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Abstract
Aim: To document satisfaction with root canal treatment procedures and outcomes 
among patients treated at Swedish public dental clinics.
Method: The original material comprised 243 patients who began root canal treat-
ment (RCT) at 20 public dental clinics in the county of Västra Götaland, Sweden. 
One to three years later, 236 (97.1%) were posted a questionnaire of eight items, rat-
ing patient perceptions of RCT completion, present pain intensity and satisfaction 
with the RCT. To evaluate the reliability of the original responses, the first 50 re-
spondents were mailed a follow- up questionnaire. Both descriptive and analytical 
statistics were used to compare respondents and nonrespondents and tooth groups.
Results: One hundred and fifty- nine patients (67.4%) responded: 86 (54.1%) women 
and 73 (45.9%) men. The mean age 52.5  years, was higher than for nonrespond-
ents (p < .001). A completed root filling was registered for the majority of the teeth 
(n = 112, 70.9%), but significantly fewer molars had been completed (n = 46, 59.7%, 
p = .02). Fifty per cent (n = 59) of the patients reported current pain, mostly mild in 
intensity (n = 45, 38.1%). One hundred and twenty- three patients (80.9%) recalled 
experiencing pain during RCT. The highest satisfaction was registered for the item 
‘chewing ability’ (mean = 1.6, SD = 1.9). The majority of patients (n = 114, 75.0%) 
stated that in retrospect they would still have chosen RCT. However, these patients 
belonged to the group which either registered the tooth as still present or had not 
experienced much discomfort during or after RCT. Forty- four patients (88.0%) re-
sponded to the second questionnaire. The reliability of the responses was good. In 
summary, one to 3 years after beginning RCT at a public dental clinic, patient satis-
faction was high, even though every fourth molar had been extracted or treatment 
had not been completed and half the patients reported persistent pain. The reliability 
of the patients’ responses was considered to be good.

www.wileyonlinelibrary.com/journal/iej
mailto:￼
https://orcid.org/0000-0001-9914-8205
https://orcid.org/0000-0002-2685-3656
http://creativecommons.org/licenses/by-nc/4.0/
mailto:emma.wigsten@gu.se


   | 1463WIGSTEN et al.

INTRODUCTION

The success of a therapy is determined by its defined 
goal(s) (Bergenholtz & Spångberg, 2004; Friedman & Mor, 
2004). For root canal treatment (RCT), the ultimate goal 
is to retain the tooth and to establish or maintain healthy 
periradicular tissues. The outcome is evaluated by clinical 
and radiological examination. For this purpose, two basic 
sets of criteria have been applied extensively: Strindberg's 
dichotomous system of ‘success’ or ‘failure’ (Strindberg, 
1956) and the five- degree ordinal periapical index scale, 
introduced by Ørstavik et al. (1986). On this basis, RCT 
outcome is reported to be highly successful (Ng et al., 
2007, 2011a, 2011b).

The individual patient, who is generally unaware of the 
status of the periradicular tissues of their root- filled tooth, 
does not necessarily agree with the criteria established 
for successful treatment by the profession. Although peri-
apical health is the ultimate goal, subjectively the treat-
ment may still be considered successful if the tooth has 
remained asymptomatic after RCT, despite radiographic 
evidence of persistent periapical pathosis (Bergenholtz 
& Spångberg, 2004; Friedman & Mor, 2004). On the other 
hand, the patient may be dissatisfied with the treatment 
outcome even when there are no objective signs of perira-
dicular disease since pain or altered sensation may still be 
present (Polycarpou et al., 2005). A comprehensive system 
for assessing the outcome of a therapy or clinical proce-
dure such as RCT should therefore ideally include a set 
of criteria which evaluates the patient's perspective of the 
outcome (Bergenholtz & Spångberg, 2004).

In recent years, there has been an increasing focus 
on patient- centred care. RCT outcomes can be studied 
by having patients assess the impact on their oral health 
and oral health- related quality of life (Leong & Yap, 2020; 
Neelakantan et al., 2020). Treatment can also be assessed 
with reference to the patients’ perception of the care they 
have received, by studying patient satisfaction (Newsome 
and Wright, 1999a, 1999b; Sitzia & Wood, 1997). Thus, the 
outcomes not only provide feedback on the quality of care, 
but also provide an opportunity to study how different dis-
eases and their treatment and the outcomes of therapies 
affect the patient. Patient satisfaction is usually measured 
by means of a questionnaire (Kingsley & Patel, 2017).

With reference to RCT and its outcomes, there are 
few studies of patient satisfaction. The focus has been on 
factors considered to cause the greatest dissatisfaction, 
namely costs, duration of treatment, pain, aesthetics, 
function and pleasantness (Dugas et al., 2002). Patients 
generally appear to be satisfied with the outcome of their 
RCTs (Gatten et al., 2011; Torabinejad et al., 2014), es-
pecially when treated by a specialist (Dugas et al., 2002; 
Hamasha & Hatiwsh, 2013). However, factors such as 
high costs, poor post- operative aesthetics and duration of 
treatment seem to reduce their satisfaction (Dugas et al., 
2002; Gatten et al., 2011; Hamasha & Hatiwsh, 2013).

A limitation of most available studies is that the results 
represent responses from selected patients, treated in con-
trolled settings such as hospitals, universities, or specialist 
clinics. However, as most treatment is undertaken by gen-
eral dental practitioners (GDP) (Fransson et al., 2016), it 
is also important to study satisfaction with RCTs provided 
in general dental practice. High patient satisfaction one 
month after initiation of RCT in a general dental care set-
ting has been reported by Wigsten et al. (2020). However, 
longer follow- up periods are required for a more com-
prehensive picture of patients’ perceptions of RCTs and 
outcomes.

Most follow- up studies on RCT use the point of com-
pleted root filling as the baseline for included teeth. This 
may result in systematic bias in evaluation of results, 
because the material excludes teeth in which RCT was 
started, but for various reasons, was never completed. 
Ideally, the baseline in a follow- up study of a treatment 
should be the point of diagnosis of the disease and ini-
tiation of therapy: in this case, when the tooth is diag-
nosed with pulpal and periradicular disease and RCT is 
started.

Another cause for concern is the reliability of elicited 
subjective evaluation of therapy or treatment. Few stud-
ies in the field of Endodontics have assessed the reliability 
of the responses to questionnaires, and these have been 
conducted by different dental care professionals (McBride 
et al., 2013; Yi et al., 2013). There are no studies which 
measure the reliability of the responses to questions about 
patient satisfaction with RCT and its outcomes.

The aims of the study were therefore twofold: firstly, 
to elicit, by means of a questionnaire, patients’ subjective 

Conclusions: The results indicate a need for further clinical observational studies 
of RCTs undertaken in general dental practice, with special reference to patient- 
centred outcomes.

K E Y W O R D S

endodontics, general dental care, pain intensity, patient- centred outcomes, questionnaire, test- 
retest reliability analysis
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evaluations of RCT one year after initiation of treatment 
in general dental practice and secondly, to assess the reli-
ability of the responses.

MATERIALS AND METHODS

Ethical approval

The study was outlined according to the STROBEs’ cohort 
checklist and statement. The authors deny any conflict of 
interests. Written informed consent was obtained from 
all the participating patients. The study was approved by 
the Regional Ethical Committee in Gothenburg, Sweden, 
2015 (dnr: 857– 14).

Study population

The population has been described previously in Wigsten 
et al. (2019), comprising 243 patients who began RCT 
during a designated period of 8 weeks, at 20 public den-
tal clinics in the county of Västra Götaland, Sweden. 
The patients were recruited between May 2015 and 
February 2017. This baseline population comprised 128 
(52.7%) women and 115 (47.3%) men, with a mean age of 
48.3 years (SD = 16.4). Most of the teeth (n = 152, 64.9%) 
were symptomatic at baseline. The main diagnoses were 
pulpal necrosis with apical periodontitis (n = 90, 38.1%) 
or pulpitis (n  =  89, 37.7%). Molar teeth predominated 
(n = 116, 47.7%).

The questionnaire

The questionnaire was designed to elicit patient perspec-
tives on RCT outcome ≥1  year after baseline. Initially 
(Item 1), the participants were asked to state whether the 
tooth had been retained (yes/no), and whether the RCT 
had been completed with a root filling (yes/no). The re-
mainder of the questionnaire, adapted from Dugas et al. 
(2002), comprised seven items.

The visual analogue scale (VAS, 10 centimetres) was 
used for items 2 and 4– 7, whereby the respondents entered 
their assessments on each line. Item 2 assessed current in-
tensity of pain in those who had retained their tooth. The 
range was from ‘no pain or discomfort’ (score 0) and ‘pain 
as bad as it could be’ (score 10). If there were symptoms, 
the patients were asked to select, from 12 predetermined 
options, the one (or those) which most closely described 
their symptoms (Item 3).

The patients’ experience of RCT was evaluated in the 
following items. The patient's recollection of pain during 

the RCT session (Item 4) was assessed on the basis of the 
VAS, ranging from ‘not at all painful’ (score 0) to ‘very pain-
ful’ (score 10). This was followed by post- operative aesthet-
ics, Item 5: ‘the root filled tooth looks very good’ (score 0) 
–  ‘the root filled tooth looks very bad’ (score 10), function, 
Item 6: ‘chewing on the tooth is unhindered’ (score 0) –  
‘chewing on the tooth is impossible’ (score 10) and Item 7, 
whether the RCT was worth the cost (‘absolutely worth the 
cost’ (score 0) –  ‘absolutely not worth the cost’ (score 10). 
Finally, the patients were asked to assess whether in retro-
spect they would have chosen RCT (Item 8). The predeter-
mined responses were ‘yes’, ‘no’ and ‘uncertain’.

Patients who responded that their tooth had been ex-
tracted (Item 1) were instructed to respond only to items 
‘4’ and ‘8’.

Attached to the questionnaire was a cover letter, with 
a brief reminder about the study and information as to 
which tooth is concerned. All material was in the Swedish 
language.

To enhance the response rate, between September 
2017 and April 2018, a reminder was sent 3 weeks later, 
followed by an additional telephone call.

A flow chart of the study design is presented in Figure 1.

Analysis of the reliability of responses

In order to evaluate the reliability of responses, the same 
questionnaire was sent out once again to the 50 respond-
ers who first replied (Figure 1). In the absence of a re-
sponse, no reminder was sent.

Analysis of the study population

The questionnaires were labelled with the patients’ unique 
identification number, allocated in a previous study 
(Wigsten et al., 2019) to ensure that the responses would 
be anonymous. All data were manually entered into an 
Excel datasheet (Microsoft Corp, Redmond, WA, USA). 
Pre- operative patient- based characteristics such as gender 
(male, female), age (<40, 40– 60, >60) and tooth- specifics 
such as jaw (maxilla, mandible), tooth group (incisor, pre-
molar, molar) and presence of symptoms (asymptomatic, 
pain) were registered for each participant. The diagno-
sis at the initiation of RCT was retrieved from the GDPs’ 
baseline registration (Wigsten et al., 2019). When data for 
a variable were absent, the data sheet cells were left empty 
and designated in the analysis as missing.

The interval between baseline and answering the first 
questionnaire was registered. For the respondents who re-
ceived the questionnaire twice, the interval between the 
first and second responses was recorded.
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Statistical analysis

The SAS System version 9.4 (Cary, NC, USA) was applied 
for statistical analysis. The categorical variables were pre-
sented as numbers and percentages. The continuous vari-
ables were presented as mean, SD, median, minimum and 
maximum. The readings of the variables ‘present pain 
intensity’ and ‘intraoperative pain’ were rounded to the 
nearest integer and stratified into four categories: no pain 
(VAS score 0), mild (VAS score 1– 3), moderate (VAS score 
4– 6) and severe pain (VAS score ≥7).

For comparison between groups, Fisher´s Exact test was 
used for dichotomous variables. The Mantel- Haenszel chi- 
square test was used for ordered categorical variables and 
the chi- square test for nonordered categorical variables such 
as tooth groups. The Mann– Whitney U- test or the Kruskal– 
Wallis test was used for continuous variables. For compari-
son over time, the Wilcoxon signed- rank test was used for 
continuous variables such as the mean and the Sign test for 
categorical variables such as ‘treatment completion’.

In order to test the reliability, the Shrout- Fleiss test 
(Shrout & Fleiss, 1979) was used to analyse intraclass correla-
tion coefficients (ICC). The categorical variables were cross- 
tabulated and analysed with Cohens’ coefficient Kappa.

All tests of significance were two- sided and conducted 
at the 5% significance level.

RESULTS

For seven of the patients, the baseline contact details were 
no longer accessible. Of the remaining 236, 159 patients 

(67.4%) responded to the questionnaire. The time elapsing 
since baseline varied from 1 to 3 years. Forty- four of the 
50 patients (88.0%) who received the questionnaire twice 
responded to both (Figure 1).

Respondents and nonrespondents

The response rate was 67.4% (n  =  159). Eighty- six 
(54.1%) of the respondents were women and 73 (45.9%) 
were men. The mean age was 52.5  years (SD  =  15.7). 
(Tables 1 and 2). The interval between the first appoint-
ment for RCT and responding to the questionnaire 
ranged from 413 to 930 days (mean = 650.1, SD = 114.4, 
median = 663.0).

A nonresponse analysis was conducted to compare 
the pre- operative factors (Table 1). Compared with the 
respondents, the nonrespondents were significantly 
younger: mean age 52.5 years and 41.4 years, respectively 
(p < .0001). The distribution of tooth groups, maxillary or 
mandibular, also differed significantly between respon-
dents and nonrespondents (p = .03).

Treatment completion

A majority of respondents reported that the RCT had 
been completed (n  =  112, 70.9%). RCT was not yet 
completed in seven teeth (4.4%) and 39 teeth (24.7%) 
had been extracted. Treatment had been completed in 
46 molar teeth (59.7%). The corresponding frequencies 
for premolars and anterior teeth were 42 (76.4%) and 24 

F I G U R E  1  Flow chart of the study population. 243 patients started a root canal treatment during a designated 8- week period at 20 
different public dental clinics in Sweden. The patient-  and tooth- specific characteristics were described in a previous study (Wigsten et al., 
2019). The questionnaire was sent 1– 3 years after the root canal treatment was initiated. In order to assess the test- retest reliability of their 
responses to questions about their experiences of the root canal treatment, the first 50 respondents were sent the questionnaire again

Baseline: diagnosis 
and start of root canal 
treatment (2015-2017)

Study population
243 patients,

contributing 243 teeth

Exclusion: could not be 
contacted (n=7)

1-3 years after initiated 
root canal treatment 
(2017-2018)

Questionnaire sent
(n=236)

Declined to participate (n=15)

Reason for not participating 
unknown (n=62)

159 patients (67.4%) 
responded to
questionnaire

Second
questionnaire
sent (n=50)

44 patients (88.0%) 
responded to 
questionnaire
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(92.3%), respectively (p = .02). Of the 31 molars in which 
RCT had not been completed, 4 (5.2%) were still under 
treatment and 27 (35.1%) had been extracted (Table 3).

Frequency and present pain intensity

Fifty- nine patients (50.0%) reported that the tooth was 
asymptomatic, 45 (38.1%) reported mild pain (VAS >0– 
3), nine (7.6%) reported moderate pain (VAS >3– 6) and 
five (4.2%) reported severe pain (VAS >6). The mean 
value was 1.4 (SD  =  2.1). There were no significant 

differences among the tooth groups (p  =  .49, p  =  .24) 
(Table 3).

Forty patients ticked one or more of the boxes describ-
ing the different pain characteristics (n  =  60), mostly 
(n = 39, 65.0%): ‘sensitive to touch’, ‘tender’ or a feeling of 
a ‘sharp pain’ inside the tooth.

Recollection of intraoperative pain

Twenty- nine patients (19.1%) recalled RCT as painless, 
103 (67.8%) recalled mild or moderate pain and 20 (13.2%) 

Variable Total Respondents Nonrespondents p- value

Patient- based characteristics

Gender

Male 109 (46.2) 73 (45.9) 36 (46.8)

Female 127 (53.8) 86 (54.1) 41 (53.2) 1.00

Agea 

48.8 (16.2) 52.5 (15.7) 41.4 (14.6) <.0001

49.5 (19;88) 53.0 (19;88) 41.0 (19;88)

<40 years 72 (30.5) 34 (21.4) 38 (49.4)

40– 60 years 104 (44.1) 72 (45.3) 32 (41.6)

>60 years 60 (25.4) 53 (33.3) 7 (9.1) <.0001

Tooth- specific characteristics

Jaw

Maxilla 134 (56.8) 92 (57.9) 42 (54.5)

Mandible 102 (43.2) 67 (42.1) 35 (45.5) .73

Tooth groupb 

Incisor 47 (19.9) 26 (16.4) 21 (27.3)

Premolar 77 (32.6) 56 (35.2) 21 (27.3)

Molar 112 (47.5) 77 (48.4) 35 (45.5) .12

Incisor (maxillary) 37 (15.7) 19 (11.9) 18 (23.4)

Premolar 
(maxillary)

52 (22.0) 36 (22.6) 16 (20.8)

Molar (maxillary) 45 (19.1) 37 (23.3) 8 (10.4)

Incisor 
(mandibular)

10 (4.2) 7 (4.4) 3 (3.9)

Premolar 
(mandibular)

25 (10.6) 20 (12.6) 5 (6.5)

Molar (mandibular) 67 (28.4) 40 (25.2) 27 (35.1) .03

Presence of symptomsc 

Asymptomatic 81 (35.7) 53 (34.4) 28 (38.4)

Pain 146 (64.3) 101 (65.6) 45 (61.6) .66

For categorical variables n (%) is presented.
aPresented as Mean (SD)/Median (Min; Max) and as categorical variables.
bThe tooth groups were also separated into maxillary or mandibular.
cThe diagnosis on initiation of root canal treatment was registered by the general dental practitioners in 
the previous study (Wigsten et al., 2019). The indication was categorized as asymptomatic or symptomatic 
(‘pain’). Nine cases were missing.

T A B L E  1  Pre- operative characteristics 
of the study population (n = 236), and 
comparison of respondents (n = 159, 
67.4%) and nonrespondents (n = 77, 
32.6%) 1 to 3 years after initiation of root 
canal treatment in general dental practice
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severe pain. The mean VAS value was 2.6 (SD = 2.5). There 
were no significant differences in registration of pain ac-
cording to gender, age, jaw or tooth groups (Table 3).

Satisfaction with aesthetics, chewing 
ability and costs

The mean values of the respondents’ ratings of satisfaction 
with aesthetics, chewing ability and costs varied between 1.6 
and 2.0 on the VAS scale of ‘0’ to ‘10’, a lower rating indicat-
ing a better outcome (Table 3). A majority of respondents’ 
rankings ‘0– 3’ were for all three items, 93 (82.3%) for aesthet-
ics, 97 (85.1%) for chewing ability and 90 (78.9%) for costs.

The youngest cohort (<40  years) was more satisfied 
with the fees charged (mean = 1.35, SD = 2.21) than the 
40-  to 60- year- olds (mean  =  2.30, SD  =  2.55) and those 
>60 years (mean = 2.01, SD = 2.27) (p = .041).

Root canal treatment in retrospect

The majority of patients (n = 114, 75.0%) responded that 
in retrospect they would have made the same treatment 
choice, that is to undergo RCT. There were no significant 
differences among the tooth groups (Table 3).

Among respondents reporting completed RCT, 94 (87.0%) 
did not regret their decision to undergo treatment. Of those 
with uncompleted RCT or whose tooth had been extracted, 
the corresponding values were 20 (45.5%) (p < .0001).

Of the 48 respondents who reported no pain at base-
line, 42 (87.5%) did not regret their decision to undergo 
RCT. However, of the 99 respondents who experienced 
pain, the corresponding figure was 68 (68.7%, p = .02). The 
102 patients who reported mild or no pain during treat-
ment were also significantly less likely to regret their de-
cision (n = 83, 81.4%), compared with the 46 respondents 
who experienced moderate to severe pain (n = 30, 65.2%, 
p  =  .04). The 100 respondents who experienced mild or 
no pain at the time of answering the questionnaire were 
also significantly less likely to regret their decision (n = 90, 
90.0%) compared with the eight who were experiencing 
moderate to severe pain (n = 6, 42.9%, p < .0001).

Analysis of test- retest reliability

Forty- four of the 50 patients responded to the second 
mailout of the questionnaire, a response rate of 88.0% 
(Figure 1). The interval between responding to the first 
and second questionnaires varied from 14 to 69  days 
(mean = 33.5, SD = 8.8, median = 30.0).

T A B L E  2  Pre- operative characteristics of 159 patients and 159 teeth, distributed according to tooth groups

Variable Total
Incisor
n = 26 (16.4)

Premolar
n = 56 (35.2)

Molar
n = 77 (48.4) p- value

Patient- based characteristics

Gender

Male 73 (45.9) 9 (34.6) 26 (46.4) 38 (49.4)

Female 86 (54.1) 17 (65.4) 30 (53.6) 39 (50.6) .43

Agea 52.5 (15.7) 53.3 (21.4) 55.7 (15.4) 49.8 (13.4) .07

53.0 (19;88) 60.5 (20;88) 57.5 (20;84) 51.0 (19;79)

<40 years 34 (21.4) 9 (34.6) 9 (16.1) 16 (20.8)

40– 60 years 72 (45.3) 4 (15.4) 24 (42.9) 44 (57.1)

>60 years 53 (33.3) 13 (50.0) 23 (41.1) 17 (22.1) .14

Tooth- specific characteristics

Jaw

Maxilla 92 (57.9) 19 (73.1) 36 (64.3) 37 (48.1)

Mandible 67 (42.1) 7 (26.9) 20 (35.7) 40 (51.9) .04

Presence of symptomsb 

Asymptomatic 53 (34.4) 11 (44.0) 17 (30.9) 25 (33.8)

Pain 101 (65.6) 14 (56.0) 38 (69.1) 49 (66.2) .51

For categorical variables n (%) is presented.
a Presented as Mean (SD)/Median (Min; Max) and as categorical variables.
b The diagnosis on initiation of root canal treatment was registered by the general dental practitioners in the previous study (Wigsten et al., 2019). The 
indication was categorized as asymptomatic or symptomatic (‘pain’). Five cases were missing.
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In the second questionnaire, all mean values were 
slightly higher, except for ‘present pain intensity’ but the 
differences were not significant (p  >  .05). Overall, there 
were no significant differences between the responses to 
the first and second questionnaire (p > .05) (Table 4, Table 
S1).

The greatest consistency was registered for ‘intra-
operative pain’ (ICC  =  .796), followed by ‘present pain 
intensity’ (ICC  =  .774). The greatest disagreement was 
registered for ‘cost’ (ICC =.540). The responses to the 
question about completion of treatment were consis-
tent (‘identical’) in all but one case (p = 1.00, weighted 
Kappa  =  .9327). Thirty- seven patients (90.2%) gave 

identical responses as to whether in retrospect they would 
have opted for RCT (p = 1.00, weighted Kappa = .7184) 
(Table 4, Table S1).

DISCUSSION

In this prospective questionnaire study, undertaken one 
to three years after initiation of RCT in a Swedish adult 
population, a completed root filling was registered for 
most of the teeth (70.9%). Significantly fewer molars were 
registered as completed: 59.7%, compared with premolars 
and anterior teeth (76.4% and 92.3%, respectively). Most 

T A B L E  3  Evaluating patient satisfaction with root canal treatment and its outcomes. The tooth groups were also compared

Variable Total
Incisor
n = 26 (16.4)

Premolar
n = 56 (35.2)

Molar
n = 77 (48.4) p- value

Treatment completiona 

Root- filled 112 (70.9) 24 (92.3) 42 (76.4) 46 (59.7)

Nonroot- filled 7 (4.4) 0 (0.0) 3 (5.5) 4 (5.2)

Extracted 39 (24.7) 2 (7.7) 10 (18.2) 27 (35.1) .02

Present pain intensitya,b 1.4 (2.1) 1.0 (1.5) 1.9 (2.7) 1.2 (1.7)

0.5 (0.0;10.0) 0.3 (0.0;7.0) 0.5 (0.0;10.0) 0.4 (0.0;6.6) .24

No pain 59 (50.0) 13 (54.2) 20 (45.5) 26 (52.0)

Mild pain 45 (38.1) 10 (41.7) 16 (36.4) 19 (38.0)

Moderate pain 9 (7.6) 0 (0.0) 5 (11.4) 4 (8.0)

Severe pain 5 (4.2) 1 (4.2) 3 (6.8) 1 (2.0) .49

Intraoperative paina,b 2.6 (2.5) 2.5 (2.4) 2.5 (2.7) 2.7 (2.4)

1.7 (0.0;10.0) 1.9 (0.0;7.9) 1.5 (0.0;10.0) 1.9 (0.0;8.3) .81

No pain 29 (19.1) 6 (25.0) 10 (18.5) 13 (17.6)

Mild pain 77 (50.7) 11 (45.8) 30 (55.6) 36 (48.6)

Moderate pain 26 (17.1) 4 (16.7) 7 (13.0) 15 (20.3)

Severe pain 20 (13.2) 3 (12.5) 7 (13.0) 10 (13.5) .72

Post- operative aestheticsa 1.8 (1.7) 1.6 (1.3) 1.7 (1.8) 1.9 (1.7) .80

1.1 (0.0;7.1) 1.7 (0.0;4.3) 1.1 (0.0;7.1) 1.2 (0.0;5.4)

Chewing abilitya 1.6 (1.9) 1.1 (1.0) 1.5 (1.8) 1.9 (2.3) .80

0.8 (0.0;9.4) 0.5 (0.0;3.1) 0.9 (0.0;6.7) 0.8 (0.0;9.4)

Costa 2.0 (2.4) 1.6 (2.1) 2.0 (2.4) 2.1 (2.5) .42

0.9 (0.0;10.0) 0.5 (0.0;6.1) 1.0 (0.0;10.0) 0.9 (0.0;10.0)

RCT in retrospecta 

Yes 114 (75.0) 22 (88.0) 39 (75.0) 53 (70.7) .53

No 16 (10.5) 1 (4.0) 6 (11.5) 9 (12.0)

Uncertain 22 (14.5) 2 (8.0) 7 (13.5) 13 (17.3)

For categorical variables n (%) is presented. For continuous variables Mean (SD)/Median (Min; Max) is presented.
Abbreviation: RCT, root canal treatment.
aThe following data were missing: ‘Treatment completion’: one case, ‘Present pain intensity’: one case, ‘Intraoperative pain’: seven cases, ‘Postoperative 
aesthetics’: six cases, ‘Chewing ability’: five cases, ‘Cost’: five cases and ‘RCT in retrospect’: seven cases.
bPain intensity and intraoperative pain were categorized into four groups: no pain (VAS score 0), mild pain (VAS score 1– 3), moderate pain (VAS score 4– 6) 
and severe pain (VAS score >7).
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patients indicated currently experiencing mild pain or 
no pain (88.1%), but only 50% stated that they were com-
pletely asymptomatic. The selected items for evaluation 
of patient satisfaction, that is aesthetics, chewing abil-
ity and fees, were ranked as high. A majority of patients 
(75%) did not in retrospect regret their decision to undergo 
RCT. However, patients whose tooth had been extracted, 
or who had experienced pre- operative- , intraoperative-  or 
present pain were significantly less inclined to indicate 
that in retrospect they would have chosen RCT as a treat-
ment option (Table 3).

The study was conducted in a general practice envi-
ronment, where the majority of RCTs are undertaken 
(Fransson et al., 2016) and may therefore provide a more 
representative outcome of RCT (effectiveness) than the 
many follow- up studies from university or specialist clin-
ics. Another advantage is that all teeth were included 
when treatment was started. The high frequency of teeth 
(n  =  46, 29.1%) in which RCT had not been completed 
highlights the importance of defining the time- point for 
interception in clinical studies; at treatment start or on 
treatment completion. Several follow- up studies in end-
odontics report outcomes based on the root- filled tooth as 

the starting point. In the light of the results of the present 
study, this should be questioned.

Although this study provides valuable information 
about the outcome of RCTs in general dental practice, 
some limitations should be noted, and caution in drawing 
far- reaching conclusions.

Seventy- seven patients (32.6%) did not respond to the 
questionnaire (Table 1). Such attrition is a limitation, but 
the response rates, of 67.4% and 88.0%, respectively, can still 
be considered acceptable (Figure 1, Tables 1 and 4) (Baruch, 
2016). The traditional postal questionnaire was used, whereas 
the use of an electronic survey or mixed- mode might have 
improved the response rate (Kaplowitz et al., 2004).

The variation in the interval between the start of treat-
ment and answering the questionnaire may have resulted 
in bias. The longer the interval, the greater the risk that the 
patient will forget which tooth was treated and the circum-
stances surrounding the treatment. Likewise, the actual 
outcome of RCT can vary, depending on how much time 
has passed since treatment start or completion. Therefore, 
in future follow- ups of this cohort, or in other similar stud-
ies using questionnaires as a method for follow- up of RCT, 
researchers should try to plan prospectively to minimize 

T A B L E  4  44 patients (88.0%) responded to the second mailout of the questionnaire (Figure 1). The distribution of responses was 
registered as n and comparisonsa were made of patient responses to the first and second mailouts

Variable n
1st 
questionnaire n

2nd 
questionnaire n Differencea p- value

Treatment completion

Root- filled 44 33 (75.0) 44 34 (77.3) 44 Decrease = 0 (0.0)

Non- root- filled 2 (4.5) 2 (4.5) Identical = 43 (97.7)

Extracted 9 (20.5) 8 (18.2) Increase = 1 (2.3) 1.00

Present pain intensity 35 1.14 (2.06) 35 0.94 (1.34) 34 −0.22 (1.18) .89

0.40 (0.00;10.00) 0.40 (0.00;6.30) 0.00 (−5.10;1.30)

Intraoperative pain 44 2.50 (2.88) 43 2.54 (2.76) 43 0.17 (1.78) .71

1.10 (0.00;9.90) 1.60 (0.00;9.20) 0.00 (−3.20;8.30)

Postoperative 
aesthetics

34 1.50 (1.72) 34 2.03 (2.41) 32 0.29 (1.62) .27

0.85 (0.00;7.10) 1.20 (0.00;8.80) 0.00 (−4.60;4.10)

Chewing ability 33 1.35 (1.86) 36 1.44 (2.10) 33 −0.09 (1.61) .65

0.60 (0.00;6.90) 0.55 (0.00;9.20) 0.00 (−4.90;5.60)

Cost 34 2.05 (2.64) 36 2.44 (2.82) 34 0.30 (2.58) .46

0.95 (0.00;10.00) 1.05 (0.00;9.30) 0.05 (−5.50;8.40)

RCT in retrospect

Yes 43 32 (74.4) 42 33 (78.6) 41 Decrease = 2 (4.9)

No 4 (9.3) 3 (7.1) Identical = 37 (90.2)

Uncertain 7 (16.3) 6 (14.3) Increase = 2 (4.9) 1.00

RCT, root canal treatment.
Categorical variables are presented as n (%) and continuous variables as Mean (SD) and Median (Min;Max).
The total group was represented by the 44 responders, where 35, respectively 36, declared that the tooth was still retained at follow- up.
aDifferences among patients responding to both mailouts items were analysed. Categorical variables were classified according to ‘decrease’, ‘identical’ or 
‘increase’.
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the variation in interval between baseline and follow- up 
(Althubaiti, 2016).

Another source of uncertainty is that the present sta-
tus of the coronal restoration was not accounted for in the 
study. The perception of the aesthetic aspect of the tooth's 
appearance, but possibly also the chewing function and 
the total cost, is probably to a great extent affected by how 
the tooth was restored.

While the validity of the data may be questioned, the 
results of the repeated questionnaire analyses had good 
reliability. The test- retest reliability analysis measured 
the stability and reliability of the patients’ responses. A 
possible difference in measurements between the two oc-
casions could theoretically be attributable to an error of 
the method, but also to a genuine change of mind by the 
respondent, or a change in status of the tooth.

The Kappa classifications would assess the agreements 
as ‘good’ to ‘very good’ (weighted Kappa = 0.7184– 0.9327) 
(Landis & Koch, 1977). There are no general agreements 
on acceptable ICC values, but according to a proposed 
guideline, the results would be considered to be ‘moder-
ate’ to ‘good’ (ICC = 0.540– 0.796) (Koo & Li, 2016). There 
were no significant differences between the time intervals 
(Table 4, Table S1). Overall, the reliability of the patients’ 
responses with respect to their RCT is considered to be 
‘good’.

In clinical studies, there is often concern that small 
sample sizes will result in low statistical power (i.e., 
type- II errors). In the present study, the thorough statis-
tical analyses disclosed a clearly significant difference be-
tween tooth groups with respect to treatment completion 
and the patients’ responses regarding their decision to 
undergo RCT, depending on whether the tooth has been 
retained or not and their experience of pain before, during 
and after completion of treatment. It is also important to 
be aware that multiple statistical tests may cause a sub-
stantial risk of type- I errors, that is, a false- positive sta-
tistical test. The outcomes of statistical tests, especially if 
several such tests are performed to analyse a number of 
possible relationships in the same data, always require a 
rationality check. Is the result reasonable, based on what 
is previously known and what may seem logically and 
clinically credible? There were few statistically significant 
correlations in the present study, but these seem to with-
stand such a credibility test. It is acknowledged that RCT 
of molars is particularly challenging (Dahlström et al., 
2017; Laukkanen et al., 2021). Moreover, patients who ex-
perienced pain before, during or after RCT would, in ret-
rospect, be less likely to choose this course of treatment. 
There was a similar response from the patients whose 
tooth has been extracted.

The results of this prospective study on RCTs in gen-
eral dental practice, with inception at treatment start, are 

not in accordance with those of many studies reporting 
high numbers of successful RCTs.

One hundred and twelve teeth (70.9%) were completed 
with a root filling within 1 to 3  years. Thirty- nine teeth 
(24.7%) had been extracted and in seven teeth (4.4%) RCT 
had not been completed within the follow- up period. 
The majority were molars (n = 27, 69.2%, p = .02). Thus, 
root fillings had been completed in fewer than two- thirds 
(59.7%) of the molars. (Table 3). Studies based on large 
data registers also show that molar teeth are more fre-
quently extracted (Fransson et al., 2016, 2021).

An unexpected finding was the high number of pa-
tients registering present pain (n = 59, 50.0%, Table 3). 
In most cases (76.3%), the intensity was rated as mild 
(mean = 1.4, SD = 2.1) and did not differ significantly 
among the tooth groups (p  =  .49). This distribution of 
symptoms associated with root- filled teeth differs from 
other studies. In a systematic review and meta- analysis 
by Nixdorf et al. (2010), persistent all- cause tooth pain 
was registered in 5.3% of all cases (n = 168). Few studies 
have evaluated the frequency of persistent pain from root- 
filled teeth treated in general dental practice. Jonsson 
Sjögren et al. (2019) reported similar results: pain or 
discomfort was registered in 4.9% of the root- filled teeth 
(n  =  62). The overall pain intensity was also rated as 
mild (Numeric Rating Scale, NRS = 2.1). Although the 
root- filled teeth with mild symptoms would become as-
ymptomatic over time, the number of patients reporting 
moderate to severe pain (n = 14, 11.9%) is nonetheless 
higher than in previous studies.

Patient satisfaction with root canal 
treatment and its outcomes

Despite tooth loss and a high frequency of present symp-
toms, a large proportion of the patients registered gener-
ally high satisfaction with their RCT and its outcomes. 
This is in accordance with previous studies (Dugas 
et al., 2002; Gatten et al., 2011; Hamasha & Hatiwsh, 
2013; Torabinejad et al., 2014; Wigsten et al., 2020). 
Approximately 20% of the patients recalled RCT as pain-
less (n = 29, 19.1%), the majority experienced mild pain 
(n  =  77, 50.7%) and the remainder registered moderate 
to severe pain during treatment (n = 46, 30.3%). In con-
trast to other studies, the patients were least satisfied with 
this item (Dugas et al., 2002; Hamasha & Hatiwsh, 2013; 
Wigsten et al., 2020).

It is difficult to explain the discrepancy between the age 
cohorts with respect to satisfaction with fees for RCT treat-
ment. It may be assumed that one important source of bias 
is that some of the patients belonged to a capitation system 
within public dental care and did not pay for treatment.
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The majority of patients (75.0%) stated that in retro-
spect they would choose RCT again. Not surprisingly, 
negative outcomes, such as failure to complete RCT or 
extraction of the tooth and pain experienced before, 
during and after root canal treatment influence the pa-
tient's opinion as to whether in retrospect RCT was a 
good choice. It may still be assumed that most patients 
prefer to preserve their natural dentition (Azarpazhooh 
et al., 2016; Dugas et al., 2002; Friedman & Mor, 2004; 
Gatten et al., 2011; Lobb et al., 1996). This finding is sup-
ported by the results presented by Lobb et al. (1996) in 
which the majority of patients (n  =  151, 91.5%) would 
still undergo another RCT if recommended, despite the 
fact that a number of respondents (n = 36, 21.8%) expe-
rienced complications with their root- filled tooth during 
the first year.

Thus one to 3  years after starting RCT in a general 
dental practice setting, patient satisfaction was ranked 
as high, despite the loss or incomplete treatment of one 
in four molars and reports of present pain by half the pa-
tients. The reliability of the patients’ responses was good.

CONCLUSION

The findings of this study highlight the need for further 
clinical observational studies of RCTs undertaken in 
general dental practice, with special reference to patient- 
centred outcomes.
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