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Nastavno - nau¢nom vecu StomatoloSkog fakulteta
Univerziteta u Beogradu

Na sednici Nastavno - nauc¢nog veca StomatoloSkog fakulteta Univerziteta u Beogradu od
25.02. 2014. godine, imenovana je komisija (odluka broj 3/8) u sastavu:

Prof. dr Dragica Stoji¢, Stomatoloski fakultet, Beograd

Doc. dr Miroslav Andri¢, Stomatoloski fakultet, Beograd

Prof. dr SiniSa Mirkovi¢, Medicinski fakultet, Novi Sad

za ocenu zavr$ene doktorske disertacije pod nazivom EFIKASNOST PROFILAKTICKE
PRIMENE NIMESULIDA 1 LEVOBUPIVAKAINA U KONTROLI
POSTOPERATIVNOG BOLA POSLE HIRURSKOG VADPENJA DONJIH
IMPAKTIRANIH UMNJAKA,

Kandidat: dr Denis Brajkovi¢

Mentor: doc. dr Bozidar Brkovié.

Imenovana Komisija je proucila doktorsku disertaciju i podnosi Nastavno - nau¢nom vecu

Stomatoloskog fakulteta Univerziteta u Beogradu sledeci

IZVESTAJ

A. Prikaz sadrzaja doktorske disertacije
Doktorska disertacija dr Denisa Brajkoviéa pod nazivom EFIKASNOST PROFILAKTICKE

PRIMENE NIMESULIDA I LEVOBUPIVAKAINA U KONTROLI POSTOPERATIVNOG

BOLA POSLE HIRURSKOG VADENJA DONJIH IMPAKTIRANIH UMNIJAKA je



napisana na 114 strana na kojima je prikazano 16 tabela, 7 grafikona, 2 dijagrama i 149
referenci iz savremene, znacajne naucne literature. Disertacija sadrzi: rezime na srpskom i
engleskom jeziku, uvod, ciljeve istrazivanja, materijal i metode, rezultate, diskusiju,

zakljucke, literaturu, upotrebljene skracenice i biografiju.

U Uvodu su obrazlozeni mehanizmi nastanka periferne i centralne senzitizacije, fenomena
odgovornog za pojacanje orofacijalnih bolova. Poseban osvrt je dat na ¢elijske mehanizme
ovog fenomena, koji uklju¢uju medijatore, i propagaciju nociceptivnih impulsa posle
hirur§kog vadenja impaktiranih umnjaka. Imajuci u vidu da je profilaksa postoperativnog bola
noviji terapijski pristup, podrobno su analizirani principi ovakvog terapijskog postupka. S tim
u vezi, komparativno su prikazani dosada$nji rezultati klinickih istrazivanja klasi¢ne kontrole
postoperativnog bola, kao i za sada malobrojni podaci o klinickom znacaju profilakticke
analgezije posle hirur§kog vadenja impaktiranih umnjaka. Imaju¢i u vidu da je za profilaksu
postoperativnog bola posle hirurskog vadenja impaktiranih donjih umnjaka izabrana
kombinacija levobupivakaina, kao lokalnog anestetika dugotrajnog dejstva, i nimesulida, kao
nesteroidnog antiinflamatornog leka, prikazana je klinicka farmakologija ovih lekova.
Posebno je ukazano na klinicku primenu nimesulida kao postoperativnog analgetika u oralnoj
hirurgiji, kao 1 na mali broj podataka koji se odnose na primenu levobupivakaina u
intraoralnoj lokalnoj anesteziji, anestetika manje toksicnosti u odnosu na do sada Siroko

koriS¢eni bupivakain.

Ciljevi istraZzivanja su precizno definisani: Ispitati efikasnost levobupivakaina (2 ml, 0,5%)
za sprovodnu anesteziju donjovilinog, lingvalnog i bukalnog nerva i uporediti njegove
klini¢ke parametre anestezije sa parametrima bupivakaina (2 ml, 0,5%) kod hirurS§kog vadenja

impaktiranih donjih umnjaka; Ispitati efekte bupivakaina (2 ml, 0,5%) i levobupivakaina (2



ml, 0,5%) na protok krvi kroz pulpu prvog donjeg premolara primenjenog za sprovodnu
anesteziju donjovili¢nog nerva; Ispitati efikasnost profilakticke analgezije izazvane
kombinovanom primenom nimesulida (100 mg or), 1 sat pre hirurSkog vadenja donjih
impaktiranih umnjaka, sa levobupivakainom (2 ml, 0,5%) ili bupivakainom (2 ml, 0,5%);
Ispitati efikasnost kontrole postoperativnog bola posle kombinovane primene nimesulida (100
mg or), 1 sat posle hirur§skog vadenja donjih impaktiranih umnjaka, sa levobupivakainom (2
ml, 0,5%) ili bupivakainom (2 ml, 0,5%); Uporediti efikasnost kombinacije nimesulida, 1 sat
pre hirurSkog vadenja donjih impaktiranih umnjaka, + levobupivakaina/bupivakaina
(profilakticka analgezija) sa efikasnos¢u levobupivakaina/bupivakaina + nimesulida, 1 sat
posle hirurSkog vadenja donjih impaktiranih umnjaka (postopeprativna kontrola bola), kao i

placebom.

U poglavlju Materijal i metode pregledno su date karakteristike klinckog istrazivanja i jasno
su definisani faktori za ukljucivanje i iskljucivanje ispitanika iz studije primenom CONSORT
protokola. Posebno su prikazani metodi prac¢enja klinickih parametara lokalne anestezije, kao
1 metod pracenja protoka krvi kroz pulpu zuba, kao parametar vazoaktivnog delovanja
lokalnog anestetika. Pored toga, jasno 1 pregledno su prikazani metodi pracenja
postoperativne analgezije. U statistickoj obradi podataka navedeni su svi racionalno

upotrebljeni statisticki testovi.

Rezultati su prikazani u dva poglavlja koja se odnose na ispitivanje kavaliteta anestezije
postignute levobupivakainom 1 profilakticke analgezije postignute nimesulidom i
levobupivakainom. Prikazani rezultati prate postavljene ciljeve. U prvom poglavlju prikazane
su demografske karakteristike zdravih ispitanika i dijagram njihove randomizacije, klinicki

parametri sprovodne anestezije postignute levobupivakainom i bupivakainom, kao promene



protoka krvi kroz zubnu pulpu pre i posle primene pomenutih anestetika. Drugo poglavlje
sadrzi prikaz rezultata kvaliteta postignute analgezije profilaktickom primenom nimesulida u
kombinaciji sa levobupivakainom i bupivakainom. Prikazani su rezultati ucestalosti i
inteziteta postoperativnog bola u prvih 24 sata i 7 dana posle hirurSke intervencije, kao i

potreba za primenom analgetika.

U Diskusiji je nau¢nom analizom dobijenih rezultata utvrdeno da 0,5% levobupivakain
postize klini¢ki adekvatne parametre za dugotrajnu intraoralnu lokalnu anesteziju u hirurgiji
donjih impaktiranih umnjaka. Analiza komparativnih rezultata o efikasnosti profilakticke
primene nimesulida (100 mg) sa 0,5% levobupivakainom, u odnosu na placebo i kombinaciju
nimesulida (100 mg) i 0,5% bupivakaina, pokazuje da je ispitivana kombinacija efikasna u
kontroli bola posle hirurSkog vadenja donjih impaktiranih umnjaka. Istovremeno, dobijeni

rezultati su povezani sa nalazima dosadasnjih svremenih istrazivanja u ovoj oblasti.

Na osnovu iznetih i diskutovanih rezultata predstavljeni su zakljué€ci koji daju jasne odgovore

na postavljene ciljeve.

U literaturi su navedene relevantne, savremene i znacajne nauc¢ne reference koje su citirane u

radu.

B. Kratak opis postignutih rezultata

Posle primene 3 ml 0,5% levobupivakaina, za hirurS§ko vadenje impaktiranih donjih umnjaka,
registrovana je visoka uspesnost anestezije mekog tkiva od 90, 90 i 93% koja je postignuta
sprovodnim anestezijama donjoviliénog nerva, bukalnog nerva i jezicnog nerva. Uspesnost

anestezije mekog tkiva posle primene 3 ml 0,5% bupivakaina je iznostila 90, 87 i 87% za



sprovodne anestezije pomenutih nerava. S druge strane, uspesnost anestezije pulpe je bila
znacajno niza u obe grupe pacijenata (73% levobupivakain i 66% za bupivakain). Oba
anestetika su pokazala podjednak latentni period, duzinu trajanja sprovodih anestezija, kao i
bifazi¢ne promene u protoku krvi kroz zubnu pulpu donjeg privog premolara. Znacajno bolji
intenzitet intraoperativne anestezije postignut je posle primene 3 ml 0,5% levobupivakaina u
odnosu na istu dozu bupivakaina. Vreme pojave prvog bola i vreme uzimanja prvog
analgetika u postoperativnom periodu je bilo znacajno duze posle primene levobupivakaina u
odnosu na bupivakain. Ovi rezultati su objavljeni u casopisu Clinical Oral Investigation 2013.
Rezultati ispitivanja efekata profilakticke analgezije u toku prva 24 sata, su pokazali da
preoperativno primenjen nimesulid sa levobupivakainom i bupivakainom prouzrokuje
podjednaku ucestalost pojave postopertivnog bola, dok se znacajno duzi bezbolni
postoperativni period i vreme do uzimanja prvog i drugog analgetika zapaza posle
profilakticke primene kombinacije nimesulid/levobupivakain. Pomenutom kombinacijom se
takode postize znaCajno duzi analgeticki period i u odnosu na postoperativno dat
nimesulid/levobupivakain. Ucestalost pojave bola i intenzitet bola u prvih 7 postoperativnih
dana su bili znafajno nizi kod pacijenata koji su profilakticki  primili
nimesulid/levobupivakain 1 nimsulid/bupivakain, u odnosu na placebo i primenu ovih
kombinacija posle hirurske intervencije. Ukupna doza primenjenog analgetika posle hirurSkog
vadenja  umnjaka je bila znaajno manja  posle  profilakticke  primene
nimesulid/levobupivakain, nego posle postoperativne primene nimesulid/levobupivakain,
nimesulid/bupivakain ili placeba.

Imajué¢i u vidu novu savremenu terapiju bola (profilakticka analgezija), kao i racionalne
metodoloske pristupe za analizu njene efikasnosti, celokupni rezultati ove doktorske

disertacije ukazuju da je profilakticki primenjen nimesulid (100 mg or.) u kombinaciji sa



levobupivakainom (3 ml, 0,5%) efikasan terapijski pristup u postizanju profilakticke

analgeziji prilikom hirur§kog vadenja imapaktiranih umnjaka u donjoj vilici.

C. Uporedna analiza doktorske disertacije

Rezultati ove doktorske disertacije, proistekli iz klinicke, randomizovane, dvostruko-slepe
studije, pokazali su uspeSnost sprovodnih anestezija postignutih levobupivakainom (3 ml,
0,5%), kao 1 efikasnost koncepta profilakticke analgezije postignute preoperativnom
primenom nimesulid/levobupivakain (100mg, or./3ml, 0,5%) na modelu hirurS§kog vadenja
impaktiranih umnjaka u donjoj vilici.

Levobupivakain, noviji lokalni anestetik dugotrajnog delovanja, pokazuje manju toksi¢nost i
podjednaku efikasnost u odnosu na bupivakain, Ciji je izomer. Rezultati ove doktorske
disertacije pokazuju po prvi put da levobupivakain postize klinicki dobre parametre
dugotrajne intraoralne lokalne anestezije, kao Sto je to sluc¢aj sa drugim sprovodnim
anestezijama (brahijalni nervni blok, iSijadi¢ni nervni blok) (Cox i sar. 1998, Casati 1 sar.
2002).

Savremena preporuka za ispitivanje profilakticke analgezije za kontrolu postoperativnog bola
je komparativna analiza preoperativne i postoperativne primene analgetika, kao i placeba, uz
lokalni anestetik dugotrajnog delovanja. Dosadasnje studije Junga i sar. (2005), kao i
Kaczmarzyka i sar. (2010) su pokazala da primena analgetika talniflumata (370 mg, or.),
odnosno ketoprofena (100 mg, or.), uz primenu lokalnog anestetika srednje duzine delovanja,
2% lidokaina sa epinefrinom (100,000), odnosno 4% artikaina sa epinefrinom (1:200,000),
superiornija u odnosu na placebo, Sto je u saglasnosti sa dobijenim rezultatima u ovoj
doktorskoj disertaciji. Medutim, analiziraju¢i preoperativno i posoperativnho primenjen
analgetik, ovi su autori pokazali zna¢ajnu redukciju inteniteta bola, kao i1 znac¢ajno povecanje

trajanja analgezije posle postoperativne pirmene analgetika u odnosu na profilakticku. Ovakav



rezultat nije dobijen u ovoj doktorskoj disertaciji, §to bi moglo da se pripiSe Cinjenici da su
pomenuti autori koristili lokalni anestetik srednje duzine delovanja, nasuprot levobupivakainu
1 bupivakainu, koji su anestetici dugotrajnog delovanja i, samim tim, dugotrajnije ucestvuju u
kontroli postoperativnog bola. Dobijena razlika moze da se pripiSe i primeni analgetika
talniflumata, ¢ija se maksimalna koncentracija u plazmi postize za 2,35 sati (Park i sar. 2008),
i ketoprofena, ¢ija se maksimalna koncentracija u plazmi postize za 0,5 do 2 sata (Cailleteau
1988, Data Sheet Oruvail® SR Capsules 2011), u odnosu na nimesulid (u doktorskoj
disertaciji), ¢ija se maksimalna koncentracija postize za 0,5 do 1 sat (Ugazio i sar. 1993,
Pulkkinen 1993). Imajuéi to u vidu, postoperativna primena talniflumata i ketoprofena vise

odgovara konceptu postoperativne kontrole bola, nego konceptu profilakticke analgezije.

D. Objavljeni rad koji ¢ini deo doktorske disertacije
Denis Brajkovi¢, Bozidar Brkovi¢, Marija Mili¢, Vladimir Biocanin, Elena Krsljak, Dragica
Stoji¢. Levobupivacaine vs. Bupivacaine for third molar surgery: quality of anaesthesia,

postoperative analgesia and local vascular effects. Clin Oral Invest 2013, DOI

10.1007/s00784-013-1114-0.

E. Zakljucak (obrazloZenje nauc¢nog doprinosa)

Doktorska disertacija ,,Efikasnost profilakticke primene nimesulida i levobupivakaina u
kontroli postoperativnog bola posle hirurSkog vadenja donjih impaktiranih umnjaka“ dr
Denisa Brajkovica predstavlja znacajan i originalan nau¢ni doprinos u postavljanju klini¢kih
principa za protokol profilakticke analgezije u oralnoj hirurgiji. U radu su primenjene
savremene klinicke metode za analizu efikasnosti profilakticke analgezije. Ova doktorska

disertacija je uradena prema svim principima nau¢nog i klini¢kog istrazivanja, sa precizno



definisanim ciljevima, originalnim nau¢nim pristupom, savremenom metodologijom rada,
adekvatno prikazanim i diskutovanim rezultatima i jasno uoblicenim zakljuccima.

Na osnovu svega napred navedenog, i imajuc¢i u vidu objavljeni rad iz oblasti doktorske
disertacije, Komisija predlaze Nastavno - nau¢nom veéu Stomatoloskog fakulteta Univerziteta
u Beogradu da prihvati doktorsku disertaciju pod naslovom ,Efikasnost profilakticke
primene nimesulida i levobupivakaina u kontroli postoperativnog bola posle hirurSkog
vadenja donjih impaktiranih umnjaka* dr Denisa Brajkovic¢a i odobri njenu javnu odbranu

radi sticanja akademske titule doktora stomatoloskih nauka.

U Beogradu, 24. april 2014. godine

Clanovi komisije:

Prof. dr Dragica Stoji¢

Doc. dr Miroslav Andri¢

Prof. dr SiniSa Mirkovi¢




Na osnovu Clana 49. Statuta StomatoloSkog fakulteta Univerziteta u
Beogradu, Nastavno nauc¢no vecCe StomatoloSkog fakulteta, na IV redovnoj
sednici u Skolskoj 2013/14. godini, odrzanoj 03.06.2014. godine, donelo je
sledecu

ODLUKU

Usvaja se pozitivan izvesStaj Komisije za ocenu zavrSene doktorske
disertaciie dr Denisa Brajkoviéa, pod nazivom ,EFIKASNOST
PROFILAKTICKE PRIMENE NIMESULIDA | LEVOBUPIVAKAINA U
KONTROLI POSTOPRETIVNOG BOLA POSLE HIRURSKOG VADENJA
DONJIH IMPAKTIRANIH UMNJAKA®.

Imenovani/a ¢e javno braniti doktorsku disertaciju, ukoliko dobije pozitivho
miSljenje Veca naucnih oblasti medicinskih nauka Univerziteta u Beogradu,
pred komisijom u sastavu:

1. prof. dr Dragica Stoji¢

2. doc. dr Miroslav Andric¢

3. prof. dr SiniSa Mirkovi¢, Medicinski fakultet u Novom Sadu.

Obrazlozenje

Vecée naucnih oblasti medicinskih nauka, na sednici od 10.07.2012.
godine, dalo je saglasnost na predlog teme doktorske disertacije dr Denisa
Brajkoviéa, pod nazivom ,EFIKASNOST PROFILAKTICKE PRIMENE
NIMESULIDA | LEVOBUPIVAKAINA U KONTROLI POSTOPRETIVNOG
BOLA POSLE HIRURSKOG VADENJA DONJIH IMPAKTIRANIH UMNJAKA®.

Imenovani/a je u €asopisu Clin Oral Invest, objavio/la rad pod nazivom:
.Levobupivacaine vs. bupivacaine for third molar surgery: quality of
anaesthesia, postoperative analgesia and local vaskular effects” (2013).

Imajuéi u vidu napred navedeno, Nastavno nau¢no vece Stomatolo$kog
fakulteta Univerziteta u Beogradu, resSilo je kao u dispozitivu.

Odluku dostaviti: Imenovanom/oj, Univerzitetu u Beogradu, Odseku za
nastavu, Vecu, Komisiji (3) i Pisarnici.

Referent kadrovskog odseka Dekan
Violeta Rastovic Stomatoloskog fakulteta

Prof. dr Miroslav Vukadinovi¢
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Abstract

Objectives The main purpose of this prospective, double-blind,
randomized study was to evaluate anaesthetic parameters, post-
operative analgesia and vasoactive properties of levobupi-
vacaine and bupivacaine for lower third molar surgery.
Material and methods Sixty patients (ASA I) were scheduled
for lower third molar surgery under inferior alveolar nerve
block, lingual nerve block and buccal nerve block (mandibular
nerve blocks) obtained with 3 ml of 0.5 % levobupivacaine and
3 ml of 0.5 % bupivacaine. Success rate, onset and duration of
three nerve bocks were evaluated by electrical pulp testing,
pinprick testing and signs of soft tissue anaesthesia (patient-
reported numbness). Intensity of intraoperative anaesthesia and
postoperative analgesia were measured with visual analogue
scale (VAS) and numeric rating scale (NRS). The time of first
postoperative pain reported and analgesic consumption were
also recorded. The laser Doppler flowmetry was used for the
measurement of the first premolar pulpal blood flow.
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D. Stojic
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Results There were no differences between levobupivacaine
and bupivacaine regarding the success rate, onset and duration
of mandibular nerve blocks as well as intensity of postopera-
tive analgesia and analgesic consumption. Intensity of
intraoperative anaesthesia and duration of postoperative anal-
gesia were significantly higher in the levobupivacaine than in
the bupivacaine group. Both anaesthetics showed similar bi-
phasic vasoactive effect.

Conclusions Levobupivacaine 0.5 % achieved superiority
over bupivacaine 0.5 % in the intensity of intraoperative
anaesthesia and duration of postoperative analgesia for lower
third molar surgery under the mandibular nerve blocks.
Clinical relevance It seems that the plain levobupivacaine
(0.5 %) could be an effective alternative to plain bupivacaine
(0.5 %) in those dental procedures which require profound
bone and soft tissue anaesthesia.

Keywords Levobupivacaine - Bupivacaine - Anaesthetic
parameters - Postoperative analgesia - Third molar surgery -
Pulpal blood flow

Introduction

Bupivacaine, the long-acting amide local anaesthetic, is used to
obtain both effective sensory block with long-lasting duration
and beneficial postoperative analgesia for surgical extraction of
lower third molars. However, after the clinical reports of life-
threatening neural and cardiac toxicity of bupivacaine, given
for regional nerve blocks such as brachial, femoral or scalene
[1-4], it became evident that bupivacaine has a narrow safety
margin given its high lipid solubility as opposed to other amide
local anaesthetics [5, 6]. The majority of these adverse reactions
occurred as a result of a high dose of bupivacaine administered
in the aforementioned regional blocks. Since intraoral block
anaesthesia does not require large volumes of bupivacaine, and,
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consequently, the risk for systemic toxicity associated with the
dose of bupivacaine is not an issue, an unwanted intravascular
injection still remains a risk factor for possible toxic effects of
bupivacaine in intraoral block anaesthesia.

Commercial preparations of bupivacaine exist as a racemic
solution, containing equal amounts of the two enantiomers,
R(+) dextrorotatory and S(—) levorotatory stereoisomers. The
physicochemical properties of these two enantiomers are iden-
tical, but significant differences exist in their interactions with
biological receptors; the conformation of which favours inter-
actions with one form over the other [7]. Consequently, vaso-
activity and toxicity of the S(—) levorotatory and R(+) dextro-
rotatory enantiomers of bupivacaine differ, while levorotatory
enantiomer are more vasoconstrictive and less toxic [8—10].

Levobupivacaine, as the pure S(—) isomer, has been devel-
oped as an alternative to bupivacaine with the desirable
blocking properties of racemic bupivacaine, due to a greater
margin of safety. Moreover, the comparative clinical studies
evaluating levobupivacaine (LBUP) for peripheral nerve
blocks have suggested that clinical parameters of regional
anaesthesia produced with 0.5 % levobupivacaine might be
similar or even better than those produced with an equivalent
dose of bupivacaine [11-14]. Levobupivacaine has been also
reported to possess advantages in terms of cardiotoxicity and
CNS toxicity in animal and human volunteer studies [15, 16].

In dentistry, levobupivacaine (0.5 %) has been compared to
bupivacaine (0.5 %), both associated with epinephrine, only in
healthy volunteers, showing similar anaesthetic behaviour of
these two long-acting anaesthetics regarding success rate, onset
and duration of pulpal anaesthesia for inferior alveolar nerve
block [17]. For surgical extraction of impacted third molars and
the quality of postoperative analgesia, levobupivacaine
(0.75 %) was compared with anaesthetics of intermediate du-
ration: lidocaine (2 %) with epinephrine (1:100,000) and
mepivacaine (3 %) [18, 19].

Since there are no data concerning the comparative clinical
profiles of levobupivacaine vs. bupivacaine for the inferior
alveolar nerve block, lingual nerve block and buccal nerve
block in patients undergoing surgical extraction of lower third
molars, the aim of this study was to investigate parameters of
anaesthesia and postoperative analgesia achieved by equal con-
centrations of 0.5 % levobupivacaine and 0.5 % bupivacaine. In
addition, we compared in vivo vasoactive properties of 0.5 %
levobupivacaine and 0.5 % bupivacaine using laser Doppler
flowmetry.

Material and methods
Patients and study design

After receiving the approval from the Ethical Committee (no.
36/32, School of Dental Medicine, University of Belgrade)
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and obtaining the informed consent of patients for participa-
tion in the study, 60 adult patients were scheduled for the
surgical extraction of lower impacted third molars.

The patients were classified as having physical status 1 by
the American Society of Anesthesiologists (ASA) classifica-
tion. Eligibility criteria for participation in the study required
patients to be between 18 and 30 years of age. Study exclusion
criteria included smokers, nursing mothers, pregnant women,
those taking any contraceptive medication or methods and
patients who require sedation, general anaesthesia or
any other premedication for surgical extractions. Exclu-
sion criteria also included current use of any analgesic
agents within 24 h of administration of study medica-
tion. Specific inclusion criteria based on the dental
examination were patients with fully impacted lower third
molars (more than 2/3 of crown covered with alveolar bone
confirmed through radiographic analysis) with no signs of
acute pericoronitis and with absence of any acute infection
of orofacial region. Clinical examination also indicated pa-
tients with no dental treatment 24 h previously, and those
patients with vital premolars and adjunct gingival tissue on
both sites of lower jaw.

The patients were studied using a double-blind, controlled
design, randomly allocated into two groups receiving either:

1. 3 ml of 0.5 % levobupivacaine (5 mg/ml) (Chirocaine”,
Abbott S.R.L., Campoverde di Aprilia, Italy)—LBUP
group (30 patients), or

2. 3 ml of 0.5 % bupivacaine (5 mg/ml) (Marcaine”,
AstraZeneca, UK Ltd, United Kingdom)—bupivacaine
(BUP) group (30 patients),

for three mandibular nerve blocks (inferior alveolar nerve
block (IANB), buccal nerve block (BNB), lingual nerve block
(LNB)), responsible for the local anaesthesia of lower third
molar extraction, in the following volumes: 2 ml for IANB,
0.5 ml for BNB and 0.5 ml for LNB. The random assignments
were done by an independent investigator, according to a
computer-generated randomization list with sealed, numbered
envelopes. Anaesthetic solutions were prepared for injection
by a clinical pharmacist not involved in the administration of
local anaesthesia, surgery and evaluation of investigated pa-
rameters. The same surgeon performed all blocks. Surgical
procedure was standardized for all patients and included cre-
ating an envelope of mucoperiosteal flap, bone removal using
a drill cooled with saline, extraction with crown or root
separation, rinsing the wound with saline after extraction,
and suturing after achieving local hemostasis. All patients
had a regular daily follow-up during the first 7 days after
surgery and instructions for postoperative swelling and pain
control were given. Patients were instructed to record any
local complications (local irritations, discomforts) or systemic
side effects (palpitations, nausea, vomiting, dizziness) during
local anaesthetic administration, surgery and postoperatively.
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Parameters of anaesthesia and postoperative analgesia

The onset and duration of anaesthesia were studied using pulp
testing, pinprick testing and subjective signs of soft tissue
anaesthesia (patient-reported numbness) for [ANB, while the-
se anaesthetic parameters for BNB and LNB were investigat-
ed only by the pinprick test and report of soft tissue anaesthe-
sia. Pulp testing was performed for the evaluation of complete
pulpal anaesthesia of the first premolar at the operating site
using tooth vitality tester (Vitality Scanner Model 2006,
Sybron Endo, USA). The tip of the pulp tester probe was
placed in the middle third of the buccal side of the tested vital
first premolar with fluoride gel (Fluorogal F orte”, Galenika,
Belgrade, Serbia), as an electrolyte between the probe and
enamel. The experimental tooth and control contralateral pre-
molar were tested three times before the injections were given
to record baseline vitality. After the administration of IANB,
electrical stimulation of tested tooth was repeated every 1—
2 min until the reading became lower than 80 readings (max)
to detect the onset time of pulpal anaesthesia. Duration of
complete pulpal anaesthesia was the period between the first
and the last 80 reading (max) on electrical pulp tester. Anaes-
thesia was considered successful when two or more consecu-
tive no response at 80 readings (max) was obtained.

Sensory changes for pinprick testing were recorded on the
buccal and lingual attached gingiva between mandibular ca-
nine and first premolar (for [JANB and LNB) and on the buccal
mucosa at the third molar area (for BNB) using a 26G sterile
injection needle (B-D Microlance”, Becton Dickinson, Ire-
land). The needle was inserted directly into the periosteum and
contacted with the alveolar bone after penetrating the attached
gingiva. The onset of anaesthesia was tested every 1-2 min to
the time when a pinprick did not elicit any sensation. If onset
was not obtained in 15 min, anaesthesia was considered
unsuccessful for the tested nerve. Postoperatively, patients
were evaluated to establish the duration of anaesthesia, testing
every 30 min after surgery to the time when patients felt blunt
sensation and continuing every 10 min until sensation was re-
established as a response to a pinprick test. The same time
protocol was used for testing the onset and duration of soft
tissue anaesthesia taken from the patient's subjective reports of
tissue numbness.

Intensity of intraoperative anaesthesia and postoperative
analgesia were measured only in patients with successful
events of all three blocks since the pain control of operating
area is determined with adequate IANB, BNB and LNB.
Intensity of intraoperative anaesthesia was assessed with two
scales, the visual analogue scale (VAS), as a commonly used
scale for measuring of pain intensity, and numeric rating scale
(NRS), which has shown to be more sensitive and responsive
than the VAS [20, 21]. The VAS consists of a horizontal line
100 mm in length, with the end points no pain and worst
imaginable pain . Patients were asked to make the mark on the

line that best represents the level of pain intensity that they
were experiencing during surgical procedure. The NRS is an
11-point scale consisting of integers from 0 (representing 7o
pain) through 10 (representing the worst pain imaginable).
Patients selected the single number that best represents their
pain intensity. Both scales, VAS and NRS, were used as a
same time points, immediately after the surgical extraction. If
additional anaesthesia was given during the surgery, as a result
of unacceptable and intolerable intraoperative pain, the anaes-
thesia was considered unsuccessful and the patient was ex-
cluded from the study. The additional anaesthesia was
achieved with 2 % lidocaine+1:80,000 epinephrine (Lidokain
2 % - Adrenalin”, Galenika, Belgrade, Serbia).

The postoperative analgesia protocol consisted of 400 mg
per oral ibuprofen (Brufen”, Galenika, Belgrade, Serbia) taken
in case that patients experienced pain at the surgical site of
moderate-to-severe intensity (identified with the level >4 at
NRS and more than 20 mm at VAS). Measured parameters of
postoperative analgesia were the following: time at which first
pain postoperatively occurred, time of first analgesic dose
taken, measurement of postoperative pain intensity at the point
of first analgesic dose taken (using the VAS and NRS) and the
total amount of analgesic uptake during 48 h postoperatively.

Pulpal laser Doppler flowmetry

The laser Doppler flowmetry (LDF) of dental pulp was carried
out on 10 patients (six females and four males) undergoing
surgical extraction of lower third molars who satisfied all
requirements of study inclusion/exclusion criteria. The specif-
ic local criterion was the intraoral evidence of an uninterrupted
dental arch in the lower jaw on the investigated site. The
investigated teeth to be studied were first mandibular premo-
lars, which were vital (checked by electrical pulp test), non-
restored and with physiologically expected pulp chamber
dimensions (checked by dental radiographs).

A pulpal blood flow (PBF) was measured by a Periflux
System PF 5000 LDF (PF 407 Periflux System”, Perimed,
Sweden). The LDF emitted light with a 632.8 nm. Band width
was 20 Hz-20 kHz, and sampling frequency was 32 Hz.
Calibration was made with the PF 1000 Calibration Device
(Perimed) before each measurement. Collected data were
analysed by PeriSoft software (version 5.1, Perimed). The
PBF was expressed in perfusion units (PU).

The diameter of the probe, which was in direct contact with
tooth enamel for recording PBF, was 1 mm (415-159,
Perimed). To stabilise the probe, a laboratory-made plastic
splint was used to position the probe on the buccal aspect of
the premolar crown, 2 mm coronary from the marginal gingi-
va of the tested tooth. A LDF measurement was made at
middle third of clinical crown of the tooth. The rubber dam
and cotton rolls were used to isolate the tooth against saliva.
The patient rested at least 10 min before measurement in a
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quiet, well-ventilated room. Systolic blood pressure, diastolic
blood pressure and heart rate were controlled before each
measurement.

All participants undergoing surgical third molar extraction
were to receive 2 ml of 0.5 % BUP or 0.5 % LBUP for IANB.
The PBF measured intervals were before anaesthesia injection
and 15, 30, 60, 120, 180, 240, and 300 min after anaesthesia
injection. Each measurement lasted 3 min. Average baseline PU
value was calculated based on average values measured during
these 3 min, expressed in a percentage as a deviation from basic
PBF (basic measurement of PBF was expressed as 100 %).

Statistics

Statistical analysis was performed using the statistical soft-
ware SPSS, version 18.0. The results were presented as the
mean+standard deviation (SD). The Chi-square test was
performed to determine differences in gender and success rate
between groups. Age, weight, duration of surgery, onset,
duration and intensity of anaesthesia, time to first postopera-
tive pain, intensity of postoperative pain and first analgesic
consumption were compared using parametric Student's ¢ test.
One-way analysis of variance (ANOVA) was used to deter-
mine differences in the PBF at fixed time points within each
group while the Student's ¢ test was used to compare the
differences in PBF between the two anaesthetics.

Group size was estimated based on a pilot study. We
estimated that, for detecting of 35 % difference in success rate
between the groups, enrolment of 30 patients in each group
was necessary in order to have 88.78 % power at two-tailed
significance level of 0.05 using the ¢ test.

Results
Patient's characteristics

The flow diagram demonstrated the randomization of success
rates of pulpal and soft tissue anaesthesia (Fig. 1). Eighty four
patients, of whom 24 were excluded, were assessed for eligi-
bility. Sixty patients with fully impacted third molars were
randomized to receive either levobupivacaine or bupivacaine.
Concerning the fact that clinically adequate anaesthesia for
surgical third molar extraction depends on the success rate of
three blocks - JANB, LNB and BNB - the consort flow diagram
showed that 3 patients had inadequate IANB in both the
levobupivacaine and bupivacaine groups during bone removal,
while 8 patients in the levobupivacaine and 10 patients in the
bupivacaine groups had inadequate pulpal anaesthesia during
separation of crown and roots. Additionally, BNB was inade-
quate for three patients in the levobupivacaine and in four
patients in the bupivacaine group during the flap elevation,
while LNB failed in two patients treated with levobupivacaine
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and in four patients treated with bupivacaine before surgical
procedure. Subject demographic data of two investigated
groups are compared in Table 1.

Parameters of anaesthesia and postoperative analgesia

There were 90, 90 and 93 % success rates of [ANB, BNB and
LNB in the levobupivacaine group, respectively, and 90, 87 and
87 % success rates of IANB, BNB and LNB in the bupivacaine
group, respectively, evaluated by the pinprick test and patient-
reported numbness (soft tissue anaesthesia) (Table 2). On the
other hand, the success rate of pulpal anaesthesia, measured by
pulp testing, was lower (73 % for LBUP and 67 % for BUP)
than anaesthetic success rates reached for soft and hard tissue in
both the levobupivacaine and bupivacaine groups (Table 2).
The onset time and duration of anaesthesia for sensory
blocks are depicted in Table 2. In both groups, the mean onset
time for complete sensory blocks ranged between 5 and 9 min.
There were no statistically significant differences in the onset
time between levobupivacaine and bupivacaine, whether it
was measured by the pinprick test, pulp test or patient-
reported numbness (soft tissue anaesthesia). Also, the duration
of intraoral blocks did not differ between levobupivacaine and
bupivacaine groups for all three measured protocols (pinprick
test, pulp test and patient-reported numbness) (Table 2).
Anaesthesia obtained with levobupivacaine reached signif-
icantly higher intensity during surgical procedures in compar-
ison with bupivacaine-induced anaesthesia when we evaluat-
ed this parameter by VAS and NRS. Significantly more pa-
tients, in 46 % of the cases, experienced intraoperative pain in
the bupivacaine group than in the levobupivacaine group,
where pain was present in 26 % of patients (Table 3).
Regarding the response to postoperative pain, it was recorded
in almost 44 and 58 % of patients given levobupivacaine and
bupivacaine, respectively, with no significant difference be-
tween the two groups. Time of the first postoperative pain
appearance and time of the first analgesic doses taken
(duration of analgesia) were significantly reduced in the
group of patients receiving levobupivacaine compared
with the bupivacaine-treated patients. However, pain intensity
at the time of the first analgesic dose taken (intensity of
analgesia), measured by VAS and NRS, did not differ signif-
icantly between groups. There was no difference in the num-
ber of total pain medication doses taken between two investi-
gated groups (Table 4).
No local or systemic complications were observed in the
patients during local anaesthetic administration, surgical pro-
cedures and postoperatively.

Pulpal blood flow

Both 0.5 % levobupivacaine and 0.5 % bupivacaine changed
the PBF response in the biphasic manner: I phase represented
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Fig. 1 Flow diagram of randomization either 0.5 % bupivacaine (BUP) or 0.5 % levobupivacaine (LBUP) for the analysis of inferior alveolar nerve
block (IANB), buccal nerve block (BNB) and lingual nerve block (LNB) in the term of soft tissue and pulpal anaesthesia

as a vasoconstriction, and II phase represented as a vasodila-
tion. The maximum blood flow reduction, with the peak of
12 % at 30 min, was recorded in the levobupivacaine-treated
patients. The PBF increased after first hour in both groups,
reaching the highest values in the second hour after anaesthe-
sia injection (120 % in LBUP and 124 % in BUP) and
gradually decreased to baseline values after the third hour of
anaesthetic injection in both groups. However, the observed
changes in the PBF, registered in both phases, did not show

statistically significant differences between two investigated
anaesthetics as well as between basal and observed values at
observation period of 300 min (Fig. 2).

Discussion

The present prospective, randomized, double-blind study
demonstrated that plain 0.5 % levobupivacaine and 0.5 %
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Table 1 Subject demographic and clinical data

Parameters BUP LBUP

N 30 30

M/F 10/20 12/18
Age (years) 23.9+3.0 24.4+4.0
Weight (kg) 65.9+11.7 71.4£17.2
Duration of treatment (min) 26.8+3.6 25.8+4.5
Impacted third molars 30 30
Section of crown and roots 27 25

No. section of crown and roots 3 5

Values given as mean+SD

N number of patients, M male, F female, BUP bupivacaine, LBUP
levobupivacaine

bupivacaine achieved effective local anaesthetic parameters in
patients undergoing lower third molar surgery. However, eval-
uation of the success rate of pulpal anaesthesia after the IANB
in our study showed relatively low rate of success for both
levobupivacaine (73 %) and bupivacaine (67 %) what is less
than clinically acceptable success rate for intraoral local an-
aesthesia (90 %) [22]. In connection with our results, many
clinical studies showed a high percentage of failure of pulpal
anaesthesia after the JANB, even in combination with local
anaesthetic and vasoconstrictor [17, 23, 24]. It was suggested
that the reason for such failure is due to anatomical consider-
ations at the injection site and anaesthetic technique principles
during the completion of the IANB [25]. Factors which also
contribute to the pulpal anaesthesia success depend on the rate
of anaesthetic diffusion and concentration gradient which
could obtain complete conduction blockade of all nerve fibres
especially those in the middle part of a peripheral nerve which
are responsible for the pulpal anaesthesia developing [26].
Since the partition coefficient of local anaesthetics is a mea-
sure of their lipid solubility, it is interesting to note that the
partition coefficient of levobupivacaine (346.0) is equal to that

Table 3 Intensity of anaesthesia performed by 0.5 % bupivacaine (BUP)
and 0.5 % levobupivacaine (LBUP)

Parameters Treatment (mean+SD)

BUP LBUP
N/success blocks 12/26 7/27*
Intraoperative pain intensity VAS (mm) 28+9 9+3*

NRS 47+1.3 2.9+0.7*

Presence of pain during:
Flap elevation 7 5
Bone removal 6 2
Section of crown and roots 3 3
Tooth luxation 6 5

*p<0.05 (Student's 7 test)

VAS visual analogue scale, NRS numerical rating scale, N number of
patients experienced intraoperative pain

of bupivacaine [5, 27]. It seems, therefore, possible that both
anaesthetics, because of their high liposolubility, could be
absorbed by the mucosal tissue, leaving little free drug to
diffuse into bone and nerves.

It is also interesting to note that the study of Branco et al.
[17], evaluating the efficacy of 0.5 % levobupivacaine and
0.5 % bupivacaine, both associated with epinephrine (1:200,
000) as a vasoconstrictor, for the IANB showed equal success
rates of 77 % for tested anaesthetics. Since these success rates
for both levobupivacaine and bupivacaine are comparable to the
success rate presented in our study with plain levobupivacaine
and bupivacaine, it seems that the presence of epinephrine does
not change the success rate of pulpal anaesthesia significantly.
Results obtained by laser Doppler flowmetry showed similar
biphasic vasoactive profile of levobupivacaine and bupivacaine:
I phase of vasoconstriction (15-30 min after injection) and II
phase of vasodilation (2 h after injection). Since slight vasocon-
striction for both anaesthetics lasted 15 to 30 min, it could be
postulated that this vasoconstricting effect is qualitatively

Table 2 Success rate, onset and duration of mandibular nerve blocks performed by 0.5 % bupivacaine (BUP) and 0.5 % levobupivacaine (LBUP)

Blocks Parameters of anaesthesia (mean+SD)
Onset (min) Duration (min)
Numbness (n) Pin prick (n) Pulp test (n) Numbness (n) Pin prick (n) Pulp test (n)
IANB BUP 8.7+2.1 (27/30) 6.7+£2.2 (27/30) 9.1+1.1 (20/30) 689178 (27/30) 551+189 (27/30) 420+87 (20/30)
LBUP 7.3+0.6 (27/30) 5.2+0.8 (27/30) 8.3+0.6 (22/30) 691174 (27/30) 621117 (27/30) 443+112 (22/30)
BNB BUP 6.9+3.2 (26/30) 6.8+1.9 (26/30) - 472+71 (26/30) 420+81 (26/30) -
LBUP 5.2+1.5 (27/30) 4.8+2.9 (27/30) - 5214149 (27/30) 440+114 (27/30) -
LNB BUP 7.8+2.2 (26/30) 5.24+2.5 (26/30) - 425+117 (26/30) 382+118 (26/30) -
LBUP 7.2+1.5 (28/30) 5.0+0.7 (28/30) - 468+140 (28/30) 3924112 (28/30) -

IAN inferior alveolar nerve block, BNB buccal nerve block, LNB lingual nerve block, n number of successfully achieved nerve blocks
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Table 4 Postoperative analgesia after 0.5 % bupivacaine (BUP) and
0.5 % levobupivacaine (LBUP) anaesthesia

Parameters Treatment (mean+SD)
BUP LBUP
Time of first postoperative pain report (min) 375110  547+£203*
(Ny/success blocks) (15/26) (12/27)
Time of first analgesic consumption (min) 402+164  626+247*
(Ny/success blocks) (13/26) (11/27)
Postoperative pain intensity VAS (mm) 25+14 2011
NRS 45+22  41+£18

No. of pain medication doses taken:

First 9 10

Second 3

Third 1 0
Total analgesic consumption 13 11

*p<0.05 (Student's ¢ test)

VAS visual analogue scale, NRS numerical rating scale, N; number of
patients experienced postoperative pain, N, number of patients required
pain medication

sufficient to ensure a similar success rate as it was achieved
with the combination of levobupivacaine+epinephrine and
bupivacaine+epinephrine.

The onset of achieved intraoral blocks showed similar non-
significant onset time as result of equal pK, of 8.1 for both
levobupivacaine and bupivacaine [28]. When considering the
duration of anaesthesia, both anaesthetics showed a long-acting
effect without significant difference between levobupivacaine
and bupivacaine. Most probably, it is the consequence of sim-
ilar pharmacokinetic property—protein binding of bupivacaine
(95 %) and levobupivacaine (95 %) [5], and similar pharmaco-
dynamic vasoactive effect although both anaesthetics posses
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Fig. 2 Changes in pulpal blood flow of lower first premolar after the
IANB achieved by 2 ml of 0.5 % bupivacaine (broken line) and 0.5 %
levobupivacaine (solid line). Data were presented as percentages with
whiskers representing the statistical range. PU perfusion units

delayed vasodilation [29]. Our results concerning the duration
of mandibular anaesthesia are in agreement with those
obtained for other peripheral nerve blocks. Namely, 0.5 %
levobupivacaine and 0.5 % bupivacaine achieved similar du-
ration of axillary brachial plexus block [13] or sciatic nerve
block [12].

The basic difference in the design of our study, in compar-
ison to the previous studies, is exhibited in the following.
Namely, for the analysis of the intensity of the intraoperative
anaesthesia and postoperative analgesia, we included patients
with all three successful blocks (IANB, LNB and BNB), the
condition necessary for painless surgical third molar extraction
as well as control of long-lasting postoperative pain. In contrast
to anaesthetic duration, levobupivacaine and bupivacaine differ
in the intensity of intraoperative anaesthesia. Our results
showed that 0.5 % levobupivacaine produced significantly
more effective surgical block than 0.5 % bupivacaine when
intensity of mandibular nerve blocks was measured by VAS, as
a standard, and by NRS, as the most responsive scale [20, 21].
Although our study stated a comparison of equal concentrations
of bupivacaine and levobupivacaine, it should be noted that the
concentration of levobupivacaine (Chirocaine”) is denoted on
the drug label as the concentration of the base of the molecule
and not as the concentrate of the hydrochloride of the molecule,
as is the case with racemic bupivacaine. Thus, as ampoule of
levobupivacaine contains 13 % more molecules of local anaes-
thetic than an ampoule of racemic bupivacaine of the same
concentration [30], it could be proposed that the higher anaes-
thetic intensity of levobupivacaine vs. bupivacaine is the con-
sequence of slightly increased levobupivacaine concentrations,
not the result of higher potency of levobupivacaine since par-
tition coefficients of both anaesthetics, as a marker of anaes-
thetic potency, are equal [5]. Concerning the response to post-
operative pain, it is interesting to note that part of these param-
eters, the time of first postoperative pain report and time of first
analgesic dose taken, is significantly prolonged in the
levobupivacaine group vs. bupivacaine group. On the other
hand, the part regarding the intensity of postoperative analgesia,
such as the intensity of pain at the time of first analgesic
consumption as well as the number of total analgesic doses
taken, is similar for both anaesthetics. Therefore, slightly in-
creased levobupivacaine concentration could be responsible for
the prolonged postoperative analgesia but not for its intensity.
Upon reviewing the results of postoperative pain analysis, from
the clinical point of view, it could be said that both anaesthetics
with successful anaesthesia reached by all three nerve blocks
responsible for surgical third molar extraction showed similar
profiles of postoperative pain control. Results coming from
other studies of third molar surgery cannot be easily extrapo-
lated to ours, since a higher concentration of levobupivacaine
(0.75 %) was used [18, 19] and, in the study of Rood et al. [18],
patients underwent general anaesthesia for surgical extraction
of third molars.
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Conclusion

In conclusion, 3 ml of 0.5 % levobupivacaine induces the
IANB, BNB and LNB of similar success rate, onset, duration
of anaesthesia, postoperative pain intensity and analgesic con-
sumption as well as similar vascular response within oral
tissue as blocks produced with the same volume and concen-
tration of bupivacaine. Differences between two anaesthetics
were seen in the intraoperative intensity of anaesthesia,
prolonged time of first postoperative pain report and time of
first analgesic consumption. However, further studies are
needed to compare the safety profile of levobupivacaine and
bupivacaine during mandibular nerve blocks in oral surgery.
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