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Historically cryotherapy, the application of cold for treatment has been used to manage pain and 
inammation. Its role in medicine and dentistry is well established while its applications in endodontics is 

promising. This review is aimed to cover the aspects of cold applications in endodontics such as in manufacture of endodontic 
les, diagnosis and therapeutics especially during root canal treatment.
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INTRODUCTION
The word “Cryos” meaning cold or ice cold (Belitsky et al., 
1987) has been used as a therapeutic modality as early as 
2500 BCE by the Egyptians to treat injuries and inammation. 
Therapies using low and very low temperatures (-190 C  to -
78.5 C) is popular  in the eld of medicine for the management 
of pain, inammation, skin  and mucosal diseases (Koç et al., 
2006; Kwekkeboom, 2001; Watkins et al., 2014). Therapeutic 
applications of cold in dentistry is well established but 
recently there is a renewed  interest  in the eld of endodontics 
owing to its benets and signicant favorable outcomes. The 
aim of this review is to discuss the various applications of cold 
in different aspects of endodontics such as in
1.Manufacture of instruments 
2.Diagnostics
3.Therapeutics

1. Manufacture Of Endodontic Instruments – Cryogenic 
Treatment
NiTi les are manufactured by machining due to which  
surface aws occur which,  coupled with inherent  lower 
surface hardness of the alloy can  lower cutting efciency 
(Thompson, 2000). Thermomechanical and surface treatment 
of endodontic les have been tried to improve the properties of 
the NiTi alloy (Linu et al., 2017). Cryogenic treatment, a two-
step process  affects the entire cross-section of the alloy rather 
than just the surface and its effects are described as follows 
(Bensely et al., 2005).

1)Microhardness
Cryogenic treatment of NiTi les immersed in liquid nitrogen 
at -196 °C for '1 h per 1          inch. of cross-section' followed by a 
10 minute time period to reach ambient room temperature 
resulted in a stat ist ical ly signicant increase in 
microhardness(Kim et al., 2005).

2)Cutting Efciency
The impact of dry Cryogenic treatment (-185C) on NiTi  instrument 
was considerable improvement in the cutting efciency but  no 
effect on wear resistance. (Vinothkumar et al., 2007)

3)Cyclic Fatigue
While one study did not show any improvement in the cyclic 
fatigue resistance of NiTi les after cryogenic treatment  
(Sabet et al., 2020) another  study found that deep dry cryo-
treated NiTi les have a higher cycle fatigue resistance than 

untreated NiTi le due to an increase in hardness resulting from 
a complete transitioning from the austenitic to the martensitic 
phase. This could be due to a drop in the level of internal stress  
due to plastic deformation (George et al., 2011).

1. Diagnostic Application Of Cold In Endodontics
Cold as a pulp test has been used as early as 2500BC (Rand et 
al., 1968). It is a more accurate pulpal test than the heat test 
(Shabahang & American Association of Endodontics 
Research and Scientic Affairs Committee, 2005). Cold test is 
usually combined with Electric pulp testing, both of which 
assess the conduction of the A delta bres of the pulp. 
Nevertheless the true value of any testing can be obtained 
only when combined with all the clinical ndings and 
radiography (Rotstein & Ingle, 2019)

Principle: When  cold stimulus  is applied to the enamel of the 
tooth or on the restoration, the temperature of the tooth is 
reduced. An outward movement caused by the contraction of 
the uid produces a strong response in the A delta bres 
(hydrodynamic theory). (Brannstrom & Johnson 1970). 
Repeated application of cold is refractory as the uid 
displacement rate reduces causing a less painful response 
(Bender, 2000).

In a normal pulp,  pain disappears a few seconds after 
removal of the stimulus whereas diseased pulp can respond  
as  immediate, severe pain on application of the cold stimulus 
/  a lingering or severe pain after the stimulus is removed/ no 
response to the stimulus (Pitt Ford & Patel, 2004).A  necrotic 
pulp could possibly not respond to cold but could relieve the 
pain produced by a heat stimulus (Berman et al., 2010).

Materials Used For Cold Testing:
Ice: Ice has been used by freezing water in local anaesthetic 
cartridges and then applying the extruded portion to the tooth. 
Since the ice melts quickly, they can be felt in adjacent teeth 
and gingiva making it an unreliable, impractical test.

Dry ice sticks(carbon dioxide, CO  – 78C): Dry ice sticks is the 2

most reliable cold test to use in most diagnostic situations and 
in patients with crowns (Chen & Abbott, 2011).It is also the 
cheapest and quickest method of testing the pulp's reaction to 
a cold stimulus. The dry ice “stick” placed on the tooth surface 
or restorative surface produces  an effective temperature of 
about−56°C. (Peters et al., 1986)
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Refrigerant sprays: Tetrauoroethane or a mixture of gases 
(e.g., propane/butane/isobutane) has largely replaced Ethyl 
chloride,  dichlorodiuoromethane  due to  environmental 
concerns. Tetrauoroethane(−26°C) has an effective 
temperature of  −18.5°C , while the propane/butane/ 
isobutane mixture temperature (−50°C) produces an effective 
temperature of −28°C on the tooth (Peters et al., 1986). They 
have to be sprayed on a cotton pellet for every tooth tested as 
they evaporate quickly. They are generally less effective than 
dry ice, especially when testing teeth with porcelain crowns. 

3.Therapeutic Application Of Cold In Endodontics
Cryotherapy works on three basic physiological reactions 
which occur in tissues when heat or cold is applied to them 
namely vascular response, neuronal response, and a change 
in tissue metabolism (Balasubramanian & Vinayachandran, 
2017).

i) Vascular response: The initial response in the rst 20-30 mins 
of cold application is marked by vasoconstriction, after which 
a “ ” sets in which Lewis hunting reaction or hunting response
is characterized by vasodilatation due to ow of blood 
through arteriovenous anastomoses. The application of cold 
post operatively for short durations has benets because it 
causes vasoconstriction, reduces haemorrhage, perfusion of 
uids and ultimately results in decreased oedema. 
Accordingly, ice should be applied for  10 mins and removed 
for 20 mins (1:2 ratio) to reduce the hunting response (Forsgren 
et al., 1985; Greenstein, 2007; Kwon et al., 1986).

ii) Neuronal response: Analgesia is induced by reducing the 
speed of nerve conduction of nociceptive nerve bers (Algay 
et al., 2007).  Cryotherapy blocks nociception in the spinal 
cord by activating thermoreceptors, which have temperature-
sensitive nerve endings. Myelinated A-bers, non-myelinated 
C-bers which are primarily responsible for oral pain 
transmission get deactivated completely at 7°C and 3°C 
respectively (Franz & Iggo, 1968).

iii) Tissue metabolism: Oxygen demand rises as a result of 
hypoxia tissue damage and necrosis. Cryotherapy reduces 
tissue blood ow and slows metabolism by nearly half, slows 
down the rate of oxygen consumption and  biochemical 
responses , limits free radical generation in tissues and 
prevents additional tissue damage (Nadler et al., 2004).

The clinical effect of the cryotherapy depends on the extent of 
the temperature change, biophysical changes in the tissues 
which is in turn determined by a number of parameters, 
including temperature differences between the object and 
cold application, exposure length, tissue thermal conductivity, 
and the type of thermal agents used (Hubbard & Denegar, 
2004).

a) Cryotherapy for local anesthesia 
Preoperative intraoral cryotherapy improved the efcacy of 
inferior alveolar nerve blocks (IANBs) in patients with 
symptomatic irreversible pulpitis by providing a local 
anesthetic effect by lowering nociceptors' activation 
thresholds and pain signal conduction speeds.(Topçuoğlu et 
al., 2014).

Refrigerated 2% lignocaine HCl with 1:100,000 epinephrine in 
maxillary molars with symptomatic irreversible pulpitis 
served as an effective alternative to conventional anaesthesia 
for achieving success, reduced pain, and faster onset during 
endodontic treatment (Gurucharan et al., 2022).

b) Cryotherapy for Vital pulp therapy:
Cryotherapy helped prevent hemorrhage from the inamed 
pulp during direct pulp capping. Shaved sterile water ice (0°C) 
was placed  for one minute over the direct or roundabout 
entrance of the pulpal tissue alongside the entire tooth, and 

the liquied ice was removed with high-speed suction after 
which the exposed pulp was irrigated with 17% EDTA and 
bioceramic material was used to repair it. Over the next 12 to 
18 months, it was discovered that teeth remained 
asymptomatic, vital and functional (Bahcall et al., 2019). More 
clinical investigations are needed to assess the long-term 
prognosis of cryotherapy in vital pulp therapy.

c)Cryotherapy for Endodontic Irrigation
Nearly 3 to 58% of patients suffer from post endodontic pain 
(PEP) (Sathorn et al., 2008) whose physiology is similar to that 
of a classic acute inammatory reaction. Vasodilation occurs 
after injury, resulting in enhanced permeability and 
subsequent transmigration of leukocytes (neutrophils and 
macrophages). These inammatory episodes produce tissue 
damage resulting in discomfort and edema (Blicher et al., 
2017). Intracanal cryotherapy by cooling irrigants such as 
saline, sodium hypochlorite and EDTA were studied as 
follows.

Cryotreated Saline
Vera et al. introduced the use of cryotherapy by using cold 
saline (2.5°C)  as a nal  and found this innovative approach  
decreased and maintained the outside root surface 
temperature by >10°C for at least 4 minutes. This procedure 
was supposed to have an anti-inammatory response in the 
periradicular tissues (Vera et al., 2015).Based on these 
interesting ndings a clinical trial to evaluate the impact of 
2.5°C cold saline irrigation as a last irrigant on patients with 
symptomatic irreversible pulpitis  (Keskin et al., 2017a) and 
found to produce signicant reduction in  post-operative pain 
levels. A trial among asymptomatic patients found 
comparable reduction in pain levels in room temperature 
saline and cryotreated saline used as a last irrigant (Alharthi 
et al., 2019).The effect  of intracanal cryotherapy with  
negative irrigation also reduced postoperative pain in 
patients with irreversible pulpitis with apical periodontits (Al-
Nahlawi et al., 2016; Bazaid & Kenawi, 2018)  and so did 
similar  studies (Al-Abdullah et al., 2020; Vera et al., 2018; J. P. 
Vieyra et al., 2019) at 6, 24, 48 hrs (Jain et al., 2018). Extraoral, 
intraoral, and intracanal cryotherapy on patients undergoing 
root canal treatment for symptomatic irreversible pulpitis 
reported  a greater reduction in postoperative pain  on days 1, 
3, 5, and 7 than those in the control group (Sadaf, 2019).

Cryotreated sodium hypochlorite:
The antimicrobial activity of cryotreated sodium hypochlorite 
showed a signicant reduction in the number of E. faecalis 
compared to normal sodium hypochlorite. (Mandras et al., 
2013). Patients had reduced postoperative pain and reduced 
analgesic intake at 6 h postoperatively(Nandakumar & 
Nasim, 2020) when canals were irrigated with 20 ml 
cryotreated sodium hypochlorite(2°C–4°C)  for 5 min.  

Cryotreated EDTA
Irrigation with  cryotreated 17% EDTA and saline solution 
reduced the occurrence of post endodontic pain and  need for 
medication (J. Vieyra et al., 2019).

Advantages Of Intracanal Cryotherapy
Ÿ Reduces  post-operative endodontic pain after 6 h and 24 

h after Root Canal Therapy (Sadaf et al., 2020)
Ÿ Reduces the usage of drugs after endodontic treatment. 

(Gundogdu & Arslan, 2018)
Ÿ Signicant bacterial reduction  especially E fecalis with 

cryotreated NaOCl when compared to standard NaOCl 
irrigation.(Mandras et al., 2013). 

Ÿ Simple and cost effective Disadvantages of intracanal 
cryotherapy

Ÿ Fracture strength in the intracanal cryotherapy group was 
signicantly lower,  it reduced the vertical fracture 
resistance of prepared roots.(Keskin et al., 2017b)
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Ÿ The negative effects of reduced temperature on somatic 
tissues should be considered in a clinical scenario. Further 
exposure to reduced temperature might lead to hypoxia, 
acidosis, arteriolar and venular thrombosis and ultimately 
ischaemic necrosis of the tissues in contact(Gurucharan et 
al., 2017).

Ÿ More clinical trials required.

Cryotherapy For Post Endodontic Surgery Care:
The application of ice pack  with moderate pressure on the  
outside of the face (20 min on, 5 min off )  for 4-6 hrs after 
endodontic surgery aids in reducing pain and post-operative 
swelling (Fayyad et al., 2020; Rotstein & Ingle, 2019).

CONCLUSION
The value addition of cold in the manufacture of endodontic 
instruments, diagnostic testing and therapeutics show great 
promise in the branch of endodontics. Cryotherapy as an 
adjunct therapy in intracanal, intraoral or extraoral 
applications shows signicant potential for pain relief in post 
endodontic pain. More clinical research on the prospective 
benets of this simple, cost-effective treatment modality in 
situations when pain and inammation are expected must be 
conducted for justifying regular clinical use.
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