and Hquid for manual mixing 
(chemical cured), as a paste (Hght cured), or in capsules with hquid and powder in separate 
compartments (Hght cured). Fuji I I was included both as a capsule material and with separate Hquid 
and powder. Only Fuji I I LC was tested as Scotchbond adhesive and primers have been tested in a 
previous study by Dahl (1999). 

The Hquid and powder were first removed from the capsules. Materials were mixed according to 
manufacturer's instructions. The Vivadent Silamat amalgator 2 was used for high speed mixing of 
capsulated products, for 10 sec. Light-cured products were irradiated for 40 sec. using a 3M XL300 
curing lamp (3M Company). Al l extracts and suspensions were prepared at 37° C under agitation 
for 24 hours according to ISO10993-12. CeU culture medium (MEM + 2 mM L-glutamine + 100 
IU/ml penicillin + 100 mg/ml streptomycin + 5% FBS) was used to prepare all suspensions and 
extracts for this test, as this also provides suitable materials for testing on ceU cultures (not 
presented here). 

HET-CAM tests were performed on each Hquid, powder, non-cured, and cured material by 
preparing powder suspensions, and extracts of cured, and freshly mixed non-cured materials. 

Liquids were tested undiluted on the CAM. 

A 10% powder suspension was prepared by mixing the powder with medium in tubes. After 24h 
agitation in water bath, the suspensions were centrifuged and the supernatants apphed to the CAM. 

Extracts of mixed uncured materials were prepared according to ISO 10993-12: 0.1g/ml medium 
for samples with irregular surface area. After 24h agitation in water bath, the extracts were pipetted 
into fresh tubes and then appHed to the CAM. 

Extracts of cured materials were prepared according to ISO 10993-12: 1.25 cm 2 surface area/ml 
medium. The products were cured in cylindrical Teflon moulds. After 6 days agitation in a water 
bath, the extracts were filtered in order to remove finer particulate matter, the presence of which 
might interfere in the assessment of the effects of extracts on the HET-CAM test. 

Test procedure: 
Embryonated hen's eggs (9-10 days) were used. The sheU membrane above the air ceU was opened 
using a dental drill saw blade and forceps. The sheU membrane was moistened with 0.9% NaCl 
solution at 37° C. NaCl was aspirated, sheU membrane carefully removed, and the CAM exposed. 
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Eggs were examined using a microscope. Photomicrographs were taken 2 minutes after apphcation 
of each material. 

Test solutions and controls were equilibrated to 37° C prior to apphcation. As positive control 0.1 N 
NaOH was used, and as negative control 0.9% NaCl. The test solutions were apphed to the CAM in 
a volume of 0.1-0.2 ml. Al l tests were performed without the observer knowing which extract was 
used. The arteries, capillaries, and veins where examined for irritant effects such as haemorrhage 
bleeding), lysis (vessels dissolve), and coagulation. Observations were made prior to apphcation, 
after 30 sec, 1 min, 2 min, 3 min, and 4 min. The irritation score was calculated for each egg: 

(301-sec. H) x s + (301-sec. L) x 7 + (301-sec. C) x 9 = Score for each egg 
300 300 300 

H= Haemorrhage, L = Lysis, C = Coagulation, sec. = reaction time from start of exposure to the 
occurrence of effects. 

One experiment included 6 eggs. Each material was tested on 3 eggs, and the test repeated once. 
The average score (based on 6 eggs) was calculated for each material, and test materials were 
classified as non- irritant (0.0-0.9), shghtly irritant (1.0-4.9), moderately irritant (5.0-8.9), and 
strongly irritant (score 9.0-21.0). 

Additionally, to evaluate the variability of results for each reaction also mean value and SD was 
calculated for each reaction according to: 

H =(301 - sec, for H i v ? L = (301 - sec, for D x 7 _ C = (301 - sec, for O y o 
300 300 300 

For reactions with a higher SD than mean value, the experiment (with the same extract) was 
repeated. This was done for six samples. 



63 

R E S U L T STUDY 5 

Results showed that only the hquid component of aD products had strong irritation capacity on the 

CAM. See Table 15. 

Table 15. The irritant score for non-diluted hquids, powder suspensions, extracts of freshly mixed 

non-cured products, and extracts from cured products, as calculated from 6 eggs tested 

Product nanu; Non- Slightly Moderately Strongly First effect Later effects 
irritant irritant irritant irritant 

Liquids 

Fuji n cap 13.3 Coagulation, Lysis Lysis 
FujiJJ 12.5 Coagulation Haemorrhage, Lysis 
Ketac Silver cap 12.9 Coagulation, Lysis 
Lining cement 12.6 Coagulation, Lysis 
Swedon 19.0 Haemorrhage, Lysis, 

Coagulation 
Super Bond, monomer 16.9 Haemorrhage, Coagulation Lysis 
SuperBond, catalyst 12.6 Haemorrhage, Coagulation 
Fuji LC cap 11.8 Coagulation Lysis 
Scotchbond primer 9.9* Haemorrhage Coagulation 
Scotchbond adhesive 6.3* Haemorrhage Coagulation 

Powder suspension 
Fuji II cap 0.0 
Fuji II 0.0 
Ketac Silver cap 0.0 
Lining cement 0.0 
Swedon 0.0 
Super Bond 0.5 Coagulation, Lysis 
Fuji LC cap 0.0 

Extracts of freshly mixed non-cured products 
Fuji II cap 0.0 
Fuji n 0.0 
Ketac Silver cap 0.0 
Lining cement 0.0 
Swedon 0.0 
Super Bond 0.0 
Heliomolar 0.0 
Fuji LC cap 0.0 

Extracts of cured products 
Fuji JJ cap 0.0 
Fujin 0.0 
Ketac Silver cap 0.0 
Lining cement 0.0 
Swedon 0.0 
Super Bond 0.0 
Heliomolar 0.0 
Fuji LC cap 0.0 

* Data from Dahl 1999 

The main constituent of the glass ionomers (Fuji I I , Fuji JJ cap, Ketac Silver, Lining cement and 
Fuji LC) is an odourless Hquid based on polyacryHc acid. Fuji I I LC also contains 2-HEMA (2-
hydroxyethyl dimethacrylate). The undiluted Hquids of all the glass ionomers had strong effects on 
the CAM. The first effect, coagulation of blood vessels, came after 30 to 60 sec. Then, (in 30 to 120 

sec.) blood vessels "disappeared" due to effect of lysis. 
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When applying the strongly smelling undiluted hquids of Swedon and Super-Bond on the CAM the 
first effect observed was bleeding from the blood vessels within 30 sec, followed almost 
immediately by coagulation of blood vessels and lysis. See picture 1,2 and 3. The main constituent 
of Swedon and Super-Bond is MMA (methyl methacrylate). To provide excellent bonding property 
Super-Bond also contains a derivative of MMA, 4-Meta (4-methacryloxyethyl trimellitate 
anhydride). Similar effects, but slower (which is shown by a shghtly lower IS score) was seen after 
applying the odourless Scotchbond primer or adhesive on the CAM. The main constituents in these 
Hquids are 2-HEMA (2-hydroxyethyl methacrylate) and BIS-GMA (Bisphenol A diglycidyl 
dimethacrylate). 

Picture 1. Bleeding and coagulation of blood vessels 

Picture 2. Lysis in the left corner of the picture 



65 

Picture 3. Massive lysis of blood vessels 

Thus, dental personnel who handle liquid and powder manually are exposed to components with a 
high irritation potential, in contrast to patients who are exposed to the cured and mixed non-cured 
materials, with a low irritation potential. This illustrates the importance of safe handling procedures 
and practices for dental personnel who handle the non-cured polymers manually. 

When calculating mean time for each effect it was shown that mainly time of lysis varied 
considerably between the 6 tests (SD higher than mean value) for six materials. After repeating the 
tests with the same hquids and powder suspensions but focusing more on the lysis effect the 
difference decreased. When repeating the tests there was no consistency in the result regarding 
Super-Bond suspension as effect was seen only on a single egg. It was not possible to determine 
whether the effect was due to chemical content of the material or mechanical damage when 
applying the powder suspension on the blood vessels. When applying some hquids they formed an 
opaque area and the reaction could only bee seen from the surroundings. See Picture 4. 

Picture 4. Liquid forming an opaque are 
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DISCUSSION OF METHODS 

The aim in study 3 was to survey the prevalence of hand dermatitis and hypersensitive reactions 
from skin, eyes, and respiratory tract among dental personnel. A cross-sectional approach with a 
control group was chosen. Cross-sectional studies can be used for testing multiple effects of 
cause, and study of multiple exposures and determinants, but not to prove causality. The result 
can provide an approximation of the relative risk for an exposed group. Cross-sectional studies 
are similar to case-control studies, except that the number of cases are not known in advance. 
Beaglehole et al (1993) reported on advantages and disadvantages of different epidemiological 
studies. In cross-sectional studies the selection bias, time and cost are medium but the recall bias 
is high. A cross-sectional study measures exposure and effect at the same time. The key question 
to be asked is whether the exposure precedes or follows the effect. Thus, it can be seen as a 
convenient first step in an investigation into the cause. 

In study 3 a referent group were chosen from the same geographical area. This is the major 
limitation with study 3, as selection bias is high when choosing referents. However, as the 
prevalence of the symptoms of interest in the general population is unknown, this was a way to 
compare the prevalence of symptoms with a group not occupational^ exposed to dental polymer 
products. 

The association between symptoms (yes/no) and variables were analysed using logistic regression 
analysis and is presented as the Odds Ratio (similar to Chi2). Logistic regression is usable when 
the outcome is binary. As a consequence of Bayes' theorem (Odds of disease after test - Odds of 
disease before test x likelihood ratio), logistic regression can be used in a case-control study. An 
Odds Ratio=l and a confidence interval including 1 means that there was no difference in 
prevalence between dental personnel and referents. However, although an association between 
exposure and symptom can be observed this does not necessarily imply a causal relationship. 
Further questions to be asked are: is the statistical correlation strong, have other studies come to 
the same conclusion, is the result biologically plausible, is the association independent of other 
correlation? Further, does the disease incidence increase or decrease following increasing or 
decreasing exposure to the risk factor, are subjects with heavy exposure at greater risk than those 
with slight exposure? 

Collecting of data in study 1, 3 and 4 was done using questionnaires. The advantage with 
questionnaires is that large amounts of information can be obtained from large number of people 
at relatively low cost, and relatively quickly. The disadvantage is mainly "recall bias", but also 
that the opportunity to misinterpret questions is higher than expected. Further, respondents 
suffering a symptom are more likely to be more motivated to recall possible risk factors. A 
limitation that has to be considered is how differences in medical knowledge between dentists, 
chair assistants, and referents may effect the way of answering the questions. To provide 
evidence and increase validity an additional question was asked if the symptoms asthma, allergic 
conjunctivitis, atopic dermatitis, and hay fever/rhinitis was diagnosed by a physician. Self-report 
and physician diagnosis correlated which may increase the vahdity of the answers. Questionnaire 
on dermatoses has been shown to be a valid method. Everyone who reported skin dermatoses in 
the questionnaire, and additionally 22% were found to have it, when clinically examined. Further, 
50% had the same location clinically confirmed as self-reported 6-12 months earher (Susitaival 
1995). As questionnaires on dermatoses has been shown to be a valid method it was assumed 
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valid for other symptoms as well. Campbell & Macbin (1993) recommended that i f possible do 
not design your own questionnaire, use someone else's. The reason was that results should be 
comparable between studies, and that it is difficult and time consuming to design a satisfactory 
questionnaire. The questionnaire used was a modified version of a questionnaire used by 
Rajaniemi & Tola (1985) on dental technician in Finland. The questionnaire was pre-tested and 
minor improvements made. 

The response rate is of great importance as an important principle is that by not replying the non-
respondents are different from the respondents (Campbell & Machin 1993). The non-respondent 
dentists were compared with respondents, regarding age and sex. However, no information was 
available of non-respondent chair assistants and referents, which is a hmitation. The number of 
persons to be included in an epidemiological study is often calculated statistically. According to 
Miettinen (1985), the calculation only specifies the size of the study that would produce the pre
set amount of information, and the optimal size can not be determined statistically. It has to be 
based on available resources. I f there is an error in a study, optimal sizes for that study is zero. 
However, based on the ratio dental personnel/referent and prevalence with reported symptoms in 
each group, the required sample size was calculated at 5% significant level (95% confidence 
interval) and to an 80% power for significant result in study 3. Results show that 125 female 
dentists were too few for comparing the prevalence of atopic dermatitis (required was 252), 
allergic conjunctivitis (required was 187), and hypersensitivity to dental materials (required was 
177). The 178 male dentists and 160 referents were too few for comparing the prevalence of hand 
dermatitis (required was 255 dentists and 305 referents) and atopic dermatitis (required wasl96 
referents). Thus, a new study was conducted including all Swedish dental team. Further, one 
single study can not provide answers to the whole range of questions but provides a contribution 
to future meta-analysis. 

As 7384 questionnaires were returned (study 4) with a wide variety of different responses to the 
open question, an approached was to try using grounded theory. About 250 questionnaire were 
used and all words could easily fit in the model. Glaser & Strauss introduced the qualitative 
methodology grounded theory in 1967, as an alternative strategy to more traditional approaches 
(Babchuk 1996). However, since several years they have debated about the understanding and 
approach of using grounded theory. 

Observation studies are known to have high degree of face vahdity as actual events are recorded. 
However, it is extremely difficult to determine the validity of any task analysis according to 
Stammers, Carey & Austley (1990). They recommend assessment through expert judgement. 
Being a dentist with many years in practice was a major advantage in this observation study (2). 
Further, the same observer did all observations. The length of time, and time of day are both 
important in observational studies. Corlett (1990) recommended randomly chosen periods of 1 or 
2 hours or half a day, i f there was a variety of activities during the day. A majority of the teams in 
study 2 were observed a whole day. One hmitation with observation studies is that observation 
may affect behaviour being studied, as people do not act naturally when they know they are being 
observed. This was observed even here. People were more concerned about using protective 
devices, and materials were handled with more care at the start of the day than at the end. Thus, it 
was an advantage to follow the team a whole day. In observation studies, the greater the number 
of subjects the more accurate and representative the task information will be. However, available 
resources, mainly time have to determine the size of the study. It is not possible to prove causality 
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in an observation study, and another question is how general are the findings? In this study, 
dental teams who were concerned and interested were included thus, the result probably reflect 
this group and not the general behaviour among dental personnel. 

The HET-CAM test (study 5) is considered to be a valid method for identifying severely irritant 
substances but not useful for safety assessment of shght-irritant substances (Spielmann et al 1993). 
A comprehensive scheme for scoring, use of a positive control, and blind testing were used to 
reduce the subjective aspect of the assessments. Further, results were analysed with respect to each 
type of effect: haemorrhage, lysis, and coagulation, and mean and SD (standard deviation) 
calculated. The time for onset of lysis varied considerably between the individual tests for six of the 
materials. This might be explained by the fact that it is more difficult to assess the disappearance of 
the small blood vessels in a lysis effect, than haemorrhage and coagulation. When repeating the 
tests, concentrating more on observation of lysis, the variability decreased. This indicates that, in 
addition to the IS score, it might be useful to also calculate mean and SD for each effect. This is in 
agreement with Kalweit et al (1990) who reported that results obtained by less experienced and less 
trained investigators differ considerably. 
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DISCUSSION OF RESULTS 

Study L The low response rate (45%) is probably due to the subject been somehow controversial 
in Sweden. Further, people who have not responded may have firm ideas that mercury is not a 
work environmental problem. Additionally, the letters were sent non-coded and therefor no 
follow up letter was sent. This can be justified by high rate of interest for the subject among 
respondents (about 90% wrote their name and address in the forms, and expressed their interest 
for trying new protective equipment when handling amalgam). 

The result from study 1 most likely reflects the opinion among dental and medical personnel who 
have taken an interest in the amalgam debate. However, several hazardous handling of amalgam 
and amalgam contaminated products could be identified. It can be concluded that there is a need 
for more information and attention to working routines and handling of amalgam and amalgam 
contaminated wastes in dental clinics in Norrbotten. The personnel must have access to 
appropriate devices that does not disturb or disrupt work performances. A detailed program on 
how to sort and treat amalgam-contaminated waste will be of great help for the personnel. 
Further, to reduce mercury burden to environment from dental clinics in Norrbotten, maintenance 
of amalgam separators are regarded as important. Another thing is cleaning and changing of 
waste pipes in clinics. Information should also be provided to all individuals working in dental 
clinic about their own contribution in reducing mercury burden to environment. 

It was not possible to find a significant correlation between mercury exposure and symptoms. 
Only insufficient ventilation was strongly associated with all symptoms. However, the prevalence 
of muscular fatigue, headache, impaired memory, depression and tremor increased with 
increasing number of amalgam fillings in their own teeth, for female dental personnel. The 
prevalence of the same symptoms (except tremor but in addition irritation), increased with 
increasing number of amalgam handled in dental clinics, for male dentists. This result might 
reflect the belief among dental personnel that their symptoms were caused by mercury exposure. 
Significantly more female dental personnel than female referents reported muscular fatigue and 
tremor which could be explained by static load and repetitive tasks. 

Study 2. One hmitation with an observation study is that people might act in a different way 
when observed. I t could be seen that as a result of following a dental team during a day, people 
were more concerned about using protective devices, and materials were handled with more care 
at the start of the day. The 19 dental teams observed, had initiated exposure control practices and 
procedures, after personnel in their clinics had reported adverse health effects. Thus, the result 
probably reflect the lack of adequate information to dental personnel who are concerned about 
their work environment, more than the general attitude among dental personnel. The result 
showed that even i f a majority used gloves and facemask in the beginning when procedure 
started, more than half removed protective devices during the procedure. Further, many dentists 
and chair assistants used facemask under the nose or chin, without being aware of it. None used 
safety glasses (but prescription spectacles), and just one used a visor occasionally. A l l dental 
personnel expressed interest in learning how to handle dental polymers in a safe and healthy 
manner but there are currently no standards to follow. 
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Ergonomic checkpoints used to present the result in the observation study are based on both 
theoretical and practical information. An important part is identification of local improvements, 
achieved at grass-roots level, that should be known to other work-places were similar 
improvements are possible. The checkpoints can also be used as guideline for discussion in the 
dental clinics. 

Study 3. The aim of this study was to survey the occurrence of symptoms from skin, eyes, and 
the respiratory tract among dentists and chair assistants working in general dental practice. 
Further, to compare the prevalence with the prevalence in a group without occupational exposure 
to dental polymers. A response rate of 76% for dentists in study 3 may be considered acceptable. 
Dentists who not responded to the questionnaires were analysed regarding age and sex. No 
information was available on chair assistants. Respondents were younger than non-respondents, 
and a higher percentage of respondents were female (ratio male-female 0.7 vs. 0.6). 

As questionnaires were sent to the work, people on long term sick leave or parental leave were 
thus excluded. Excluded were also those who have already left the profession. One can assume 
that the group on long term sick leave probably experiences more severe symptoms. 
Lammintausta & Kalimo (1992) have shown that patients with atopic dermatitis do not go on sick 
leave more often, but sick leave caused by skin problems lasted longer than sick leave caused by 
other circumstances. Thus, due to "healthy workers effect" the experience of symptoms is 
probably not over estimated. 

Dental personnel and dental technicians are handling polymer products manually and are therefor 
at risk to develop adverse reactions from skin, eyes, and the respiratory tract, even allergies. 
Rajaniemi & Tola (1985) have surveyed subjective symptoms among dental technicians. 
Jacobsen & Hensten-Pettersen (1989) and Hensten-Pettersen & Jacobsen (1991) have surveyed 
symptoms on dentists specialised to periodontists, prosthodontists and orthodontists. Study 3 and 
4 have focused on occurrence of symptoms from skin, eyes, and the respiratory tract among 
dentists working in general dental practice. 

Result showed that dentists reported a higher prevalence of allergic conjunctivitis with 16% for 
male and 19% for female, compared to chair assistants (3.3%) and referents (1.3-3.3%). The 
significantly higher prevalence of symptoms among dentists was seen when selecting the healthy 
e.g. without eczema in childhood and comparing dentists with referents. In a study by Tarlo et al 
(1997), 13% of dental students and staff members reported symptoms of hay fever/rhinitis, or 
conjunctivitis, on exposure to rubber products. The prevalence of conjunctivitis in a general 
population is not known. Rajaniemi & Tola (1985) reported that 12% of dental technicians and 
5.5% of dental technician students experienced conjunctivitis. Jacobsen & Hensten-Pettersen 
(1989) reported that 7% of periodontists and 3% of chair assistants experienced eye reactions and 
Hensten-Pettersen & Jacobsen (1991) reported that 5.2% of prosthodontics reported eye 
reactions, mostly after exposure to polymer materials. 

The most common causes of conjunctivitis are allergic or infectious in origin (Friedlaender 
1995). Dentists are occupationally exposed to vapour from a number of different polymer 
materials (with various sensitisation capacity), flying particles, and to aerosol contaminants. 
Dentists also work close to other toxic substances. Many chemicals used in dental offices are 
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potentially toxic to eyes such as: acetone, bleach, hydrogen peroxide, formocresol, eugenol, 
chloroform, ether, phosphoric acid, and glutaraldehyd (Bezan & Pitts 1993). According to 
Sheedy (1992), eye irritation is one of the symptoms related to eyestrain. Dentistry work causes a 
lot of eyestrain, but so do computer work performed by many of the referents. Further, dentists 
are occupationally exposed to hght (UV, or visible blue hght) from hght curing units during the 
polymerisation process. Exposures to UV Ught can lead to conjunctivitis or retinal damage 
(Rames & Bencko 1993). Even exposure to short-wavelength of visible Ught can cause acute and 
chronic changes in ocular structures (Remé et al 1996). A yellow screen held manually is 
available in most clinics to protect eyes against Ught from light curing units. However, this 
requires an assistant who is not always available. 

Atopic dermatitis was another symptom significantly more prevalent among dentists as reported 
by 20% male and 25% female, compared to chair assistants (11.5%) and referents (9.5%). Even 
here the significantly higher prevalence was reported among the healthy, e.g. without eczema in 
childhood or asthma. This is also higher than the 18% earher reported among dental technicians 
and student dental technicians (Rajaniemi & Tola 1985). Atopic dermatitis is a multi-factorial 
dominantly inherited disease (Cockson & Hopkin 1988, Uehara & Kimura 1993). The prevalence 
of atopic dermatitis increases and was calculated to be 15.6% for 7-years old chüdren in North 
Europe (Schultz Larsen et al 1996). The increase varies between different geographical regions 
suggesting that environmental factors may play a role (Ilzuka 1995). 

Chair assistants are exposed to the materials during manual mixing of polymer compounds, when 
assisting during treatment of patients, when cleaning instruments, and during waste disposal, 
while dentists are exposed only during treatment of patients (Study 2). However, chair assistants 
did not reported higher prevalence of atopic dermatitis, allergic conjunctivitis and hand 
dermatitis, than did referents. General atopic symptoms (shortness of breath, cough, a runny nose, 
eye irritation, skin eruption, or skin irritation) upon exposure to dental materials, was reported by 
16.2%. This was about the same level as reported by dentists (16.3-16.8%). This indicates that 
even chair assistants experienced a high prevalence of various hypersensitive symptoms, which 
they associate with exposure to handling of dental materials. 

The term "dermatitis" and "eczema" describe similar inflammatory conditions of skin and are by 
common usage regarded as synonymous (Milne 1976). The term "dermatoses" often includes aU 
kind of skin diseases. Different studies have focused on different conditions of the skin. Some on 
hand dermatitis/hand eczema, some on dermatoses on hands and fingers, some on skin problems, 
and some on skin reactions, therefore not comparable. Further, som studies on hand dermatitis/ 
hand eczema have asked for "current dermatitis", some for "previous dermatitis", and some for 
"experience of dermatitis during the last year" calculating the 1-year period prevalence. Thus, 
results are not comparable. In this study respondents were asked i f they "use to have hand 
dermatitis" and the "time of onset". About 17% of male dentists, 24% of female dentists and 
21.7% of chair assistants with hand dermatitis had experienced the symptoms since less than 1 
year. Since less than 5 years, reported 61% of male dentists, 58.5% of female dentists, and 56.5% 
of chair assistants with hand dermatitis. 

Meding reported (1991) that in a population with hand eczema 10% had a history of eczema in 
childhood. Among respondents with hand dermatitis in this study the atopic background was 
more prevalent, as reported by 36.4% dentists, 17.3% chair assistants and 25.5% referents. 
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Rystedt (1985) estimated the prevalence of hand dermatitis to be 4% in a population without 
family or personnel atopy, and 25-41% in a group with atopic background. About 14% of 
dentists, chair assistants and referents without personal atopic background reported experience of 
hand dermatitis in this study. The family atopy was not known. Among those with eczema in 
childhood 52.6% of dentists, 29% of chair assistants and 25.5% of referents reported experience 
of hand dermatitis. 

Hand dermatitis is shown to decrease with increasing age (Meding & Svanbeck 1990) which was 
seen even here, but not significantly. The prevalence of hand dermatitis decreased significantly 
with increasing age only for chair assistants in this study. Meding (1991) reported hand eczema 
to be almost twice as prevalent among female than male (ratio 1.9). In this study ratio female to 
male was 1.5 for all dental personnel, 2.0 for dentists and 3.1 for referents. 

Mean score calculations based on questionnaire information can not be compared to scores based 
on clinical examinations. However, it is a method to compare extension of hand dermatitis 
between hands, and between professions. Dentists reported a higher (not significantly) mean 
score on left hand than the right. This might be caused by exposure to bonding and adhesives 
during removal of excess material using air spray. Dentists often use their fingers of left hand to 
hold back Hps (Study 2). More dentists reported very mild and mild severity of their hand 
dermatitis, and fewer severe, than did chair assistants and referents. 

Frequent water contact is one predicting factor for hand dermatitis, as it was for referents in this 
study. However, when analysing only dental personnel there was no association between hand 
dermatitis and frequent washing of one's hands, probably due to general frequent daily water 
contact. 

In study 3, a majority of dental personnel reported using gloves. More male dentists used latex 
gloves (36.5%) than female dentists (19.2%) and chair assistants (18.9%). More male dentists 
also reported that they never used gloves (7.9%) compared to female dentists (2.4%) and chair 
assistants (4.9%). Only about 1% of the dentists and 0.4% of chair assistants used gloves of other 
material than latex or vinyl. 

In general, dental personnel with symptoms risk evaluated handling of polymer products higher 
than those without, especially male with hand dermatitis. They risk evaluated all five polymer 
products significantly higher than those without. This might reflect that they consider their 
symptoms to be work related and due to handling of dental material. There was a significant 
association between some symptoms and frequent use of 8 polymer products. However, some 
results may be due to chance, especially with regard to the number of different materials (22 
variables) and small number of dental personnel (and sub groups) with symptoms. Acrylates as 
weU as acrylic acid and additives have the potential to irritate skin, eyes, and the respiratory tract. 
Acrylates can also cause aUergies. Dental personnel in this study used on average 9 different 
polymer products; some even up to 24 different products, the additive effect can not be neglected. 

Female dentists risk evaluated aH materials (except glass ionomer) highest and male dentists' risk 
evaluated lowest. AU considered cold cured acrylate to be the most risky material to handle and 
glass ionomer the less. However, chair assistants using the glass ionomers Fuji I and I I risk 
evaluated this type of material significantly higher than non-users. 
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From product information regarding composition, one can assume that most polymer materials 
can cause a variety of symptoms when non-cured. But, information on data sheet is far from 
comprehensive regarding content. The question to be asked is i f it could be due to chance, belief, 
or composition that frequent use of 8 polymer materials was associated with symptoms. 
However, frequent use of other material with the similar composition was not associated with 
symptoms. Access to insufficient information probably causes unnecessary concern among dental 
personnel. Due to the scanty and diverse product information regarding content, health risks, and 
precautions dental personnel have few possibilities to select a product they feel is safe, or to 
protect themselves. 

Study 4. The study population was increased including all Swedish dental teams in general 
practice. The large number of respondents (7384), and a response rate of over 70% in study 4, 
may be considered acceptable. The aim of this study was to compare the results with results from 
the previous study 3. Female dentists were compared to chair assistants but, as no male referents 
were used, male dentists were only compared with results from the previous study. 

According to the results in this study, shortness of breath, cough, a runny nose, eye irritation, skin 
eruption, or skin irritation upon exposure to dental products was reported by 19.5% male dentists, 
24.2% female dentists, and 19.4% chair assistants. This is higher than 16.2-16.8% as reported in 
the previous study 3. 

Female dentists reported lower prevalence of allergic conjunctivitis in this study, compared to the 
previous study (14.1% vs. 18.4%), and chair assistants shghtly higher (4.8% vs. 3.5%) but, the 
prevalence was still significantly higher for dentists, compared to chair assistants. Only 10% of 
male dentists in this study reported symptoms of allergic conjunctivitis, compared to 15.7% in the 
previous study (p=0.016). This cannot be explained by age differences, as there was no 
correlation between conjunctivitis and age. The relatively small number of male dentists in the 
previous study (178) might explain it, or other factors not identified. 

In the previous study 24.8% female dentists and 11.6% chair assistants reported atopic dermatitis. 
In study 4 fewer female dentists (23%) and more chair assistants (13.3%) reported experience of 
atopic dermatitis. However, the prevalence was significanüy higher for female dentists. In the 
earher study 20.2% of male dentists reported experience of atopic dermatitis and that was 
significantly higher than what was reported by male referents (9.6%). The result was almost 
equal in this study as 19.8% male dentists reported experience of atopic dermatitis. 

In the earher study, 15.2% of male dentists reported symptoms of hand dermatitis and that was 
significantly higher than what was reported by referents (7.6%). In this study, the prevalence was 
even higher as 19.7% of male dentists reported symptoms of hand dermatitis. Hand dermatitis is 
shown to decrease with age according to Meding & Svanbeck (1990). This was also shown in this 
study but, the correlation was weaker for male (p=0.01) than for female (p<0.0001). One 
explanation could be that use of gloves decreased with increasing age, and also that less male 
used gloves, compared to female. In the previous study 27% female dentists, 19.3% chair 
assistants and 20% referents reported hand dermatitis but the difference was not significant 
between dental personnel and referents. In this study, fewer female dentists (25.9%) and more 
chair assistants (21.3%) reported hand dermatitis, giving a significantly higher prevalence of 
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hand dermatitis for female dentists. The significant difference in prevalence of hand dermatitis 
between counties (even after correlated for age and sex) is difficult to explain. External, not 
identified factors may contribute to the high prevalence of hand dermatitis in some counties. 

In study 3, most male dentists used latex (36.5%) followed by vinyl (34.8%) and other material 
(1.1%). Not using gloves was reported by 7.9%. In study 4, most male dentists used vinyl gloves 
(47%) followed by latex gloves (42%). Less than 2% used gloves made of other material and 
21.5% did not use gloves at all. In study 3, most female used vinyl gloves (52.8%) followed by 
latex (19.2%) and other material (0.8%). About 2.4% reported not using gloves at all. In study 4, 
most female dentists used latex gloves (54.4%) followed by vinyl (34%), and other material 
(1.6%). About 5.8% of female dentists reported not using gloves at all. 

One can assume that personal protective devices, used by dentists today, do not give enough 
protection. A majority of dental personnel reported using protective devices, female more than 
male, chair assistants more than dentists, and those working in pubhc dental care more than those 
in private. With increasing age, gloves and dental facemask, was used by less dental personnel. 
One explanation could be that they have not adopted the habit in the beginning of their career. 
The only use of protection that increased with increasing age was eye protection during hght 
curing, which might be explained by the fact that hght curing of dental materials is a newer 
technique. Surprisingly many used prescription spectacles instead of dental safety glasses which 
means that they are mainly protected against flying particles, splash etc. but, not against e.g. 
vapour, UV- or blue light, and contaminated air. As expected, also use of prescription spectacles 
increased with increasing age. The general use of protective devices might be lower. Because 
younger dental personnel used protective devices more than older, and dentists who responded 
the questionnaire were younger than non-respondents were. Thus, the use will probably increase. 
Further, more female than male used protective devices, and more female have responded to the 
questionnaire. 

A question to be asked is also how personal protective devices are used and why not used. From 
the observation study it was shown that dental personnel (without being aware of it), were 
wearing facemask under the nose, or chin. Most dentists used prescription spectacles as 
protective glasses. Further, during more than half of the treatments, chair assistants removed 
gloves before cleaning/waste disposal. One explanation could be that protective devices do not 
meet the demand from dental personnel. Analyses of an open question regarding users' demand 
of safety glasses show that several types of dental safety glasses are needed. Apart from 
functional demands e.g. providing good protection and good vision, dental personnel want safety 
glasses that are cosmetically acceptable, and easy to wear and combine with other devices, which 
are not available in the market today. For the dental profession the visual aspect is very 
important. With regards to professionalism, aesthetics is also important, as shown by the 
expressed views such as "give good impression on patients", "not appear queer", "not frighten 
children", "make me look nice", "not to give the impression that aesthetics is not important", and 
"not look like protective glasses" among others. The results also support the opinion of the need 
for offering several types of dental safety glasses to meet individual demands of different 
professions. Further, to convince dental personnel to use dental safety glasses, appropriate 
education and training methods are important. They need to be tailored according to the different 
user groups. This emphasises the ergonomic principle of knowing the users needs and 
characteristics in promoting and mamtaining safety procedures. 
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Study 5. Dental personnel considered Glass ionomers quite harmless and Swedon and Super-Bond 
the most hazardous materials to handle. However, when using the HET-CAM technique for testing 
the irritation potency of components in dental polymer materials in study 5, it was shown that all 
undiluted liquid components of the tested products were strongly irritating. After repeating six tests, 
the evidence was even stronger. Powder suspensions of Lining cement and Super Bond were shown 
to be shghtly irritant (IS 4.3 viz. 6.5) in the first test series. However, on repeating the tests there 
was no effect to the CAM. It was not possible to distinguish effects due to mechanical damage to 
the vessels, from irritation effects, after applying the powder suspension to the CAM. This 
illustrates the limitation of the HET-CAM method in evaluating chemicals that are not strong 
irritants. 

From the material safety data sheets on the products, it was not possible to identify a common 
component that could be responsible for the effects, as information on composition was far from 
comprehensive. According to material safety data sheets on Fuji and Lining cement, both powders 
and hquids may irritate due to low pH value. Results from this study showed the hquids to be 
strongly irritating and the powder non-irritant. Information provided on one glass ionomer in this 
study, Ketac Silver, classified the Hquid as non-irritant, contradictory to our results showing it to be 
strongly irritating. 

A primary irritant has the capabihty of causing damage in everyone i f it is present in sufficient 
concentration for a sufficient long exposure time, as pointed out by Hensten-Pettersen (1998). Also 
repeated contacts to low doses of irritants over extended periods of time can damage skin or 
mucosal barriers and thus enhance entry of aUergens. 

This study indicates that products associated with certain clinical symptoms of irritation in dental 
personnel, are strong irritating. However, products commonly used, without association to 
symptoms, also had strong irritation potential. Some of the clinical symptoms may be related to 
volatile components, which the HET-CAM test is not designed for. None of the extracts from 
cured, or freshly-mixed non-cured products, gave a effect in the HET-CAM tests, indicating a 
lower irritation potency for the mixed products but, to prove that the irritation potential is zero, 
further studies including Draize eye test are required. This study indicates that patients are exposed 
to materials with lower irritation potential than dental personnel, who handle the non-cured 
products manuaHy are. This highHghts the importance of learning how to handle all dental 
polymers, especially the hquids, in a safe manner. Further, material safety data sheets need to be 
improved, giving all the necessary information regarding hazards and precautions. 
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G E N E R A L DISCUSSION 

To study the occurrence of symptoms from skin eyes and respiratory tract among dental 
personnel an epidemiological approach was used: cross-sectional with control group in study 3, 
and cross-sectional with internal comparison in study 4. Data was collected using questionnaires. 
A number of sources of errors may affect the result such as: selection bias, recall bias 
(respondents suffering a symptom are more likely to be more motivated to recall possible risk 
factors), differences in medical knowledge between dentists, chair assistants, and referents, 
healthy worker's effect, misinterpretation of questions. To provide evidence and increase 
vahdity, all general dental teams in Sweden were included. Further, an additional question was 
asked i f the symptoms asthma, allergic conjunctivitis, atopic dermatitis, and hay fever/rhinitis 
was diagnosed by a physician. Self-report and physician diagnosis were correlated, which may 
increase the validity of the answers. A cross-sectional study measures exposure and effect at the 
same time. The key question to be asked is whether the exposure precedes or follows the effect. 
A cross-sectional study can be seen as a convenient first step in an investigation into the cause. 

To identify risks associated with handling of dental polymer materials and to gather knowledge 
of preventive measures used in dental practice, an observation study was conducted. A profile of 
exposure was developed and 19 dental teams were followed using a checklist. Several sources of 
errors may affect the result such as; selection bias (the selected teams were concerned, motivated 
and had initiated exposure control and procedures), changed behavioural due to observation, and 
limited number of subjects studied. To increase vahdity of the observations, the teams were 
followed a whole day, by the same observer (a dentist herself)-

Additionally, biological testing was done for testing the irritation potential of a number of 
different polymer products and components, using the HET-CAM technique. A number of 
sources of error may affect the result such as subjective evaluation, less experienced investigator, 
the method mainly useful for testing strongly irritant substances not shght-irritant. A 
comprehensive scheme for scoring, use of a positive control, and blind testing were used to reduce 
the subjective aspect of the assessments. Further, results were analysed with respect to each type of 
effect: haemorrhage, lysis, and coagulation, and mean and SD (standard deviation) calculated. Tests 
were repeated when SD was higher than mean value for a reaction. 

A number of studies have reported about skin symptoms among dental technicians but studies 
have also focused on different dental specialists like periodontics, prosthodontics and 
orthodontics. This study has focused on dental personnel in general dental practice. 

The large number of respondent (7384) and a response rate over 70% is considered acceptable. It 
can be concluded that dentists, both male and female, reported a significantly higher prevalence 
of allergic conjunctivitis, atopic dermatitis and hand dermatitis than chair assistants and referents. 
Not only the self-reported prevalence was higher for dentists, but also the physician diagnosed. 
However, they did not report more "sick-leave" due to symptom. Further, dentists with symptoms 
had been working between 18-22 years in dental practice, and more than 50% had experienced 
the symptoms less than 5 years. This indicates that the new products introduced to the market 
(adhesives with stronger adhesion, more hght cured products etc.) might have higher irritation 
potency than the old ones. The significantly different prevalence of hand dermatitis between 
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counties (even when correlated for age and sex) is difficult to explain but may be due to external 
not identified factors. 

The first question is why chair assistants working in the same environment, and assisting the 
dentists, do not face symptoms of allergic conjunctivitis, atopic dermatitis, and hand dermatitis at 
the same level as dentists? One explanation could be difference in medical knowledge but, 
dentists reported higher prevalence of physician diagnosed symptoms as well. The prevalence of 
general symptoms such as shortness of breath, cough, a runny nose, eye irritation, skin eruption, 
or skin irritation upon exposure to dental products, was equal for chair assistants and dentists 
(20%). This indicates that even chair assistants experienced symptoms when handling dental 
polymer products, which might reflect concern about their work environment. 

A majority of dentists used prescription spectacles as safety glasses (male 43% and female 52%) 
and half of them used the same glasses during leisure time. Among dentists, 23% male and 13% 
female reported that they do not use eye protection at all. The first question to be asked is i f 
prescription spectacles give enough protection against potential hazards to eyes. The most 
common causes of conjunctivitis are allergic or infectious in origin (Friedlaender 1995). Dental 
personnel are exposed to contaminated aerosols that can cause infections, and small amounts of 
acrylate vapour intermittent. Vapour from acrylates has the potential to cause irritation and 
allergy. There is currently no information available regarding effects of intermittent exposure to 
vapour (Andrews & Snyder 1991). Secondly, i f eyestrain is one factor behind the high prevalence 
of conjunctivitis, are the same spectacles suitable for the high demanding tasks in dental clinic as 
for leisure time? Dental work requires very high demand regarding visual aspects, but to use 
safety glasses they must be easy to wear and use, be compatible with other protective devices, 
with prescription spectacles, and with spectacles with magnifying glasses. This might not be the 
case as conjunctivitis was significantly more prevalent among those using prescription spectacles 
or spectacles with magnifying glasses. Further, for the dentists it is also important that the safety 
glasses look good, not frighten children, give the impression that the dentist value aesthetic (and 
make aesthetic restorations), as shown from the open question. Even though many dentists have 
eye symptoms, the high use of prescription spectacles as dental safety glasses might indicate that 
dentists may not take he problem is not taken serious enough, or the safety glasses do not meet 
users' demand. 

A large number of male dentists (42%) and female dentists (54.4%) used latex gloves. About 
21.5% of male dentists and 5.8% of female dentists reported that they do not use gloves at all. A 
number of studies have shown that use of latex gloves is associated with hand dermatitis and 
allergy (Liss et al 1997, Tarlo et al 1997). According to Field et al (1997), the powder in latex 
gloves is causing latex allergies. Also in this study hand dermatitis, but also atopic dermatitis was 
strongly associated with use of gloves. However, only the current type and use of gloves was 
recorded, not the previous. Neither i f they used powdered or not powdered gloves. Further, 
people might have changed glove types due to experienced symptoms and concern. Additionally, 
small monomers can easily penetrate all kind of dental protective gloves, vinyl faster than latex 
thus giving protection only a hmited time (Munksgaard 1992). Once penetrated into the gloves 
they might be more harmful to the skin. 

From the observation study it was shown that chair assistants were involved in both mixing 
materials, assisting during treatment of patient, cleaning of instruments, and waste disposal, while 
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most dentists were involved only in treatment of patients. Is inserting, polymerising, and 
polishing of polymer materials more hazardous to dentists than mixing, cleaning and assisting as 
chair assistants do? Or, are there other factors not identified? It was observed that dentists were 
using the left hand to hold the hp. When applying bonding, primer etc. following use of air spray, 
the fingers of the left hand were covered with the bonding. These fingers were also exposed 
during hght curing. Further, during half of the treatments, chair assistants removed the gloves 
when answering the phone, writing, giving an appointment, or collecting something and forgot to 
put on new gloves before cleaning/waste disposal. Many dentists and chair assistants were 
wearing the facemask under the nose or chin, without being aware of it. None used safety glasses 
and few used a visor occasionally. 

The HET-CAM tests showed that all the hquids of the different materials were strong irritants, no 
matter i f they were based on strongly smelling methacrylic acid, or odourless polyacrylic acid. 
Thus, from information of content or smell it was not possible to estimate the irritating potency. 
The HET-CAM test is assumed to reflect the potential damage to mucous membranes and eyes, 
and suitable for distinguish between irritant and non-irritant substances in the first stage. 
However, it is not designed for symptoms related to vapours. All the liquid components were 
very strong irritating according to the HET-CAM test, but none of the powders, and extracts from 
non cured and cured materials. The result indicates that patients are exposed to materials with 
lower irritation potency than dental personnel who handle the materials manually. 

It can be concluded that dentists, working in general dental practice, reported a significantly 
higher prevalence of allergic conjunctivitis, atopic dermatitis and hand dermatitis, than chair 
assistants and referents. Both dentists and chair assistants experienced a number of hypersensitive 
reactions when handling dental polymer products. A majority of dental personnel used protective 
devices (except dental safety glasses), but obviously the protection is not sufficient. AU liquids of 
the different type of polymer materials were strongly irritants in the biological testing. This 
highlights the importance of learning how to handle dental polymer materials, especiaUy the 
liquids, in a safe manner. 

Further studies need to be done including dental personnel on long-term sick leave, and those 
who have already left the profession due to aUergic reactions. Gloves of different materials need 
to be tested to find out which material gives the best protection against dental monomers and for 
how long. The vapour from polymerisation and grinding needs to be analysed regarding content 
and amount for estimating potential hazards to the eyes and skin. To give dental personnel an 
option to choose material from potential health hazard aspects, additional biological tests need to 
be done. 
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TANDVÅRDSPERSONALENS EXPONERING FÖR KVICKSILVER, OLIKA 
SKYDDSÅTGÄRDER 

-ENKÄT TUX TANDVÅRDSTEAM 



Tandvårdspersonalens exponering för kvicksilverånga-
olika skyddsåtgärder. 

Tandvårdspersonalen exponeras för kvicksilverånga i sitt arbete i 
samband med hanteringen av amalgam. Trots att antalet nytillverkade 
amalgam minskar, så gjordes det över 2 miljoner nya amalgam 1991. 

Inte bara vid nytillverkning och puts, utan även vid bortborrning av 
amalgam, kan personalen exponeras för halter av kvicksilverånga mer 
än 50 gånger över det tolererade gränsvärdet. 84% av Sveriges 
befolkning har amalgarnfyllningar och 30% (1.950.000) funderar på, 
eller har påbörjat, utbyte av sina amalgam. 

Kvicksilvers toxiska effekt beror på i vilken grad kvicksilverånga 
frisätts. Kvicksilverånga är luktfri och osynlig och kan endast påvisas 
med speciella mätinstrument. 

Tandvårdspersonal har visat sig ha högre halter av kvicksilver i blod, 
urin, avföring, hår och naglar samt inlagrat i hjärna och njurar än 
jämförgrupper. 

Ett ökat utbud av nya produkter för att minska exponering erbjuds t.ex. 
kvicksilverabsorberande lösningar, filtermasker, selenfilter och extra 
sugar, från enkla billiga lösningar till mycket dyr avancerad utrustning. 
En utvärdering av produkterna saknas, både vad gäller pris, effektivitet 
och användbarhet. 

Vi vill samla in den erfarenhet som finns hos olika team och på ohka 
kliniker i Norrbotten, för att få en helhetsbild över vilka olika lösningar 
man har valt för att minska exponeringen för kvicksilverånga. 
Därefter skall vi utvärdera de olika lösningarna för att se om det med 
enkla åtgärder, utan stora kostnader, går att skydda sig mot exponering 
för kvicksilverånga, men också finna nya lösningar och sprida den 
erfarenhet som finns. 

Tacksam om du vill ta dig tid att svara på frågorna i medföljande enkät. 
Du kan vara anonym. Vill du medverka i undersökningen, eller ta del 
av resultatet, fyll i bifogade extrablad och sänd det separat. Har du 
frågor eller synpunkter var vänlig kontakta undertecknad. 
VAR VÄNLIG ÅTERSÄND IFYLLT FRÅGEFORMULÄR 
SENAST DEN 20 AUGUSTI 1993! 

Tdl. Christina Lönnroth 
Avd. för Industriell Ergonomi, Inst. för Arbetsvetenskap 
Högskolan I Luleå 95187 LULEÅ tel 0920-72168 



EXTRABLAD 

• Jag är intresserad av att prova nya produkter för att minska 

exponeringen för kvicksilverånga. 

• Jag är intresserad av att få mätningar gjorda på halten 

kvicksilverånga på kliniken: 

• Jag vill ta del av undersökningsresultatet: 

Namn 

Adress 

Tel 

Skickas in separat till: 

Tdl Christina Lönnroth 
Inst. för Arbetsvetenskap 
Högskolan i Luleå 
95187 Luleå 
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Markera med ett X det eller de alternativ du väljer! 

A. Ånga från kvicksilver, kloroform och ohka plastmaterial 
förekommer i luften på tandläkarkliniken. Den mängd personalen 
exponeras för beror bland annat på hur effektiv klinikens ventilation är. 

A.l . Vilken typ av ventilation är din klinik utrustad med? 

a. central • 

b. fönster • 

c. kombination central och fönster • 

d. ingen • 

e. annat • 

A.2. Besväras du i ditt arbete av otillräcklig ventilation? 

Ja i hög grad • Ja, i någon mån • Nej • 

Om JA, är det 

För varmt • 

För kallt • 

För torrt • 

Dragigt • 

Annat • 

B. För att minska utsläppet av kvicksilver i avloppsvattnet är alla 
kliniker i Sverige utrustade med en amalgamavskiljare. Den kan vara 
ansluten direkt till uniten i behandhngsrummet, eller placerad centralt 
ansluten till flera unitar. 

B.l . Vilken typ(märke) av amalgamavskiljare är din behandlingsunit 
ansluten till? 

Vet ej • 

B.2. Ungefär hur gammal är den? år Vet ej • 
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B.3. Hur många unitar är anslutna till samma amalgamavskiljare?. 
Vet ej • 

B.4 Var är amalgamavskiljaren placerad? 

Vid, eller i närheten av behandlingsstolen • 

Under diskbänken • 

Utanför behandhngsrummet • 

Vet ej • 

B.5. Har amalgamavskiljaren ett överfyllningsskydd? 

Ja med signal • Ja utan signal • Nej • Vet ej • 

B.6. När töms amalgamavskiljaren? 

Med jämna intervall? • Hur ofta? gånger per år 

När den är full? • 

Vet ej • 

B.7. Markera de antal år kliniken har varit i befintlig byggnad? 

mindre än 1 år • 

mellan 1-5 år • 

mellan 5-10 år • 

över 10 år • 

B.8. Har avloppsledningen under de 2 senaste åren 

rengjorts Ja • Nej • Vet ej • 

bytts ut Ja • Nej • Vet ej • 
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C. Det finns i marknaden personlig skyddsutrustning mot 
kvicksilverånga, t.ex. extra sug, speciella sugmunstycke (clean up) 
ansiktsmask och selenfilter. Från Tyskland introduceras nu också en 
kvicksilverabsorberande lösning verksam genom bakterier, för inlägg i 
avfallsburken och för tvätt av kontaminerade ytor. 

C. 1. Finns det någon utrustning för att nedbringa exponeringen för 
kvicksilver på din arbetplats? 

JA • NEJ • Vet ej • 

Om JA, vilken? 

C.2. Använder du någon personhg skyddsutrustning eller något annat 
för att minska din exponering för kvicksilverångor? 

Ja, alltid • Ja, ibland • Nej • 

Om Ja vad? 

C.3. Har du några problem vid användningen av utrustningen? 

Ja, för jämnan • Ja, ibland • Nej • 

Om JA vilka problem? Skriv på baksidan om inte utrymmet räcker! 

Typ av utrustning Problembeskrivning 

D. Hanteringen av kvicksilver och amalgam. Personalen exponeras för 
kvicksilverånga både vid hanteringen av amalgam och från spill som 
samlas i springor och svåråtkomliga ytor. 
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D.I. Vilken typ av amalgam använder du? 

Kapselamalgam 

Blandar själv till amalgam 

Båda typerna • 
• 
• 

D.2 När du hanterar amalgam, använder du då handskar? 

ja, alltid • 

ja, ibland • 

nej • 

D.3. Beräkna hur många arnalgarnfyllningar 
avlägsnar per dag 
du gör per dag 
putsar per dag 

D.4. Vad tycker du är bästa lösningen för att få arbetsplatsen fri från 
kvicksilverånga vid amalgamarbeten? Berätta om dina egna tips eller 
din egen erfarenhet! Om utrymmet inte räcker till, fortsätt på baksidan. 

E Använda produkter och avfall brukar sorteras som högriskavfall eller 
lågriskavfall. Vissa förvaras i slutna kärl torrt eller i vätska, en del 
kastas i papperskorgen och annat sugs upp. 

E . l . Hur sorterar du följande amalgam-kontaminerade produkter? 

bomullsrullar 
amalgamdukar 
amalgamrester 
kofferdam 
handskar 
sugar 
uppsamlat avfall från avfallskoppen 
tömda amalgamkapslar 
extraherade tänder med amalgamfyllningar 
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F. Hälsotillstånd. 

F . l . Har du känt svaghet och trötthet i musklerna de senaste 6 
månaderna? 

Ja, för jämnan • 

Ja, ofta • 

Ja, ibland • 

Ja, då och då • 

Nej, aldrig • 

F.2. Har du haft huvudvärk de senaste 6 månaderna? 

Ja, för jämnan • 

Ja, ofta • 

Ja, ibland • 

Ja, då och då • 

Nej, aldrig • 

F.3. Har du besvärats av darrningar i händer, armar, ben eller ansikte 
de senaste 6 månaderna? 

Ja, för jämnan • 

Ja, ofta • 

Ja, ibland • 

Ja, då och då • 

Nej, aldrig • 

F.4. Har du haft sömnproblem de senaste 6 månaderna? 

Ja, för jämnan • 

Ja, ofta • 

Ja, ibland • 

Ja, då och då • 

Nej, aldrig • 
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F.5. Har du känt dig lättretad och aggressiv de senaste 6 månaderna? 

Ja, för jämnan • 

Ja, ofta • 

Ja, ibland • 

Ja, då och då • 

Nej, aldrig • 

F.6. Har du märkt av försämrat minne de senaste 6 månaderna? 

Ja, för jämnan • 

Ja, ofta • 

Ja, ibland • 

Ja, då och då • 

Nej, aldrig • 

F.7. Har du känt oro eller depression de senaste 6 månaderna? 

Ja, för jämnan • 

Ja, ofta • 

Ja, ibland • 

Ja, då och då • 

Nej, aldrig • 

F.8. Har du andra symtom eller sjukdomar som du tror beror på ditt 
arbete? 
Nej • Ja • Beskriv nedan. 

Om utrymmet inte räcker till, fortsätt på baksidan 



G. Allmän bakgrund 

G.l . Kön: man • kvinna • 

G.2. Yrke Tandläkare • 

Tandhygienist • 

Tandsköterska • 

G.3. Ålder. Vilket år är du född? 19 

G.4. Antal år sammanlagt i yrket 

G.5. Hur många timmar per vecka arbetar du nu? 

G.6. Har din arbetstid ändrats de senaste 2 åren? Ja.D Nej • 

Om Ja, hur? 

G.7. Var arbetar du? privat • inom landstinget • 

G.8. Egen tandstatus. Antal tänder försedda med ohka typer av 
fyllningar: 

Antal tänder: färre än 4 4-12 fler än 12 

Plastfyllningar • • • 

Amalgamfyllningar • • • 

Guld eller porslin • • • 

Rotfyllda tänder • • • 

Antal egna tänder 

H.l. Är du intresserad av att prova nya produkter för att minska 
exponeringen för kvicksilver? 
Ja gärna • Ja, kanske • Nej • 

H.2. Är du intresserad av att få mätningar gjorda på halten 
kvicksilverånga i luft och vatten i ditt behandhngsrum? 
Ja gärna • Ja, kanske • Nej • 

Tack för din medverkan! 



CHECKLISTA TILL OBSERVATIONSSTUDIE 



Team 

Material: 

datum T D L M K EXP-

• Kemiskt härdande O Ljushärdande 

Förvaring material 

1. Arbetsuppgifter 
Tar fram materialet 
Blandar/tillreder 

• nära unit 
O långt från unit 

• tättslutet 
• öppet 

• Tandläkaren 
• Tandläkaren 

• Sköterskan 
• Sköterskan 

2. Använder skyddsutrustning: 
Tandläkaren Handskar • Ja • Nej 

Munskydd • Ja • Nej 

Sköterskan Handskar • Ja • Nej 
Munskydd • Ja • Nej 

Annan utrustning'; 

Använder skyddsutrustning 
under hela momenten? • Ja • Nej 

Om NEJ 

Märke handskar? 

Märke munskydd? 

3. Riskbedömning 
Tandläkaren 

Sköterskan 

Tandläkaren. 
Sköterskan 

Tandläkaren, 
Sköterskan 

hudkontakt 
inandning 

• Ja 
• Ja 

hudkontakt DJa 
inandning • Ja 

• Nej 
• Nej 

• Nej 
• Nej 

1. Arbetsuppgifter 
Insererar/appliserar materialet • Tandläkaren • Sköterskan 
Håller med fingrarna under härdning • Tandläkaren • Sköterskan 
Lyser med lampan • Tandläkaren • Sköterskan 

Inserering, härdning, puts 
Tid inserering, härdning, 
puts? 

2. Använder skyddsutrustning: 
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Tandläkaren Handskar Dia DNej 
Munskydd Dja DNej 

Sköterskan Handskar • Ja DNej 
Munskydd DJa DNej 

Annan utrustning? 

Använder skyddsutrustning 

under hela momenten? • Ja • Nej 

Om NEJ 

3. Riskbedömning 
Tandläkaren hudkontakt • Ja • Nej 

fingrarna belyses • Ja • Nej 
inandning • Ja • Nej 

Sköterskan hudkontakt • Ja • Nej 
fingrarna belyses • Ja • Nej 
inandning • Ja • Nej 

A3. Avfall, rengöring 
1. Arbetsuppgifter 
Rengör instrument • Tandläkaren • Sköterskan 
Tar bort avfall • Tandläkaren • Sköterskan 

2. Använder skyddsutrustning vid: 
Rengöring Handskar • Ja • Nej 

Munskydd • Ja • Nej 
Bortförsel avfall Handskar • Ja • Nej 

Munskydd • Ja • Nej 

Använder skyddsutrustning 
under hela momenten? • Ja • Nej 

Om NEJ 
3. Förvaring avfall • nära unit • tättslutet 

• långt från unit • öppet 



TEAM NR 
TYP HANDSKAR 

ANTAL OBS. Y R K E KÖN 
TYP MUNSKYDD 

TOTAL EXPONERINGSTID PER DAG 

EXPONERING VID HANTERING AV A 1: 

I N G E N E X P O N E R I N G E X P O N E R I N G 
0 3 

INGEN EXPONERING 
ALLTID SKYDDSUTR. 

EXPONERING 
ALLTID SKYDDSUTR. 

1 4 

INGEN EXPONERING 
IBLAND SKYDDSUTR. 

EXPONERING 
IBLAND SKYDDSUTR. 

2 5 

INGEN EXPONERING 
ALDRIG SKYDDSUTR. 

EXPONERING 
ALDRIG SKYDDUTR. 

H U D K O N T A K T 

Ingen risk Stor risk 

O. 1 2 .T. A, . s O. 1 2 
J »4 — j 

F I N G R A R B E L Y S E S 

Ingen risk Stor risk 

0. 1 2 -3- — 4 5 

INANDNING 

Ingen risk Stor risk 

0- 1 2 3-— 4 5 

ÖGON 

Ingen risk Stor risk 

0 1 2 3 - ....4 s 

A L L T I D 
SKYDDSUTRUSTNING 

I B L A N D 
SKYDDSUTRUSTNING 

A L D R I G 
SKYDDSUTRUSTNING 

BRA ÅTGÄRDER: 

R I S K A T T I T Y D : 



F O R V A R I N G A l . 

S L U T E T ÖPPET 
0 3 

SLUTET 
ALLTID SKYDDSUTR. 

ÖPPET 
ALLTID SKYDDSUTR. 

1 4 

SLUTET 
IBLAND SKYDDSUTR. 

ÖPPET 
IBLAND SKYDDSUTR. 

2 5 

SLUTET 
ALDRIG SKYDDSUTR. 

ÖPPET 
ALDRIG SKYDDUTR. 

I N A N D N I N G 

Ingen risk Stor risk 

0 1 2—- ~3- i 5 

ÖGON 

Ingen risk Stor risk 

0- 1 2—- -3- 4 5 

AVLÄGSET NÄRA 
0 3 

AVLÄGSET 
ALLTID SKYDDSUTR. 

NÄRA 
ALLTID SKYDDSUTR. 

1 4 

AVLÄGSET 
LAND SKYDDSUTR. 

NÄRA 
IBLAND SKYDDSUTR. 

2 5 

AVLÄGSET 
ALDRIG SKYDDSUTR. 

NÄRA 
ALDRIG SKYDDUTR. 

I N A N D N I N G 

Ingen risk Stor risk 

0 i 2 3- 4 s 

ÖGON 

3- ^ — - — - j 

Ingen risk 
0 1 2 — -3-

Stor risk 
4 5 

A L L T I D 
SKYDDSUTRUSTNING 

I B L A N D 
SKYDDSUTRUSTNING 

A L D R I G 
SKYDDSUTRUSTNING 

A L L T I D 
SKYDDSUTRUSTNING 

I B L A N D 
SKYDDSUTRUSTNING 

A L D R I G 
SKYDDSUTRUSTNING 

BRA ÅTGÄRDER: 



TEAM NR ANTAL OBSERVATIONER 
Y R K E 
KÖN 
TYP HANDSKAR 
TYP MUNSKYDD 
TOTAL EXPONERINGSTID PER DAG 

EXPONERING: A2. Inserering/ applisering, håller till stelning, belysning av 
fingrar, puts. 

I N G E N E X P O N E R I N G E X P O N E R I N G 
0 

INGEN EXPONERING 
ALLTID SKYDDSUTR. 

3 

EXPONERING 
ALLTID SKYDDSUTR. 

1 

INGEN EXPONERING 
IBLAND SKYDDSUTR. 

4 

EXPONERING 
IBLAND SKYDDSUTR. 

2 

INGEN EXPONERING 
ALDRIG SKYDDSUTR 

5 

EXPONERING 
ALDRIG SKYDDUTR. 

A L L T I D 
SKYDDSUTRUSTNING 

I B L A N D 
SKYDDSUTRUSTNING 

A L D R I G 
SKYDDSUTRUSTNING 

H U D K O N T A K T 

Ingen risk Stor risk 

0 1 2 3 4 5 

F I N G R A R B E L Y S E S 

Ingen risk Stor risk 

0- 1 2 3 4 5 

INANDNING 

Ingen risk Stor risk 

0 1 2 3 4 5 

ÖGON 

Ingen risk Stor risk 

0 1 2 3 4 5 

BRA ÅTGÄRDER: 
R I S K A T T I T Y D : 



TEAM NR ANTAL OBSERVATIONER 
Y R K E 
KÖN 
TYP HANDSKAR 
TYP MUNSKYDD 
TOTAL EXPONERINGSTID PER DAG 

EXPONERING: A2. Inserering/ applisering, håller till stehiing, belysning av 
fingrar, puts. 

I N G E N E X P O N E R I N G E X P O N E R I N G 
6 

INGEN EXPONERING 
ALLTID SKYDDSUTR. 

3 

EXPONERING 
ALLTID SKYDDSUTR. 

1 
INGEN EXPONERING 
IBLAND SKYDDSUTR. 

4 
EXPONERING 
IBLAND SKYDDSUTR. 

1 

INGEN EXPONERING 
ALDRIG SKYDDSUTR. 

5 

EXPONERING 
ALDRIG SKYDDUTR. 

A L L T I D 
SKYDDSUTRUSTNING 

I B L A N D 
SKYDDSUTRUSTNING 

A L D R I G 
SKYDDSUTRUSTNING 

H U D K O N T A K T 

Ingen risk Stor risk 

0- 1 2 3 4 5 

F I N G R A R B E L Y S E S 

Ingen risk Stor risk 

0- 1 2 3 4 5 

I N A N D N I N G 

Ingen risk Stor risk 

0- 1 2 3 4 5 

ÖGON 

Ingen risk Stor risk 

0 1 2 3 4 5 

BRA ÅTGÄRDER: 
R I S K A T T I T Y D : 



TEAM NR 
TYP HANDSKAR 

ANTAL OBS. Y R K E KON 
TYP MUNSKYDD 

TOTAL EXPONERINGSTID PER DAG 

EXPONERING VID HANTERING AV A 3: 

I N G E N E X P O N E R I N G E X P O N E R I N G 
0 3 

INGEN EXPONERING EXPONERING 
ALLTID SKYDDSUTR. ALLTID SKYDDSUTR. 
1 4 

INGEN EXPONERING EXPONERING 
IBLAND SKYDDSUTR IBLAND SKYDDSUTR. 
2 5 

INGEN EXPONERING EXPONERING 
ALDRIG SKYDDSUTR ALDRIG SKYDDUTR 

H U D K O N T A K T 

Ingen risk Stor risk 

0- 1 2 3- 4 5 

F I N G R A R B E L Y S E S 

Ingen risk Stor risk 

0~__ i 2 3- 4 5 

INANDNING 

Ingen risk Stor risk 

0- 1 2 3- 4 5 

ÖGON 

Ingen risk Stor risk 

0- - 1- - 2 3- 4 5 

A L L T I D 
SKYDDSUTRUSTNING 

I B L A N D 
SKYDDSUTRUSTNING 

A L D R I G 
SKYDDSUTRUSTNING 

BRA ÅTGÄRDER: 

R I S K A T T I T Y D : 



O 1 2 3 4~ 

OGON 

Ingen risk 

0- 1 2 — 

BRA ÅTGÄRDER: 
R I S K A T T I T Y D : 

Stor risk 
.3 4 5 

FÖRVARING A3. 

S L U T E T ÖPPET 
6 3 

SLUTET 
ALLTID SKYDDSUTR. 

ÖPPET 
ALLTID SKYDDSUTR. 

T ~ 4 

SLUTET 
IBLAND SKYDDSUTR 

ÖPPET 
IBLAND SKYDDSUTR, 

2 5 

SLUTET 
ALDRIG SKYDDSUTR 

ÖPPET 
ALDRIG SKYDDUTR. 

INANDNING 

Ingen risk Stor risk 

n i . . 2 3 

ÖGON 

Ingen risk Stor risk 

0- 1 2 3- 4 5 

AVLÄGSET NÄRA 
0 3 

AVLÄGSET 
ALLTID SKYDDSUTR. 

NÄRA 
ALLTID SKYDDSUTR. 

1 4 

AVLÄGSET 
LAND SKYDDSUTR 

NÄRA 
IBLAND SKYDDSUTR. 

2 5 

AVLÄGSET 
ALDRIG SKYDDSUTR 

NÄRA 
ALDRIG SKYDDUTR 

INANDNING 

Ingen risk Stor risk 

A L L T I D 
SKYDDSUTRUSTNING 

I B L A N D 
SKYDDSUTRUSTNING 

A L D R I G 
SKYDDSUTRUSTNING 

A L L T I D 
SKYDDSUTRUSTNING 

I B L A N D 
SKYDDSUTRUSTNING 

A L D R I G 
SKYDDSUTRUSTNING 
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l _ l _ l _ l _ J _ l _ 

ENKÄTSTUDIE TILL KLINISKT VERKSAMMA TANDLÄKARTEAM 

(tandläkare + assisterande sköterska) 

• OBS! En enkät är avsedd för tandläkaren och 
en för assisterande sköterska 

Var vänlig besvara frågorna så fullständigt som möjligt. 
Markera det alternativ du väljer med ø 

1. Bakgrundsvariabler 

1 - 1 . Kön • man • kvinna 

1. 2. Ålder år 

1 • 3. Yrke • tandläkare • tandsköterska/hygienist 

1. 4. Antal år i yrket (som tdl/tsk/hyg) Totalt år 

1. 5. Anställningsform (nuvarande) • privat tim/vecka • landsting tim/vecka 

1. 6. Arbetstid/vecka (genomsnitt) Totalt t immar/vecka Med patient tim/vecka 

1. 7. Har Du ökat eller minskat Din • JA Om JA Hur? 
arbetstid de senaste 2 åren? • NEJ 

2. Använder Du glasögon 
för synkorrigering? 

• J A 
• N E J 

Om JA 2 .1. Använder Du samma glasögon 
både på arbete och fritid? 

• JA 
• N E J 

3. Använder du 
"luppglasögon" arbetet? 

• JA OmJA-»-> 3 .1. När använder Du 
• NEJ luppglasögon? 

• Alltid 
• Ibland 
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4. Brukar Du använda 
ögonskydd i arbetet? 

• J A 
• N E J 

Om JA 4 . 1 . När använder DU ögonskydd? 

• Alltid 
• Ibland 

4.2. Vilken typ av ögonskydd 
använder DU? 

• Vanliga glasögon 
• Speciella skyddsglasögon 
• Visir 
• Annat Vad? 

5. Brukar Du skydda 
ögonen vid härdning med 
lampa? 

• JA 
• N E J 

Om JA 5.1 . När skyddar DU ögonen vid 
ljushärdning? 

• Alltid 
• Ibland 

5.2. Vilken typ av ögonskydd 
använder DU vid ljushärdning? 

• Ljusskyddsskärm 
• Skyddsglasögon mot UV ljus 
• Skyddsglasögon mot blått ljus 
• Annat Vad? 

6. Brukar Du använda 
handskar? 
(förutom vid operationer) 

• J A 
• N E J 

Om JA 6.1 . När använder DU handskar? 

• Alltid 
• Ibland 

6.2. Vilken typ av handskar 
använder DU? 

• Vinyl 
• Latex 
• Annat Vad? 
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7. Brukar DU använda 
munskydd? • J A 

• N E J 
Om JA 7.1. När använder DU munskydd? 

• Alltid 
• Ibland 

7.2. Vilken typ av munskydd 
använder DU? 

• Tjocka pappers 
• Tunna pappers 
• Tyg 
• Annat Vad? 

8. Vilka egenskaper tycker Du är viktiga att beakta vid val av skyddsglasögon, 
handskar och munskydd till tandvården? 

• Skyddsglasögon: 

• Handskar: 

Munskydd: 
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-Hälsofrågor-

1. Har Du, eller har Du haft, andningsbesvär, hosta, rinnande näsa, 
ogonirritation, hudutslag eller hudirritation efter exponering för någon av 
följande faktorer? 

1 1. pollen • J A • N E J 

1. 2. damm • J A • N E J 

1 3. djur • J A • N E J 

t . 4. födoämnen • J A • N E J 

1. 5. tobaksrök • J A • N E J 

1. 6. bilavgaser • J A • N E J 

1. 7. rengöringsmedel • J A • N E J 

1. 8. tandvårdsprodukter • J A • N E J 

1. 9. Något annat? • J A • N E J 

Om JA ->Vad? 

2. Har Du, 
eller har Du haft, 
bindhinnekatarr 
(allergisk konjunktivit)? 

• J A 
• N E J 

Om JA Sedan hur länge? 

• mindre än 1 år 
• 1-5 år 
• 6-10 år 
• 11-15 år 
• mer än 15 år 

Har läkare ställt diagnosen konjunktivit? 

• J A 
• N E J 

Har Du varit tvungen att söka läkare pga 
ögonbesvär? 

• J A 

• N E J 

Har Du varit sjukskriven pga ögonbesvär? 

• = J A 
• = N E J 
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3. Har Du, 
eller har Du haft, • J A Om JA 
hudinflammationer ^ N E J 

av ospecifik karaktär 
(atopisk dermatit)? 

Sedan hur länge? 

• mindre än 1 år 
• 1-5 år 
• 6-10 år 
• 11-15 år 
• mer än 15 år 

Har läkare ställt diagnosen atopisk dermatit? 

• J A 
• N E J 

Har Du varit tvungen att söka läkare pga 
hudproblem? 

• J A 
• N E J 

Har Du varit sjukskriven pga hudproblem? 

• J A 
• N E J 

4. Har Du eller 
har Du haft, 

handeksem? 
• J A 
• N E J 

Om JA 

5. Hade Du eksem 
som barn? 

• J A 
• N E J 
• V E T E J 

Sedan hur länge? 

• mindre än 1 år 
• 1-5 år 
• 6-10 år 
• 11-15 år 
• mer än 15 år 

Har läkare ställt diagnosen handeksem? 

• J A 
• N E J 

Har Du varit tvungen att söka läkare pga 
handeksem? 

• J A 
• N E J 

Har Du varit sjukskriven pga handeksem? 

• J A 
• N E J 
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Tag ställning till följande påstående om vad Du tycker är viktigt när Du skall 
välja SKYDDSGLASÖGON som Du skall använda på tandkliniken. 

Markera endast ett alternativ på varje delfråga med |7f 

STÄMMER 
inte inte 

1. Skyddsglasögonen måste skydda mycket ganska särskilt viktigt 

ögonen mot; viktigt viktigt viktigt alls 

1 . 1 . f lygande partiklar • • • • 
1.2. strålning • • • • 
1.3. stänk • • • • 
1. 4. ånga från kemikalier o dy. • • • • 
1.5. bakterier • • • • 
1.6. UV-ljus • • • • 
1. 7. blått ljus • • • • 
1. 8. vanligt ljus • • • • 

2. Skyddsglasögonen måste användas; 

2 . 1 . under hela dagen • • • • 
2. 2. enbart vid vissa moment som anses riskfyllda • • • • 

3. Skyddsglasögonen måste användas; 

3 . 1 . av tandläkare • • • • 
3 .2 . av assisterande tandsköterska/hygienist • • • • 
3. 3. av patient • • • • 

4. Skyddsglasögonen måste vara; 

4. 1.täta • • • • 
4. 2. komfortabla • • • • 
4. 3. lätta i vikt • • • • 
4. 4. billiga • • • • 
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STÄMMER 

5. Skyddsglasögonen måste vara; 

mycket 
viktigt 

ganska 
viktigt 

inte 
särskilt 
viktigt 

inte 
viktigt 

alls 

5.1. av hög optisk kvalitet • • • • 
5. 2 av hög optisk kvalitet, oavsett kostnaden • • • • 
5. 3. av engångstyp • • • • 
5. 4. gjorda för långtidsbruk • • • • 
5. 5. lätta att rengöra • • • • 
5. 6. lätta att använda utanpå vanliga glasögon • • • • 
5. 7. försedda med synkorrigering • • • • 
5. 8. försedda med synkorrigering, oavsett kostnad • • • • 
5. 9. justerbara • • • • 
5.10. lätta att kombinera med munskydd • • • • 

6. Skyddsglasögonen måste vara; 

6. 1. så små som möjligt • • • • 
6. 2. heltäckande, typ visir • • • • 
6. 3. konstruerade så att synfältet blir maximalt • • • • 
6. 4. modernt designade • • • • 
6. 5. diskret designade • • • • 
6. 6. estetiskt designade • • • • 
6. 7. estetiskt designade, oavsett kostnad • • • • 

7. Skyddsglasögonen måste också; 

7.1. ha låg imbildningstendens • • • • 
7. 2. ha en hård reptålig yta • • • • 
7. 3. ha en hård reptålig yta, oavsett kostnad • • • • 
7. 4 vara gjorda av ej allergiframkallande material • • • • 
7. 5. vara gjorda av material som går att återvinna • • • • 
7. 6. finnas i olika färger • • • • 
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TV-IJIJIJ 

ENKÄTSTUDIE OM YRKESRELATERAD ALLERGI OCH 
ANNAN ÖVERKÄNSLIGHET 1995. 

Var vänlig fyll i och besvara frågorna noggrant 
Markera med X det alternativ Du väljer 

- PERSONUPPGIFTER O C H A R B E T E • 

• = Man 
O = Kvinna 

• = Yngre än 25 år 
• = 25-29 år 
• = 30-34 år 
• =35-39 år 
• = 40-44 år 
• = 45-49 år 
• =50-54 år 
• = 55-59 år 
• = 60-65 år 

• = Tandläkare 
• = Tandsköterska 
• = Tjänsteman 

4. Antal år sammanlagt i 
yrket 

• = 5 - lOår 
• = 11 - 15 år 
• = 16 - 20 år 
• = 20 - 25 år 

• = mindre än 5 år 

• = mer än 25 år 

5. Hur många timmar 
förvärvsarbetar Du i 
normala fall per vecka? • = 15-30 timmar 

• = mindre än 15 timmar Var arbetar Du? 
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-VANOR-

6. Beräkna ungefär hur 
många gånger per dag 
Du tvättar händerna (i 
genomsnitt) ? 

Q: 

• : 

mindre än 5 gånger 
5-10 gånger 
11-15 gånger 

Q = 16-20 gånger 
• = mer än 20 gånger 

Vilket handtvättmedel använder Du oftast? 

Om Du brukar använda handkräm, vilken typ / märke 
föredrar Du? 

8. Har Du rökt tidigare? • = JA, regelbundet—> Slutade röka år: 19 

• =NEJ 

9. Har Du / har Du haft, haft andningsbesvär, hosta, rinnande näsa, 
ogonirritation, hudutslag eller hudirritation efter exponering för någon av 
följande faktorer? 

Pollen • = JA • = NEJ 

Damm • = JA • = NEJ 

Djur • = JA • = NEJ 

Födoämnen • = JA • = NEJ 

Tobaksrök • = JA • = NEJ 

Bilavgaser • = JA • = NEJ 

Rengöringsmedel • = JA • = NEJ 

Tandvårdsprodukter • = JA • = NEJ 

7. Är Du rökare för 
närvarande? 

• = JA, röker regelbundet ( = i c i g - e u e r mer per dag) 
• = JA, röker ibland (=mindre än 1 cig. per dag) 
• = NEJ 

- HÄLSOFRÅGOR-

Något annat? 
Specificera > 
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10. Har Du / har Du haft, 
besvär av väsande, 
pipande andning? 

Om JA, 
sedan hur länge? > 

11. Har Du /har Du haft, 
hösnuva eller någon 
annan typ av allergisk 
snuva ? 

Om JA, 
sedan hur länge? > 

• = JA • =NEJ 

• = mindre än 1 år 
• =1-5 år 
• = 6- lOår 
• =11-15 år 
D = mer än 15 är 

• =JA • =NEJ 

D = mindre än 1 år 
• = 1- 5 år 
• = 6-10 år 
• = 11 - 15 år 
• = mer än 15 år 

Har Du fått diagnosen 
astma av läkare? 

= JA O = NEI 

Har diagnosen ställts av 
läkare? 

O - J A • =NEJ 

12. Har Du / har Du haft, 
bindhinnekatarr 
(allergisk konjunktivit)? 

Om JA, 
sedan hur länge? > 

13. Har Du / har Du haft, 
hudinflammation av 
ospecifik karaktär (så 
kallad atopisk dermatit)? 

Om JA, 
sedan hur länge? > 

• = JA • = NEJ 

• = mindre än 1 år 
• =1-5 år 
• = 6- 10 år 
• =11 - 15 år 

= mer än 15 år 

• =JA 

• 
• 
• 
• 
• 

• =NEJ 

: mindre än 1 år 
: 1-5 år 
:6-10 år 
a i - 1 5 å r 
: mer än 15 år 

Har diagnosen ställts av 
läkare? 

• = JA • = NEJ 

Har diagnosen ställts av 
läkare? 

• - JA • = NEJ 

14. Hade Du eksem som 
barn? 

• =JA • = NEJ 
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15. Har Du någon 
hudsjukdom nu ? 

• = J A • = N E J 

Om JA, vilken?-

Sedan hur länge har Du 
haft sjukdomen? 

D = mindre än 1 år 
• = l - 5 å r 
• = 6- l u å r 
• = 1 1 - 15 år 
• = mer än 15 år 

16.1. Brukar Du ha 
handeksem ? 

Om JA, 
sedan hur länge? 

• = J A 

• : 
• = 
• : 
• = 
• = 

• = N E J öm NI EJ-> Bi i ti « -

mindre än 1 år 
I - 5 år 
6-10 år 
I I - 15 år 
mer än 15 år 

16.2. Tror Du att • = J A • = N E J 
handeksemet beror på 
något i arbetsmiljön? 

Om JA, vad? > 

16.3. Är handeksemet 
årstidsberoende? 

Om JA, under vilken årstid 
brukar Du ha eksemet? 

> 

• = J A LT=NEJ 

• = Vinter 
D = Vår 
• = Sommar 
• = Höst 

16. 4. Blir handeksemet Q= J A Q= N E J 
bättre under helgerna? 
(när Du inte arbetar) 

16. 5. Återkommer det • = J A LT= N E J 
efter helgerna? 



6 

-MATERIALFRÅGOR-

M l . Notera nedan namnet på de kompositer, glasjonomerer, bonding, primers, 
fissurförsegiingsmaterial och kallpolymerisat du använder. 
Rangordna om möjhgt materialen, de mest använda materialen först Notera också om 
Du använder dem daghgen eUer ibland. 

Om utrymmet inte räcker till, skriv på baksidan. Använder Använder 

Materialnamn dagligen ibland 

• • • • 
• • • • • • • • 
• • • • • • • • • • • • • • 

M 2. Hur stora bedömer Du att hälsoriskerna är 
för Dig att arbeta med nedanstående material ? 
(Markera Ditt val på skalan 1 t i l l 5) Mycket 

Obefinthga stora 

1 > 5 

1 2 3 4 5 

Fissurförsegiingsmaterial • • • • • 
Kompositer • • • • • 

Glasjonomerer • • • • • 
Bonding • • • • • 
Primers • • • • • 

Kallpolymerisat • • • • • 
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M 3. Är förpackningar 
med hälsoeller Q_ ja 
brandfarligt innehåll, rn 
märkta med faro
symboler? 

Vem ansvarar för att det blir gjort? 
Om NEJ, > 

M 4. Finns •= ja 
varuinformation F U N T F T 
tillgänglig för de ^ 1 N E J 

plastmaterial Du 
använder? 

Vem ansvarar för att detta finns? 
Om NEJ, > 

M 5. Använder Du • _ j A , alltid 
handskar? • = JA, ibland 

• = NEJ, aldrig 

Om JA, > Vilken typ / märke av handskar använder Du? 

Vid vilka tillfallen använder Du handskar? 

Använder Du enkla • = AUtid enkla handskar 
handskar eller dubbla? • = Alltid dubbla handskar 

> • = Ibland enkla, ibland dubbla handskar 

Om Du använder både enkla Beskriv närmare vid vilka tillfällen Du väljer vad: 
och dubbla handskar 

> 

— — : ~ : : • — — 

T A C K FÖR D I N MEDVERKAN! 

P.S. ÖVRIGA ÅSIKTER KAN LÄMNAS PÅ BAKSIDAN AV DETTA BLAD! 
D.S. 
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Amalgam in dentistry 

A survey of methods used at dental clinics in Norrbotten to decrease 
exposure to mercury vapour 

E M M A - C H R I S T I N L Ö N N R O T H A N D H O U S H A N G S H A H N A V A Z 

Division of Industrial Ergonomics, Department of Human Work Sciences, Luleå 

University, 97187 Luleå, Sweden. 

Key words: Amalgam, mercury vapour, work environment, preventive measures. 

A B S T R A C T 

A survey was conducted on the possible factors influencing exposure to mercury 
vapour during the handling of amalgam and amalgam contaminated products at dental 
clinics in Norrbotten, the northern part of Sweden, as well as the current methods 
being used to minimise, if not prevent such exposures. Increased room temperature, a 
serious problem when working with amalgam, was the most common complaint f rom 
the dental personnel reflecting the observation that ventilation in most clinics was far 
f rom being satisfactory. However, methods of treating amalgam-contaminated waste 
products as well as the classification of products as high- or low-risk wastes also differed 
a lot. The results further showed that although majority of the dental personnel showed 
concern on the possible hazards of mercury vapour exposure and were interested in 
having the level of mercury vapour measured in their clinics, very few had access to 
any protective equipment against it. And among the few who had some forms of protec
tive wear, most found the equipment disturbing and disruptive of work performance. 

S A M M A N F A T T N I N G 

I en studie kartlades vilka åtgärder man vidtagit på tandklinikerna i Norrbotten för att 
minska personalens exponering för kvicksilverånga vid hantering av amalgam och 
amalgamkontaminerade produkter. Resultatet visade att ventilationen i de flesta kliniker 
är långt från acceptabel. För hög inomhustemperatur var personalens vanligaste klago
mål. Hantering och klassificering av amalgamkontaminerade produkter som högrisk-
och lågriskavfall skilde sig mycket åt. Trots att en majoritet av tandvårdspersonalen 
var orolig för kvicksilverångan och ville få uppmätt halten kvicksilverånga i sin klinik, 
så hade få tillgång ti l l någon skyddsutrustning mot kvicksilverånga. De få som hade 
någon skyddsutrustning, fann den hindrande och störande för arbetet 

I N T R O D U C T I O N 

Dental personnel are constantly exposed 
not only to mercury f r o m their own 
amalgam fillings, but also to the mercury 
vapour in their work environment. In 

1992, the Swedish Parliament proposed 
to discontinue the use of amalgam during 
a five year period. However, exposure to 
mercury vapour for dental personnel wi l l 
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not abruptly stop in the future as eighty-
four percent (84%) of the Swedish popu
lation have amalgam restorations. 

The toxicological effects of mercury 
depend largely on the amount of mercury 
vapour being released. Mercury releases 
an invisible and odourless vapour, making 
it difficult to detect without the use of 
special equipment. The vapour is released 
at room temperature. The higher the 
temperature, the more mercury vapour is 
released. 

The threshold limit value for mercury 
vapour in dental clinics in Sweden is 30 
mg Hg per m 3 Studies show that in some 
clinics, this threshold value is exceeded 
by as much as three times. It is believed 
that mercury spills, together with bad 
ventilation, are the main sources of ex
posure (Rickards & Warren 1985, Nilsson 
& Nilsson 19861, Haikel et al 1990, Nilsson 
etal 1990). 

It has also been found that dental per
sonnel have higher levels of mercury in 
blood, urine, hair and nails than the control 
group, (Lenihan et al 1973, Naleway et al 
1985, Nilsson & Nilsson 1986 1,11, Jokstad 
1990, Skare et al 1990). Pathologie studies 
likewise revealed that they also had higher 
mercuric accumulations in the brain and 
in the kidneys, (Nylander et al 1989). 

Nevertheless, neuro-behavioural tests 
have shown dentists performing signifi
cantly worse than controls even at an aver
age exposure far below threshold limit 
value (Ngim et al 1992). 

The half-life of retained mercury in the 
body differs widely among individuals. 
Women tend to show higher mercury levels 
and longer half-life in the body than men. 
These findings are indeed very relevant 
in the dental profession since majority of 
the dental personnel are women (Åkesson 
et al 1990, Jokstad 1990, Nilsson et al 
1990, Skare & Enqvist 1990). In fact, women 
involved in dental practice have also more 
work-related illnesses compared with 

women working in other professions (Tand
vårdens kvicksilverutsläpp 1993). 

A restriction against extensive dental 
treatment during pregnancy has been re
commended because of this issue on expo
sure to mercury vapour among women 
(Socialstyrelsen 1991, WHO 1991). Ironi
cally though, there is no similar restriction 
for pregnant dental personnel. 

According to Gerhardsson and Brune 
(1989), measures to prevent exposure to 
mercury vapour consist of three steps. 
These are: 1.) Appropriate choice of mate
rial and working methods; 2.) Prevention 
of diffusion of mercury vapour; and 3.) 
Actions to avoid exposure. 

Among the various preventive measu
res, ventilation plays an important role. 
Proper ventilation reduces diffusion of 
mercury vapour and dilutes contaminated 
air. The frequency of air changes per 
hour determines the amount of mercury 
in the air. The Swedish Building Standard 
recommends 0,5 air changes per hour in a 
block of flats. Many dental clinics mostly 
private clinics, are located in such blocks. 
The ventilation system in these blocks are 
not adjusted to the special needs of a 
dental clinic. Studies, however, show that 
the new technology has reduced the num
ber of air changes in such houses in order 
to save energy (Lidén 1993). 

In order to prevent smaller respirable 
particles in reaching the deepest recesses 
of the lung, contaminated air should also 
be filtered, especially for particles below 
5 millimetres. There are different types of 
filter for specific demands. These are cloth 
filters, electric filters, and selenium filters 
to mention a few. Ideally, general ventila
tion should also be complemented by a 
local exhaust system that collects the 
vapour as close to the source of the emis
sion as possible, (Gerhardsson & Brune 
1989). 

In view of the above, this study aims to 
conduct a survey on the current preventive 
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methods being practised with regards to 
amalgam handling in the dental clinics in 
Norrbotten. Specifically, the investigation 
has focused on the dental personnel and 
their work environment. 

M E T H O D S 

A questionnaire was designed and sent to 
all dental teams and dental hygienists 
working in Norrbotten, during the months 
of August - September 1993. A dental team 
refers to the dentist and clinic assistant 
nurse. A list of the dentists and hygienists 
was obtained from the Social Insurance 
Office and the County Council in Norrbot
ten. The questionnaire was pre-tested by 
a dental team. After some minor improve
ments, the questionnaires were sent out 
and the results collected, using a short 
notice in the County Council's staff maga
zine as the only reminder. A special re
quirement was enclosed in the question
naire asking the respondents to leave their 
names and addresses, if they were interes
ted in trying-out new protective devices 
for mercury vapour, or if they wanted the 
level of mercury vapour in their clinics to 
be measured. 

A total of 400 dental teams and hygie
nists were contacted. Of these, 178 (45%) 
responded. Upon receipt of the answered 
questionnaires, two of them were excluded 
due to incomplete answers. 

STUDY SAMPLE 

The validated data came f rom 94 dentists, 
60 dental nurses and 22 dental hygienists 
(including 4 trained as nurses and hygie
nists). Thirty-nine of the dentists (41.5%) 
as well as all nurses and hygienists were 
women. The 22 dental hygienists were in
cluded in the group called "assistants," 
together with the dental nurses. 

Among the respondents, 70%ofthemale 
dentists, 89% of the female dentists, 71% 

of the hygienists, and 92% of the dental 
nurses work at the Public Dental Care. 

The mean age distribution was 42.6 
years (sd 7.8), ranging f rom 26 to 62 years. 

The mean years in practice was 17.7 
years (sd 8.3) ranging f rom 1 to 38 years. 
The mean working hour per week was 
35.7 hours (sd 6.7) ranging f rom 20 to 65 
hours per week. 

PROCEDURE 

A number of information regarding mer
cury exposure was obtained f r o m the 
survey. Data on handling of amalgam and 
amalgam-contaminated products, were 
compiled then compared between dentists 
and assistants. Informat ion was also 
gathered on ventilation problems, self-
estimated exposures, protective devices, 
and measurement of the mercury level in 
the clinic. 

R E S U L T S 

WORK-EXPOSURE TO AMALGAM. 

Eighty-nine percent (89%) of the subjects 
reported using amalgam in capsules, with 
1% mixing amalgam manually. Doing both 
ways was reported at 4%. Only 2% were 
noted as not using amalgam at all. 

To obtain the amount of work- exposure, 
the amount of amalgam removed, polished 
and settled per day was estimated and re
corded by the dental personnel. The infor
mation f rom dentists and assistants, to
gether with the response rate for the dif
ferent questions and professions, are 
shown on Table 1. 

Based on Table 1, the response rates 
were higher for dentists than assistants. 
The dentists hkewise reported more re
moved, polished and produced amalgam 
than the assistants. The variability of 
given values were also larger for the dentist 
group. 
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Table 1. Number of amalgam removed, polished 
and produced per day. 

Respons« 

Rate 

) Mean of 

Removed (Sd) Range 

Dentists 
Assistants 

(93%) 
(68%) 

7.02 
5.09 

(7.3) 
(3.7) 

0-30 
0-15 

Respons* 

Rate 

i Mean of 
Polished (Sd) Range 

Dentists 
Assistants 

(88%) 
(78%) 

3 
2.04 

(3.4) 
(2.2) 

0-10 
0-10 

Respons 
Rate 

i Mean of 
Produced (Sd) Range 

Dentists 
Assistants 

(89%) 
(63%) 

4 
3 

(5.0) 
(3.6) 

0-30 
0-20 

HANDLING O F AMALGAM CONTAMINATED PRODUCTS. 

Amalgam remains, collected amalgam 
sludge and amalgam-contaminated pro
ducts used in dentistry when removing, 
polishing or setting amalgam were classi
fied either as "high-risk wastes" or "low-
risk wastes" and thus treated in different 
ways. Current recommendations state 
that mercury should be handled with care 
and stored tightly-sealed. The amalgam 
scraps (high-riskwaste) must be even tight
ly sealed in liquid. Amalgam-contaminated 
products should not be heated up. 

Classification and handling of amalgam-
contaminated products were also investi
gated. Table 2. shows the percentage of 
subjects classifying the different amal
gam-contaminated waste products as high-
risk or low-risk wastes. 

Table 2 shows the wide difference in 
risk classification for various products 
known to contain mercury. Amalgam 
cloths, remains, and capsules were 
classified as high-risk by most respondents. 
Cotton reel, cofferdam, gloves, and suction 
pipes were however classified as low-risk 
wastes by majority of the respondents. 

One product could not be classified as 
high- or low- risk waste. This was the col-

Table 2. Classification of different contaminated 
products as high-risk or low-risk (n=176).  

High- Low- Do not use or 

risk risk No answer 

cotton reel 8% 8 5 % 7% 

amalgam cloths 6 4 % 10% 26% 

amalgam remains 83% 6% 1 1 % 

cofferdam 9% 69% 22% 

gloves 4 % 89% 7% 

suction pipes 3% 89% 8% 

collected sludge 43% 43% 14% 

amalgam 7 7 % 9 % 14% 

capsules extracted 34% 5 3 % 13% 

teeth 

lected amalgam sludge. The percentage 
distribution was equal. Even the classi
fication of extracted teeth was relatively 
close between those who classified it as 
either high- or low-risk. The information 
given by the dentists and the assistants 
were also compared and seemed to vary 
little. 

The methods of treating the different 
waste groups as high-risk and low-risk 
wastes are shown in Tables 3 and 4. The 
information represents the whole group, 
as the information given by dentists and 
assistants was almost equal. However, some 
of the respondents reported items as 
"high-risk tightly sealed" without men
tioning if these were kept in liquid or dry 
forms. Table 3 also shows that very few 

Table 3. Different methods of handling high-risk 
waste. (n=176). 

Tightly 
sealed 
High-risk 

Tightly 

sealed 
in liquid 

Tightly 
sealed 
dry 

Amalgam cloths 38% 3 % 23% 

Amalgam remain 4 5 % 1 1 % 27% 

Amalgam sludge 2 7 % 7 % 9% 

Amalgam capsules 5 0 % 3 % 24% 
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Table 4. Different ways of handling low-risk waste (n=176). 

low risk waste 
basket 

save f * ) recycle wash 
down 

suck up bio
degradable 

cotton reel 2% 83% 

coffer dam 9% 59.5% 0.5%* 

gloves 7% 81.5% 0.5%* 

suction pipes 7% 78.5% 0.5%* 3% 

extract teeth 3% 46% 2 % 2% 

collect sludge 4 % 35% 1 % 3% 

0,5% of the subjects reported that they saved contaminated cofferdam, gloves and suction pipes in a store 
space in the room. 

respondents keep high-risk wastes in 
liquid. 

Table 4 shows the different ways that 
low-risk wastes were handled. 

Regarding the different ways of hand
ling low-risk wastes, some of the sub
jects only said 'low-risk" without further 
indicating what that term meant. Extrac
ted teeth are saved in a tin and given to 
dental schools by 2% of the respondents. 
Another 2% treat them as biodegradable. 
But the majority throws extracted teeth 
in the waste basket. One person reported 
as packing and heating them up in the 
autoclave. Most people who classified col
lected amalgam sludge as low-risk waste 
throw it in the waste basket, but some suck 
it up while a single person even washes it 
down the drain. 

AMBIENT AIR CONDITION 

(VENTILATION) 

As mentioned previously, one of the most 
important factors when working with 
mercury is proper ventilation to reduce 
the diffusion of mercury vapour and dilute 
mercury vapour in the air. Since mercury 
vapour is released at room temperature, 
more vapour wil l be released the higher 
the temperature becomes. Room tempera
ture is therefore of prime importance. 

The various problems related to insuf
ficient ventilation reported by the respon

dents (males vs. females) as affecting their 
work performance are shown on Fig . l . 
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Fig. 1. The different problems reported as related to 
insufficent ventilation (males and females). 
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It can be seen that women reported 
more problems with inefficient ventilation 
than men. The most common complaint 
was "too warm," followed by "too cold," and 
"too dry." Other problems of interest when 
working with mercury were "ventilation 
often out of function" and "stuffy air." 

PROTECTIVE DEVICES. 

To avoid mercury vapour, exposure, pro
tective equipment must be used. Different 
protective devices against mercury vapour 
were available at the clinics involved in 
the study. 

However, only 17 % of the respondents 
reported to have had access to protective 
equipment for mercury vapour. Different 
equipment mentioned were gloves, mask, 
capsule amalgam, visor, local exhaust, dis
posable mask, Clean up (a nozzle), sele
nium filters to confine mercury vapour 
from the air, and Merconvap (a mercury 
absorbing solution) in the waste container. 

The self-estimation regarding the use 
of gloves and protective equipment is 
shown in Table 5. 

Table 5. Frequency in using protective equipment 
andgloveswhen handling amalgam, (dentists n=94, 
assistants n=82). 

Gloves Protective 
Devices 

Dent Assist. Dent Assist. 

Always 69% 67% 12% 18% 

Sometimes 1 1 % 13% 5% 1 % 

No 20% 13% 8 0 % 7 1 % 

No answer 7% 3% 10% 

Analysis of the answers of the respon
dents revealed that only 1 dentist and 1 
nurse had access to local exhaust and sele
nium filter as special protective equipment 
to mercury vapour. The nozzle called 
"Clean up" was used by 6 dentists and 1 

nurse. Merconvap, was used by 4 dentists 
and 8 assistants. Gloves are available at 
all clinics but 30% do never, or only some
times, use gloves when handling amalgam. 

PROPOSALS ON HOW TO MAKE THE WORKING AREA 
F R E E FROM MERCURY VAPOUR. 

Only 20 % of the people had some ideas on 
how to get the working area free f rom 
mercury vapour. Table 6 shows the com
mon ideas by dentists and assistants on 
how to make their work areas mercury 
vapour-free. 

Table 6. Frequency in using protective equipment 
and gloves when handling amalgam, (dentists n=94, 
assistants n=82). 

Dentists Assistants 

Effective sucking equipment 2 1 % 16% 

Proper mercury hygiene 14% 2 % 

Effective ventilation 13% 1 % 

Wet cutting 10% 1 % 

Stop the use of amalgam 9% 9% 

INTERESTS ON PREVENTION AGAINST MERCURY 

VAPOUR AND MEASUREMENT O F THE LEVEL OF 
MERCURY IN THE CLINIC. 

To determine the interest among the den
tal personnel in using protective equip
ment against mercury vapour as well as 
their concern for the work environment, 
the respondents were asked to leave name 
and address on an enclosed form in the 
questionnaire. 

The percentage who answered positive 
to the questions are shown in Fig 2. and 
Fig 3. Male dentists are separated accor
dingly as either working in Private or 
Public Dentistry. Since very few women 
work in Private Dentistry a comparison 
could not be made for them. 

Based on Fig 2, most people working 
in dentistry are interested in trying new 
protective equipment to mercury vapour. 
Women are more interested than men. 
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Male dentists working in Public Dental 
Care are more interested than male den
tists working in Private Dental Care. 

Fig 3 shows that the interest in getting 
the mercury level measured in the clinic 
is also high. Even here, women tend to 
be more interested than men. Men wor
king in Private Dental Care are more inte
rested than men working in Public Dental 
Care. 

• dentist 
men 
n = 55 

D men 
Public 
n=37 

I men 
Private 
n = 18 

I dentists 
women 
n=39 

C3 assist, 
women 
n=82 

• dentists 
men 
n=55 

Q men 
Public 
n=37 

I men 
Private 
n= 18 

I dentists 
women 
n = 39 

CH assist, 
women 
n=82 

Fig 2. The percentage of respondents, in different groups, 
interested in trying new protective devices to mercury 
vapour. 

Fig 3. The percentage of respondents, in different groups, 
interested in having the level of mercury vapour in their 
clinics measured. 

D I S C U S S I O N 

The low response rate (45%) is probably 
due to that the subject is somehow con
troversial in Sweden and that people who 
have not answered the questionnaire may 
have f i rm ideas that mercury is not a work 
environment problem. This can be justi
fied by the high rate of interest for the 
subject among the respondents. Further, 
the fact that no follow up letter was sent 
has contributed to the low response rate. 

The use of amalgam capsules causes 
lesser mercury vapour exposure for the 
dental personnel compared to the earlier 
method of manually preparing liquid mer
cury and alloy powder. In spite of this 
fact, there are still some dentists using 

61 



EMMA-CHRISTIN LÖNNROTH AND HOUSHANG SHAHNAVAZ 

the old method, exposing themselves and 
others to mercury vapour unnecessarily. 

The number of removed, produced and 
polished amalgams differ between the dif
ferent professions. Many assistants repor
ted less amalgam than the dentists. Alt
hough they reported lesser values, the 
question remains whether they are aware 
of being exposed to mercury vapour even 
as assistants. 

One way to prevent diffusion of mer
cury vapour is to handle amalgam and 
contaminated products with care. What is 
classified as contaminated or not, differ 
widely. The differences also exist on how 
to treat contaminated products as high-
risk or low-risk waste. Collected sludge 
and extracted teeth are classified as high 
risk by some and as low risk by others. 

I t is also notable that many throw con
taminated products in the waste basket. 
Mercury vapour wi l l release in the wor
king room and afterwards, when burnt as 
refuses, mercury vapour evaporates to 
the environment. 

To classify extracted teeth as biologic 
refuse is less suitable as well. Neither does 
autoclaving them. Another questionable 
way of handling is to keep low-risk wastes 
in storage space inside a room. This in
creases mercury vapour in the room and 
fur ther exposing the dental personnel 
working there. 

Thus, it is essential that amalgam and 
amalgam-contaminated wastes be proper
ly classified and properly disposed of ac
cording to such classification. For instan
ce, Gerhardsson and Brune (1989), recom
mended that high-risk waste should be 
kept tightly sealed in liquid. This study 
showed that few are keeping it in liquid, 
although they have kept it tightly sealed. 

To prevent environmental exposure, an 
agreement was taken in 1985 between 
the National Environmental Protection 
Board, the Swedish Dental Association, 
the County Council and the Dental Branch, 

that all dental clinics in Sweden must be 
provided with an amalgam separator that 
collects amalgam particles from the waste 
water in a collecting container. These 
containers must be emptied regularly. 
Old separators do not have a signal which 
indicates when the container is fu l l . I f 
amalgam scrap is sucked up, the separator 
is ful l in advance and the particles pass 
through the separator and out with the 
waste water to the environment. I f the col
lected sludge is washed down, the separa
tor wil l be useless protecting the environ
ment f rom mercury. 

I t is surprising to note that so many 
dental persons think that they have protec
tion to mercury vapour by merely using 
gloves, ordinary paper masks and visors. 
Gloves do protect against skin contact, but 
a paper mask or visor does not protect one 
f rom mercury vapour. Only 1 out of 94 
dentists in this study had access to proper 
equipment for protection against exposure 
to mercury vapour. 

Many also pointed out that they only 
remove amalgam and do not produce any 
new amalgam fillings. This was the reason 
given why they felt no need for special 
protective equipment against mercury 
vapour. Some said that wet cutting decrea
ses exposure to mercury vapour. Previous 
studies have shown that mercury vapour 
exposure occurs during all the procedu
res: removing, polishing and setting amal
gam, (Haikel et al 1990). There is little 
influence if wet cutting is done or not. 
However, the size of the amalgam fil l ing 
influences the exposure. The larger the 
size of the amalgam, the higher the expo
sure. In all, this shows that protective 
equipment is needed during all procedu
res. 

Visibility problems, as well as disrup
tion and disturbance of work procedures 
have been reported f rom the few who 
used protective devices. For instance, the 
combination of cofferdam-mask-local ex-
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haust causes lots of water flowing down 
the patient's neck and flashing back to the 
dentist. When using a visor, it must be 
dried continuously to maintain good visi
bility. Even the "Clean up" nozzle disturbs 
the job by easy dividing. The use of protec
tive devices were observed to be time-
consuming as well. The reason is mainly 
due to lack of practice in the beginning 
causing more interruptions when using 
the equipment. This becomes a very im
portant factor, when working at piece rate, 
of which dentistry is today. 

Only a few have proposed ideas to re
duce exposure to mercury vapour in dental 
clinics. The use of an effective sucking 
equipment is the most common proposal 
f rom 21% of the dentists and 16 % of the 
assistants. Good ventilation and proper 
routines when handling amalgam are sug
gested by 13% of the dentists, while 9% of 
the dentists and 9% of assistants believe 
that the only solution is to reduce or stop 
the use of amalgam. Since exposure is the 
same when removing amalgam, a stop of 
using amalgam won't solve this problem. 
A majority (84%) of the population in 
Sweden have amalgam fillings in their 
teeth that sooner or later need to be re
moved. And it will take a considerably long 
time before all these fillings are removed. 

The question must be more on why so 
few ideas were generated. An assumption 
can be thus made that the information to 
dental personnel may have not been suf
ficient or adequate. Although majority of 
the dental personnel are interested in try
ing new protective products, there are few 
who have access to proper protective equip
ment when so desired. Surprisingly still, 
many are also interested in measuring the 
level of mercury in their clinics, which 
may indicate a degree of concern for the 
working environment. 

Lastly, one of the most important mea
sures to avoid exposure to mercury vapour 
is general ventilation. This study shows 

that ventilation in many clinics is far f rom 
sufficient. An increased room tempera
ture, the most common complaint f rom 
the dental personnel, causes more mercu
r y vapour to evaporate from amalgam. In 
addition, stagnant and stuffy air also leads 
to an increased exposure to mercury 
vapour in the clinic. Thus, this is indeed 
a serious problem when ventilation is far 
f rom ideal. 

C O N C L U S I O N 

It can be concluded that there is a need 
for more information and attention to wor
king routines and handling of amalgam 
and amalgam-contaminated products at 
dental clinics in Norrbotten. The person
nel must have access to appropriate devi
ces to protect against mercury vapour 
without necessarily disturbing nor disrup
ting work performance. A detailed pro
gram on how to sort and treat amalgam 
contaminated waste wil l be a great help 
for the personnel. Also, a program on ven
tilation maintenance and control is neces
sary. 
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A B S T R A C T 

To estimate environmental burden of mercury from dental clinics, a survey was con
ducted in 1993 at dental clinics in northern part of Sweden. Factors regarding amal
gam separators, maintenance and disposal of collected sludge, age of clinics, cleaning 
of waste pipes, and sorting and handling of amalgam contaminated products were 
investigated. The result showed that many were not familiar with maintenance of the 
amalgam separator. A majority, 86%, were working in clinics older than 10 years, but 
only 9% reported that waste pipes had been cleaned or changed. Classification of 
amalgam contaminated products as high-risk and low-risk waste differed a lot, as 
well as handling of waste products. The result shows that there is need for more 
information and attention to all individuals working in Dental Care on how to reduce 
environmental burden of mercury from dental clinics. 

S A M M A N F A T T N I N G 

För att få en uppfattning om miljöpåverkan genom hanteringen av amalgam på tand
kliniker, gjordes under 1993 en enkätstudie på klinikerna i norra Sverige. Faktorer 
rörande amalgamavskiljaren, dess skötsel och tömning, klinikens ålder, rengöring av 
avloppsrör, samt sortering och hantering av amalgamkontaminerade produkter stu
derades. Resultatet visade att många inte hade tillräcklig kännedom om klinikens 
amalgamavskiljare. En majoritet, 86%, arbetade i kliniker äldre än 10 år, men endast 9% 
rapporterade att avloppsrören blivit rengjorda eller utbytta. Klassifiseringen av amal
gamavfall skiljde sig mycket åt, likaså hanteringen av avfallsprodukter. Reultatet visar 
att det behövs en ökad uppmärksamhet och mer information, t i l l alla som arbetar på 
tandkliniker, om hur miljöpåverkan av kvicksilver från tandklinikerna kan reduceras. 

I N T R O D U C T I O N 

The first time mercury attracted atten
tion, as an environmental problem, was 
when more than hundred persons were 
killed or disabled in Japan between 1953-
1960. The cause was consumption of fish 

and shellfish poisened by methyl mercu
ry, discharged through industrial waste 
water, (Kurland, Faro & Siedler, 1960). 
Next time was at a conference in 1965. 
Seed, dressed with methyl mercury com-
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pounds, was shown to be responsible for 
drastic decrease of wild birds populations 
in Sweden, (Anonymous 1965). During 
1964-65 it became evident that even 
fresh and coastal fish contained elevated 
methyl mercury concentrations, mainly 
caused by mercury contaminated indus
trial waste water, (Löfroth 1969). It was 
also shown that highly toxic methyl mer
cury can be formed from metallic mer
cury by micro organisms in anaerobic 
ecosystems, (Jensen & Jarnlöv 1967). 

The most serious aspect of mercury 
problem in Sweden, is increasing level of 
mercury in fish. Based on mercury con
tent of shellfish in Japan, the Swedish 
National Institute of Public Health pro
posed in 1967, a temporary limit of 1 mg 
H g per Kg fish, (Berglund & Wretlind 
1967). This limit became widely criticised, 
and was later supplemented with a recom
mendation to restrict consumption of fish 
to one meal per week. The values f rom 
Japan, were based on shellfish with high 
content of water and given in relation to 
dry weight, while the Swedish values were 
given in relation to wet weigh, and should 
thus be 0.2-0.4 mg H g / k g fish, (Kurland, 
Faro & Siedler 1960 and Löfroth 1968). In 
late 1980, examination of fishes f r o m 
10.000 Swedish lakes showed mercury 
levels exceeding 1 mg Hg per Kg fish and 
was thus regarded not suitable for human 
consumption, (Lindqvist et al 1984, Håkans
son et al 1988 b). To reach the Swedish 
goal, (0.5 mg Hg per Kg fish), outlet of 
mercury to environment must be redu
ced by 75-90%, (Socialdepartementet 1992). 

Due to environmental concern, an agree
ment was signed in 1985, between Natio
nal Environmental Protection Board, Den
tal Association, Dental Trade Association 
and County Council, demanding that all 
dental units must be connected to an amal
gam separator. 

Separators must be approved according 
to Swedish Standard, showing that 95% 

of amalgam particles in waste water f rom 
spittoon bowl and suctions system, are 
collected, (Socialdepartementet 1992). In 
Swedish test, 75% of amalgam particles 
are bigger than 350 mm, which results 
f rom removing amalgam with low speed 
drill . However, when using high speed 
drill , only 16% of particles are bigger than 
500 mm and 80% are finer than 100 mm, 
(Dür r Dental 1992). This means that 
amalgam separators, approved according 
to Swedish Standard, collect 95% of big
ger particles, while finer ones, which are 
main part, pass through purifying plants 
(where mercury is not collected) into eco
system. 

Different type of separation, viz. through 
sedimentation, centrifugal force or a 
combination of both, have some l imi
tations, e.g. particle size. Particles wi l l be 
collected, depending on f i l ter size, in 
sedimentation separators. Particles smal
ler that 6-8 mm wil l not be collected effi
ciently in separators based on centrifugal 
force and particles bigger than 3 mm can 
cause disturbance in system, (Allhammar 
1987, Bautechnik 1994). 

After finding high levels of mercury in 
purifying plants, some municipalities now 
reject Swedish Standard and demand 
separators to match German or Danish 
Standards. In German test, 80% of par
ticles are finer than 100 mm and they test 
with a maximum water flow of 12 litres 
per minute. In Danish test, 80% of partic
les are finer than 125 mm, but they test 
with a maximum water flow of 5 litres per 
minute, (Testreport 1992). 

Dental clinics have used between 17-
25% (3-5 ton) of total amount of mercury 
used in Sweden in 1988. Because of res
trictions and legislation, use of mercury 
has decreased in many areas. In dentis
try, i t has decreased to about 1.7 ton 
mercury in 1991. Amount of mercury 
discharged in waste water f rom dental 
clinics, (only due to removing of old 
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amalgam fillings) is estimated to be 325 
kg Hg per year, when degree of separation 
is 70% in separator, (Socialdepartementet 
1992) . Amount of mercury to air by bur
ning of high-risk waste, viz. extracted 
teeth with amalgam fillings, or cremation, 
is estimated to be 330-440 Kg mercury 
per year, (Socialdepartementet 1992). 

Mercury is also shown to accumulate 
in waste pipes of dental clinics. This ac
cumulation causes high mercury con
tent and wide variations of mercury in 
waste water from dental clinics, (Arenholt-
Bindeslev & Larsen 1991, Gähnberg et al 
1993) . Mercury content in waste water can 
be reduced considerably by cleaning the 
waste pipes, (Gahnberg et al 1993). 

Mercury contaminated products in den
tal clinics, should be sorted separately as 
high-risk and low-risk waste. High-risk 
waste should be kept tightly sealed, mois
tened, and sent to deposit as polluting 
waste. Amount of low-risk waste should 
be reduced by proper technique and 
sorting, (Arbetarskyddsstyrelsen 1989). 
According to Swedish Dental Association, 
dentists are responsible to know local 
regulations and must be able to verify 
disposal of polluting waste, (Sveriges 
Tandläkarförbund 1995). 

A I M O F S T U D Y 

In Norrbotten, northern part of Sweden, 
with a population of 266 469 inhabitants 
Gune 1993), about 200 dentists are wor
king in 118 dental clinics. Forty-eight per
cent (48%) of clinics are small, with one 
dentist and assistants. Thirty-four percent 
(34%) of the small clinics are private. Most 
small clinics are located in ordinary block 
of flats. 

In view of above, the aim of this study 
was to conduct a survey, estimating en
vironmental burden due to mercury used 
in dental clinics that are operating in 
northern part of Sweden. 

M E T H O D S 

A questionnaire was designed and sent 
to all dental teams working in Norrbotten, 
during August-September 1993. A den
tal team refers to dentist and chair assis
tant. A list of dentists was obtained f rom 
Social Insurance Office and County Coun
cil in Norrbotten. The questionnaire was 
pre-tested by a dental team. After some 
minor improvements, questionnaires were 
mailed and results were mailed back in 
provided paid envelope. A short notice in 
County Council's staff magazine was used 
as only reminder. 

A total of 400 dental teams were con
tacted. Of these, 178 (45%) responded. 
Upon receipt of answered questionnaires, 
two of them were excluded due to in
complete answers. 

S T U D Y S A M P L E 

Validated data came from 94 dentists, 60 
dental nurses and 22 dental hygienists 
(including 4 trained as nurses and hygie
nists). Thirty-nine of dentists (41.5%) as 
well as all nurses and hygienists were 
women. The 22 dental hygienists were in
cluded in group called "assistants," to
gether with dental nurses. 

Among respondents, 70% of male den
tists, 89% of female dentists, 71% of 
hygienists, and 92% of dental nurses work 
at Public Dental Care. Mean age distri
bution was 42.6 years (SD 7.8), ranging 
from 26 to 62 years. Mean years in prac
tice was 17.7 years (SD 8.3) ranging f rom 
1 to 38 years. Mean working hour per 
week was 35.7 hours (SD 6.7) ranging 
from 20 to 65 hours per week. 

P R O C E D U R E 

The questionnaire was aimed to provide 
information regarding amalgam sepa
rators such as; type, age, location, num-
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ber of units connected to same separator, 
indicator telling when cohecting container 
is ful l as well as number of changing of 
collecting container per year. Information 
was also gathered on age of clinics, clea
ning or renewing of waste pipes and 
sorting of amalgam contaminated pro
ducts. Data were compiled and classified 
under dentists and assistants, because we 
expected that there would be a differen
ce in knowledge due to different tasks. 

R E S U L T S 

AMALGAM HANDLING AT CLINICS. 

Eighty-nine percent (89%) of respondents 
reported using amalgam in capsules, with 
1% mixing amalgam manually. Doing both 
ways was reported at 4%. Only 2 % were 
noted as not using amalgam at all. 4% 
gave no information. 

To obtain amount of amalgam handled 
in clinic, number of amalgam removed, 
polished and produced per day was esti
mated by dental personnel. Table 1 shows 
information f rom dentists and assistants, 
together with response rate of different 
questions. 

Table 1. Number of amalgam fillings removed, polished 
and produced/day. 

Response Removed 

Rate Mean SD Range 

Dentist n=87 93% 7.0 7.3 0-30 

Assistant n=60 68% 5.1 3.7 0-15 

Response Polished 

Rate Mean SD Range 

Dentist n=83 88% 3.0 3.4 0-10 

Assistant n=64 78% 2.0 2.2 0-10 

Response Produced 

Rate Mean SD Range 

Dentist n=88 89% 4.0 5.0 0-30 

Assistant n=52 63% 3.0 3.6 0-20 

Based on Table 1, the response rates 
were higher for dentists than assistants. 
The dentists, likewise, reported more 
removed, polished and produced amalgam 
than the assistants. The variability of gi
ven values were also larger for the den
tist group. 

HIGH-RISK AND LOW-RISK WASTE, CLASSIFICATION 
AND HANDLING. 

Amalgam contaminated products are sor
ted according to high-risk waste and low-
risk waste. Opinion regarding what is 
high-risk and low-risk waste differed wi
dely, not between dentists and assistants, 
but between individuals. Classification 
of three high-risk products is shown in 
Fig. 1. 
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Fig 1. Classification of three high-risk waste products 
reported by dental personnel (n=178) 
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I t is shown in fig. 1 that opinions differed 
widely with regards to classifying these 
three products. High-risk products, should 
be kept tightly sealed and moistened, but 
handling differed a lot. Extracted teeth 
were saved in a tin and given to dental 
schools by 2% of respondents. Another 2% 
treated them as biodegradable. But ma
jority threw extracted teeth in waste bas
ket. One person reported packing and 
heating them in the autoclave. Most pe
ople who classified collected amalgam 
sludge as low-risk waste threw it in the 
waste basket, but some sucked it up. A 
single person even reported that i t was 
washed down the drain. 

Even for low-risk waste, answers diffe
red, but here some waste products were 
handled with more care than recommen-

• High- CH Low-risk H D o not 

risk use or 

No 

answer 

Fig 2. Classification of six low-risk waste products as 
reported by dental personnel (n=178). 

ded for low risk waste. The answer "do 
not use", is difficult to explain because 
even if not producing new amalgam fil
lings, most dentists still remove old one, 
as majority of the Swedish population have 
amalgam fillings in their teeth. 

Regarding different ways of handling 
low-risk wastes, some respondents said 
"low-risk" without further indicating what 
that term meant. 

A M A L G A M S E P A R A T O R S 

One separator can serve one dental unit 
or several. When serving many units, 
a filter, or particle trap, near the unit, 
collects bigger particles. To get a com
prehension of load to amalgam separators 
viz. how many units was making use of 
separator, number of units connected to 
same separator were gathered. Other 
information such as; type, age, location, 
indicator signal and number of changes 
per year of collecting container were also 
collected. Information from dental person
nel regarding their amalgam separator is 
shown in Table 2. 

According to Table 2, many dental 
personnel are not familiar with characte
ristics of their amalgam separator. In most 
clinics, assistant is responsible for clea
ning and maintenance of amalgam sepa
rator. We expected that knowledge would 
differ between dentists and assistants. 
Answers "Do not know" were therefore 
analysed separately for dentists and 
assistants, and also for personnel in Pri
vate and Public Dental Care. Answer "Do 
not know" for each question is shown in 
Table 3. 

Three dentists and one assistant were 
working in both Private and Public Den
tal Care. Based on table 3, many dentists 
do not know if amalgam separator is pro
vided with indicator, which indicate if it 
is ful l , neither how often collecting con
tainer is changed. Assistants knowledge 
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Table 2. Characteristics of amalgam separators used in dental clinics. (n=178) 

Do not 
Aquarinse, know name 

Amalgam separators used in Norrbotten 
clinics. SRAB 

Mercury 
Master Final 

Rash 
Collector 

of 
separator 

Number of each amalgam separator 
number (%) 

n=54 
(30%) 

n=15 
(8.4%) 

n=6 

(3%) 

n=4 
(2%) 

n=99 
(56%) 

Age of amalgam separator (Year) 

mean (SD) 4.3 (4.4) 7.6 (3) 6.7 (2.9) 6.8 (5.8) 5.5 (4.3) 

Range Oto 15 3 to 10 4 to 10 0.5 to 10 Oto 15 

Do not know age of the separator 33% 5 7 % 

Number of dental units connected with the 
same amalgam separator 

Mean (SD) 8.4 (7.5) 8.8 (3) 1.2 (0.4) 1 (1) 9.3 (7.1) 

Range 1 to 30 1 to 15 1 to 2 1 to 6 Oto 26 

Do not know number of units connected 20% 26% 

Location of amalgam separator 

Near unit 1 1 % 4 0 % 100% 100% 28% 

Outside room 85% 6 0 % 59% 

Do not know location of separator 4% 13% 

Indicator for amalgam collecting container 

Separator with alarm signal 17% 1 % 

Separator with automatic stop, no alarm signal 63% 73% 5 0 % 20% 2 1 % 

Separator without automatic stop, no signal 33% 2 0 % 3 3 % 8 0 % 8% 

Do not know if separator has indicator 4 % 7% 69% 

Changing of amalgam collecting container 
(number of changes per year) 

Mean (SD) 1.8(4) 1.5(1.7) 3.5 (2.6) 1.8(1.1) 20.7 (59.7) 

Range 1 to 30 1 to 7 1 to 6 1 to 3 1 to 200 

Do not know number of changing per year 4 % 20% 20% 58% 

Table 3. Knowledge of amalgam separator, reported "Do 
not know" by dental personnel (n=178). 

Do not know Dentists Assistants 

Dental care Private 
(n=21) 

Public 
(n=76) 

Private Public 
(n=8) (n=77) 

Separator's name 24% 60% 38% 6 4 % 

Separator's age 5% 42% 25% 42% 

Number of units 10% 39% 38% 39% 

Location 0% 4 % 13% 5% 

Indicator signal 19% 4 7 % 38% 38% 

Changing 
Container 

29% 35% 25% 3 7 % 

was at same level. Few persons even 
reported that collector was "changed 
when full", but in the same time, they said 
that separator did not have any indicator 
signal. 5% of dentists reported that amal
gam collecting container was changed 
daily, probably mixing it up with cleaning 
of the filter. 

C L I N I C A N D W A S T E P I P E S 

Mercury accumulates in waste pipes of 
dental clinics. This accumulation, of mer
cury, and not amount of produced amal-
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gam, is believed to cause variations of 
mercury let-out f rom clinics. Amount of 
accumulated mercury depends on age of 
clinic. Fig. 3 shows age of the clinics. 

0-5 6-10 

years years 
4% n % 

>10 

years 

85% 
Fig. 3. Age of dental clinics reported by dental person
nel. (n=178) 

A majority, (85%) of dental personnel, 
worked in clinics that were older than 10 
years, and only 1% were working in new 
clinics. Some clinics were more than 20 
years old and one more than 30 years old. 

Cleaning of waste pipes is shown to 
reduce amount of mercury in waste 
water considerably. In fo rmat ion on 
cleaning or changing of waste pipes for 
the last two years was gathered and is 
shown in Fig. 4. 

According to information in fig. 4, 6% 
reported that waste pipes have been 
cleaned during the last two years, and 
only 3% indicated that pipes have been 
changed. Of 9% with cleaned or changed 
waste pipes, 6% were working in Private 
Dental Care and 3% were working in 
Public Dental Care. As 86% reported that 
clinic was older than 10 years, some even 
as old as 20-30 years, accumulated 
amount of mercury in their waste pipes, 
is probably a heavy mercury burden to 

Cleaned New 
pipes pipes 

Nothing 

done 

54% 
Fig. 4 Condition of waste pipes reported by dental per
sonnel (n=178). 

environment. Especially those clinics 
being 20 and 30 years old without clea
ned or changed waste pipes. 

D I S C U S S I O N 

The low response rate (45%) is probably 
due to that the subject is somehow con
troversial in Sweden and that people who 
have not answered the questionnaire may 
have f i rm ideas that mercury is not an 
environmental problem. This can be jus
tified by high rate of interest for the sub
ject among respondents. Further that no 
follow up letter was sent has contributed 
to low response rate. 

Amount of mercury in waste water, 
f rom dental clinics, depends on amount 
of amalgam fillings produced, removed 
and polished in clinics. Using figures 
given by the Swedish National Board on 
Health and Safety in 1992 (4.3 million new 
dental fillings, 50% of these revising of old 
amalgam), gives an average of 1.3 re
moved amalgam fillings per dentist and 
day for 1991. This is much lower than 
result obtained in this study from Norr
botten, with a mean of 7.0 removed amal
gam fillings per day in 1993. The varia-
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tion is also wide between dentists rang
ing from 0-30 removed and 0-30 pro
duced amalgams per day. 

Classification of mercury contamina
ted products is important, because it 
determines handling of waste product, and 
finally environmental impact. Study result 
indicate that classification not differed 
between dentists and assistants, but bet
ween individuals, which could reflect a 
difference in routines between clinics. 
This is opposite result f r o m environ
mental office, (Gustavsson 1995). Their 
information was based on results f rom a 
questionnaire to 20 clinic, all in the same 
town. This study is based on individual 
questionnaires to 178 dentists and assis
tants, in the whole northern region. As it 
is individuals who perform tasks in cli
nics, their knowledge would better reflect 
real state of routines. 

About half of respondents, classified 
extracted teeth and collected sludge as 
low-risk waste that are mainly thrown in 
waste basket. Mercury vapour wi l l relea
se in working room and afterwards, when 
burnt as refuses, mercury vapour evapora
tes to environment. Sucking up the col
lected sludge, was performed by several 
individuals. This activity is diff icul t to 
understand, as it already has been collec
ted once by the suction system, it wi l l 
probably be collected again in the filter, 
or in amalgam container, resulting in a 
filled filter or container, if not discharged 
in waste water. 

Even if separators have some limita
tions, proper maintenance is shown to be 
the most important factor to reduce out
let of mercury f rom clinic by 50% ac
cording to personnel information f rom 
Sweden Recycling in 1995. 

Proper maintenance require certain 
basic knowledge, viz. where separator is 
placed and where indicator signal is. I f 
amalgam collecting container is fu l l , and 
amalgam separator not provided with an 

indicator signal or automatic stop, all amal
gam particles wil l be discharged in waste 
water. Knowledge about separators was 
low among both dentists and assistants, 
thus could not be explained by different 
task in clinic. Having the separator loca
ted outside the operating room, e.g in the 
cellar, which a majority of dental person
nel in this study reported, might explain 
why dental personnel, who do not know 
name of their separator, have significant 
(p<0.0001) lower knowledge about all 
factors concerning amalgam separator. 

Mercury filter in working room, and 
also instruments are cleaned over wash 
basin. No clinic in Norrbotten is known 
to have wash basin connected to amal
gam separator. K not connected, all amal
gam particles in waste water f rom wash 
basins, are discharged into the ecosystem. 
No information is available about amount 
of mercury let-out f rom this source. 

From a majority of clinics older than 
10 years, very few had cleaned or chan
ged their waste pipes, which can be seen 
as another mercury burden not paid much 
attention to. 

Even if all production of new amalgam 
fillings stops, dental clinics wi l l continue 
remove amalgam as 84% of the Swedish 
population have amalgam fillings in their 
teeth. 

Discussion is going on about ISO Stan
dard for amalgam separators. In the mean 
time, environmental office plan to to visit 
all dental clinics in one year, and then 
regularly every 5 years. 

If municipalities in Norrbotten, also 
demand separators approved by German 
or Danish Standard, many clinics will face 
a costly reality. 

The most effective way to reduce mer
cury-let-out, is proper maintenance of 
separator, which could be reached by 
keeping a service record, and better rou
tines of handling amalgam and amalgam 
contaminated products. 
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C O N C L U S I O N 

To reduce mercury burden to environ
ment f rom dental clinics in Norrbotten, 
better routines and handling of amalgam 
and amalgam contaminated products, as 
well as maintenance of amalgam separa
tors are regarded as important. Another 
thing is connecting of wash basins to amal
gam separator, and cleaning or changing 
of waste pipes in clinics. Information 
should also be provided to all individuals 
working in dental clinics, about their 
own contribution to reduction of mercury 
burden to environment. 
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In a cross sectional study done in 1993 among dental personnel in Norrbotten, self-reported 
prevalence of muscular pain, headache, tremor, insomnia, irritation, impaired memory, and 
depression, as well as information regarding different mercury exposures were collected. 
Mercury exposures were determined as "number of amalgam fillings in teeth," "years in 
practice," "insufficient ventilation at work," "total number of amalgam removed, produced and 
polished per day," and "working in dental clinics." As controls, physicians and nurses from the 
same geographical area were selected. The correlation between symptoms and different 
mercury exposures was calculated using logistic regression. The results suggested a higher 
prevalence of muscular fatigue and tremor for female dental personnel compared to controls. 
Controls reported a lower prevalence of symptoms with increasing number of amalgam fillings 
in teeth. There was no correlation between the number of amalgam fillings handled per day 
and symptoms for dental personnel. Male dental personnel associated muscular fatigue, 
headache, impaired memory, and depression with increased handling of amalgam in the clinic, 
whereas the female dental personnel associated the same symptoms with the number of 
amalgam fillings in teeth. The strongest correlation was found between symptoms and 
insufficient ventilation at dental clinics for dental personnel. 

dental personnel amalgam fillings amalgam handling insufficient ventilation 
muscular pain headache tremor insomnia irritation impaired memory depression 

1. INTRODUCTION 

The classical symptoms related to occupational exposure to "high doses" of inorganic 
mercury are tremor, erethism, and oral cavity disorders. Symptoms associated with 
the nervous system are fatigue, insomnia, poor short-term memory, inability to 
concentrate as well as symptoms affecting the peripheral nervous system (Joselow, 
Louria, & Browder, 1972; Shapiro, Cornblath, Summer, Uzzel, Ship, & Block, 1982). 
Symptoms f rom "long-term low doses" due to inorganic mercury (as exposure in 
dental clinics) are, in contrast, more debatable. Nilsson and Nilsson (1986) found 
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that fatigue, anxiety, insomnia, loss of appetite, tremor, and short-term memory were 
more frequently reported by dental personnel than controls. The greatest number of 
symptoms were found among female dental personnel but no statistically significant 
influence was found. I n another study on members of the Swedish Dental Patient 
Association, surprisingly many reported impaired short term memory (89%), muscular 
and articular pain (83%), headache (82%), irritation (81%), insomnia (73%), tremor 
(69%), and depression (65%). The study consisted of 9 1 % women, most of them 
dental personnel, and no controls were used (Molius & Nilsson, 1992). 

Dental personnel are exposed to mercury not only f rom their own amalgam 
fillings, but also through their working environment. The exposure f rom amalgam 
fillings is calculated to be 8 fig H g per day among those having four or less amalgam 
fillings, and 29 /zg Hg per day for those with more than twelve amalgam fillings 
(Vimy & Lorscheider, 1985). 

There are many problems with estimating mercury levels in the body. I t is still 
not possible to measure the accumulated mercury in a living body. Measuring the 
secretion of mercury is not reliable as it depends on several factors, most of which 
are not yet ful ly understood. Dental personnel are known to have big levels of 
mercury in their blood, urine, faeces, hair, and nails, but the individual variability is 
marked (Jokstad, 1990; Naleway, Sakaguchi, Mitchell, Muller, Ayer, & Hefferen, 
1985; Nilsson, Gerhardsson, & Nordberg, 1990; Skare & Engqvist, 1990). They also 
have higher levels of accumulated mercury in the brain and kidneys than controls 
(Nylander, Friberg, Eggleston, & Björkman, 1989). Dental assistants are shown to 
have higher levels of mercury than dentists (Åkesson, Schutz, & Atterwall, 1991; 
Jokstad, 1990; Nilsson et al., 1990). Female dental personnel also reported a higher 
level of work-related diseases compared to women in other professions (Gahnberg, 
Lindvall, Kinigalakis, Anundi, & Edling, 1993). 

I n one study, human performance in a neurobehavioural test was shown to be 
lower for dentists than controls even when the average level of mercury vapour in 
the clinic was far below the threshold limit value 50 fig/va3. The performance was also 
shown to decrease as the exposure increases. However, clinical examinations did not 
show any overt neurologic and behavioural signs among the dentists, neither did they 
complain of difficulty in performing their jobs (Ngim, Foo, Boey, & Jeyaratnam, 1992). 

2. AIM 

The aim of the study was to see i f the prevalence of muscular pain, headache, 
tremor, insomnia, irritation, impaired memory, and depression was significantly 
higher for dental personnel than controls. I t was also of interest to see i f there was 
a correlation between symptoms and amalgam fillings, years in practice, and the 
handling of amalgam in dental clinic, insufficient ventilation, and working in dental 
clinics. 

3. PARTICIPANTS AND METHODS 

The study was designed as a cross-sectional study. Two questionnaires were sent to 
all dental teams (dentist and chair assistant) working in private and public dental 
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care in the northern part of Sweden. As controls, physicians and nurses working in 
the same geographical area were selected. The response rate was 45% for dental 
personnel and 43% for controls. A total of 179 dental personnel (55 males and 124 
females) and 163 controls (61 males and 102 females) were included in the study. The 
questionnaires were anonymous and a short notice in the County Council's staff 
magazine was the only reminder. Six questionnaires were excluded due to incomplete 
answers. Dental personnel were also asked about their interest in trying new 
protective equipment to mercury vapour, and i f they wanted to get the level of 
mercury vapour in their clinic measured. 

Logistic regression was used for analysing association between mercury exposures 
and the symptoms; muscular fatigue, headache, tremor, insomnia, irritation, impaired 
memory, and depression. Mercury exposures were calculated on the basis of the 
following: number of amalgam fillings in teeth, number of years in practice, total 
number of removed, produced, and polished amalgam fillings per day, insufficient 
ventilation at work, and working in dental clinics. 

4. RESULTS 

When asked about their interest in trying new protective devices for mercury vapour, 
78% o f male dental personnel and 90% of female dental personnel responded 
positively. Asked i f they wanted to get the mercury vapour measured in their dental 
clinics, 55% of male dental personnel and 87% of female dental personnel responded 
positively. 

Study population by age, gender, number of amalgam fillings in teeth, years in 
practice, percentage with insufficient ventilation, and the total number of amalgam 
removed, produced, and polished per day is shown in Table 1. 

T A B L E 1. Details on Dental Personnel and Controls. Comparison Between the Two Groups 

Variables 
Dental Personnel 

n=176 
Controls 
17=163 p value 

Age Mean (SD) Range 42.6 (7.6) 26-63 44.2 (7.5) 22-65 .0370 

Male Mean (SD) 44.7 (8.3) 43.5 (6.6) ns 

Female Mean (SD) 41.7 (7.1) 44.7 (8.1) .0041 

Sex Quota Male/Female 0.4 0.5 ns 

Amalgam Fillings 

< 4 Amalgams Percent 10.8 6.8 ns 

4-12 Amalgams Percent 54.5 59.5 ns 

> 1 2 Amalgams Percent 31.8 33.7 ns 

Years in Practice Mean (SD) Range 17.7 (8.4) 1-38 16.6 (8.3) 1-40 ns 

Insufficient Ventilation Percent 74.6 49.4 <.00001 

Amalgam Handled /Day Mean (SD) Range 12.0 (9.9) 0-65 — — 
0 - 8 Amalgams Percent 36.5 — — 
9-15 Amalgams Percent 25.0 " — — 

16-65 Amalgams Percent 38.5 — — 
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The correlation between symptoms and age was first calculated for dental 
personnel and controls, and after that for female and male dental personnel, and 
female and male controls. The result is shown in Table 2. 

T A B L E 2. Corre la t ion Be tween Symptoms and A g e , for Dental P e r s o n n e l and Controls 

Dental Personnel Controls 

All Dental Male Female Male Female 

Symptoms Personnel IT=55 17=123 All Controls n=61 n=102 

Depression ns ns ns ns ns ns 

Fatigue ns ns p=.023 ns ns ns 

Headache (-) p=.009 p=.032 ns ns ns p=.059 

Impaired memory ns ns ns p=.002 ns p=.013 

Insomnia ns ns ns p=.062 ns ns 

Irritation ns ns ns ns ns ns 

Tremor (-) ns ns ns ns ns p=.047 

The prevalence of headache decreased significantly wi th increasing age for all 
dental personnel, male dental personnel, and'female controls. Female controls also 
reported a lower prevalence of tremor with increasing age. Impaired memory and 
insomnia increased with increasing age for controls. Female dental personnel re
ported a higher prevalence of muscular fatigue with increasing age. 

The relation between symptom and year in practice was calculated for dental 
personnel and controls, and for male and female. The result is shown in Table 3. 
When correlating for age, the prevalence of tremor increased with increasing year in 
practice for female dental personnel, all dental personnel, and female controls. Male 
controls reported a lower prevalence of tremor with more years in practice. 

T A B L E 3. Corre la t ion Between Symptoms and Y e a r in Prac t ice , for Dental P e r s o n n e l and 

Contro ls , Control l ing for A g e 

Dental Personnel #7=178 Controls n = 163 

All Dental Male Female Male Female 
Symptoms Personnel n=5S n=123 All Controls n = 61 17=102 

Depression ns ns ns ns ns ns 

Fatigue p=.046 ns ns ns ns ns 

Headache ns ns ns ns ns ns 

impaired memory p=.008 ns ns ns ns ns 

Insomnia ns ns ns ns ns ns 

Irritation ns ns ns ns ns ns 

Tremor p=.042 ns p=.025 ns p=.072* p=.035 

Note. * negative correlation. 

The correlation between symptoms and work was calculated for male and female. 
As shown in Table 4, female dental personnel reported higher prevalence of muscular 
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fatigue and tremor, and lower prevalence of irritation than female controls. Male 
dental personnel reported lower prevalence of all symptoms except impaired memory, 
and significantly lower prevalence of depression compared to male controls. 

T A B L E 4. Corre lat ion B e t w e e n Symptoms and Work. O d d s Rat io Compar ing Dental 

P e r s o n n e l With Contro ls , Control l ing for Age 

Dental Personnel Controls Odds Ratio 95% Confidence Interval, 
n = 178 n = 163 p value Controlling for Age 

Symptoms 

Male 
n = 55 

(%) 

Female 
n = 123 

(%) 

Male 

n = 61 

(%) 

Female 
n = 102 

(%) Male Female 

Depression 23.6 43.0 45.9 43.8 0.37(0.17' -0.83) p = .016 ns 

Fatigue 25.5 52.5 26.2 38.8 ns 1.76(1.02-3.05) p = .042 

Headache 52.7 79.0 59.0 74.8 ns ns 

Impaired Memory 36.4 44.6 27.9 38.1 ns ns 

Insomnia 20.0 33.9 34.4 40.0 ns ns 

Irritation 41.8 56.7 59.0 68.6 ns 0.58(0.33-1.01) p = .054 

Tremor 12.7 20.2 16.4 8.6 ns 2.44(1.06-5.63) p = .036 

T A B L E 5. Corre lat ion Between Symptom and Number of A m a l g a m Fi l l ings in Teeth. 

O d d s Rat io Compar ing T h o s e With < 4, 4-12, and > 12 A m a l g a m F i l l ings , for Dental 

P e r s o n n e l and Controls 

< 4 Amalgam 4-12 Amalgam > 12 Amalgam 

Variables 
Fillings 

(%) 

Fillings 

(%) 

Fillings 

(%) 

Odds Ratio 
Controlling for Age 

Dental Personnel n = 19 n = 96 fl = 56 

Controls n = 11 n = 97 fl = 55 

Depression Dental Personnel 36.8 36.1 38.6 ns 

Controls 81.8 40.6 44.6 ns 

Fatigue Dental Personnel 31.6 46.4 44.6 ns 

Controls 72.7 34.7 23.2 0.44 (0.24-0.81) p = .008 

Headache Dental Personnel 63.2 75.8 65.5 ns 

Controls 90.9 72.6 58.9 0.45 (0.26-0.89) p = .020 

Impaired Dental Personnel 52.6 34.7 53.6 ns 

Memory Controls 72.7 27.1 37.5 ns 

Insomnia Dental Personnel 21.1 31.3 27.6 ns 

Controls 81.8 36.5 32.1 0.49(0.28-0.89) p = .018 

Irritation Dental Personnel 47.7 55.1 50.9 •ns 

Controls 81.8 64.6 60.7 ns 

Tremor Dental Personnel 15.8 18.2 19.0 ns 

Controls 36.4 12.5 5.4 0.32(0.13-0.78) p = .013 
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The correlation between symptoms and number of amalgam fillings in teeth was 
calculated. The result shows a significant negative correlation for muscular fatigue, 
headache, insomnia, and tremor with an increasing number of amalgam fillings in 
teeth for controls as Table 5 shows. For dental personnel there was no significant 
correlation between symptoms and the number of amalgam fillings in teeth. Figure 1 

fatigue headache impaired depression tremor 
memory 

• < 4 ( n = 1 2 ) • 4 - 1 2 ( 7 7 = 72) D>12 ( / J=35 ) 

F i g u r e 1. Correlat ion between symptoms and number of ama lgam fi l l ings in teeth, for 

f e m a l e dental pe rsonne l . 

fatigue headache impaired 
memory 

depression irritation 

D 0-7 (n= 19) B 8 - 1 5 ( n = 1 4 ) • 16-65 {n = 20) 

F i g u r e 2. Correlat ion between symptoms and number of ama lgam f i l l ings removed , 

p r o d u c e d , and pol ished per day , for ma le dental pe rsonne l . 
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shows that female dental personnel reported a higher prevalence (not significant) of 
muscular fatigue, headache, impaired memory, depression, and tremor with an 
increasing number of amalgam fillings in teeth. 

T A B L E 6. Corre lat ion B e t w e e n Symptom and Number of A m a l g a m Fi l l ings Handled per 

Day in Dental C l in ic , for Male and F e m a l e Dental Personne l (n = 174) 

Variables 

< 7 Amalgams 
per Day 

(%) 

8-15 Amalgams 16-65 Amalgams 
per Day per Day 

(%) (%) 

Odds Ratio 
Controlling 

for Age 

Male n = 19 n = 14 n = 20 

Female n = 63 n = 33 n = 25 

Depression Male 21.0 21.4 25.0 ns 

Female 46.8 39.4 38.5 ns 

Fatigue Male 21.0 21.4 30.0 ns 

Female 51.6 51.5 56.0 ns 

Headache Male 42.9 57.1 60.0 ns 

Female 83.1 75.8 73.1 ns 

Impaired Memory Male 23.0 35.7 50.0 ns 

Female 50.0 36.4 42.3 ns 

Insomnia Male 19.0 7.1 30.0 ns 

Female 38.5 24.2 34.6 ns 

Irritation Male 33.3 42.9 50.0 ns 

Female 58.2 48.4 61.5 ns 

Tremor Male 19.0 0 15.0 ns 

Female 23.0 12.1 23.1 ns 

Male dental personnel reported a higher prevalence (not significant) of muscular 
fatigue, headache, impaired memory, depression, and irritation with number of 
amalgam fillings handled per day as shown in Figure 2. For female dental personnel, 
no correlation was found between symptoms and number of amalgam fillings 
handled per day in clinics as is shown in Table 6. 

When calculating correlation between insufficient ventilation at work, results 
show that controls reported significantly higher prevalence of muscular fatigue, 
headache, insomnia, and irritation with insufficient ventilation but lower prevalence 
of tremor. Depression and impaired memory were not correlated with insufficient 

ventilation for controls. There was a strong correlation between all symptoms and 
insufficient ventilation for dental personnel as shown in Table 7. 
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T A B L E 7. Corre lat ion Be tween Symptoms and Venti lat ion. Odds Ratio C o m p a r i n g T h o s e 

With Insufficient Ventilation With T h o s e Without C o m p l a i n s , for Dental P e r s o n n e l and 

Contro ls 

Variables 

insufficient 
Ventilation 

(%) 

No 
Complaints 

(%) 

Odds Ratio 
Controlling for Age 

Dental Personnel n = 132 n = 45 

Controls n = 81 n = 82 

Depression Dental Personnel 42.3 18.2 3.78 (1.55-8.86) p = .003 

Controls 50.0 40.2 ns 

Fatigue Dental Personnel 50.0 25.0 3.30 (1.50-7.27) p = .003 

Controls 42.5 26.8 2.00 (1.03-3.87) p = .041 

Headache Dental Personnel 78.0 48.9 3.17 (1.51-6.61) p = .002 

Controls 83.3 53.7 4.30 (2.10-69.30) p < .001 

Impaired Memory Dental Personnel 50.0 15.9 7.0 (2.74-17.91) p < .001 

Controls 33.8 34.1 ns 

Insomnia Dental Personnel 34.1 15.6 3.40 (1.23-7.51) p = .016 

Controls 46.3 31.7 1.94 (1.01-3.71) p = .047 

Irritation Dental Personnel 59.7 27.3 4.20 (1.86-8.69) p < .001 

Controls 72.5 57.3 1.97 (1.02-3.81) p = .043 

Tremor Dental Personnel 21.2 8.9 3.10 (0.99-9.86) p = .051 

Controls 5.0 18.3 0.22 (0.07-0.72) p = .012 

5. DISCUSSION 

Because mercury is a somewhat controversial subject in Sweden, the questionnaires 
were anonymous and no reminder was sent. The low response rate (45%) is probably 
due to this fact and that people who did not answer the questionnaire may already 
have f i rm ideas that mercury is not a health problem. This can be justified by the 
high rate of interest among the respondents. Almost 90% of dental personnel 
returned the enclosed form leaving their name and address, expressing interest in 
trying new protective equipment when handling amalgam. Further, 87% of females 
and 55% of males wanted to get the mercury level measured in their clinics, which 
shows a great concern for the working environment. Some of the respondents, both 
dental personnel and controls, mentioned that they had substituted all their amalgam 
fillings with other material. Thus, the domain of this study was probably dental and 
medical personnel, who had a great interest in the subject and were concerned about 
amalgam and mercury. The result might thus reflect the opinion o f this group. 

By choosing physicians and nurses as controls, i t was assumed that cases and 
controls were similar in all respects, apart f rom mercury exposure at work. Controls 
were selected f rom the same geographical area with age, socioeconomic status, work 
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load, and work organisation assumed to be similar. Only when comparing with respect 
to gender, female dental personnel were slightly younger than female controls. 

When analysing symptoms with different mercury exposures, female dental 
personnel reported significantly higher prevalence of muscular fatigue and tremor 
compared to female controls but the association was weak. Also, there was 
a correlation between muscular fatigue and year in practice for female dental 
personnel. Thus, static load of muscles and repetitive tasks in the clinic (and possibly 
at home) is another possible causal factors. Male dental personnel reported lower 
prevalence of all symptoms compared to controls, for depression even significantly 
lower. Headache was the only symptom dental personnel in this study reported at 
the same level (80%) as earlier reported by Molius and Nilsson (1992) but the 
prevalence was not significantly higher for dental personnel than controls. 

Controls show a negative correlation between symptoms and number of amalgam 
fillings (four of the symptoms even significantly) but females reported an increased 
prevalence of five symptoms (not significant) with increased number of amalgam 
fillings i n teeth. 

Significantly more dental personnel reported ventilation to be insufficient. This is 
a serious problem in dentistry. One of the most important factors when working with 
mercury is proper ventilation to reduce diffusion of mercury vapour in the room air. 
Dental personnel also associated all symptoms with insufficient ventilation in their 
clinic. 

There was no strong association for any of the selected mercury exposures with 
symptoms, except insufficient ventilation. Even i f association was absent in some 
categories, the association was generally weak and no consistent dose-response 
correlation was found for any exposure. Conclusion cannot be drawn that mercury 
exposure was a causal factor of any of the symptoms in this study. The results 
nonetheless reflect the opinion among females that amalgam dental fillings are 
associated with certain symptoms. Also among males the same symptoms are 
associated with the number of amalgam fillings handled per day in the clinic. I t is 
also interesting to note that the same symptoms are chosen by both male and female 
dental personnel, but prevalent under different exposure to mercury. This might 
reflect a gender difference, resulting f rom gender-role norms, (Eagly, 1987; Eagly 
& Wood, 1991), rather than a biological difference between genders. 

One limitation wi th this study is that mercury exposures were based on self-
assessment. The sensitivity is shown to be low on self-reports of occupational 
exposures (Fritschi, Sierniatycki, & Richardson, 1996). Moreover, there were relatively 
few participants at some exposure levels. The results nonetheless reflect the opinion 
among dental personnel in this study that mercury exposure f rom amalgam fillings, 
amalgam handled in the clinics, and insufficient ventilation are associated with 
certain symptoms. 

6. CONCLUSION 

This study reveals that female dental personnel reported a significantly higher 
prevalence of muscular fatigue and tremor compared to controls but association was 
weak. Muscular fatigue was also associated with year in practice for female dental 
personnel and, thus, i t may be explained by static load and repetitive tasks in the 
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clinics and at home. Tremor was associated with year in practice for both female 
dental personnel and female controls. Male dental personnel reported a lower 
prevalence of all symptoms compared to controls. A case-control study wi l l not 
prove that the causation, i f any, is causal. I t can give an approximation to the 
relative risk for an exposed group. I n this case, the majority of the dental personnel 
in this study believed that exposure to mercury (amalgam fillings, ventilation, and 
amalgam handling) can be associated with most of the symptoms they have 
experienced or reported. 
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A B S T R A C T 

Dentistry uses a variety of different polymer materials. Dental polymer materials are 
based on methacrylate, its polymer, and polyelectrolytes. The setting of restorative 
materials and adhesives is initiated chemically by mixing two components or by light. 
In both cases, polymerisation is incomplete and monomers, not reacted, release. 
Studies have documented that monomers may cause a wide range of adverse health 
effects such as irritation to skin, eyes or mucous membranes, allergic dermatitis, 
asthma, parenthesise in the fingers, and disturbances from central nervous system 
such as; headache, pain in the extremities, nausea, loss of appetite, fatigue, sleep 
disturbances, irritability, loss of memory and changes in blood parameters. Dental 
personnel are occupationally exposed when handling the non reacted monomers. The 
use of gloves do not give enough protection as monomers, released from the material, 
easily penetrate all gloves used in dentistry. Face masks do not prevent inhalation of 
monomers. Ordinary glasses do not protect the eyes against vapor from monomers. 
The result f rom this study demonstrate the need for the development of ergonomic 
procedures and practices for safe handling of such materials in dental clinics. 

S A M M A N F A T T N I N G 

Inom tandvården används en mängd olika polymera material. Dentala polymerer kan 
bestå av metylmetakrylat, polymerer av metylmetakrylat och polyelektrolyter. Polyme-
riseringen av tandfyllningsmaterial och adhesiver sker antingen kemiskt, genom att 
två ämnen blandas, eller med hjälp av ljus. I båda fallen blir polymeriseringen ofullstän
dig och oreagerade monomerer kvarstår. Studier har visat att monomerer kan irritera 
hud, ögon och slemhinnor, ge allergiskt hudeksem, astma, känslobortfall i fingrar, men 
också symptom från nervsystemet i form av huvudvärk, värk i extremiteterna, illa
mående, aptitlöshet, trötthet, sömnlöshet, irritation, minnesförlust och förändring i 
blodparametrarna. Tandvårdspersonal är yrkesmässigt exponerad eftersom de manu
ellt hanterar oreagerade monomerer. Användning av handskar ger ej fullgott skydd 
eftersom monomerer lätt kan tränga igenom handskarna. De munskydd som används, 
kan ej hindra inhalering av monomerer. Vanliga glasögon skyddar ej ögonen mot 
monomerånga. Resultatet från denna studien visar att det finns ett behov av att utveck
la ergonomiska råd och rutiner för en säker hantering av polymera material på tand
klinikerna. 
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I N T R O D U C T I O N 

Dental polymer materials are essential ele
ments in modern dental practice. Modern 
bonding techniques and amalgam substi
tutes as a restorative material, have en
hanced the development of new materials 
based on different polymer materials, 
some with unknown, or partly unknown, 
content. 

Dental polymers are either based on 
polyelectrolytes, such as polyacrylic acids, 
or methyl methacrylate (MMA) and its 
polymer. Polyelectrolytes are basic com
ponents of dental restorative glass-iono-
mer cement, epimine resin, silicone, po-
lyether and polysulfide elastomeric im
pression materials. Methyl methacrylate 
and its polymers are components of den
ture bases, artificial teeth, crowns and 
bridges, orthodontic appliances, adhesi
ves and dental coloured cavity fill ing ma
terials. To improve mechanical properties, 
cross-linking agents such as dimethacry-
lates, are added, (Ruyter & Øysæd (1988). 
Polymerisation of polymer restorative ma
terials is initiated chemically, by mixing 
two components, or by light, (visible- or 
UV-light). To trigger the polymerisation, 
initiators and accelerators are added. In
hibitors and antioxidants are used to im
prove stability during storing. Apart from 
additives, many polymers contain, fillers 
consisting of glass, quartz, amorphous si
lica or other fillers, coated by a coupling 
agent. Polymerisation is not complete, 
non reacted components always remain, 
(Ruyter & Sjøvik 1981). 

Methyl methacrylate, is a well-known 
irritant to skin, eyes or mucous mem
branes. The first reports about hypersen
sitivity to methyl methacrylate came in 
1941, (Stevenson 1941, Moody 1941). In 
1952 Stoy demonstrated that dental tech
nicians develop hand eczema through 
handling of methyl methacrylate, (Stoy 
1952). Several cases of allergic contact der
matitis caused by methyl methacrylate, 

and its polymers, have been reported, 
(Jacobsen & Hensten-Pettersen 1989, Ka
nerva, Estlander & Julanki 1989, Munks
gaard & Knudsen 1990, Hensten-Pettersen 
& Jacobsen 1991, Kanerva et al (May) 
1993). 

Apart f rom contact sensitisation, acry
lates have been reported to cause respira
tory symptoms, mainly astma, in many 
studies, (Lozewicz et al 1985, Kopp et al 
1985, Pickering et al 1986, Roy et al 1989, 
Nakazawa 1990, Basker & Hunter 1990, 
De Zotti & Larese 1990, Reynaud et al 1990, 
Kanerva et al 1992, Savonius 1993). 

Many additives are shown to cause al
lergies such as; N,N-dimethyl-4-toluidine 
(Tosti et al 1990, Vershueren & Bruynzeel 
1991), 4-tolyl-diethanolamine (Farli et al. 
1990), Hydroquinone, (Van Ketel 1984, 
Torres et al 1992), Benzotriazoles (Arisu 
etal 1992), Benzophenones, (Cronin 1980, 
Kanerva et al 1993). Even impurities may 
cause tissue reactions, (Altuna & Free
man 1985, Altuna & Freeman 1987, Niini-
mäki et al 1983). The new light-cured acry
lics are more potent sensitizators than 
methyl methacrylate, (Kanerva et al 1993). 

Dermal exposure to methyl methacry
late may cause local neurotoxicity with 
reduced nerve conduction velocity, cold
ness and numbness, (Seppäläinen & Ra
janiemi 1984, Rajaniemi 1986). Other ad
verse effects to nervous system, reported 
after exposure to methyl methacrylate 
were; headache, pain in the extremities, 
nausea, loss of appetite, fatigue, sleep dis
turbances, irritability and loss of memo
ry; (Innes & Tansy 1981, DFG 1984, Froi-
nes & Garabrant 1986, Pagniano, et al 
1986, NTP 1987). 

The use of gloves does not give enough 
protection as monomers, can easily pene
trate all gloves used in dentistry. (Pegum 
& Medhurst 1971, Fries et al 1975, Riet-
schuld et al 1984). Triethylenglycol dimet
hacrylate (TEGDMA) and 2-hydroxiethyl 
dimethacrylate (HEMA) penetrate vinyl 
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gloves after 1-3 minutes and latex gloves 
after 20 minutes. Urethane dimethacryla
te (UEDMA) and 2,2-bis(4(2-hydroxy-
3methacryloxypropoxy) phenyl) propan 
(Bis-GMA) penetrate vinyl gloves after 20 
minutes and latex gloves after 80 minu
tes, (Munksgaard 1992). The smallest 
monomer, methyl methacrylate (MMA), 
penetrate surgeon gloves after 1-2.5 mi
nutes, (Waegemaekers et al 1983). Respi
rable dental resin particles are released 
when grinding polymers with high-speed 
dental hand pieces. Using dental face 
masks give clinicians a false sense of pro
tection as typically worn masks retain less 
than 42% of respirable particles, (Collard 
etal. 1991). 

The increasing use of different poly
mer materials in dentistry, is a cause of 
great concern among dental personnel, 
because they are handling the non reac
ted polymer products manually and are 
therefore at risk. 

A I M 

The objective of this study was to identify 
risks associated with handling of dental 
polymer materials and to gather knowled
ge on preventative measures for handling 
the materials. Development of Ergonomic 
practices and procedures was an additio
nal goal to the study. 

P O P U L A T I O N S T U D I E D 

Nineteen dentists, (7 men and 12 women), 
and 20 dental nurses were included in this 
study. They were working in four clinics 
of different sizes; one orthodontic clinic 
with 5 dental teams and three general den
tal clinics with 1, 3, and 10 dental teams. 
The average "number of year in practice" 
for male dentists was 26 years, ranging 
f rom 13-35 years. (SD 7), for female den
tist 16 years, ranging from 9-31 years (SD 

6.6), and for nurses 18 years, ranging from 
12-28 years. (SD 6). 

M E T H O D S 

Dental teams (dentist and chair assistant) 
working in four public dental clinics in 
northern part of Sweden, were selected 
by the County Council to participate in 
the study. The selected clinics had initia
ted exposure control practices and proce
dures, after reported adverse health attri
buted to dental polymers. A theoretic 
model of exposure to polymers in dental 
clinics was developed. In this model the 
choice of material, time of exposure, and 
use of protective devices, was studied. A 
checklist was used to follow the procedu
res for handling of dental polymers from 
storage/mixing, treatment of the patient, 
to cleaning/waste disposal. Also identified 
was the type of polymer handling in which 
dentist and nurse were involved. Time of 
exposure was defined as the time from 
opening the non reacted polymer product, 
or the time when grinding started, to 
the time when material was cured in the 
teeth, or grinding was finished. Both risk 
taking behaviour and various measures 
taken by the personnel to prevent expo
sure to dental polymers were identified 
and recorded. 

A method similar to Ergonomic check
points (ILO 1996) was used to develop 
recommendations, called "reflect upon 
when handling polymers". Ergonomic 
checkpoints have been developed in col
laboration between the International La
bour Office (ILO) and the International 
Ergonomic Association (IEA) with the ob
jective of bridging some of the gaps 
between research and practical actions. 
Ergonomic checkpoints has been proven 
to be a useful tool to improve working 
conditions for better safe, health, and effi
ciency, by offering practical low-cost solu
tions to ergonomic problems. The check-
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points contain teoretical information 
( W H Y this is a problem, hazard or an 
issue for consideration), and practical in
formation ('HOW' to eliminate and con
trol the existing problem). The check
points also contain additional information 
on the subject ('SOME MORE HINTS') 
and highlight the most important practi
cal issues that should be remembered 
('POINTSTO REMEMBER'). 

R E S U L T S 

STORAGE AND MIXTURE 

Typical written product information about 
dental polymers, available from manufac
tures, specifies that non reacted material 
should be kept closed and stored in cool 
dry places. In 85% of the clinics observed, 
polymer materials were kept on a tray on 
bench, just behind the operating chair. In 
all operating rooms studied, a bench is 
placed over the electric element in front 
of the window. Only 15% of the work areas 
studied, stored the material as recommen
ded. According to observations, dental 
nurses were involved in storage/mixing, 

treatments and cleaning/waste disposal, 
while dentists mainly were involved in tre
atments. One female dentist cleaned in
struments and deposited material. 

TREATMENTS INVOLVING EXPOSURE TO DENTAL 

POLYMERS IN THE CLINICS. 

A total of 84 treatments involving hand
ling of dental polymers were identified; 
cavity fillings, bonding of orthodontic app
liances and grindings, (after removal of 
orthodontic appliances, when correcting 
dentures or mouth-pieces). The times of 
exposure for 52 cavity fillings, 25 bon
dings, and 7 grindings were recorded. The 
times of exposure during different treat
ments are shown in Fig. 1. 

Personal protective devices used by 
dental nurses during mixing, treatment 
and cleaning/waste disposal are shown in 
Fig. 2. 

As Figure 2 shows, no dental nurses 
use safety glasses, and during more than 
half of all treatments, gloves were remo
ved before cleaning/waste disposal. Wit
hout being aware of it, many were wea-
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Fig. 1. Time of exposure, for cavity 
fillings, bondings and grindings. 

Figure 2. Personnel protective devices used by dental 
nurses during mixing, treatment and cleaning/disposal. 
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ring, or pulling down the face mask under 
the nose or chin. 

As dentists mainly are involved only in 
treatments, the personal protective devi
ces used by dentists during treatments 
are shown in figure 3. Different type of 
gloves used by dental personnel studied, 
is shown in figure 4. 
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Figure 4. Different type of gloves used by dentists and 
dental nurses in clinics study 
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Figure 3. Personnel protective devices used by the den
tists. 

According to Figure 3, no dentists used 
safety glasses and very few used a visor 
during grindings. Most dentists studied 
wear ordinary glasses for vision. As well 
as dental nurses, many dentists wore face 
mask under the nose or chin. 

As figure 4 shows, vinyl gloves are used 
more often than latex gloves. Two den
tists used double gloves. One dentist had 
cotton gloves under the operating gloves 
due to hand eczema. Another used both 
latex and vinyl gloves. 

Information such as composition and 
recommendations on which protective 
equipment to be used, are available from 
manufacturer. The written information on 

the dental polymer materials used by den
tal teams in this study are shown in Table 
1 and 2. 

According to Table 1. many of the pro
ducts do not declare all contents and some 
products are composed by more than one 
dental polymer, thus require special at
tention. When it comes to recommenda
tions on protective devices, all except one 
product used in the clinics, recommend 
use of safety glasses or eye protective de
vices. None of the dental teams in the 
study, had access to safety glasses or eye 
protective devices. Most dentists wear or
dinary glasses that give no protection to 
vapour f rom dental polymer. Two pro
ducts, even recommend gloves made of 
special material. For several products it 
was also pointed out that "proper ventila
tion" is needed when handling the materi
al. More than 70% of the personnel stu
died, commented that they found ventila
tion insufficient. 
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Table 1. Composition of polymer materials used in the dental clinics studied, from manufacturer's product list. 

~ COMMONLY USED DENTAL 

POLYMERS 

BIS- OTHER Composition 

MMA HEMA TEGDMA UEDMA GMA POLYMER information given % 

All Bond bonding X X 
All Bond primer A & B X 100% 
Ana Norm anterior X X X X 100% 

Ana Norm bonding X X X X 100% 
Ana Norm posterior X X X X 100% 
A q u a c e m X 10-30%* 

Dyract X 10-30% 
Dyract-PSA prime/adhesive X X 100% 
Fuji II X 5-10%* 

Fuji II LC X 0%* 30-100%** 
Light-Bond X X No amount given 
Prisma Univ. Bond primer X 100% 
Prisma Universal Bond X 30-100% 
Protemp X 10-30% 
Saga Sealent Universal X No amount given 
Scotchbond Multi Purpose X X X X 54% 
System 1 + X X X 2 1 % 
Vrtremer X X 100% 
Vitremer primer X X 100% 

* = powder ** = liquid 

Table 2. Precautionary notes from sheets about the dental polymer materials that were used in clinics studied. 

Respiratory Tract Eyes Skin Other 

Precautions 
Product Avoid Use Avoid Use Eye Use Avoid Use Specific P r o p e f 

Name inhalation Mask contact Protective Safety contact Gloves Gloves Ventilation 
Devices glasses needed 

All Bond X X 
Ana Norm X X 
Aquacem X X 
Dyract X X X X 
Fuji II X X 

Fuji Ii LC X X 
Light-Bond X X 

Prisma Bond X X X X X 
Protemp X X 
Saga Sealent X X X 
Scotchbond X X X X X X* 

System 1 + X X X X 
Vitremer X X X " X 

Use gloves made of Nitrile rubber 
; Use gloves made of Polyvinyl alcohol, Neoprene, Butyl rubber or Nitrile rubber 

CLEANING AND WASTE DISPOSAL 

The dental nurses cleaned instruments and 
disposed waste materials. In 67% of the 
rooms, wastes were thrown into an un

covered container, which in most cases 
(95%), was placed near the operating chair. 
In 5% of the rooms, dental nurse used a 
closed plastic can for remaining polymers 
and products contaminated by polymers. 
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RISKY BEHAVIOURS AND INTERVENTIONS 

Dental personnel were concerned about 
health risks f rom exposure to polymers 
and some followed safe practices such as 
using suction equipment to remove va
pours/particles, pipettes to draw limited 
amounts of reactive agents for immediate 
application, fans to remove vapours and 
curing excess materials. However, use 
of safe practices and procedures was not 
uniform between treatments or among all 
personnel studied. For example, when 
light curing the material, dentists expo
sed their fingers to non reacted material 
that should be avoided by using ergono-
mically designed equipment. 

ERGONOMIC CHECKPOINTS 

Based on the teoretical and practical in
formation, four ergonomic checkpoints 
were developed. Each checkpoint indica
te an action "why" it is necessary and 
"how" to carry it out; i t also provides 
further hints and points to remember as 
follows; 

1. Use Gloves 

WHY 
• Skin contact may cause burning and 
flushing sensation. 

• May penetrate the skin. Risk of develo
ping allergic eczema upon repeated or pro
longed skin contact. 

HOW 
• Use gloves during the whole procedu
re, from opening the non-reacted product, 
or when grinding starts, during mixing 
and treatment of patient, to cleaning/ 
waste disposal. 

SOME HINTS 
• Read information from manufacturer on 
each product used. Are gloves made of 
special material recommended? Use re
commended gloves. 

REMEMBER 
• Gloves protect only a limited time, 
change at least between every patient. 
• If gloves are removed e.g. for answe
ring the phone, making an appointment, 
do not forget to use new gloves before 
proceeding. 

2. Use face mask 

WHY 

• Inhalation of monomer vapour may 
cause burning sensation in nose and 
pharynx including coughing. High level 
of exposure may cause dizziness, vomit
ing, and difficulties in breathing. Long 
time exposure may cause headache, 
fatigue, loss of appetite, pain in arms and 
legs, and loss of memory. 

• Particles inhaled may cause respirato
r y symptoms and lung disease. Face 
masks retain about 40% of respirable 
particles. 

HOW 
• Use face mask during the whole proce
dure. 

• Use face mask over both nose and 
mouth. 

• Change at least between every patient. 

SOME HINTS 

• Use pipette to draw limited amounts of 
viz. bonding and primer, from bottles for 
immediate application 
• Have nurse assisting with suction equip
ment to remove particles and vapours. 

• Install a hold for suction equipment 
close to operating chair. To use when 
nurse can not assist. 

• A fan close to operating chair will redu
ce amount of vapour in breathing zone 
and increase comfort. 

• Use sleeve when grinding viz. dentu
res and mouth pieces. 
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3. Use safety glasses or eye protective 
devices. 

WHY 
• High levels of vapour, or drops in the 
eyes cause strong burning sensation and 
increased flow of tears that might remain 
for several days. 

HOW 
• Read information f rom manufacturer. 
What is recommended? Use that. 

SOME HINTS 
• Using a visor when grinding protect 
eyes from particles. 

REMEMBER 
• Ordinary glasses do not protect eyes 
from monomer vapour. 

• If drops of monomer reaches the eyes, 
wash immediately with water for several 
minutes. Contact physician. 

4. Store polymer material and waste 
products closed and far from operating 
chair. 

WHY 
• The amount of monomer vapour emit
ted into work environment is reduced. 

• The risk of getting eyes and respirato
ry tract irritated by monomer vapour is 
reduced. 

HOW 
• Keep monomer products in a sealed 
container. 

• Store material and waste products far 
from operating chair. 

SOME HINTS 
• Cure remaining material before thro
wing it away. 

• Polymer waste products can be kept in 
a plastic bag in an empty tin, change plas
tic bag daily. 

REMEMBER 
• Do not store material near operating 
chair. 

• Every time waste container is opened, 
monomer vapour wil l emit into work en
vironment. 
• Even gloves, cotton reels, and napkins 
may contain small amounts of polymer 
materials. 
• If polymer waste products are thrown 
in an open waste basket, small amounts 
of vapour wi l l emit into work environ
ment. 

D I S C U S S I O N 

Ergonomic checkpoints are based on both 
theoretical and practical information. An 
important part is identification of local im
provements, achieved at grass-roots level, 
that should be made known to other work
places where similar improvements are 
possible. Ergonomic checkpoints empha-
se on concrete and visual presentation 
with the goals of problem solving and 
solution finding. The analytical part is 
therefore minimized in favour of practical 
solutions. Users of ergonomic checkponts 
can learn various kinds of solutions that 
are inexpensive and therefore applicable. 
The checkpoints can also be used as gui
dance for discussions in the dental clinics. 

One limitation with an observation stu
dy is that people might act in a different 
way when observed. I t could be seen that, 
when following a dental team the whole 
day, people were more concerned about 
using personnel protective devices, and 
materials were handled with more care, 
at the start of the day compared to the 
end of the working day. This could be 
explained by the subjects' tendency to 
forget being observed or simply due to 
general fatique. 

The 19 dental teams were working in 
four clinics that had initiated exposure 
control practices and procedures after 
reported adverse health effects among the 
personnel. Thus the result probably re-
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fleet the lack of adequate information 
to dental personnel who are concerned 
about their work environment, more than 
the general attitude among dental per
sonnel. 

The dental nurses are probably not 
aware of their extent of cumulative mono
mer exposure during their part of the work 
in mixing, treatment and disposal. This 
might explain why more than 80% used 
gloves when opening the non-reacted 
monomer product and mixing the materi
als, but only about 40% used gloves during 
cleaning and waste disposal. Another fac
tor observed was that, when answering 
the telephone, giving the patient a new 
appointment, or wri t ing, many nurses 
removed gloves, and forgot to put on new 
ones, before cleaning/waste disposal. 
Only two dentists were not using gloves 
at all, explaining that it made them 
working more proper without gloves. 
Surprisingly many, both dental nurses and 
dentists, were not aware of wearing face 
mask under the nose or chin. 

A majority of the polymer products used 
in this study, recommend use of safety 
glasses. Methyl methacrylate is a well-
known irritant to human eyes. Other ef
fects on human eyes have not been stu
died but, one animal study have documen
ted reversible inflammation and oedema 
in rabbit eyes after exposure to methyl 
methacrylate (Spealman etal 1945). None 
of the dental teams in this study had 
access to safety glasses but, most dentists 
wear ordinary glasses, thus having no 
protection to monomer vapour from poly
mer products. 

Al l dental personnel expressed interest 
in learning how to handle dental polymers 
in a safe and healthy manner but, there 
are currently no standards to follow. 
Manufacturer data on polymers, needs to 
be comprehensive so that any universal 
handling practices and procedures may 
be correctly followed. 
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dental polymers; monomer exposure; protective equipment; preventive measures. 

Dentists use a variety of dental polymers. The polymers are based on methacrylate 
components or polyether. The setting is initiated chemically by mixing two 
components or by light. In both cases polymerisation is incomplete and components 
non reacted are released. Studies have documented that these components cause a 
wide range of adverse health effects. The use of gloves do not give enough protection 
as monomers, released from the material, easily penetrate all gloves used in dentistry. 
The results from this study demonstrate the need for the development of ergonomic 
procedures and practices for safe handling of such materials. 

INTRODUCTION 
Essential elements in modern Dental Practice are Dental polymers and use is increasing as the 
main substitute for amalgam as a cavity filling material. Dental Polymers are either based on 
polyether or methyl methacrylate (MMA) and its polymer. To improve the mechanical 
properties, stability during storing and to trigger polymerisation; cross-linking agents, inhibitors, 
antioxidants, initiators, accelerators etc. are added. The Polymerisation is initiated chemically, by 
mixing two components, or by light curing (visible- or UV-light). Components not reacted 
remain. 

Methyl methacrylate, the major component, is a well-known irritant to the skin, eyes or mucous 
membranes. The first reports about hypersensitivity to methyl methacrylate came in 1941, 
(Stewenson 1941, Moody 1941). In 1952 Stoy demonstrated that dental technicians develop 
hand eczema through handling of methyl methacrylate, (Stoy 1952). Several cases of allergic 
contact dermatitis caused by methyl methacrylate, and its polymer, have been reported, 
(Munksgaard & Knutsen 1990, Kanerva et al. 1993). 

Apart from contact sensitisation, respiratory symptoms caused by acrylates have been reported 
in many studies, (Kanerva et al 1992, Savonius 1993). Many additives are shown to cause 
allergies such as; N,N-dimethyl-4-tdmdine, (Vershueren & Bruynzeel 1991), 4-tolyl-
diethanolamine, (Farli et al. 1990), Hydroquinone, (Torres 1992), Benzotriazoles, (Arisu 1992), 
Benzophenones, (Kanerva 1993). Even impurities, may cause tissue reactions, (Altuna 1987). 
Light-cured acrylics are more potent acrylic sensitisers than methyl methacrylate, (Kanerva et al 
1993). 

Dermal exposure to methyl methacrylate causes local neurotoxicity with reduced nerve 
conduction velocity that may cause coldness and numbness, (Rajaniemi 1986). Other adverse 
effects to the nervous system are; headache, pain in the extremities, nausea, loss of appetite, 
fatigue, sleep disturbances, irritability and loss of memory, (Pagniani et al. 1986) 



The use of gloves does not give enough protection as monomers, released from the material, can 
easily penetrate all gloves used in dentistry, (Munksgaard 1991). Latex gloves have been shown 
to cause allergies, (Estlander et al. 1986). Using Dental Face masks gives clinicians a false sense 
of protection according to Collard. The face masks used, do not protect against inhalation of 
Dental Polymers, as all the typically worn masks retain less than 42% of the particles, (Collard 
et al. (1991). The increasing use of Polymers in dentistry, is a cause of great concern among 
dental personnel, because they are handling the non reacted polymer products manually and are 
therefore at risk. 

AIM 
The objective of this study was to increase the knowledge about the risks and the ways of 
handling dental polymers in dental clinics and to gather knowledge on preventative measures 
when handling dental polymers. Development of Ergonomic practices, procedures and designed 
equipment is an additional goal of this study. 

METHODS 
Dental teams (dentist and chair assistant) working in four Public Dental Clinics in northern part 
of Sweden, were selected by the County Council to participate in the study. Nineteen dentists 
(7 men and 12 women), and 20 dental nurses were included in this study. They were working in 
four clinics of different size; one orthodontic clinic with 5 dental teams and three general dental 
clinics with 1,3,3, and 10 dental teams. The average "number of year in practice" for male 
dentists was 26 years, ranging from 13-35 years. (SD 7), for female dentist 16 years, ranging 
from 9-31 years (SD 6.6), and for nurses 18 years, ranging from 12-28 years. (SD 6). 

A theoretic model of exposure to polymers in dental clinics was developed. In this model the 
choice of material, time of exposure, and use of protective devices, was studied. A checklist was 
used to follow the procedures for handling of dental polymers from storage/mixing, treatment of 
the patient to cleaning/waste disposal. Also identified was the type of activity in which dentist 
and nurse were involved. The time of exposure was defined as the time from opening the 
unreacted polymer product, or the time when grinding started, to the time when material was 
cured in the teeth, or grinding was finished. Both risk taking behaviour and various measures 
taken by the personnel to prevent exposure to dental polymers were identified and recorded 

RESULTS. 
Storage and Mixture. 
The typical material safety data sheet (MSDS) specifies that non reacted material should be kept 
closed and stored in cool dry places. In 85% of the clinics that were observed, the polymer 
materials were kept on a tray on the bench, just behind the operating chair. In all the operating 
rooms, the bench is placed over the electric element in front of the window. Only 17% stored the 
material separately. According to the observations, the Dental Nurses were involved in 
storage/mixing, treatments and cleaning/waste disposal, while the Dentists mainly were involved 
in treatments. One Dentist cleaned instruments and deposited waste materials one time. 

Treatments Involving Exposure to Dental Polymers in the Clinics. 
A total of 84 different treatments involving handling of Dental Polymers were identified; cavity 
fillings, bonding of orthodontic appliances and grindings, (after removal of orthodontic 
appliances, when correcting dentures or mouth-pieces). The times of exposure for 52 cavity 
fillings, 25 bondings, and 7 grindings were recorded. The time of exposure during different 
treatments is shown in fig 1 and the Personal Protective Equipment used by the Dental nurses 
during mixing, treatment and cleaning/waste disposal are shown in Fig. 2. 



Fig. 1. The time of exposure, for cavity 
fillings, bondings and grindings. 

Fig. 2. The Personnel Protective Devices 
used by the Dental Nurses (n=20) during 
Mixing, Treatment and Cleaning/disposal 

AVERAGE M I N M A X 
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According to Fig. 2, no Dental Nurses used safety glasses, and during more than half of the 
treatments, the gloves were removed before cleaning/waste disposal. Without being aware of it, 
many were wearing, or pulling down the face mask under the nose or chin. As Dentists mainly 
are involved only in treatments, the Personal Protective Devices used during treatments are 
shown in Fig. 3. Male and female Dentists were compared to see if there was a difference in 
using Protective Devices. 

Fig. 3. Protective Devices Used 
by Male and Female Dentists. 

Fig. 4. Different type of gloves Used by 
Dentists and Dental Nurses 
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As shown in fig 3, no Dentists used safety glasses, very few used a visor during grindings, but 
most Dentists wore ordinary glasses for vision. Both Dentists and Dental Nurses wore the face 
mask under the nose or under the chin. Latex Gloves are known to give better protection against 
penetration by Dental Polymers than Vinyl Gloves. However, the latter were used more often. 



Cleaning and Waste Disposal 
The Dental Nurse cleaned instruments and disposed of waste materials. In 67% of the rooms, 
wastes were thrown into an uncovered container, which in most cases (95%), was placed near 
the operating chair. 

Riskv Behaviours. 
Dental personnel were concerned about health risks from exposure to polymers and some 
followed safe practices such as using suction equipment to remove vapours/particles, pipettes to 
draw limited amounts of reactive agents for immediate application, fans to remove vapours and 
curing of excess materials. However, use of safe practices and procedures was not uniform 
between treatments or among all personnel studied. For example, when light curing material, 
dentists exposed their fingers to non reacted material this could be avoided by using 
ergonomically designed equipment. The Dental Nurses are generally not aware of their extent of 
cumulative polymer exposure during their part of the work in mixing, treatment and disposal. 

DISCUSSION 
All dental personnel express interest in learning how to handle dental polymers in a safe and 
healthy manner but, have no standards to follow. This points out the need for ergonomically 
designed "universal precaution" protocols as have been developed for the handling of biological 
hazards. Manufacturer data on polymers, such as in an "MSDS", needs to be comprehensive so 
that any universal handling practices and procedures may be correctly followed. 
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A B S T R A C T 

Dental personnel manually handle products that contain monomers. Several studies 
have documented adverse health effects after exposure to such products. Gloves 
made of vinyl or latex are easily penetrated by monomers. Ordinary glasses, or visors, 
do not protect against vapour from polymer products. Dental face masks filter out 
about 40% of respirable particles. To survey the prevalence of asthma, atopic der
matitis, conjunctivitis, hay fever/rhinitis, and hand eczema among dental personnel, 
a questionnaire was distributed to all dental teams in Northern Sweden. Referents 
were researchers, teachers, and secretaries from the same geographical area. The 
response rate was 76% for dental teams, and 66% for referents. The results show a 
significantly higher prevalence of conjunctivitis, and atopic dermatitis among dentists, 
both male and female. Hypersensitivity to dental materials was reported by signifi
cantly more dental personnel than by referents. 

S A M M A N F A T T N I N G 

Tandvårdspersonal hanterar manuellt dentala material som innehåller monomerer. 
Flera studier har påvisat att monomerexponering kan medföra olika hälsoeffekter. 
Handskar av vinyl och latex penetreras lätt av monomerer. Vanliga glasögon, eller 
visir, skyddar inte mot polymerånga. Munskydd filtrerar bort ca 40% av inandnings
bara partiklar. För att kar t lägga förekomsten av astma, atopisk dermatit, bindhinne-
katarr, hösnuva/rhini t och handeksem bland tandvårdspersonal, distribuerades en 
enkät till alla tandvårdsteam i Norr- och Västerbotten. Som referensgrupp valdes 
forskare, lärare och sekreterare från universitet och högskolor i samma geografiska 
område. Svarsfrekvensen var 76% för tandvårdsteamen och 66% för referensgruppen. 
Resultaten visade en signifikant högre förekomst av bindhinnekatarr och atopisk 
dermatit bland tandläkare, både bland män och kvinnor. Signifikant fler tandvårds
personal rapporterade överkänslighet mot tandvårdsmaterial jämfört med referens
gruppen. 
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I N T R O D U C T I O N 

A potential health hazard to dental per
sonnel is the increasing use of different 
dental polymer material. Some are based 
on polyelectrolytes, e.g. glass-ionomer 
cements, polyether, and silicone. The 
most extensively used group of dental 
polymers are based on M M A (methyl 
methacrylate), and its polymer such as; 
dentures, crowns, bridges, artificial 
teeth, orthodontic appliances, white 
dental restorative materials, adhesives, 
pit and fissure sealants (Ruyter & Øysaed 
1988). M M A is also used in industry, 
nail products, and medical products. 

Cross-linking agents are added such 
as; methacrylic monomers TREGDMA 
(triethyleneglycol dimethacrylate), EGD-
M A (ethyleneglycol dimethacrylate), and 
BUDMA (1,4-Butandiol dimethacrylate). 
Other methacrylic monomers, used as 
coupling agent in dental materials, are 
2- HEMA (2-Hydroxyethyl methacrylate), 
and UEDMA (urethane dimethacrylate). 
The most commonly used methacrylic 
monomer, used as matrix in dental com
posites, is BIS-GMA (2,2-bis(4(2-Hydroxy-
3- methacryloxypropoxy) phenyl) propane). 

In contrast to industrial use, dental 
uses of acrylates requires manual hand
ling of monomer containing products. It 
is well-known that exposure to acrylathe 
monomers, can cause irritation in skin, 
eyes, and respiratory tract. To assess 
the sensitisation capacity is more com
plex as the correlation between animal 
studies and clinical experiments is not 
very good (Kanerva et al 1995b). EGD-
MA and 2-HEMA had a weak sensi
tisation capacity in some animal experi
ments but, was found to belong to the 
most common (meth) acrylates positive 
when patch testing acrylate allergic 
patients (Kanerva et al 1995a, 1995b). 
Several studies have documented posi
tive reactions to EGDMA in patch tests 
(Rustemayer & Frosch 1996, FIOH 1997). 

Basketter et al (1995) presented an 
alternative strategy for identification of 
skin sensitisators called DEREK (Deduc
tive Estimation of Risk f rom Existing 
Knowledge). Based on chemical struc
ture, two widely accepted sensitisation 
factors are assessed; the ability to react 
with skin proteins, and the ability to 
penetrate the skin. I f one of the parame
ters is positive, the LLNA test (local 
lymph node assay) is conducted. If LLNA 
also is positive, the chemical is classified 
as a skin sensitier. EGDMA was identified 
by DEREK to "contain skin alerts for skin 
sensitisation", assessed "high" in skin pe
netration, and being "positive" in LLNA 
test and thus classified as a skin sensitisater. 

Also M M A was shown to have no 
sensitisation capacity in animal experi
ments according to Björkner (1989). 
However, several studies have documen
ted positive reactions to M M A in patch 
tests (Kanerva et al 1989, Munksgaard & 
Knutsen 1990, Kanerva et al 1993, 
Koppula et al 1995, Kanerva et al 1995, 
FIOH 1996, Estlander 1996,). 

Apart f rom irritation and allergic con
tact dermatitis, occupational exposure to 
methacrylates can also cause respiratory 
diseases, mainly asthma (Savonius et al 
1993, Roy et al 1989, Pickering et al 1986). 
Koppula et al (1995) suggested that com
mon sensitising acrylates like E G D M A 
TEGDMA, and 2-HEMA have a higher 
sensitisation capacity than M M A and 
UEDMA, because they contain a car-
boxyl ethyl side group which M M A and 
UEDMA do not have. Also that BIS-GMA 
show a low sensitisation capacity because 
the functional group was too hydro
phobic and bulky (Koppula et al 1995). 

No information was found on human 
effects of exposure to polyacrylic acids, 
or glass-ionomer cements, other than 
irritation to skin, eyes, and respiratory 
tract (HSDB 1994). 

Many additives used in dental mate-
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rials e.g. to trigger the polymerisation, 
and improve stability during storing, are 
shown to cause allergies such as; N,N-
dimethyl-4-toluidine (Tosti et al 1990, 
Vershueren & Bruynzeel 1991), 4-tolyl-
dietanolamine (Farli et al 1990), hyroqui-
none (Torres et al 1992), benzotriazoles 
(Arisu et al 1992), benzophenones 
(Kanerva et al 1993). Animal experiments 
have shown that impurities in dental 
materials also can induce sensitisation 
(Altuna & Freeman 1987). Light-cured 
acrylates are more potent sensitisators 
than methyl methacrylate (Kanerva et al 
1993). 

The personal protective devices, now 
on the market, do not give enough pro
tection as dental gloves are easily pene
trated by monomers (Munksgaard 1992), 
and dental face masks effectively filter 
out only about 40% of respirable particles 
(Collard et al 1991). Further, to use latex 
gloves regurlarly, increases the risk for 
latex sensitivity, as shown in skin prick 
testing on dental school students and 
faculty (Tarloet al 1997). 

AIM 

The aim of this study was to survey the 
self-reported, and physician-diagnosed; 
asthma, hay fever/rhinitis, atopic derma
titis, conjunctivitis, hand eczema, and 
hypersensitivity to a number of products, 
among dentists and chair assistants. Also 
to compare the prevalence with referents 
without occupational polymer exposure. 

SUBJECTS AND METHODS 

The study was designed as a cross sectio
nal study. A population is exposed to 
varying levels of polymer exposure but it 
is useful to group them into just two 
categories such as "slight exposure" and 
"severe exposure". Also to categories 
symptoms as "yes" or "no" and calculate 

Odds Ratio to get an approximation to 
the relative risk. Dental personnel were 
grouped into the category "severe expo
sure". For the category "slight exposure" 
researchers, teachers, and secretaries 
from the university and high schools in 
the same geographical area were selec
ted. I t was assumed that age, sex, and 
social status was similar for dental per
sonnel and referents. A hst of dentists 
was obtained from Social Insurance 
Office and County Council in Norr- and 
Västerbotten. Lists of referents were 
gathered f rom University and high 
schools. Personally addressed question
naires were sent to all private and public 
dental clinics in northern Sweden, and to 
referents. One reminder was sent to 
non-respondents. Dental nurses, not 
working as chair assistants, and dental 
hygienists were excluded. As question
naires were sent to working places, den
tists and dental nurses on long term sick 
leave, or parental leave, were also excluded. 

Questions were asked regarding his
tory of hand eczema, and hypersensitive 
diseases (asthma, conjunctivitis, atopic 
dermatitis, hay fever/rhinitis, eczema in 
childhood, and shortness of breath, 
cough, runny nose, eye irritation, skin 
eruptions, and skin irritation upon expo
sure to a number of products such as; 
pollen, dust, animal, foodstuffs, tobacco 
smoke, automobile exhaust, cleaning 
agents, and dental materials). It was also 
asked if a given diagnosis had been 
made by a physician. 

Logistic regression analysis was used 
for analysing the association between the 
symptoms and the variables; age, sex, 
years in practice, working hours per 
week, profession, and eczema in child
hood. The OR (Odds Ratio) was used as 
a summary statistic to give a resonable 
estimate of the relative risk, and is given 
with 95% confidence interval [x,y], and 
p-value. 
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The respondents were classified accor
ding to sex and profession. The frequen
cy of complaints reported by dentists, 
chair assistants, and referents were com
pared. Female dental personnel were 
compared to female referents, and male 
dentists to male referents. The statistical 
evaluation were made with Chi 2 test. 

For the two symptoms (conjunctivitis, 
and atopic dermatitis) associated with 
profession (being a dentist) the 1-year 
period prevalence (individuals who had 
the symptom the last year) was calcula
ted. Also the cumulative incidence (indi
viduals who ever had the symptom) the 
last 5 years, 10 years, 15 years, and more 
than 15 years, was calculated. 

Non respondent dentists were analy
sed with respect to age and ratio female/ 
male and did not differ to respondent. It 
was not possible to analyse age of non 
respondent chair assistants as informa
tion was not available. Al l chair assistants 
were female. 

RESULT 

The response rate was 76% for dental 
teams, and 66 % for referents. A majority 
of dentists (75%) and chair assistants (79%) 
were working in public dental care. 

Table 1 shows the study population 
according to age and sex. When com
paring dental personnel and referents 
according to age, there was no difference 
but, when comparing according to sex, 
female dental personnel were younger 
(p<0.01), and male dental personnel 
older (p<0.001) than referents. 

Female dental personnel worked on av
erage 31-35 hours per week. Male den
tists, and referents, worked on average 
36-40 hours per week. Dental personnel 
had on average 16-20 years in practice 
and referents 11-15 years. 

Using all subjects (1172) analysing 
association between symptoms and vari
ables show that age was associated with 

Table 1. Study population by age and sex 

Age Dental Referents 
(years) personnel (n=585) 

(n=587) % % 

<25 0.7 2.0 
25-29 2.2 10.1 
30-34 9.8 10.1 
35-39 23.1 11.6 
40-44 21.2 18.3 
45-49 19.5 20.3 
50-54 10.8 12.6 
55-59 9.6 9.4 
>60 3.1 5.6 

Total 100 % 100 % 

male 30.3 27.4 
female 69.7 72.6 

atopic dermatitis and hand eczema. 
Atopic dermatitis increased with age (OR 
1.11, 95% CI [1.01-1.21], p=0.031) and 
hand eczema decreased, but not signi
ficantly, (OR 0.93, 95% CI [0.86-1.01], 
p=0.07). Age was also related to hyper
sensitive to automobile exhaust (OR 1.20, 
95% CI [1.06-1.36], p=0.003), and inver
sely related to hypersensitivity to animals 
(OR 0.88, 95% CI [0.81-0.96], p=0.002). 

Further, sex was associated with hand 
eczema, and hypersensitive to food stuff, 
and cleaning agents. More female repor
ted hand eczema (OR 1.96, 95% CI [1.35-
2.87], p<0.001), hypersensitive to food 
stuff (OR 1.44, 95% CI [1.10-2.07], 
p=0.003), and hypersensitive to cleaning 
agents (OR 2.41, 95% CI [1.63-3.56], 
p<0.0001), than did male. 

Profession was only associated with 
atopic dermatitis, conjunctivitis, and 
hypersensitivity to dental materials but, 
not with hand eczema. Significantly more 
dentists reported atopic dermatitis, (OR 
0.61, 95% CI [0.50-0.74], p<0.0001), con
junctivitis (OR 0.36, 95% CI [0.27-0.48], 
p<0.0001), and hypersensitive to dental 
materials (OR 0.38, 95% CI [0.30-0.48], 
p<0.0001). 
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Working hours per week was not 
associated with any symptoms. 

Eczema in childhood was associated 
with all the symptoms; asthma (OR 2.69, 
95% CI [1.73-4.20], p<0.0001), atopic 
dermatitis (OR 3.15, 95% CI [2.06-4.81], 
p=0.0004), conjunctivitis (OR 2.74, 95% CI 
[1.58-4.76], p=0.0004), hay fever/rhinitis 
(OR 2.39 95% CI [1.66-3.44], p<0.0001), 
and hand eczema (OR 3.69, 95% CI [1.01-
1.22], p=0.031). Eczema in childhood 
was also associated with hypersensitivity 
to; pollen (OR 2.75, 95% CI [1.87-4.05], 
p<0.0001), dust (OR 2.86, 95% CI [1.94-
4.22], p<0.0001), animal (OR 3.61, 95% CI 
[2.46-5.29], p<0.0001), foodstuff (OR 
3.26, 95% CI [2.19-4.83], p<0.0001), 
tobacco smoke (OR 1.69, 95% CI [1.13-
2.52], p=0.011), cleaning agents (OR2.77, 
95% CI [1.63-3.56], p<0.0001) but, not 
with hypersensitivity to automobile ex
haust, or dental materials. 

The frequency of complaints was cal
culated for dentists, chair assistants, and 
referents, and compared. Female dental 
personnel were compared to female refe
rents, and male dentists to male refe
rents. The prevalence of self-reported 
symptoms, and hypersensitivity to dental 
materials, among dental personnel and 

referents is shown in Table 2. Differen
ces in prevalence between dental per
sonnel and referents, that are statistically 
significant, are marked with*. 

The prevalence of hypersensitivity to 
pollen, dust, animal, foodstuffs, tobacco 
smoke, automobile exhaust, and cleaning 
agents did not differ between dental per
sonnel and referents, and is not included 
in the table. 

Also the frequency of complaints diag
nosed by physician was compared. 
Dental personnel with complaints were 
compared to referents with complaints 
with respect to sex and profession. There 
was no difference between chair assis
tants and female referents with respect to 
self-reported and diagnosed symptoms. 
According to Figures 1 and 2, the diag
nosed conjunctivitis and atopic der
matitis, was significantly higher for male 
and female dentists compared to refe
rents. 

The 1-year period prevalence, together 
with cumulative incidence, was calcu
lated for conjunctivitis and atopic derma
titis. Female dentists reported a higher 
1-year period prevalence of conjunctivitis 
than did other groups, as shown in 
Figure 3. The cumulative incidence of 

Table 2. Prevalence (in %) of self-reported symptoms among dentists, chair assistants and referents with respect to 
sex(n=1172).  

Demists arid chair ass istants Refereftts 

%mptorn Dentists r sate Dentists f smale Chair assistants Referents male Referents female 

n»!7S n«t25 n«284 n-180 n=42S 

number percent number percent number percent number percent number percent 

Asthma 23 12.9 15 12.0 25 8.8 14 8.8 58 13.6* 

Atopic dermatitis 36 20.2" 31 24.8"* 33 11.6 15 9.4 41 9.6 

Conjunctivitis 28 15.7*** 23 18.4*** 10 3.5 2 1.3 14 3.3 

Hay fever/rhinitis 55 30.9 34 27.2 62 21.8 38 24.8 120 28.2 

Hypersensitive to 
dental material 29 16.3*" 21 16.8"* 46 16.2*** 1 0.6 9 2.1 

Hand eczema 27 15.2* 34 27.0 54 19.3 12 7.5 85 20.0 

Eczema childhood 15 8.4 25 20.2* 35 12.3 18 11.3 49 11.5 

* p< 0.05 as compared to female referents. As compared to female dentists and chair assistants. 

** p< 0.001 as compared to male referents 

*** p< 0.0001 male dentists compared to male referents, and female dentists and chair assistants compared to female referents 
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Reported and diagnosed conjunctivitis 

(n=178) 

ref.male 

(n=160) 

dent 

female 

(n=125) 

E3 self-reported 

ü diagnosed 

f i l , Wm , 
chair ass. 

(n=284) 
ref.female 

(n=425) 

* p=0.01 as compared to male referents 
*** p< 0.0001 male dentists compared to male referents, and female dentists compared to female referents 

Figure 1. The prevalence of self-reported and diagnosed conjunctivitis among dental personnel and referents 
(n=1172). 

Reported and diagnosed atopic dermatitis 
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dent, male ref.male dent, female chair ass. ref.female 

(n=178) (n=160) (n=125) (n=284) (n=425) 

' p<0.001 as compared to male referents 
'* p< 0.0001 as compared to female referents 

Figure 2. The prevalence of self-reported, and diagnosed, atopic dermatitis among dental personnel and referents 
(n=1172). 
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Rgure 3. The 1 -year period prevalence and cumulative incidence of conjunctivitis. 

conjunctivitis was higher for both male 
and female dentists, than for chair assis
tants and referents. According to Figure 
4, all dental personnel reported a higher 
1-year period prevalence of atopic der
matitis than referents. Also the cumula
tive incidence of atopic dermatitis was 
higher for all dental personnel. 

In contrast to atopic dermatitis that 

increased with age, and hand eczema that 
decreased, conjunct iv i t i s was not 
associated with age. Thus, the age distri
bution of conjunctivitis was calculated in 
percent for each age group, with respect 
to sex, among dental personnel and refe
rents. As shown in Table 3, dentists 
reported conjunctivitis at a younger age 
than did referents and chair assistants. 
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Table 3. Number and prevalence (in percent for each age group) of self-reported conjunctivitis according to age and 
sex among dental personnel and referents. 

Age Male Female 

years Dentists 

(n=178) 

Referents 

(n=160) 

Dentists 

(n=125) 

Chair assistants 

(r«284) 

Referents 

(n=425) 
n prevalence 

% 

n prevalence 

% 

ii prevalence 

% 

n prevalence 

% 

n prevalence 

% 

< 25 

25-29 1 50.0 

30-34 1 10.0 1 7.7 1 2.9 1 2.7 

35-39 3 11.5 6 19.4 2 2.6 

40-44 8 22.9 7 25.9 2 3.2 3 3.8 

45-49 7 17.5 1 4.3 4 15.4 1 2.1 4 4.2 

50-54 7 26.9 1 3.8 2 13.3 2 9.1 2 4.2 

55-59 2 7.4 1 12.5 1 4.8 1 2.2 
>60 1 12.5 3 13.6 

Total 28 15.7% 2 1.3% 23 18.4% 10 3.5% 14 3.3% 

Also that the prevalence of conjunctivitis 
did not increase wi th higher age for 
dentists, only for referents and chair 
assistants. 

The prevalence of self-reported; 
asthma, atopic dermatitis, conjunctivitis, 
hay fever/rhinitis, hand eczema, and 
hypersensitivity to dental materials, were 
compared between dental personnel and 
referents "with eczema in childhood" 
using Chi 2 test. The same comparison 
was made between dental personnel and 

referents "without eczema in childhood". 
Result (presented in Table 4), show that 
comparing those "with eczema in child
hood", there was no difference between 
dental personnel and referents but, when 
comparing those "without eczema in 
childhood", dental personnel reported 
significantly higher prevalence of atopic 
dermatitis (p<0.001), allergic conjunc
tivitis (p<0.0001), and hypersensitivity to 
dental products (p<0.0001), than did 
referents. 

Table 4. Prevalence of self-reported symptoms among dental personnel and referents with respect to eczema in 
childhood (n=1172). 

Symptom Dentists and chair assistants Referents 

Eczema in No eczema in Eczema in No eczema in 
childhood childhood childhood childhood 
n=75 n=512 n=67 n=°518 

n % n % n % n % 
Asthma 14 18.7 49 9.6 17 25.4 53 10.2 
Atopic dermatitis 21 28.0 79 15.4** 12 17.9 42 8.1 
Conjunctivitis 11 14.7 48 g 4**+ 5 7.5 10 1.9 
Hay fever/rhinitis 29 38.7 83 16.2 25 37.3 71 13.7 
Hypersensitive to dental 
materials 10 13.3 86 16.8*** 3 4.5 8 1.5 
Hand eczema 29 38.7 83 16.2 25 37.3 71 13.7 

Females 60 80.0 348 68.0 49 73.1 379 73.2 
Males 15 20.0 164 32.0 18 26.9 139 26.8 

p < 0.001 as compared to referents without eczema in childhood 
p< 0.0001 as compared to referents without eczema in childhood 
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Dental personnel were also asked to 
evaluate six materials with respect to 
health risk for dental personnel, on an 
increasing scale f rom 1 to 5. For each 
material, mean value was calculated for 
male and female dentists, and for chair 
assistants. Mean value was also calcula
ted with respect to complaints for each 
group. Result show that the materials 
were ranked similarly by female and 
male dental personnel with glass iono
mer ranked as least risky to health, and 
cold cured acrylates as the most harmful 
material. Female evaluated the health 
risk slightly higher than did male. Also 
that dental personnel with complaints 
evaluated most materials as more risky 
than those without complaints as shown 
in Figure 5. 

DISCUSSION 

The aim of this study was to survey the 
occurrence of symptoms from skin, eyes, 
and the respiratory tract among dentists 
and chair assistants working in general 
practice. Also to compare the prevalence 
with a group without occupational expo
sure to polymer materials. 

To provide evidence and increase vali
dity, an additional question was asked 
weather asthma, hay fever/rhinitis, con
junctivitis, and atopic dermatitis was 
diagnosed by a physician. Self-report and 
physician diagnosis correlated which 
may increase validity of the answers. 

The optimal size of a study cannot be 
determined statistically. It has to be 
based on available resourses. However, 
given an error in the study, optimal size 

1 

fissure 
sealent 

composite glass 
ionomer 

bonding 

-with 
conjunctivitis 

(n=60) 

-without 
conjunctivitis 
(n=509) 

H 

primer cold 
cured 

acrylate 

Figure 5. Risk evaluation of six dental materials by all dental personnel with respect to conjunctivitis. 
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for that design is zero, according to 
Miettinen (1985). A case-control study 
wil l not prove that the causation, if any, 
is causal. It can give an approximation to 
the relative risk for an exposed group. 
The questionnaire used, was a modified 
version of a questionnaire used hy 
Rajaniemi & Tola (1985) on dental tech
nicians in Finland. A hmitation that has to 
be considered is how difference in medi
cal knowledge between dentists, chair 
assistants, and referents, may effect the 
way of answering the questions. 

Subjective symptoms among dental 
technicians, have been surveyed by 
Rajaniemi & Tola (1985). Also surveys 
on periodontics and prosthodontics 
(Jacobsen & Hensten-Pettersen 1989, 
Hensten-Pettersen & Jacobsen 1991). No 
study has surveyed the occurrence of 
symptoms f rom skin, eyes, and the 
respiratory tract among dentists and 
chair assistants in general practice, which 
is the domain of this study. No single 
study can provide answers to the whole 
range of questions. Any given study 
provides but a contribution to future 
meta-analysis (Miettinen 1985). 

As questionnaires were sent to work, 
dentists and chair assistants on long 
term sick leave, or parental leave, were 
excluded. The group on long term sick 
leave probably experience more severe 
allergic symptoms than those still on 
work. Lammintausta & Kalimo (1992) 
have shown that patients with atopic der
matitis do not go on sick leave more 
often than controls but, sick leave caused 
by skin problems, lasted longer than sick 
leave caused by other circumstances. 
One limitation in this study is that only 
use of gloves were asked. No question 
dealt with use of face mask, or eye 
protection. 

Result show that dentists reported a 
higher prevalence of conjunctivitis with 
16% for male, and 19% for female dentists, 

compared to chair assistants (3.5%), and 
referents (1.3-3.3%). Surprisingly, among 
dentists considered healthy e.g., without 
eczema in childhood, or without asthma, 
the higher prevalence of conjunctivitis 
was reported. In another study by Tarlo 
et al (1997), 13% of dental students and 
staff members reported symptoms of 
hay fever/rhinitis, or conjunctivitis, on 
exposure to rubber products. The pre
valence of conjunctivitis in a general 
population is not known. Rajaniemi 
(1985), reported that 12% of dental tech
nicians, and 5.5% of dental technician 
students experienced conjunctivitis. 
Jacobsen & Hensten-Pettersen (1989), 
reported that 7% of perodontists and 3% 
of chair assistants experienced eye reac
tions, and Hensten-Pettersen & Jacobsen 
(1991) reported that 5.2% of prosthodon
tists reported eye reactions, mostly after 
exposure to polymer materials. 

The most common causes of conjunc
tivitis are allergic or infectious in origin 
(Friedlaender 1995). Dentists are occupa-
tionally exposed to vapour f rom a num
ber of different polymer materials (with 
various sensitisation capacity), and to 
aerosol contaminants. Dentists also work 
close to many other toxic substances. 
Many chemicals used in dental offices 
are potentially toxic to eyes such as; 
acetone, bleach, hydrogen peroxide, 
formocresol, eugenol, chloroform, ether, 
phosphoric acid, and glutaraldehyd (Pitts 
& Kleinstein 1993). 

Dentistry work also causes a lot of 
eyestrain but, so does computer work, 
performed by many of the referents. Eye 
irritation is one of the symptoms related 
to eye strain (Sheedy 1992), 

Further, dentists are occupational^ 
exposed to light (UV, or visible blue 
light) f rom light curing units during the 
polymerisation process. Exposure to UV 
light can lead to conjunctivitis or retinal 
damage (Rames & Bencko 1993). Even 
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exposure to short-wavelength visible 
light can cause acute and chronic 
changes in ocular structures (Remé et al 
1996). 

Most dentists use ordinary glasses as 
safety glasses, and few uses visor (Lönn
roth & Shahnavaz 1997). Apparently 
these do not provide sufficient eye pro
tection. A yellow screen held manually is 
available in most clinics to protect eyes 
against light f rom light curing units. This 
requires an assistant who is not always 
available. 

Atopic dermatitis was another symp
tom significantly higher reported by 
dentists with 20% for male, and 25% for 
female dentists, compared to 11.5% for 
chair assistants and referents (9.5%). 
Even here, among dentists considered 
healthy, e.g. without eczema in child
hood, or without asthma, the higher 
prevalence of atopic dermatitis was 
reported. This is also higher than the 
18%, earlier reported among dental tech
nicians and student dental technicians 
(Rajaniemi & Tola 1985). Atopic der
matitis is a multifactoral dominantly 
inherited disease (Cookson & Hopkin 
1988, Uehara & Kimura 1993). The 
prevalence of atopic increases, and cal
culated to be 15.6% for 7-years old child
ren in North Europe (Schultz Larsen et 
al 1996). The increase vary between dif
ferent geographical region, suggesting 
that environmental factors may play a 
role (Ilzuka 1995). 

Chair assistants are exposed to the 
materials during manual mixing of poly
mer compounds, when assisting during 
treatment of patients, when cleaning 
instruments, and during waste disposal, 
while dentists are exposed only during 
treatment of patients (Lönnroth & 
Shahnavaz 1997). Chair assistants did 
not report a higher prevalence of any 
symptom except hypersensitivity to den
tal materials which was reported signi

ficantly higher by all dental personnel. 
A l l dental personnel reported signi

ficantly higher prevalence of hypersen
sitivity to dental materials (16%-17%) 
compared to 0.5-2% for referents. The 
question about hypersensitivity to vari
ous products included shortness of 
breath, coughing, a runny nose, eye 
irritation, skin eruptions, or skin irr i 
tation. Thus, the response might reflect 
more the opinion of a causal factor for a 
variety of symptoms experienced. 

It is of importance to determine the 
causal factors behind the high prevalen
ce of conjunctivitis and atopic dermatitis 
among dentists. Also, manufacturers 
need to develop better personnel protec
tive equipment that provide adequate 
protection against these new materials. 
Dental personnel must also be aware of 
health risks associated with handling 
hazardous dental materials and learn 
safe handling techniques. Ventilation 
maintenance and control are also neces
sary for efficient removal of vapours. 
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1. Introduction 
The increasing use of polymer materials in dental clinics is a potential health hazard to dental 
personnel who handle the materials manually. Several studies have documented that exposure 
to methyl methacrylate and its polymers (the most extensively used group of dental 
polymers) may cause skin, eye, and respiratory tract reactions such as irritation, allergic 
reactions and asthma, (Savonius et al 1993, Kanerva et al 1992, Hensten-Pettersen & 
Jacobsen 1991, Munksgaard & Knutsen 1990, Farli et al 1990). Protective gloves are easily 
penetrated by methyl methacrylate (Munksgaard 1992). Latex gloves, that give the best 
protection, may enhance allergic reactions (Meding 1991). Face masks used, effectively filter 
about 40% of respirable particles (Collard et al 1991). Material safety data sheets on most 
dental polymer materials, require use of eye protective devices or safety glasses for 
protection against polymer vapour (Lönnroth & Shahnavaz 1996). 

2. Subjects and method 
To survey occurrence of skin, eye, and respiratory tract allergic reactions among dental 
personnel, a cross-sectional study was designed and carried out by the Ergonomic Division, 
Luleå University of Technology in 1995. Two questionnaires were sent to all dental teams 
(dentist and chair assistant) working in the northern part of Sweden. As controls, researchers, 
teachers, and secretaries from university and high schools in the same geographical area were 
selected. A total of 1170 respondents, 585 dental personnel, 408 female (125 dentists and 284 
chair assistants), 176 male (all dentists), and 585 controls (428 female and 157 male) were 
included in the study. The response rate was 76% for dentists, 71.5% for chair assistants, and 
65.5% for controls. Logistic regression was used for analysing the data. Additionally, dental 
personnel were asked to evaluate six dental polymer materials; fissure sealant, composite, 
glass ionomer, bonding, primer and cold cured acrylate, with respect to health risk for dental 
personnel, on an increasing scale from 1 to 5. 

3. Result 
Dentists reported significandy more atopic dermatitis with OR 2.1 [1.1-4.2] and p=0.03 for 
male dentists, and OR 2.5 [1.5-4.3] and p<0.001 for female dentists. Male dentists also 
reported higher prevalence of hand eczema with OR 2.1 [1.0-4.5] and p=0.04. The most 
prominent was the high prevalence of conjunctivitis among dentists as shown in figure 1. 
Odds Ratio for male dentists was 11.52 [2.6-71.4] with jxO.OOOl, and for female dentists 5.5 
[2.6-11.6] with rxo.0001. When analysing only those having conjunctivitis diagnosed by a 
physician, the prevalence was still significantly higher for male dentists ( O R 5.8 [1.2-37.8], 

p=0.01) and female dentists (OR 6.9 [2.7-17.91 p<0.0001) versus referents. Chair assistants only 
reported a higher prevalence of hypersensitivity to dental materials ( O R 7.4 [3.4-16.61 J K O . O O O I ) 

as did male dentists (OR 24.9 [3.6-496.91 p<0.0001) and female dentists (OR 7.0 [3.0-16.9 1 

rxO.0001). 
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O self-reported 

B diagnosed 

referents 
female 
(n=428) 

* p<0.05 as compared to referents 
*** p<0.0001 male dentists compared to male referents, female dentists compared to female referents 

Figure 1. The prevalence of self-reported and diagnosed conjunctivitis 
among dental personnel and referents (n=l 169) 

There was a correlation between conjunctivitis and sex for dental personnel (p=0.033) with 
male dentists reporting higher prevalence of conjunctivitis than female dental personnel 
(dentists + chair assistants). Age did not correlate with conjunctivitis for dentists. Male 
dentists from 30-60 years of age, reported conjunctivitis, and female dentists from 25-60. 
Female referents reported a higher prevalence of conjunctivitis with increasing age (p=0.042). 

The two male referents with conjunctivitis were older than 45. There was a strong correlation 
between conjunctivitis and hypersensitivity, hay fever/rhinitis, and atopic dermatitis for 
dental personnel, especially for dentists as shown in table 1. For male dentists conjunctivitis 
was also correlated with hand eczema. 

Table 1. Correlation between conjunctivitis and hypersensitivity, hay fever/rhinitis, atopic 
dermatitis, eczema in childhood, and hand eczema for dental personnel and referents with 
respect to sex. P value controlling for age.  

Dental personnel Referents 
A l l dental Dentists Dentists Assistants 

Variables personnel Male Female Female A l l referents Male Female 
n = 584 n = I76 n = 125 n=284 n = 5S4 n = 75<5 n = 428 

Hypersensitivity p < 0.0001 p = 0.001 p = 0.011 NS p = 0.021 NS p = 0.035 
Hay fever / rhinitis p < 0.0001 p < 0.0001 p < 0.0001 p = 0.001 p = 0.016 NS NS 
Atopic dermatitis p < 0.0001 p < 0.0001 p < 0.001 NS p < 0.0001 NS p < 0.001 
Eczema childhood P = 0.047 NS NS NS p < 0.0001 NS p < 0.0001 
Hand eczema NS p = 0.038 NS NS NS NS NS 

The mean value of risk evaluation of six dental materials was calculated. Glass ionomer was 
evaluated as less risky to health by all dental personnel, and cold cured acrylate, as most risky 
as shown in table 2. 

Table 2. Mean value of risk evaluation of six dental materials by all dental personnel with 
respect to conjunctivitis.  

Fissure sealant Composite Glass ionomer Bonding Primer Cold cured acrylate 
With 
conjunctivitis 
Without 

2.8 3.7 2.3 4.0 4.2 4.5 

conjunctivitis 2.3 3.3 2.4 3.5 3.7 4.0 
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Dental personnel with conjunctivitis not only evaluated five of six dental materials as more 
risky to health, they also reported using a larger number of polymer materials in their clinics. 
The mean number of materials used by those with conjunctivitis was 9.3 (range 1-24) 
compared to 8.3 (range 1-20) by those without conjunctivitis. 

4. Discussion 
Researchers and teachers were chosen as referents. It was assumed that sex, age, social status 
and education level did not differ between dental personnel and referents, only exposure to 
various chemicals. A limitation that has to be considered is how difference in medical 
knowledge may effect the way of answering the questions. 

Non-respondent dentists were analysed and there was no difference according to age and 
sex between respondents and non-respondents. It was not possible to analyse non-respondent 
chair assistants according to age as information was not available, all chair assistants are 
female. Unfortunately, only use of gloves were asked in the questionnaire. No question dealt 
with use of eye protection. Most dentists use ordinary glasses against e.g. projectile particles. 

There was a strong correlation between conjunctivitis and work as a dentist, both for male 
and female. Also when comparing only those diagnosed by a physician, significantly more 
dentists reported conjunctivitis. Surprisingly, this was not the case for chair assistants that are 
exposed to the materials during both mixing, assisting during treatment of patients, cleaning 
of instruments, and waste disposal (Lönnroth and Shahnavaz 1996). Dentistry work causes a 
lot of eyestrain but so does computer work performed by many of the referents. Apart from 
polymer exposure, many other factors may contribute to the high prevalence of reported 
conjunctivitis among dentists such as, use of visible light curing units, contaminated aerosol, 
working close to various other hazardous substances, exposure to other toxic chemicals in the 
clinic, projectile particles, and frequency and duration of exposures (Bezan and Pitts 1993). 

5. Conclusion 
Conjunctivitis seems to be task related and eye protection equipment used by dentists (usually 
ordinary glasses) do probably not give enough protection to the eyes. There is a need for 
more research to determine the causal factors behind the high prevalence of conjunctivitis 
among dentists. 
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A B S T R A C T 

Hand dermatitis among dental personnel has been an issue in recent years. Dental 
personnel manually handle polymer materials which are known to irritate skin, and 
also cause allergy. In addition, dental personnel wash their hands frequently, and 
use latex gloves, and are therefore at risk to develop hand dermatitis. To survey the 
occurrence of hand dermatitis among dental personnel, questionnaires were sent to 
all dental teams (dentist + chair assistant) working in the two northern Swedish 
counties. Referents were; researchers, teachers, and secretaries f rom a university 
and high schools, f rom the same geographical area. The response rate was 76% for 
dental teams, and 66% for referents. The results show that male dentists reported a 
significantly higher prevalence of hand dermatitis than male reference. In contrast 
to chair assistants and referents, dentists (both male and female) reported a higher 
extent of hand dermatitis on the left than on the right hand. There was an association 
between hand dermatitis among dental personnel and; age, eczema in childhood, and 
hay fever but, not with; sex, asthma, frequent washing of the hands, and glove use. 
Whitening of the fingers increased with increasing age among dental personnel. 
Pricking was also associated with frequent glove use. Pricking of the fingers was 
associated with sex, and 3.5 times more common among female dental personnel 
than male dentists. Numbness of the fingers, and finger pain was reported by more 
dentists than chair assistants and referents. 

S A M M A N F A T T N I N G 

Risken för handeksem bland tandvårdspersonal har debatterats livligt under senare 
år. En orsak kan vara den manuella hanteringen av polymera material. Metylmeta
krylat, som är vanligt förekommande i många material, är välkänt för att kunna orsaka 
både hudirritation, eksem men även allergier. Det frekventa handtvättandet och an
vändning av latexhandskar är ytterligare faktorer som innebär att tandvårdspersonal 
är i riskzonen för handeksem. För att kartlägga prevalensen av handeksem bland 
tandvårdspersonal, skickades enkäter till alla tandvårdsteam (tandläkare + sköterska) 
som arbetar i de två nordligaste Svenska länen. Kontrollgrupp var forskare, lärare och 
sekreterare inom samma geografiska område. Svarsfrekvensen var 76% för tandvårds-
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teamen och 66% för referensgruppen. Resultatet visade att manliga tandläkare rappor
terade en betydligt högre förekomst av handeksem än manliga referenser. T i l l skill
nad mot tandsköterskor och referenser, rapporterade tandläkare (både män och kvin
nor) en större utbredning av handeksemet på vänster än på höger hand. Det fanns en 
korrelation mellan handeksem och; ålder, eksem i barndomen och hösnuva, men inte 
med; kön, astma, hög frekvent handtvätt och handskanvändning. Vita fingrar ökade 
med ökande ålder bland tandvårdspersonal. Det fanns en korrelation mellan stick
ningar i fingrarna och frekvent användning av handskar. Stickningar var också kor
relerat med kön så att det var 3.5 ggr vanligare bland kvinnlig tandvårdspersonal än 
manlig. Domningar och smärta i fingrarna var betydligt vanligare bland tandläkare än 
bland tandsköterskor och referenter. 

I N T R O D U C T I O N 

Hand dermatitis among dental personnel 
has been an issue in recent years. A 
number of dentists have left their prac
tices due to hand dermatitis. External 
primary irritants produce an acute in
flammatory response in the skin, self-
limiting once the irritant has been 
removed. Irritant contact dermatitis is 
the most common type of occupational 
hand dermatitis (Siingeni et al 1995, 
Uveges et al 1995, Meding et al 1994). 
Chemicals that can cause skin sensitisa
tion are more harmful. Ones sensitisation 
is induced it is self-perpetuating. To be 
classified as a skin sensitiser, according 
to DEREK (Deductive Estimation of 
Risk from Existing Knowledge), two 
factors are important; the ability to react 
with skin proteins, and the ability to 
penetrate the skin. I f one of the para
meters is positive, and the LLNA test 
(local lymph node assay) is positive as 
well, the chemical is classified as a skin 
sensitiser (Basketter et al 1995). 

Individual factors increase the risk of 
developing hand dermatitis. The most 
important risk factor, according to 
Meding & Swanbeck (1987), is eczema 
in childhood. The significans of atopic 
background has also been shown by 
e.g. Nilsson & Knutsson (1995), and 
Rystedt (1985). Surprisingly, hand der
matitis was not related to atopic con

stitution in hairdressers, according to 
Majoie et al (1996). The second most 
important risk factor for developing hand 
dermatitis is female sex (Socie et al 1997, 
Meding 1990). Dry skin has been repor
ted to be another individual risk factor 
related to hand dermatitis (Majoie et al 
1996, Holness et al 1995, Meding et al 
1994). Other individual risk factors 
reported are e.g.; a history of asthma 
and/or hay fever (Kristensen 1992, 
Meding 1990), and atopic dermatitis 
(Kristensen 1992). Further, hand derma
titis has been shown to decrease with age 
(Meding & Swanbeck 1990). 

Several occupational risk factors for 
developing hand dermatitis have also 
been identified. Meding (1990), reported 
that exposure to unspecified chemicals, 
detergents, dust, and dry dirt are risk 
factors. Several authors have identified 
wet work to be another important occu
pational risk factor for developing hand 
dermatitis (de Fine Olivarius et al 1996, 
Nielsen 1996, liter et al 1995, Rustemeyer 
et al 1994, Kristensen 1992, Meding 1990). 
Employees with hand dermatitis have 
been shown to have positive patch tests 
to e.g. organic solvents (Kristensen 1992), 
thimerosal, nickel, colophony (Meding et 
al 1996, 1994), formaldehyde (Meding et 
al 1996, Cronin 1991), and polymer mate
rials (Estlander et al 1996, Gebhart & 
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Geier 1996, Kanerva et al 1995a, 1995b, 
Koppula et al 1995, Kanerva et al 1994, 
Kanerva et al 1993, Munksgaard & 
Knutsen 1990). A great number of studies 
report about the growing problem with 
hand dermatitis and allergies among 
dental and health care workers due to 
use of latex gloves (Liss et al 1997, Tarlo 
et al 1997, Konrad et al 1996, Knudsen 
1992). According to Ketalaris et al (1996), 
about 9% of dental personnel were aller
gic to latex but, 33% reported symptoms 
f rom wearing gloves. Heese et al (1995) 
reported that latex allergy increases 
during training in dental school from 2% 
in second semester to 10.4% in the tenth 
semester. Studies indicate that powdered 
gloves are more harmful as NRL (natural 
rubber latex) proteins leach out of 
latex gloves and bind to glove powders, 
causing latex sensitisation by exposure to 
aerosolised NRL proteins (Field 1997). 
Further, an association between allergic 
reactions to NRL and banana has been 
reported (Douglas et al 1997, Leung et al 
1997, Alenius et al 1996), and between 
NRL and Ficus benjamina, suggesting 
avoidance of this plant in dental offices 
(Delbourget al 1995). 

In an early study, Agrup (1969) estima
ted the prevalence of hand eczema to be 
2-3% in a rural Swedish population. 
Rystedt (1985) reported that 4% of a 
population, without family or personal 
atopy, had hand eczema. A later study by 
Meding & Swanbeck (1987) reported 
that 11% of the population in a Swedish 
industrial city, had experienced hand 
eczema during the previous 12 months 
period of the survey date. 

Studies have recognised that dental 
personnel, especially dental technicians, 
are at risk of developing hand dermatitis. 
Uveges et al (1995) reported from an 
epidemiological study that 37.6% of dental 
personnel had a history consistent with 
hand dermatitis, 21% with irritant contact 

dermatitis, and 6% with allergic contact 
dermatitis. Among Danish dentists, 
37.8% reported having skin reactions, 
and the 1-year period prevalence was 
21.4%, according to Munskgaard et al 
(1996). From a study on dental personnel 
in Norway about 50% reported to have 
dermatoses on their fingers and hands 
(Jacobsen et al 1991). Mürer et al (1995), 
reported that 53% of dental technicians 
had skin problems on the hands after 10 
years in practice and the 1-year period 
prevalence was 43%. Further, the point 
prevalence of skin problems on the 
hands was 38% higher in dental techni
cians who handled acrylates than among 
individuals who never worked with 
acrylates. 

AIM 

The aim of the study was; 1.- to survey 
the prevalence, extent and localisation, of 
self-reported hand dermatitis among 
dental personnel in Sweden, 2- to survey 
the occurrence of more general hand 
symptoms, e.g. whitening, coldness, 
pricking, numbness, and pain in fingers, 
and 3.- to compare with a Swedish popu
lation not exposed to chemicals and 
frequent water contact. 

SUBJECTS AND METHODS 

The study was designed as a cross 
sectional study. Questionnaires were 
sent to the office of all dentists (1 for the 
dentist, and 1 for his/her chair assistant) 
working in Private and Public Dental 
Care in the two northern counties of 
Sweden. The same questionnaires but, 
excluding questions regarding gloves, 
were sent to referents; i.e. researchers, 
teachers, and secretaries from a univer
sity and high schools in the same geo
graphical area. One reminder was sent 
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to non-respondents. Dentists not respon
ding, were analysed regarding age and 
sex, using register information. Dental 
nurses not working as chair assistants, 
dental hygienists and dental technicians 
were excluded. Also excluded were den
tists and dental nurses on long term sick 
or parental leave. 

Study population by age and sex is 
shown in Table 1. Male dentists were 
older than male referents (p<0.001) and 
female dentists younger than female 
referents (p<0.01). 

Table 1. Study population by age and sex 

Age in years Dental Referents 
personnel fn=585) % 
(n=587) % 

<25 0.7 2.0 
25-29 2.2 10.1 
30-34 9.8 10.1 
35-39 23.1 11.6 
40-44 21.2 18.3 
45-49 19.5 20.3 
50-54 10.8 12.6 
55-59 9.6 9.4 
>60 3 J 5.6 

Total 1 0 0 % 1 0 0 % 

male 30.3 27.4 

female 69.7 72.6 

The average working hours per week 
was 31-35 hours for female dental person
nel, while male dental personnel and all 
referents worked on average 36-40 hours 
per week. Dental personnel had worked 
on average 16-20 years in practice and re
ferents 11-15 years in practice. 

Questions were asked regarding histo
ry of hand dermatitis, atopic dermatitis, 
asthma, hay fever, eczema in childhood, 
frequent washing of the hands, type and 
use of gloves. The respondents were as
ked to locate their hand dermatitis on the 
palmar or dorsal aspects of a hand prin
ted on the questionnaire. Also questions 
were asked regarding experience of ge
neral hand symptoms such as; cold

ness, numbness, pricking, whitening, 
and finger pain. 

Logistic regression was used to analy
se association between hand dermatitis 
and the variables; age, sex, profession, 
years in practice, working hours per 
week, frequent washing of the hands, fre
quent glove use, type of gloves use, and 
history of asthma, hay fever, atopic der
matitis, and eczema in childhood. Also 
the association between frequent glove use, 
and type of gloves used, with the variables; 
coldness, numbness, pricking, whitening, 
and pain in fingers was analysed. 

For each person that marked the ex
tent of their hand dermatitis in the ques
tionnaire, a score was calculated using a 
method described by Meding (1991). 
Each finger, back, side, inside, tip, nail 
board, and interstitium with dermatitis 
was given score L Each part of hand 
palm, and hand back with dermatitis was 
given score 2, and whole hand palm, and 
back with dermatitis was given score 4. 
The total possible score for each hand 
was 37. Mean score was calculated for 
each hand with regard to profession. 
Further, the scores were divided into 
very mild (1-3), mild (4-5), moderate (6-12), 
and severe >( 13), according to Meding 
(1991). Dentists and chair assistants 
were analysed separately. It was assumed 
that there might be a difference between 
dentists and chair assistants as tasks per
formed by the two occupations differ. 

R E S U L T 

The response rate was 76% for dental 
teams, and 66 % for referents. A majority 
of dentists (75%), and chair assistants 
(79%), were working in Public Dental 
Care. 

Analyse of non-responding dentists 
showed no difference regarding age and 
sex. No data was available on age of no-
responding chair assistants but, it was 
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assumed that all were women. 
The occurrence of hand dermatitis 

and finger symptoms were calculated for 
each profession regarding sex. Male den
tists were compared to male referents, 
female dental personnel to female refe
rents, and female dentists to chair assis
tants, using Chi2 test. Experience of 
atopic dermatitis, reported 20.2% male 
dentists, and 24.8% female dentists, com
pared to 11.6% chair assistants, 9.4% male 
referents, and 9.6% female referents. This 
is significant higher for both male den
tists (p<0.001), and female dentists 
(p<0.0001). The prevalence of hand der
matitis and finger symptoms are shown 
in Table 2. Significant differences are 
marked with *. 

The correlation between hand derma
titis and the variables; age, sex, professi
on, atopic constitution, frequent washing 
of the hands, was calculated for all re
spondents as a group, for dental person
nel and referents, and for female and male 
separately. When analysing all respon
dents and referents separately, there was 
no correlation between hand dermatitis 
and age. When analysing male and fem
ale separately, hand dermatitis decreased 
significantly with increasing age for fem

ale (p=0.0328) but, not for male dentists, 
or male referents. Hand dermatitis was 
associated with female sex for referents 
(p=0.0007) but, the association was wea
ker for dental personnel (p=0.056). 

When comparing the prevalence of 
hand dermatitis between dental person
nel and referents, it was only among 
male dentists the prevalence was signifi
cant higher (p=0.0408). 

Hand dermatitis was strongly associa
ted with eczema in childhood (p<0.0001), 
and atopic dermatitis (p<0.0001) for both 
dental personnel and referents. There 
was also an association between hand 
dermatitis and hay fever for dental 
personnel (p=0.0081), and referents 
(p=0.0133). Hand dermatitis was associa
ted with asthma (p=0.0511) for referents 
but, not for dental personnel. 

About 72% of male dentists, 60% of fem
ale dentists, and 83% of chair assistants 
washed their hands more than 16 times 
per day, compared to 2.6% of male refe
rents and 11% of female referents. Hand 
dermatitis was only associated with fre
quent washing of the hands for referents 
(p=0.0104) but, not for dental personnel. 

Analysing the correlation for dental 
personnel, regarding profession and sex, 

Table 2. The prevalence of dermatitis and finger symptoms among dental personnel and referents. 

Dentist Chair Referents 
assistants 

male female female male femate 
(n=178) (n=125) (n=285) (n=157) (n=427) 
% % % % % 

HAND DERMATITIS 
Use to have hand dermatitis 15.2* 27.0 19.3 7.6 19.9 
FINGER SYMPTOMS 
coldness 12.9 22.7* 16.5 8.6 14.5 
numbness 11.8* 30.1*** 12.3 4.0 10.0 
prickling 2.8 1 5 . 4 " 6.3 1.3 5.5 
whitening 7.3 7.3 9.5 3.3 8.3 
pain 6.2* 15.4** 8.4 1.3 5.5 

* P<0.05 as compared to referents 
** P<0.001 as compared to referents 
*** P<0.0001 as compared to referents 
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showed no association between hand 
dermatitis, and frequent use of glove, and 
type of glove. Table 3 shows frequency 
and use of gloves, as well as type of gloves 
used, by dentists and chair assistants. 

The association between finger symp
toms and; age, sex, profession, glove use, 
and type of glove, was calculated for den
tal personnel as a group. The only symp
tom associated with age was whitening of 

Table 3. Frequency and type of gloves used by dental 
personnel. 

Dentists Dentists Chair 

male female assistants 
(n=178) (n=125) (n=285) 

% % % 

Use of gloves 
YES, always 59.6 79.5 68.4 
YES, sometimes 32.6 16.8 26.7 
NO, never 7.9 2.4 4.9 
No answer - 1.6 -

Type of gloves 
Vinyl 34.8 52.8 58.6 
Latex 36.5 19.2 18.9 
Vinyl and latex 11.2 16.8 11.9 
Other 1.1 0.8 0.4 
No answer 16.3 10.4 10.2 

the fingers (p=0.0353) that increased with 
increasing age. Pricking in the fingers was 
3.5 times more common among female 
dental personnel than male dentists 
(p=0.0233). Pricking in the fingers was 
more prevalent among those always 
wearing gloves (p=0.0233). Numbness in 
the fingers was more prevalent among 
dentists (p=0.0216), than chair assistants. 

From the location of hand dermatitis 
marked in the questionnaires, mean 
score was calculated for each hand, and 
is presented in Table 4. Dentists had a 
higher mean score (not significantly) on 
the left hand, and chair assistants and 
referents had a higher mean score on the 
right hand (not significantly). 
The scores were divided into severity for 
dentists, chair assistants, and referents as 
presented in Figure 1. 

Table 4. Mean score of hand dermatitis among dental 
personnel and referents. 

Profession Left hand Right hand 

Dentist (n=54) 4.4 4.2 
Chair assistant (n=54) 5.5 5.7 
Referents (n=94) 4.5 5.7 
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Respondents with hand dermatitis were 
asked if their dermatitis was related to 
work, or season, and were asked to name 
causes for their hand dermatitis. Signifi
cantly more dental personnel (82.1% 
male dentists, 67.6% female dentists, and 
89.6% chair assistants), reported their 
dermatitis to be work related, compared 
to referents (male 58.3%, female 39.2%). 
Related to season reported 31.4% male 
dentists, 34.5% female dentists, and 44.4% 
chair assistants, compared to referents 
(72.7% male, and 49.4% female). Informa
tion on assumed causes for hand der
matitis, given by dental personnel, is 
presented in Table 5. Some persons are 
giving more than one cause. 

Table 5. Assumed causes of hand dermatitis given by 
dental personnel (n=112). 

Assumed causes n % 

Hand washing 48 42.9 
Gloves 46 41.1 
Dental materials 14 12.5 
Detergents 10 8.9 
Allergies 8 7.1 
Talc 5 4.5 
Chemicals 3 2.7 
Soap 2 1.8 
Hand cream 1 0.9 

DISCUSSION 

A response rate of 76% for dentists may 
be considered as acceptable, especially 
as analysis of non-respondents showed 
no difference regarding age and sex. No 
data was available on age of chair assis
tants but, it was assumed that all were 
female. About 73% of those reporting 
hand dermatitis marked the location of 
their hand dermatitis in the question
naires. Susitaival et al (1995) showed 
questionnaires on dermatoses to be a 
valid method. Everyone who reported 
skin dermatoses in the questionnaire, 
and 22% not reporting, were found to 

have skin dermatoses, when clinically 
examined. Further, 50% had the same 
localisation clinically confirmed, as self-
reported 6-12 months earlier. 

When carrying out a cross sectional 
study, dental personnel on long term sick 
leave, and those who have left the profes
sion, are excluded. One can assume that 
these people probably experienced a 
higher prevalence of hand dermatitis, 
due to healthy worker effect. Thus, the 
experience of hand dermatitis in this 
study, is probably not over estimated. 

The terms "dermatitis" and "eczema" 
describe similar inflammatory conditions 
of skin and are, by common usage, regar
ded as synonymous {Milne 1976). The 
term "dermatoses" often includes all 
kind of skin diseases. 

Different studies have focused on dif
ferent conditions of the skin. Some on 
"hand dermatitis/hand eczema", some 
on "dermatoses on hands and fingers", 
some on "skin problems", and some on 
"skin reactions", therefore not compara
ble. Further, some studies on hand 
dermatitis/eczema have asked for "cur
rent dermatitis", some for "previous 
dermatitis", and some for "experience of 
dermatitis during the last year", calcula
ting the 1-year period prevalence. In this 
study respondents were asked if they 
"use to have hand dermatitis", and the 
"time of onset". 

Meding reported (1991) that, in a 
population with hand eczema, 10% had a 
history of eczema in childhood. Among 
respondents in this study, the atopic 
background is more prevalent, as repor
ted by 36.4% dentists, 17.3% chair assis
tants, and 25.5%. Rystedt (1985) estimated 
the prevalence of hand dermatitis to be 
4% in a population without family or 
personal atopy, and 25-41% in a group 
with atopic background. About 14% of 
dentists, chair assistants, and referents, 
without personal atopic background, 
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reported experience of hand dermatitis 
in this study. The family atopy was not 
known. Among those with eczema in 
childhood, 52.6% dentists, 29% chair as
sistants, and 25.5% referents reported 
experience of hand dermatitis. 

Hand dermatitis is shown to decrease 
with increasing age (Meding & Swanbeck 
1990), as was also shown for females in 
this study. The occurrance of hand der
matitis did not decrease with age among 
male referents, or male dentists. This 
could be explained by e.g. too few parti
cipants (12 referents and 28 dentists). 
Also that older male dentists may not 
have adopted the habit of using gloves all 
the time as have younger ones. Further, 
the fact that more male dentists never, or 
sometimes, use gloves, compared to 
female dental personnel (see Table 3), 
may be responsible for the high pre
valence of hand dermatitis among male 
dentists. 

Mean score calculations, based on 
questionnaire information, can not be 
compared to mean scores based on cli
nical examinations. However, i t is a use
fu l method to compare scores between 
hands, and professions. The total scores 
of hand dermatitis was higher but, not 
significantly for chair assistants, as 
shown by 11.1 for chair assistants, and 
8.5 for dentists. Interesting was that den
tists had a higher score for the left than 
for the right hand. This might be caused 
by exposure to polymer materials during 
removal of excess bonding and adhesives 
with air spray. Dentists often use their 
fingers of left hand to hold back lips 
(Lönnroth & Shahnavaz 1997). When di
viding scores into severity, more male 
dentists reported higher mild and mode
rate hand dermatitis, and fewer severe, 
than chair assistants and referents. 

In the study by Meding (1991), hand 
eczema was reported to be twice as com
mon among females than males (ratio 

1.9). In this study, the female/male ratio 
was 1.6 among dental personnel showing 
smaller sex differences. Among refe
rents, the ratio female/male was 3. 

Frequent water contact is one predic
ting factor for hand dermatitis, as it was 
for referents in this study. For dental 
personnel, there was no association 
between hand dermatitis and frequent 
washing of the hands, probably due to 
daily high frequent water contact. 

Rajaniemi & Tola (1985), reported 
that 21% of special technicians had numb
ness in the fingers. In this study, numb
ness was reported by significantly more 
dentists than referents, as reported by 
19.3% dentists, 12.3% chair assistants, 
and 8.4% referents. 

Male dentists in the two northern 
counties, reported a significantly higher 
prevalence of hand dermatitis, than male 
referents. Denstists also had more der
matitis on the left hand, than on the 
right. Dentists also had a higher pre
valence of atopic dermatitis, and numb
ness in the fingers. A case-control study 
can give an approximation to the relative 
risk for an exposed group but, not prove 
that a causation, if any, exist. To prove 
that dentists in general experience a hig
her risk of hand dermatitis a much larger 
study is needed including dental person
nel f rom all over Sweden. 
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A B S T R A C T 

A previous study on dental personnel in northern Sweden show that dentists had a 
significantly higher prevalence of self-reported and physician-diagnosed atopic derma
titis and conjunctivitis, compared to chair assistants and referents {Lönnroth & Shahna
vaz 1998). Further, significantly more male dentists reported experience of hand der
matitis compared to male referents. To compare the prevalence among dental person
nel working in other geographical areas of Sweden, and survey the use of personal 
protective equipment, a questionnaire study was conducted during 1997, which inclu
ded all dentists and his/her chair assistants, working in general private and public 
dental care in Sweden. A total of 7384 dental personnel were included in the study, 
4293 dentists (54.7% male and 45.3% female), and 3090 chair assistants. Logistic regres
sion was used for analysing data. Results show that significantly more dentists repor
ted symptoms of atopic dermatitis, conjunctivitis, and hand dermatitis, and had been 
diagnosed by a physician, compared to chair assistants. However, they did not report 
more sick-leave due to symptoms, compared to chair assistants. More female used 
protective devices, than male, and more chair assistants than dentists. Significantly 
more dental personnel in public dental care used protective devices, than in private 
dental care. Use of gloves, and face mask, decresed with increasing age but, use of eye 
protection, mainly in form of prescription spectacles, increased. The prevalence of 
hand dermatitis decresed significantly with increasing age but, more for female 
0x0.0001), than for male (p=0.01). 

S A M M A N F A T T N I N G 

En tidigare studie på tandvårdspersonal i norra Sverige visade att signifikant fler 
tandläkare rapporterade atopisk dermatit och konjunktivit, jämfört med tandsköter
skor och referensgrupp (Lönnroth & Shahnavaz 1998). Betydligt fler hade också fått 
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diagnosen av läkare. Vidare rapporterade fler manliga tandläkare handdermatit jäm
fört med manlig referensgrupp. För att utröna om prevalensen skiljde sig åt mellan 
olika län, men också kart lägga användningen av personlig skyddsutrustning, utfördes 
en enkätstudie under 1997 inkluderande alla allmänpraktiserande tandläkare med 
assisterande sköterska i hela Sverige. Totalt ingick 7384 tandvårdspersonal i studien, 
varav 4293 var tandläkare (54.7% män och 45.3% kvinnor) och 3090 var assisterande 
sköterskor (alla kvinnor). Svarsfrekvensen var 70.3%. Data analyserad med logistisk 
regressionsanalys. Analys av data från hela Sverige visade samma resultat som tidigare 
studie i norra Sverige. Atopisk dermatit, konjunktivit och handdermatit rapporterades 
av signifikant fler tandläkare än tandsköterskor. Betydligt fler hade också fått diag
nosen av läkare men, sjukskrivning pga besvär var inte högre bland tandläkare. Fler 
kvinnor än män använde skyddsutsrustning och fler tandsköterskor än tandläkare. 
Tandvårdspersonal inom folktandvården var flitigare att använda skyddsutrustning än 
tandvårdspersonal inom privattandvården. Med stigande ålder använde allt färre hand
skar och munskydd, medan användningen av skyddsglasögon, huvudsakligen i form 
av vanliga glasögon, ökade. Förekomsten av handdermatit minskade signifikant med 
stigande ålder men, mer för kvinnor (p<0.0001) än för män (p=0.01). Handdermatit var 
signifikant vanligare i vissa län, även efter korrelation för ålder och kön. 

INTRODUCTION 

A number of reports f rom the Finnish In
stitute of Occupational Health have shown 
acrylate compounds to be strong occupa
tional sensitizers (Kanerva et al 1996, 
1995, 1994, 1993, 1989, Jolanki et al 1994, 
Savonius et al 1993). According to Kaner
va et al (1995), dental personnel were 
found to have the highest number of 
occupational allergic contact dermatitis 
due to exposure to common acrylates in 
dental products e.g. 2-HEMA, TREGDMA, 
and Bis-GMA. Allergic contact dermatitis 
due to epoxy di (meth) acrylates or bisphe
nol A is considered rare. However, Jolan
ki et al (1995) reported about two cases. 
One was a dental assistant with allergic 
contact dermatitis caused by bisphenol A 
in dental composite resin based on epoxy 
dimethacrylate. 

Chamber provocation tests have shown 
that methacrylates and acrylates also can 
cause asthma but, the mechanism behind 
the hypersensitive reactions is not known 
(Savonius et al 1993). Occupational laryng
itis have been shown in provocation tests 
to acrylate compounds (Sala et al 1996). 

The most frequent acrylate sensitizers 

are dental materials and anaerobic sea
lants, according to an Italian study (Tosti 
et al 1993). Both allergic and irritant con
tact dermatitis were shown to be caused 
by exposure to epoxy, or acrylic resins, 
and their additives. 

A Danish study have reported about 
contact dermatitis in laboratory technici
ans engaged in production of UV-light 
cured acrylate ear-moulds, and also in 
patients wearing the ear-moulds (Kofoed-
Nielsen & Pedersen 1993). 

Apart f rom sensitisation, which is con
sidered the most serious effects caused 
by acrylates, exposure may also irritate 
skin, eyes, and the respiratory tract. Many 
factors in dentistry are hazardous to eyes 
such as; use of visible light curing units, 
contaminated aerosols, working close to 
various hazardous substances, exposure 
to toxic chemicals, and projectile partic
les (Bezan & Pitts 1993). 

A questionnaire study comparing den
tal personnel and referents in northern 
part of Sweden show that symptoms of 
atopic dermatitis and conjunctivitis was 
significantly more common among den-
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tists, than chair assistants and referents 
(Lönnroth & Shanavaz 1998). Further, 
male dentists reported higher prevalence 
of hand dermatitis, than did male referents. 
To compare results with dental personnel 
working in other geographical areas, a stu
dy was conducted, including all dentists 
and his/her chair assistant, working in 
general public and private dental practi
ces in Sweden. 

A I M 

The objectives of the study were 1- to ass
ess the prevalence of self-reported symp
toms of conjunctivitis, atopic dermatitis, 
and hand dermatitis among Swedish den
tal personnel, 2- to compare the results 
with a previous study on dental personnel 
in the Northern part of Sweden (Lönnroth 
& Shahnavaz 1998), and 3- to survey in 
more detail frequency, type, and use of 
protective devices, and calculate correla
tion between self-reported symptoms and 
use of protective devices. 

S U B J E C T S A N D M E T H O D S 

Personally addressed questionnaires were 
sent to all private and public dental teams 
in Sweden during spring 1997. List of 
dentists was obtained f rom each of the 25 
Social Insurance Offices and County Coun
cils in Sweden. One reminder was sent to 
non-respondents. Dental nurses, not wor
king as chair assistants, and dental hygie
nists, were excluded. As the questionnai
res were sent to dental clinics, dentists 
and dental nurses on long term sick lea
ve, or parental leave, were excluded. 

Questions were asked regarding histo
ry of conjunctivitis, atopic dermatitis, hand 
dermatitis, and eczema in childhood. On
set of symptoms was asked, and if a given 
diagnosis had been made by a physician. 
Furthermore, if they had been on sick lea
ve due to the symptoms. Questions were 

also asked regarding shortness of breath, 
cough, runny nose, eye irritation, skin er
uptions, and skin irritation upon exposu
re to a number of products such as; pol
len, dust, animal, foodstuffs, tobacco smo
ke, automobile exhaust, cleaning agents, 
and dental materials. In addition, it was 
asked if they used prescription spectacles, 
spectacles with magnifying glass, eye 
protection, gloves, and dental face mask, 
together with type, and frequency of use. 

Logistic regression was used for analy
sing the association between the symp
toms and the variables; age, sex, eczema 
in childhood, profession, county, working 
hours per week (total, and with patient), 
position (working in private or public den
tal care), and frequency, type, and use of 
dental safety glasses, gloves, and dental 
face mask. Analyses were done for the 
whole group. If an association was found 
with a profession, further analyses were 
done for that profession. Non respondent 
dentists were analysed regarding age 
and sex. 

The response rate was 70.3%. A total of 
7384 dental personnel, 4293 dentists, 
(54.7% male, and 45.3% female), and 3090 
chair assistants (all female), responded 
the questionnaire. About 43.6% were wor
king in private care, 55.0% in public den
tal care, and 1.4% in both private and pu
blic dental care. Mean age was 45.2 years, 
SD 8.8, range 19-65 years. Mean years in 
practices was 20.1 years, SD 8.9, range 1 -
49 years. Study base by county is shown 
in table 1. Percentages are rounded off 
and given with integer which means that 
0% includes all lower, or equal to 0.4%. 

R E S U L T 

The self-reported, and physician diagno
sed prevalence of atopic dermatitis, con
junctivitis, and hand dermatitis was cal
culated, together with the prevalence of 
sick-leave due to symptoms, for dentists 
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Table 1. Study base by age, sex, profession, position, and county. 

County Total Response A( je Position Dentists Chair ass. County 
n Rate* Mean (SD) Priv/Pub.(both) n (% male/female) All femal 

% % n 

AB Stockholm 1563 62 45.2 (9.7) 5 4 / 4 5 (2) 938 ( 4 7 / 5 3 ) 625 

C Uppsala 167 62 46.9 (9.2) 4 9 / 4 9 (2) 103 ( 5 5 / 4 5 ) 64 

D Södermanland 188 71 45.2 (9.1) 4 9 / 5 0 (1) 107 ( 5 9 / 4 1 ) 81 

E Östergötland 320 72 45.3 (9.6) 4 0 / 5 9 (1) 195 ( 5 0 / 5 0 ) 125 

F Jönköping 275 72 45.2 (8.6) 3 8 / 6 2 (0) 158 (61 / 39 ) 117 

G Kronoberg 139 66 45.0 (8.6) 6 2 / 3 8 (0) 77 (61 / 39 ) 62 

H Kalmar 204 80 46.1 (8.5) 4 3 / 5 7 (0) 119 (62 /38 ) 85 

I Gotland 40 68 44.9 (9.2) 3 5 / 6 3 (2) 23 ( 4 8 / 5 2 ) 17 

K Blekinge 135 77 44.1 (8.1) 4 4 / 5 6 (0) 74 ( 5 5 / 4 5 ) 61 

L Kristianstad 237 69 45.0 (9.1) 5 2 / 4 7 (1) 136 (61 / 3 9 ) 101 

M Malmöhus 473 66 47.1 (8.6) 4 4 / 5 4 (2) 270 (50/50) 203 

N Halland 182 64 47.4 (8.9) 46 / 52 (2) 100 (69 / 31) 82 

O Göteborg 242 72 45.3 (9.0) 26 / 72 (2) 142 ( 4 9 / 5 1 ) 100 

P Älvsborg 419 77 44.8 (8.3) 3 4 / 6 3 (2) 233 (52 / 48) 186 

R Skaraborg 243 74 43.8 (8.7) 32 / 66 (2) 139 ( 5 4 / 4 6 ) 104 

S Värmland 260 78 43.8 (8.6) 3 5 / 6 5 (0) 146 ( 6 2 / 3 8 ) 114 

T Örebro 198 67 45.5 (8.8) 4 6 / 5 4 (0) 116 ( 6 2 / 3 8 ) 82 

U Västmanland 220 74 45.2 (9.0) 41 / 59 (0) 123 ( 5 9 / 4 1 ) 97 

W Kopparberg 231 71 45.0 (9.1) 3 4 / 6 6 (0) 134 ( 5 5 / 4 5 ) 97 

X Gävleborg 210 70 45.2 (9.2) 3 8 / 6 2 (0) 118 ( 6 2 / 3 8 ) 92 

Y Västernorrland 203 79 47.1 (8.6) 2 8 / 7 1 (1) 116 (60 /40 ) 87 

2 Jämtland 86 63 44.9 (9.2) 3 3 / 6 7 (0) 54 (59 /41 ) 32 

AC Västerbotten 242 76 44.6 (8.3) 25/ 73 (2) 133 ( 5 9 / 4 ) 109 

BD Norrbotten 218 73 44.3 (7.5) 1 9 / 8 1 (0) 121 (51 / 49 ) 97 

G C Göteborg city 443 64 45.6 (9.5) 5 8 / 4 0 (2) 270 ( 5 6 / 4 4 ) 172 

MC Malmö city 246 60 47.1 (9.2) 6 5 / 3 2 (3) 148 ( 6 5 / 3 5 ) 98 

'Response Rate is based on dental team response. 

Table 2. Frequency of self-reported, and diagnosed atopic dermatitis, conjunctivitis, and hand dermatitis, and reported 
sick-leave due to symptoms, as reported by dental personnel (n=7384). 

Symptoms Dentists mate 
n=2349 

% 

Dentists female 
n=1945 

% 

Chair assistants 
n=3090 

% 

Comparing female 
dentists with chair 

assistants. 

Atopic dermatitis 
self-reported 19.8 
physician diagnosed 5.0 
sick-leave due to symptom 1.0 

Conjunctivitis 
self-reported 10.0 
physician diagnosed 5.5 
sick-leave due to symptom 0.6 

Hand dermatitis 
self-reported 19.7 
physician diagnosed 7.8 
sick-leave due to symptom 1.2 

23.0 
6.3 
1.6 

14.1 
8.4 
I . 2 

25.9 
I I . 1 
2.5 

13.3 
2.5 
1.1 

4.8 
2.8 
0.7 

21.3 
9.4 
2.5 

p < 0.0001 
p < 0.0001 

NS 

p < 0.0001 
p < 0.0001 

NS 

p = 0.0002 
p = 0.0481 

NS 
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and chair assistants, as shown in Table 2. 
As chair assistants were all female, com
parison was made with female dentists. 
Significant differences between female 
dentists and chair assistants is shown with 
p value. 

As shown in Table 2, even though the 
prevalence of self-reported and physician 
diagnosed symptoms was higher among 
dentists, they did not show more "sick-
leave due to symptoms", compared to 
chair assistants. 

The correlation was calculated for as
sociation between symptoms of atopic 
dermatitis, conjunctivitis, and hand der
matitis for the variables; age, sex, eczema 
in childhood, profession, position, county, 
and working hours, total, and with pa
tients. Significant correlation's are shown 
with p value in Table 3. 

Result show that atopic dermatitis was 
strongly associated with profession, and 
significantly more common among den
tists than chair assistants. Atopic dermati
tis was also correlated with sex and signi
ficantly more common among male. Atopic 
dermatitis was correlated with eczema in 
childhood, and more common among 
those working in public dental care. Atopic 
dermatitis was also correlated with incre
asing total working hours per week. The 
lowest prevalence of atopic dermatitis was 
reported from Gotland (I) with 5%, follo
wed by Södermanland (D) with 10.6% and 
Malmö city (MC) with 13.4%, and the high

est from Jämtland (Z) with 26.7% followed 
by Uppsala (C) with 24%, and Västerbot
ten (AC) and Västernorr land (Y) with 
20.2% but, the difference between coun
ties was not significant. 

Conjunctivitis was significantly more 
common among dentists, and female, and 
was correlated to excema in childhood. 
The prevalence of conjunctivitis was lo
west in Göteborg (O), Gotland (I) , and 
Halland (N) with 5%, and highest in Väs
terbotten (AC) with 12%, followed by Jön
köping (F) with 11.6%, and Kopparberg 
(W) with 10.8% but, the difference bet
ween counties was not significant. 

Hand dermatitis decreased with age 
and was more common among female den
tal personnel. Hand dermatitis was corre
lated with eczema in childhood, and more 
common among dental personnel living 
in some counties e.g. Uppsala county, 
Göteborg city, Jämtland county, and Stock
holm city. The difference was significant 
for hand dermatitis, also when correlated 
for age (p=0.034,) and sex (p=0.041), see 
Figure 1. 

Use of personnel protective devices, 
type and frequency of use, was calculated 
with regard to profession and for male 
and female separately, see Table 4. Signi
ficantly more male used prescription spec
tacles (p<0.0001), and spectacles with mag
nifying glasses (p<0.0001) than did fem
ale. More male also planned to buy spec
tacles with magnifying glasses (p<0.0001), 

Table 3. Correlation between symptoms and different variables for dental personnel (n=7384) 

Atopic dermatitis Conjunctivitis Hand dermatitis 

Age 
Female sex 
Eczema in childhood 
Profession 
Position private/public 
County 
Clinical work hours/week 
Total working hours/week 

NS 
= 0.0049 (neg.) 
p < 0.0001 
p < 0.0001 
p = 0.0037 

NS 
NS 

p = 0.0001 

NS 
p = 0.0286 
p = 0.0006 
p < 0.0001 
p = 0.0548 

NS 
NS 
NS 

p < 0.0001 (neg.; 
p < 0.0001 
p < 0.0001 

NS 
NS 

p = 0.0336* 
NS 
NS 

'correlated for age 
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Figure 1. The self-reported prevalence of hand dermatitis for each Swedish county. 
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Table 4. Frequency and use of personnel protective devices as reported by 
dental personnel (n=7384). 

Use and type of protective devices Dentists male Dentists female Chair assistants 
n=2349 n=1945 n=3090 

% % % 

Use of prescription spectacles 75.5 73.2 65.0 
use the same at work and leisure time 42.6 50.2 82.2 

Type and use of eye protection 
Total use 77.1 87.3 79.1 
ordinary glasses 51.8 43.3 43.0 
safety glasses 22.2 19.8 26.0 
visor " 21.6 32.7 28.0 
safety glasses and visor 4.3 4.3 3.0 

Use spectacles with magnifying glasses \ 34.0 18.9 0.7 
Use eye protection during light curing 63.5 x 75.6 63.2 
Type and use of gloves 

Total use 78.5 94.2 86.4 
latex gloves v 41.9 54.4 59.9 
vinyl gloves 47.2 34.0 30.0 
other 1.9 1.6 0.9 
latex and vinyl 9.0 10.0 9.1 

Type and use of dental face mask 
Total use 87.7 91.4 80.8 
thick papers 43.0 59.6 54.0 
thin papers 26.0 31.3 40.6 
cloth 28.0 0.8 0.4 
other 3.0 8.4 5.0 

Table 5. Correlation between use of protective devices and variables; age, sex, profession, position, total working 
hours per week, working hours with patients per week, and county (n= 7384). 

Variables Use eye Use eye Use gloves Use dental face 
protection during protection mask 

light curing 

Age p<0.0001 p<0.0001 (neg.) p<0.0001 (neg.) p<0.0001 (neg.) 

Female sex p<0.0001 p<0.0001 p<0.0001 p<0.0001 (neg.) 
Profession p<0.0001 p<0.0001 NS p<0.0001 

Position private/public p<0.0001 p<0.0001 p<0.0001 p<0.0001 

Clinical hrs/week NS p=0.0001 NS p=0.0540 

Total working hrs/w NS NS p=0.0513 p=0.0281 

County NS NS NS NS 

than female. Using the same prescription 
spectacles at work and leisure time, was 
reported by more female (p<0.0001), than 
male dental personnel. 

Further, the correlation was calculated 
between use of protective devices and the 
variables; age, sex, profession, position, 
clinical working hours per week, total wor
king hours per week, and county, as shown 
in Table 5. 

The use of eye protection during light 
curing increased with increasing age but, 
use of other protective devices decreased 
(Table 5). Also frequency of glove use dec
reased (p<0.0001) and use of dental face 
mask (p=0.0578). Calculating correlation 
between use of protective devices and sex, 
show that dental face mask was used by 
more male dentists but, female dental 
personnel reported more frequent use 
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Table 6. Correlation between use of protective devices and symptoms (n=7384). 

Atopic dermatitis Conjunctivitis Hand dermatitis 

Prescription spectacles - p=0.0038 
With magnifying glass - p=0.0001 
Use of eye protection* - p=0.0413 
Use of gloves p<0.0001 - p<0.0001 

Use of face mask NS NS -

*46.7% used prescription spectacles as eye protection. 

(p=0.0002). More female dental person
nel reported using eye protection, and 
gloves, and also used it more frequently 
(p=0.0002), compared to male dentists. 

Calculating use of protective devices 
regarding different professions show that 
more chair assistants than dentists repor
ted using eye protection, and used eye 
protection more frequently (p=0.0037). 
Also dental face mask and gloves were 
used by more chair assistants. Chair as
sistants used face mask less frequently 
(p<0.0001) than dentists, and gloves more 
frequently (p<0.0001). Use of protective 
devices did not differ between counties 
but, with position and was used by signifi
cantly more dental personnel in public 
dental care, than private clinics. 

Correlation between symptoms and use 
of protective devices was analysed as 
presented in Table 6. Results show that 
symptoms of conjunctivitis was correla
ted with use of all kind of eye protection, 
and with use of the same spectacles at 
work and leisure time (p<0.0001). Con
junctivitis was also significantly more com
mon among dental personnel using eye 
protection only sometimes (p=0.0022). 
No correlation was found between con
junctivitis and type of eye protection used. 
Hand dermatitis, and atopic dermatitis, 
was only correlated with use of gloves, 
not with frequency, or type of gloves used. 
Significantly more dental personnel who 
used gloves reported hand dermatitis and 
atopic dermatitis, than those who did not 
use gloves. 

Questions were also asked regarding 
shortness of breath, cough, runny nose, 

eye irritation, skin eruptions, and skin ir
ritation upon exposure to a number of pro
ducts such as; pollen, dust, animal, food
stuffs, tobacco smoke, automobile ex
haust, cleaning agents, and dental materi
als. Fifty nine percent (59%) reported 
symptoms from exposure to one or seve
ral products. Most common was symp
toms f rom exposure to pollen (22.1%), 
followed by tobacco smoke (20.8%), den
tal materials (19.5%), dust (16.1%), clean
ing agents (16.1%), animal (14.8%), food
stuffs (13.9%), and automobile exhaust 
(8.1%). 

Further, dental personnel who repor
ted symptoms from exposure to dental 
materials were asked to name the causes. 
A total of 1232 dental personnel reported 
one or several causes. Symptoms from ex
posure to latex was reported by 25.2%, 
acrylate 23.6%, gloves 12.1%, composite 
11%, bonding 9.8%, talc 3.7%, nickel 3.2%, 
primer 2.8%, dental face mask 2.8%, euge-
nol, disinfection 2.0%, resin, chloroform 
1.2%, and adhesive 0.8% 

DISCUSSION 

The large number of respondents (7384), 
and a response rate of over 70%, is consi
dered acceptable. According to Miettinen 
(1985), any given study provides but a 
contribution to future meta-analysis, and 
one single study can not provide answers 
to the whole range of questions. 

One fact that must be considered is 
that differences in medical knowledge may 
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reflect differences in the way people 
answer the questions. However, also phy
sician diagnosed symptoms were asked 
to provide evidence and increase validity. 
Self-report and physician diagnosed cor
related, which may increase validity of the 
answers. 

As questionnaires were sent to the wor
king places, the domain of this study was 
dentists and his/her chair assistant, wor
king in general private and public dental 
care in Sweden. 

Only dentists who not responded the 
questionnaires were analysed regarding 
age and sex as no information was availa
ble on chair assistants. The respondents 
were significantly different f rom non re
spondents regarding age and sex. Respon
dents were younger than non respondents, 
and the ratio male-female was 1.2 for re
spondents and 1.9 for non respondents. 

Excluded were dental personnel on 
long term sick-leave, or parental leave. 
Also dental nurses and hygienists not wor
king as assistants. As questionnaires on 
dermatoses has been shown to be a valid 
method (Susitaival et al 1995), i t was as
sumed valid for other symptoms as well. 

In general, use of protective devices 
might be lower, as protective devices was 
used more by younger dentists, and den
tists who responded the questionnaire 
were younger than non respondents. 
Further, protective devices were used by 
more female, and more female have re
sponded to the questionnaire, than male. 

A majority of dental personnel repor
ted using protective devices, female more 
than male, chair assistants more than den
tists, and those working in public dental 
care more than those in private. With in
creasing age, gloves, face mask, and eye 
protection was used by less dental per
sonnel. One explanation could be that they 
have not adopted the habit in the begin
ning of their career. The only use of pro
tection that increased with increasing age 

was eye protection during light curing, 
which might be explained by the fact that 
light curing of dental materials is a newer 
technique. Surprisingly many used pres
cription spectacles instead of dental safe
ty glasses which means that they are main
ly protected against flying particles, splash 
etc. but, not against e.g. vapour, light, and 
contaminated air. 

Results show that a majority of dental 
personnel used protective devices but, the 
question is how, and what? From an ob
servation study it was shown that dental 
personnel (without being aware of i t) , 
were wearing face mask under the nose, 
or chin. Most dentists used prescription 
spectacles as protective glasses. Further, 
during more than half of the treatments 
chair assistants removed gloves before 
cleaning/waste disposal (Lönnroth & 
Shahnavaz 1997). One explanation could 
be that protective devices do not meet the 
demand f rom dental personnel. Analyses 
f rom an open question regarding users 
demand of safety glasses, show that seve
ral types of dental safety glasses are 
needed (Lönnroth & Shahnavaz 1998). 
Apart f rom functional demands e.g. prov
ide good protection and good vision, den
tal personnel want safety glasses that are 
cosmetically acceptable, and easy to wear 
and combine with other devices, which 
are not available in the market today. Pro
tective gloves do not give enough protec
tion to monomers (Munksgaard 1992). 
Further, use of latex gloves enhance the 
development of allergies (Tarlo et al 1997). 
In this study use of gloves was correlated 
with hand dermatitis. 

One aim of this study was to assess, 
and compare, the results with the previ
ous study conducted in the northern Swe
den (Lönnroth & Shahnavaz 1998). In 
agreement with the previous study, self-
reported, and physician diagnosed, con
junctivitis and atopic dermatitis was re
ported by significantly more dentists than 
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chair assistants. In this study it was also 
shown that hand dermatitis was signifi
cantly more common among dentists than 
among chair assistants (when comparing 
female). As no male referents were used, 
and symptoms were strongly correlated 
with sex, male dentists were compared 
with results from the previous study. 

In the earlier study 15.2% of male den
tists reported symptoms of hand dermati
tis and that was significantly higher than 
what was reported by referents (7.6%). In 
this study the prevalence was even hig
her as 19.7% of male dentists reported 
symptoms of hand dermatitis. Hand der
matitis is shown to decrease with age ac
cording to Meding & Svanbeck (1990). 
This was also shown in this study but, the 
correlation was weaker for male (p=0.01) 
than for female (p<0.0001). One explana
tion could be that use of gloves decreased 
with increasing age, and also that less male 
used gloves, compared to female. 

The significant difference in prevalen
ce of hand dermatitis between counties 
(even after correlated for age and sex), is 
difficult to explain. External, not identi
fied factors may contribute to the high 
prevalence of hand dermatitis in some 
counties. 

Atopic dermatitis was reported by sig
nificantly more male dentists (20.2%) in 
the previous study, compared to male re
ferents (9.4%). This is about the same le
vel as reported by male dentists in this 
study (19.8%). 

Female dentists reported lower preva
lence of conjunctivitis in this study, com
pared to the previous study (14.1% vs. 
18.4%), and chair assistants a little bit hig
her (4.8% vs. 3.5%) but, the prevalence was 
still significantly higher for dentists, com
pared to chair assistants. 

Only 10% of male dentists in this study 
reported symptoms of conjunctivitis, com
pared to 15.7% in the previous study 
(p=0.016). This cannot be explain by age 

differences as there was no correlation 
between conjunctivitis and age. I t might 
be explained by the relatively small num
ber of male dentists in the previous study 
(178), or other factors not identified. 

There was a correlation between con
junctivitis and use of prescription specta
cles, prescription spectacles with magni
fying glasses, and use of eye protection. 
This results indicate that the type of eye 
protection used by dentists today is not 
sufficient. 

From the large number of respondents 
it can be concluded that dentists have a 
higher risk of atopic dermatitis, conjuncti
vitis, and hand dermatitis, compared to 
chair assistants. One can assume that per
sonal protective devices, used by dentists 
today, do not give enough protection. 

A case-control study can not prove the 
causal factors but, give an approximation 
to the relative risk for an exposed group. 
From a "profile of exposure" regarding 
dental polymers (Lönnroth & Shahnavaz 
1997), it was shown that chair assistants 
are involved in both mixing materials, as
sisting during treatment of patient, clea
ning of instruments, and waste disposal, 
while most dentists are involved only in 
treatment of patients. The question re
mains if inserting, polymerising, and po
lishing of polymer materials are hazardous 
to dentists and causing the symptoms? Or, 
are there other factors not identified? It is 
important to determine the causal factors 
behind the high prevalence of symptoms 
among dentists, and find out why chair 
assistants working in the same environ
ment, and assisting the dentists, do not 
face the same problems. 

I t is also important to develop protecti
ve devices that gives good protection, but 
also are designed according to users' dem
and. Ventilation maintenance and control 
is another important factor to reduce ex
posure to various airborn substances. 
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Why dental personnel do not use safety glasses - Using Grounded Theory to 
explain users demand 

E-C. Lönnroth and H. Shahnavaz 
Division of Industrial Ergonomics, Department of Human Work Sciences, Luleå University of 
Technology, 971 87 Luleå, Sweden. 

1. INTRODUCTION 

To protect eyes against ocular hazards, dental personnel need to use safety glasses. 
According to Bezan and Bezan [1], ocular injuries in dental clinics belong to four categories; 
mechanical trauma, chemical insult, microbial infection, and electromagnetic radiation; the 
most common is mechanical trauma. A study on Swedish dental personnel show that 15% of 
male dentists and 20% of female dentists reported symptoms of conjunctivitis [2]. Apart from 
protection, the safety glasses also must be comfortable to wear, not interfere or disrupt work 
performances, provide good optical quality, and be compatible with other devices, such as 
dental face mask but, also with prescription spectacles used by many dentists. An observation 
study shows that dental personnel not use available dental safety glasses but prescription 
spectacles as eye protection [3]. Earlier studies on safety glasses in dentistry have focused on 
ocular hazards in dentistry, and requirements for design of safety glasses [4]. No previous 
study have tried to analyse users demand by using the qualitative method "Grounded Theory 
to analyse an open question regarding dental safety glasses [5-6]. 

2. AIM 

The aim of this study was 1- to increase the understanding behind the low use of safety 
glasses in dentistry. 2- to construct a typology for users demand of safety glasses. 

3. SUBJECTS and METHODS 

Two questionnaires (1 for the dentist + 1 for the chak assistant) were sent to the office of 
all dentists in private and public dental care in Sweden during 1997. The response rate was 
70.3%. A total of 7378 responded, 4751 dentists and 2627 chair assistants. In an open 
question, dental personnel were asked to mention which factors they found most important 
when choosing protective glasses for dentistry. The qualitative method "Grounded Theory' 
was used for analysing the answers. The words were grouped into codes and later into 
categories. Users demands were found to belong to two main categories, functional demand 
and human factor aspects, which formed two axes. Aspects regarding functional demand were 
related to one axis with individual protection at one end, and work performances at the other. 
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The other axis was pertained to human factor aspects with rational at one end and emotional at 
the other. The axes represent a continuum and show the possible variations between the 
extremes in the model. The model gives a dynamic understanding of users demand regarding 
dental safety glasses. 

4. DEVELOPMENT O F A T Y P O L O G Y 

Functional demand 

Individual protection Work performance 

Individual protection 
Emotional 

Work performance 
Emotional 

Individual protection 
Rational 

Work performance 
Rational 

Figure 1. A dynamic model showing users demand regarding dental safety glasses. 

Individual protection was based on words like; protect against splash, protect against UV-
light, filter all hazardous radiation, tight on sides, tight fitting, protect the whole face, give 
good protection, 100% protection from all sides, with side shields, protect from sides, cover as 
much as possible, big with side shields, protect the eyes. 

Work performance was based on words like; good optic of glasses, with correction for near 
and long sight, provide good colour visibility, resistant to scratches, give maximum field of 
vision, no reflection frame, good optic, not steaming up when combined with face mask, 

Rational aspects was based on practical aspects and words like; easy to wear, easy to clean, 
easy to use, easy to take on and off, flexible, give freedom in work, unable combined with 
prescription spectacles, cheap, firm, compatible with face mask, robust, foldable, lenses 
exchangeable if scratches, useably the whole day, removable side shields, not slipping down 
when bending the head, not heavy, not big, not disturbing or disrupting work, not bad 
ventilation, not causing allergy. 
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Emotional aspects was based on words like; look nice, comfortable, not too tight, light, 
individual, discrete, nice design, tidy, give good impression on patients, not irritating, available 
in many colours, good fit, not look like protective glasses, not squeezing the nose, make you 
look nice, not noticeable, unisex model, cosmetically acceptable, not frighten children, not give 
the impression that aesthetic is not important, not looking queer. 

Individual protection and emotional aspects 
The 1 s t quadrant shows dental safety glasses characteristics, required by dental personnel 

who think the individual protection is the most important issue, together with aesthetic of the 
glasses. They may not think the visual aspect is very important, and neither how easy they are 
to wear, and combine with other devices. Conclusion may be that they use safety glasses i f they 
are cosmetically acceptable. 

Work performance and emotional aspects 
The 2 n d quadrant shows dental safety glasses characteristics, required by dental personnel 

who think the visual aspect is the most important issue, together with nice design. They may 
not think the individual protection is the most important issue, and neither how easy they are to 
wear, and combine with other devices. Conclusion may be that they use safety glasses if the 
glasses do not impair vision, and if the glasses are cosmetically acceptable. 

Individual protection and rational aspects 
The 3rd quadrant shows dental safety glasses characteristics required by dental personnel 

who think the individual protection is most important, but also that safety glasses are easy to 
wear, and combine with other devices. They may not think the visual aspect is the most 
important issue, and neither the aesthetic of safety glasses. Conclusion may be that they use 
safety glasses if they are easy to wear, and combine with other devices. 

Work performance and rational aspects 
The 4 t h quadrant shows dental safety glasses characteristics, required by dental personnel 

who think the visual aspect is the most important, and also that they are easy to wear, and 
combine with other devices. They may not think individual protection is the most important 
issue, and neither the aesthetic of the glasses. Conclusion may be that they use safety glasses if 
the glasses do not impair vision, and i f they are easy to wear, and combine with other devises. 

5. DISCUSSION 

As shown in the model, dental safety glasses must fulfil a wide range of demands regarding 
functionality and human factor aspects. For the dental profession the visual aspect is very 
important. With regards to professionalism, aesthetics is also important as shown by the 
expressed views such as "not to give the impression that aesthetics is not important", "give 
good impression on patients", "not to appear queer", "not to frighten children", "make me 
look nice", and "not to look like protective glasses" among others. The results also support the 
opinion of offering several types of dental safety glasses available to meet individual demands 
and different professions. Further, to convince dental personnel to use dental safety glasses, 
education and training methods on safety glasses cannot be uniform. They need to be tailored 
according to the different user groups. For example, dental personnel more interested on 
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cosmetics have to be convinced on the relevance of safety glasses much differently from those 
putting premium on rational aspects of safety glasses. Thus, this also emphasises the 
ergonomic principle of knowing the users needs and characteristics in promoting and 
mamtaimng safety procedures. 
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Dental personnel are at risk as they manually handle polymer products 

containing monomers and additives that cause irritation and induce allergy. 

Gloves and face masks can be easily penetrated by monomers. A total of 587 

dental personnel and a referent group (585) in the 2 most northern regions of 

Sweden were included in a questionnaire study (response rate 76%). 

Questions were asked regarding symptoms of atopy, asthma, conjunctivitis, 

atopic dermatitis, hand dermatitis, and hay fever/rhinitis. The dental personnel 

were asked to give the name of polymer products used in their practice and 

the frequency of use. They were also asked to risk evaluate 5 different types of 

polymer materials on a scale from 1 to 5. Analysis was done to find if the 

occurrence of a symptom was associated with a high risk evaluation of 

a polymer material, or with frequent use of a certain polymer product. 

Significantly more dentists reported symptoms of atopic dermatitis and 

conjunctivitis compared to referents and chair assistants. Results show that 

dental personnel with symptoms risk evaluated most materials significantly 

higher than dental personnel without symptoms. Further, the occurrence of 

some symptoms was associated with frequent use of 8 polymer products. 

dental personnel correlation analysis seif-reported symptoms 

dental polymer use health risk evaluation 

1. INTRODUCTION 

Dentistry uses a variety of different polymer materials. Most dental 
polymer materials are based on methyl methacrylate and its polymers, 

Correspondence and requests for reprints should be sent to Emma-Christin 
Lönnroth, Division of Industrial Ergonomics, Department of Human Work Sciences, 
Luleå University of Technology, 97187 Luleå, Sweden. E-mail: <cilo@arb.luth.se>. 
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for example, dentures, crowns, bridges, artificial teeth, orthodontic 
appliances, temporary constructions, tooth coloured restorative materials, 
adhesives, pit and fissure sealant. Some, that is, glass ionomers, polyether, 
and silicone are based on polyelectrolytes, for example, poly (acrylic) acid 
(Ruyter & Oysaed, 1988). The polymerisation is initiated chemically by 
mixing two components, or by light (visible or UV light). Polymerisation 
of crowns, bridges, and dentures is initiated by heat. Initiators and 
accelerators are added to trigger the polymerisation, inhibitors and 
antioxidants to improve stability during storage, and cross-linking 
agents to improve mechanical properties. Apart from additives, many 
polymers also contain fillers of, for example, glass, quartz, and silica. In 
contrast to industrial use, dental use of acrylates requires manual 
handling. 

Many studies have shown that methyl methacrylate can irritate skin, 
eyes, and the respiratory tract. Stevenson (1941) and Moody (1941) were 
the first reporting about hypersensitivity to methacrylate. Stoy (1952) 
reported about dental technicians who developed hand dermatitis due to 
handling methyl methacrylate. Several studies later on documented that 
methyl methacrylate, and its polymers, can cause skin irritation like 
contact dermatitis (Hensten-Pettersen & Jacobsen, 1991; Kanerva, 
Estlander, Jolanki, & Tarvainen, 1993; Munksgaard & Knutsen, 1990). 
Respiratory and eye-related symptoms have also been reported (Estlander, 
Kanerva, Kari, Jolanki, & Mölsö, 1996; Savonius, Keskinen, Tupparainen, 
& Kanerva, 1993). External primary irritants produce an acute inflam
matory response, self-limiting once the irritant has been removed (Milne, 
1976). The most serious aspect is the sensitisation capacity of chemicals. 
Once sensitisation is induced it is self-perpetuating. Important factors 
for sensitisation capacity are, for example, the ability to react with skin 
proteins, and the ability to penetrate the skin. Methyl methacrylate and 
its polymers have been shown to induce sensitisation in humans (Estlander 
et al., 1996, Kanerva, Estlander, Jolanki, & Henriks-Eckerman, 1995a; 
Kanerva et al., 1993; Kanerva, Estlander, Jolanki, & Tarvainen, 1995b; 
Koppula, Fellman, & Storrs, 1995; Munksgaard & Knutsen, 1990; 
Savonius et al., 1993). Also, many additives in dental polymers are shown 
to cause sensitisation (Arisu, Hayakawa, Ogino, Matsunga, & Kaniwa, 
1992; Kanerva et al., 1993; Torres, Mano-Azul, Correia, & Soares, 1993; 
Tosti, Bardazzi, Piancastelli, & Braisle, 1990; Vershueren & Bruynzeel, 
1991). Latex gloves give better protection than vinyl gloves but all are 
easily penetrated by acrylate monomers (Munksgaard, 1992). Studies 
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have shown that frequent use of latex gloves increases the risk of 
sensitisation to latex (Tarlo, Sussman, & Holness, 1997). A typical worn 
dental facemask retains less than 42% of respirable particles (Collard, 
Vogel, & Ladd, 1991). Further, from an observation study in dental 
clinics, it was shown that a large number of dental personnel wore their 
facemask under the nose or chin, and removed gloves before treatment 
was over (Lönnroth & Shahnavaz, 1997). 

The increasing use of different polymer materials in dentistry is 
a cause of great concern among dental personnel, because they handle 
the non-reacted polymer products manually, and personal protective 
devices do not give enough protection. 

2. AIM 

The aim of this study was to analyse (a) i f there was a correlation 
between occurrence of a self-reported symptom from skin, eyes, or the 
respiratory tract, with higher health risk evaluation of different types of 
polymer materials; (b) i f frequent use of certain dental polymer material 
was correlated with occurrence of a self-reported symptom; (c) i f use of 
a certain dental polymer material was correlated with higher health risk 
evaluation for that type of material. 

3. PARTICIPANTS AND METHOD 

Two questionnaires (one for the dentist and one for the chair assistant) 
were sent to the office of all general dental practitioners working in 
private and pubhc dental care in the two northern regions of Sweden. 
As referent group, teachers, researchers, and secretaries from university 
and high schools in the same geographical area were selected. One 
reminder was sent to non-respondents. Questions were asked regarding 
age, sex, profession, symptoms of atopy (shortness of breath, cough, 
a runny nose, eye irritation, skin eruptions, and skin irritation upon 
exposure to, e.g., pollen, dust, animals, foodstuffs, tobacco, smoke, 
automobile exhaust, cleaning agents, and dental materials), asthma, hay 
fever/rhinitis, conjunctivitis, atopic dermatitis, and hand dermatitis. 

Dental personnel were asked to give the name of the composite, 
glass ionomer, bonding, primer, fissure sealant, and cold cured acrylate 
materials used in their clinic, and mark i f they used them daily, usually, 
or occasionally. Further, they were asked to evaluate five different types 
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of polymer materials (composite, glass ionomer, bonding, fissure sealant, 
and cold cured acrylate) with respect to health risk for dental personnel, 
on a scale from 1 to 5 (1—no risk, 5—very high risk). 

For each product name given by dental personnel, frequency of use, 
that is, total, daily, usual, and occasional use were calculated. Al l 
products used by more than 5.6% of dental personnel (22 products) 
were chosen for analysis. Frequency of use was given scores: 0—do not 
use, 1—occasionally use, 2—usually use, and 3—use daily. 

Logistic regression analysis was used to find i f occurrence of 
a self-reported symptom (atopy, atopic dermatitis, asthma, conjunctivitis, 
hand dermatitis, and hay fever/rhinitis) was associated with higher health 
risk evaluation for different types of polymer products (fissure sealant, 
composite, glass ionomer, bonding, cold cured acrylate). Correlation 
analysis was also done to find i f occurrence of a self-reported symptom 
was associated with frequent use of any of the 22 polymer products. 
Further, correlation analysis was done to find i f use of any of the 22 
polymer products was associated with a higher evaluation of health risk 
for that type of material. Al l analyses were done for dental personnel as 
a group and with regard to age, sex, and profession. 

4. RESULTS 

A total of 587 dental personnel were included in this study. The 
response rate was 76% for dental teams. Analysis of non-respondents 
showed no differences with regard to age and sex. Dental personnel 
were on average 40-44 years old, ranging from 25 to 65 years. 
Frequency of symptoms was compared between dental personnel and 
the referent group which is presented in Lönnroth and Shahnavaz 
(1998). Prevalence of self-reported symptoms is shown in Table 1. 
Significant differences between dental personnel and referents are 
marked with an asterisk (*). 

As shown in Table 1, only dentists reported a significantly higher 
prevalence of eye and skin problems (conjunctivitis and atopic dermatitis), 
and male dentists—of hand dermatitis. 

Dental personnel were asked to give the names of different polymer 
roducts used in their clime, and also mark i f the materials were used daily 
or occasionally. Dental personnel reported total use (daily + usually -f 
occasionally) of 1 to 24 different polymer materials with mean 8.4, and 
SD 3.5. Materials used by more than 5.6% of respondents (33 persons) 
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T A B L E 1. P r e v a l e n c e (in % ) of Se l f -Repor ted S y m p t o m s A m o n g Dent ists, C h a i r 

A s s i s t a n t s , and Re fe ren ts With R e g a r d to S e x (n = 1172) 

Dentists Chair Assistants Referents 

Male Female Female Male Female 
Symptom n = 178% n = 125% n = 284% n = 160% n = 425% 

Atopy 55.8 62.5 59.3 44.9 56.3 

Asthma 12.9 12.0 8.8* 8.8 13.6 

Atopic dermatitis 20 .2 " 24.8*** 11.6 9.4 9.6 

Conjunctivitis 15.7*** 18.4*** 3.5 1.3 3.3 

Hay fever/rhinitis 30.9 27.2 21.8 24.8 28.2 

Hand eczema 15.2* 27.0 19.3 7.5 20.0 

/Votes. * p < .05 compared to female referents; " •p < .001 compared to male referents; 

* " p < .0001 male dentists compared to male referents, and female dentists to female referents. 

T A B L E 2 . T h e 22 Most C o m m o n l y U s e d Dental P o l y m e r s , R a n k e d Accord ing to 

Total U s e , a s Repor ted by Dental P e r s o n n e l (n = 587). Content Information Is F rom 

Mater ia l Safety Data S h e e t s 

Use 

Type Total Daily Occasional Content Given 
Product Name of Material (%) (%) (%) (%) 

Swedon cold cured acrylate 55.3 6.0 49.3 32-100 

Prisma Fil composite 42.7 30.3 12.4 60-100 

Scotchbond bonding 40.8 31.0 9.8 54 

Fuji LC glass ionomer 37.7 22.6 9.7 30-100 

Ketac-Silver glass ionomer 35.2 19.7 15.5 0 

Delton pit, fissure sealant 33.5 7.1 26.4 5 

Fuji I, II glass ionomer 32.4 19.5 12.9 5-30*, 30-100" 

Dyract compomer 30.6 13.1 17.5 10-30 

Prismabond bonding 23.5 10.2 13.3 30-100 

All bond bonding 23.3 10.5 12.8 61-100 

Z100 composite 22.0 17.8 4.2 100 

Vitrebond glass ionomer 22.8 10.2 12.6 100 

Prisma Ful-Fil composite 20.5 14.3 6.2 23.5 

Ketac-Fil glass ionomer 20.2 12.6 7.6 0 

Vitremer glass ionomer 19.0 5.9 13.1 100 

Ana-Norm composite 18.1 12.1 6.0 100 

Heliomolar composite 18.1 9.7 8.4 100 

Prisma TP.H composite 17.9 14.1 3.8 30-90 

Prisma AP.H composite 16.7 13.6 3.1 15-30 

ChemFil glass ionomer 14.0 6.9 7.1 10-30 

Heliobond composite 10.5 5.9 4.6 100 

Metabond bonding 5.6 1.6 4.0 7 

Notes. *—powder, **—liquid, ?—no information available. 
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were analysed and are listed according to total use in Table 2. Product 
information on physical and chemical properties with regard to, for 
example, strength, dimensional stabihty, solubility, and water absorption, 
including brief information on composition, is enclosed in dental polymer 
products. Available is also product information on safety data sheets 
giving, for example, the list of content and precaution information. 
Information regarding composition was taken from safety data sheets of 
the materials. 

According to Table 2, information in safety data sheets is far from 
comprehensive. Total composition is not given for many products. Some 
give, for example, acrylic monomer but not which type, how much, or 
what else? Further, different products with the same composition give 
diverse information regarding health risk and precautions. According to 
the manufacturer, Prisma Fil and Prisma Ful-Fil have now been 
removed from the market as they do not fulfi l the requirements for the 
European Standard (CE mark). 

Dental personnel evaluated—on a scale from 1 to 5—the health risk 
for themselves when handling fissure sealant, composite, glass ionomer, 
bonding, and cold cured acrylate. Mean health risk value for each 
material was calculated for dentists (male and female) and for chair 
assistants separately, as presented in Figure 1. 

fissure 

sealant 

composite glass 

ionomer 

bonding cold cured 

acrylate 

F i g u r e 1. M e a n v a l u e s of r isk eva luat ion for f ive different types of p o l y m e r s , a s 

g iven by 284 c h a i r a s s i s t a n t s , 178 m a l e dent is ts , and 125 f e m a l e dent is ts . Notes. 

Scale from 1 to 5 (1—no risk, 5—very high risk). 

According to Figure 1, glass ionomer was considered least risky to 
health, and cold cured acrylate most risky. More than 30% ranked 
fissure sealant as 1, and bonding as 4 on the risk evaluation scale. 
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Almost 40% of respondents ranked cold cured acrylate as 5 (very high 
risk) on the scale. Further, female dentists risk evaluated all materials 
higher than male dentists and chair assistants. 

To find i f occurrence of a self-reported symptom correlated with 
higher risk evaluation of five different types of polymer materials, 
correlation analysis was done between each symptom and risk evalu
ation for male dentists, female dentists, and chair assistants as shown in 
Tables 3, 4, and 5. 

T A B L E 3. A s s o c i a t i o n B e t w e e n Se l f -Repor ted Symptom a n d Higher E v a l u a t i o n of 

Hea l th R i s k for F i v e Different T y p e s of P o l y m e r Mater ia ls a s Repor ted by Male 

D e n t i s t s (n = 178) 

F issure Glass Cold Cured 
Symptom Sealant Composite Ionomer Bonding Acrylate 

Atopy 0/71.4 [1.1,2.0] 0/71.3 [1.0,1.8] ns ns ns 

Atopic 

dermatitis ns 0/7 1.6 [1.1, 2.3] ns ns ns 

Asthma ns ns ns ns ns 

Conjunctivitis ns OR 1.8 [1.2, 2.8] ns 0/71.5 [1.0, 2.2] ns 

Hand 

dermatitis Off 1.8 [1.2,2.7] 0/71.5 [1.0, 2.3] OR 1.8 [1.1, 3.0] OR 1.5 [1.0, 2.1] OR 1.6 [1.1, 2.5] 

Hay fever/ 

rhinitis 0/71.4 [1.0,1.9] ns ns ns ns 

Notes. OR—Odds Ratio and 95% confidence interval, ns—nonsignificant. 

T A B L E 4. A s s o c i a t i o n B e t w e e n Se l f -Repor ted Symptom a n d Higher E v a l u a t i o n of 

Hea l th R i s k for F i v e Different T y p e s of P o l y m e r Mater ia ls a s Repor ted by F e m a l e 

Dent is ts (n = 125) 

Symptom 

Fissure 

Sealant Composite 
Glass 

ionomer Bonding 
Cold Cured 

Acrylate 

Atopy ns 0/71.5 [1.0, 2.1] ns ns ns 

Atopic 

dermatitis ns ns ns ns OR 1.7 [1.0, 2.7] 

Asthma ns ns ns ns ns 

Conjunctivit is ns 0/7 2.1 [1.3,3.5] ns OR 2.0 [1.2, 3.2] OR 2.5 [1.2, 5.1] 

Hand 

dermatitis ns ns ns ns ns 

Hay fever/ 

rhinitis ns OR 1.7 [1.2, 2.6] ns 0/71.8 [1.2, 2.8] 0/7 1.8 [1.0,2.9] 

Notes. OR—Odds Ratio and 95% confidence interval, ns—nonsignificant. 
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T A B L E 5. A s s o c i a t i o n B e t w e e n S e l f - R e p o r t e d Symptom a n d Higher E v a l u a t i o n of 

Health R i s k for F i v e Different T y p e s of P o l y m e r Mater ia ls a s R e p o r t e d by C h a i r 

A s s i s t a n t s (n = 284) 

Symptom 

Fissure 

Sealant Composite 

Glass 

Ionomer Bonding 
Cold Cured 

Acrylate 

Atopy 0/71.3 [1.0,1.6] ns ns ns ns 

Atopic 
dermatitis ns ns ns ns ns 

Asthma OR 1.7 [1.1,2.3] OR 1.5 [1.0, 2.2] ns ns OR 1.7 [1.1,2.8] 

Conjunctivitis ns ns ns ns ns 

Hand 

dermatitis ns ns ns ns ns 

Hay fever/ 

rhinitis ns ns ns ns ns 

Not&s. OR—Odds Ratio and 95% confidence interval, ns—nonsignificant. 

To find i f occurrence of a self-reported symptom was associated with 
frequent use of a certain polymer product, correlation analyses was 
done between self-reported symptoms and the 22 most commonly used 
polymer materials. A history of atopy was reported by 57.9% (340) of 
dental personnel, asthma by 10.7% (63), hay fever /rhinitis by 25.9% 
(152), conjunctivitis by 10.2% (60), atopic dermatitis by 17.4% (102), 
and hand dermatitis by 19.1% (112). Analysis was done for all dental 

T A B L E 6. S igni f icant Cor re la t ion B e t w e e n F r e q u e n t U s e of E ight P o l y m e r s a n d 

O c c u r r e n c e of S e l f - R e p o r t e d S y m p t o m for Al l Dental P e r s o n n e l (n = 587), Dent ists 

Ma le (n = 178) and F e m a l e (n = 125), a n d for C h a i r A s s i s t a n t s (n = 284) 

Dentists 

Product Self-Reported All Dental 
Name Symptom Personnel Male Female Chair Assistants 

Swedon Atopy 0/71.3 [1.0,1.6] ns ns ns 

tvletabond Asthma 0/71.6 [1.1, 2.5] ns ns ns 

Prisma Fil Atopic dermatitis 0/71.2 [1.0,1.4] ns ns 0/71.4 [1.1, 1.8] 

Prismabond Atopic dermatitis OR 1.2 [1.0,1.4] ns ns Off 1.3 [1.0, 2.7] 

Hand dermatitis 0/71.2 [1,0,1.4] ns ns ns 

Ketac Silver Conjunctivitis 0/71.3 [1.0,1.6] 0/71.4 [1.0,1.9] 0/71.5 [1.0, 2.1] ns 

Prisma AP.H Conjunctivitis OR 1.3 [1.0.2.6] ns ns ns 

Fuji l and II Hay fever/rhinitis 0 /712 [1.0, 1.4] ns ns ns 

Heliomolar Hay fever/rhinitis 0/71.2 [1.0,1.5] ns ns ns 

Notes. OR—Odds Ratio and 95% confidence interval, ns—nonsignificant. 
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personnel as a group and for dentists and chair assistants separately. 
Frequent use of eight materials was significantly correlated with certain 

symptoms, for dental personnel as a group as shown in Table 6. 
In the next step, materials that were significantly correlated with 

a certain symptom, were analysed with regard to evaluated health risk 
for that specific material. Analyses were done for all dental personnel, 
and for dentists (male and female) and chair assistants separately. 
Results show that only the use of Fuji I and I I was associated with 
higher risk evaluation of glass ionomer for all dental personnel (OR 1.3 
[1.1, 1.6]) and for chair assistants (OR 1.4 [1.1, 1.8]), and the use of 
Swedon was associated with higher risk evaluation of cold cured 
acrylate for chair assistants (OR 1.3 [1.1, 1.6]). 

5. DISCUSSION 

A response rate of 76% was considered acceptable. Further, analysis of 

non-respondents showed no difference in age and the male-to-female 
ratio. No information was available on the frequency and the materials 
used from dental companies, or manufacturers. Thus, people were asked 
to give the name of different polymer materials used in their clinic. As 
questionnaires were sent to dental offices, it was assumed to decrease 
the recall bias. However, time required to answer the questionnaires at 
work may not have always been available, which may have influenced 

the information given. Correlation between each symptom and each 
dental material was done starting from the most frequently used 
according to Table 2. Thus, correlation between asthma and Metabond, 
conjunctivitis and Prisma AP.H, and hay fever/rhinitis and Heliomolar 
could be due to chance, especially with regard to the number of 
different materials (22 variables) and the small number of dental 
personnel (and sub-groups) with symptoms, that is, 63 with asthma, 60 
with conjunctivitis, and 152 with hay fever/rhinitis. Further, the time of 
the onset of symptoms was asked about but not for how long the 
material had been used, or if they had changed to other materials due to 
health problems. 

In general the dental personnel reporting symptoms risk evaluated 
all dental materials significantly higher than those without symptoms, 
especially male dentists with hand dermatitis (see Table 3). These results 
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may reflect that dental personnel consider their symptoms to be 
work-related and due to handling of dental polymers. 

I t can not be proved that frequent use of certain materials causes 
certain symptoms in a case-referent study but the relative risk for an 
exposed group can be approximated. Results showed a significant 
correlation between some symptoms and frequent use of some materials. 
These results can be easily supported from hterature. Acrylates, as well 
as acrylic acid, and additives, have the potential to irritate skin, eyes, 
and the respiratory tract. Acrylates can also cause allergies. Information 
regarding allergy and polyacrylic acid is still scanty. As dental personnel 
use on average about 9 different polymer products, some even up to 24 
different products, the additive effect can not be neglected. 

The highest evaluation of health risks was given by female dentists, 
which may reflect a greater concern, as significantly more dentists 
reported symptoms of conjunctivitis, atopic dermatitis, atopy, and hand 
dermatitis compared to referents and chair assistants. Dental personnel 
evaluated glass ionomer as least risky to health. Surprisingly, chair 
assistants using the glass ionomers Fuji I and I I risk evaluated this type 
of material significantly higher than non-users. 

From product information regarding composition of dental polymer 
materials, one can assume that most materials can cause a variety of 
symptoms. The question is what differences exist between the materials. 
Why is frequent use of some materials correlated with symptoms whereas 
others, with a similar composition, are not? What causes the symptoms? 
Could this be due to components not in the content list? Could it be due 
to belief? It is obvious that information in safety data sheets, and product 
information, is far from comprehensive. There is often no consistency 
between reported health effects and precautionary information. Access to 
insufficient information probably causes unnecessary concern among 
dental personnel, especially for those who experience different symptoms. 
Due to the scanty and diverse product information on content, health 
risks, and precautions, dental personnel have fewer possibilities to select 
a product they feel is safe, or to protect themselves. 
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A B S T R A C T 

The irritation potencies of eight dental polymer products, used as dental restorative materials, adhesives, or 

temporary constructions, were tested using HET-CAM (hen's egg test - chorioallantoic membrane) technique. 
Liquid and powder components and extracts of cured and freshly mixed non-cured materials of f ive glass 

ionomers, one bonding, one composite, and one cold-cured acrylate were examined. Results showed that the 

liquid components of al l products had a strong irritation capacity but powder suspensions and extracts from 
cured, and freshly mixed non-cured materials had no effect on the C A M . Thus, dental personnel who handle 

liquid and powder manually are exposed to components with a high irritation potential, in contrast to patients 

who are exposed to the cured and mixed non-cured materials, with a low irritation potential. This illustrates the 
importance of safe handling procedures and practices for dental personnel who handle the non-cured polymers 
manually. 

Key words: HET-CAM test, irritation score, dental polymers, occupational hazard, Dental personnel 

1. I N T R O D U C T I O N 

A variety of polymer product e.g. restorative materials, adhesives, and temporary constructions are used in 
dentistry. Dental personnel handle non-cured material manually and are therefore at risk. Higher prevalence of 

dermatitis and eye symptoms are reported by dental personnel compared to controls (Hill et al 1998, Lönnroth 
& Shahnavaz 1998a,b,c, Munksgaard et al 1996, Jacobsen et al 1996, Burke et al 1995, Jacobsen & Hensten-
Pettersen 1995, Rustemeyer et al 1994, Jacobsen & Hensten-Pettersen 1993, Hensten-Pettersen & Jacobsen 
1991, Jacobsen et al 1991). Irritant contact dermatitis is themost common type of occupational hand dermatitis 
(Stingeni et al 1995, Uveges et al 1995). Patch tests have shown that monomers in dental polymer products also 

can cause allergy (Kanerva et al 1998, 1997a,b,c, 1994, 1993a, b, Jolanki et al 1996, 1995, Rustemeyer & 
Frosch 1996, Kiec-Swierczynska 1996, Savonius et al 1993). Once sensitisation is induced i t is self-

perpetuating. Occupational skin diseases affect many people and may have serious social and economic 
consequences for the injured and society (Halker-Sørensen 1998). 

Basic information on properties, potential hazards, safely use, and precaution regarding dental restorative 

materials, is provided in material safety data sheets (MSDS). Different countries have different content 
requirements but information on known health hazards must always be included. Manufacturers may consider 
identity of ingredients to be confidential business information, and in some countries like Canada and USA, 
exemptions can be applied. However, in Canada list on ingredients with unknown health hazard is required on 

MSDSs. In Sweden, list of content is not required and dental restorative materials, classified as medical 
technical products, must meet "general requirements" regarding health and safety for users and patients. A 

risk-benefit analysis is recommended. The risks must be minimised and, i f not possible, users must be informed 
on risks and precautions (SOSFS 1994:20). 
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The Draize eye test has been used for more than 40 years to evaluate the irritation potential of substances to the 

eyes and mucous membranes. Following the application of concentrated solutions to the eyes of conscious 

albino rabbits, irritation reactions such as swelling of the eyelids, inflammation of the iris, ulceration, 

hemorrhaging (bleeding) and blindness are recorded at specific intervals. The rabbits are immobilised and the 
eyes are often held open with clips at the l id . However, a growing concern for animal welfare, and the 

inaeasing number of chemicals introduced into the market, have emphasised the need for development of 

alternative methods to evaluate irritation potential. Several alternatives are being used but, according to de 
Silva et al (1997), no universally applicable, validated non-animal alternative is currently available. The 
Interagency Regulatory Alternatives Group (IRAG) of the United States examined the current scientific status 

of alternatives to the Draize eye irritation test. Twenty-nine different test methods, grouped into five categories 
(chorioallantoic membrane-based assays, organotypic models, cell function-based assays, cytotoxicity assays, 
and other systems) were reviewed from 41 laboratories around the world (Bradlaw et al 1997, Feder et al 1997). 

According to Spielmann et al (1997), there are currently two general types of assays based on chorio- allantoic 

membrane (CAM) in use; the CAMWA and the HET-CAM test Øaen's egg test-chorioallantoic membrane). In 

HET-CAM, chemicals are applied to the chorioallantoic membranes of embryonated hen's eggs. Irritation of 

the chorioallantoic membrane is observed as haemorrhage, lysis, and/or coagulation, and an irritation score (IS) 

is calculated. I t is assumed that the response of the chorioallantoic membrane reflects the potential for damage 
to mucous membranes in vivo, in particular the eye. According to Spielmann et al (1993), at least 70% of 

severely irritant chemicals could be identified correctly using the HET-CAM assay. They suggested a new 

strategy for eye irritation testing in order to reduce suffering of rabbits, using HET-CAM in the first stage, and 
conducting Draize eye tests only for chemicals that scored negative in the HET-CAM test. Also Wiegleb et al 

(1993) emphasised the reduction of animal pain by recommending the use of HET-CAM test as the first step in 

distinguishing between irritant and non-irritant substances. Gettings et al (1996) reported results from HET-

C A M test to be in agreement with results f rom the Draize eye test, but pointed out that the variability associated 
with Draize outcome, (MAS value), must be considered, when comparing alternative in vitro methods with 

Draize eye irritation test. The reliability and sensitivity of HET-CAM compared to the Draize eye test has been 
assessed by Mystkowska-Baczkowska et al (1995). They found HET-CAM to be a rapid, very sensitive method, 

and easy to perform as the chorioallantoic membrane, as a complete tissue, includes arteries, capillaries, and 

veins. They considered HET-CAM test to be one of the most promising alternative methods of predicting the 
irritation potential of substances. However, the evaluation is highly subjective and difficult to standardise 

(Spielmann 1992). 

Lönnroth & Shahnavaz (1998a,b) have presented results from an occupational health-based questionnaire study 
of dental personnel in Northern Sweden. Dental personnel were asked to report symptoms of conjunctivitis, 

atopic dermatitis, asthma hay fever/rhinitis, hand dermatitis, and atopy. Further, they were asked to give the 

names of the various polymer products used, and their frequency of use. Results show that dentists reported a 
higher prevalence of symptoms from skin and eyes than referents and chair assistants. Analysis of the 

correlation between reported symptoms and use of product showed that dental personnel with symptoms used 8 
specific products more frequently compared to those without symptoms (Lönnroth & Shahnavaz 1998c). 

2. A I M 

The aim of this study was to further evaluate the irritation potential of the products that correlated with 

symptoms in the previous questionnaire study. However, two of the products are no longer available on the 

market, and in addition, two other commonly used products that had no correlation with the symptoms, were 

chosen. 

3. M A T E R I A L S AND M E T H O D S 

Dental polymer products for restoration, adhesive, or temporary constructions are supplied either with separate 

powder and l iquid for manual mixing, as a paste or in capsules. The products are cured chemically, by mixing 

of two components, or by light. A capsule contains liquid and powder in separate compartments. By activating 

the capsule, powder and liquid are brought into contact. The capsule ingredients are then mixed in a high-speed 
mixer, before insertion into the tooth for polymerisation. 
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Fuj i I I was included both as a capsule material and with separate liquid and powder. Dental personnel, 

according to Lönnroth & Shahnavaz (1998 c) commonly used Fuji I I LC and Scotchbond. They were chosen in 

addition, as their frequent use did not correlate with any symptoms. Only Fuj i JJ L C was tested as Scotchbond 

adhesive and primers have been tested in a previous study by Dahl (1998). Data on a l l tested materials is given 
in Table 1. 

Table 1. Data on the tested products 

Product name Manufacturer Type of product Curing Components Batch 

Group I : Products with association between frequent use and symptoms 
F u j i H GC Corporation glass ionomer Light capsule 301075 

Chemical powder, l iquid 090571, 290971 
Ketac Silver Espe glass ionomer Light capsule 589/067 
Lining cement GC Corporation glass ionomer Chemical powder, l iquid 010761, 280661 
Swedon Svedia cold-cured acrylate Chemical powder, l iquid 219609, 049510 
Super Bond Sun Medical CO bonding Chemical powder, 2 liquids 71105, 70903,711011 
Heliomolar Vivadent composite Light paste 916771 

Group I I : Products with no association between frequent use and symptoms 
Fuj i LC GC Corporation glass ionomer Light capsule 091077 
Scotchbond* 3M primer, adhesive Light 2 liquids 19950125, 19950125 
* Data from Dahl 1999 

HET-CAM tests were performed on each liquid, powder, non-cured, and cured material by preparing powder 
suspensions, and extracts of cured, and freshly mixed non-cured materials. Liquids were tested undiluted on the 

C A M . The liquid and powder were first removed from the capsules of those products supplied in this form. 

Materials were mixed according to manufacturer's instructions. The Vivadent Silamat amalgator 2 was used 
for high speed mixing of capsulated products, for 10 sec. Light-cured products were irradiated for 40 sec. using 

a 3M XL300 curing lamp (3M Company). A l l extracts and suspensions were prepared at 37° C under agitation 
for 24 hours according to ISO10993-12. 

Suspensions of powders 

A 10% powder suspension was prepared by mixing the powder with cell culture medium ( M E M + 2 m M L -
glutamine + 100 IU/ml penicillin + 100 mg/ml streptomycin + 5% FBS) in tubes. Cell culture medium was 

used to prepare all suspensions and extracts for this test, as this also provides suitable materials for testing on 
cell cultures (results not presented here). The tubes were incubated for 24 hrs in a water bath at 37° C, under 
agitation. The suspensions were then centrifuged and the supematants applied to the C A M . 

Extracts of freshly mixed non-cured materials 

They were prepared according to ISO 10993-12: 0.1g/ml medium for samples with irregular surface area. 

Freshly mixed materials were placed into foil-covered tubes (to protect materials f rom light), weighed and the 
appropriate amount of medium added. The tubes were incubated for 24 hrs in a water bath at 37°C, under 
agitation. The extracts were pipetted into fresh tubes and then applied to the C A M . 

Extracts of cured materials. 

They were prepared according to ISO 10993-12: 1.25 cm 2 sample surface area/ml medium. The polymerised 

products were cured in cylindrical Teflon moulds, giving a sample diameter of 4 m m and a height of 6 mm. 

The samples and medium were placed in glass vials and incubated for 6 days in a water bath at 37°C, under 

agitation, then left for 24 hrs to let particles settle. The extracts were then filtered using Millex-GS (0.22um) 

sterile filters prior to application to the C A M . The extracts were filtered in order to remove finer particulate 

matter, the presence of which might interfere in the assessment of the effects of extracts on the HET-CAM test. 

Test procedure: 

The HET-CAM procedure was slightly modified from Kalweit et al (1990). Embryonated hen's eggs were 

delivered 8 days old, from the National Institute of Public Health, Oslo, Norway. The eggs were incubated at 

38 C until testing on day nine. The shell membrane above the air cell was opened using a dental dr i l l saw 
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blade and forceps. The shell membrane was moistened with 0.9% NaCl solution at 37° C. NaCl was aspirated, 
shell membrane carefully removed, and the C A M exposed. Eggs were examined using a rnioroscope (Wild 

Photomakroskop M400, Heerbragg, Switzerland). Photomicrographs were taken 2 minutes after application of 

each material. 

Test solutions and controls were equilibrated to 37° C prior to application. As positive control 0.1 N NaOH was 

used, and as negative control 0.9% NaCl. The test solutions were applied to the C A M in a volume of 0.1-0.2 

m l . A l l tests were performed without the observer knowing which extract was used. The arteries, capillaries, 

and veins where examined for irritant effects such as haemorrhage, lysis, and coagulation. Observations were 
made prior to application, after 30 sec, 1 min, 2 min, 3 min, and 4 min. The irritation score was calculated for 

each egg according to Spielmann (1992), using the formula: 

(301-sec. H) v s + (301-sec. L ) x 7 + ( 3 0 L s e c 1 £ ) x 9 = Scoreforeachegg 

300 300 300 

H= Haemorrhage, L = Lysis, C = Coagulation, sec. = reaction time from start of exposure to the occurrence of 

effects. 

One experiment included 6 eggs. Each material was tested on 3 eggs, and the test repeated once. The average 
score (based on 6 eggs) was calculated for each material, and test materials were classified as non- irritant (0.0-

0.9), slightly irritant (1.0-4.9), moderately irritant (5.0-8.9), and strongly irritant (score 9.0-21.0). 

Additionally, to evaluate the variability of results for each reaction also mean value and SD was calculated for 

each reaction according to: 

H = (301-sec. fo rH ) x 5 . L = (301 - sec, for L) X7. C = (301 - sec, for C ) , Q 

300 300 300 

For reactions with a higher SD than mean value, the experiment (with the same extract) was repeated. This was 

done for six samples. 
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4. R E S U L T S 

The calculated irritation scores are given in Table 2. For repeated tests, the irritation scores presented in the 

table are f r o m the second series. 

Table 2. The irritant score for non-diluted liquids, powder suspensions, extracts of freshly-mixed non-cured 
products, and extracts from cured products, as calculated from 6 eggs tested  

Product name Non- Slightly Moderately Strongly First effect Later effects  
irritant irritant irritant irritant  

Liquids 
Fuji H cap 13.3 Coagulation, Lysis Lysis 
Fu j i l l 12.5 Coagulation Haemorrhage, Lysis 
Ketac Silver cap 12.9 Coagulation, Lysis 
Lining cement 12.6 Coagulation, Lysis 
Swedon 19.0 Haemorrhage, Lysis, 

Coagulation 
Super Bond, monomer 16.9 Haemorrhage, Lysis 

Coagulation 
SuperBond, catalyst 12.6 Haemorrhage, 

Coagulation 
Fuji LC cap 11.8 Coagulation Lysis 

Scotchbond primer 9.9* Haemorrhage Coagulation 
Scotchbond adhesive 6.3* Haemorrhage Coagulation 

Powder suspension 
Fuji D cap 0.0 
Fuji II 0.0 
Ketac Silver cap 0.0 
Lining cement 0.0 
Swedon 0.0 
Super Bond 0.5 Coagulation, Lysis 
Fuji LC cap 0.0 

Extracts of freshly mixed non-
cured products 

Fuji I I cap 0.0 
FujiH 0.0 
Ketac Silver cap 0.0 
Lining cement 0.0 
Swedon 0.0 
Super Bond 0.0 
Heiiomolar 0.0 
Fuji LC cap 0.0 

Extracts of cured products 
Fuji U cap 0.0 
F u j i l l 0.0 
Ketac Silver cap 0.0 
Lining cement 0.0 
Swedon 0.0 
Super Bond 0.0 
Heliomolar 0.0 
Fuji LC cap 0.0 

* Data f rom Dahl 199 

The main constituent of the glass ionomers (Fuji I I , Fuj i I I cap, Ketac Silver, Lining cement and Fu j i LC) is an 
odourless l iquid based on polyacrylic acid. Fuj i I I LC also contains 2-HEMA (2-hydroxyethyl dimethacrylate). 
The undiluted liquids of all the glass ionomers had strong effects on the C A M . The first effect, coagulation of 
blood vessels, came after 30 to 60 sees. Then, (in 30 to 120 sec.) blood vessels "disappeared" due to effect of 

lysis. 
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When applying the strongly smelling undiluted liquids of Swedon and Super-Bond on the C A M the first effect 

observed was bleeding f rom the blood vessels within 30 sec., followed almost immediately by coagulation of 

blood vessels and lysis. The main constituent of Swedon and Super-Bond is M M A (methyl methacrylate). To 

provide excellent bonding property Super-Bond also contains a derivative of M M A , 4-Meta (4-

methacryloxyethyl trimellitate anhydride). Similar effects, but slower (which is shown by a slightly lower IS 

score) was seen after applying the odourless Scotchbond primer or adhesive on the C A M . The main 

constituents in these liquids are 2-HEMA (2-hydroxyethyl methacrylate) and BIS-GMA (Bisphenol A 

diglycidyl dimethacrylate). 

None of the extracts of freshly mixed non-cured, or cured materials gave any effect on the C A M (Table 2). This 

indicates that the irritation potential for the patients is low. 

When calculating mean time for each effect i t was shown that mainly time of lysis varied considerably between 

the 6 tests (SD higher than mean value) for six materials. After repeating the tests with the same liquids and 
powder suspensions but focusing more on the lysis effect the difference decreased as shown in Table 3. 

Table 3. Mean value and SD for each reaction, and for initial and repeated tests  

Haemorrhage Lysis Coagulation 

Initial Repeated Initial Repeated Initial Repeated 

Product name Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

Liquids 

Ketac Silver cap 0(0) 0(0) 2.3 (2.6)) 5.6 (0) 6.6 (0.9) 7.2 (0) 

Super Bond, catalyst 1.0 (1.7) 4.5 (0) 1.4(2.2) 0 (0 ) 7.4(1.2) 8.1 (0) 

Super Bond monomer 4.0 (1.0) 4.5 (0) 2.8 (3.1) 4.2 (0) 7.4(1.1) 8.1 (0) 

Fuji LC cap 0(0) 0(0) 2.8 (3.1) 4.7 (0.7) 7.2 (0) 7.4 (0.4) 

Powders 
Lining cement 0.7 (1.7) 0(0) 2.1 (2.3) 0 (0 ) 3.9 (3.7) 0 (0) 

Super Bond 0(0) 0(0) 2.1 (2.3) 0.2 (0.6) 6.3 (3.3) 0.3 (0.7) 

According to table 3 the first tests with powder suspensions of Lining cement and Super-Bond gave slight 
effects on the C A M . When repeating the tests on another 6 eggs there was no consistency in the result 

regarding Super-Bond suspension as effect was seen only on a single egg. Further, i t was not possible to 

determine whether the effect was due to chemical content of the material or mechanical damage when applying 
the powder suspension on the blood vessels. 

5. DISCUSSION 

The HET-CAM test is considered by Spielmann et al (1993) to be a valid method for identifying severely 

irritant substances but not useful for safety assessment of slight-irritant substances. A comprehensive scheme 

for scoring, use of a positive control, and blind testing were used to reduce the subjective aspect of the 

assessments. Further, results were analysed with respect to each type of effect: haemorrhage, lysis, and 
coagulation, and mean and SD (standard deviation) calculated. The time for onset of lysis varied considerably 

between the individual tests for six of the materials. This might be explained by the fact that i t is more difficult 
to assess the disappearance of the small blood vessels in a lysis effect, than haemorrhage and coagulation. 
When repeating the tests, concentrating more on observation of lysis, the variability decreased. This indicates 

that, in addition to the IS score, i t might be useful to also calculate mean and SD for each effect. This is in 
agreement with Kalweit et al (1990) who reported that results obtained by less experienced and less trained 

investigators differ considerably. 

Glass ionomers were considered quite harmless by dental personnel, and Swedon and Super-Bond the most 

hazardous materials to handle (Lönnroth & Shahnavaz 1998a). However, all undiluted l iquid components of 
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the tested products were shown to be strongly irritating. After repeating six tests, the evidence was even 
stronger. Powder suspensions of Lining cement and Super Bond were shown to be slightly irritant (IS 4.3 viz. 

6.5) i n the first test series. However, on repeating the tests, only Super Bond powder suspension caused any 

effect (IS 0.5) to the C A M . I t was not possible to distinguish effects due to mechanical damage to the vessels, 
f rom irritation effects, after applying the powder suspension to the C A M . This illustrates the limitation of the 
HET-CAM method in evaluating chemicals that are not strong irritants. 

From the material safety data sheets on the products, i t was not possible to identify a common component that 
could be responsible for the effects, as information on composition was far from comprehensive. Accwding to 

material safety data sheets on Fuji and Lining cement, both powders and liquids may irritate due to low pH. 

Results f rom this study showed the liquids to be strongly irritating and the powder non-irritant. Information 

provided on one glass ionomer in this study, Ketac Silver, classified the liquid as non-irritant, contradictory to 
our results showing it to be strongly irritating. 

Dahl (1998) and Schendel et al (1994,1995) have earlier used the HET-CAM method for testing adhesives and 

bonding materials. They found that the effect on HET-CAM varied considerably with similar products, but 
could not f ind a clear correlation between content of the product and effect. However, material safety data 

sheets are far f rom comprehensive and need to be improved, as also pointed out by Kanerva et al (1997c). 

A primary irritant has the capability of causing damage in everyone i f i t is present in sufficient concentration 
for a sufficient long time, as pointed out by Hensten-Pettersen (1998). Also repeated contacts to low doses of 

irritants over extended periods of time can damage skin or mucosal barriers and thus enhance entry of 
allergens. 

Dental personnel are exposed to a number of occupational hazards. The occupational health hazards when 
handling amalgam are inhalation of mercury vapour and skin contact to mercury. Even though studies have 
documented a higher level of mercury in blood, urine, faeces, and accumulated in brain and kidneys in dental 

personnel, the effect of this is still under debate. Single cases have reported of poisoned dental personnel 
accidentally exposed to high level of mercury. Allergy to mercury is rare, even among dental personnel where i t 

has been used for more than 100 years. Universal handling practices and procedures are available on amalgam 

but not on polymer products. Polymer products were first introduced about 50 years ago. Today they are 
essential in dental practices due high aesthetic and adhesion properties. In contrast to industrial use, dental use 

requires manual handling of monomer containing products. The occupational health hazards with dental 
polymer products is mainly dermatitis and allergy. Monomers in polymer products can easily penetrate all kind 

of gloves used in dentistry (Munksgaard 1992). Further, once sensitised the consequence is serious for the 

dentist or chair assistant who might have to leave the profession. Dermal effect is the second most common 
work related disease in dentistry (after muscle skeletal symptoms) and the problem is increasing (Jacobsen & 
Hensten-Pettersen 1993). 

This study indicates that products associated with certain clinical symptoms of irritation in dental personnel, 

are strong irritating. However, products commonly used, without association to symptoms, also had strong 
irritation potency. Some of the clinical symptoms may be related to volatile components, which the HET-CAM 
test is not designed for. None of the extracts from cured, or freshly-mixed non-cured products, gave a effect in 

the H E T - C A M tests, indicating a lower irritation potency for the mixed products but, to prove that the irritation 
potential is zero, further studies including Draize eye test are required. This study indicates that patients are 

exposed to materials with lower irritation potency than dental personnel, who handle the non-cured products 

manually. This highlights the importance of learning how to handle all dental polymers, especially the liquids, 
in a safe manner. Further, material safety data sheets need to be improved, giving all necessary information 
regarding hazards and precautions. 
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