RESEARCH PAPER

Effect of Herbal Irrigants with and without Laser Activation on
Microhardness of Root canal dentin - A Systematic Review with Meta-
Analysis

Gaini M'*, Sindhu R%, Anumula L* and Govula K*, Aravelli S°

!Associate Professor, Conservative dentistry and Endodontics, Narayana Dental College and Hospital, Chintareddy
Palem Nellore, India; Phd, Saveetha dental college and hospital, Conservative dentistry and Endodontics ,Chennai
Tamilnadu India
2Professor, Department of Conservative Dentistry and Endodontics, Saveetha Dental College and Hospitals, Saveetha
Institute of Medical and Technical Sciences, Saveetha University, Chennai, India
3Professor and HOD, Conservative dentistry and Endodontics, Narayana dental college and hospital, Chintareddy palem
Nellore, India
‘Professor, Conservative dentistry and Endodontics, Narayana dental college and hospital, Chintareddy palem Nellore,
India
SProfessor and Head, Conservative dentistry and Endodontics, Malla Reddy Dental college for Women, Malla Reddy
Vishwavidyapeeth (Deemed to be university), Suraram, Hydrabad, Telangana, India
Corresponding Author: Dr. Mounika Gaini
mounikagaini029@gmail.com

Received: 28" Feb, 2026; Revised: 6" March 2026; Accepted: 7" April, 2026; Available Online: 20™ April, 2026

ABSTRACT

Root canal irrigants are crucial for disinfection but can reduce dentin microhardness, raising the risk of fractures. With
increasing in advancement various herbal irrigants and laser activation have been emerged as root canal irrigants for
Endodontic treatment. This systematic review and meta-analysis examines the effect of these methods on root canal
dentin microhardness evaluated in invitro studies. Adhering to PRISMA 2020 guidelines, we conducted a search in
PubMed, Scopus, Google Scholar, and Science Direct databases up to February 2025, focusing on invitro studies that
compared herbal irrigants (with or without laser activation) to conventional ones like 2.5% NaOCI and 17% EDTA
regarding their effects on dentin microhardness.

The study protocol was registered in PROSPERO, and PRISMA guidelines were followed. The research question was:
“How the effect of herbal irrigants, by activation using lasers or alone affects the dentin microhardness in Endodontic
treatment ? Two reviewers independently screened and evaluated the articles. A total of 65 articles were identified across
all databases, with 43 selected for full-text analysis. After applying eligibility criteria, 21 studies were included in this
review. The findings revealed that traditional irrigants, such as 17% EDTA and NaOCI, significantly reduced dentin
microhardness through demineralization and proteolysis, with EDTA alone causing reductions up to 20.21%. In contrast,
herbal alternatives like Neem, Miswak, and Green Tea were found to be biocompatible, maintaining microhardness levels
comparable to saline, particularly Triphala and 6.5% Grape Seed Extract demonstrated exceptional preservation of
mechanical properties.

However, the study noted that laser activation (e.g., diode or Er:YAG lasers),accelerated microhardness loss when
increasing the duration of time from 10 to 40 seconds.The review concludes that while herbal irrigants offer a safer
profile for preserving tooth structural integrity, laser parameters must be optimized for preservation of dentinal strength.
Keywords: Sodium Hypochlorite, Triphala, Neem, Green tea, Diode, Er:YAG, Nd:YAG

How to cite this article: Gaini M, Sindhu R, Anumula L, Govula K, Aravelli S. Effect of Herbal Irrigants with and
without Laser Activation on Microhardness of Root Canal Dentin - A Systematic Review with Meta-Analysis. Int J Drug
Deliv Technol. 2026;16(5): 531-543. DOI: 10.25258/ijddt.16.5.56

Source of support: Nil.

Conflict of interest: None

INTRODUCTION eliminating the smear layer, dissolving organic matter, and
Maintaining the structure and integrity of dentin during disinfecting the canal system. However, their interaction
Endodontic procedures is essential for the long-term  with dentin's inorganic and organic components can
durability of teeth.Root canal irrigants are crucial in impact its microhardness, which is vital for mechanical
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strength and bonding capabilities. Traditional chemical
irrigants like sodium hypochlorite (NaOCl) and
Ethylenediaminetetraacetic acid (EDTA) are known for
their antimicrobial properties and ability to remove the
smear layer, but they have been found to negatively affect
dentin microhardness, potentially weakening structural
integrity. Recently, herbal irrigants have gained attention
as viable alternatives due to their biocompatibility,
antioxidant properties, and antimicrobial effectiveness.
Substances such as Morinda citrifolia, Green tea
polyphenols, Triphala, and Neem extract have shown
antimicrobial affects similar to conventional irrigants
while being less cytotoxic!. Despite the growing interest,
the evidence regarding their impact on the physical
properties of root dentin, particularly microhardness, is
varied and inconclusive. Additionally, the use of laser
activation for irrigants, including diode, Er:YAG, and
Nd:YAG lasers, has also been suggested to improve
penetration, smear layer removal, and chemical reactivity
within the root canal system.Laser activation might change
the dynamics and interaction of irrigants with dentinal
substrates, potentially affecting dentin microhardness
.However, Currently, there is an absence of a
comprehensive synthesis that systematically evaluates and
contrasts the affects across existing invitro studies. A
systematic review based on this criteria is important for
the clinicians and researchers about the relative impact of
herbal irrigants and laser- assisted irrigation protocols on
dentin microhardness, an essential biomechanical property
implicated in root strength and adhesive dentistry.
Consequently, the combined use of herbal irrigants with
laser activation may exert synergistic, neutral, or adverse
effects on dentin microhardness. Microhardness
assessment, commonly performed using Vickers or Knoop

hardness tests, provides quantitative insight into mineral
loss and structural changes in dentin following irrigation
protocols.>*A synthesis of this evidence is necessary to
determine whether herbal alternatives preserve dentinal
integrity better than conventional irrigants and whether
laser activation modifies these effects. Therefore, this
systematic review aims to evaluate the evidence regarding
the impact of herbal irrigants, alone and in combination
with laser activation, on root canal dentin microhardness.

2. MATERIALS AND METHODS

The protocol for this systematic review was registered
with PROSPERO (Version 1.0) under the registration
number CRD420250650711.This review was conducted
according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines
(https://www.prisma-statement.org/prisma-2020).

2.1. Eligibility Criteria

The research included invitro studies of single-rooted
human permanent teeth subjected to irrigation with herbal
irrigants or laser activation (Er:YAG, Nd:YAG, or diode)
during endodontic treatment. Review articles, letters,
clinical studies, case reports/series, and studies involving
deciduous or bovine teeth were excluded.

2.2. Literature Search

The search strategy followed the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
guidelines (Table 2). An electronic literature search was
performed across four prominent databases (PubMed,
Google Scholar, Science Direct, and Scopus) until
February 1, 2025. The search was restricted to articles
published in English only.

Table 2.
Database Search Strategy
PubMed ("Root Canal Therapy"[MeSH] OR "Endodontics"[MeSH] OR "root canal" OR "endodontic
treatment") AND ("Phytotherapy"[MeSH] OR "Plant Extracts"[MeSH] OR "herbal irrigant*" OR
"plant extract*" OR "natural irrigant*") AND ("Lasers"[MeSH] OR "laser activation" OR
"Er:YAG" OR "Nd:YAG" OR "diode laser") AND ("Dentin"[MeSH] OR "dentin microhardness"
OR microhardness)

Scopus TITLE-ABS-KEY (("root canal" OR "endodontic treatment") AND ("herbal irrigant*" OR "plant
extract*" OR "natural irrigant*") AND ("laser activation" OR "Er:YAG" OR "Nd:YAG" OR "diode
laser") AND ("dentin microhardness" OR microhardness))

Science ("root canal" OR endodontic) AND ("herbal irrigant*" OR '"plant extract*") AND ("laser

Direct activation" OR "Er:YAG" OR "Nd:YAG" OR "diode laser") AND ("dentin microhardness" OR
microhardness)

Google "herbal irrigants" AND "laser activation" AND "dentin microhardness"

Scholar

The search results were imported into Rayyan (web-based
systematic review software) and Zotero(7.0.32), where
duplicates were removed by S. A. and L. M. The titles and
abstracts were then reviewed based on the inclusion
criteria, and studies meeting the criteria were subjected to
full-text screening for qualitative synthesis.

2.3. Data Extraction

Data  extraction included study characteristics,
methodology, and outcomes related to root canal dentin
microhardness.The study identification focused on the
design, including the sample size, tooth type, type of
irrigants used, its contact time, and methods for sectioning.
Protocols compared herbal irrigants with irrigants like
NaOCl or EDTA, specifying concentration, volume,
contact time, and an laser activation parameters such as
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type and power. Microhardness was recorded in VHN or
KHN as a mean + SD for the cervical, middle, and apical
thirds, based on the specific load and dwell time used.

The quality assessment tool for invitro studies (QUIN
tool) checklist was used to evaluate the internal
methodological quality (risk of bias) of the included
studies. Each of the 12 parameters considered was
assessed for individual studies and then the percentage
was calculated as (score X 100) / (2 x number of criteria

applied).The Risk of bias assessment was done in
(Revmann version 5.1.4).

Results

The initial electronic database search found 64 articles.
After removing duplicates, the total was reduced to
43.Subsequent screening based on abstracts and titles
resulted in a further assessment of 34 articles. Finally, 21
full-text articles met the eligibility criteria were included
in the study (Figure 1).

\ Identification of studies via databases and registers

Records rernoved ktefore
s sereening:
'§ Records identified frorm™: Er)]uzllzc1a)te FiRoorEL S oy ad
= Databases (n =4) — > Records rarked as ineligi
= " - gible
g Registers (n = 64) by autormation tools (n =0)
= Records rernoved for other
reasons (n=0)
!
S
Records screened » | Records excluded™
(n=43) (n=10)
Reports sought for retrieval Reports not retrieved
2 (n=34) (n=0)
=
o
a
: !
w
R rt luded:
Reports assessed for eligibility ( :2103)5 selude
(n=21) -
Study with rmethodology not
related
Study with outcorme not related
to the topic
.4
v
=z Studies included inthe review
= (n=21)
= Reports of included studies
s (n=21)

Figure 1. PRISMA flow diagram of literature search and selection process

3.1 Irrigating Solution Evaluation
Various irrigating solutions were evaluated for their impact
on dentin microhardness (Table 4), such as sodium

hypochlorite, EDTA ,herbal irrigants and laser activation
.They were tested at different concentrations and at contact
time time intervals.
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Table 4: Root dentin microhardness after contact with different irrigating solutions - Data Extraction from Included
studies

ST | Author (vear) | Sample size, Type Groupz/ Toad (z) Given Outcome Meazure | Stamistic MEV
No of during Testing and test al
Teeth, and Section Dwell Time Analysis
Used Contact Time -
in Each Group (Minutes)
T TpEs e al | 7T Frre Sem d ANTVET Dentin Depth
(2n2) canalcanings Main Group (Imigant) + Tukey 200
s Distilled Witer =
1MNaocl 150 um
1M NaOCl + 17M EDTA
50 pm
30 o
Naocl 454288
Dustiled water 4302120
< T g?“"““‘“ Croup TOZRTHXT T S awe . FESEE ] Group Imigamt Bazeline (Mean25D)  After13Min (Mean2SD) MeanDiff  Povalue (Significance)
(203 Croup IT: 6% MCJ; Smn | #meof10s w g 02% CHX 51392898 53152820 13 074 (NS)
Croup III: 6% MC] + 0.2% CHX: ANOVA N =
Croup . n SRMC] 402842 7382610 298 044 (N5)
Saline. m MEJ+CHX 842880 914273 020 095 (Ns)
v Sane 52702815 5358268 28 041 (Ns)
T Trince Mars | S0 canes (10 | Cioup T I5% Sodiw Ay T | 20 VIR © Poaal | ANOVX T
PHILIP atal | spectmens) (LS) 2 Mimwak stick extract, Group 3 Cashew | 20sdwellume. test “iient | Groups i (Cervical) Mi (Middle) i (Apical) Flexural strength  Fovalue
(207) laves extract Croup & Mango keaves Nomzeal Saline 0.312002%sk *ab 030200143k 2044%4 0.057-
exiract and Croup 5 Normal zalne Cashew B
(contral). (4= 20) , 5 ml of each rrigant for Mango B
10 man. Miswak B
Naocl B
T “;“:" & ar ". — Group Frotocol (Primary Imigant + Agit] ~0 & ooa 1of 22 % b ANTVE Procedure 5D (3) Range (Min-Max )
@9 :ﬂ)\‘ﬂ“'isl antenar |y Distilled water (Contra]) Distilled water o 4z 000-ue
‘ 2 17% EDTA (5 1MEDTA 0+ 35 419-2685
3 EDTA (5 1)) + 605 Ultrasoni Ultrazomic agitation 2383+ 491
4 EDTA (5m]) + 105 Lazer Laeragitation (10:) 185F 785
5 17% EDTA (5ml) + 205 Laser Laseragitation (203) 213 524
. 7% EDTA (5] + 305 Laser Laeragitation (30) 2320 309 157-23
7 7% EDTA (5 m]) + 405 Laser Laueragitation (40:) 783 325 1392-M70
3 TgR vooed | Groap T aniled water [conil graep] | S8 T = FNOVE [ Endodontic Imigation Solution Mean D Statistical Significance
had et &l | mandioular Cuoup II: Triphala as + Tuley Distilled water (Conirs) 4527 723 Bassling / Comparion
(2015) premolars (TS) . - -,
Triphala 5 Nosip difference from contral
203 Chlorhexidine a8 52 -
5259 Sodi i w12 87 4 d (3p < 0.035)
T T T Y00 gk roowd | Croup I dBHNed vater for J0wan Jcongel | IWE L §3 TNOVE | Meam Microd % of Dentin By Tolution
(2016) teeth (1S) group) + Tukey Imigating Solution Mean (VHN) Standard Deviation (SD)
Croup I 13% NaOCI for 20 min 7% Distilled water 298
EDTA for 1 win HEBP sas
Croup III: 1 3% NaOC] for 20 min followed Fropoliz 4078
Ty 2% CHX diguconste for 3 min cHx 188
CGroup IV: 13% NaOC] for 20 mun falowad EDTA 208
Ty 1% HEEF  dor 3 mn
Croup V3% N2OCl up to 20 min
fallowed by 4% Propolts up toSmin
EECREE I By Group Treatment; Substance _ VikRTE ANGVA
(2017) premalar testh (1S | i 05% Z efcinsle Roscos off g 10 ) Irigant Bazeline Pinal Mean Diff Significance (wvalue)
ii 25% Sodsum hypochlorste (N2OCI) “”’“". 05N Z officinale (Ginger) <0.001 (Significant)
i 17% Ethylenediaminctetrascetic ac) :’f““ 1TMEDTA < 0.001 (Significant)
iv Normal saling ""_” 250 N30C1 < 0.001 (Significant)
s and | 550y Normal saline 0.514 (Significant)
(5man) post hac
Tulsy's
HSD ezt
o
] T Tn = I, 15 Minutes Duration] 0 gm0l and TR TNOVX | Mean Micro-hardnes: of Dentin by tmgant
premalass. (L5) dwell ume of 20 +Tukey | Imigating Solution Mean (VHN) 25D
Treatmant / Substance seconds . . ranes
Hyper P m.\ruo.!nkam/ah‘]\.lue ey :a,?i:;..
Ethvienediam: sacetie Acid (EDTA)® 303 Sodium Hypochlorite (N20Cl) 152185
Chitosan 208 Chitosan wssae
Morinda cirifolia Jukce (MC]) 1M EDTA 43122251
£ =] Group: and Dmzation | coronal  maddl | ek ANOVE
premalars (LS) Frotocals and apical third, +Tukey
S pctivat 100gJoad Group NaOCl EDTA CHX
T Drigant » coupl & & @
ul Froc
2 Metho JETE fare Coupll 8 &2 &
pd CroupIl 38 &0 &
Negati € wrgation: CrouplV & 48 3B
Distilled
1ve - drsed with paper . - -
Comtrat Witz [T Croup V “ & £
No
Activat (1) 525%
. b
)
f"“‘“ (1) 525% 80s  trripation
N:OCY2) and  agiation
s gy B oor
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fethAl 2% CHX sabne minse.
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™ EDTAG) el S03; &0
2% CHX finalsaline rinse.
) 525% 2W
H
Bom 3% CHX final sbine rinse.
0 Fhalat ot al Out of 100 freandy TIOUp 1 salne. 00 g oad for VikReTs Fapeate Mean Hardness by Canal Third and Group
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. ceara | 2 Tem2eer
s group 5, sodtum hypachloriis ANOVA
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n ADUiETE o al A a——— DT Of @ach Hrigant fof O manutes. 20 gmios 3= ANOVA al 20 ic (GroupT) 203 Thy (GroupIM) 52593N20CI (Group I) 203 CHX (Group IV)  P-value
(20209 mandfoular single | CroupI:2% Turmark exiract Croup I: 2% - !
rooted  premalars | Thymus vulgarks of Croup I 525% Krudat Maan 25D Maan 25D Maan 25D Mezn 25D
wd NaOCL Croup IV- 2% CHX Wals Day1 30362388 42421990 42132937 34492353 03
Day3 c0s82212 789277
Day? P FEEPS T
T XETed & al | S0 premolr (05] TR0 T ed i 15 §37 ANOVE oot zection
(20m) Croup T (90% Aloe vers), Croup IT (4% + Tuley Coromal
propolis) and Croup 11T (26% NaOC). >addle
Apieal
Ovenll
24
008334
19.8423
10085470
T Cema W i [ W e ooed | Group T I Noral mine Tepee | S0 0 5cends VERER WIESS parion of Values (Wikaon Signed- Tt
(20) testh (LS) contral group) n + | Groups Imitial Mi (mean 25D) (means5D)  Change (meanisD)
Group T (m = 12): 23% Sodmm Mann- | GroupkSaline 30492512 8TE2as 0732435
hypechlorie (positve coniral group), Whiney | GroupI:3% NaOCI £151232% 36432552 5382308
Group I AT corads £0382483 QuBadss
Group II (n = 12): A indiea (AD). Group Iv: MC] 282277 52082507 5202277
Croup IV (n = 12): M. ctrsiolia (MC). Group V:Creentea 30852432 0282451 0352432
Croup V (n = 12): Creen tea (CT). Y < 0.05 (sipmficant), “y > 0.05 (mot sipmiSeant)
Smlof
trrigating solution for 5 min.
£} TG & i | W =nge Tooted | Four groups (ne20], Tolows §3= T Groups 5 - Prequency  MemZsD. Foalue
- ( W0ghad 05 ?
) testh (15) Craup 1 - Sakne; £ s | ot Prewssmen 2 55982308 0447
tuley Posi-trestment 20 55072415
(tnterco Group2  Pre-treatment 20 032588 <0001
mparizio Post-ireatment 19 480023532
n) Group3  Pre-irestment 20 <0001
Post-treatmant 20
Groupd  Pre-iresimaen: 20 <0.001*
Post-treatment 20
5 Kiden (0] | 10 p =T o 37 Sneway | DEled water - 3905
15 secands) ANOVA | NaOCI/EDTA-4430
L Activat, B S
S T migation e applicatio @nd | Toludine HueO-5148
T photos FTE e B Dunnett’ | Curcumun-35323
euiﬁx:’““:“ (Wave] Farameter s post | Methylene blue-35191
o ) hoc tasis
5 ml NaOC
NaOCl (3 man), 5l
259 I
‘E & man), N/A N/A
EDTA Daifled
(A7) Waer (1
man)
T S
ubstion 1,
MBlue un <
Bz (0
(50 uhrasonse oo
mgl) aghaten O
5 min dask
c Cuxn mu‘a:um:m «
U, mn W fend,
R 5% e 60 s
=g1) aghation nm)
(43 man dark
Toluidi *Diode |,
T e Blue Meubstion 1y _JO
e oo
py nm)
gt
No
D diatnfaction ., I
ONeme CEISIS /A N/A
used
15 | Feroq & &L [ W angk ool | Gmo N e, TR TIco | Taok 1. Defore and After Irrigation omiparon
(2022 testh up TYeAment/Material Type 103aconds n (Wileoxen Signad Ravk)
) Group Before [Mean (SD)]  After [Mean (sD)] p-value
Eihanclic exiract of Expert Ac Sapindus mukorossi €034 (0.53) €007 (049) (=N
O ¢ voudus ukovossi  mental E17MEDTA 5025 (074) 3652(072) <0.0001*
1) e N
N C: Distilled Water €045 (0.40) €045 (035) ass
O™ 17% Einyknedssmins Expert Tadle 2 Post-Trrigation Inter-Croup Comparson
B tetrascetic acud (EDTA) mental (ManorWitney)
P Comparizon Mean (SD) p-value
= Contro e TE &% (07 N
up Distilled Water 7 Group Avs Group B S0.07 (049) va3652(072) <oger
c Group Av Group € €0.07 (0.49) v €0.45 (035) e.002*
Group Bvi Group C 3552 (072) vs 5043 (033) <0001
T Fp Es Troup T - wl of 50w CSE for Jman | S00giad 203 ViR FRE [ sample 1)Coronal Middle Apical Average Sample (2)Coromal Middle Apical Average
(2024) premolars (LS) Croup 2 -3 mlL of distilled water for 2min Kruzkal A A
¥ 1 0 0 7 1 @ 32 z TS
2 82 &7 s s 2 “ e s “
3 £ s2 & 82 H & e @ rd
4 £ &7 5 5 4 s 30 E @
5 0 0 3 s 5 52 £ 51 52
B st 7 7 B 55 57 55 S
7 Bl Bl 7 £ 7 57 ) 55 57
B «% @ o «% B E E 57 3
15 Fal et al Y Tl - 3% NGOl CI-5% NaocT = dide Wgiorl0s = ANOVX Values of the Croups
(2025) premalars (LS) laser trradiation, €3 - 17% EDTA.GL- T% + Tukay
EDTA solution + diode laser trradiation,
C5-Normal saline (control group). Sman, N2OC1+ Diode Laser
20l
EDTA+ Diode Lasar
Normal Saline (Contral)
Table 2: Patrwise Comparison of Hardness
i Mean Difference P-value
= 135 0ge
782 [RE)
N20Clvs. EDTA + Laser 1107 001"
NaOClva Saline 507 0872
NaOC1+ Laser va EDTA ca7 0288
NaOCl + Laservi. EDTA + Laser 972 0.041°
N2OC1+ Laser va Saline osds
EDTA va EDTA + Laser 0847
EDTAvs. Saline 0.013*
EDTA + Laservs. Saline 0.001°*
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T Tandls ot ol | X ange fooed | (ned) 0g g2=s ARNOVE T Group Fercentage Decrease (MeanZ5D)
(2025) Premalars (LS) Grou Treatment  Comcentr Durati 20k 3 Fropolis 3582048
P Material  atim  am Krudlal | 200y propelis 7172033
5 "
Grou ' 200 Propoliz 1
pr Cepdls 8% fonin 250Nz0¢] ¢ 5
5 SMN20Cl 11482049
:;“ Propals 20% manut 1TMEDTA 14532038
o
5 Group n Mean P-Value (ANOVA)
f;"“ Propals  30% manut M Propoliz  § 358 0001t
« 2003 Propelis § 737
3 300 Propoliz § 1027
Grou . 2%
pe Nl 5% ;’:"‘“ 250Nz0Cl § 900
s sMNzOCl  § 1148
GIo ey % p— 17TWEDTA  § W83
Ps
o
3
ST PKEDTA 17%  munut
pe
o
T | Muaied T premolrs Troups 0 g force for 18 | Vakens
- 5ml 3% NaOCl 7% EDTA | second 1PTN 25% NaOC1+17% EDTA 551.11 4282 654002 581287 - -
(Smaar Clear) (Fig. 6) for 1
manute (PTN) 2 PTN-Creen tea 351,04 4723 713822 702763
5 il graen tea polyphand K ATF23% NaOCl+ 17% EDTA 5§84 4037 106196 100912
Patel Pvi Lid, Indu) (50
mg/ml n 10% DMSO) for1 4 TF-Crean tea 34878 4339 331881 299811
manuie (PTN)
Sml 3% NaOC1
- 5wl green iea pohphenal)
T | MostazTeid | &5 mandioular | Group I- sabine (nepstive condral), gm0 we Tichers One Groups Before (Mean Z5D)  After (MeanZ5D) P-value (v)
202 premalars group 2325 % NaOC (pesiitve condral), way saline 82 ) 0125
roup 310 % Miswak, Anavap N X ~.
proup & 15 % Mimwak, ost hock | Sodium Hypochlarite ooz
group 5: 20 % Miswak] sukey 1008 Miswak 0327
150 Miswak 047
2008 Miswak €2
F-value (V) 0542

Methodological quality assessment via the QUIN tool
(figure 2,) revealed that while most studies maintained a

low risk of bias in objectives, methodology,
randomization, and statistical reporting. An unclear risk
was frequently observed regarding sample size

calculations, sampling techniques, and operator details due
to incomplete reporting across several trials. Most
significantly, the highest risk of bias was identified in

blinding and outcome assessor details, which potentially
introduces performance and detection bias, thereby
limiting the internal validity of the findings.Although the
included studies were suitable for synthesis with quality
scores between 79% and 92%, the reliability of their effect
estimates is  assessed by these specific reporting
deficiencies and a general lack of rigorous blinding
protocols.

Clearly stated aims/objectives

Detailed explanation of sample size calculation
Detailed explanation of sampling technique
Details of comparision group

Detailed explanation of methodology
Operator details

Randomization

Method of measurement of outcome
QOutcome assessor details

Blinding

Statistical analysis

Presentation of results

50% 75%  100%

c‘
&R
M
I
*®

B Low risk of bias

[ ]unclear risk of bias

[l Hioh risk of bias

Figure 2 Quality assessment of included in vitro studies using the QUIN tool.

Risk of Bias in Included Studies

The risk of bias assessment using the QUIN tool with 12 items categorized twelve studies as low risk, medium risk ,

unclear risk.(Figure 3).
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Figure 3: Risk of bias for each included study using the QUIN tool

3.3 Meta-analysis

Meta analysis was performed by sequentially excluding
individual studies to explore sources of heterogeneity.
Standardized mean difference (SMD) was used as the
effect measure to account for variations in measurement
scales and baseline values across studies. A random-effects
model was used to account for expected heterogeneity.

Methodological variability : Considerable methodological
variability was observed among the included studies,
particularly in terms of applied load (ranging from 100 g
to 300 g), type of microhardness indenter (Vickers),
irrigation duration, and laser activation protocols. These
variations may influence the measured dentin
microhardness and contribute to heterogeneity.

MCJ Sodium Hypochlorite Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% CI
Gondi etal 2021 52.08 3.07 12 56.43 552 12 48.8% -0.94 [-1.79,-0.09]
Sahaetal 2017 56.91 2.1 20 5515 1.86 20 51.2% 0.87[0.22,1.52)
Total (95% CI) 32 32 100.0% -0.01 [1.79, 1.76]

Heterogeneity: Tau*=1.48; Chi*=10.92, df=1 (P = 0.0009); F=91%
Test for overall effect: Z=0.02 (P = 0.99)

-0 5 0 5 10
Favours [MCJ] Favours [NaOCI]

Figure 1: Forest plot of comparison: 1 MCJ vs Sodium hypochlorite, outcome: 1.1 MCJ vs Sodium hypochlorite on
Dentin Microhardness.

Forest plot showing the comparison of Morinda citrifolia
juice (MCJ) and sodium hypochlorite (NaOCI) on dentin
microhardness using a random-effects model across
included studies.

Inference: The meta-analysis showed no statistically
significant difference between MCJ and sodium
hypochlorite in terms of dentin microhardness (MD =

—1.06; 95% CI: —7.02 to 4.91; P = 0.73).However, high
heterogeneity (I> = 90%) indicates substantial variability
between the included studies, suggesting that results
should be interpreted with caution.

Forest plot showing the comparison of Triphala and
sodium hypochlorite (NaOCl) on dentin microhardness
using a random-effects model across included studies.
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Triphala Sodium hypochlorite Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Elika et al.,, 2021 436 595 20 48 532 19 49.9% -0.76 [-1.42,-0.11]
Eskandarinezhad etal., 2015  44.96 7.15 22 3812 6.71 22 501% 0.97 [0.34, 1.60] L3
Total (95% CI) 42 41 100.0% 0.11 [-1.59, 1.80]

Heterogeneity: Tau?=1.39; Chi*=14.04, df=1 (P = 0.0002); F= 93%
Testfor overall effect: Z=0.12 (P = 0.90)

5 10
Favours [Sodium hypochlorite]

10 5 0

Favours [Triphala]

Figure 2: Forest plot of comparison: 2 Triphala vs Sodium hypochlorite, outcome: 2.1 Triphala vs Sodium hypochlorite
on Dentin Microhardness.

Inference: The meta-analysis showed no statistically
significant difference in dentin microhardness between
Triphala and sodium hypochlorite (MD = 1.17; 95% CI:
—9.84 t0 12.19; P=0.83).

However, very high heterogeneity (I> = 94%) indicates
considerable variability between studies, and the results
should be interpreted with caution.

Laser NaOCl Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Patil etal.,, 2025 6312 775 6 6447 6.88 B 365% -0.17 [-1.30, 0.96]
Viapianaetal, 2012 5015 1118 16 45 97 8 635% 0.46 [-0.40,1.32]
Total (95% CI) 22 14 100.0% 0.23 [-0.45,0.92]

Heterogeneity: Tau?= 0.00; Chi#= 0.76, df =1 (P = 0.38); F= 0%
Test for overall effect: 7= 0.66 (P = 0.51)

4 -2
Favours [Laser]

4
Favours [NaOCI]

0

Figure 3: Forest plot of comparison: 3 NaOCl vs LASER, outcome: 3.1 NaOCl vs LASER on Dentin Microhardness.

Forest plot showing the effect of laser-assisted irrigation
compared to sodium hypochlorite (NaOCIl) on dentin
microhardness using a random-effects model across
included studies with different laser wavelengths and
activation protocols.

Inference: The meta-analysis showed no statistically
significant difference in dentin microhardness between
laser-assisted irrigation and sodium hypochlorite (MD =
1.77; 95% CI: —4.59 to 8.14; P = 0.59).Low heterogeneity
(I> = 11%) indicates good consistency between studies,
suggesting reliable but non-significant findings.

DISCUSSION

4.1. Sample Selection and Preparation

To ensure consistency, the inclusion criteria across the
studies focused almost exclusively on human extracted
permanent teeth, with a strong preference for single-rooted
teeth such as premolars and canines'.This selection is
clinically relevant because single-rooted teeth provide
straight forward canal anatomy, reducing the variables
associated with complex root configurations during
irrigation and laser activation. For instance, Viapiana et al.
(2012) and Philip et al. (2021) utilized single-canal
canines, while several authors, including Saha et al. (2017)
and Patil et al. (2025), specifically have chosen
mandibular premolars.*!%2°

4.2 Sample Size and Statistical Power

The total number of teeth used across the studies varied
widely, from as few as eight specimens in smaller pilot
studies (Koparde et al., 2024) to as many as 100 teeth in
more comprehensive evaluations (Bhagwat et al., 2016;
Kiiden et al., 2022). Common group sizes ranged from
n=6 to n=20 per intervention.'>?*?’ Conversely, larger
sample sizes, such as those by Farooq et al. (2022) with 90

IJDDT, Volume

teeth, provide more required data regarding the non-
significant impact of natural extracts like Sapindus
mukorossi compared to the aggressive demineralization of
17% EDTA.?

4.3 Specimen Preparation and Sectioning Techniques
Tooth sectioning is pivotal for exposing the dentin surface
for microhardness testing. The sources indicated a clear
preference for longitudinal sectioning (LS) over transverse
sectioning (TS)..This approach allowed for the evaluation
of microhardness along the entire length of the root canal,
facilitating a regional analysis of the apical, middle, and
coronal thirds. This is essential because the density and
diameter of dentinal tubules vary by region, affecting how
irrigants such as 5.25% NaOClI, herbal solutions, or lasers
interact with the tooth structure.Only a few studies, such
as Eskandarinezhad et al, utilized transverse sections to
measure the hardness at specific horizontal planes!!. The
preparation protocols typically involved embedding the
sections in self-curing acrylic resin, followed by sequential
polishing to create a smooth, reflective surface necessary
for accurate Vickers or Knoop indentation. By
standardizing these preparation steps, researchers have
minimized the risk of surface irregularities interfering with
the outcome measures.

4.4 Microhardness Testing Tools

Dentin microhardness serves as a critical indicator of the structural integrity of the root
canal system in the evaluation of Endodontic irrigants.These tools allow researchers to
quantify the degree of demineralization or organic matrix degradation caused by synthetic
chemicals,herbal extracts and laser activation.The Vickers hardness serves as the primary
tool for broad comparative analysis while the Knoop hardness test provides the specialised

depth dependent data.

4.4.1 Vickers Hardness Testing:
The outcomes are typically reported as Vickers hardness
number®.'%.2%.21 It employed a square-based diamond
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pyramid indenter to create precise indentations on the
dentin surface. The applied load in these studies ranged
from 50 g (used by Arslan et al., Gondi, and Patil) to 300 g
(used by Saha et al., Khallaf, and Koparde)'®.'8,2°. The
most common dwell times recorded were 10 seconds®, 15
seconds®, and 20 seconds®.

4.4.2 Knoop Hardness Testing

Although less frequently reported in this review, the
Knoop Hardness Test has been employed in studies
focusing on depth-dependent microhardness. Viapiana et
al. (2012) utilized Knoop Microhardness with a 25 g load
and a 10-second dwell time to measure changes at precise
depths of 30, 90, 150, and 300 um from the canal surface?.

4.4.3. Comparative Reliability and Outcome Measures
The tools used in this study helped compare traditional and
herbal irrigants for teeth. They showed that 17% EDTA
and 5.25% NaOCl had decrease in hardness values!=.
Arslan et al. found that using a laser with 17% EDTA for
40 seconds showed the reduced hardness ,when compared
with herbal solutions such as Miswak did not alter the
hardness of teeth!%20,

5. EFFECT OF CONTACT TIME OF IRRIGATING
SOLUTIONS ON DENTIN MICROHARDNESS

The contact time of irrigating solutions is a critical factor
in endodontic treatment, as prolonged exposure to irrigants
can significantly reduce dentin microhardness and
compromise tooth structural strength and its mineral loss.
The reduction in dentin integrity is a multi-variable
function of chemical concentration and exposure duration.
Synthesis of the data suggests that chemical concentration
often outweighs contact time in the microhardness
equation. For instance,increasing Propolis concentration

5.3 Laser and Activation Times

When laser activation is used within a total irrigation
period (e.g., 2 min), the duration of agitation directly
impacts the outcome. Arslan et al. (2015) demonstrated
that while 10 seconds of laser agitation with EDTA caused
an 18.62% reduction, increasing the agitation to 40

Table 5: Effect of Contact Time of Irrigatin

from 8% to 30% nearly tripled the microhardness
reduction despite identical exposure times.Conversely,
even short-duration exposure (120s) in resulted in a ~20%
reduction when combined with EDTA, highlighting the
aggressive nature of the chelating efficiency over time-
dependent factors!#!827,

S5.1Traditional and Synthetic Irrigants

Even a very short contact time of 1 min with 17% EDTA
was sufficient to cause a significant reduction in
microhardness (approximately 41.5 VHN).At a 5-minute
interval,17% EDTA resulted in a 14.63% decrease based
on Viapiana et al. (2012), and 5% NaOCI resulted in an
11.48% decreased in microhardness .Some protocols
utilized NaOCI for up to 20 min, which consistently lead
to significant demineralization and organic matrix
degradation. Based on Eskandarinezhad et al., 15 min of
5.25% NaOCl also showed a significant decrease in
microhardness compared to the baseline!!.

5.2 Herbal Irrigants

Many herbal irrigants maintained dentin integrity over
longer durations. For instance, Miswak, Cashew, and
Mango leaf extracts showed no significant reduction in
microhardness after 10 min of contact. Philip et al. (2021)
and Prabhakar et al. (2013) found no significant difference
from the baseline after 15 min of contact with 6% Morinda
citrifolia juice (MCJ) or 0.2% CHX®?®. However, other
studies have found that a 15-minute exposure to 3%
NaOCl or 6% MCIJ significantly decreased microhardness,
indicating that the impact can vary based on the specific
concentration and study conditions.?**After 2 min of
contact with 6.5% Grape Seed Extract (GSE),
microhardness levels were significantly higher than those
after contact with distilled water®°.

seconds resulted in a much higher 27.85% reduction.Diode
and Nd:YAG laser protocols often involve short, repeated
bursts (e.g., five 10-second cycles for a total of 50
seconds), which are sufficient to cause the greatest
reduction in microhardness across all canal thirds when
compared to manual irrigation'®,

Solutions on Dentin Microhardness

Contact Time Irrigant Example Effect on Microhardness
50—-60 Seconds | 17% EDTA /NaOCI (Laser) | Greatest reduction compared to manual.
1 Minute 17% EDTA Significant reduction (~41.5 VHN).

2 Minutes 6.5% GSE Maintained integrity (Avg 82 VHN).

5 Minutes 17% EDTA / 5% NaOCl Significant decrease (11-14%).

10 Minutes Miswak / Mango / Cashew | No significant change.

15 Minutes 6% MCJ /0.2% CHX No significant difference

20 Minutes 1.3% NaOCl Significant reduction.

Table 6: Effect of various activation methods on Dentin Microhardness

Irrigant Category Activation Method Impact on Microhardness
Herbal (Miswak, Neem) Manual No significant change; preserves integrity.
Herbal (Triphala, GSE) Manual Significant preservation compared to synthetic controls.
Herbal (Propolis, Ginger) Manual Significant reduction (3.6% — 10.2%).
Synthetic (EDTA, NaOCl) Manual Significant reduction (9% — 20%).
Synthetic (EDTA, NaOCl) | Laser/Ultrasonic | Highest reduction (up to 27.85%).
Herbal-PDT (Curcumin) Blue LED Moderate reduction; safer than EDTA/NaOCl.
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6. EFFECT OF VARIOUS IRRIGANTS ON
MICROHARDNESS OF ROOT CANAL DENTIN

6.1Effect of Sodium hypochlorite on microhardness of
root canal dentin

Low Concentrations (1% — 2.5%) : Philip et al. (2021) and
Gondi et al. (2021) reported that 2.5% NaOCl significantly
decreased microhardness compared to herbal extracts and
saline (p<0.001)*** Pandia et al. (2025) discovered that
using 2.5% NaOCl led to a 9.00% reduction in
microhardness?’.

Moderate Concentrations (3%): Studies demonstrating that
3% NaOCI solutions significantly reduce hardness
(p<0.05) reported by Patil et al?®,

High Concentrations (5% — 5.25%) : The 11.48% decrease
in microhardness of 11.48% when using 5% NaOCI is
based on Pandia et al. (2025) and Eskandarinezhad et al.
(2015).The consistent reporting of significant decline in
Vickers Hardness Numbers for 5.25% NaOClI, specifically
a decrease from a baseline of 62.594 to 54.937 (p=0.002),
is documented by Moataz T. Hekal (2024)*°.

6.2 NaOCl with Laser Activation

The addition of laser activation (such as Diode or Nd:
YAG ) to NaOCl irrigation can lead to a greater reduction
in microhardness values across all canal thirds compared
to manual irrigation. However, the synergistic effect may
vary with 3% NaOCIl ,Diode Laser activation resulted in
a mean hardness of 63.12 VHN compared to 64.47 VHN
for 3% NaOCl alone with a non-significant p-value of
0.993.The study further noted that while the NaOCI
combinations  were relatively  conservative, the
combination of 17% EDTA and Diode Laser resulted in
significantly lower mean microhardness values (53.4
VHN) than both the NaOCl groups and the saline
control?®,

6.3 Effect of EDTA on dentin microhardness

Bhagwat et al. (2016) found that the time dentin is
exposed to 1 minute of contact with EDTA can lower
dentin hardness to 41.498 VHN, compared to 55.996 VHN
with distilled water."?The weakening is worse when with
increased time to 5 minutes and also with agitation
methods?”»®8, Pandia et al. reported that 17% EDTA
reduced hardness by 14.63%, while 5% Sodium
Hypochlorite (NaOCl) by 11.48%.!%% EDTA is
significantly more detrimental to dentin hardness than
most herbal alternatives, such as Miswak (Moataz T. et al.,
2024), and Triphala (Eskandarinezhad et al., 2015), which
generally showed no significant impact on the structural
integrity of the tooth.

6.4 Herbal Irrigants
Several herbal extracts have been identified as
"biocompatible" with dentin structure, maintaining

microhardness levels comparable to saline or distilled
water controls. Specific findings regarding 10%, 15%, and
20% concentrations of Miswak extract, as documented by
Moataz T. Hekal (2024), indicated no significant impact
on microhardness?’. Additionally, Philip et al. (2021)
evaluated Miswak stick extract and found it to be
significantly less aggressive than sodium hypochlorite®.
The "biocompatible" nature of Neem is supported by
multiple studies, including Gondi et al. (2021), who
reported no significant change (p = 0.109), between pre
and post-treatment values. Evaluation by Gondi et al.
(2021) showed that green tea extract did not cause a
significant decrease in hardness compared to the baseline
(p = 0.058)*2. Farooq et al. (2022) reported that an
ethanolic extract of Sapindus mukorossi showed no
significant change (p = 0.34) between pre-irrigation (60.14
VHN) and post-irrigation (60.07 VHN) levels?**°. The
herbal extracts of Mango and Cashew Leaf Extracts were
found by Prince Maria Philip et al. (2021) to maintain
dentin integrity over 10-minute contact periods, with p-
values (0.121 and 0.167 respectively) indicating no
significant reduction in microhardness?.

6.5 Herbal Irrigants with Significant Impact

Pandia et al. (2025).evaluated the percentage decrease in
microhardness and found that while lower concentrations
(8% and 20%) had smaller impacts, 30% Propolis caused a
significant 10.27% reduction over a 5-minute duration®.
Zaki et al. in the experimental study, demonstrated that
0.5% Z. officinale Roscoe oil showed a baseline
microhardness of 34.24 VHN and a final microhardness of
25.89 VHN, resulting in a statistically significant mean
difference of 8.35 VHN (p<0.001)"3.

Prabhakar et al. (2013) reported that irrigation with 6%
MCJ for 15 minutes resulted in a non-significant mean
difference of 2.98 VHN (p = 0.44)°. In contrast, Gondi et
al. (2021) observed a significant change of 5.20 VHN (p =
0.002), et al?2. Saha et al. (2017) noted that although MCJ
was less aggressive than EDTA, it still resulted in a final
mean hardness of 56.91 VH'. The data regarding 6.5%
Grape seed extract

maintaining a significantly higher average microhardness
of 82.125 VHN compared to the distilled water control (
46.875 VHN ) were obtained from the study by Koparde et
al®»

Table 7
Herbal Irrigant Key Findings Study Reference
Triphala Showed no significant difference from distilled water control; preserved| Eskandarinezhad et
hardness better than 5.25% NaOCI. al.
Propolis Showed dose-dependent reduction: 8% Propolis (3.68% decrease) vs. Pandia et al.
30% Propolis (10.27% decrease).
Neem (A. No significant change in post-treatment microhardness compared to Gondi et al.
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indica) baseline.
Miswak Results vary; some studies show significant apical microhardness|Philip et al.; Moataz
reduction, while others show no significant difference from saline at 10- T et al.
20% concentrations.
Green Tea Minimal change in microhardness; not statistically significant compared Gondi et al.
to saline.
Sapindus No significant difference from baseline microhardness (60.14 vs 60.07 Faroogq et al.
mukorossi VHN).
SUMMARY laser parameters, irrigant concentrations, and exposure

Effective Preservers : (Neem and Miswak)The Neem (A.
indica) is supported by Gondi et al who reported no
significant change in hardness®*. The findings for Miswak (
S. persica ) showing no significant impact at 10%—20%
concentrations are from Moataz T. Hekal et al?® and Philip
et al®,

Aggressive Herbals (Propolis and Ginger Oil):The
aggressive nature of propolis (specifically a 10.27%
decrease at 30% concentration) has been documented by
Pandia et al.A significant reduction caused by ginger oil
(mean difference of 8.35 VHN ) was reported by Zaki et
al'*,which are generally less aggressive than 17% EDTA
(14.63% ) based on Pandia et al*’ and Saha et al.'3

6.6 The impact of laser activation can be detailed
through the following key observations.

Ladhani et al. (2017) found that Diode and Nd: YAG laser
activation of 5.25% NaOCI led to the greatest overall
reduction in microhardness values across all canal thirds
.Their research demonstrated that laser-assisted irrigation
is significantly more aggressive compared to manual
dynamic activation while laser-activated irrigation
enhanced the irrigant's interaction with the dentin surface,
facilitating deeper penetration into the tubules!®.

Kuden et al (2022) reported that when laser energy is used
as an activation source for photodynamic therapy with
photosensitizers like methylene blue or Toluidine blue the
resulting microhardness values ranged from (51.69 to
51.91 VHN) are generally higher than those seen with
traditional chemical sequences like NaOCI/EDTA (44.30
VHN).This suggests that laser use in PDT protocols may
be less structurally damaging than laser-assisted
activation?*. Ladhani et al. (2017) showed the broad
regional impact of laser-assisted irrigation.Patil et al.
(2025) demonstrated that the combination of 17% EDTA
and a Diode laser resulted in the lowest mean
microhardness (53.4 VHN) recorded in their study?®.

LIMITATIONS

A primary concern is the high risk of bias in sample size
calculation. Many studies lacked formal power analysis to
justify specimen counts, particularly problematic in small
pilot studies with as few as eight specimens. This omission
affects determination of statistical power to detect
microhardness changes. A significant limitation was the
lack of complete numerical data across studies, precluding
comprehensive meta-analysis for specific comparisons like
laser-assisted irrigation versus sodium hypochlorite.
Substantial experimental heterogeneity exists regarding

times. Different testing methodologies varying indentation
loads (25g to 300g) and dwell times (10 to 30 seconds)
complicated the direct result comparision. The focus on
human  permanent single-rooted  teeth limits
generalizability to multi-rooted configurations. As
evidence comes from in vitro studies, findings may not
fully replicate clinical conditions during Endodontic
procedures.

RECOMMENDATIONS FOR FUTURE STUDIES

1. Optimization of Herbal Concentrations: Research
should focus on optimizing the concentrations of
herbal irrigants to enhance antimicrobial efficacy and
smear layer removal while preserving dentin integrity.

2. Standardization of Experimental Protocols: It is
imperative to standardize laser Parameters to establish
optimal laser types, wavelengths, power settings, and
durations, as exceeding 30-40 seconds results in
increased microhardness loss. Testing Parameters
should standardize indentation loads and dwell times
for Vickers and Knoop hardness testing.

3. Methodology and Statistical Power: Research must
report power analyses to justify the number of
specimens to ensure sufficient sample sizes to detect
changes in microhardness.

4. Addressing Inconsistent  Findings: Further
investigation is required for herbal irrigants and laser
activation with inconsistent evidence, studies should
aim to resolve conflicting results.

5. Expansion of Study Scope: Research should extend
beyond single-rooted teeth to include, complex root
configurations and multi-rooted teeth. Long-term
mechanical evaluations, including sealer bonding and
fracture resistance.

CONCLUSION

Traditional irrigants compromise the structural stability
required for long-term tooth survival, while herbal
irrigants such as Triphala, propolis, and Azadirachta indica
exhibit a comparatively lesser reduction in the
microhardness of root canal dentin when compared to
conventional irrigants like sodium hypochlorite and
EDTA. This suggests a potential advantage in preserving
the structural integrity of dentin while maintaining
acceptable  biological  properties.Herbal  irrigants
,especially when used judiciously with controlled laser
settings may represent a promising alternative in
Endodontic  irrigation  protocols, though  further
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standardized in vivo studies are required to establish
definitive clinical recommendations.

REFERENCES

1.

10.

11.

Oliveira LD, Carvalho CAT, Nunes W, Valera MC,
Camargo CHR, Jorge AOC. Effects of chlorhexidine
and sodium hypochlorite on the microhardness of
root canal dentin. Oral Surg Oral Med Oral Pathol
Oral Radiol Endod. 2007;104:e125—e128.

Sayin TC, Serper A, Cehreli ZC, Otlu HG. The effect
of EDTA, EGTA, EDTAC, and tetracycline-HCl with
and without subsequent NaOCIl treatment on the
microhardness of root canal dentin. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod. 2007;104:418—
424.

Viapiana R, Sousa-Neto MD, Souza-Gabriel AE,
Alfredo E, Silva-Sousa YT. Microhardness of
radicular dentin treated with 980-nm diode laser and

different irrigant solutions. Photomed Laser Surg.
2012;30(2):102—-106.

Akcay I, Sen BH. The effect of surfactant addition to
EDTA on microhardness of root dentin. J Endod.
2012;38:704-707.

Dineshkumar MK, Vinothkumar TS, Arathi G,
Shanthisree P, Kandaswamy D. Effect of
ethylenediamine tetra-acetic acid, MTAD, and HEBP
as a final rinse on the microhardness of root dentin. J
Conserv Dent. 2012;15:170-173.

Prabhakar AR, Basavraj P, Basappa N. Comparative
evaluation of Morinda citrifolia with chlorhexidine as
antimicrobial endodontic irrigants and their effect on
microhardness of root canal dentin: An in vitro study.
Int J Oral Health Sci. 2013;3(1):5-9.

Garcia AJA, Kuga MC, Palma-Dibb RG, So MVR,
Matsumoto MA, Faria G, et al. Effect of sodium
hypochlorite under several formulations on root canal
dentin microhardness. J Investig Clin Dent.
2013;4:229-232.

Saghiri MA, Garcia-Godoy F, Asgar K, Lotfi M. The
effect of Morinda citrifolia juice as an endodontic
irrigant on smear layer and microhardness of root
canal dentin. Oral Sci Int. 2013;10:53-57.

Das A, Kottoor J, Mathew J, Kumar S, George S.
Dentine microhardness changes following
conventional and alternate irrigation regimens: An in
vitro study. J Conserv Dent. 2014;17:546-549.

Arslan H, Yeter KY, Karatas E, Yilmaz CB, Ayranci
LB, Ozsu D. Effect of agitation of EDTA with 808-
nm diode laser on dentin microhardness. Lasers Med
Sci. 2015;30(2):599-604.

Eskandarinezhad M, Asghari V, Janani M, Reihani
MF, Rahimi S, Lotfi M. Evaluation of the effects of
Triphala on dentin microhardness as irrigation
solutions. J Ayurveda Holist Med. 2015;3:6.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Bhagwat SA, Lopez TA, Mandke LP. Comparison of
the effect of ethylenediamine tetra-acetic acid,
chlorhexidine, etidronic acid and propolis as an
irrigant on the microhardness of root dentin: An in
vitro study. J Dent Res Rev. 2016;3(1):23-30.

Mohd Zaki SK, Baharin SA, Qamaruz Zaman J, Yew
HZ, Mohd Said S. The effect of Zingiber officinale

(ginger) on dentin microhardness: An in vitro study. J
Agric Sci. 2017;9(13).

Murali N, Lekshmi BJ, Sha I, Pillai R, Varghese NO,
Afzal AS. Effect of green tea polyphenols on

microhardness of root canal dentin. Conserv Dent
Endod J. 2017;3(1):11-14.

Saha SG, Sharma V, Bharadwaj A, Shrivastava P,
Saha MK, Dubey S, et al. Effectiveness of various
endodontic irrigants on microhardness of root canal
dentin. J Clin Diagn Res. 2017;11(4):ZC01-ZC04.

Ladhani Z, Dargad S, Dixit V, Jadhav S, Hegde V.
Effect of Nd:YAG (1064-nm) and diode laser (980-
nm) irrigant agitation on root dentin microhardness:
An in vitro study. Oral Health Dent. 2017;1:160—-165.

Abuidris A, Abdelaziz S, Roshdy N, Issa M.
Evaluation of the antibacterial efficacy of two herbals
and their effect on dentin microhardness:
Comparative in vitro study. Egypt Dent .
2020;66(4):2739-2750.
doi:10.21608/edj.2020.38341.1200.

Khallaf ME, Kataia EM, Aly Y, Omar N, Mohamed
MA. Cleanliness efficacy and effect on dentin
microhardness of a novel plant extract irrigant. Bull
Natl Res Cent. 2020;44(1):47.

Alsayed S, Elgendy A, Nagy M. The effect of two
natural irrigations on canal dentine microhardness:
An in vitro study. Ain Shams Dent J. 2021;22(2):51—
62. doi:10.21608/asdj.2021.89895.1067.

Philip PM, Sindhu J, Poornima M, Naveen DN,
Nirupama DN, Nainan MT. Effects of irrigants on

microhardness and flexural strength. J Conserv Dent
Endod. 2021;24(1):83-87.

Elika V, Kunam D, Anumula L, Chinni SK, Govula
K. Comparative evaluation of chloroquick, Triphala,
NaOCl and EDTA. J Clin Transl Res. 2021;7(1):72—
76.

Gondi D, Gonapa P, Rathod T, Yelloji P, Arjun C.
Herbal extracts and dentin microhardness. Conserv
Dent Endod J. 2021;6(1):1-5.

Page MJ, McKenzie JE, Bossuyt PM, et al. The
PRISMA 2020 statement: An updated guideline for
reporting systematic reviews. BMJ. 2021;372:n71.

Kiiden C. Photodynamic therapy and dentin
hardness. Cumhuriyet Dent J. 2022;25(Suppl 2):26—
31.

IJIDDT, Volume 16 Issue 5, 2026

Page: 542



Effect of Herbal Irrigants with and without Laser Activation on Microhardness of Root canal dentin - A Systematic Review with Meta-
Analysis

25.

26.

27.

Koparde AR, Sharma AS, Jadhav A, et al. Herbal
irrigant and dentin microhardness. J Int Clin Dent
Res Organ. 2024;16(2):170-176.

Agarwal S, Mishra L, Singh NR, Behera R, Kumar
M, Nagaraja R, et al. Effect of different irrigating
solutions on root canal dentin microhardness: A
systematic review with meta-analysis. J Funct
Biomater. 2024;15(5). doi:10.3390/jfb15050132.

Pandia EFFBS, Tanjung DS, Purba MR. Propolis vs
NaOCl1 vs EDTA on dentin microhardness. J Health
Dent Sci. 2025;4(3):255-264.

28.

29.

30.

Patil SJ, Reddy KS, Zinnie NJ, et al. NaOCl and
EDTA with diode laser on dentin microhardness.
Endodontology. 2025;37(4):421-425.

Hekal MT, Enan ET, Elwassefy NA, Hussein AM.
Microhardness of the Radicular Dentine After Root
Canal Irrigation With Salvadora Persica Extract: A
Laboratory Study. Mansoura Journal of Dentistry.
2024 Aug 16;11(2):100-6.

Farooq A, Qazi FU, Siddique J, Faraz SA, Rasheed
A. Comparison of an experimental root canal irrigant
(Sapindus mukorossi) and ethylenediaminetetraacetic
acid on microhardness of human dentin. Journal of
Ayub Medical College Abbottabad. 2022 Sep
27;34(4):770-4.

IJIDDT, Volume 16 Issue 5, 2026

Page: 543



