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ABSTRACT
Objective:  The aim was to evaluate the establishment of an aseptic endodontic operative field in 
general dentistry by assessing general dentists’ ability to reduce the amount of contamination to a 
non-cultivable level, and to compare the operative field asepsis at a general dentistry clinic with 
that at an endodontic specialist clinic.
Materials and Methods:  A total of 353 teeth were included in the study (153 in general dentistry, 
200 at the specialist clinic). After isolation, control samples were taken, the operative fields 
disinfected with 30% hydrogen peroxide (1 min) followed by 5% iodine tincture or .5% chlorhexidine 
solution. Samples were collected from the access cavity area and buccal area, placed in a fluid 
thioglycolate medium, incubated (37°, 7 d), evaluated for growth/non-growth.
Results:  Significantly more contamination was observed at the general dentistry clinic (31.6%, 
95/301), than at the endodontic specialist clinic (7.0%, 27/386) (p <.001). In general dentistry, 
significantly more positive samples were collected in the buccal area than in the occlusal area. 
Significantly more positive samples were collected when the chlorhexidine protocol had been used, 
both in general dentistry (p <.001) and at the specialist clinic (p =.028).
Conclusions:  The result from this study shows insufficient endodontic aseptic control in general 
dentistry. At the specialist clinic, both disinfection protocols were able to reduce the amount of 
microorganisms to a non-cultivable level. The observed difference between the protocols may not 
reflect a true difference in the effectiveness of the antimicrobial solutions, as confounding factors 
may have contributed to the result.

Introduction

Endodontic treatment protocols are aimed at eliminating 
microorganisms and preventing the introduction of microor-
ganisms into the root canal system [1–3]. Every measure 
taken to reduce the microbial burden during treatment is of 
value, and specific procedures and standards have been 
developed to establish and maintain asepsis during treat-
ment. This is mainly accomplished by isolating the tooth with 
a dental dam, and by the use of aseptic techniques and anti-
microbial agents [3–5].

Since endodontic pathogens are mainly oral commensals, 
isolating the tooth from the oral environment is essential for 
successful endodontic practice [6,7]. The isolated tooth and 
dental dam should also be disinfected to minimize the risk of 
contamination [3]. Documented procedures for disinfection of 
the operative field include the use of hydrogen peroxide, 
iodine or chlorhexidine preparations, and sodium hypochlo-
rite [5,8,9]. Möller, for example, showed that a combination of 
30% hydrogen peroxide and 5% iodine tincture could reduce 

the amount of contaminating bacteria to a non-cultivable 
level [8]. In Sweden, a majority of dentists use 30% hydrogen 
peroxide followed by either 5-10% iodine tincture or .5% 
chlorhexidine in 70% alcohol solution for disinfection of the 
endodontic operative field [10].

The quality of endodontic treatments performed by gen-
eral dentists has been shown to vary considerably. 
Cross-sectional studies report that approximately 40 % of 
root-filled teeth have apical periodontitis, which suggests 
that dentists in general may have a problem eliminating 
microorganisms in the root canals or avoiding contamination 
of the root canals when performing root canal treatments 
[11]. Studies have reported poor aseptic control in general 
dentistry and an underestimation of the impact microbiolog-
ical factors have on the prognosis of root canal treatments 
[10,12–16]. Root canal treatments performed by specialists, or 
at dental student clinics under the supervision of specialists, 
have been reported to have a better outcome than treat-
ments performed by general dentists [17,18].
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The extent to which infection control affects endodontic 
treatment outcomes has not been extensively studied. 
However, in comparisons of endodontic treatments per-
formed with or without a dental dam, cases, when a dental 
dam was used, have shown a better survival rate [19,20]. 
Furthermore, it has been reported that implementation of an 
enhanced infection control protocol during primary root 
canal treatment resulted in less detectable bacterial DNA in 
the root canals before obturation and significantly more suc-
cessful treatment outcomes after one year [21].

Research on endodontic operative field asepsis has gener-
ally been performed at endodontic specialist clinics [5]. It is 
currently not known how effective the establishment of end-
odontic operative field asepsis is in general dentistry. The 
working hypothesis for this study was that there is a discrep-
ancy between the presumed standard of care and actual clin-
ical practice regarding endodontic infection control in general 
dentistry and that the outcome of the establishment of oper-
ative field asepsis differs significantly between general den-
tists and endodontic specialists.

The aim of this study was to evaluate the endodontic 
operative field asepsis in general dentistry by assessing gen-
eral dentists’ ability to reduce the amount of contaminating 
bacteria to a non-cultivable level and to compare the opera-
tive field asepsis at a general dentistry clinic and at an end-
odontic specialist clinic.

Materials and methods

This was a prospective observational study conducted between 
August 2020 and January 2023. Samples were collected from 
353 teeth scheduled for root canal treatments at a general 
dentistry clinic in the municipality of Skåne, Sweden, and at 
the Endodontic Specialist Clinic at Norrlands Universitetssjukhus 
in Umeå, Sweden. Inclusion criteria were adult patients 
(>18 years old) with a tooth in need of root canal treatment. 
Informed consent was given by all participants verbally and in 
writing. Collected samples were de-identified and could not be 
traced to any individual patient. Ethical approval for the study 
was attained from the Swedish Ethical Review Authority (DNR 
2019-02649, DNR 2020-05615).

The tooth to be treated was isolated with a dental dam, 
which was secured to the tooth with a clamp. The dentists 
used sealer/blockage at their own discretion. Two control 
samples were then collected. The surface considered for 
access cavity preparation was scrubbed with a sterilized mini 
foam sponge (Disposable Mini-Sponge Applicator; 3 M ESPE, 
St. Paul, MN, USA) with clean tweezers for 10 s. A new mini 
sponge was then scrubbed for 10 s against the buccal surface 
of the tooth (2 millimetres above the gingival margin) with 
clean tweezers. The samples were immediately transferred to 
a fluid thioglycolate medium (FTM).

Two protocols for the establishment of operative field 
asepsis were used (Figure 1). The operative field was first dis-
infected by scrubbing the tooth with either a cotton swab or 
a twisted gauze swab, soaked in 30% hydrogen peroxide for 
one minute. Then the tooth, clamp, and adjacent dental dam 
were disinfected by scrubbing with either 5% iodine tincture 

(iodine protocol) or .5% chlorhexidine in 70% alcohol (chlor-
hexidine protocol) with a twisted gauze swab for one minute, 
after which the surfaces were allowed to air-dry. The antimi-
crobial solutions were deactivated by soaking the mini foam 
sponges (1–2 s.) in either 5% sodium thiosulphate (iodine 
protocol) or Tween80 (chlorhexidine protocol) prior to taking 
the second set of samples with sterile tweezers. The samples 
collected after disinfection were taken from the same sur-
faces, following the same protocol as in the first batch. Four 
samples per tooth were collected.

At the endodontic specialist clinic, the first 100 sampled 
teeth were disinfected using the chlorhexidine protocol and 
the following 100 teeth using the iodine protocol. In general 
dentistry, the initial design was to randomize the two proto-
cols. However, several of the participating dentists did not, for 
various reasons, feel comfortable using one or the other of the 
protocols. This led to a modification of the research protocol: 
the general dentists simply used their own preferred choice of 
the chlorhexidine protocol or the iodine protocol.

The FTM tubes were marked with the tooth number and 
disinfection protocol and were numbered from one to four to 
identify the sample site and whether the sample was col-
lected before or after disinfection. The samples were incu-
bated for seven days (37 °C), visually inspected for bacterial 
growth after seven days, and classified as positive (growth) or 
negative (no growth). If a control sample was negative, the 
corresponding sample collected after disinfection (from the 
same tooth and site) was excluded from the trial.

The collected data were analyzed using the statistical 
package IBM SPSS Version 28.0 (Armonk, NY: IBM Corp.) 
Fisher’s exact test and Pearson’s chi-squared test were used, 
with the significance level set at p < .05.

Results

Samples were collected from 353 teeth: 153 at the general 
dentistry clinic and 200 at the endodontic specialist clinic. Of 
the collected control samples, 19 were negative. The corre-
sponding 19 samples collected after disinfection were removed, 
leaving 687 samples collected after disinfection to be included 
in the analysis of the operative field asepsis. More than half of 
the included teeth in the study were molars (Table 1). No sta-
tistically significant differences depending on tooth type were 
found in the samples collected after disinfection.

Of the 301 samples collected by the general dentists after 
disinfection of the operative field, 31.9% (95/301) were posi-
tive. Fewer had used the iodine protocol (45.7%) than the 
chlorhexidine protocol (54.3%). There were significantly more 
positive samples collected when the chlorhexidine protocol 
had been used (Table 2). More positive samples were also col-
lected from the buccal area (57/151) than from the access cav-
ity area (38/150) (p=.016). There was a significant difference in 
the number of positive samples collected during the first and 
the second half of the trial: 21.3% (32/150) during the first half 
of the trial and 42.4% (64/151) during the second half (p <.001).

At the endodontic specialist clinic, 7.0% (27/386) of the sam-
ples collected after disinfection of the operative field were posi-
tive (Table 3). At the access cavity area, significantly more positive 
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samples were collected when the chlorhexidine protocol had 
been used, but there was no significant difference found between 
the protocols at the buccal sample site (Table 3.)

Significantly more positive samples were collected at the 
general dentistry clinic than at the endodontic specialist 
clinic (Table 4). Analysis of the two protocols separately 
showed significantly less contamination of the operative field 
at the specialist clinic for both protocols (Table 5).

Discussion

The aim of this study was to assess general dentists’ ability to 
reduce the amount of contaminating bacteria on the end-
odontic operative field to a non-cultivable level, and to 

Table 1. T eeth included in the trial.

General Dentistry Specialist Clinic

Tooth type n % n % In total %
Incisor 37 24.1 36 18.0 73 20.7
Canine 5 3.3 6 3.0 11 3.1
Premolar 40 26.1 22 11.0 62 17.6
Molar 71 46.4 136 68.0 207 58.6
Total 153 100.0 200 100.0 353 100.0

Figure 1.  Flow chart of the protocols for disinfection and sampling of the operative field.
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compare the operative field asepsis at a general dentistry 
clinic with the operative field asepsis at an endodontic spe-
cialist clinic. Although neither of the groups achieved com-
plete asepsis, a significantly higher level of contamination of 
the operative field was found at the general dentistry clinic. 
These results are consistent with previous studies that have 
found discrepancies between endodontic treatments per-
formed by general dentists and those performed by end-
odontic specialists [12–18].

The level of bacterial contamination seen in the samples 
collected in general dentistry indicates poor aseptic control. 
It is probable that insufficient isolation of the teeth contrib-
uted to the results, as significantly more positive samples 
were collected from the buccal sample site, close to the con-
tact area between the tooth and dental dam, than at the 
access cavity area. It is also possible the protocols for disin-
fection were not stringently followed. All participating den-
tists had access to a clock with a second hand to keep track 
of the different application times during disinfection. However, 
it is unknown if the application times were followed by all 
dentists, and contact time matters when it comes to disinfec-
tion. The disinfection process could still have been performed 

too swiftly, without scrubbing of the surfaces, and with an 
inadequate amount of antimicrobial solution on the swabs.

In general dentistry, most of the positive samples were 
collected during the second half of the trial, with a sharp 
increase seen in the last 50 sampled teeth. A contributing 
factor could be that the novelty of participating in the trial 
wore off. Another contributing factor could be the timing of 
the trial, as it began during the first year of the COVID-19 
pandemic. At that time, the participating general dentists 
mostly treated emergency cases, had more time set aside for 
each patient, and, perhaps, had an increased awareness of 
the importance of infection control. At the end of the trial, 
the general dentists were back to a more regular scheduling 
and perhaps had less time for, or interest in, infection con-
trol. Outbreaks raise awareness and are often associated with 
rapid improvements in adherence to infection control proto-
cols, but health care workers then often fall back into old 
infection control habits [22,23]. For example, it has been 
reported that hand hygiene adherence among health care 
workers showed a significant increase at the beginning of the 
COVID-19 pandemic but returned to pre-pandemic levels less 
than a year into the pandemic [24,25].

Table 2. N umber of positive and negative samples collected at the general dentistry clinic.

General Dentistry Clinic

Iodine protocol Chlorhexidine protocol

Sample site Positive n (%) Negative n (%) Total n (%). Positive n (%) Negative n (%) Total n (%) p-value
Access cavity area 11 (15.9) 58 (84.1) 69 (100.0) 27 (32.9) 55 (67.1) 82 (100.0) p =.017
Buccal area 17 (24.6) 52 (75.4) 69 (100.0) 41 (50.6) 40 (49.4) 81 (100.0) p =.001
Both sample sites 28 (20.3) 110 (79.7) 138 (100.0) 68 (41.7) 95 (58.3) 163 (100.0) p <.001

Table 3. N umber of positive and negative samples collected at the endodontic specialist clinic.

Endodontic Specialist Clinic

Iodine protocol Chlorhexidine protocol

Sample site Positive n (%) Negative n (%) Total n (%). Positive n (%) Negative n (%) Total n (%) p-value
Access cavity area 3 (3.1) 95 (96.7) 98 (100.0) 12 (12.4) 85 (87.6) 97 (100.0) p =.016
Buccal area 5 (5.3) 90 (94.7) 95 (100.0) 7 (7.3) 89 (92.7) 96 (100.0) p =.563
Both sample sites 8 (4.1) 185 (95.9) 193 (100.0) 19 (9.8) 174 (90.2) 193 (100.0 p =.028

Table 4. C omparison of number of positive and negative samples collected at the general dentistry clinic and at the endodontic specialist clinic.

General Dentistry Specialist Clinic

Sample site Positive n (%) Negative n (%) Positive n (%) Negative n (%) p-value
Access cavity area 38 (25.2) 113 (74.8) 15 (7.7) 180 (92.3) p <.001
Buccal area 57 (38.0) 93 (62.0) 12 (6.3) 179 (93.7) p <.001
Both sample sites 95 (31.6) 206 (68.4) 27 (7.0) 359 (93.0) p <.001

Table 5. C omparison between general dentistry clinic and endodontic specialist clinic and the two protocols for establishment of operative field asepsis.

General dentistry Specialist clinic

Sample site Positive n (%) Negative n (%) Total n (%) Positive n (%) Negative n (%) Total n (%) p-value
Chlorhexidine protocol

Access cavity area 27 (32.9) 55 (67.1) 82 (100.0) 12 (12.4) 85 (87.6) 97 (100.0) p <.001
Buccal area 41 (50.6) 40 (49.4) 81 (100.0) 7 (7.3) 89 (92.7) 96 (100.0) p <.001
Both sample sites 68 (41.7) 95 (58.3) 163 (100.0) 19 (9.8) 174 (90.2) 193 (100.0 p <.001

Iodine protocol
Access cavity area 11 (15.9) 58 (84.1) 69 (100.0) 3 (3.1) 95 (96.9) 98 (100.0) p =.003
Buccal area 17 (24.6) 52 (75.4) 69 (100.0) 5 (5.3) 90 (94.7) 95 (100.0) p <.001
Both sample sites 28 (20.3) 110 (79.7) 138 (100.0) 8 (4.1) 185 (95.9) 193 (100.0) p <.001
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The results from the general dentistry clinic show that the 
dentists have the capacity to achieve a higher level of asepsis 
than they perhaps generally accomplish, implying that enhance-
ments in infection control may be possible in a context that 
enables practice change. To initiate and maintain changes, 
there must be an awareness and motivation for change [26]. 
Since attitude and knowledge affect infection control perfor-
mance [27,28], continuous efforts to raise endodontic infection 
control awareness could have a positive effect. Providing per-
formance feedback could also be of value, to help the dentists 
assess their own infection control skills. The method used in 
this study for the sterility test of the operative field could be 
used as a pedagogical instrument for self-assessment of opera-
tive field asepsis. However, human infection control behavior is 
the consequence of multiple influences [27,29]. The context in 
which the dentist operates, such as scheduling, time pressure, 
the design of the compensation system, and the safety climate 
at the clinic, also affects infection control behaviour 
[4,12,22,29,30]. This complexity of factors must be considered 
and further investigated when designing interventions to 
improve endodontic infection control.

The results from the endodontic specialist clinic show that 
30% hydrogen peroxide followed by either 5% iodine tincture 
or .5% chlorhexidine in 70% alcohol solution, can be effective 
means to reduce the amount of microorganisms on the oper-
ative field to a non-cultivable level. The observed difference 
between the chlorhexidine protocol and the iodine protocol 
may not reflect a true difference in the effectiveness of the 
antimicrobial solutions. In general dentistry, the identified dif-
ference could be the consequence of different operators’ thor-
oughness and skills in infection control. At the endodontic 
specialist clinic, relatively few positive samples were collected, 
and the difference found between the protocols at the access 
cavity sample site might be the consequence of the specific 
teeth being sampled. The potential presence of irregular sur-
faces and previous fillings could have made the particular sur-
faces more difficult to clean to an acceptable level [8]. 
Although 30% hydrogen peroxide has a protein solving effect, 
mechanical removal of dental plaque biofilm by polishing the 
teeth before disinfection, thus reducing the microbial burden, 
would increase the ability of the biocides to operate more 
efficiently and improve the operative field asepsis.

Dental dam application and operative field disinfection are 
not complicated procedures. It is likely that the observed dif-
ferences between the general dentistry clinic and the specialist 
clinic simply reflect the amount of time and effort spent on 
isolating and disinfecting the operative fields, and that it also 
reflects the level of biological awareness of the basic patho-
logic problems that endodontic treatments encompass. Since 
the goal of endodontic treatment is to either prevent apical 
periodontitis or remove the microorganisms that cause apical 
periodontitis from the root canals, it is of utmost importance 
to establish and maintain asepsis during treatment. Root canal 
treatment is a multistep procedure, and each step depends on 
the previous step for its cumulative efficiency. If the important 
steps of isolation and disinfection are not performed ade-
quately, the subsequent steps will suffer, and it may affect 
treatment outcomes [19–21]. Having a basic microbicide intent 
permeating each treatment step is of value for successful 

endodontic treatments, meaning that allocating sufficient time 
to properly isolate and disinfect the operative field, and keep-
ing track of the application times, are prime requirements.

This study has certain limitations. A failure to detect 
microorganisms does not necessarily mean they are absent. 
Culture-dependent studies have limitations related to low 
sensitivity and the inability to detect difficult-to-grow or 
as-yet-uncultivable microorganism, meaning the true number 
of positive samples could be higher than was detected [31]. 
Also, the mere presence of viable microorganisms on the 
operative field does not automatically denote a high risk of 
root canal infection during treatment. Far from all microor-
ganisms are able to survive and thrive in the specific environ-
ment found in the root canals [7,32]. Since the aim of the 
study was to assess the ability of general dentists to reduce 
the amount of contaminating bacteria to a non-cultivable 
level, and compare the result with that of endodontic spe-
cialists, no further analysis of the species and origin of the 
microorganisms was performed. Such an analysis could have 
offered a better understanding of potential sources of con-
tamination and the potential risk the contaminations could 
pose for the development of root canal infections.

To our knowledge, this is the first clinical study of endodon-
tic operative field asepsis performed in general dentistry. The 
result shows insufficient endodontic aseptic control in general 
dentistry. However, the results also indicate that general den-
tists can achieve a higher level of asepsis under certain cir-
cumstances since there were significantly fewer positive 
samples collected during the first half of the trial. Further 
inquiries into what affects general dentists’ endodontic infec-
tion control performance in their daily clinical practice are war-
ranted. The results from the endodontic specialist clinic show 
that both protocols can be effective means to reduce the 
amount of microorganisms on the operative field to a 
non-cultivable level, though the iodine protocol was found to 
be more effective. However, the significant difference observed 
between the two protocols may not reflect a true difference, 
since confounding factors may have influenced the result. 
Further studies need to be conducted in order to evaluate the 
potential difference in the antimicrobial efficacy between the 
two protocols. The comparison between the general dentistry 
clinic and the endodontic specialist clinic showed a signifi-
cantly higher level of contamination in the samples collected 
in general dentistry, which indicates that general dentists may 
underestimate the impact microbiological factors have on the 
prognosis of root canal treatments. The future challenge is to 
raise awareness in general dentistry of the microbiological ele-
ments of endodontic treatments and the vital importance of 
prioritizing proper infection control.
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