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The presence of high concentrations of 
microorganisms in the water of dental 
units is a phenomenon that is now recog-

nized by the scientific community; however, 
knowledge about the risks of infection associ-
ated with this phenomenon and the ways to 
decontaminate the tubing of dental units has 
not advanced a great deal over the past 5 years. 
During that time, there has been no prolif-
eration of infections, and documented cases of 
infections linked to the water of dental units 
have been rare.1,2 There are 4 possible reasons 
for the low number of documented cases: such 
cases truly are rare; in instances where litiga-

tion is undertaken, the matter is settled out of 
court, without being made public; cases that 
have occurred have not been published; or it 
has been difficult to correlate probable cases 
with dental treatments.

Bacterial pathogens (Pseudomonas, 
Legionella, Mycobacterium and others) are 
thought to be the primary source of risk, but the 
presence of amoebae in freshwater also repre-
sents a potential risk. Infections caused by fresh-
water amoebae are rare but serious and may be 
fatal if they reach the brain.3 These infections  
include keratitis (which may be caused by 
Acanthamoeba) and meningoencephalitis 
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(caused by Acanthamoeba sp. or Naegleria fowleri, among 
others). These common protozoa can be found in bodies 
of natural water, swimming pools, municipal water sys-
tems, contact lens cases, and dental units and their suction 
systems. Bacterial biofilms may be the source of increased 
populations of amoebic protozoa in the tubing of dental 
units4 (Fig. 1). The concentration of organisms in these 
biofilms is almost 300 times higher than what is found in 
tap water.4

This article reports a case of infection possibly related 
to water in a dental unit with the following aims:
1. to alert readers to the risk associated with a high con-

centration of microorganisms, particularly amoebae, 
in the water of dental units

2. to emphasize the difficulty of establishing a causal 
relation for an infection that may be due to a dental 
treatment

3. to better understand the importance of managing the 
risk of infection, even if that risk is only theoretical

4. to explain the “precautionary principle,” which under-
pins the rules of risk management.

�ase	Report
A patient visited the dentist for replacement of the 

bridge on her mandible. On the day of treatment (desig-
nated as day 1), the patient was wearing prescription 
glasses, which she removed for the treatment. She did 
not wear safety glasses for the period of the treatment. 
About 45 minutes after the treatment began, the assistant 
inadvertently activated the air rotor handpiece while the 
handpiece was about 8 cm from the patient’s face. The 
patient was hit with a stream of water and described the 
sensation as an impact to her right eye. She wiped her 
face, and the dentist continued working.

After returning home, the patient felt slight discom-
fort in the right eye. A few hours later, the pain had in-
creased and the eye was red. The pain increased further 
overnight, to the extent that in the morning (day 2), she 
visited a medical clinic. With the help of an ophthal-
moscope, the physician diagnosed acute conjunctivitis. 
He prescribed corticosteroids and gentamicin drops and 
suggested that she wear tinted glasses. This treatment 
provided temporary relief.

Two days later (day 4), the pain returned and was very 
intense. The next day (day 5) the patient went back for an-
other consultation with a physician, who, using an oph-
thalmoscope and fluorescent dye, found 3 small abrasions 
on the cornea of the right eye and diagnosed a traumatic 
ulcer. A subsequent examination in a hospital ophthal-
mological clinic revealed visual acuity of 20/25 in both 
eyes and irregular healing of the abrasions. Occlusion 
treatment was prescribed.

Two days later (day 7), the occlusion eye patch was re-
moved in response to signs of healing. On day 8, another 
examination revealed that visual acuity had decreased to 
20/70 in the infected eye; signs of postabrasion keratitis 
were visible. Five days later (day 13), the condition of the 
cornea had worsened. On day 14, an inflammation of the 
right iris was observed. Given the increasing pain, the 
ocular secretions were sampled for culture on day 32. On 
day 57, the protozoan Acanthamoeba sp. was identified 
on the basis of the culture results.

Treatment for this serious infection is long and dif-
ficult. Four years later, the patient was still experiencing 
symptoms (such as pain, photophobia and blurred vi-
sion). With corrected vision, visual acuity in the right eye 
was 20/200. The treating ophthalmologist indicated that 
full rehabilitation could be achieved through removal of 
the cataract, insertion of a hard corneal lens and possibly 
a corneal transplant, but the patient has not undertaken 
this course of action.

�iscussion
In the case presented here, the patient’s eye was 

splashed with water from the dental unit during routine 
treatment. She later experienced discomfort, which cul-
minated in a serious ocular infection. This case raises  
3 key questions: 
1. Did the dentist err through his assistant’s inadvertent 

action?
2. Can a causal relation be established between the in-

fection and the incident in the dental office?
3. Can this link be considered probable relative to the 

other risk factors?

In response to the first question, 3 possible errors can 
be identified: the dentist did not ask the patient to wear 
safety glasses during the dental treatment, the hand-
piece was activated before being placed in the mouth or 

Figure	1:	In this micrograph obtained in the author’s laboratory, 
a group of amoebae are feeding on the isolated biofilm of a 
dental unit (magnification 200×).

mailto:jean.barbeau@umontreal.ca


	 ����� �������	��	www.cda-adc.ca/jcda • September 2007, Vol. 73, No. 7 • 619

–––  Ocular Infection –––

(caused by Acanthamoeba sp. or Naegleria fowleri, among 
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the dentist did not drain the dental unit’s waterlines as  
recommended by dental associations. With regard to 
the first possible error, it is strongly recommended that  
patients wear safety glasses during dental treatments,5  
and there was clearly a deficiency in this regard. With 
regard to the second possible error, the fact that the hand-
piece was inadvertently activated before being placed  
in the patient’s mouth cannot be considered an error  
because it was not a breach of protocol. With regard to 
the third possible error, staff in dental clinics should 
drain the waterlines of each dental unit every mor-
ning for several minutes and for 30 to 45 seconds be-
tween patients. Doing so reduces the concentrations of  
bacteria and amoebae in the water by 96% and 66%, 
respectively.4,6 In this case, it is not known whether the 
tubing was drained before treatment for this patient 
began; however, the dental unit and its handpiece had 
been in use that day for about 2 hours before the incident 
occurred. It is therefore likely that the concentration  
of microorganisms in the water had been substantially 
reduced from overnight levels.

The suggestion of a causal relation between the infection 
and the incident in the dental office appeared “attractive,” 
according to the judge who heard the legal case against the 
dentist: the patient had no discomfort in her eye before 
visiting the dentist; water was sprayed on her during the 
appointment, apparently with enough force to cause an un-
pleasant reaction; the symptoms appeared shortly after the 
incident; and the ocular infection was caused by a species of 
Acanthamoeba, a protozoan reported to inhabit the tubing 
of dental units.4,7,8,12

The key issue, however, should be establishing whether 
the causal relation is probable. The patient’s other risk fac-
tors must therefore be examined, including the fact that 
she usually wore contact lenses, which, according to her 
testimony in the case, she cleaned with tap water and neg-
lected to disinfect regularly, contrary to well-recognized 
directions for contact lens care. The literature indicates 
that the most widely recognized risk factor for keratitis 
caused by Acanthamoeba is the wearing of contact lenses 
and that using tap water to clean them and neglecting to 
regularly disinfect the lens case are risky practices.9,10

From an epidemiologic standpoint, medicine does 
not recognize the water in dental units as a delivery 
mechanism for Acanthamoeba. Therefore, without re-
jecting the “possibility” that the patient might have been 
infected when accidentally splashed at the dentist’s office, 
the ophthalmologist expert for the defence was able to 
rely only on his experience, the abundant scientific and 
medical literature, and his conviction that a spray from 
the handpiece would not be powerful enough to cause the 
microlesions that were observed and that paved the way 
for the Acanthamoeba infection.

As one expert witness for the claimant pointed out, 
there is an important issue of bias at the heart of this case. 

In fact, the arguments in favour of the risk represented 
by wearing contact lenses are naturally overrepresented 
in the literature, since the number of contact lens wearers 
in the world far surpasses the number of people who 
have been splashed in the eyes with water from a dental 
unit. However, a close review of the literature may shed 
some interesting light on the subject. When looking at a 
large population subjected to a hitherto unrecognized risk 
factor, the interpretation of the epidemiologic data can 
change dramatically. In a controlled epidemiologic study 
by Meier and others,11 flooding in certain counties of the 
state of Iowa was associated with a 10-fold increase in the 
number of cases of keratitis caused by Acanthamoeba rela-
tive to counties that had not experienced flooding and in 
which the wearing of contact lenses was the only identifi-
able risk factor. In other words, in a purely hypothetical 
situation where a large number of patients is subjected to 
ocular inoculation from the water of a dental unit con-
taminated with Acanthamoeba, the data may be expected 
to indicate that this means of infection is at least as prob-
able as that represented by the wearing of contact lenses.

However, such speculation could not be substantiated 
by publications or by case law. Unable to rule on the basis 
of speculation, the judge rejected the litigation presented, 
stating that a causal relation between the ocular infection 
and the incident during dental treatment had not been dem-
onstrated. The patient’s testimony lent weight to the argu-
ment that her contact-lens care practices might have been 
the source of the problem. Ultimately, it could not be estab-
lished that the error or errors committed during the dental 
treatment were the cause of the patient’s ocular infection.12

The	Precautionary	Principle	��pplied	to	Infection	
�ontrol

The case presented here is interesting from several 
perspectives and can be used to illustrate one of the most 
controversial concepts in the application of infection con-
trol rules in dentistry: the notion of risk. Over the past 30 
years, dentistry has witnessed an explosion of guidelines 
and recommendations aimed at protecting patients and 
oral care providers against the transmission of infections. 
Major changes have been implemented in response to a 
variety of incidents, notably the following:
• the documented transmission of hepatitis B virus 

through dental treatments,13 which finally legitimized 
the wearing of gloves and use of vaccinations (1970s 
and early 1980s)

• the discovery of HIV (in 1981), which led to the estab-
lishment of universal precautions in 198714

• the case of a Florida dentist who may have transmitted 
HIV to 5 of his patients (late 1980s and early 1990s),15,16 
which received a great deal of media coverage and led 
to the strengthening of the guidelines on sterilizing 
handpieces.
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Each of these events and the changes it engendered 
had undesirable effects: increased costs and more time 
spent managing infection risks, increased prevalence of 
allergies to latex, damage to instruments and equipment, 
and increased complexity of some tasks.

When concerns about the water in dental units were 
first raised in the 1990s, the dental profession was still 
battling with the constraints imposed by universal pre-
cautions and the sterilization of handpieces. For many in 
the dental community, the lack of a scientifically demon-
strated risk raised questions about the legitimacy of the 
various recommendations disseminated by dental asso-
ciations and regulatory bodies (e.g., Centers for Disease 
Control and Prevention).17–20 The theoretical risk was 
deemed negligible. But can a negligible risk be ignored if 
reasonable means are available to reduce it?

The precautionary principle recognizes the limita-
tions of scientific models in accurately describing com-
plex problems that concern damage to the environment 
or risks to health. According to the precautionary prin-
ciple, complete evidence of risk does not have to exist 
to institute measures to protect individuals and society 
from that risk.21,22 This principle should be balanced by 
the concept of proportionality in the proposed solution to 
the risk in question.

The following example illustrates the precautionary 
principle. Although in the year 2000 it was recognized 
that bovine spongiform encephalopathy (a variant of 
Creutzfeldt-Jakob disease [vCJD]; also known as mad 
cow disease) could be transmitted to humans, the risks 
associated with blood transfusions were still only theor-
etical. Various government authorities in Canada had to 
assess these theoretical risks and decide how to protect 
Canadian blood banks and the population. The experts 
focused on the hypothetical risks of transmitting a fatal 
disease to develop a policy for managing blood donations 
that would inevitably lead to refusal of certain donors who 
were not infected with vCJD. The experts had to take into 
consideration the fact that the policy would be unaccept-
able if it reduced the supplies to blood banks below a crit-

ical level. Previous experience had shown 
that Canada could handle a 3% decrease 
in blood donations without endangering 
the population. On an actuarial basis, it 
was therefore decided to refuse donations 
from anyone who had spent at least 6 
months in the United Kingdom between 
1980 and 1996. This policy led to an esti-
mated 3% reduction in donations.23 Thus, 
to protect the population from a risk that 
had never been scientifically demon-
strated (but that would be fatal in 100% of 
cases if it did occur), the experts accepted 
drawbacks that were deemed reasonable 
in comparison. We know today that vCJD 

can be transmitted through transfusions.
The precautionary principle can also be applied to 

the case reported here. Allocating a certain amount of 
time to drain the waterlines of all dental units (Box 1) 
and having patients wear safety glasses are reasonable 
measures to reduce a risk of infection that is “possible” 
but not yet scientifically proven. The inconveniences as-
sociated with applying the recommendations, as well 
as the perception that the risk is negligible, cannot be 
invoked as valid reasons for failing to comply with these 
recommendations.

This case has underlined the importance of com-
plying with recommendations for maintaining dental 
unit waterlines and having patients wear safety glasses to 
prevent infections and avoid litigation. a
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To date, many different materials have been 
proposed for root canal fillings, but gutta-
percha (used with various types of sealers) has 

remained the material of choice for over a century. 
A new root canal obturation system, the Epiphany 
endodontic obturation system, has been developed 
to replace gutta-percha and traditional sealers for 
root canal obturation. 
Objective: The purpose of this study was to 
evaluate the coronal sealing ability of the new 
endodontic obturation system.
Methods: Seventy-two maxillary and mandibular 
anterior human teeth with single, straight root canals 
were selected for this study. Roots with open apices, 
cracks and resorptive defects were excluded. The 
teeth were stored in saline solution before instru-
mentation. The crowns of the teeth were sectioned 
at the cementoenamel junction using water-cooled 
diamond disks. The root canals were instrumented 
using the step-back technique and were irrigated 
with 5.25% sodium hypochlorite (NaOCl). The 
smear layer was removed by washing in 10 mL of 
17% ethylenediamine tetra-acetic acid (EDTA) forethylenediamine tetra-acetic acid (EDTA) forEDTA) for 
10 minutes, followed by 10 mL of 5.25% NaOCl. 
Finally, the root canals were flushed with 3 mL  
saline solution and dried with paper points. The 
specimens were randomly divided into 3 groups 
(group 1 to be filled with gutta-percha and  
AH 26 sealer, group 2 with gutta-percha and AH 
plus sealer, and group 3 with Epiphany self-etch 
sealer and Resilon obturation material) and ob-
turated by the lateral condensation technique. 
After the filling process, all samples were stored in  
saline solution at 37°C for 72 hours. The teeth were 
centrifuged at 30g for 5 minutes in 2% methy-
lene blue dye solution to allow evaluation of any  

coronal leakage. After washing, the tooth roots 
were longitudinally grooved with a diamond disk 
and split with a chisel. Dye penetration was mea-
sured from the coronal to the apical part of the 
root canal using a stereomicroscope with ocular 
micrometer, and the mean leakage value for each 
group was calculated and recorded. The data were 
then subjected to analysis of variance (ANOVA). 
Differences between materials were identified by 
the Mann–Whitney U test.
Results:esults: The 6 positive control specimens had total 
dye penetration of the root canal system, whereas 
the 6 negative control teeth had no dye penetra-
tion into the roots. All of the experimental groups 
demonstrated some degree of coronal leakage.  
The teeth for which Epiphany sealer and Resilon 
obturation material was used (group 3) exhib-
ited less coronal leakage (mean 1.4 mm, standard  
deviation [SD] 0.43 mm) than the teeth filled with 
gutta-percha and another sealer (mean 1.9 mm, 
SD 0.5 for group 1; mean 2.5 mm, SD 0.52 for 
group 2). The mean leakage in group 3 teeth was 
significantly different from that in groups 1 and  
2 (p < 0.05); in addition, the results for group 2 
were significantly different from those for group 
1 (p < 0.05). 
Conclusion: All of the root canal filling mate-
rials tested in this evaluation yielded a satisfactory 
seal; however, the Epiphany endodontic obtura-
tion system exhibited less coronal leakage than exhibited less coronal leakage than 
the other systems. This study did not address the 
clinical performance of the Epiphany system. In 
addition to in vitro studies, clinical studies using 
the Epiphany root canal obturation system are 
needed. a
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