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Introduction
Irrigation is one of the most important 
aspects of root canal preparation. It is 
presently the best method for the removal 
of tissue remnants and dentin debris 
during instrumentation. The simple act of 
irrigation flushes away loose, necrotic, 
contaminated materials before they are 
inadvertently pushed deeper into canal 
and apical tissues. Irrigation solutions 
also provide gross debridement, 
lubrication and destruction of microbes 
and dissolution of tissues.

During irrigation, hard as well as soft 
dental tissues are exposed to solutions 
deposited in the pulp chamber. This may 
cause alterations on dentin and enamel 
surface and effect their interaction with 
materials used for obturation and coronal 
restoration as well as inhibit resistance to 
bacterial ingress and permitting coronal 

[1]leakage .

The high concentration of NaOCl is toxic 
and can cause inflammation in periapical 
tissues, whereas in low concentrations it 
i s  ine ffec t ive  aga ins t  spec i f i c  

[2]microorganisms . EDTA solution has a 
strong demineralizing effect, it causes 
enlargement of dentinal tubules, 
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Effect Of Root Canal Irrigants On 
Tooth Structure:

Demineralization:
[6]According to Nygaard-Ostby (1957) , 

even lyophobic substances such as 
dentin, the mineral components of which 
are mainly phosphate and calcium, are 
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softening of dentin and denaturation of 
collagen fibers and 17% EDTA at pH 7.4 
for 10 minutes application caused 
excessive peritubular and intertubular 

[3],[4]dentinal erosion . High concentration 
of hydrogen peroxide caused the great 
decrease in dentin microhardness & 
affected the inorganic parts of dentin 
through acidic demineralization and 
attacks the organic rich inter-tubular 

[5]dentin by collagen denaturation action .
The objective of this review was to 
evaluate the effect of various irrigating 
solutions used in endodontics on the 
various characteristic properties of dental 
hard and soft tissue, so that these 
solutions can be used judiciously and 
appropriately without harming the 
pivotal tooth structure. The literature 
search used the MEDLINE database 
which goes back to 1957 and was limited 
to English-language papers. Reference 
lists of potentially relevant articles and 
review articles were also screened for the 
search strategy. The keywords searched 
were root canal irrigants, endodontics, 
side-effects, cytotoxicity, smear-layer, 
dentin hardness, and pulp-dissolution.

Classification of types of chemicals 
used for root canal irrigation

Table1: various types of root canal irrigants

Type of chemical

Chelating agents

(EDTA containing)

Halide complexes

Acids

(organic and inorganic)

Antibiotics

Oxidizing agents

Others

Organic solvents

Generic and brand examples

EDTA, EDTAC, REDTA, Salvizol, Tublicid, RC Prep;

Glyde; EGTA

Sodium hypochlorite, tincture of iodine, Povidone–

iodine, iodine potassium iodide, oxidative potential

water (electrochemically activated water)

Phosphoric acid, citric acid, lactic acid, polyacrylic 

acid, tannic acid, DMSA (dimercaptosuccinic acid)

Tetracycline hydrochloride, Doxycycline hydrochloride

Hydrogen peroxide

Cetrimide, bardac-22 (quaternary ammonium compound),

Tergensol (0.2% lauryl sodium sulfate),chlorhexidine,

MTAD (tetracycline isomer, an acid, detergent),

ethylenediamine, methylene blue dye, Titanium

tetrafluoride, Trientine hydrochloride (Syprine),

Chloroform, halothane, Xylene, eucalyptus oil, orange oil
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microhardness values at the center of the 
[10]lesion were much softer .

The irrigation of root canals either with 
hydrogen peroxide, sodium hypochlorite 
or EDTA solution decreased the 

[1]microhardness of root dentin . The 
dentin hardness is location-related and its 
value decreased as the indentations were 
made closer to the pulp; lower KHN 
values were obtained at level of 500 um 
compared with 1mm distance from the 
pulp space. In agreement with previous 
studies, that the microhardness of root 
dentin was significantly decreased after 
irrigation with 2.5% NaOCl solution and 
reduction of microhardness of inner ring 
500 um from the lumen was greater than 
that of the outer ring i.e. 1000 um from 
the lumen. Moreover, the efficacy of the 
irrigation solution also depended on its 
ability to penetrate and wet intratubular 
dentin. As the distance the fluid has to 
penetrate increased, its effect would be 
reduced. This happened also because the 
number and size of dentinal tubules 

[11]decreased in the periphery .

Similarly, effect of 30% H O  for 24 2 2

hours was found to cause the surface 
changes to intertubular dentin and 
significantly decreased the hardness of 

[12]intertubular dentin . A significant 
change in mechanical properties of 
dentine may compromise the longevity of 
teeth due to a decrease in its overall 
strength and resistance to fracture. In a 
recent study, the effect of irrigation on the 
microhardness of root canal dentin with 
strong acid electrolyte water was 
evaluated and compared its effect to 
5.25% NaOCl, 3% H O  & 15% EDTA. 2 2

The findings were in concurrences with 
previous results that 5.25% NaOCl, 3% 
H O  & 15% EDTA significantly reduce 2 2

the microhardness; however, strong acid 
electrolyte water didn’t alter the 

[13]microhardness of root canal dentin .

Changes in the tensile strength, 
flexural strength and elastic modulus 
of root canal dentin:
There  i s  conv inc ing  ev idence  
circumstantial evidence for the putative 
causes of nonvital and root treated teeth 
to fracture. The main causes are altered 
physical properties mainly alterations in 
the tensile strength, microhardness, 
flexural strength and modulus of 
elasticity; altered physical properties of 
dentin and altered proprioception / 
nociception. In addition to cumulative 

effect of these factors, endodontic 
irrigants, medicaments and materials 
may also play a part in influencing the 
physical and mechanical properties of 
dentin. It is probable that these factors 
interact cumulatively to influence tooth 
loading and distribution of stresses, 
ultimately increasing the possibility of 
catastrophic failures. It can be concluded 
that 5.25% sodium hypochlorite 
compared to saline significantly reduced 
the flexural strength and elastic modulus 

[14]of dentin .

Treatment of dentin bars with 3% and 5% 
NaOCl solutions caused a significant 
decrease in their modulus of elasticity 
and flexural strength while the exposure 
to Ca(OH)  significantly reduced the 2

flexural strength but had no significant 
[15]effect on the modulus of elasticity . 

Similarly, effect of 30% hydrogen 
peroxide for 24 hours was found to cause 
the surface changes to intertubular dentin 
and significantly decreased the modulus 

[12]of elasticity of intertubular dentin . A 
significant change in mechanical 
properties of dentine may compromise 
the longevity of teeth due to a decrease in 
its overall strength and resistance to 
fracture. 

Cleaning efficacy, Smear layer 
removal and dentin permeability:
There is a controversy as to whether the 
smear layer should be removed or not 
before obturation of root canal. 
Microorganisms can remain in or migrate 
i n t o  d e n t i n  d e s p i t e  t h o r o u g h  

[16]chemomechanical preparation . Some 
authors proposed that smear layer acted 
as a barrier to bacterial metabolites, 
preventing the bacterial invasion of the 
dentinal tubules and not as a preferred 
site for bacterial colonization. However, 
bacteria not only remained, but also 
survived and multiplied in the smear 
layer and can penetrate the dentinal 
tubules. The antimicrobial action of 
medicaments in the dentinal tubules 
could be delayed or hindered by smear 
layer. This would appear to make smear 

[17]layer removal advisable .

The effect of sodium hypochlorite and 
hydrogen peroxide was studied and 
found that the dentin permeability, 
measured as hydraulic conductance was 
increased more than twice, when dentin 
was immersed in 5% NaOCl due 
abundant dissolution of organic content 
of the dentin. However, exposure to 35% 

soluble in water. When the disodium salt 
of EDTA is added to this equilibrium, 
calcium ions are removed from the 
solution. This leads to the dissolution of 
further ions from dentin so that the 
solubility product remains constant. 
Thus, chelators cause decalcification of 
dentin.

It had been found that any change in the 
calcium ratio may change the original 
proportion of organic and inorganic 
components, which in turn changes the 
microhardness, permeability and 
solubility characteristics of dentin and 
may adversely affect the sealing ability 
and adhesion of dental materials to dentin 
[7].

The  morphologica l  changes  in  
instrumented root canal wall were 
studied and observed that when final 
i r r iga t ion  was  conducted  wi th  
15%EDTA, the surface dentine appeared 
smooth but not eroded, and dentinal 
tubule orifices were regular and 
separated. However, when 15%EDTA 
irrigation was followed by 6% NaOCl, 
peritubular and intertubular dentinal 
erosion were observed. Dentine in the 
root canal wall surface was rough in 
appearance and dentinal tubule orifices 
were irregularly enlarged due to 
decalcification of the inorganic 
component by EDTA and the dissolution 

[8]of the organic matrix by NaOCl . In 
agreement with previous studies, it has 
been inferred the most efficient 
so lubl izer  of  dent in  was  17% 
ethylenediamine tetra-acetic acid, which 
dissolved nearly 70% of dentin mass. The 
isotonic saline was least capable, 
dissolving about 3% of dentin; while 
5.25% sodium hypochlorite was able to 

[9]solublize approximately 22% of dentin .

Changes in dentin hardness:
Dentin is complex tissue, with varying 
degree of calcification in different areas, 
which in turn affect physical properties. 
Microhardness measurements in 
transverse crown and root sections of 
mature, freshly extracted, human teeth 
showed that the hardness of dentin near 
the dentino-enamel junction was about 
15 KHN softer than surrounding dentin. 
The microhardness of dentin adjacent to 
the pulp chamber was about 30 KHN 
lower than the surrounding dentin. 
Dentin surrounding caries lesions had 
microhardness approximately 10 KHN 
greater than normal dentin; whereas 
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dissolve the fragments. The dissolution 
speed varied proportionally to the 
concentration of sodium hypochlorite 
solution, more concentrated the solution, 

[24]the higher the speed of dissolution .

Hazards of root canal irrigants:

- Cytotoxicity:

Irrigation solutions are used in 
endodontic therapy to remove debris 
from the root  canal ,  el iminate 
microorganisms, and serve as a lubricant 
during instrumentation. Therefore, an 
“ideal” irrigation solution should be 
efficient as an antimicrobial agent but not 
toxic to the periodontal tissues. During 
endodontic treatment the irrigating 
solution will be in contact with pulpal and 
periapical tissues. Debris as well as 
irrigating solutions may also be pushed 
beyond the apical foramen and cause 
further periapical complications and 

[25]delayed wound healing . The cytotoxic 
effect of 10% citric acid and EDTA-T 

[26]was studied  and observed that 10% 
citric acid, independent of dilution tested, 
was more biocompatible than EDTA-T 
because cultures of fibroblasts treated 
with citric acid had a higher percentage of 
viable cells.

- Complications during root canal 
irrigation & its management:

- Inadvertent injection of sodium 
hypochlorite beyond the apical 
foramen

- Damage to eyes

- Air emphysema

- Contact dermatitis and various allergic 
[28]reactions

Conclusion:
It can be deduced from the literature that 
2.6% & 5.25% sodium hypochlorite has 
the unique capacity to dissolve necrotic 
tissue and the organic components of the 
smear layer while 17%EDTA, 10% citric 
acid and MTAD are excellent in 
removing the inorganic contents of smear 
layer. Also, all the root canal irrigants 
significantly alter the physical properties 
of tooth and thereby, affecting the 
outcome of treatment. However, further 
research is required to improve the root 
canal irrigants and overcome their 
deleterious effect on tooth structure. It 
has been found that cytotoxicity of all the 
irrigants is concentration dependent that 
is higher the concentration of the root 
canal irrigants greater will be the toxicity 
to periodontal ligament and fibroblast ; so 
in order to overcome this shortcoming it 
has been suggested to use minimum 
concentration of the irrigating solutions. 
It can be inferred from the studies that no 
irrigant is complete in it and can’t be used 
as a single irrigant. It has been 
recommended that in order to gain 
maximum advantage from the irrigation, 
the root canal irrigants should be used in 
combination.
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?Profuse interstitial bleeding with hemorrhage of the skin and mucosa 
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?Chlorine taste and irritation of the throat after injection into the maxillary 

sinus
?Secondary infection possible
?Reversible anaesthesia or paraesthesia possible

Therapy

?Patient information on cause and severity of complication
?Pain control: local anaesthesia, analgesics
?In severe cases: referral to a hospital
?Extraoral cold compresses for reduction of swelling
?After 1 day: warm compresses and frequent warm mouthrinses for 

stimulation of local systemic circulation
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?Antibiotics: not obligatory. Only in cases of high risk or evidence of 

secondary infection
?Antihistamine: not obligatory
?Corticosteroids: controversial
?Further endodontic therapy with sterile saline or chlorhexidine as root canal 

irrigants
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