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Abstract
Objectives To find out which management methods are preferred by dentists in Finland for a deep carious lesion or a pulp
exposed during carious tissue removal in adult patients.
Materials and methods An electronic questionnaire consisting of 25 questions was sent to 1000 randomly sampled dentists in
Finland. The response rate was 32%.
Results Less invasive excavation strategies (stepwise or selective removal) were preferred by 64% for an asymptomatic deep lesion,
while 34% chose nonselective removal to hard dentine. In the presence of an asymptomatic pulpal exposure, vital pulp therapy was
preferred, as 71% of the respondents chose direct pulp capping (DPC) or partial pulpotomy, compared to root canal treatment (26%).
Mineral trioxide aggregate (MTA) and calcium hydroxide-based materials were both chosen by 40% for vital pulp therapy. In the
management of a deep carious lesion, less invasive excavation strategies were significantly associated with having clinical guidelines
vs. no guidelines at the practice [odds ratio (OR) 3.5, confidence interval (CI) 1.4–9.0]. MTAwas favored over other DPC materials
significantly more often by those who had attended continuing education courses during the last 3 years (OR 2.8, CI 1.2–6.5).
Conclusions Less invasive management strategies have been adopted into clinical practice by the majority of dentists in Finland.
There is a need to encourage the use of MTA in the case of a pulpal exposure.
Clinical relevance The results of this study can be utilized in continuing education, to raise awareness of management strategies
supported by present scientific evidence.
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Introduction

The prevalence of dental caries has declined significantly in
Western countries in the latter half of the twentieth century [1].

Despite this decline, 31% of adult patients in Finland had at
least one untreated dentine carious lesion according to a study
carried out in 2000–2001; 41% of these patients reported to
seek dental care only when experiencing symptoms, which
might indicate they have a deep carious lesion [2]. The prev-
alence of deep carious lesions remains a challenge to the den-
tal profession. Despite the free-of-charge dental health care,
one quarter of 18-year-olds in Northern Norway had at least
one molar with a treated or untreated deep carious lesion [3].

Traditionally, dentists have aimed at removing all soft and
demineralized dentine (nonselective removal to hard dentine)
before placing a restoration [4, 5]. When excavating a deep
carious lesion, this technique often results in a pulpal exposure
[6]. In order to avoid a pulpal exposure, other management
methods have been suggested. In stepwise removal, all carious
dentine is removed from the peripheral walls of the cavity,
while leaving some carious dentine over the pulp [7]. The
cavity is then temporarily sealed, to enable the formation of
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tertiary dentine and remineralization of the demineralized den-
tine. At re-entry the eventual remaining soft dentine is exca-
vated before placing the permanent restoration. This technique
has been shown to significantly reduce the risk of a pulpal
exposure: stepwise removal resulted in an exposure in 18%
of cases, compared with 29% in the nonselective removal
group [6]. Recently, selective removal to soft dentine, where
carious dentine is left on the pulpal wall under the permanent
restoration, has shown higher success rate compared to step-
wise removal, thus challenging the need for re-entry [8–10].

There are several management options, if a deep carious
lesion results in a pulpal exposure during carious tissue re-
moval. Until recently, pulpectomy followed by root canal
treatment has been the method of choice for an adult patient,
as it has provided the most predictable outcome with success
rates between 86 and 93% [11]. However, epidemiological
studies have revealed that the prevalence of periapical lesions,
following root canal treatment, is in reality higher than failure
rates of well-designed clinical studies [12]. Further, when
CBCT was used to evaluate the outcome of root canal treat-
ment, apical periodontitis was detected significantly more of-
ten than in periapical radiographs [13]. Vital pulp has several
important functions, including tooth sensitivity, propriocep-
tive function, and protective damping effect, which are lost
during root canal treatment [14, 15]. Root canal treatment is
also expensive and time-consuming and weakens the tooth,
increasing the risk of fractures [16]. Therefore, pulpal vitality
should be maintained whenever possible.

Vital pulp therapies aiming at maintaining pulpal vitality
include the following: (i) direct pulp capping (DPC); (ii) par-
tial pulpotomy (PP); and (iii) coronal pulpotomy. When suc-
cess was defined as a vital, asymptomatic tooth without apical
radiolucency, extremely low long-term success was reported
after DPC with calcium hydroxide (CH) in a retrospective
study [17]. In a Scandinavian multicenter randomized trial,
the success rate was less than 35% for DPC with CH in adults
after 1-year follow-up [6]. In a case series study, Bogen and
co-workers showed excellent results, also in adults, whenmin-
eral trioxide aggregate (MTA) was used as a DPC material
over pulps exposed during carious tissue removal in perma-
nent molars [18]. Coronal pulpotomy has also been suggested
as an alternative for root canal treatment for cariously exposed
permanent teeth with closed apices, but the evidence is limited
[19].

When this questionnaire study was launched, there were
neither international nor national guidelines in Finland for
the management of deep carious lesions or pulps exposed
during carious tissue removal. After collecting the data for this
questionnaire study, the International Caries Consensus
Collaboration presented recommendations for carious tissue
removal [20]. These recommendations emphasize the impor-
tance of preserving pulpal vitality. They recommend selective
removal of carious tissue to soft dentine or alternatively

stepwise removal in deep carious lesions. Less invasive ap-
proaches for the removal of carious tissue have not been wide-
ly adopted into clinical practice according to previous ques-
tionnaire studies. For example, nonselective removal to hard
dentine was favored by more than 50% of dentists for the
management of deep carious lesions in the USA, Brazil, and
Germany [21–23].

The aim of this study was to investigate which manage-
ment methods are preferred by the dentists in Finland for a
deep carious lesion or for a pulp exposed during carious tissue
removal in adults and how symptoms and the respondent’s
background influence these decisions.

Materials and methods

The present questionnaire study was carried out in Finland
during spring 2016, using the e-form of the University of
Helsinki. A simple random sample of 1000 dentists (22% of
dentists in Finland) was selected from the register of the
Finnish Dental Association. The Finnish Dental Association
only provided the email addresses of the dentists in the sam-
ple, so the researchers did not have access to any personal
information. The email addresses were uploaded to the e-
form system of the University of Helsinki. The system then
automatically provided each recipient with a personal
username and a password, to access the e-form only once.
When the invitation to partake in the survey was sent out,
the recipients were contacted by email, which included a cover
letter explaining the purpose of the study. The username was
registered when the respondent signed into the e-form, which
prevented completing the questionnaire more than once. In
addition, this method enabled targeting only non-
respondents with reminder emails. The researchers were not
provided with the information to connect email addresses with
usernames, so answering the e-form took place anonymously
and voluntarily.

A two-phase pilot study was conducted before sending out
the final questionnaire. At the first stage, the content validity
was tested by ten dentists who were either clinical teachers or
experienced clinicians. Internal consistency (like Cronbach’s
alpha) could not be calculated for this questionnaire due to the
type of questions [24]. After evaluating the responses, the
questionnaire was modified and transferred into the e-form.
The usability and functionality of the e-form was then tested
again by nine dentists, including a senior university lecturer,
clinical teachers, and general practitioners from the public and
private sector. Based on the feedback, the final questionnaire
was completed and sent out. Three successive reminder emails
were sent to the non-respondents after every 2 weeks. After
8 weeks the survey was closed.

The questionnaire comprised 25 questions. A schematic
drawing of a deep carious lesion (Fig. 1) was included. The
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case presented a 30-year-old female patient, who had a deep
carious lesion in the permanent upper right first molar. The
case was presented in three different symptom scenarios: (i)
asymptomatic, or symptoms referring to either (ii) reversible
(no lingering pain but transient pain lasting max. 30 s); or (iii)
irreversible (lingering pain for several minutes) pulpitis. The
five management options given were (i) total excavation (non-
selective removal to hard dentine); (ii) stepwise excavation
(stepwise removal); (iii) indirect pulp capping (selective re-
moval); (iv) coronal pulpotomy; and (v) pulpectomy followed
by root canal treatment.

Another set of questions concerned the management of an
eventual pulpal exposure that had emerged during the carious
tissue removal in the abovementioned patient. The same three
symptom scenarios were presented and the respondent was
asked to choose from the following four management options
for each of them: (i) direct pulp capping (DPC); (ii) partial
pulpotomy (PP); (iii) coronal pulpotomy; and (iv) pulpectomy
followed by root canal treatment. As there is variation regard-
ing the terminology, all management options were defined in
the questionnaire to avoid misunderstanding. The dentists
were also asked to indicate their preferred method and criteria
for removal of carious tissue, the choice of material for a deep
carious lesion and for a pulp exposed during carious tissue
removal, the use of periapical radiographs and rubber dam,
and the main reasons behind the management decisions. In
addition, demographic and other background information
about the respondents were collected.

The e-form of the University of Helsinki transferred the
responses into a SPSS file. The data was analyzed statistically
using SPSS version 24 (IBM, Somers, New York, NY). Chi-
square test was used to study the demographic differences
between respondents and dentists nationwide. Chi-square test
was also used to compare the demographic information and
management decisions of the early respondents (those who
responded after the first emailing round) and later respondents
(those who responded after a reminder email). Binary multi-
variable logistic regression analysis was used to study the
background characteristics of the respondents related to two
outcomes: (i) the choice of less invasive approach in the case
of a deep carious lesion and (ii) the use ofMTA as the material
for DPC, PP, or coronal pulpotomy. Asymptomatic and re-
versible pulpitis scenarios were pooled for the analysis of less

invasive approach for the management of a deep carious le-
sion. The use of MTA was based on a separate question and
included only those who had chosen to perform DPC, PP, or
coronal pulpotomy after a pulpal exposure.

Initially, 2 × 2 contingency tables were used to study the
relation of the outcome and background characteristic vari-
ables. If the Pearson chi-square value was significant, the
background characteristic variable was chosen as an indepen-
dent variable for the binary multivariable logistic regression
analysis. Through this, odds ratios (OR) and their confidence
intervals (CI) were calculated. The level of significance was
set at p < 0.05.

As the dentists were asked only about their general man-
agement preferences and no patient information was included,
an ethical approval was considered unnecessary.

Results

Out of a thousand emails sent out, 21 were returned because of
an invalid email address or Bout of office^ autoreply. Another
13 dentists responded with an email informing they were no
longer practicing operative dentistry or they were unable or
unwilling to respond to the questionnaire. The total number of
responses through the e-form was 349. The first question was
set to find out whether the respondent practiced operative
dentistry. Only those who had indicated to practice operative
dentistry at least sporadically and had completed the question-
naire were included in the final analysis. The total number of
completed questionnaires was 323, giving a final response rate
of 32%.

As the Finnish Dental Association only gave email ad-
dresses of the dentists, no background information regarding
the non-respondents was available. However, compared to the
dentists nationwide, there was an over-representation of fe-
male dentists (p = 0.016) and publicly employed dentists
(p = 0.017) detected among the respondents, but no significant
difference was found in the distribution of age groups (<
45 years vs. ≥ 45 years, p = 0.207). No systematic difference
between the early respondents and the later respondents was
found in the demographic information (Table 1) or the key
management decisions (p > 0.05).

i) No symptoms and a normal reaction to cold 
and electric test 

ii) A history of transient (<30 s) sharp pain after 
eating sweets, a normal reaction to cold and 
electric test, and no radiographic periapical 
changes 

iii) A history of spontaneous severe pain, lingering 
pain for several minutes after cold and electric 
test, and no radiographic periapical changes 

Fig. 1 A schematic drawing of a
bitewing radiograph presenting a
permanent upper right first molar
and the three different symptom
scenarios given in the
questionnaire

Clin Oral Invest (2019) 23:1271–1280 1273



Table 1 Background information of respondents vs. Finnish dentists in general and early vs. later respondents

Background variable Respondents,
n (%)

Finnish dentists
in general, n (%)

p value1 Early2 respondents,
n (%)

Later3 respondents,
n (%)

p value4

Gender

Male 80 (25) 1395 (31) p = 0.016*5 37 (25) 43 (25) p = 0.948, N.S.6

Female 240 (75) 3105 (69) 112 (75) 128 (75)

Total n 320 (100) 4500 (100) 149 (100) 171 (100)

Age

< 45 years 114 (35) 1285 (32) p = 0.207, N.S. 55 (37) 59 (34) p = 0.658, N.S.

≥ 45 years 208 (65) 2699 (68) 95 (63) 113 (66)

Total n 322 (100) 3984 (100) 150 (100) 172 (100)

Primary sector of practice

Private 112 (35) 1611 (42) p = 0.017* 49 (33) 63 (37) p = 0.489, N.S.

Public 205 (65) 2255 (58) 98 (67) 107 (63)

Total n 317 (100) 3866 (100) 147 (100) 170 (100)

Year of graduation

1970–1990 145(48)

1991–2015 160 (52)

Total n 305 (100)

University of graduation

Helsinki 101 (32)

Turku 93 (29)

Kuopio 28 (9)

Oulu 74 (23)

Abroad 22 (7)

Total n 318 (100)

Location of practice

Helsinki region 105 (33)

Turku region 49 (15)

Kuopio region 20 (6)

Oulu region 25 (8)

Other 122 (38)

Total n 321 (100)

Agreed local clinical guidelines

Yes 43 (13)

No 244 (76)

Not sure 33 (10)

Total n 320 (100)

Position as the head of dental staff

Yes 74 (24)

No 240 (76)

Total n 314 (100)

Continuing education courses in operative dentistry and endodontology through participation at the Finnish Dental Congress

Last 12 months 97 (37)

Last 3 years 107 (41)

Earlier 48 (18)

Never 11 (4)

Total n 263 (100)

Continuing education courses in operative dentistry and endodontology by FDS7

Last 12 months 75 (31)

Last 3 years 83 (34)
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When presented with an asymptomatic deep carious lesion,
64% of all respondents preferred less invasive excavation
strategies (stepwise or selective removal), while 34% opted
for nonselective removal to hard dentine. The respondents
were more prone to choose less invasive management strate-
gies (77%) in the presence of symptoms of reversible pulpitis.
In the case of a deep carious lesion, with no exposure and
symptoms of irreversible pulpitis, 66% would perform root
canal treatment (Table 2).

Vital pulp therapies (DPC or PP) were preferred by the
majority (71%) for the management of an asymptomatic
pulpal exposure, while root canal treatment was chosen
infrequently (26%). If symptoms of reversible pulpitis
were present, the distribution of management preferences
was more equal between vital pulp therapies (52%) and
root canal treatment (43%). Root canal treatment was the
predominantly chosen method (94%) in the presence of a
pulpal exposure and symptoms of irreversible pulpitis

(Table 2). The choice of material for DPC, PP, or coronal
pulpotomy was equally distributed between MTA (39%)
and calcium hydroxide-based materials (40%). Biodentine
was preferred by 19% and the remaining 2% chose zinc
oxide eugenol or Bother^ material.

Chi-square statistics in 2 × 2 contingency tables were
used to study the relation between the choice of less in-
vasive excavation strategy for a deep carious lesion and
the choice of MTA for pulp capping. There was no statis-
tically significant association between these choices (p =
0.308). Also, the relation between having locally agreed
guidelines and (i) the primary sector of practice and (ii)
the location of practice was studied, but no statistically
significant association was found (p = 0.292 and p =
0.241, respectively).

Having clinical guidelines at the practice for the manage-
ment of a deep carious lesion resulted in less invasive ap-
proach in caries excavation (OR = 3.5, CI 1.4–9.0) (vs. no

Table 1 (continued)

Background variable Respondents,
n (%)

Finnish dentists
in general, n (%)

p value1 Early2 respondents,
n (%)

Later3 respondents,
n (%)

p value4

Earlier 63 (26)

Never 23 (9)

Total n 244 (100)

Other continuing education courses in operative dentistry and endodontology

Last 12 months 131 (50)

Last 3 years 81 (31)

Earlier 32 (12)

Never 19 (7)

Total n 263 (100)

Original international scientific articles read about minimal intervention in operative dentistry

Last 12 months 27 (10)

Last 3 years 49 (18)

Earlier 77 (28)

Never 127 (45)

Total n 280 (100)

Summaries of original scientific articles about minimal intervention in operative dentistry read in FDJ8

Last 12 months 180 (57)

Last 3 years 101 (32)

Earlier 21 (7)

Never 13 (4)

Total n 315 (100)

1 Chi-square test: respondents vs. Finnish dentists in general (the respondents subtracted from the nationwide figure)
2 Early respondent: response after the first email
3 Later respondent: response after one or several reminder emails
4 Chi-square test: early vs. later respondent
5 *p < 0.05
6N.S. non-significant
7FDS the Finnish Dental Society
8FDJ the Finnish Dental Journal
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clinical guidelines) according to binary multivariable regres-
sion analysis. Those who had graduated from the University
of Helsinki or Turku chose stepwise or selective removal sig-
nificantly more often (OR = 2.8, CI 1.5–5.0), than those who
had graduated from other Finnish universities or from abroad.
The preference of less invasive excavation strategies was also
significantly associated with working in the public sector
(OR = 2.3, CI 1.3–3.8) compared to working in the private
sector (Table 3).

MTA was preferred over other pulp capping materials by
those who had graduated since 1986 (OR = 6.0, CI 2.0–18.3)
(vs. graduation between 1970 and 1985). It was also preferred
by those who had attended continuing education courses in
operative dentistry or endodontology by the Finnish Dental
Society within the last 3 years (OR = 2.8, CI 1.2–6.5) (vs.
earlier or never) (Table 3).

When asked about the most important reason behind
the management decision for a deep carious lesion, 56%
stated they wanted to avoid a pulpal exposure if possible.
After a pulp exposed during carious tissue removal, 68%
expressed they wanted to avoid root canal treatment, if
there was a possibility for the tooth to remain vital. The
second most important reason behind the management
preference, both in the case of a deep carious lesion and
a pulp exposed during carious tissue removal, was the
experience of good results with the preferred method,
chosen by 34 and 38%, respectively.

Discussion

The response rate of the present study was rather low (32%),
although it is comparable to recent questionnaire studies on
the topic (23–35%) [23, 25, 26]. There were several attempts
to increase the response rate, first by using a user-friendly
electronic questionnaire and second by targeting the non-
respondents with several reminder emails.

The present sample was selected from the national register
of dentists in Finland. This is in contrast to most questionnaire
studies on the topic which have been regional, apart from two
recent multinational questionnaire studies [21–23, 25–27]. A
slight over-representation of female and publicly employed
dentists was detected but the age distribution was similar in
the present sample compared to dentists nationwide. When
comparing the early and later respondents, no statistically sig-
nificant difference was detected in the background informa-
tion or management decisions, which is in line with the results
of a previous questionnaire study [27]. Therefore, with some
caution, conclusions can be made from the results of the pres-
ent study regarding the management preferences of dentists in
Finland.

It was acknowledged that at the time of the present study,
there were no consensus recommendations for the terminolo-
gy used for carious tissue removal. All management options
were defined in the questionnaire, which left less room for
interpretation. The exact diagnosis was not stated for each

Table 2 Distribution of
management decisions among the
respondents in two clinical cases:
a deep carious lesion and a pulp
exposed during carious tissue
removal. Both cases presented
with three different scenarios
based on preoperative pain:
asymptomatic, reversible pulpitis,
and irreversible pulpitis

Case/management decision Scenario

Asymptomatic,
n (%)

Reversible
pulpitis, n (%)

Irreversible
pulpitis, n (%)

Deep carious lesion

Nonselective removal to hard dentine 111 (34) 60 (19) 15 (5)

Stepwise removal 157 (49) 201 (62) 76 (24)

Selective removal 50 (16) 49 (15) 6 (2)

Coronal pulpotomy 0 (0) 1 (0) 8 (3)

Pulpectomy followed by root canal treatment 1 (0) 3 (1) 213 (66)

Other1 4 (1) 9 (3) 5 (2)

Total n 323 (100) 323 (100) 323 (100)

Pulp exposed during carious tissue removal

DPC2 208 (65) 134 (42) 8 (3)

PP3 19 (6) 33 (10) 6 (2)

Coronal pulpotomy 4 (1) 8 (3) 2 (1)

Pulpectomy followed by root canal treatment 85 (26) 139 (43) 304 (94)

Other4 6 (2) 6 (2) 2 (1)

Total n 322 (100) 320 (100) 322 (100)

1 Including indistinct management decisions
2DPC direct pulp capping
3PP partial pulpotomy
4 Including indistinct management decisions
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symptom scenario, but only typical symptoms were described
for each condition of the pulp. Recent literature suggests there
is a good correlation between the clinical and histologic diag-
noses of the pulp [28]. However, there may have been some
confusion especially regarding reversible/irreversible pulpitis
scenarios. The irreversible pulpitis scenario in the question-
naire included severe spontaneous pain lasting for several mi-
nutes and lingering pain after a stimulus, but no sensitivity to
percussion was mentioned. A new diagnostic system has re-
cently been suggested for assessing pulpitis, which includes

initial, mild, moderate, and severe pulpitis [29]. It is possible
that the symptoms were interpreted by some respondents to
indicate less severe (moderate) pulpal inflammation. That is
despite the fact that spontaneous severe and/or lingering pain
has been described as typical characteristics of symptomatic
irreversible pulpitis, which correspond well with severe
pulpitis according to the new terminology [29, 30].

Less invasive excavation methods were chosen by 64% for
an asymptomatic deep carious lesion and by 77%when symp-
toms of reversible pulpitis were present (Table 2). According

Table 3 Binary multivariable logistic regression analysis. Associations of the respondents’ background characteristics on management decisions

Less invasive management
method preferred for a deep
carious lesion (in asymptomatic
or reversible pulpitis scenario)

MTA1 chosen for DPC2 or
PP3 or coronal pulpotomy
(based on a separate question
irrespective of symptom
scenario)

Background variable4 OR5 (95% CI6) p value OR (95% CI) p value

Gender female (vs. male) 1.2 (0.7–2.1) 0.591, N.S.7 1.6 (0.7–3.8) 0.292, N.S.

Age ≥ 45 years (vs. < 45 years) 1.2 (0.7–2.2) 0.435, N.S 1.5 (0.6–3.4) 0.355, N.S.

Year of graduation 1986–2015 (vs. 1970–1985) Not tested 6.0 (2.0–18.3) 0.002*8

University of Helsinki or Turku (vs. other universities or abroad) 2.8 (1.5–5.0) 0.001* Not tested

Primary sector of practice: public (vs. private) 2.3 (1.3–3.8) 0.003* 1.2 (0.6–2.7) 0.600, N.S.

Location of practice: Helsinki or Turku (vs. others) 1.2 (0.7–2.2) 0.552, N.S. 1.7 (0.8–3.7) 0.162, N.S.

Agreed local clinical guidelines (vs. no)9 3.5 (1.4–9.0) 0.008* Not tested

Scientific summaries read in FDJ10 within last 3 years (vs. not read) 2.3 (1.0–5.3) 0.054, N.S. 1.7 (0.4–7.6) 0.464, N.S.

Continuing education courses by FDS11 within last 3 years (vs. earlier or never) Not tested 2.8 (1.2–6.5) 0.014*

Other continuing education courses within last 3 years (vs. earlier or never) Not tested 1.4 (0.5–3.9) 0.466, N.S.

Background variables not included in the multivariable test12

Year of graduation 1986–2015 (vs. 1970–1985) 0.169, N.S.

University of Helsinki or Turku (vs. other universities or abroad) 0.089, N.S.

Position as a head of dental staff (vs. no) 0.412, N.S. 0.874, N.S.

Participation in the Finnish Dental Congress within last 3 years (vs. earlier or never) 0.763, N.S. 0.739, N.S.

Continuing education courses by FDS within last 3 years (vs. earlier or never) 0.172, N.S.

Other continuing education courses within last 3 years (vs. earlier or never) 0.743, N.S.

Original articles13 read within last 3 years (vs. earlier or never) 0.323, N.S. 0.081, N.S.

Nagelkerke**2 : less invasive management method vs. other methods = 0.209; MTA vs. other materials = 0.234
1MTA mineral trioxide aggregate
2DPC direct pulp capping
3PP partial pulpotomy
4Based on the significant Pearson chi-square test, apart from variables gender and age
5OR odds ratio
6CI confidence interval
7N.S. non-significant
8 *p < 0.05
9 Local clinical guidelines for the management of deep carious lesions
10 Summaries of international scientific articles about minimal intervention in operative dentistry in the Finnish Dental Journal
11FDS the Finnish Dental Society
12 Based on the non-significant Pearson chi-square test
13 Original international scientific articles about minimal intervention in operative dentistry
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to these results, dentists in Finland have widely adopted the
concept of prioritizing pulpal vitality when managing deep
carious lesions. This is in agreement with the present interna-
tional recommendations and Finland’s newly published na-
tional guidelines [20, 31]. The management preferences of
dentists in Finland were in line with those of dentists in
Norway [26, 27]. In contrast, studies carried out in
Germany, France, Brazil, and the USA have reported 60–
70% of dentists to aim at nonselective caries removal (up to
hard dentine), even in the presence of an anticipated pulpal
exposure during carious tissue removal [21, 22, 26].

Vital pulp therapies were chosen by 71% for the manage-
ment of an asymptomatic exposure (Table 2), which is in line
with the preferences of Norwegian, German, French, and
American dentists [21, 25]. In the scenario of reversible
pulpitis with an exposure, vital pulp therapies were less fre-
quently chosen by the respondents of the present study, even
though recent literature suggests that reversibly inflamed
pulps exposed during carious tissue removal have the poten-
tial to recover [32–34]. Moreover, only 40% of those who
preferred DPC, PP, or coronal pulpotomy chose MTA as cap-
ping material, although the superiority of MTA compared to
CH has been shown both retrospectively [33] and, recently,
also in two randomized clinical studies [32, 34]. The national
Finnish guidelines published in June 2016 [31] also recom-
mend performing DPC with MTA for a pulp exposed during
carious tissue removal in an adult patient, if the tooth is vital
and asymptomatic, or diagnosed with reversible pulpitis. The
results of this study indicate that dentists in Finland were at
least partially aware of the contemporary trends in dentistry,
even before national or international guidelines were pub-
lished. There might be practical or financial reasons behind
the preference of CH over MTA, as CH-based products have
been widely used for a long time and they are less expensive
and easier to handle than MTA.

Controversially, in the presence of a deep carious lesion
and symptoms of irreversible pulpitis, only 66% chose root
canal treatment, while 25% preferred a less invasive excava-
tion method (Table 2). This result might reflect over-optimism
in the healing potential of the pulp and is not supported by the
present literature. However, according to histological studies,
the entire pulp is rarely irreversibly inflamed even in the case
of irreversible pulpitis, but rather, the inflammation and ne-
crotic areas are usually confined to the area adjacent to the
carious exposure site [28]. Minimally invasive endodontics
has recently been suggested instead of root canal treatment
for the management of moderate and even severe pulpitis
[29]. These management methods include partial or coronal
pulpotomy, with the aim of removing only the irreversibly
inflamed section of the pulp, while leaving the uninflamed
pulp tissue to recover. A recent review and meta-analysis con-
cluded that coronal pulpotomy performed either with MTA,
MTA-like products, or CH had success rates of 88–92% in

permanent teeth with closed apices after a 2-year follow-up
[19]. Similar results have been reported for MTA pulpotomy,
even in teeth diagnosed with irreversible pulpitis, in a recent
retrospective study [35] and in a case series study [36]. In
addition, a recent randomized trial comparing the performance
of MTA and CH, for PP in teeth diagnosed with irreversible
pulpitis, reported an 85% success rate for MTA and 43% for
CH, after 2 years [37]. Compared with root canal treatment,
these management modalities are more time- and cost-
effective and also allow for more tooth structure to be retained,
but further randomized clinical studies with longer follow-up
times are needed before drawing definite conclusions.

The Nagelkerke**2 values for the multivariable logistic
regression analysis were 0.209 for the analysis of the choice
of less invasive management method and 0.234 for the anal-
ysis of the choice of MTA. This indicates the models explain
only about one fifth of the variation in the dependent variable;
thus, the results of the analysis need to be interpreted with
caution.

In the present study, a strong positive correlation was de-
tected between the choice of a less invasive excavation strat-
egy and employment in the public sector (Table 3). This has
been observed also in a multinational questionnaire study
[26]. This could be due to several factors. Plausible explana-
tions might be locally agreed clinical guidelines and/or man-
datory training generally provided by the public employers in
Finland. In addition, financial considerations might affect the
management decisions, although this was not expressed in the
responses.

MTAwas favored for DPC, PP, or coronal pulpotomy sig-
nificantly more often by those who had graduated after year
1986 compared to those who had graduated earlier (Table 3).
A similar Brazilian study showed the year of graduation to be
the main factor affecting the management decisions [22].
However, according to the present study, different universities
also seem to emphasize different management strategies.
Graduation from the University of Helsinki or Turku was
strongly associated with the choice of less invasive excavation
strategy for a deep carious lesion, compared to graduation
from other Finnish universities or from abroad.

There is a need to translate scientific evidence into clinical-
ly relevant recommendations, which often takes place through
continuing education courses. In the present study, those who
had attended continuing education courses in operative den-
tistry or endodontology by the Finnish Dental Society during
last 3 years were more likely to use MTA for vital pulp ther-
apies than those without recent training. Also, those who had
agreed to local clinical guidelines preferred a less invasive
excavation method for a deep carious lesion significantly
more often, than those without clinical guidelines. However,
no association was detected between the choice of less inva-
sive excavation method and the use of MTA. It would be of
interest to repeat the present questionnaire study to evaluate
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how the newly launched international and national guidelines
have affected management preferences.

Conclusion

Less invasive treatment strategies have been adopted into the
clinical practice by the majority of dentists in Finland. The use
of MTA for vital pulp therapy needs to be encouraged.
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