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ABSTRACT

Objectives: This study aimed to evaluate the effectiveness of final irrigation with cold saline
solution after endodontic treatment compared with saline solution at room temperature
against postoperative pain following endodontic treatment.

Materials and Methods: A broad search was performed in the PubMed, Web of Science,
Scopus, Cochrane Library, Virtual Health Library (LILACS), and Grey Literature databases.
Two independent reviewers performed data extraction, risk of bias using the Cochrane
methodology, and certainty of evidence using the Grading of Recommendations,
Assessment, Development and Evaluations (GRADE) approach.

Results: Eight studies were included in qualitative synthesis. Intracanal cryotherapy favored
the reduction of postoperative pain in the systematic review. Four studies were included in
meta-analyses. The meta-analysis showed that intracanal cryotherapy reduced postoperative
pain in teeth with symptomatic apical periodontitis (SAP) at 24 hours. There was no
association between intracanal cryotherapy and control (room temperature) groups in teeth
with normal periapical tissue with respect to postoperative pain at 24 hours and 48 hours.
Conclusions: Intracanal cryotherapy was effective in reducing postoperative pain after
endodontic treatment in teeth with SAP.

Keywords: Cryotherapy; Postoperative pain; Root canal preparation; Systematic review

INTRODUCTION

One of the most important aspects of endodontic practice is the management of the
postoperative pain and discomfort frequently reported by patients after endodontic treatment
[1]; it has a high rate of occurrence and presents in 3 to 58% of all cases [2]. Vital and necrotic
remains of root canals, microorganisms and their toxins, and irrigators that extrude beyond
the apical foramen during endodontic treatment may trigger inflammation and postoperative
symptoms such as mild to severe pain or so-called flare-ups [3-5]. Pharmacological and non-
pharmacological methods are used to reverse the inflammatory process and control pain. The
use of drugs such as analgesics, non-steroidal anti-inflammatory agents, and corticosteroids,
despite being relatively safe medications, they may cause gastrointestinal [6-9], as well as
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renal, hepatic, and respiratory problems [10,11]. In order to avoid these side effects, alternative
treatments have been proposed, such as laser treatments and cryotherapy [12-14].

Cryotherapy, also known as cold therapy, has been physiological and clinically proven to
reduce musculoskeletal pain, muscle spasms, connective tissue distension, hemorrhage,
inflammation, and nerve conductivity [10]. This therapy has been frequently applied for
pain management and postoperative care for sports injuries and surgical procedures and

has been effective in reducing edema and recovery time, with short-term applications in
abdominal, orthopedic, and gynecological operations [15-19]. Basically, low temperatures
cause vasoconstriction, and pain reduction is achieved because the temperature blocks nerve
endings [11]. This analgesic effect is the combination of slower propagation of neural pain
signals and decreased release of chemical pain mediators, which also triggers a decrease in
metabolism by more than 50%, allowing better oxygen flow to the injured tissues [20].

In dentistry, cryotherapy has already been adopted by professionals, especially for
postoperative pain control after surgical procedures [21,22]. Although the effectiveness of
cryotherapy has been well established in the literature, there is no standardization of the
type or volume of the cryoagent used, mode of application, or duration to identify an ideal
protocol for this treatment [16,23].

As it is a low cost, simple, and atoxic technique, several randomized controlled clinical
studies have evaluated cryotherapy treatment for relieving pain after endodontic treatment
[24-31]. Therefore, the objective of this systematic review with meta-analysis was to
investigate whether the evidence currently available in major databases confirms the
effectiveness of cryotherapy against postoperative pain following endodontic treatment.
Based on the Population, Intervention, Comparison and Outcome (PICO) design, the
following question was asked: “Does final irrigation with cold saline solution after cleaning
and shaping procedures reduce postoperative pain in adult patients?”

MATERIALS AND METHODS

Protocol and registration

This systematic review with meta-analysis followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) statement checklist and has been
registered with the International Prospective Register of Systematic Reviews (PROSPERO)
(protocol number CRD42020154796) [32].

Search strategy and identification of the studies

PubMed, Scopus, Web of Science, Cochrane Library, Virtual Health Library (LILACS)
databases were consulted, and articles published before July 30th, 2019 were considered for
review. The search of the literature was applied in Grey literature through the OpenGrey site
(http://www.opengrey.eu), and references of included studies were also searched to identify
other studies that might have been missed in the initial electronic search. No language or
date restrictions were applied; all references were managed using Mendeley software. The
selection process is described in Figure 1.

The keywords used were selected from Medical Subject Headings (MeSH) specified by the U.S.
National Library of Medicine and from Health Sciences Descriptors (DeCS). Besides these,
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Figure 1. Modified PRISMA 2009 flow diagram.

MeSH synonyms and free terms were also included. The terms were combined through boolean
operators to improve the search; all combinations of terms have been collated in Table 1.

Eligibility criteria
The studies were screened and included according to the PICO study design:

Population: patients who presented permanent maxillary or mandibular teeth requiring
endodontic treatment.

Intervention: final irrigation with cold saline solution (intracanal cryotherapy group).
Comparison: final irrigation with saline solution at room temperature (control group).

Outcome: measurement of postoperative pain after endodontic treatment with different
types of visual analogue scales (VAS).

Study design: clinical trials, controlled clinical trials, and randomized controlled trials.
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Table 1. Electronic database used and search strategy

Database

Search strategy

PubMed

Scopus

Web of Science

Cochrane Library

VHL (LILACS)

Grey Literature

#1(root canal preparation[MeSH Terms]) OR root canal therapy[MeSH Terms]) OR root canal obturation[MeSH Terms]) OR periapical
periodontitisfMeSH Terms]) OR dental pulp necrosis[MeSH Terms]) OR root canal preparation[Title/Abstract]) OR root canal therapy[Title/
Abstract]) OR root canal obturation[Title/Abstract]) OR periapical periodontitis[Title/Abstract]) OR dental pulp necrosis[Title/Abstract]) OR
root canal treatment[Title/Abstract]) OR endodontic treatment[Title/Abstract]) OR endodontic obturation[Title/Abstract]) OR root canal
instrumentation[Title/Abstract]) OR apical periodontitis[Title/Abstract]

#2(pain[MeSH Terms]) OR postoperative pain[MeSH Terms]) OR hyperemia[MeSH Terms]) OR edema[MeSH Terms]) OR
hyperesthesia[MeSH Terms]) OR pain[Title/Abstract]) OR postoperative pain[Title/Abstract]) OR hyperemia[Title/Abstract]) OR edema([Title/
Abstract]) OR hyperesthesia[Title/Abstract]) OR postendodontic pain[Title/Abstract]) OR touch pain[Title/Abstract]

#3(cryotherapy[MeSH Terms]) OR cryotherapy|[Title/Abstract]) OR cold therapy[Title/Abstract]) OR cold[Title/Abstract]

#1and #2 and #3

#1(TITLE-ABS-KEY (root AND canal AND preparation) OR TITLE-ABS KEY (root AND canal AND therapy) OR TITLE-ABS-KEY (root AND canal
AND obturation) OR TITLE-ABS-KEY (periapical AND periodontitis) OR TITLE-ABS-KEY (dental AND pulp AND necrosis) OR TITLE-ABS-KEY
(root AND canal AND treatment) OR TITLE-ABS-KEY (endodontic AND treatment) OR TITLE-ABS-KEY (endodontic AND obturation) OR TITLE-
ABS-KEY (root AND canal AND instrumentation) OR TITLE-ABS-KEY (apical AND periodontitis))

#2(TITLE-ABS-KEY (postendodontic AND pain) OR TITLE-ABS-KEY (pain) OR TITLE-ABS-KEY (postoperative AND pain) OR TITLE-ABS-KEY
(touch AND pain) OR TITLE-ABS-KEY (hyperemia) OR TITLE-ABS-KEY (edema) OR TITLE-ABS-KEY (hyperesthesia))

#3TITLE-ABS-KEY (cryotherapy) OR TITLE-ABS-KEY (cold AND therapy) OR TITLE-ABS-KEY (cold))

#1and #2 and #3

#1TOPIC: (root canal preparation) OR TOPIC: (root canal theraphy) OR TOPIC: (root canal obturation) OR TOPIC: (periapical periodontitis)
OR TOPIC: (dental pulp necrosis) OR TOPIC: (root canal treatment) OR TOPIC: (endodontic treatment) OR TOPIC: (endodontic obturation)
OR TOPIC: (root canal instrumentation) OR TOPIC: (apical periodontitis)

Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, ESCI Timespan=All years

#2TOPIC: (postendodontic pain) OR TOPIC: (pain) OR TOPIC: (postoperative pain) OR TOPIC: (touch pain) OR TOPIC: (hyperemia) OR TOPIC:
(edema) OR TOPIC: hyperesthesia)

Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, ESCI Timespan=All years

#3TOPIC: (cryotherapy) OR TOPIC: (cold theraphy) OR TOPIC: (cold)

Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, ESCI Timespan=All years

#1and #2 and #3

‘root canal therapy OR root canal preparation OR root canal obturation OR periapical periodontitis OR dental pulp necrosis OR

endodontic obturation OR apical periodontitis)) AND (tw:(pain OR postoperative pain OR hyperemia OR edema OR hyperesthesia)) AND
(tw:(cryotherapy OR cold therapy OR cold in Title, Abstract, Keywords in Trials’

(tw:(root canal therapy OR root canal preparation OR root canal obturation OR periapical periodontitis OR dental pulp necrosis OR
endodontic obturation OR apical periodontitis)) AND (tw:(pain OR postoperative pain OR hyperemia OR edema OR hyperesthesia)) AND
(tw:(cryotherapy OR cold therapy OR cold))

(root canal preparation OR endodontic treatment) AND (postoperative pain) AND (cryotherapy)

https://rde.ac

Letters to the editor, reviews, systematic reviews, guidelines, expert opinions, animal studies,
in vitro studies, case reports, and articles outside the proposed theme were excluded.

Study selection

Initially, two independent reviewers (FGH and LSG) screened and applied the inclusion
and exclusion criteria to 10 titles and abstracts. A Kappa match of 0.90 was calculated to
guarantee the reliability between them.

These independent reviewers (FGH and LSG) evaluated and applied the eligibility criteria in
the titles and abstracts identified from electronic databases and manual search. An expert
reviewer (LSA) was consulted to discuss the possible differences if a consensus could not
be reached between the two independent reviewers. Studies that appeared in more than
one database were considered only once, and full texts of those that did not have adequate
information in the abstract were examined to avoid the exclusion of important studies.

Data extraction

The following data were extracted from the included studies independently by two
researchers (FGH and LSG): 1) Author/year; 2) Study design; 3) Case/control; 4) Sex; 5)
Types of teeth; 6) Diagnostic pulp; 7) Endodontic treatment (Instrumentation; Irrigation;
Foraminal enlargement; Number of sessions; Cryotherapy).

https://doi.org/10.5395/rde.2022.47.e30 4/15
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Another data extraction was conducted to evaluate the tools of post-operative pain: 1) Author/
year; 2) Assessment (Method; Period; Classification); 3) Postoperative medications; 4) Results.

Assessment of risk of bias

The same authors (FGH and LSG) independently assessed the risk of bias in the included
studies following the criteria of the Cochrane Handbook for Systematic Reviews of
Interventions [33]. The studies were categorized as having low (+), high (-), or uncertain

(?) risk of bias in the following seven domains: random sequence generation, allocation
concealment, blinding of participants and personnel, blinding of outcome assessment,
incomplete outcome data, selective reporting, other biases (inclusion and exclusion criteria,
sample calculation). Authors of the included studies were contacted for additional missing
data when required.

Meta-analysis
The meta-analysis calculations were performed using Review Manager 5.4.

Mean and standard deviation data for the included studies were extracted in relation to
postoperative pain in the control group (room temperature) and in the intracanal cryotherapy
group, according to periapical tissue condition. Four studies were not included in this meta-
analysis due to lack of metadata for comparison—standard deviation, percentage data, and
division into subgroups without reporting of the sample number of each subgroup [24,25,27,29].
The corresponding authors were contacted by email, but we received no response.

The random-effect model was adopted for this meta-analysis. Statistical heterogeneity
between the studies was assessed based on the 12, where I? values of 0% to 40%, 30%

to 60%, 50% to 90%, and 75% to 100% indicated insignificant, moderate, substantial,

and considerable heterogeneity, respectively [34], and a forest plot was created for this
comparison. The sensitivity and subgroups analyses were also planned. If the sum of
included studies of an outcome exceeded 10, funnel plots can also be generated to analyze the
publication bias test.

Grading of Recommendations Assessment, Development and Evaluation
(GRADE)

The certainty of evidence was determined through the GRADE approach. The GRADE
assessment was carried out independently by two reviewers (FGH and LSG), and disagreements
were resolved by consensus or by a third author (LAA). We used the GRADEpro software GDT
to create the ‘Summary of findings’ tables for the main intervention comparison. Randomized
trials start with high evidence, and the quality of, or certainty in, the body of evidence decreases
to very low quality if serious or very serious issues, related to risk of bias, inconsistency,
indirectness, imprecision, or publication bias are present.

RESULTS

Search strategy and identification of the studies

Initially, 316 records were identified through the database search, 73 from PubMed, 55 from
Web of Science, 108 from Scopus, 7 from Lilacs, and 73 from the Cochrane Library. After
duplicates were removed, 176 titles and abstracts were screened for applying the eligibility
criteria. One hundred sixty-two articles were excluded, and 14 studies were assessed in their

https://doi.org/10.5395/rde.2022.47.e30 5/15
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entirety. Two studies were included after the manual search; thus, a total of 16 studies were
assessed. Then, 8 articles were excluded, 8 studies were included in qualitative synthesis, and
4 in the quantitative analysis (Figure 1).

Clinical parameters

Data extraction from the selected articles is described in Tables 2 and 3. All studies were
considered randomized clinical trials. The size of the samples ranged from 20 to 105 patients.
The participants were divided based on sex; however, 4 studies did not specify the sex in
relation to the case/control groups. Three studies evaluated the effect of intracanal cryotherapy
on postoperative pain in single-rooted teeth [24,27-29,31]; 2 studies assessed only molar teeth,
and 2 evaluated both maxillary and mandibular molar, premolar, and anterior teeth [25-27,30].
The study performed by Bazaid and Kenawi [29] lacked any information in this regard.

Regarding the type of instrumentation, manual chemomechanical preparation using
conventional files was performed in 2 studies [27,29]; rotatory instrumentation was used in 4
studies, and single-file reciprocation was used in 2 [24-26,28,30,31].

Sodium hypochlorite (NaOCI) was used as an irrigating solution in all studies [24-31], varying
only in the concentration used. Five studies used a concentration of 5.25%, whereas 2 used
2.5% [24-28,30,31]; 1 article did not specify the concentration [29]. Foraminal enlargement
was not performed during root canal instrumentation in any included study. The treatment
was performed in a single visit in most of the studies [24-26,29-31].

In relation to the cryotherapy solutions used, cold sterile saline using EndoVac or side vented
needles to dispense the solution in the working length was used in 7 studies, varying only in
terms of the temperatures (between 1.5°C and 4°C) and time (2 or 5 minutes) [24-29,31]. Cold
EDTA 17% with cold saline for 1 minute after chemomechanical preparation was used in the
working length, with EndoVac to transport the solution, in 1 study with temperatures varying
between 2.5°C and 6°C [30].

All studies assessed postoperative pain through a VAS [24-31]. The period evaluated
ranged from 6 hours to 7 days. Only 3 studies specified the postoperative medications used
(ibuprofen) [24,26,28].

In most of the studies, vital teeth with irreversible pulpitis were included. Some studies also
evaluated necrotic pulp and symptomatic apical periodontitis (SAP) [24-30].

Several of these articles concluded that intracanal cryotherapy is effective in reducing
postoperative pain when compared with that in the control group, and lower pain levels were
observed over the course of the analyzed time [24-29].

It is possible to observe different results in the reduction of postoperative pain with the use
of intracanal cryotherapy according to the pulp and periapical tissue condition. In a study
with vital teeth designated for conventional root canal treatment for prosthetic reasons, there
was no significant difference between groups [30]. In teeth with irreversible pulpitis and
normal periapical tissues, 3 articles did not observe a significant difference, while 1 article
did [24,27,29,31]. All articles that evaluated teeth with SAP found a significant reduction in
postoperative pain after endodontic treatment in the group that used intracanal cryotherapy
[26-29]. In the study by Keskin et al. [25], patient selection encompassed teeth with
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Table 3. Analysis tools of post-operative pain

Author/year Assessment
Method Period Measurement Postoperative Results
medications
Al- Nahlawi et VAS 6 hr, 12 hr, 24 0-100 Ibuprofen 400 mg  VAS pain values after 6, 12, 24, and 48 hr in cold saline
al., 2016 [24] hr, 48 hr, 7 irrigation group were lower than those of both saline irrigation
days at room temperature and control groups.
Keskin et al., VAS 24 hr,48hr  0:no pain MD Patients in the cryotherapy group reported significantly lower
2017 [25] 1-3: mild pain VAS scores compared with patients in the control group (p <
4-6: moderate pain 0.05) at 24 hr follow-ups.
7-9: severe pain
10: the worst pain experienced
Veraetal., 2018 VAS 6 hr, 24 hr, Mild pain Ibuprofen 600 mg Patients in the cryotherapy group suffered significantly less
[28] 72 hr Moderate pain pain after 6, 24, and 72 hr and needed fewer analgesics
Intense pain postoperatively (p < 0.05).
Bazaid and VAS 24 hr,48hr MD MD Intracanal cryotherapy is effective in reducing postoperative
Kenawi, 2018 pain in patients with irreversible pulpitis with apical
[29] periodontitis. But it does not affect patients with irreversible
pulpitis without apical periodontitis.
Gundogdu and VAS 24 hr, 72 hr, 5 MD Ibuprofen 400 mg When compared with control group, all the cryotherapy groups
Arslan, 2018 [26] days, 7 days exhibited lower postoperative pain levels on the first, third,
fifth, and seventh days and lower levels of pain on percussion
on the seventh day (p < 0.05).
Jainetal., 2018  VAS 6 hr, 24 hr, 0-10 MD There was no significant difference between cryotherapy
[27] 48 hr and normal saline groups in irreversible pulpitis with normal
periapical tissue.
In irreversible pulpitis with asymptomatic apical periodontitis,
at 6 hr, normal saline group were significantly higher pain than
cryotherapy group.
In irreversible pulpitis with symptomatic apical periodontitis, at
6, 24, and 48 hr, normal saline group were significantly higher
pain than cryotherapy group.
Therefore, intracanal cryotherapy is effective in reducing post-
operative pain in patient with irreversible pulpitis with apical
periodontitis.
Vieyra and VAS 24 hr, 48 hr, 0-0.5cm: no pain MD No statistically relevant modification (p > 0.05) between
Guardado, 2018 72 hr 0.6-4.0 cm: mild pain control group and group A were encountered concerning level
[30] 0.45-7.4 cm: moderate pain or period of pain. There was no statistically relevant difference
7.5-10 cm: severe pain (p > 0.05) among Group A and coptrol group compared with
Group B. Group B showed less pain than the rest of the groups
in relation to the existence of pain at any of the three time
points measured.
Alharthi et al., VAS 6 hr, 24 hr, 0: no pain MD Group | had the lowest post-endodontic pain (6, 24 and 48
2019 [31] 48 hr 1-3: mild pain hr). Nevertheless, there was no significant difference between

4-6: moderate pain
7-9: severe pain

Group | and Group II. The highest post-endodontic pain (6, 24
and 48 hr) was in Group IIl.

10: the worst pain

MD, missing data; VAS, visual analogue scale.

https://rde.ac

asymptomatic irreversible pulpitis or symptomatic irreversible pulpitis with either normal
apical tissues or SAP.

Assessment of risk of bias

Random sequence generation; description of the completeness of outcome data for each
main outcome, including attrition and exclusions from the analysis; selective reporting; and
inclusion and exclusion criteria were performed in all included studies [24-31]. Regarding
allocation concealment, due to insufficient information about the random sequence
generation process, the corresponding articles in this domain were labeled as having unclear
risk of bias [24,26-28,30]. Blinding of participants and personnel were not performed in 2
studies, and blinding of outcome assessment was not also performed in 3 studies [27,30,31].
Four studies performed sample calculation [25,26,28,30].
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Figure 2. Quality assessment of the selected studies (The Cochrane Collaboration tool for assessing risk of bias).

Therefore, the most common risk of bias in the selected articles was allocation concealment
followed blinding of participants and personnel, blinding of outcome assessment, and
sample calculation (Figure 2).

Meta-analysis

Postoperative pain data from the control (room temperature) and intracanal cryotherapy
groups, according to the condition of the periapical tissue, of the included studies were

pooled and compared by meta-analysis. In initial hours (24 hours) [26,28,30,31], intracanal
cryotherapy was more effective in the reduction of postoperative pain in teeth with SAP (mean
difference [MD], 2.69; confidence interval, 0.35-5.03; p = 0.02; I* = 93%). At 72 hours, the two
groups showed no association regarding postoperative pain reduction (MD, 1.97; confidence
interval, -1.55 to 5.50; p = 0.27; I = 96%); however, we can observe a greater tendency to
improve this symptom when using intracanal cryotherapy. When periapical tissue was normal,
no association was observed between intracanal cryotherapy and control (room temperature)
groups at 24 hours (MD, 0.09; confidence interval, —0.33 to 0.51; p = 0.68; I> = 59%) and 48
hours (MD, 0.01; confidence interval, -0.10 to 0.11; p = 0.89; I> = 0%) [26,28,30,31]. The
heterogeneity among studies (I?) ranged from 0% to 96% as shown by the forest plot (Figure 3).

This study did not have enough co-variables to perform the meta-regression or sensitivity
analysis. Publication bias cannot be assessed once there were not at least 10 studies included
in the meta-analysis.

GRADE

The quality of evidence is presented according to periapical condition. The certainty of
evidence of the selected articles in all evaluated outcomes was considered very low. Serious
or very serious issues with respect to risk of bias, inconsistency, imprecision, and publication
bias were detected in the studies included in this meta-analysis. Explanations of these
categorizations are present in the tables (Tables 4 and 5).
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Control Intracanal cryotherapy Mean difference Mean difference

Study or subgroup Mean SD Total Mean SD Total Weight 1V, random, 95% ClI IV, random, 95% ClI

Gundogdu and Arslan, 2018 [26] 7.76 1.9 21 3.81 1.9 22 47.4%  3.95 (2.81-5.09) | 3

Vera et al., 2018 [28] 2.02 15 105 0.46 1.5 105 52.6%  1.56 (1.15-1.97) [ |

Total (95% CI) 126 127 100.0% 2.69 (0.35-5.03)

Heterogeneity: Tau? = 2.67; Chi? = 15.08, df =1 (p = 0.0001); I = 93% ‘

Test for overall effect: Z=2.26 (p = 0.02) ' j j '

-20 -10 0 10 20

Control Intracanal cryotherapy

B Control Intracanal cryotherapy Mean difference Mean difference
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Gundogdu and Arslan, 2018 [26] 572 2.4 21 1.88 2.2 22 481% 3.84 (2.46-5.29) B

Vera et al., 2018 [28] 0.49 0.8 105 0.25 0.7 105 51.9% 0.24 (0.04-0.44)

Total (95% CI) 126 127 100.0%  1.97 (-1.55to 5.50)

Heterogeneity: Tau® = 6.23; Chi? = 25.66, df =1 (p < 0.00001); I? = 96%

Test for overall effect: Z=1.10 (p = 0.27) j j ' j y

-20 -10 0 10 20

Control Intracanal cryotherapy

c Control Intracanal cryotherapy Mean difference Mean difference

Study or subgroup Mean SD Total Mean SD Total Weight 1V, random, 95% ClI IV, random, 95% Cl

Alharthi et al., 2019 [31] 0.78 130 35 0.42 0.7 35 38.2% 0.36 (-0.13t0 0.85)

Vieyra and Guardado, 2018 [30] 0.59 0.83 80 0.67 0.8 80 61.8% -0.08 (-0.33t0 0.17)

Total (95% CI) 15 115  100.0% 0.09 (-0.33t0 0.51)

Heterogeneity: Tau? = 0.06; Chi* = 2.45, df =1 (p = 0.12); I = 59%

Test for overall effect: Z= 0.41 (p = 0.68 ! T ' T i

G ) -10 -05 0 05 10

Control Intracanal cryotherapy

D Control Intracanal cryotherapy Mean difference Mean difference

Study or subgroup Mean SD Total Mean SD Total Weight 1V, random, 95% ClI IV, random, 95% Cl

Alharthi et al., 2019 [31] 014 0.53 35 0.07 0.2 35 30.4% 0.07 (-0.12'to 0.26)

Vieyra and Guardado, 2018 [30] 0.23 0.40 80 0.25 0.4 80 69.6% -0.02 (-0.14 to 0.10)

Total (95% CI) 15 15 100.0%  0.01 (-0.10 to 0.11)

Heterogeneity: Tau? = 0.00; Chi? = 0.62, df =1 (p = 0.43); I = 0%

Test for overall effect: Z= 0.14 (p = 0.89 ' T ' " '

b ) -1.0 -05 0 05 1.0
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Figure 3. Forest plots of postoperative pain between intracanal cryotherapy group and control group (saline solution at room temperature). (A) Symptomatic apical
periodontitis at 24 hours. (B) Symptomatic apical periodontitis at 72 hours. (C) Normal periapical tissue at 24 hours. (D) Normal periapical tissue at 48 hours.

SD, standard deviation; Cl, confidence interval.

Table 4. Evidence profile in relation to symptomatic periapical tissue

Certainty assessment No. of patients Effect Certainty Importance
No. of Study Risk of Inconsistency Indirectness Imprecision Other Intracanal Control Relative Absolute
studies design bias considerations cryotherapy (95%CI)  (95% CI)

Symptomatic periapical tissue (24 hr)

2 Randomized Serious” Very serious’ Not serious  Serious? Publication 127 126 - MD 2.69 higher @OOO IMPORTANT
trials bias strongly (0.35 higherto  VERY
suspected* 5.03 higher) LOW
Symptomatic periapical tissue (72 hr)
2 Randomized Serious™ Very serioust Not serious  Serious* Publication 127 126 = MD 1.97 higher @OOO IMPORTANT
trials bias strongly (1.55 lowerto  VERY
suspected* 5.5 higher) LOW

Cl, confidence interval; MD, mean difference.

"Unclear of important domains by Cochrane Collaboration tool for assessing risk of bias: Allocation concealment, Blinding of participants, personnel, and
outcome assessment; TConsiderable heterogeneity across studies and there is no overlap of confidence intervals; *Small sample.
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Table 5. Evidence profile in relation to normal periapical tissue

Certainty assessment No. of patients Effect Certainty Importance
No. of Study Risk of Inconsistency Indirectness Imprecision Other Intracanal Control Relative Absolute
studies design bias considerations cryotherapy (95% CI) (95% CI)
Normal periapical tissue (24 hr)
2 Randomized Serious”  Serioust Not serious  Serioust  Publication 115 115 - MD 0.09 higher @OOO IMPORTANT
trials bias strongly (0.33 lower to VERY LOW
suspected* 0.51 higher)
Normal periapical tissue (48 hr)
2 Randomized Serious” Not serious Not serious Serious¥  Publication 115 115 = MD 0.01 higher @©OOO IMPORTANT
trials bias strongly (0.1 lower to VERY LOW
suspected* 0.11 higher)

Cl, confidence interval; MD, mean difference.
"Lack of important domains by Cochrane Collaboration tool for assessing risk of bias: Allocation concealment, Blinding of participants, personnel, and outcome
assessment, and Sample calculation; TModerate heterogeneity across studies and there is little overlap of confidence intervals; *Small sample.

DISCUSSION

Control of postoperative pain after endodontic treatment is still a challenge for dentists. In
order to minimize the effects of this discomfort, cryotherapy is often used, because it is able
to promote local vasoconstriction with anti-edema effects, thus reducing inflammation in
periradicular tissues [11].

A total of eight studies were included in this systematic review, and for a careful analysis of
the selected studies to be performed, the Cochrane Handbook for Systematic Reviews of
Interventions was used, allowing the assessment of the methodological quality to measure
the risk of bias [33]. Therefore, the risk of bias was more frequent in concealment of
allocation, blinding of participants and personnel, blinding of outcome assessment, and
sample calculation.

Blinding was one of the aspects evaluated regarding the methodological quality of the
articles. Preferably, participants and personnel, as well as outcome examiner, should be
blinded in relation to the treatment to avoid the risk of performance bias [35]. However,

it should be noted that operator blinding was not possible in the studies included in this
systematic review due to the temperature of the solution used during the cryotherapy
protocol. Being aware that this was not possible, participant and outcome examiner
masking was considered a minimum requirement. Two studies did not perform the blinding
of participants and personnel, and 3 studies did not perform the blinding of outcome
assessment [27,30,31].

Randomization was also one of the criteria for evaluating the quality of the selected studies, and
all studies performed well in this domain [24-31]. This is an extremely important requirement,
as it allows patients to have the same chance of being allocated to the control and case groups
without interfering with the outcome [36]. Another relevant factor is the concealment of
allocation, which ensures that the operator is impartial, because he does not know to which
group the participant belongs; however, in this regard only three studies reported how
allocation concealment was performed, indicating a considerable risk of bias [25,29,31].

In this systematic review and meta-analysis, four studies performed sample size calculations
[25,26,28,30]. In randomized clinical trials, sample size calculation is necessary to ensure
that the sample is representative of the population and has the same characteristics as

the population with respect to the variables under study. Thus, this calculation allows the

https://rde.ac https://doi.org/10.5395/rde.2022.47.e30 11/15
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determination of the number of elements needed to compose the sample such that valid
sample results that can be generalized to the population are obtained [37].

Due to the technical limitations of endodontic treatment instrumentation and the complexity
of the root canal system anatomy, irrigating solutions play a very important role in the
removal of organic and inorganic debris from areas where instruments cannot reach [38].
NaOCl is the most used irrigant in endodontics due to its broad antimicrobial activity and the
ability to dissolve organic matter, even though it is irritating to periapical tissues, especially at
high concentrations [39,40-42]. NaOCI concentration was a variable factor in several studies,
ranging from 2.5 to 5.25%; only one study did not report the concentration used [29].
Negative pressure irrigation was used in several of the studies and is a safe method that aims
to minimize the risks of irrigating agent leakage and thus, not interfere with postoperative
pain assessment [24,28,30]. Knowing that foraminal enlargement was not performed in all
studies and that irrigation was performed at working lengths using safe methods, despite

the different irrigation protocols, we can state that postoperative pain scores and pain
severity were not related to these factors. Another factor that reduces the risk of bias is that,
regardless of the concentrations of the solution and the different irrigation protocols, the
same methods were applied for all groups in each study.

Pain threshold and its assessment are subjective and vary considerably among individuals
[43]. All studies included in this systematic review used the VAS as a method for
postoperative pain assessment. This instrument is commonly used, because it is a simple
and relevant method for pain intensity assessment [44]; nevertheless, it does not identify
the source of the pain, which is a disadvantage. In addition, studies can use it with different
measurements and time intervals, but not prevent the analysis and compilation of data since
this instrument is effective in the analysis of endodontic postoperative pain [24-31].

The conditions of the pulp and periradicular tissue can directly interfere with the
postoperative pain scores and, consequently, with the assessment of the VAS scores of
patients due to infection by microorganisms present in the root canal system and in the
surrounding inflammatory infiltrate present in the related apical region [45]. In studies

in which the included teeth had necrotic pulp or SAP, there was a clinical reduction

in postoperative pain in the cryotherapy group when compared to the control group,
corroborating the observation that cold solutions cause local vasoconstriction, allowing a
reduction of pain by blocking the nerve endings surrounding the injured tissue [11,25-29,31].
However, the status of the condition of the pulp and periradicular tissue in the included
primary studies is a limiting factor in this systematic review and meta-analysis, mainly due
to the lack of standardization and a more specific approach regarding the inclusion criteria of
the selected samples.

The absence of an ideal cryotherapy protocol leads to a lack of standardization of the type,
volume, and temperature of the irrigating agent used [16,23]. In the included studies, the
irrigating agent used most for cryotherapy was saline, followed by EDTA + saline [24-31].

The volume used was also a variable factor and ranged between 5 and 20 ml; in addition, the
temperature ranged from 2 to 6°C. Although the protocols between studies are very different,
in most of them, when compared to the control groups, the cryotherapy groups, regardless of
the agent, volume, or temperature used, had a lower postoperative pain index [24-26,28,30,31].
That said, the type of irrigating agent is considered less important than the maintenance of low
temperatures, which promote local analgesia and reduce the chances of postoperative pain [11].

https://doi.org/10.5395/rde.2022.47.e30 12/15
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Meta-analysis, a useful statistical tool to pool data from individual studies with increased
statistical accuracy, showed that intracanal cryotherapy was effective against postoperative
pain after endodontic therapy in teeth with SAP. Intracanal cryotherapy groups showed better
results in postoperative pain in the initial hours (24 hours). When the periapical tissue was
normal, both treatments were similar in reducing postoperative pain; that is, cryotherapy
did not show favorable results. The certainty of the evidence was considered very low, mainly
due to the lack of important domains recommended by the Cochrane Manual of Systematic
Reviews of Interventions, inconsistency, imprecision, and publication bias [33]. Future
randomized clinical trials should be designed following the guidelines of the Cochrane
Collaboration Tool and should mainly reduce methodological heterogeneity and increase the
sample size to allow the extrapolation of outcomes.

CONCLUSIONS

Based on this systematic review and meta-analysis, there is evidence to support that
intracanal cryotherapy as an adjunct to root canal treatment was effective in reducing
postoperative pain in teeth with symptomatic periapical; however, the certainty of the
scientific evidence was considered very low.
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