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A study of suitable solvents for thymol for dental usages
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Abstract

Thymol possesses a broad spectrum antimicrobial effect. According to its biological properties,
Mahidol University Faculty of Dentistry has prepared a 0.1% (weight/volume) thymol product for
preserving the tooth specimens for dental research. Since thymol is slightly dissolved in water, its time-
consuming preparations result in an occasional shortage of the product. By using the ethanol (EtOH),
this research then aimed to reduce the product’s preparation time, the properties and the active
ingredients of which are still retained. In addition, the thymol solvent’s appropriate concentration and
the post-dissolved thymol’s amount were investigated.

The preparation time for 0.1% w/v thymol solution and the minimum volumes of EtOH (55%,
75%, 95%, and absolute) used as the thymol solvents were analyzed. Active compounds of the thymol
solution were determined by using a high- performance liquid chromatography (HPLC). The minimum
volume of all EtOH to completely dissolve the thymol in this study was 3 mL (per 100 mL of the total
volume). Furthermore, the HPLC analyses have shown 0.079%, 0.089%, 0.087%, 0.087%, and 0.086%
(w/v) thymol in the prepared solutions of DIW, 55% EtOH, 75% EtOH, 95% EtOH, and absolute alcohol,
respectively.

In conclusion, the 0.1% thymol solutions prepared by EtOH with various concentrations
provided a higher amount of thymol than that prepared by DIW. This formula could be further improved

for future usages.

Keywords : Thymol; dissolution; dental usages
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nanewie v Bacillus cereus, Campylobacter

Jejuni, E. coli O157:H7, Listeria monocytogenes,



115815 Mahidol R2R e-Journal 971 11 atiudl 3 Ussnioutusnau-Sunay 2567
Received: April 22, 2022, Revised: September 18, 2023, Accepted: October 4, 2023

Staphylococcus aureus, Salmonella enterica Wae
Shigella sonnei $IUVIIEI@DAAABINUNITANYA
UYBY ININTIU AIATITN UazAUE (2561) ANUIN

mmasnsavesliealunsduginaasyiulaves

OH

Thymol

http://doi.org/10.14456/jmu.

Escherichia coli O15T:H7 #1 37°C avgenigaunil
20°C wazAIINIUAIgAvesinuaai itluiia

UsNOMsafanand Aie 1.25 Tadluans

Carvacrol

5UM 1 : 1A59a519%89 Thymol uag Carvacrol
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GRy U

3) Absolute alcohol (Carlo erba reagents,
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6) a3 8a High Performance Liquid
Chromatography (HPLC; Shimadzu Corporation,
Kyoto, Japan)
7) Aedun Shim-pack GIST C18 (150 mm. x 4.6 mm
1.D., 5 um) (Shimadzu Corporation, Kyoto, Japan)
8) 4A3 DINIUATT (Hotplate stirrer, Arec; VELP
Scientific, Deer Park, NY, USA)
9) m%"msﬁ'ﬂwﬁq (Analytical balance, MS204TS;
Mettler Toledo, Allendale, MI, USA)
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iaudusing o Faltimenansazaty 0.1% luseald

Falnueausua 0.1 ndu adludnines
e 119 16 Trunes arntudiun 55% EtOH
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N1IMIUTUIUAIYIEIA Y VDIANTALANY
0.1% lnuoa aa8La3 89 HPLC Tngly ACN:H,O
(50:50) vJu mobile phase (flow rate 1 18./17;
injection volumn 10 lulasdaas; column
tempareture 40°C; wavelength 274 unluiuns)
IfﬂaSumﬂmim%‘aumiasawmmgm (Standard
solution) voslnuea muwuwy 1 %lasuia/
U3Uns Lﬁ@iﬁgﬂ;ﬂaﬂs’lw;ﬂmgm (Calibration
curve) A28 EtOH anntuthuseanadumiiy
LT WU 0.025, 0.05, 0.1, 0.15 uag 0.2 %
Tnouna/U3unns muddy wazd3uusansnae
80% ACN:H,O N389HIU syrine filter Wu1A 0.22

luaseauadly vial

NANIANLEUNISIVY
1. Anmannsalunisazargveluoalusavi
a¥a18979 9 (11397 1)
wuarlnueaauisoazatelu EOH In
fnanlu DIW Fudlowesidunmnuenauves EtOH
anas szeznaniilalumsavangnueaaziindu i
wu1 DW lenanlunisazaneuuiian Taglyioan
Usvanay 855 wnit Tuvauedl EFOH (rasieausng o)

Toaniies 0.38 - 1.06 w1

] a o o ' o %
A15197 1 UaReTEEEIa (W) vesdvinazatenng o alvlunsazanelniea

fvinazanglnuea

aldlunisinazane (w1

55% Ethanol

75% Ethanol

95% Ethanol

Absolute alcohol

Deionized water (DIW)

1.06 + 0.03

0.77 + 0.03

0.38 £ 0.02

0.53 + 0.01

854.80 + 63.91*

*ansnaasin1savargintea 0.1 n3u Tu DIW 100 faddns (Lﬁ’t’]\?‘i]’]ﬂﬂ’l"lﬂﬁ’]ﬂ’ﬁﬂiﬂﬂ’]iﬁ36'1813’1%@%1‘1/13@6

Al

nlaszyhlutenansveyaniuuasasivansiadl (MSDS) fe Tnwea 1 niu avarelaludi3unas 1,000 addns

Maumadl 25 °C dululunsnageuiidwmensmuanusiasimmiunmue fis 100 Taddns Jslavaaeunis

a

avarevadlnuea 0.1 n$u Tushyviazate 100 Jadans Naunnd 25 °C ki)

Y



115815 Mahidol R2R e-Journal 971 11 atiudl 3 Ussnioutusnau-Sunay 2567
Received: April 22, 2022, Revised: September 18, 2023, Accepted: October 4, 2023
http://doi.org/10.14456/jmu.

2 Ysinmsitleeiignues EtOH ol AIandudusng 9 ymoalavun uandsanidiu DW tieusudsanms
FaldimSouarsazany 0.1% lnueals (1519 2) wan wusgnoudunludninesiil 55% EtOH, 75%
Wuiﬂiﬁmmﬁﬁaﬂﬁ'qmﬁ’m%'u EtOH o EtOH uaw 95% EtOH Liudwhazans sauviany
AN  SdlusRsansarans 0.1% lvuoala nenvasaila (aanothiu) Wild aoseguuiives
fio 3 ua. Invarlnansazanednuarla uid woy a1sazany (3U7 3) ludninesiisl 75% EtOH uaz
Usiranmznay (3Ui 2) Tuvasfivsuies 1 va. Absolute alcohol usiazaty

V99 EtOH & ANULUNYUAN €] ¢ E1UTORTAUNS

[ '

M99 2 LanseNwalEURsasaraNslnuea 0.1% NA3UUAIYLBNIUDAAINVLYUAIY 4

fiavinazane J3umsuenaged J3unsun ANYUTNIBATNVBIETATANENLA
(ua.) (w1a.)
55% EtOH 1 99 asavanefinznaudu?
3 97 asavanela luid Usrmanagnau
5 95 asaranela i Usmanegnau
7 93 asavanela luid Usrmanegnau
75% EtOH 1 99 A5araeNLNNOUEY WATVEATUIALANYDIVRLIAD

(Panengiu) UUR

3 97 ansazansla Wild Usiaanazneu

5 95 ansavanela Wild Usenaznau

7 93 ansazansla Wild Usaanazneu
95% EtOH 1 99 ansavanefiinnoudun

3 97 ansazansla Wild Usiaanazneu

5 95 ansavanela Wild Usenaznau

7 95 ansazansla Wild Usiaanazneu
Absolute 1 99 ansazanefiinenouduy wasMEATLIAENTEBUNE?

alcohol (Panethsh) VUi

3 97 ansavanela Wild Usennaznau

5 95 ansavansla luild Usaanazneu

7 93 ansavanela Wild Usenaznau
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JUN 2 dnvaigansazanela lulduseneenay

3. nrsvedeUnIUsIIAIIITNT YR ea Tu
a158%87¢ 0.1% [nwioa (5137 3)
9INN1531ASIEVAIBLAT 89 HPLC MU
asazane 0.1% Tvuea Alyiansmseunuuiiy
(Ty DW 1) Tarnuvusuvesinuoa
0.079+0.001 %w/v LUS8ULTIBUAUIBLAT LU
Tnulunsinend (ly EtOH avaneneuLaInuaae
DIW) Slennsumurasinuealnaidiestuil 0.086 -
0.089 %w/v waznisle 55% EtOH udhvihazany

(noudsuusuInsaae DIW) azvinlulaainlnu

3UN 3 dnuagansazangla NivenveunaIvuin

wuvuvedlnuoagsign 0.089+0.001 %w/v &
USnaenuusruredinueaiinuuanaiety
ognaideddnytunauilyiinisnieunuuiy (o
DIW i) 71 P-value = 0.015 Tuvaisfinzinon
ansavane 0.1% Tven ae EtOH ALtaudy 1
(75%, 95% Way Absolute alcohol) TunuAY
uanasessiiteddyfunauilyisnsiniou
wuuifs (o DW i) waglumuaaunnang
ognsiifddyosiinunusmlueslungy

fiwSennie ELOH au ATINNTLANT 9 (P>0.05)

A1519% 3 uanIUSUSREAYANNLTNTUYBIINNDE (utin/J3unng) Tuansazaie 0.1% lnuea

lasviazaienis q lunisezaiy

USunauanudutuvasinuea ( % wiv )

A9819 Deionized water  55% Ethanol

75% Ethanol  95% Ethanol  Absolute alcohol

1 0.079 0.089 0.087 0.087 0.089

2 0.078 0.088 0.088 0.086 0.083

3 0.080 0.089 0.087 0.087 0.085
Mean+SD 0.079+0.001 0.089+0.001* 0.087+0.001 0.087+0.001 0.086+0.003

%RSD 1.266 0.651 0.661 0.666 3.566

o w A

* fianuuanaeeiitudfgi P<0.05 Waisuiunguitlyisnisnssuwuuidy (o DIW 1n1uw)

<

nan1sdnarsavarsunsgiulnuead
syfUPUILTL 0.025, 0.05, 0.1, 0.15 uaw 0.2 %
Taguaa /USunms u wuan fufilneen (peak
area) fmuduiusMlAEnsIRUANLLLTY LAY
dlednaiiuilasesturuonry szl

99n51AUATY FaladuUsEanSandunus (R9)

WU 1 mmmﬂugﬂﬁ 4 wariuilaoonvadlyaea
ﬁgﬂmﬁaﬁ]wuiuaﬂsazaflﬂﬁaaéwamq 9 thy 2NNTI9
WU retention time 1ad & 1y 10.2 Tagd
Snwagilusonifisn Tidugiu (Base line; U 5)
A1 uazaei s9uaUsIAIINonTi LA oINS

(ghost peak)
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Standard Calibration Curve
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v '

AnuLIUYedlnuea (SovarlasiianaUiuimns) uandlunnuusuy waziunlneen (peal area) Lanslulnum

R 55% FtOH 759 £tOH
|

] -
95% EtOH ‘ Absolute alcohol “

JUN 5 wandlasinlnunsuvedlnuealuansazatefiasg1enia o

wan (U1 uanslulnuueu wagAINIIANGULAY (absorbance; mAU) wanslulnuns
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N150AUS19NaNT15IY
dawnlneaduasusznoulssmilues
vlnluannsaazanelu DIW lusseznanduduln ms
azanglvea 1 ndafluth 1,000 wa. 7 25 °C Ty e
Taanuusn awansEnuRenIsHaRILUIIIaLNN
finesnsanuseny Wenaaeulnglslnuea 1 nda
avansluansazaeans 9 Usuas 100 wa. dady
m’mLﬁdymjyuﬁgjqﬂdﬂﬂﬁ%'}ﬂﬁﬂhﬂﬁaxmsﬂ.uﬁw
vaslnuea vhlvnsazaneiinlaeniu sy dle
Aanisdusiauluaiunsoazatonsldle 3ala
WaUIMAdEURSATIANLLTUT N ALY
iieluanunsafuassenandilylunisiazany
28 DIW T uazwuaieiudsuunly EtOH lu
SnsEIuANLLLTLLEULRETY DIW a¢luanansa
Hhinnailalunsavangle Wesmnlmeatiusunm
uopnn wazkAnlnueaararanslanuslunanlus
1wt edlszeznaniilalunisazanendnlnuea
ﬂ'awﬂ”'mLLUiﬁummﬁummmmﬁﬂmaﬂmaahnﬂ 9
Frhazane Tnendndiflouindnuazavidonasly
nanlumsazasussnwaniivualvg i
NﬁﬂiwmaaiumimaauﬁimygﬂumuazLﬁsmLLT&U’Jﬁ
1 wrunveskEnilanamnidlagnenuasivi
AsHIUAEiu JedmausEiuTeya
Tylunsazanelnefviazans
SLumimiJ%mmﬁfaeﬁqmm EtOH fu
AL NTUANS 9 Tia1unsaleinseuasazane
0.1% lnuea Tady winazmesnsluweanagoaln
uosfign (0.5-1.0 ua.) i olulunsznune
AudNYUzIBEITazas 0.1% lnuea Fafimun

gansnazanendninuealaavun aeuileld DIW

1Y

WiBUSUUSUIAT NEUNUIN @N5aTa8innN1SoUs
nsaufuiinannidnwausidunznauduivadiniea
Juulny Fsdndunesmnusuauesiignues EtOH
dnasamils iewnlousngnisauiiintu Jaladu
a ! a S Y a
HANIINARDIN WU USUauii wou? anuay

W ANFANSULMS sua1TaYany 0.1% nueala
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A9 3 18, UULDI TIANUIUAMUINVUVDS EtOH

Tuansavais 0.1% lnuea Tawmifu 1.65 - 3 %

v
aaa

(U3uns/U3uns5) F9nlarnnsaldsl EtoH lu
Usinauesunn mndlUifisusuanuatures
EtOH Tuansazargdmsuiiusnutuluanuide
484 Goodis et al. (1993) lanagsutUIsuiiioy
ansavanefilaiivsnwanmiuunazeia laun
70% ethanol, 10% formalin, 5’1?1@%4, 0.02% lnusa
wazdndetesweaaiy 0.029%lvuea 1y
szez281 8 Tu 15 YU uaz 6 e Janun1sTud
uturnudoulneuUstunusiinvesensazans
wazsroziiatlun1siiusnety walunuaiig
wanA1enuAULT s Iwe dlasias1aLar ARy
wiaussBaideu (shear bond strength) saaiiomy
ssvmeriinvesansazans (snvutiunge) endlsiny
voyalumuiinosdinvifuduiionsiusy
FnsmUsunadlnuea (Thymol) fiwdey
NFaTaNANINTUA1Y A2835 HPLC 4
Tasaudatannauiseves Hajimehdipoor et al.
(2010) ﬁiﬁmﬁwaavmmgﬂ@iyaal,ﬁafimmsﬁlmmaa
wazA1321lasa (cavacrol) Tursfuneussiny
Thymus vulgaris L. A833 HPLC silnnadus Tag
Tay C18 wun 4.6 x 150 131, 5 TuAseu (wnu ACE
C18 vu1m 4.6 x 250 1., 5 luAsow) 1uneduu
Tun1sTiAsiev 1o Working standard (%1
Reference standard) Ui BLAS BuaITaYane
swmsgulnuea Lo DIW (Wnu 80% Acetonitrile)
oUSUUSuIRsaNsazanefiIeEne SaNTanT oy
fae819ay 3 91 wazdnludnune 1 injection/
#0819 Tagnuanaunsanenaisinueaniele
anneieuluiiln Taefien retention time adsoyi
10.2 W7 FeunnA199InauITeves Dedic. et al.
(2018) filafny133nswes HPLC dusunissey
waymUIuNMYed Carvacrol waglvuea Tu Thyme
tincture 6'3'&19??1'? retention time 489 Carvacrol

warlnuea A Ussu 12.0 wag 12.7 w19
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AT ATIULANANIALSEEEIANYBA retention
time © W1ALLAAIINAULANANIAUAINLEN IV
pofuilrliarenuasaurerensuiiussyly
AadNY MItAsIzrUsinueuLYlnyealy
a15a¥a1e 0.1% lnuoad wula1fes1aiamun
AouslaNalnALAEIRY T1991NN1SIASINR2E DIW
uay EtOH umnnsle EtOH Fafluszansnmganan
lunsiduivinazatelnuea viluaiunsoan
svpzandmsunswanla egnslsfinnu mswen
AU UL (Precision) 1993531512 WIABNTS
¥ (Repeatability) Hio3nznaads A1y
Lﬁaqwummgm (SD) warA" %RSD T WuINATH
pausUlAv8I%RSD Ao +2% Shabir (2004) Tu
A5ANEE WUINFesafily absolute alcohol
uivhazaneiu famandeavumnesgiuduive
(relative standard deviation, %RSD) U 3.566
%'!ﬂqmﬁ 2% ﬁﬂﬁma’«mﬁ absolute alcohol ﬁlﬂmﬂ
Anuundefie unnisdnunidluaunsassyla
FPLaUAIrILARIALAA B UTLARTUIN famenan
1SS ufIee1 s 0nAS alonoudnioens
a4 1At 189910 EtOH semelnsings wazens
vilusvornanfineaeuamaneysunaveslnyea

1a FampsAnwIdensly

asunansdeuasUsslavditldanniside

agulan133nsnisuansazanslnuea
0.1% Inglousaneseatwundusivieviazans
thi anansoazanglaauazlenaiuesninnisazans
aeun waziiethlunageunUsunmAuLYY
838 HPLC 9nnsAnwimunansazanglnuea
0.1% Twseulnelunoansgeannanuums 4
UBnannua T wweslnieannuuuiadeuaae
i wnluladnnuwanansiusuuddodde @
38msnssudinanivaslvszovinainisuand
AusILET U ammingl,ﬁw%’wmmmﬂ 9

agalsinunaniIsITeiidun1sItesunuieng
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flauazgnsnisniondsiluiauineson sauds
nsnwifudslueuian iilelnlagnsnisnien
ansazans 0.1% lnuea AfUszAnSaIw dadnu
Uaendy uazsiulalaludmanssnumeylyeu
naonauyIfenmTndussadanazdulsslon

v

nendnu 819158 UALNNG naenIul I TuT
v‘hmsﬁﬂmﬂuﬁlﬁumﬂgﬂw Tngaztvaniunou
warsreraa1lunisiasenansazated s uiiu
Snwnduity masnauazaiunsadllyiaunnis

wisunanmunau q Nillnueaduaiulsznaula

JoLEUBLUZAINNTIVY

1. msmuauuanslnueadiuauadlv d
wnsgrudedty (aslynzunsssou
11MTFIU YU 425 luaseu Avinain
wénnailsaiiy) anAuaaIniAdauny
naladmduneaeumuasalung
avane

2. mﬂ%ﬂmuaaﬁllﬁju reference standard
(wnun15ly working standard) Tunns
vpaau HPLC esannilanunuueuniu
U?@M%(Lmzmmwym%u Famngdwsuly
Wguiioufuansiinesnisnsiadeutite
MUTuumedAey (active ingredient)

3. AITVIAAIUNIIALAT (Stability) wazns
ganesilusreziianend veslnuealy
a1sazareit tsouluauised Tae
Wisuiisuiuansazanslnueaiinieoy
AIUNSEUIUNSUUULL

q, Lﬁ@iﬂ/@%ﬁﬂﬂﬁuﬁ FrogrstufiAusne
luansazarelnuoavessuised ded
EtOH fuiliusnunluansazanslvueads
A5 HUAIINTEUIUAISUUULAY 59095
NABULT ULAUA TUHANTENUTD

arsavanelnueaiinenuautinig q veq
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Moy NUAAuSnYT WUy Microhardness
(AANYUENIENMN) kazgnSTuduie

AUNTY (AMSNYUENITININ)

AnAnssuUIENA

YOUBUAL FOINANTINTY 03, I firiag
AU s09RURREITe menmiarAsinae
Bj‘ﬁ?ﬂﬂ’lﬁ@i’]‘\]’l‘iij n3. iy dA§eu (Fesatan
HsTesAnUAeATY NenmuarAnaey uay
UNANTARNT NYLNYS ﬁfﬂ‘iwmmam%ﬁ?mwmi-
fuy mnulszgnananuite qlalulena
wazduuzthdmsunsinmaualunuided 3n
faveveuauuUINaienside fvaesiue
ﬂ’)’mﬂzﬂ%ﬂLg’e‘lL‘ﬁ’aLﬂ%@ﬂﬁ@qﬂﬂﬁiﬂum%ﬁﬁfﬁjﬁl

Assillwdnsoganlumed

LANE15D1994
INTNTIU AT, ARTUN AEse, U159 Wavas
waz weAdng Snutenalan. (2561).

a a a

awﬁwamaaqmﬁguéammmmiﬂumﬁ
Fudauarnalnnsduds Escherichia col
O157:H7 Tnelnuea. 2155753981895
uazimalulad uvInerayguasIvend,
20(1), 36-43.

Angélica Escobar, Miriam Pérez, Gustavo
Romanelli, Guillermo Blustein. (2020).
Thymol bioactivity: A review focusing
on practical applications. Arabian
Journal of Chemistry, 13(12), 9243-
9269.

Boutsioukis, C., Psimma, Z., & Kastrinakis, E.
(2014). The effect of flow rate and
agitation technique on irrigant

extrusion ex vivo. International

11

http://doi.org/10.14456/jmu.

endodontic journal, 47(5), 487-496.
https://doi.org/10.1111/iej.12176

Cosentino, S., Tuberoso, C. I. G., Pisano, B.,
Satta, M., Mascia, V., Arzedi, E., &
Palmas, F. (1999). In-vitro
antimicrobial activity and chemical
composition of Sardinian Thymus
essential oils. Letters in applied
microbiology, 29(2), 130-135.
https://doi.org/10.1046/j.1472-
765x.1999.00605.x

Dedi¢, M., Beci¢, E., Imamovic, B., Ziga, N.,
Medanhodzi¢-Vuk, S., Sober, M.
(2018). HPLC method for
determination the content of thymol
and carvacrol in Thyme tincture.
Bulletin of the Chemists and
Technologists of Bosnia and
Herzegovina, 50, 1-6.

Ferrer-Luque, C. M., Bejarano, I., Ruiz-Linares,
M., & Baca, P. (2014). Reduction in
Enteroccocus faecalis counts - a
comparison between rotary and
reciprocating systems. International
endodontic journal, 47(4), 380-386.
https://doi.org/10.1111/iej.12158

Goodis, H. E., Marshall, G. W, Jr, White, J. M,,
Gee, L., Hornberger, B., & Marshall, S.
J.(1993). Storage effects on dentin
permeability and shear bond
strengths. Dental materials: official
publication of the Academy of Dental
Materials, 9(2), 79-84.
https://doi.org/10.1016/0109-
5641(93)90079-6



115815 Mahidol R2R e-Journal 97 11 atufl 3 Usysuioutugneu-sunau 2567

Received: April 22, 2022, Revised: September 18, 2023, Accepted: October 4, 2023

Hajimehdipoor, H., Shekarchi, M., Khanavi, M.,
Adib, N., & Amri, M. (2010). A validated
high performance liquid
chromatography method for the
analysis of thymol and carvacrol in
Thymus vulgaris L. volatile oil.
Pharmacognosy magazine, 6(23), 154~
158. https://doi.org/10.4103/097 3-
1296.66927

Kokoska, L., Kloucek, P., Leuner, O., & Novy, P.
(2019). Plant-Derived Products as
Antibacterial and Antifungal Agents in
Human Health Care. Current
medicinal chemistry, 26(29), 5501~
5541. https://doi.org/10.2174/092986
7325666180831144344

Lambert, R. J., Skandamis, P. N., Coote, P. J., &
Nychas, G. J. (2001). A study of the
minimum inhibitory concentration and
mode of action of oregano essential
oil, thymol and carvacrol. Journal of
applied microbiology, 91(3), 453-462.
https://doi.org/10.1046/j.1365-
2672.2001.01428 x

Miladi, H., Zmantar, T., Kouidhi, B., Al Qurashi,
Y., Bakhrouf, A., Chaabouni, Y.,
Mahdouani, K., & Chaieb, K. (2017).
Synergistic effect of eugenol,
carvacrol, thymol, p-cymene and Y-
terpinene on inhibition of drug
resistance and biofilm formation of
oral bacteria. Microbial pathogenesis,
112, 156-163.
https://doi.org/10.1016/j.micpath.2017
.09.057

12

http://doi.org/10.14456/jmu.

Merghni, A., Ben Nejma, M., Dallel, I., Tobji, S.,
Ben Amor, A., Janel, S., Lafont, F.,
Aouni, M., & Mastouri, M. (2016). High
potential of adhesion to biotic and
abiotic surfaces by opportunistic
Staphylococcus aureus strains isolated
from orthodontic appliances.
Microbial pathogenesis, 91, 61-67.
https://doi.org/10.1016/j.micpath.2015
.11.009

Peters, O. A.,, Morgental, R. D., Schulze, K. A,
Paqué, F., Kopper, P. M., & Vier-
Pelisser, F. V. (2014). Determining
cutting efficiency of nickel-titanium
coronal flaring instruments used in
lateral action. International
endodontic journal, 47(6), 505-513.
https://doi.org/10.1111/iej.12177

Shabir, G. (2004). Step-by-step analytical

methods validation and protocol in
the quality system compliance
industry. Journal of validation

technology, 10, 314-324.



