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ABSTRACT
Aim and objective: The aim is to review and discuss the concept of cryotherapy, its physiology, and different clinical implications in endodontics.

Background: Cryotherapy alludes to diminishing the tissue temperature for therapeutic purposes. In the field of endodontics, it has started
evolving due to its therapeutic properties and its effect on nickel-titanium endodontic instruments in terms of yielding mechanical properties.
By using specific keywords, an electronic search of scientific papers was carried out on the entire PubMed database. The last access was august
2020, using combinations of the pre-defined keywords.

Review results: The electronic search yielded 253 papers from the PubMed database; in light of inclusion and exclusion measures which were
explicitly foreordained, 13 papers were distinguished as appropriate to the inclusion criteria. Then, a detailed study of all the references of
these articles was done manually and electronically. At that point, 25 additional articles were chosen through hand search, the full content
of the apparent multitude of articles recovered, and the review was finished. By pooling the separated information from chosen papers, the
reviewed information was synthesized.

Conclusion: Lately, by demonstrating great promising outcomes with the utilization of cryotherapy, it has demonstrated to have a decent
possibility for its utilization as a therapeutic aid in endodontics.

Clinical significance: Cryotherapy is a cost-effective treatment that can be advantageous in numerous clinical circumstances to provide painless

and safer endodontic treatment.
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INTRODUCTION

Cryotherapy alludes to bringing down or diminishing the tissue
temperature for therapeutic purposes. The term cryotherapy is
gotten from the Greek word cryos, signifying “cold”.! The magnitude
of the adjustment in temperature and biophysical changes in the
tissues rely on several factors such as the distinctions in the object’s
temperature and the heat or cold application, exposure duration,
thermal conductivity of the tissues, and sort of thermal agents
employed. The clinical ramifications of this sort of treatment in
the human body cause changesin the host’s nearby temperature.?

Cryotherapy has been commonly practiced in medical and
other fields of dentistry for long. Recently, due to the obvious
advantages and considerable positive effects, cryo-treatment is
now expanding widely in the field of endodontics.

MATERIALS AND METHODS

Organized electronic hunt of scientific papers promulgated was
done till August 30, 2020, on the (http://www. ncbi.nim.nih.gov/
pubmed) whole PubMed information base with no custom range
and hand look for the term “Cryotherapy”; which was additionally
sifted utilizing Boolean administrators (AND, OR, NOT) and blend
of explicit catchphrases as following: “cryotherapy in dentistry”,
“cryotherapy in endodontics”, “cryotreatment in endodontics”, and
“cryogenic treatment of nickel titanium endodontic instruments”.
Abstracts of allimportant papers were altogether investigated and
atlong lastarticles relating to the subject [cryogenic treatment (CT)
in endodontics] were incorporated.

Applicable literature for “cryotherapy in endodontics” on
google scholar and for extra data reference indices of papers and
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review articles along with suitable peer-reviewed journals were
additionally included. The inclusion standards set for this survey
were: all original research articles, case reports, review articles, in
vitro/in vivo examinations, and controlled clinical preliminaries on
cryotherapy utilized in the field of endodontics and were distributed
in the English language, related studies. Exclusion measures
comprised of studies that did not meet the above inclusion models.

Review REsULTS

The electronic pursuit yielded 253 papers from the PubMed
database; in light of specifically predetermined exclusion and
inclusion measures, 13 papers were distinguished as reasonable
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to the consideration standards, and the staying 240 papers were
avoided. Then, a detailed study of the apparent multitude of
references of these articles was done physically and electronically
for extra studies on Scopus (http://www.scopus.com), Web of
Science (https://www.webofknowledge.com), and Google scholar.
At that point, 25 additional articles were chosen through hand
search, the full content of the apparent multitude of articles
recovered, and the review was finished. By pooling the extricated
information from selected articles, the reviewed information was
synthesized.

LITERATURE
Physiology

There are three fundamental physiological reactions as a result of
either heat or cold application that includes; (i) vascular responses,
(i) neural responses, and (iii) an expansion or decline in tissue
metabolism.? For example, if tissue is presented to decreased
temperature for longer than 15 minutes, vasoconstriction
happens because of initial reflex and is trailed by cool instigated
vasodilatation.* Likewise, Van't Hoff's law expresses that cryotherapy
brings about vasoconstriction and thwarts cellular metabolism by
confining biochemical reactions.

This in return limits the degree of tissue damage by decreasing
oxygen requirement and free radical production.® Leakage of fluid
periapically is the most common thing that occurs while doing
biomechanical preparation. Vasoconstriction results in decreased
permeability that is a key factor in pain reduction by limiting tissue
edema and swelling.®

The absence of pain is firmly related to the nerve conduction
speed of the nociceptive nerve fibers as a neurological impact.
Cooling incites analgesia by easing back the speed of nerve
conduction.” Cryotherapy activates thermoreceptors that have
temperature-sensitive nerve endings, in this way blocking
nociception inside the spinal cord. It is well known that
myelinated A-§ fibers and non-myelinated C-fibers are mainly
responsible for dental pain conduction. Franz and Iggo have
accounted that complete deactivation of myelinated A-6 fibers
occurs at 7°C whereas non-myelinated C-fibers get deactivated
at about 3°C.8

Concerning the impact of cryotherapy on tissue metabolism,
oxygen demand increases following injury, ensuing hypoxia, and
necrosis of the tissues. As explained earlier, cryotherapy diminishes
tissue bloodstream and metabolism to almost half, thusly hinders
the pace of biochemical responses, restricting the free radical
formation in tissues. It further decreases the pace of oxygen
utilization; and forestalls added tissue injury.?

Along these lines, the agony diminishing effect coming
about in light of cryotherapy is dominatingly made by a blend of
vasoconstriction, a diminished arrival of chemical mediators of pain,
and more slow conduction of neural pain signals.

IMPLICATIONS OF CRYOTREATMENT IN
EnDODONTICS

Reduction in Postendodontic Pain

Endodontic treatment is mainly intended to resultin the elimination
of root canal infection using an appropriate biomechanical cleaning
and shaping process followed by solid obturation to accomplish a
hermetic seal, in this way to give a helpful situation to peri-radicular

healing. However, many times, pain or flare-ups are experienced
by the patients even after taking the utmost care while performing
root canal treatment.’

Usually, symptomatic apical periodontitis is the exemplary
presentation of postendodontic pain (PEP). The physiology behind
itis alike the quintessential acute inflammatory reaction in several
other tissues of the body. Following injury, vasodilation occurs that
results in increased permeability, subsequently transmigration
of leukocytes (neutrophils and macrophages) takes place. These
inflammatory events cause damage at tissue level and out-turn in
pain and swelling.'

The rate of PEP was accounted for to go from 3 to 58%."

In dentistry, though the cryo-treatment is found to be effective
in many intraoral surgical procedures, its exact mechanism needs
some strong evidences to support the explained literature.
Notwithstanding, lately, scarcely any investigations have
endeavored as well as revealed the intracanal utilization of
cryotherapy to diminish postoperative pain, in endodontics.

For example, in the field of endodontics, cryotherapy was first
introduced by Vera et al.,'? first introduced the use of cryotherapy
in endodontics and validated this new procedure to decrease
and keep up outside root surface temperature for at any rate 4
minutes. In his in vitro study, he observed a decline in the external
temperature of the root surface by >10°C and was kept up for 4
minutes when cold saline (2.5°C) was utilized as a last irrigant. An
anti-inflammatory impact in the periradicular tissues was thought
to be initiated due to this procedure.

Keskin et al."* conducted the first clinical trial in patients with
irreversible pulpitis by assessing the impact of 2.5°C cold saline
irrigation on PEP when used as a final irrigant. To negate additional
effect of negative apical pressure on reducing postoperative
pain, a side-vented, positive-pressure needle was used. Protocols
were the same as that of Vera et al.'”” They reported a noteworthy
pain decrease levels when contrasted with the control group.”
Al-Nahlawi et al."* conducted a clinical study on the vital teeth,
to assess the impacts of intracanal cryotherapy after a single visit
endodontic treatment along with negative irrigation technique
and found a reduction in PEP significantly.

A randomized controlled trial among 40 patients having
irreversible pulpitis with apical periodontitis and not having apical
periodontitis, was conducted by Bazaid et al."”” They compared
the impact of intracanal cryotherapy in decreasing postoperative
pain and found it effective in cases of irreversible pulpitis having
apical periodontitis but not in cases without apical periodontitis.
The result found here is analogous to the investigation by Jain et
al.,'® who found intracanal cryotherapy successful in diminishing
postoperative pain in patient having irreversible pulpitis along with
apical periodontitis at 6, 24, and 48 hours interval. Final irrigation in
their study was carried out with either 2.5°C cold saline or saline at
room temperature. Patients were given a questionnaire to record
their postoperative pain at 6, 24, and 48 hours.

Sadaf' led a randomized clinical preliminary to survey the
impacts of extraoral, intraoral, and intracanal cryotherapy on
the PEP in patients going through root canal treatment, for
symptomatic apical periodontitis. On days 1, 3, 5, and 7, the
primary result for postoperative pain was given an account
utilizing a 100-mm VAS score. Patients reported more prominent
postoperative pain decrease after getting cryotherapy (intracanal,
intraoral, and extraoral) treatment than those in the control group
at all focuses.
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Alharthi et al.’® evaluated the impact of normal saline on
postoperative pain when it was used as a last irrigant at cold
and room temperature in single-visit endodontic treatment.
Only the asymptomatic patients were included in this study.
Normal saline at room temperature was found to be comparable
with cryotherapy in terms of postoperative pain reduction in
asymptomatic patients.

Vieyra et al.”” directed a clinical preliminary to survey whethera
controlled water system with three diverse water system regimens
(17% EDTA and 10 mL of cold saline arrangement) and distinctive
temperature (4°C, 2.5°C, and room temperature) would bring
about decrease of postendodontic torment following single visit
root canal treatment. It was presumed that cryotherapy decreased
the event of PEP. So, it could aid in chemomechanical preparation
procedures and furthermore the drug prerequisite in patients with
vital pulp could be limited.

A prospective, multi-centered, randomized clinical trial was
conducted by Vera et al.,?’ in patients having pulp necrosis and
symptomatic apical periodontitis, to assess whenever controlled
cold saline irrigation could bring about less frequency and power
of PEP and thought that it was compelling.

Al-Abdullah et al.,?" in their recent study, evaluated the role
of cryotherapy in postoperative pain after using two different
preparation techniques in vital single root with single canal teeth.
There were no PEP values in all monitoring periods for groups with
cold saline. There was a significant difference (p < 0.05) in all study
periods except after 1 weekamong the groups of ProTaper Universal
preparation with cold saline and without cold saline. The intracanal
cryotherapy eliminated PEP clinically which could be explained in
away that possibly the reduced temperature of the periapical area
had initiated a local anti-inflammatory effect by reducing edema,
which is in agreement with the Vera et al.'?

Effect of Cryogenic Treatment on Nickel-Titanium
Endodontic Instrument

The extraordinary properties of shape memory, superelasticity,
superb biocompatibility, and elevated corrosion resistance
is shown by the nickel-titanium (NiTi) alloys that aid in better
biomechanical preparation. In contrast to stainless steel, NiTi
shows greater adaptability, flexibility, and torsional fatigue
resistance. Nonetheless, the machining process may prompt
surface imperfections inside the cutting surfaces and a relatively
reduced cutting efficiency (CE),?? due to its pseudoelastic property.
They additionally show lower microhardness than hardened steel
instruments.?*?* These all factors together diminishes the CE of
NiTi instruments.

To ameliorate the CE and wear resistance of nickel-titanium
instruments, different surface treatment procedures have been
attempted.?’ Interestingly, the CT influences the whole cross-region
of the metal as opposed to simply the surface.?®

The Cryogenic Process

Cryogenic treatment is a two-stage cycle thatincludes submerging
the metal in a super-cooled bath that contains fluid nitrogen at
—196°C or —320°F and permitting it to gradually cold out to arrive
at room temperature.?”?® In light of the treatment temperature,
CT falls into shallow and deep categories.?’ Conventional below
zero treatments have been being used at roughly —80°C (shallow).
However, the device life develops at lower temperatures (deep)
actuated by liquid nitrogen at —185 and —196°C.3° The cycle is
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marked as wet as the material is submerged in aqueous nitrogen,
while in a dry cycle the material is simply held at a situation over
the degree of nitrogen in liquid state.?®

Microhardness

The cold treatment had been implemented on metals for a long
to improve the surface hardness and warm steadiness during the
manufacturing process.3° The CT had been appeared to have more
gainfulimpacts than the customary cold treatment utilizing higher
temperature,®' which incorporate expanding cutting productivity
justas the general quality of the metal.3®32Kim et al.?’” investigated
the effects of CT on NiTi endodontic instruments and found that
the degree of microhardness increased after the CT. Increased
microhardness could be the result strain inside the nuclear grid
because of the testimony of nitrogen inside the interstitial spaces.

Cutting Efficiency

Vinothkumar et al.?® investigated the impact of CT on NiTi
endodontic instruments regarding CE and wear resistance by
using ten rotary NiTi instruments, which were exposed to profound
dry CT at 185°C. They concluded that the deep dry CT enhanced
the cutting proficiency of rotary NiTi endodontic instruments
(ProFile) significantly (p < 0.05) but the effect on wear resistance
was insignificant. Also, the fewer number imperfections could be
broughtabout by an enhancementin microhardness after CT, which
was clinically noteworthy.

Cyclic Fatigue
Sabet et al.>® assessed the impact of CT on the cyclic fatigue
resistance of rotary nickel-titanium instruments (Hyflex) and
confirmed that although CT could bring about a reduction in the
cycles of the fracture in the group receiving the process, it had a
limited impact. The aftereffects of the current study suggested that
the slight decrease in the mean of cycles ending to the fracture
could probably result from either the proprietary manufacturing
process (with exclusive warming and cooling measures) or from
the difference in weight of nickel in Hyflex instruments, both of
which might be inconsistent with CT. The negative findings could
be associated with the Hyflex instruments with special thermal
processes, which are absent in the traditional instruments.

Also, George et al.,>* in an in vitro study, demonstrated a
noteworthy increment in the cyclic fatigue resistance of deep dry
cryo-treated NiTi files over untreated ones.

Fracture Resistance

George et al.>* indicated that the fracture time was significantly
more in three different rotary files (Hero Shaper, RaCe, and K3) after
deep dry CTand concluded that the increase in the level of hardness
could be attributed to the alloy completely transforming from the
austenitic to martensitic phase. Such a change in phases normally
occurs at —195°C and could bring about a reduction in the level of
internal stress within the alloy as a result of plastic deformation.

Intracanal Cryotherapy Effect on Fracture Resistance
of Tooth

Besides its encouraging role in pain control policy with negligible
concomitant, setting up whether intracanal cryotherapy has any
impact on the mechanical conduct of teeth is likewise significant.

Keskin et al.3> conducted a study on endodontically treated
teeth and assessed the impact of intracanal cryotherapy on their
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fracture resistance. They concluded that the vertical fracture
resistance diminished after the application of intracanal cryotherapy
as afinal irrigant when contrasted with the benchmark group. The
utilization of cold water from within the pulp space may bring about
amorearticulated thermal stress in the dentin substance as aresult
of the absence of enamel structure and the distinctive tubular
microstructure of the dentin closer to the pulp space.

Periradicular Surgery

Neighborhood bloodstream is hindered by the postsurgical cold
application that neutralizes the bounce back marvel, which follows
the utilization of vasoconstrictor-containing local anesthetics.
Along these lines, decreasing the temperature of the operative
site by application of cold has become the suggested convention
in postsurgical steady treatment.®

Vital Pulp Therapy in Conjunction with Cryotherapy

Recently, cryotherapy was used in a case of vital pulp therapy by
Bahcall et al.,® for hemorrhage control from the inflamed pulp
during direct pulp capping.

Shaved sterile water ice (0°C) was placed over the direct or
the roundabout introduction of the pulpal tissue alongside the
whole tooth for 1 minute, the liquified ice was eliminated with
suction of high speed. After the removal, the exposed pulp was
irrigated with 17% EDTA and restored with Bioceramic material. It
was noticed that teeth stayed asymptomatic, vital, and practical
over the subsequent period of 12 to a year and a half. To determine
the long-term prognosis of cryotherapy in vital pulp therapy, more
clinical studies were recommended.

Effect of Cryotherapy on Inferior Alveolar Nerve
Block

Recently, Topcuoglu et al.”” evaluated the impact of preoperative
intraoral cryotherapy application on the success rate of inferior
alveolar nerve blocks (IANBs) in a randomized clinical trial. The
trial included the patients having symptomatic irreversible pulpitis
(SIP). They favored this procedure as a basic and modest assistant
application to enhance the effectiveness of IANBs in patients with
SIP. The expanded viability of the IANB in the cryotherapy group
could be clarified with the adequacy of cryotherapy in inciting a
local anesthetic effect by bringing down the activation threshold
of nociceptors and the conduction speed of pain signals.
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Antimicrobial Efficacy of Cryotreatment against
Enterococcus faecalis

Mandras et al. tested the potential microbicidal properties of
cryotherapic treatment along with 5% NaOCI against Ent. faecalis.
Cryotreatment was done utilizing a dental instrument outfitted
with a duct and associated with a cryogenic liquid source (liquid
nitrogen), with a cooling needle getting the cryogenic fluid.

The utilization of cryo-instrumentation along with NaOCI
irrigation fundamentally decreased the quantity of Ent. faecalis
(p < 0.01) in the root channel. So, it appeared to greatly affect the
decrease in microscopic organisms contrasted with a standard
NaOCl.3®8

CONCLUSION

As of late by demonstrating great promising outcomes with the
utilization of cryotherapy, it has demonstrated to have a decent
possibility for its utilization as a therapeutic boon in endodontics.

The effect of CT on the mechanical properties of recent generations
of nickel-titanium rotary instruments is also praiseworthy. In any
case, more exploration studies ought to be directed soon to
research the potential advantages of this method.

CLINICAL SIGNIFICANCE

Cryotherapy is a cost-effective treatment that can be advantageous
in numerous clinical circumstances to provide painless and safer
endodontic treatment.
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