




Selection process
Two reviewers (FS and GG) independently screened
titles and then compared their findings. In case of dis-
agreement, titles were included to obtain full texts. Full
texts were assessed independently after de-duplication.
Studies were included after agreement with consensus in
cases of disagreement being reached through discussion.

Data collection process
Data extraction was performed independently by two
reviewers (FS and GG). Disagreements were resolved
through discussion.

Data items
The following items were collected: author names, year,
sample, setting, tooth type, pulp vitality, preoperative
pain, presence of radiographically detectable periapical
lesions, instrumentation type, obturation type, irrigation,
medication, intermediate restoration, number of visits,
evaluation method, findings.

Outcomes
Outcomes and outcome measures were extracted. For
studies reporting non-significant findings without any
further information, this was extracted to allow inclu-
ding these into a sensitivity meta-analysis (see below).

Data synthesis
Meta-analysis
The statistical unit was the tooth. Clustering was near
absent in most studies. Therefore, the risk of this
approach leading to artificially narrow CIs is low.10

A continuity correction of +1 was performed in case of
zero events. Random-effects meta-analysis using the
DerSimonian-Laird estimator of variance was performed
using Comprehensive Meta-Analysis V.2.2.64 (Biostat,
Englewood, New Jersey, USA), with risk ratios (RRs) and
95% CIs as effect estimates. Fixed-effect models were
used as well, but did not yield significantly different find-
ings given the low level of heterogeneity. Unit of analysis
issues were handled as described in the online
supplementary appendix. Heterogeneity was assessed
using Cochran’s Q and I2 statistics.11 Funnel plot analysis
and Egger test were performed to assess small study
effects or publication bias.12 13 RR were adjusted to
check the impact of possible publication bias.14

Subgroup and meta-regression analyses
Subgroup and meta-regression analyses were carried out
to assess (1) the impact of a root canal medication
being used (or not) in multiple-visit treatment, (2) pulp
vitality prior treatment, (3) preoperative pain and (4)
the presence of radiographically detectable periapical
lesions on effect estimates. Details can be found in the
online supplementary appendix.

Confidence in data
Risk of bias was assessed and classified according to
Cochrane guidelines.13 Note that against our protocol,
we did not assess performance bias (blinding of opera-
tors), as this is not feasible in trials comparing single-visit
versus multiple-visit treatment.
In addition, TSA was performed to assess if quantita-

tive findings are robust, and to calculate the required

Figure 1 Study flow. Database

screening was performed using a

four-pronged search strategy,

combining four domains of the

search using Boolean operators.

Number of studies yielded in

MEDLINE by each search domain

are shown in the upper boxes;

combining these boxes led to the

number of results as shown for

each database.
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information size (RIS), that is, the cumulative sample
size needed to yield significant differences between
treatments.15 16 RIS is then adjusted for heterogeneity/
diversity (DARIS). TSA additionally estimates trial
sequential monitoring boundaries (TSMBs), that is, stat-
istical thresholds for significance which are adapted
depending on the so far reached sample size. Firm evi-
dence is assumed to be reached when the Z-curve
crosses the TSMB for either benefit or harm before the
DARIS was reached. Effect estimates supported by only
few small trials are handled stricter than those sup-
ported by large samples. In addition to such superior-
ity/inferiority TSMBs, monitoring boundaries for
futility were calculated. These indicate if further trial
conduct is likely to be futile, that is, if sufficient evi-
dence has been accrued to claim non-inferiority of
treatments (which would be most relevant for this
review). Further details have been reported elsewhere,17

and can also be found in the online supplementary
appendix.
Evidence for each outcome effect estimate was graded

according to the GRADE working group of evidence,18

using Grade Profiler V.3.6, and strength of recommenda-
tions deduced accordingly.19

RESULTS
Results of the searches
From 817 records, 64 were screened full text. After cross-
referencing 67 articles were screened and 29 included
(figure 1).8 20–48 Excluded studies and reasons for exclu-
sion can be found in the online supplementary
appendix table S1.
Overall, 4341 (mainly adult) patients had been treated

(table 1).
Six trials treated only teeth with vital pulps, six treated

vital and non-vital teeth or did not specify vitality; the
remaining trials treated non-vital teeth. Three trials
clearly stated to treat only teeth with preoperative pain,
20 treated both painful and painless teeth or did not
state any details on preoperative symptoms, and the
remaining trials treated only teeth without preoperative
symptoms. Ten trials included only teeth with periapical
lesions, 13 trials did not report on radiographical status
of the periapex or treated both teeth with and without
lesions; the remaining trials treated only teeth without
any detectable lesions.
Six trials were found to have low risk of bias (see

online supplementary table S2), the remaining trials
showed high or unclear overall risk of bias. This was
mainly due to a lack of examiner blinding or allocation
concealment. Two trials did not at all report on random-
isation, and were treated accordingly in the performed
meta-analysis. The majority of trials mentioned random-
isation, but did not state how sequences were generated.
Attrition was generally limited (as most trials did only
assess short-term pain, see below), as was risk of selective
reporting.

Risk of long-term complications
Long-term complications were investigated by 10 trials,
with a total of 1257 teeth being treated. Mean follow-up
was 2.3 years (range 1–5 years). All trials had used
calcium hydroxide as medication in the multiple-visit
group. All but two trials had high risk of bias. Risk of
complications was not significantly different in single-
visit versus multiple-visit treatment (RR 1.00 (95% CI
0.75 to 1.35)). Heterogeneity was low. Publication bias
was not detected via Egger’s test (p=0.36) or funnel plot
analysis (figure 2A, online supplementary appendix
figure S1A).
Preoperative conditions were not found to significantly

impact on effect estimates (table 2).
Studies which did not state to have randomly allocated

treatments did not find significantly different RRs
(p=0.35). By using TSA, we found neither the conven-
tional thresholds for benefit or harm nor the TSMB for
benefit, harm or futility to be reached. The sample size
was far below DARIS (figure 2B). Given that risk of bias
was serious and the number of events low (leading to
imprecision), our confidence in this finding was weak.

Risk of experiencing any postoperative pain
Twenty studies used binary estimates to express risk of
short-term pain. Of these, three had used a factorial
design, with resulting subgroups being handled as inde-
pendent studies. Three further studies used visual ana-
logue scales and reported pain to not be significantly
different; these were included in a sensitivity analyses.
For the base-case analysis, a total of 3008 teeth were
available and assessed. Pain had been recorded after a
mean of 2 days (range 1–7 days) postoperatively. Three
trials had compared pain only after instrumentation; the
other studies compared pain after obturation. All but
three trials showed high risk of bias.
Risk of pain was not significantly different in single-

visit versus multiple-visit treatment (RR 0.99 (95% CI
0.76 to 1.30)). Heterogeneity was moderate. There was
no indication for publication bias via Egger’s test
(p=0.46) or funnel plot analysis (figure 3A, online
supplementary appendix figure S1B). Preoperative con-
ditions or the use of a calcium hydroxide instead of no
root canal medication between visits had no significant
impact on effect estimates (table 2). Studies which did
not state to have randomly allocated treatments did not
find significantly different RRs compared with studies
which had clearly stated randomisation (p=0.46).
Including imputed studies which had only reported that
differences between groups were non-significant (but
had not given an effect estimate) increased the total
number of assessed teeth to 3417, but did not signifi-
cantly change our estimates (RR=1.00 (0.86 to 1.21)).
Excluding those trials which only reported on pain after
instrumentation, not obturation, also had no significant
impact (RR=0.99 (0.84 to 1.17)). Using TSA, we found
the conventional thresholds for benefit to be spuriously
crossed, while the TSMB for benefit was not reached.
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Table 1 Included studies

Study Patients

Vital/pain/

lesion Instr Medication Obtur

Number

of visits

Pain Pain/sample

single-visit; pain/

sample multiple-visit;

recall

Flare-up Flare-ups/sample

single-visit; flare-ups/

sample multiple-visit;

recall

Long-term

complications

Complications/

sample single-visit;

Complications/

sample

multiple-visit; recall

Akbar et al20 100 adults or

adolescents

No/unclear/

yes

Hand Calcium

hydroxide

Lateral 2 5/50; 4/50; 7 days

Albashaireh and

Alnegrish21
300 adults or

adolescents

Yes/no

/unclear

Hand None Lateral 2 4/40; 3/36; 1 day

Yes/no/no Hand None Lateral 2 33/102; 55/113; 1 day

Al-Negrish and

Habahbeh22
120 adults or

adolescents

No/no/no Hand Calcium

hydroxide

Lateral 2 8/54; 14/58; 2 days 1/54; 3/58; 7 days

DiRenzo et al23 80 adults Both/yes/

unclear

Rotary None Lateral 2 –/39; –/33; 1 dayno

significant difference on

continuous scale

Dorsani et al24 57 adults No/unclear/

yes

Rotary Calcium

hydroxide

Lateral 2 10/24; 6/22; 1 year

Fava25 48 adults and

children

No/no/

unclear

Hand Phenole Lateral 2 1/30; 0/30; 2 days

Fava26 52 adults or

adolescents

Yes/yes/

unclear

Hand Calcium

hydroxide

Lateral NG 2/30; 1/30; 1 day

Gesi et al28 256 adults Yes/both/no Hand Calcium

hydroxide

Lateral 2 16/130; 18/126; 7 days 9/123; 8/121; 3 years

Ghoddusi et al27 60 adults No/both/yes Hand Calcium

hydroxide

Lateral 2 1/20; 8/20; 3 days 7/20; 0/20; 3 days

Ince et al29 306 adults Yes/both/no Hand None Lateral 2 19/87; 16/66; 3 days

No/both/

mixed

Hand None Lateral 2 9/66; 14/87; 3 days

Jabeen and

Khurshiduzzaman30
120 adults or

adolescents

No/no/no Unclear Calcium

hydroxide

Lateral 2 23/60; 11/60; 1 day

Liu and Leng31 143 adults No/unclear/

mixed

Unclear Cortisomal Lateral 2–3 52/95; 28/48; 1 day 10/87; 4/42; 1 year

Molander32 94 adults No/no/yes Rotary Calcium

hydroxide

Lateral 2 17/49; 10/40; 2 years

Mulhern et al33 60 adults or

adolescents

No/no/mixed Hand None Lateral 3 7/30; 6/30; 2 days

Oginni and Udoye34 255 adults Both/both/

mixed

Unclear Unclear Lateral NG 58/107; 61/136; 1 day 19/104; 10/123; 7 days

Paredes-Vieyra and

Enriquez35
287 adults No/no/yes Rotary Calcium

hydroxide

Lateral 2 5/146; 15/136;

2 years

Pekruhn36 102 cases of

unclear age

Unclear/

unclear/

unclear

Hand Formocresol Vertical 2 8/51; 8/51; 1 day

Penesis et al37 97 adults No/unclear/

yes

Rotary Calcium

hydroxide

+CHX

Vertical 2 7/35; 7/31; 2 years
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Table 1 Continued

Study Patients

Vital/pain/

lesion Instr Medication Obtur

Number

of visits

Pain Pain/sample

single-visit; pain/

sample multiple-visit;

recall

Flare-up Flare-ups/sample

single-visit; flare-ups/

sample multiple-visit;

recall

Long-term

complications

Complications/

sample single-visit;

Complications/

sample

multiple-visit; recall

Peters and

Wesslink38
39 adults No/no/yes Hand Calcium

hydroxide

Lateral 2 0/21; 1/17; 4.5 years

Prashanth et al39 32 adults No/unclear/

yes

Rotary Unclear Vertical 2 1/8; 0/8; 2 days

Yes/unclear/

no

Rotary Unclear Vertical 2 1/8; 1/8; 2 days

Rao et al40 148 adults No/unclear/

unclear

Rotary None Lateral 2 –/74; –/74 1 day no

significant difference on

continuous scale

Risso et al41 118

adolescents

No/both/

mixed

Hand Calcium

hydroxide

Lateral 2 –/57; –/61;1 day results

not reported

1/57;1/61; 10 days

Singh and Garg

201242
200 adults Both/unclear/

no

Rotary None Lateral 2 –/94; –/94; 1 day no

significant difference on

continuous scale

0/9; 0/94; 6 days

Trope et al,44 Waltimo

et al43
81 adults No/unclear/

yes

Hand Calcium

hydroxide

Lateral 2 9/45; 6/31; 1 year

Wang et al45 100 adults Yes/yes/no Rotary Calcium

hydroxide

Lateral 2 28/43; 27/46; 1 day 1/43; 1/46; 7 days

Weiger et al46 73 adults or

adolescents

No/both/yes Hand Calcium

hydroxide

Lateral NG 3/36; 2/31; up to

5 years

Wong et al47 567 adults Both/both/

mixed

Rotary Calcium

hydroxide

Lateral or

core

carrier

2 68/275; 88/263; 1 day

Wong et al8 228 adults Both/both/

mixed

Rotary Calcium

hydroxide

Core

carrier

2–3 25/117; 12/103; 7 days 13/117; 13/103;

2 years

Yoldas et al48 218 adults No/both/

retreatment

Both Calcium

hydroxide

+CHX

Lateral 2 44/106; 32/112; 7 days 8/106; 2/112; 7 days

CHX, chlorhexidine; instr, instrumentation; NG, not given; obtur, obturation.
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Futility boundaries were not constructible due to too few
data being available. The sample size was far below
DARIS (figure 3B). Given the serious risk of bias, but
only limited evidence for imprecision, this finding is sup-
ported by moderate evidence according to GRADE.

Risk of flare-up
Risk of flare-up was recorded by eight studies. A total of
1110 teeth had been followed over a period of 7–
10 days. All studies stated to be randomised trials, two
studies showed low, the rest high risk of bias.
Risk of flare-up was significantly higher after single-

visit versus multiple-visit treatment (RR 2.13 (95% CI
1.16 to 3.89)). Heterogeneity was low. There was some
indication for publication bias based on funnel plot ana-
lysis, but not Egger’s test (p=0.26). Adjusting the esti-
mate accordingly increased the RR (figure 4A, online
supplementary appendix figure S1C). Preoperative

conditions and the root canal medication had no signifi-
cant impact on effect estimates (table 2). Using TSA, we
found the conventional thresholds for harm to be spuri-
ously crossed, while the TSMB for harm was not
reached. Futility boundaries were not constructible due
to too few data being available. The sample size was far
below DARIS (figure 4B). Given the serious risk of bias,
imprecision and publication bias being present, our con-
fidence in this finding is supported by only very weak
evidence according to GRADE.

DISCUSSION
Even after optimal root canal disinfection via instrumen-
tation and irrigation, bacteria usually remain within the
root canal system.49 50 During multiple-visit root canal
treatment, an antibacterial medication like calcium
hydroxide is placed in the root canals, thereby aiming to
further disinfect the canals between treatment

Figure 2 Risk of long-term complications after single-visit versus multiple-visit root canal treatment. (A) Forest plot, with RR and

95% CIs per study and overall (black diamond) being given. Heterogeneity across studies is indicated by I² and Q. Low risk of

bias and lack of random allocation of treatment is indicated by asterisks and hashtag. (B) Trial sequential analysis. The

cumulative Z-score (black), that is, the accumulated level of significance, was plotted against the number of participants (N)

accrued, which was compared with the DARIS. The Z-curve does not cross the conventional thresholds for superiority or

inferiority (hatched grey lines). Neither the DARIS nor TSMB (grey solid lines) were reached. The information fraction was too

small to draw trial sequential futility boundaries. DARIS, diversity-adjusted required information size; RR, risk ratio; TSMB, trial

sequential monitoring boundary.

Table 2 Meta-regression analysis

Outcomes

Subgroups

Long-term complications

(n=10)

Any postoperative pain

(n=23)

Postoperative flare-up

(n=8)

Pain-free vs painful teeth −0.33 (−1.47 to 1.14) 0.15 (−0.50 to 0.80) 1.10 (−2.44 to 4.63)

Vital vs non-vital teeth 0.10 (−0.90 to 1.10) −0.02 (−0.60 to 0.58) −0.08 (−2.26 to 2.10)

Teeth with periapical lesions vs

teeth without lesions

−0.13 (−1.22 to 0.98) −1.18 (−2.91 to 0.55) 0.79 (−0.87 to 2.46)

Calcium hydroxide medication vs

no medication

NA 0.11 (−0.27 to 0.50) −0.27 (−1.29 to 0.74)

LogRR and 95% CI are given to allow comparing relative effect estimates between subgroups of treatments.
N, number of studies; NA, not available (as all studies used calcium hydroxide).
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appointments, the efficacy of which remains unclear at
present.49 51–53 In contrast, in single-visit root canal treat-
ment any further appointments and intracanal medica-
tions are omitted, and the root canal system obturated
directly after instrumentation and irrigation, aiming to
seal remaining bacteria and deprive them from both
space and nutrition.3 46 54 55

For risk of long-term complications, we did not find
a difference between single-visit and multiple-visit
endodontic treatment. This was our primary outcome

as such complications oftentimes decide the fate of
the tooth.56–58 It is noteworthy that this was supported
by a range of studies (ie, studies with high or low risk,
small or large samples, in adults or adolescents, vital
or non-vital teeth, teeth with or without periapical
lesions) with relatively homogeneous findings. Only
one trial found significant differences between groups
(favouring single-visit treatment),35 all others did not
find one treatment significantly superior over the
other.

Figure 3 Risk of experiencing any postoperative pain after single-visit versus multiple-visit root canal treatment. (A) Forest plot.

Low risk of bias and lack of random allocation of treatment is indicated by asterisks and hashtag. Studies which compared

treatments in different subgroup of teeth were handled as independent studies and are indicated accordingly. (B) Trial sequential

analysis. The information fraction was too small to draw trial sequential futility boundaries. DARIS, diversity-adjusted required

information size; TSMB, trial sequential monitoring boundary.

Figure 4 Risk of experiencing flare-up after single-visit versus multiple-visit root canal treatment. (A) Forest plot. RR and 95%

CI were adjusted for publication bias using trim-and-fill (RRa). Low risk of bias and lack of random allocation of treatment is

indicated by asterisks and hashtag. Studies which compared treatments in different subgroup of teeth were handled as

independent studies and are indicated accordingly. (B) Trial sequential analysis. The information fraction was too small to draw

trial sequential futility boundaries. DARIS, diversity-adjusted required information size; RR, risk ratio; RRa, adjusted risk ratio;

TSMB, trial sequential monitoring boundary.
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Based on our analyses, the discussed confounders do
not seem to significantly affect the relative risk of com-
plications. Even in teeth with periapical lesions, single-
visit treatment showed no significantly different risk of
complications. This finding is in line with that from a
previous review.6 We want to highlight that our per-
formed meta-regression and subgroup analyses are
potentially underpowered, with high risk of type II
errors. In general, our findings on the risk of complica-
tions outcome are supported by limited data, as indi-
cated by TSA. Based on this analysis, no firm evidence
on benefit, harm or futility is available (while the cumu-
lative Z-curve never crossed any threshold for signifi-
cance, once more confirming a trend towards
non-difference of treatments).
The resulting evidence was graded as weak, mainly

due to risk of bias of trials. Thus, a number of recom-
mendations towards future studies need to be made:
First, future trials should have higher internal validity,
for example, by performing and reporting on sequence
generation, by sufficiently concealing the allocation, and
by blinding assessors, all to reduce the risk of selection
and detection bias. We are well aware that blinding
operators or patients is impossible in such trials; future
reviews should reflect on this when assessing risk of bias
(as we did accordingly). Second, trials should be per-
formed in realistic (primary care) settings with suffi-
ciently long follow-up periods, as complications are
expected to occur long term. Third, trials should aim to
investigate the relevance of preoperative conditions as
possible confounders, as current data are insufficient to
conclude on the suitability of single-visit versus multiple-
visit treatment in different teeth or patients.
We also found single-visit treatment to not significantly

increase the risk of short-term postoperative pain, which
is in line with findings from previous reviews.3 6 59 Pain
is a relevant outcome, despite being reported only for
brief periods after treatment and not being a strong pre-
dictor for success,50 as it is directly burdening patients
and could influence their attitude and behaviour
towards future endodontic treatment. Our findings were
again relatively consistent between trials regardless of
their risk of bias, setting, patients or treated teeth. Only
three studies found significant differences between
groups; two in favour of single-visit treatment,21 27 and
one in favour of multiple-visit treatment.30 All three were
performed in non-vital teeth. It is again important to
note that while we did not identify significant confoun-
ders (which is in line with previous findings),60 our
meta-regression analyses are (as discussed) of limited
power. However, the overall number of treated teeth was
relatively high, and while current data were4 insufficient
to establish firm evidence, we expect futility boundaries
of TSA to be reached if future trials confirm these find-
ings. Given the discussed uncertainties associated with
the preoperative condition (vitality, symptoms), research-
ers should account for these confounders when design-
ing and evaluating future trials in the field.

We found single-visit treatment to significantly
increase the risk of flare-up, which is in agreement with
a previously identified increased risk of swelling after
single-visit treatment.3 It should be highlighted that our
analysis for this outcome was built on only few, mainly
high-risk trials, and that one particular study contributed
a lot to the effect estimate given its weighting.34 This
weighting was the result of the high incidence of
flare-up in this study (20% in the single-visit group),
which is much higher than that in all other trials.
Excluding this study from the analysis decreased the
effect estimates, with no significant difference between
groups remaining (RR 1.85 (0.89 to 3.86)). Given that
TSA indicated that no firm evidence has been reached
so far, caution is thus required when interpreting our
finding regarding flare-up. Such caution is further justi-
fied as flare-ups, occurring directly after treatment as
well as up to 7 days after instrumentation (or obtura-
tion), were pooled. Moreover, risk of flare-ups might be
affected by further factors like patients’ age, gender or
systemic conditions. While patients with systemic condi-
tions were excluded in all studies, insufficient informa-
tion was available regarding gender and age distribution.
Future studies should report in more detail on these
aspects.
This review has a number of limitations. First, it builds

only on randomised or at least controlled trials. While
we see the value of practice-based long-term cohort
studies (which have higher external validity and yield
findings in a more relevant timeframe), we actively
restricted our review on controlled studies to minimise
the risk of selection bias, the impact of which can be
expected to be potentially severe given that treatment
decisions might be made based on the preoperative con-
dition of the tooth. For example, dentists might be more
willing to perform single-visit treatment in vital teeth, or
molars might be treated in multiple visits more often
due to practical reasons. This would greatly distort the
true relative efficacy of both therapies.
Second, our primary outcome, complications, is a

composite of different components like long-term pain,
clinical signs of inflammation and infection (swelling,
sinus track formation), and radiographic success (which
does not need the patient to experience symptoms). For
each component, a decision to re-treat or not might
differ depending on who is deciding: dentists (and
researchers specialising in endodontics) might see a per-
sistent periapical lesion as an indication to re-treat even
in the absence of symptoms (anticipating such symptoms
to occur at some stage in the future, with poorer prog-
nosis for retreatments). In contrast, patients might not
be willing to re-treat such tooth (which might as well be
justified when considering the success rates of the avail-
able retreatments and the resulting treatment costs).58

Third, one of our secondary outcomes, the risk of
experiencing any postoperative pain, does not account
for the degree of pain, losing a significant amount of
information. That was done as most trials reported pain
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using either binary scales (pain yes/no) or ordinal
scales, which did not always use identical categories and
pose great difficulties when pooling them (or require
the definition of a certain pain threshold, which is
usually arbitrary). Future studies should use continuous
outcome measures like visual analogue scales, allowing
to fully display the recorded information on pain. It is
noteworthy that those studies which used such scales
also found no significant difference of pain levels
between treatments.
Last, most included trials reported only on very limited

periods after treatment. While this might be acceptable
for short-term pain, a follow-up of mean 2.3 years is insuf-
ficient to truly reflect ‘long-term’ complications (as is
applied definition of minimum 1 year follow-up to con-
sider a complication as long-term). This is closely related
with the discussed limitations of randomised trials, which
are seldom able to follow-up teeth for much longer given
the high associated efforts and costs.
Future trials are thus needed to gain firm evidence

whether differences in outcomes between single-visit or
multiple-visit root canal treatment exist. To improve val-
idity and comparability, these trials should aim for stan-
dardised outcome measures (eg, visual analogue scale
for pain assessment; agreed definition for success/
failure), long-term follow-up periods and limited risk of
bias (while certain bias cannot be fully excluded). They
should best be performed in representative settings and
populations and report in detail on confounders of
treatment success.
In conclusion and within the limitations of this review,

there is insufficient evidence to rule out whether
important differences in outcomes between single-visit
or multiple-visit root canal treatment exist. Given the
possibly increased risk of flare-up, a careful recommen-
dation could be to prefer multiple-visit treatment in
teeth where the risk if complication is increased (eg,
teeth with existing periapical lesions).
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