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Members of the Armed Forces Medical Services of Serbia in action
- transport of injured persons.
This year the Military Medical Corps of the Republic of Serbia will
mark the three big anniversaries: 175 years since the establishment
of the organized medical service in the Serbian Army, 170 years
since the establishment of the Central Military Hospital, whose tra-
dition has been continued by the Military Medical Academy in Bel-
grade, and 70 years since the publishing the first issue of the Vojno-
sanitetski Pregled, a professional and scientific journal of physi-
cians, dentists and pharmacists of the Serbian Army.

Pripadnici vojnog saniteta Republike Srbije na delu – transport
povre enih.
Ove godine sanitetska služba Ministarstva odbrane i Vojske Srbije
obeleži e tri velika jubileja: 175 godina od uspostavljanja organizo-
vane sanitetske službe u srpskoj vojsci, 170 godina od osnivanja
centralne vojne bolnice, iju tradiciju nastavlja Vojnomedicinska
akademija u Beogradu i 70 godina od izlaska prvog broja asopisa
Vojnosanitetski pregled, stru nog i nau nog glasila lekara, stoma-
tologa i farmaceuta Vojske Srbije.
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E D I T O R I A L / U V O D N I K

2014 – The year of jubilees of the Serbian Military Medical Corps

Godina 2014 – godina jubileja u sanitetskoj službi Vojske Srbije

Silva Dobri

Institute for Scientific Information, Military Medical Academy, Belgrade, Serbia

We shall certainly remember the new year 2014 espe-
cially significant for the Military Medical Corps of the Re-
public of Serbia. In fact, the year 2014 marks 175 years of the
establishment of organized medical service in the Serbian
Army, 170 years of the establishment of the Central Military
Hospital, whose tradition has been continued by the Military
Medical Academy (MMA) in Belgrade, and 70 years of pub-
lishing the first issue of the Vojnosanitetski Pregled (VSP),
an official scientific journal of physicians, dentists and phar-
macists of the Serbian Army. On these anniversaries,
throughout the year, especially in the months and on the days
that are related to these events ( March 2 – the Day of the
Military Medical Academy, July 30 – the Day of Armed
Forces Medical Services of Serbia, and September, the month
in which in 1944 the first issue of VSP was printed) a numer-
ous scientific, professional and other suitable events to will
be held to look at all the aspects of Serbian Military Medical
Service in details, its professional, scientific and educational
activities for which Serbia is known worldwide. More words
will be written on the pages of the VSP within the whole
year. Among other things, all aspects of the development of
the Journal over the past 70 years will be particularly ana-
lyzed and discussed on the possibilities of further improve-
ments. On this occasion, as before, a short overview of the
Journal’s Editorial Office work in the past year will be given.

Over the 2013 (to December 15 inclusive) the Editorial
Office of the VSP received 258 manuscripts, most befalling to
the category Original Articles (134 or 51.9%) and Case Reports
74 or 28.7%). Of these papers, 118 (45.7%) have been already
evaluated by reviewers (out of that, 64% accepted for publica-
tion after correction, and 36% rejected), 33 (12.8%) marked as
inappropriate without sending to reviewers, while the remaining
107 (41.5%) are under the reviewing process. A reduced num-
ber of papers accepted for publishing in 2013, compared to
2012, when we received 281 manuscripts, or in 2011 324 ones,
is certainly a consequence of the Journal’s Editorial Board pol-
icy to further review only manuscripts closely related to the
main topics covered by the Journal, above all clinical medicine,
as well as the fact that the manuscripts recieved have to be

Nova 2014. godina bi e, svakako, upam ena kao godi-
na od posebnog zna aja za vojni sanitet Republike Srbije.
Naime, ove godine navršava se 175 godina od uspostavlja-
nja organizovane sanitetske službe u Vojsci Srbije, 170 go-
dina od osnivanja Centralne vojne bolnice, iju tradiciju na-
stavlja Vojnomedicinska akademija (VMA) u Beogradu, i
70 godina od po etka izlaženja asopisa „Vojnosanitetski
pregled“ (VSP), nau nog i stru nog glasila lekara, stoma-
tologa i farmaceuta Vojske Srbije. Tim povodom, tokom
cele godine, a posebno u mesecima i danima koji se vezuju
za navedene doga aje (2. mart – Dan VMA, 30. jul – Dan
sanitetske službe Vojske Srbije i septembar, mesec u kome
je 1944. godine odštampan prvi broj VSP-a) predvi eno je
održavanje niza nau nih, stru nih i drugih prigodnih mani-
festacija, u okviru kojih e se podrobnije sagledati svi aspe-
kti vojnomedicinske stru ne, nau ne i obrazovne delatnosti
u našoj zemlji, delatnosti po kojima je Srbija poznata širom
sveta. O ovim doga ajima bi e tokom godine više re i i na
stranicama našeg asopisa. Izme u ostalog, posebno e biti
analizirani svi aspekti razvoja asopisa tokom proteklih 70
godina i razmotrene mogu nosti daljeg poboljšanja. Ovom
prilikom, kao i do sada, bi e dat kratak osvrt na rad Redak-
cije asopisa u protekloj godini.

Tokom 2013. godine (zaklju no sa 15. decembrom) u
Redakciju VSP-a pristiglo je 258 radova, najviše iz kategorija
Originalni radovi (134 ili 51,9%) i Prikazi bolesnika (74 ili
28,7%). Od ovih radova  118 (45,7%) je ve  recenzentski ob-
ra eno (od njih je 64% nakon u injenih korekcija prihva eno
za publikovanje, a 36% je odbijeno), 33 (12,8%) su arhivira-
na kao neodgovaraju a bez prethodnog slanja recenzentima,
dok je preostalih 107 (41,5%) još u postupku recenzije. Sma-
njenje broja primljenih radova u odnosu na 2012, kada je
primljen 281 rad ili 2011, kada su primljena 324 rada, sigur-
no je posledica odluke Uredništva da se u dalji proces recen-
zije uzimaju samo radovi koji se uže odnose na oblast koju
asopis pokriva, a to je, pre svega, klini ka medicina, kao i
injenice da se primaju isklju ivo rukopisi na engleskom je-

ziku (izuzetak su pojedini prikazi iz kategorije Istorija medi-
cine i U fokusu, kada je zbog navo enja citata iz izvornih do-



Strana 6 VOJNOSANITETSKI PREGLED Volumen 71, Broj 1

Dobri  S. Vojnosanit Pregl 2014; 71(1): 5–8.

written in English (with the exception of some papers from the
category of the History of Medicine and In Focus, e.g. the quo-
tations from the original documents in our language, and themes
specific for the local professional community, respectively, that
are more appropriate to be published in Serbian). However, this
number of received manuscripts is still very high for our condi-
tions, and allows regular publishing of the Journal with 13 to 14
articles from different categories monthly.

Analysis of submitted papers by the institutions of their
authors, showed that 91.5% of the papers came from the so-
called ‘civilian academic and scientific institutions’, of which
about 8% was from abroad, confirming once again that the
VSP in recent years, especially since it has been selected for
indexing in Thomson Reuters Science Citation Index Ex-
panded (SCIE) database and got impact factor, has ranked it-
self a Journal of the most widely medical professional and
scientific community not only in Serbia but abroad, as well.

In the past year, 191 articles, including 3 book reviews
and 2 scientifing meeting reports, were published by the VSP
(Table 1). As before, the majority of the articles were classified
as Original Articles (52%) and the category Case Reports
(25.1%), which is proportional to the number of manuscripts
received from these categories, not only, as already said, in
2013 but in the previous years, as well. It should also be noted
that within 2013, each month, in addition to the printed version
of each issue of the Journal, 4-5 articles were published On-
Line-First with a DOI number [these articles are available to
readers at the website of the Journal and via DOISerbia service,
accessed through the site of  the Consortium of Libraries of
Serbia for Coordinated Acquisition (KoBSON)]. Next, after
some time, these articles are “staked down” and published
printed by the VSP, but with the same DOI number.

kumenta na našem jeziku, odnosno tema koje su ciljano us-
merene ka doma oj stru noj javnosti, prikladnije te priloge
objaviti na srpskom jeziku). Me utim, i ovaj broj pristiglih
rukopisa je, za naše prilike, izuzetno visok, i omogu ava ne-
smetano jednomese no izlaženje asopisa sa 13 do 14 lana-
ka iz razli itih kategorija.

Analiza pristiglih radova prema institucijama njihovih
autora, pokazuje da je 91,5% radova stiglo iz tzv. civilnih
akademskih i nau nih institucija, od ega oko 8% iz inostran-
stva, što još jednom potvr uje da je VSP poslednjih godina,
pogotovo otkako je ušao u sistem pra enja baze Science Ci-
tation Index Expanded (SCIe) i dobio impakt faktor, postao
asopis najšire medicinske stru ne i nau ne javnosti ne samo

Srbije, ve  i inostranstva.
U protekloj godini, na stranicama VSP-a objavljen je

ukupno 191 lanak, uklju uju i i tri prikaza kjiga i dva izveš-
taja sa stru nog skupa (Tabela 1). Kao i prethodnih godina,
najve i broj objavljenih lanaka pripadao je kategoriji Origi-
nalni lanci (52%) i onima iz kategorije Prikaz bolesnika
(25,1%), što je u skladu sa brojem primljenih radova iz tih
kategorija, ne samo, kako je napred navedeno u 2013. godini,
nego i u ranijim godinama. Treba ista i, da je i tokom 2013.
godine, svaki mesec uz štampani broj asopisa bilo objavlje-
no 4-5 radova elektronski kao OnLine-First, sa pripadaju im
DOI brojem i ti radovi bili su dostupni itaocima preko sajta
asopisa i servisa DOISerbia,  kome se može pristupiti preko

sajta Konzorcijuma biblioteka Srbije za objedinjenu nabavku
(KoBSON). Ti radovi su, potom, nakon izvesnog vremena
„skidani“ i objavljivani u štampanoj verziji asopisa, ali sa
istim DOI brojem.

Table 1
Categories and the number of articles published in the Vojnosanitetski Pregled in 2013/

Kategorije i broj lanaka objavljenih u Vojnosanitetskom pregledu u 2013.

Articles/ lanci
Category / Kategorija

n %
Editorial/ Uvodnik 5 2.7
Original Article/ Originalni lanak 99 52
General Review/ Opšti pregled 8 4.2
Current Topic/ Aktuelna tema 10 5.3
Practical Advice for Physicians/ Seminar prakti nog
lekara

4 2.0

Case Report/ Prikaz slu aja 48 25.1
Preliminary Report/ Prethodno saopštenje 1 0.5
Short Communication/ Kratko saopštenje 1 0.5
History of Medicine/ Istorija medicine 5 2.7
In Focus/ U fokusu 2 1.0
Letter to the Editor/ Pismo uredniku 3 1.5
Book Review/ Prikaz knjige 3 1.5
Scientific Meeting Report/ Izveštaj sa stru nog skupa 2 1.0
Total/ Ukupno 191 100.0

When analyzing the articles (including book reviews
and scientific meeting reports) published by the VSP in 2013
considering the authors' affiliations, one can notice that the
largest number of the authors, just as it was in the years be-
fore, were from ‘civilian institutions’, domestic and foreign

S obzirom na institucije autora iji su radovi objavljeni
u VSP-u u toku protekle godine, ponovo je, kao i prethodnih
godina, najve i broj objavljenih radova (uklju uju i i prikaze
knjiga i izveštaje sa stru nih skupova) bio od autora iz civil-
nih institucija, doma ih i stranih (61%), zatim slede zajedni -
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(61%), followed by the co-authors from both civilian and
military medical institutions  (27.5%), while the least number
of the authors were from the MMA and other military medi-
cal institutions (11.5%). Regarding the articles written by the
foreign authors or co-authors, they account for 12.5% in
2013.

Thanks to receiving manuscripts through the electronic
system, here introduced in 2012, also allowing checking
submitted papers to plagiarism/selfplagiarism we success-
fully prevented many times publication of articles with a
high percentage of overlapping text with already published
articles. This software, however, recognizes English only,
so that the members of the VSP Editorial Staff pay addi-
tional efforts to detect eventual plagiarism/selfplagiarism
articles published in Serbian earlier. Devoted to the highest
ethical principles in the publishing we, certainly, go on
honestly expecting also to justify the high reputation of the
Journal and increase its impact on the international level.
The fact that the impact factor of the Journal increased by
about 17% (from 0.179 to 0.21) last year, confirms that we
go the right way. So, let us  believe this tendency will go on
further.

To come to this goal, we also lean on our reviewers who
really do their best regarding such a high number of submit-
ted manuscripts. All of them are listed in Table 2.

On behalf of the Publisher (Military Health Department
of the Ministry of Defence), the Editorial Board and the
membres of the Editorial Staff of the Journal, as always so
far, I thank them all sincerely, from the bottom of my heart,
for their efforts wishing that our successful cooperation will
go on to our mutual satisfaction.

ki radovi autora iz civilnih i vojnozdravstvenih institucija,
uglavnom iz VMA (27,5%), dok je najmanje radova bilo od
autora iz VMA i drugih vojnozdravstvenih centara (11,5%).
Ako se posebno analiziraju radovi iji su autori, odnosno ko-
autori iz inostranstva, njih je me u objavljenim radovima u
2013. godini bilo 12,5%.

Zahvaljuju i primanju rukopisa preko elektronskog sis-
tema, koji smo uveli 2012. godine, pomo u koga je mogu a
provera pristiglih radova na plagijarizam/autoplagijarizam, us-
peli smo u više navrata spre iti eventualno objavljivanje rado-
va kod kojih je ustanovljen visok procenat preklapanja teksta
sa ve  objavljenim radovima. Nažalost, softver koji vrši tu pro-
veru, programiran je samo za prepoznavanje teksta na engles-
kom jeziku, tako da lanovi Redakcije asopisa ulažu dodatne
napore da ustanove eventualni plagijarizam/autoplagijarizam
primljenih radova u odnosu na prethodno objavljene radove na
srpskom jeziku. Nastavak borbe za uspostavljanje najviših eti-
kih principa u publikovanju bi e i dalje jedan od naših priori-

teta, ime emo opravdati visok renome asopisa i pove ati
njegovu uticajnost u me unarodnim okvirima. Da smo na dob-
rom putu, svedo i i podatak da nam je u prošloj godini impakt
faktor porastao za oko 17% (sa 0,179 na 0,21), a nadamo se da
e se taj trend nastaviti i ubudu e.

U tome veliku pomo  o ekujemo od naših recenzenata
koji, s obzirom na ovako visok priliv radova, iz godine u godi-
nu urade ogroman posao. Imena onih koji su bili angažovani u
recenziranju radova u protekloj godini data su u Tabeli 2. Nji-
ma se, u ime Izdava a (Uprava za vojno zdravstvo), Uredništva
asopisa i cele Redakcije, kao i uvek do sada, od srca zahva-

ljujem na uloženom trudu s nadom da emo i u 2014. godini
nastaviti sa uspešnom saradnjom na obostrano zadovoljstvo.

Table 2
Reviewers of the Vojnosanitetski pregled in 2013 / Recenzenti Vojnosanitetskog pregleda u 2013. godini

A  Nikoli  Eržebet
Aleksi  Petar
Aleksi  Predrag
Andrén-Sandberg Åke
Anti  Branislav
Antonijevi  Biljana
Arsovi  Nenad

Balestra Constantino
Baleti  Nenad
Balint Bela
Ban evi  Vladimir
Bejeh-Mir Arash
Poorsattar
Berisavac Milica
Besla  Bumbaširevi  Ljil-
jana
Bjegovi   Mikanovi
Vesna
Bjelovi  Miloš
Bojani  Nebojša
Bokonji  Dubravko
Boži  Marija
Brennan Katie Kelly
Brki  Zlata

Bulat Petar
Bumbaširevi  Marko
Cerovi  Snežana
Comella Cynthia L.
Czaja Kryzstof

ekanac Radovan
oli  Miodrag

uk Vladimir
ur i  Marijana

Dakovi  Dragana
Damjanov Nemanja
Davidovi  Lazar
De Broe Marc E.
De Chadarévian Jean-
Pierre
Dedi  Gordana
Dimitrijevi  Jovan
Dimkovi  Nada
Din i  Dragan
Dobri  Silva
Doder Radoje
Dost Axel

Dragojevi  Simi  Viktorija
Dragovi  Tamara

or evi   Snežana
uri i  Slaviša
urovi  Aleksandar
urovi  Branislav
urovi  Branka

EL-Hossiny Hesham

Gaji  Stevanovi  Milena
Gazivoda Dragan
Gershlick AH
Glišin Vladimir
Goldsmith Stanly
Gržeti  Ivan
Gu -Š eki  Marija

Hajdukovi  Zoran
Hassan Neven

Ignjatovi  Mile
Ignjatovi  Svetlana
Ili  Tihomir

Jakovljevi  Mihajlo
Jankovi  Borisav
Jankovi  Slobodan
Jovanovi  Dragana
Jovanovi  Marina
Jovanovi  Milan
Jovi  Jasna
Jovi  Nebojša
Jovi  Stoši  Jasmina
Jovi i  Bojan

Kandolf Sekulovi  Lidija
Khalid Sakib
Konstantinovi  Ljubica
Kora evi  Goran
Kosti  Vladimir
Kostov Miloš
Kot Jacek
Kozarski Jefta
Kozomara Ružica
Krivokapi  Zoran
Kumar Anil

LaFranchi Stephen
Laki  Aneta
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Laowattana Somchai
Lazi  Miodrag
Lazi  Zoran
Le i  Toševski Dušica
Lepi  Toplica
Lepšanovi  Zorica
Lon ar Dragan

Ljubi  Aleksandar

Magi  Zvonko
Majki  Singh Nada
Maksi oko
Mandi  Gaji  Gordana
Mari  Na a
Marjanovi  Ivan
Marjanovi  Marjan
Markovi  Dejan
Markovi  Svetomir
Marti  Vesna
Mati  Smiljana
Matijevi  Stevo
Medenica Ivica
Mi Jie
Mici  Dragan
Mi i  Sava
Mihaljevi  Biljana
Mijuškovi  Željko
Miki  Dragan
Milanovi  Sla an
Mileusni  Dušan
Mirkovi  Darko
Mirkovi  Ljiljana
Mirovi  Veljko
Mitrovi  Jovanovi  Ana
Morawska Lidia

Mulcahy Levy Jean
Nakamura A.
Nedok Aleksandar
Neži  Duško
Nikoli  Branka
Nikoli  Dragan
Nikoli  Ljubiša
Ninkovi  Milica
Noor Shehla

Obradovi  Dragana
Obradovi  Slobodan
Olindo Stephane
O'Neill Iain
Opin al Stoši  Tatjana
Ostoji  Gordana

Papantcheva Vassil
Paši  Sr an
Pavlovi  Milorad
Perez-Bóscollo Adriana
Cartafina
Periši  Nenad
Peško Predrag
Petakov Milan
Petkovi  Stevan
Polovina Marija
Popovi  Zoran
Pošti  Sr an
Potpara Tatjana

Radak or e
Radakovi  Sonja
Radlovi  Nedeljko
Radoj i  Ljiljana
Radonji  Vidosava

Radosavljevi  Davorin
Radosavljevi  Vladan
Ra en Slavica
Rai evi  Ranko
Risti  An elka
Ritter Robert C.
Roganovi  Zoran
Romi  Predrag
Rudnjanin Slobodan

Sakhuja R.
Sanders Jean
Sazdanovi  Predrag
Sibel Mentese
Simi  Radoje
Simi  Snežana
Slavkovi  Slobodan
Stamatovi  Dragana
Stamatovi  Novak
Stamenkovi  Dušica
Stan i  Ivica
Stankovi  Goran
Stankovi  Nebojša
Stefanovi  Dara
Stefanovi  Dušan
Stepanovi -Petrovi
Radica
Stojanovi  Dušica
Stojanovi  Paovi  Anka

Šarac Momir
Šaši  Mirjana
Šipeti  Gruji i  Sandra
Šobaji  Sla ana
Šuljagi  Vesna
Šurbatovi  Maja

Šušnjar Snežana

Tadi  Vanja
Tarabar Dino
Tarabar Olivera
Tatomirovi  Željka
Terzi  Milan
Thalange N.
Todori  Milomir
Todorovi  Ljubomir
Todorovi  Zoran
Tomasi Paolo A.
Tomi  Aleksandar
Topi  Aleksandra
Toševški Jovo
Tošovi  Slobodan
Tuki  Ljiljana
Tuli  Cane

Ušaj Kneževi  Slavica

Vanberg Paul
Veljan i  Dragana
Verma Rohit
Videnovi  Aleksandar
Vojvodi  Danilo
Vrbi  Miodrag
Vu evi  Dragana
Vu ini  Slavica
Vu ini  Žarko
Vukomanovi  Aleksandra

Ze evi  Radoš
Zoranovi  Uroš

Životi -Vanovi  Mirjana
Žuni  Gordana
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Changes in soft tissue profile following the treatment using a Herbst
appliance – A photographic analysis

Promena mekotkivnog profila posle terapije Herbst aparatom – analiza
fotografija
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Abstract

Background/Aim. Aesthetics is the reason for most of the
class II malocclusion patients to opt for orthodontic treat-
ment. In order to regulate retrognathic profile Herbst appli-
ance for anterior movement of the mandible can be a
treatment of choice. The aim of this study was to determine
the soft tissue profile changes following Herbst appliance
therapy on before and after treatment photos, using the
computer program. Methods. This investigation was per-
formed on profile photographs of 20 class II patients (12
females and 8 males) aged 18–23 years. Analysis of the
changes in soft tissue facial structure relationships evident
on the photographs before and after the Herbst appliance
therapy was performed using Bentley Micro Station pro-
gram. The first contour of the soft tissue profile was
marked. The following reference lines were subsequently
traced: Ricketts aesthetic E line and Juanita line. The area
enclosed by these two lines included the nose, upper and
lower lip, chin and free space in front of the lips. Using the
computer program, the surfaces of the soft tissue structures
and free space defined by the reference lines and profile
contours were measured. Calculation of the relative propor-
tion of surfaces was done for each photograph. The data
obtained were then compared for each patient before and

after the treatment. Skeletal and dentoalveolar treatment ef-
fects that support soft tissue changes were presented by the
profile cephalometric parameters of sagital occlusion (SO)
analysis. Results. A reduction in the relative surface of the
upper lip in males (p < 0.01) and females (p < 0.05) was
shown by the pictures. The space occupied by the chin was
reduced after the treatment for females only (p < 0.05). The
relative surface of the nasal soft tissues, that was included in
the reference space was increased (p < 0.01) in both gen-
ders. The relationship between the soft tissue and empty
surface was changed in favor of the empty surface
(p < 0.05) in females. No statistically significant differences
were found between the males and the females, before or
after the Herbst appliance therapy. The soft tissue changes
were the consequence of skeletal and dentoalveolar treat-
ment effects: upper incisors retrusion, lower incisor protru-
sion and forward movement of the lower jaw. Conclu-
sions. The Herbst appliance therapy caused a significant
improvement of the profile appearance. The extent of soft
tissue changes that occur on its dentoalveolar and skeletal
support is a complex issue.

Key words:
malocclusion, angle class II; orthodontics, corrective;
photography; anthropometry; face.

Apstrakt

Uvod/Cilj. Ve ina mladih sa malokluzijom klase II odlu-
uje se za ortodontski tretman iz estetskih razloga. Za is-

pravljanje retrognatog profila može se koristiti aparat za
anteriorno pomeranje mandibule – Herbst aparat. Cilj is-
traživanja bio je da se utvrde promene mekotkivnog profila
posle primene Herbst aparata. Metode. Ispitivanje je
izvršeno na profilnim fotografijama 20 mladih ljudi (12 žen-
skog i 8 muškog pola) sa malokluzijom klase II, starosti od
18 do 23 godine. Analizirane su promene odnosa mekot-
kivnih struktura lica na fotografijama na injenim pre i posle
sprovedene terapije Herbst aparatom. Za tu analizu koriš en
je Bently Micro Station program. Digitalizovana je granica

kontura mekotkivnog profila i ucrtavane su referentne linije:
Ricketts-ova estetska E linija i Juanita linija. Ove linije ogra-
ni avaju prostor u kome su smešteni nos, gornja i donja us-
na i brada, kao i slobodni prostor koji se nalazi ispred kon-
ture mekotkivnog profila. Kompjuterski su merene površine
mekotkivnih struktura i slobodnog prostora definisane refe-
rentnim linijama i konturom profila. Unutar slike izra unati
su relativni odnosi površina. Nakon toga dobijeni podaci su
pore eni pre i posle terapije za svaku osobu. Skeletni i
dentoalveolarni terapijski efekti koji prouzrokuju mekotkiv-
ne promene prikazani su analizom sagitalne okluzije (SO)
profilnog telerendgena. Rezultati. Sprovedenim merenjima
utvr eno je da je došlo do smanjenja relativne površine gor-
nje usne kako kod de aka (p < 0,01), tako i kod devoj ica
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(p < 0,05). Prostor koji zauzima brada posle terapije zna aj-
no se smanjio samo kod devoj ica (p < 0.05). Relativna po-
vršina mekotkivnog profila nosa obuhva ena referentnim
prostorom pove ana je sa podjednakom statisti kom zna-
ajnoš u od p < 0,01 kod oba pola. Odnos mekog tkiva i

praznog prostora promenio se u korist praznog prostora
(p < 0,05) kod devoj ica. Nije bilo statisti ki zna ajne razlike
izme u de aka i devoj ica pre i posle sprovedene terapije.
Retruzija gornjih i protruzija donjih sekuti a, kao i mezijalno

pomeranje donje vilice glavni su terapijski efekti koji izazi-
vaju mekotkivne promene donje tre ine lica. Zaklju ak.
Terapija Herbst aparatom dovodi do zna ajnog poboljšanja
izgleda profila lica. Prilagodljivost mekog tkiva na promene
njegove koštane i dentoalveolarne potpore je kompleksna.

Klju ne re i:
malokluzija, klase II; ortodoncija, korektivna;
fotografija; antropometrija; lice.

Introduction

Aesthetics is one of the main reasons for most of the
patients with class II malocclusion, especially teenagers, to
opt for orthodontic therapy expecting it to improve their
features and thereby improve their self-confidence and ac-
ceptance amongst their peers 1–3. In order to regulate ret-
rognathic profile an appliance for anterior movement of the
mandible, known as Herbst appliance (Bite Jumping Hinge
appliance), can be the treatment of choice. Skeletal retrusion
is characterized by convex profile that disturbs the facial ap-
pearance of a patient. It is considered that the morphology of
the maxilla, mandible as well as the shape of the teeth has an
indirect effect on the appearance of the face 4. The appliance
constantly holds the mandible in a protruded position and
due to this activates the masticatory muscles.

It has been proved that compared to removable appli-
ances fixed functional appliances can stimulate growth of the
mandible and have a tendency to instigate horizontal growth
of the condyle 5. It also causes dentoalveolar changes, such
as protrusion of mandibular incisors and retrusion of maxil-
lary incisors which can have an effect on lip profile 6.

Many studies have shown that for the majority of cases
the changes in soft tissue structures are not followed by the
changes in hard tissues 7, 8. However, changes in soft tissue
structures represent a crucial parameter for evaluating the
aesthetics following treatment. Most scientific papers on the
effect of therapy with functional appliances emphasize the
skeletal and dental changes, while only a few study the ef-
fects of treatment on the soft tissues 6. There is a lack of
long-term studies about the effects of Herbst appliance
treatment while a clinical significance of soft tissue changes
has been questioned 6. In order to quantify soft tissue profiles
and emphasize the importance of soft tissue profile assess-
ment Skinazi et al. 9 measured the actual and relative size of
the facial profile component parts instead of the common us-
age of the relationship between surface landmarks.

The aim of this study was to determine the soft tissue
profile changes of class II cases following Herbst appliance
therapy on pre- and aftertreatment photos, using the com-
puter program and the present main skeletal and dentoalveo-
lar treatment effects.

Methods

After Ethics committee approval and signing informa-
tion consent the study was performed using profile photos

taken before and after the treatment of patients with class II
malocclusions using Herbst appliances at the Clinic of Or-
thodontics, Faculty of Dentistry, University of Belgrade.

All photographs were taken under standardized condi-
tions (distance and position) with the same digital photo
camera (Canon Power Shot G6). The distance was of 1.2 m
and patients were sitting in the upright position with their
heads stabilized in order to achieve the same position when
taking photos before and after the treatment.

A total of 20 patients of both genders, average 20 years
of age participated in this study (12 females from 18 to 22.5
years, and 8 males from 18.5 to 23 years). Skeletal maturity
was first determined for each patient according to the stages
of the cervical vertebral maturation. All of the patients indi-
cated the stage of maximal growth, so the sample consisted
of nongrowing patients.

Analysis of the changes in soft tissue facial structure
relationships evident on the photographs before and after the
Herbst appliance therapy was performed using Bentley Mi-
cro Station program. This program was used for the meas-
urement of confined surfaces. I/RAS C (Intergraph) program
was used to enter the digital photographs into the Bentley
Micro Station program.

Bentley Micro Station program helped in marking the
contour of the soft tissue profile. The following reference
lines according to Skinazi et al. 9 were subsequently traced:
Ricketts aesthetic E-passing through the soft tissue pogonion
(Pg’) and the pronazale (Pn) points; Juanita line passing
through the subnasal (Sn) and supramentale (Sm) points 9

(Figure 1).
These points were used only for the purpose of defining

the space within which the soft tissue structures were ana-
lyzed using measurements of relative surfaces.

The area enclosed by these two lines included the nose,
upper and lower lip, chin and free space in front of the lips.
Using the functions of the Micro Station program, the sur-
faces of the soft tissue structures and free space, defined by
the reference lines and profile contours were measured. Cal-
culation of the relative proportion of surfaces was performed
for each photo. The data obtained were compared for each
patient before and after the treatment.

All of the class II patients were treated successfully
(class I molar relationship, normal overjet and overbite) at
the end of the treatment. The therapy with the Herbst appli-
ance and its effects were considered as combined, because
the Herbst appliance was used in combination with the
multibracket appliance (Figure 2). The Herbst appliance was
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removed after 6–8 months and then the multibracket fixed
appliance was used, so the mean overall treatment time was
17 months. All of the patients were in the retention period.
Recall visit for reevaluation of the treatment outcome was
appointed in two years.

Fig. 2 – The cemented Herbst appliance and the attached
fixed multibracket appliance  on the frontal teeth.

Soft tissue changes caused by the Herbst appliance are
the consequence of skeletal and dentoalveolar changes. In
order to facilitate understanding this relation, it is necessary
to present profile cephalometric parameters. SO analysis by
Pancherz and Anebus-Pancherz 4 showed main sagittal
skeletal and dentoalveolar changes. The pretreatment and
posttreatment cephalometric images were first superimposed,
in relation to the nasion-sella line (NSL), and, then, the max-
illar occlusal plane – RL (occlusal reference line passing
through the incisal edge of the upper incisor and the most
distal point of molar contact in the occlusion) was deter-
mined. A line perpendicular to the RL through the sella
(point S), ie RLp was used in measurements (Figure 3). Lin-

ear measurements were performed parallely with RL to RLp
for each patient and selected in SO analysis (analysis of
changes in sagittal occlusion), through the following pa-
rameters: ms-RLp – position of the first permanent maxillary
molar (the shortest distance of the most mesial point of the
approximal surface of the first upper molar to RLp); mi-RLp
– position of the first permanent mandibular molar (the short-
est distance of the most mesial point of the approximal surface
of the lower first molar to RLp); (ms-RLp) – (mi- RLp) the
molar relationship correction; is-RLp – position of the central
maxillar incisor (the shortest distance of the incisal edge of the
upper incisor to RLp); ii-RLp – position of the central man-
dibular incisor (the shortest distance of the incisal edge of the
lower incisor to RLp); (is-RLp) – (ii-RLp) the overjet correc-
tion; ss-RLp – position of the maxilar base (the shortest dis-
tance of the most recessed point of the anterior side of the
maxilla to RLp); Pg-RLp – position of the mandibular base

a b
Fig. 1a – Juanita line, Ricketts aesthetic E line; b) the area enclosed by these two lines

(nose, upper and lower lip, chin and free space in front of the lips).

Fig. 3 –  Superimposition of cephalometric images before
(blue) and after (red) the treatment with visible skeletal,

dentoalveolar and soft tissue changes.
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(the shortest distance of the most prominent point of the chin
profile to RLp); (ss-RLp) – (Pg-RLp) the skeletal correction.

The results were statistically analyzed, using Microsoft
Office Excel 2007. The used standard statistical analyses
were: measures of central tendency – mean, measures of
variability – standard deviation (SD), and statistical signifi-
cance (p) of the obtained differences were shown by the Stu-
dent's paired t-test.

Results

Table 1 shows the values of statistical reduction in the
relative surface of the upper lip in the males (p < 0.01) and

the females (p < 0.05). The relative surface of the lower lip
was increased, but with no statistical significance in both
genders (Figure 4). The space occupied by the chin was sta-

tisti cally significantly reduced after the treatment for the
females only (p < 0.05). The nasal soft tissues relative sur-
face, included in the reference space was statistically signifi-
cantly increased (p < 0.01) in both genders. The relationship
between the soft tissue and empty surface was changed in fa-
vor of the empty surface, and it was statistically significant
(p < 0.05) in the females (Table 2). T-tests showed no statis-
tically significant differences between the males and the fe-
males, before or after the Herbst appliance therapy.

Main skeletal and dentoalveolar treatment changes are
shown in Table 3, and Figure 5 and 6. The first permanent
maxillar molar was distalized, whereas the first mandibular
molar showed mesial position. Molar relation correction

during the Herbst treatment was over 4 mm. The maxillar in-
cisors showed retroinclination, whereas the mandibular ones
showed proclination. Overjet correction during the treatment

Table 1
Distribution of the values before and after the Herbst treatment of class II cases for the percentage contribution of profile

structures and the free space between the Ricketts and Juanita lines

Males (n = 8) Females (n = 12) t-test (males/females)
Profile
sturctures before (%)

(  ± SD)
after (%)
(  ± SD)

t-test
before (%)
(  ± SD)

after (%)
(  ± SD)

t -test before after

Nose 35.54 ± 9.13 50.45 ± 10.03 p < 0.01* 37.12 ± 8.64 50.76 ± 11.14 p < 0.01* p = 0.704 p = 0.952
Upper lip 18.4 ± 4.28 11.36 ± 4.06 p < 0.01* 15.6 ± 3.77 11.19 ± 3.82 p < 0.05* p = 0.149 p = 0.952
Lower lip 12.59 ± 4.41 13.54 ± 5.08 p = 0.697 12.32 ± 5.64 12.79 ± 3.28 p = 0.814 p = 0.912 p = 0.701
Chin 33.47 ± 11.50 24.65 ± 9.02 p = 0.110 34.95 ± 8.03 25.26 ± 8.12 p < 0.05* p = 0.745 p = 0.878

*statistically significant

 a)  b)
Fig. 4 –  Before (a) and after (b) the treatment with Herbst apliance (the area between the Juanita -

red and the Ricketts aesthetic E lines – green).

Table 2
The relative ratio of the surfaces filled with soft tissue structures of the profile and the empty space

before and after the Herbst treatment of class II cases between the Ricketts and Juanita lines

Soft tissue: free space ratio (  ± SD) t-testTime related to
the Herbst treatment male female
Before 1.73 ± 0.53 1.42 ± 0.28 p = 0.124
After 1.35 ± 0.31 1.21 ± 0.13 p = 0.190
t-test p = 0.109 p < 0.05*

*statistically significant
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Table 3
Analysis of sagittal skeletal and occlusal changes before and after the treatment (  ± SD) – sagital occlusion (SO) analysis by

Pancherz

SO analysis
Variable (measurements

to RLp in mm)
Before After

After – Before
(D)

Correction
Maxilla+ Mandible

Skeletal
+
Dental

ms

mi

64.35 ± 2.31

62.05 ± 2.51

62.37 ± 2.27

64.38 ± 2.35

1.98 ± 2.40

2.33 ± 0.73

Molar relation

4.31 ± 0.52
Skeletal
+
Dental

is

ii

94.45 ± 2.81

84.30 ± 2.65

91.41 ± 2.72

88.23 ± 2.81

3.04 ± 1.35

3.93 ± 1.32

Overjet

6.97 ± 1.40

Skeletal ss

Pg

83.14 ± 2.26

87.40 ± 2.86

82.36 ± 2.07

88.44 ± 2.43

0.78 ± 0.66

1.04 ± 1.21

Skeletal correct.

1.82 ± 0.89

Dental (molars) ms(D)-ss(D)

mi(D)-Pg(D)

–

–

–

–

1.20 ± 0.51

1.29 ± 0.94

Molars

2.49 ± 0.87

Dental (incisors) is(D)-ss(D)

ii(D)-Pg(D)

–

–

–

–

2.26 ± 1.06

2.89 ± 1.04

Incisors

5.15 ± 1.83
RLp – occlusal reference line perpendicular; ms – the most mesial point of the approximal surface of the first upper molar; mi – the most mesial point of the
approximal surface of the lower first molar; is – incisal edge of the upper incisor; ii – incisal edge of the lower incisor; ss – the most recessed point of the anterior
side of the maxilla; Pg – the most prominent point of the skeletal chin profile.

 a)  b)
Fig. 5 – Computer drawings of anatomical details superimposition over the patient’s photo profile: a) before the treatment;

b) after the treatment.

a) b)
Fig. 6 – Profile cephalogram with computer-drown anatomical details: a) before treatment; b) after the treatment.
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was almost 7 mm. The point ss changed its position slightly
backward, while the point Pg changed its position anteri-
orly. Skeletal correction during the Herbst treatment was
almost 2 mm.

Discussion

Advances in imaging are likely to enhance the accuracy
and reliability of orthodontic diagnosis and treatment plan-
ning, and will be of importance in both clinical practice and
research 10.

Herbst appliance therapy stimulates the growth of the
mandible both by increasing the gonial angle and the growth
of the condyle 11–15. Skeletal and soft tissue facial profile
convexity was reduced in adults and adolescents as a result
of treatment by the Herbst appliance 16.

Examining the effects of the Herbst appliance in young
adults with class II, division 1 malocclusion, Ruf and
Pancherz 16 found that the same soft tissue changes occurred
as in Herbst treatment in adolescent patients. The improve-
ment of facial profile is combined with the upper lip retru-
sion but not with changes in the lower lip position. They
state that both lips are supported by the upper incisors, thus
significantly participating in the anteroposterior position of
the upper lip in particular, while the lower incisors have no
significant effect on the position of the lower lip. Flores-Mir
et al. 6 found no difference in the effect of Herbst treatment
on the soft tissue profile between adolescents and young
adults, too. However, they point out that facial esthetic is
generally improved and more detailed assessment of facial
esthetics should be made after the examination of the pa-
tient’s front face during conversation, function, individual
facial expression and smile.

During Herbst appliance therapy anterior movement of
the lower jaw occurs and the supramentale point also moves
forward. The results obtained by this study show a change in
slope of the Juanita line, which then rotates around the sub-
nasal point. This is the reason for the surfaces of the soft tis-
sues beyond the subnasal point to cover less of the reference
space following the therapy, while the surfaces above this
point cover more space. The movement of the lower jaw also
brings about a forward shift of the pogonion point, so that the
E line rotates around the tip of the nose. This change in-
creases the surface of the free space within the reference
space. Former studies based on profile cephalograms analy-
sis of the same patients, show skeletal and dentoalveolar
changes that supporting facial soft tissue change too 17–19.
Skeletal and dentoalveolar treatment changes in this study
indicate the essential details. Upper incisors retrusion, lower
incisor protrusion and forward movement of the lower jaw
affect overjet reduction. It is the most important consequence
to the correction and straightening of the lower facial third
soft tissue.

Changes produced by fixed functional appliances seem
to restrict forward movement of the upper lip 6. A relative
surface reduction of the upper lip is the consequence of a
number of factors. Most patients targeted for Herbst appli-
ance therapy have class II malocclusions, hence the reduc-

tion in the surface of the upper lip is caused by upper inci-
sors, retrusion as well as maxillar growth inhibition 11, 12, 20.
In most cases, SNA angle reduction also occurs. Some
authors cite that there is a reduction in upper lip promi-
nence with no a change in inclination of the upper lip 21.
They explain this using similar type of movements of sub-
nasale and labiale superior points. As explained earlier,
Juanita line slope influences the reduction of the surface
occupies by the upper lip. It is most probable that these
changes are the result of a combination of skeletal and
dentoalveolar changes 22–26.

Changes caused by fixed functional appliances seem to
limit upper lip forward movement 6. The relative surface of
the upper lip increases due to lower lip forward movement.
Mandibular advancement by the mandibular protraction ap-
pliance (MPA) similar to the Herbst appliance produces sat-
isfactory results by reducing facial convexity. The treatment
effect of this appliance is the correction of malocclusion
through mesial displacement of the first mandibular molars,
with the consequent protrusion of the lower lip 27. The lower
lip also moves forward because of lower lip position
changes. As for the soft tissue, a significant forward move-
ment of the pogonion (Pg ) was found in the treatment group
compared with the controls. Our findings are supported by
the authors who state that the fixed functional Jasper Jumper
appliance (similar to the Herbst appliance) promotes hori-
zontal growth at the pogonion area and that the overlying
soft tissue reflects that change 28. The increase in the lower
lip surface reported in this study was not statistically signifi-
cant, which can be explained by the slope of the Juanita line
and by straightening of the inferiorly curved lower lip that is
present with class II patients. According to Flores-Mir et al. 6

both lips are supported far more by the upper incisors and
this is why protrusion of the lower incisors occurs during the
therapy and is not followed by the expected protrusion of the
lower lip. This has been also supported by other authors 22–26.
Thus, it can be concluded that the relation of soft tissues
changes and skeletal structures is not linear, but a very com-
plex one 29.

Even though the therapy caused the forward movement
of the chin, its surface enclosed by the reference space was
not reduced due to the simultaneous change in the slope of
the Juanita line. The surface occupied by the nose within the
reference field was increased due to Juanita line rotation.

The change in the slope of the Juanita and E lines
caused changes in the proportions of the filled and free
spaces of the soft tissue profiles. The presence of the free
space was greater after the therapy, indicating improved
aesthetics of the patient’s profile. A remarkable improvement
in the appearance of patient’s profile was cited previously by
other authors 11, 13, 20. Even though Herbst appliance therapy
could be followed by statistically significant changes in the
soft tissues their clinical visibility is debateable. In order to
conduct a detailed evaluation of the aesthetic effects of the
therapy, an analysis of the appearance of the patient during
different facial movements (eg smiling, different mimics,
etc.) and during speech has to be performed. The use of
stereophotogrametry and laser scans of the surface of the



Volumen 71, Broj 1 VOJNOSANITETSKI PREGLED Strana 15

Nedeljkovi  N, et al. Vojnosanit Pregl 2014; 71(1): 9–15.

face could overcome the limitations of the use of photogs for
this purpose 6. The use of the E-line during analysis of the
soft tissue profile requires caution as simultaneous changes
in soft tissue pogonion and pronasal occur and both have an
effect on the appearance of the lips 6.

Skeletal, dental and soft-tissue changes induced by the
Jasper Jumper appliance in late adolescence, that uses the E
line as a reference line, were not found to produce significant
antero-posterior changes of the upper lip 30. However, statis-
tically significant protrusion of the lower lip was noted
which is contrary to the findings observed in the current
study.

Conclusion

Based on the obtained results, soft tissue treatment ef-
fects of the Herbst appliance are: a reduction of the relative
surface of the upper lip in both genders; a slight increase in
the relative surface of the lower lip; a reduction of the rela-
tive surface occupied by the chin; a significant improvement
of the profile appearance; a consequence of the upper inci-
sors retrusion, lower incisor protrusion and forward move-
ment of the lower jaw.

The extent of soft tissue changes that occur on its den-
toalveolar and skeletal support is a complex issue.
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Abstract

Background/Aim. Severe dental anxiety (SDA) is the
most severe form of dental anxiety, thus the aim of this
study was to determine the factors associated with SDA in
students of health-related disciplines. Methods. In this
case-control study the cases were students with severe den-
tal anxiety. The study was conducted at the Faculty of
Medical Sciences, University of Kragujevac, Serbia. The
participants were undergraduate students attending lectures
during spring semester 2010/2011 (n = 1,812). A random
sample of 800 students was assessed for the association
between various risk factors and the severe dental anxiety.
The main outcome measures were the data on demograph-
ics, dental anxiety, habits concerning oral hygiene, nutrition,
general anxiety and (co)morbidity which were collected
from the study participants by semi-structured question-

naire. Results. Less frequent visits to the dentist (OR ad-
justed = 7.02 [2.65; 18.60]) and visiting the dentist only
when there is a dental problem (OR adjusted = 8.08 [1.28;
50.93]) were associated with severe dental anxiety. The same
was true for improper oral hygiene (OR adjusted = 4.25
[1.16; 15.60]). Factors as changing toothbrush more fre-
quently (OR adjusted = 0.33 [0.14; 0.76]) and having
chronic disease (OR adjusted = 0.01 [0.00; 0.09]) were in-
versely associated with severe dental anxiety. The level of
education of students was not associated with severe dental
anxiety. Conclusion. Inappropriate oral hygiene, less fre-
quent changes of a toothbrush and less frequent visits to the
dentist are important risk factors for severe dental anxiety.

Key words:
dental anxiety; students, medical; oral hygiene; dental
care.

Apstrakt

Uvod/Cilj. Izraženi strah od stomatoloških intervencija spa-
da u najsnažniji vid straha od zubara, te je cilj ove studije bio
da se otkriju faktori koji uti u na nastanak izrazitog straha od
stomatološke intervencije kod studenata fakulteta zdravstvene
stuke. Metode. U esnici u istraživanju bili su dodiplomski
studenti Fakulteta medicinskih nauka Univerziteta u Kraguje-
vcu, koji su poha ali nastavu tokom letnjeg semestra školske
2010/2011. godine (n = 1812). Metodom slu ajnog uzorko-
vanja odre eno je 800 studenata kod kojih je utvr ivana po-
vezanost razli itih faktora rizika i nastanka izrazitog straha od
stomatološke intervencije. Izabrana je studija slu aj – kontro-
la, pri emu su slu ajeve inili studenti koji imaju izrazit strah
od stomatološke intervencije. Svi u esnici istraživanja popu-
nili su specijalno sastavljeni polu-strukturisani upitnik iz koga
su dobijeni glavni ishodi studije: demografski podaci, stepen
straha od stomatološke intervencije, navike vezane za higijenu
usne duplje, na in ishrane, stepen opšte anksioznosti i udru-

žene bolesti. Rezultati. Re i odlazak studenata kod stoma-
tologa (Oradjusted = 7,02 [2,65; 18,60]) i odlazak samo kada su
imali neki problem sa zubima (Oradjusted = 8,08 [1,28; 50,93])
bili su povezani sa izrazitim strahom od stomatološke inter-
vencije. Isti rezultat je dobijen i kod studenata sa neadekvat-
nom higijenom usne duplje (Oradjusted = 4,25 [1,16; 15,60]). Re i
nastanak izrazitog straha od stomatološke intervencije bio je
povezan sa eš im menjanjem etkice za zube (Oradjusted =
0,33[0,14; 0,76]) i hroni nim oboljenjem (Oradjusted = 0,01 [0,00;
0,09]). Stepen obrazovanja studenta nije bio povezan sa izra-
zitim strahom od stomatološke intervencije. Zaklju ak. Za
nastanak izrazitog straha od stomatološke intervencije zna aj-
ni faktori rizika su neadekvatna higijena usne duplje, re e
menjanje etkice za zube i re i odlazak kod stomatologa na
kontrolne preglede.

Klju ne re i:
anksioznost, stomatološka; studenti medicine; usta,
higijena; zubi, nega i le enje.
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Introduction

Dental anxiety is exaggerated, fearsome psychological
reaction of a person to possible or immediate dental inter-
vention which seems to that person as being harmful or dan-
gerous. Severe dental anxiety (SDA) is the most severe form
of dental anxiety 1. The prevalence of SDA is relatively high:
in a study on urban population of Goteborg, Sweden, SDA
was encountered in 6.7% when scale of dental anxiety with
10 questions was used, and in 5.4% with Corah’s dental
anxiety scale 1. It is about four times higher in persons be-
tween 18 and 39 years of age than in persons older than 60 2.
In Norway SDA was found among 11.3% of 25-year-old
males and 19.8% of females of the same age, showing that it
affects mostly younger people 3. Severe dental anxiety has
negative impact on dental and oral cavity health. In patients
with SDA the average number of Decayed, Missing and
Filled teeth (DMF) score is 18.6 ± 5.6, and deterioration of
dental and oral cavity health, expressed as the presence of
root remnants, could be found in as much as 57% of cases 4.

There are many factors potentially associated with
SDA, but their absolute and relative importance was differ-
ently estimated in previous studies. While some of the stud-
ies found association of general anxiety with the SDA 2,
other studies did not reach such conclusion 5. Kirova et al. 6

found that age, level of education and type of labor correlate
with the Corah’s scale score, while sex of the patients did
not. In a case/control study conducted on general population
in Denmark, SDA was associated with fear of drilling, nega-
tive dentist contacts, general fear tendency, avoidance of
treatment and increased oral symptoms 7.  Predictors of SDA
in general French population were younger age, living on a
farm and unskilled labor 8.

There are few published studies dealing with the
prevalence and/or predictors of SDA in the population of
university students. The study on 503 university students
from various fields was conducted in Pakistan, showing that
the prevalence of high to severe dental anxiety was 21.6%
among males and 24% among females 9, much higher than in
general population. Although there is little data on the
prevalence among students of health-related disciplines,
SDA in this subpopulation could adversely affect their atti-
tude towards the patients with dental problems and aggravate
their future communication with patients.

The aim of our study was to investigate the prevalence
and risk factors associated with SDA in medical students.

Methods

Our study was conducted at the Faculty of Medical Sci-
ences, University of Kragujevac, a higher public education
institution situated at the town of Kragujevac, Serbia. The
study population consisted of all the students of undergradu-
ate studies who attended lectures regularly in spring semester
of the school year 2010/2011 (n = 1.812).

The study was conducted on a random sample of 800
students in April and May, 2011. Demographic data and data
on dental anxiety, habits concerning dental and oral cavity

hygiene, nutrition, general anxiety and (co)morbidity were
obtained from an anonymous structured questionnaire. All
the data were obtained after previous written consent of the
study participants, and the study protocol was approved by
the Ethics Committee of the Faculty of Medical Sciences,
University of Kragujevac.

Based on the expected study power of 80%, the prob-
ability of the statistical error type 1 ( ) of 0.05, two-way
testing of difference in frequencies of risk factors between
the study groups using 2-test, and the expected difference of
12% in reasons for visiting a dentist (with frequency of 40%
for a reason in one of the groups) we calculated a minimal
sample size of 605 students in both groups 10. In order to
compensate for response failure, we decided to work with a
sample of 800 students.

The study sample of 800 students was chosen randomly
from the study population in  following way: a list of all stu-
dents was taken from the Faculty’s offices and the students
on the list were numbered from 1 to 1,820; then, using the
function “randbetween” from the Microsoft Excel program,
version 2007, 800 the students were chosen from the list.

The design of our study was of the case-control type,
with the aim to assess the association between various risk
factors and the occurrence of SDA. The study participants
completed the Corah’s dental anxiety self-rating scale. The
Corah’s dental anxiety scale consists of 4 items with score
range from 4 to 20. Participants who score 15 or higher on
the Corah’s dental anxiety scale were considered to belong to
the group with SDA. The cases were all students from the
study sample with the SDA, i.e. having a score of 15 or
higher on Corah’s dental anxiety scale 1, 2. The controls were
selected from the study sample after matching with the cases
by age and sex. From the matching students we selected four
study participants for each case (sex- and age- matched), us-
ing the function “randbetween” from the Microsoft Excel
program, version 2007. No exclusion criteria were employed
for both cases and controls.

In order to identify potential risk factors, the following
groups of variables were measured: socio-demographic data
(sex, age, year of study, average grade, number of repeated
academic years, monthly income of students’ families and
having a chronic disease), pattern of visiting dentist (fre-
quency of visiting a dentist, reason for visiting a dentist,
having a chosen dentist, using private or public dental serv-
ice, having frightening experience with a dentist and family
attitude towards visiting a dentist), pattern of keeping dental
and oral cavity hygiene (frequency of brushing teeth, use of a
dental floss, frequency of changing a toothbrush and average
duration of brushing teeth), dental status (number of ex-
tracted permanent teeth, number of filled permanent teeth
and number of decayed permanent teeth and halitosis) and
feeding habits (frequency and quantity of sweets consumed
and frequency and quantity of uncooked fruits and vegeta-
bles consumed). The variables were measured using struc-
tured questionnaire.

Dental anxiety was measured by the Corah’s dental
anxiety scale 1, 2. General anxiety was measured by the Zung
self-rating anxiety scale score. This scale consists of 20 self-
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reported items related to anxiety symptoms with a total score
range from 20 to 80. The score range 20–44 indicates normal
state, 45–59 mild to moderate anxiety levels, 60–74 marked
to severe anxiety levels and 75–80 extreme anxiety levels 11.

The prevalence of each risk factor was determined for
both cases and controls. The differences between cases and
controls in the observed characteristics were assessed by the
Student t-test for continuous variables and the 2-test for fre-
quencies. The differences were considered significant if
probability of null hypothesis was less than 0.05. In order to
estimate the association between potential risk factors and

SDA, crude and adjusted odds ratios (OR) with 95% confi-
dence intervals (95% CI) were calculated using logistic re-
gression 12, 13.

Results

The total number of students enrolled in the study was
800, out of who 620 students responded to the questionnaire
(response rate 77.5%), and were included in final data analy-
sis. Baseline characteristics of the cases and controls, and the
differences between them, are shown in Table 1. The differ-

Table 1
Socio-demographic data, pattern of visiting the dentist, pattern of keeping dental and oral cavity hygiene,

dental status and feeding habits in the study group and controls*

Variables
Study group

(n = 46)
Controls
(n = 184)

Statistical
significance (p)

Crude OR
(95% CI)

Sex, n (%)
    male 7 (15%) 28 (15)
    female 39 (85) 156 (85)

1.000 1.00 (0.41, 2.46)

Age (years),  ± SD 22.6 ± 3.7 22.1 ± 2.5 0.247 1.07 (0.96, 1.19)
Frequency of visiting a dentist, n (%)
    < once in 2 years 9 (20) 11 (6)
    once in 2 years 11 (24) 17 (9)
    once per year 18 (39) 59 (32)
     2 times per year 8 (17) 97(53)

0.000** 2.21 (1.58, 3.09)

Reason for visiting a dentist, n (%)
    primarily when there is a problem 41(89) 109(59)
    primarily for check-up 5 (11) 75 (41)

0.000** 5.64 (2.13, 14.94)

Number of decayed permanent teeth,
 ± SD 1.8 ± 1.5 1.0 ± 2.5

0.030**
1.15 (0.97, 1.36)

Halitosis, n (%) 1/34/11 10/156/18
    yes 1 (2) 10 (5)
    no 34 (74) 156 (85)
    do not know 11 (24) 18 (10)

0.028** 2.70 (1.26, 5.82)

Frequency of brushing teeth times per
day,  ± SD 2.4 ± 0.8 2.7 ± 0.8 0.013** 0.56 (0.35, 0.89)
Frequency of changing a toothbrush,
 n (%)

once per 2 months or more frequently 21 (46) 65 (35)
    every 2–6 months 17(37) 99 (54)
    every 6–12 months 6 (13) 13 (7)
    once per year or more rarely 2 (4) 7 (4)

0.214 0.95 (0.62, 1.46)

Average duration of brushing teeth
(minutes),  ± SD 2.8 ± 1.0 3.2 ±1.4 0.090 0.77 (0.57, 1.04)
Frequency of fresh fruits intake, n (%)
     every day 19 (41) 114 (62)
     3–4 times per week 12 (26) 47 (26)
     once per week 6 (13) 15 (8)
     rarely 9 (20) 8 (4)

0.002** 1.79 (1.29, 2.46)

Frequency of fresh vegetables intake,
n (%)
     every day 19 (41) 114 (62)
     3–4 times per week 12 (26) 47 (26)
     once per week 6 (13) 15 (8)
     rarely 9 (20) 8 (4)

0.006** 1.62 (1.18, 2.23)

Having a chronic disease, n (%)
     yes 1 (2) 29 (16)
     no 45 (98) 155 (84)

0.014** 0.12 (0.02, 0.90)

Having frightening experience with a
dentist, n (%)
    yes 23(50) 45 (24)
    no 23(50) 139 (76)

0.001** 3.09 (1.58, 6.03)

Zung Self-Rating Anxiety Scale score,
 ± SD 34.7 ± 9.2 33.5 ± 8.6 0.421 1.02 (0.98, 1.05)

*For the sake of clarity, variables with frequency of an event less than 2% and some less important variables with insignificant differences between
the cases and the controls are not shown in the table; **Significant difference; OR – odds ratios; CI – confidence interval.
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ences between the cases and controls were not significant in
terms of age, sex, year of study, average grade, number of
repeated academic years, monthly income of students fami-
lies, frequency of visiting a dentist, number of extracted
permanent teeth, number of filled permanent teeth, use of a
dental floss, frequency of changing a toothbrush, average du-
ration of brushing teeth, using private or public dental serv-
ice, frequency and quantity of sweets consumed, quantity of
uncooked fruits and vegetables consumed, family attitude
towards visiting a dentist and the Zung self-rating anxiety
scale score.

However, significant differences between the cases and
controls were found in: the reason for visiting a dentist, the
number of decayed permanent teeth, halitosis, frequency of
brushing teeth, having a chosen dentist, frequency of un-
cooked fruits and vegetables consumed, having a chronic
disease and having frightening experience with a dentist.

The results of the logistic regression analysis (Cox &
Snell R square 0.405, Nagelkerke R square 0.633, Hosmer-
Lemeshow Chi square 21.05, df = 8, p = 0.007) with adjust-
ment for potential confounders are shown in Table 2. The

only significant associations were between severe dental
anxiety and frequency of visiting a dentist (ORadjusted 7.02; CI
2.65, 18.60; p = 0.000), reason for visiting a dentist (ORad-

justed 8.08; CI 1.28, 50.93; p = 0.026), halitosis (ORadjusted

4.25; 1.16, 15.60; p = 0.029), frequency of changing a tooth-
brush (ORadjusted 0.33; CI 0.14, 0.76; p = 0.009) and having a
chronic disease (ORadjusted  0.01; CI 0.00, 0.09; p = 0.002).
Although the crude odds ratios for frequency of brushing
teeth, having frightening experience with a dentist and hav-
ing a chosen dentist were significantly different from one

(see Tables 1 and 2), after adjustment confidence limits of
these odds ratios included the value of one.

The interaction between risk factors which are likely to
have an additive risk for SDA was investigated (Table 3).
The analysis did not show a clear synergistic effect for any
of factors that were individually associated with SDA. Al-
though adjusted odds ratios were still significant and their
confidence limits excluded the value of one when the fre-
quency of visiting a dentist interacted with the reason for
visiting a dentist, or when the reason for visiting a dentist
interacted with halitosis, synergistic effects could not be con-
firmed because adjusted odds ratios did not increase, but re-
mained closer to one than odds ratios for individual factors.

Discussion

The obtained results show that the students visiting a
dentist less frequently and only when they have a dental
problem are more prone to have SDA. The same is true for
those with improper oral hygiene and having halitosis. On
the other hand, the study participants changing toothbrush

more frequently and having chronic disease also less fre-
quently have SDA. Our results are partially in accordance
with the results of a Danish study 7, since visiting a dentist
rarely and only when there is a problem is actually avoidance
of treatment. The association of avoidant behavior, poor oral
hygiene and the SDA was also observed in several case re-
ports 14. It is interesting that the level of education of the stu-
dents (year of study) was not associated with the occurrence
of SDA, showing that only understanding of the problem is
not helpful for relieving SDA.

Table 2
Crude and adjusted odds ratios (OR) of the risk factors for severe dental anxiety

Risk factors Crude OR
 (95% CI)

Adjusted* OR (95% CI)

Frequency of visiting a dentist (< once in 2
years/once in 2 years/ once per year/  2 times
per year)

2.21 (1.58, 3.09) 7.02 (2.65, 18.60)

Reason for visiting a dentist (primarily when
there is a problem/primarily for check-up)

5.64 (2.13, 14.94) 8.08 (1.28, 50.93)

Halitosis 2.70 (1.26, 5.82) 4.25 (1.16, 15.60)
Frequency of changing a toothbrush (once per
2 months or more frequently/every 2-6
months/every 6-12 months/once per year or
more rarely)

0.95 (0.62, 1.46) 0.33 (0.14, 0.76)

Having a chronic disease 0.12 (0.02, 0.90) 0.01 (0.00, 0.09)
Study course: physician/dentist/
pharmacist/nurse/physiotherapist

1.54 (1.22, 1.94) 1.53 (0.93, 2.51)

Frequency of brushing teeth (times per day) 0.56 (0.35, 0.89) 0.46 (0.19, 1.07)
Having frightening experience with a dentist 3.09 (1.58, 6.03) 6.35 (0.56, 73.07)
Having a chosen dentist 0.50 (0.26, 0.95) 2.60 (0.59, 11.38)

*Adjusted for year of study†, average grade†, number of repeated academic years†, monthly income of a student’s family†,
frequency of visiting a dentist†, number of extracted permanent teeth†, number of filled permanent teeth†, use of a dental
floss†, frequency of changing a toothbrush, average duration of brushing teeth†, using private or public dental service†,
frequency and quantity of sweets consumed†, quantity of uncooked fruits and vegetables consumed†, parental education†,
family attitude towards visiting a dentist†, area of residence†, parental age†, number of siblings†, Zung Self-Rating Anxi-
ety Scale score†, study course, reason for visiting a dentist, number of decayed permanent teeth†, halitosis, frequency of
brushing teeth, having a chosen dentist, frequency of uncooked fruits and vegetables consumed†, having a chronic disease
and having frightening experience with a dentist.
†Crude and adjusted odds ratios are not shown in the table for the sake of clarity.
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Inspite of widespread beliefs that fear and anxiety of
dental treatment is a simple continuum of frightening experi-
ence that occurred in the past, this link is not straightforward,
and there are numerous examples where previous frightening
experience does not exist in persons with very SDA 15.
Whether a person will develop SDA after a painful experi-
ence with a dentist depends a lot on her/his cognitive abili-
ties; it was shown that younger and less educated more fre-
quently develop SDA than others 2, 3, 16. Besides, good verbal
and nonverbal communication between dentist and patient,
which reflects care, respect and empathy, is strong preventa-
tive factor against the development of SDA 17.

An interesting finding in our study was that the students
with chronic diseases had fewer chances to develop SDA.
This could be explained by observation that children with
chronic illness use coping as their predominant strategy for
adapting to common painful and stressful events 18, which
helps them to avoid developing SDA.

Frequency of brushing teeth was associated with de-
creased chances of the SDA in our study. Although there are
no other studies confirming such link, frequent teeth brush-
ing and other positive elements of oral hygiene behavior
were linked to good dental caries status in students 19 and
avoidance of visiting a dentist was associated with poor oral
hygiene 20, suggesting an indirect association advocating our
results.

The factors associated with SDA in our study were not
interacting with each other, but acted rather independently.
When interactions were introduced in the logistic regression
model, the odds ratios for the associated factors decreased
instead to increase, confirming their independence.

Although in children aged 3–6 years 21 and 15-year-
olds 22 SDA is positively correlated with general anxiety, our
study shows that this is not the case in student population.

Our findings are in accordance with other studies of dental
anxiety among patients older than 15 years, which either show
that the correlation between SDA and general anxiety ob-
served in children weakens with their transition to adolescence
and adulthood 23, or do not find any correlation between SDA
and general anxiety 24. Previously published explanations of
this phenomenon are only tentative, and further research is
necessary for full understanding of this disagreement.

In our study we did not take into account variables repre-
sentative of personality characteristics, which is serious limi-
tation. It has already been shown in general population that
neurotic extraverts who seek for novelty and experience brief
dissociative periods and magical thinking are prone to develop
SDA 25. Perfectionism was found to be associated with general
anxiety and distress in university students of health-related
disciplines, and it might be associated with the SDA, as
well 26. Therefore, in order to better understand causes of
SDA, future research of risk factors for SDA in medical stu-
dents which will include personality traits is necessary.

Conclusion

The results of our study suggest that avoidant behavior
in regard to visiting the dentist and poor oral hygiene are
factors more frequently associated with SDA than patient’s
medical knowledge or previous negative experiences with
the dentist.
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Table 3
Interactions between the frequency of visiting a dentist and the reason for visiting a dentist

and the reason for visiting a dentist and halitosis

Variables Crude odds ratio (95% CI)
Adjusted* odds ratio

(95% CI)
No difference in frequency of vis-
iting dentist

1.0 (reference) 1.0 (reference)

Only frequency of visiting a dentist
(<once in 2 years/once in 2 years/
once per year/   2 times per year)

2.21 (1.58, 3.09) 7.02 (2.65, 18.60)

Only reason for visiting a dentist
(primarily when there is a
problem/primarily for check-up)

5.64 (2.13, 14.94) 8.08 (1.28, 50.93)

Both frequency of visiting a dentist
and reason for visiting a dentist

2.22 (1.65, 2.97) 4.87 (2.32, 10.20)

No halitosis 1.0 (reference) 1.0 (reference)
Only reason for visiting a dentist
(primarily when there is a prob-
lem/primarily for check-up)

5.64 (2.13, 14.94) 8.08 (1.28, 50.93)

Only halitosis 2.70 (1.26, 5.82) 4.25 (1.16, 15.60)
Both reason for visiting a dentist
and halitosis

2.21 (1.49, 3.28) 2.77 (1.31, 5.87)

*Adjusted for year of study, average grade, number of repeated academic years, monthly income of a student’s family, frequency of visiting a dentist,
number of extracted permanent teeth†, number of filled permanent teeth, use of a dental floss, frequency of changing a toothbrush, average duration
of brushing teeth†, using private or public dental service, frequency and quantity of sweets consumed, quantity of uncooked fruits and vegetables
consumed, parental education, family attitude towards visiting a dentist, area of residence, parental age, number of siblings, Zung Self-Rating Anxi-
ety Scale score, study course, reason for visiting a dentist, number of decayed permanent teeth, halitosis, frequency of brushing teeth, having a chosen
dentist, frequency of uncooked fruits and vegetables consumed, having a chronic disease and having frightening experience with a dentist.
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Comparative videostroboscopic analysis after different external
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Abstract

Background/Aim. After external partial laryngectomias,
videostroborscopy is very usefull in evaluation of postopera-
tive phonatory mehanisms showing the “slow motion” of the
vibrations of the remaining laryngeal structures. The aim of
this paper was to compare the videostroboscopic characteris-
tics of the vibration and to establish the differences in the
phonation mechanisms depending on the type of external
partial laryngectomy performed. Methods. This prospective
study was conducted during the period 2003–2009 at the Ear,
Nose and Throat Clinic, Clinical Center of Vojvodina, Novi
Sad, including 99 patients with laryngeal carcinoma, treated
with open surgical approach using different types of vertical
and horizontal partial laryngectomy. Videostroboscopy was
used to analyse vibrations of the remaining laryngeal struc-
tures. Results. The dominant vibration structure after partial
horizontal laryngectomy, chordectomy, frontolateral laryn-
gectomy and three quarter laryngectomy was the remaining
vocal fold, after hemilaryngectomy it was the false vocal fold
and after subtotal and near total laryngectomy it was the ary-
thenoid. In patients with supracricoid hemilaryngopharyn-
gectomy performed, many different structures were involved
in the vibration. After most of the partial laryngectomies, vi-
brations can be found in the reconstructed part of the defect.
In both horizontal and vertical partial laryngectomies move-
ments of the larynx during phonation were mostly medial,
while in cricohyoidoglottopexies they were anterior-posterior.
Most of the operated patients (72.7%) had insufficient occlu-
sion of the neoglottis during the phonation. Conclusion.
Videostroboscopy is a useful method in examining the pho-
nation mechanisms of reconstructed laryngeal structures after
partial laryngectomy as well as in planning postoperative
voice therapy.

Key words:
laryngectomy; treatment outcome; vocal cords;
stroboscopy; diagnostic technics and procedures;
laryngeal neoplasms.

Apstrakt

Uvod/Cilj. Nakon eksternih parcijalnih laringektomija,
videostroboskopija je veoma korisna za procenu postope-
rativnog mehanizma fonacije pokazivanjem usporenosti
vibracija preostalih laringealnih struktura. Cilj rada bio je
da se me usobno uporede videostroboskopske karakteris-
tike vibracija preostalih struktura larinksa i utvrde razlike
fonacijskih mehanizama nakon razli itih parcijalnih larin-
gektomija otvorenim spoljašnjim pristupom. Metode. Is-
pitivanje je sprovedeno kao prospektivna klini ka studija u
periodu od 2003. do 2009. na Klinici za bolesti uva, grla i
nosa, Klini kog centra Vojvodine u Novom Sadu, a obu-
hvatilo je 99 bolesnika operisanih zbog karcinoma larinksa
nekom od parcijalnih laringektomija, kod kojih je na inje-
na videostroboskopska analiza vibracija preostalih struktu-
ra i fonacijskih mehanizama. Rezultati. Dominantno me-
sto vibracije bila je glasnica kod horizontalne supragloti ne
laringektomije, hordektomije, frontolateralne laringekto-
mije i kod tro etvrtinskih operacija. Ventrikularni nabor
dominantno je vibrirao kod hemilaringektomije, a arite-
noid kod suptotalnih i kod skoro totalne laringektomije.
Kod suprakrikoidne hemilaringofaringektomije zabeleženo
je u eš e u vibraciji više razli itih struktura. Mogu e su vi-
bracije i u zoni rekonstrukcije defekta kod ve ine operati-
vnih tehnika. Kod horizontalnih i vertikalnih laringekto-
mija pokreti larinksa u fonaciji bili su naj eš e medijalni,
dok su kod krikohioidoepiglotopeksije bili anterioposteri-
orni. Insuficijentna okluzija neolarinksa u fonaciji bila je
prisutna kod ve ine operisanih bolesnika. (72,7%). Zak-
lju ak. Videostroboskopija je korisna metoda  prou ava-
nja fonacijskih mehanizama rekonstruisanog larinksa posle
parcijalnih laringektomija, kao i kod planiranja vokalne te-
rapije.

Klju ne re i:
laringektomija; le enje, ishod; glasne žice;
stroboskopija; dijagnosti ke tehnike i procedure;
larinks, neoplazme.
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Introduction

External partial laryngectomies, horizontal and vertical
ones,  are a group of open approach preservative techniques
for laryngeal cancer surgery. These operations are not only
oncologically radical, but also provide good functional re-
sults in regard to breathing, swallowing and speech, due to
the reconstruction of remaining laryngeal tissues. The ability
to speech and communicate in everyday and professional life
has a great influence on the quality of life of operated pa-
tients 1–3.

Videostroboscopy is very usefull in evaluation of post-
operative phonatory mechanisms showing the “slow motion”
of the vibrations of the remaining laryngeal structures. The
site and the mechanism of the remaining mucosa vibrations
are the key factors affecting the quality of speech following
partial laryngectomy 4, 5.

The most preservative open technique for laryngeal
cancer surgery is chordectomy. It includes the resection of
the vocal fold, anteriorly from the anterior commisure, poste-
riorly to the vocal process of the arytenoid, lateraly including
the internal perichondrium of the thyroid lamina. Defect
following resection can be left to heal without reconstruction
or it is reconstructed immediately using surrounding tissue,
usually mucosa of the false vocal fold. After hemilaryngec-
tomy (laterovertical laryngectomy), the vocal fold, up to the
anterior commissure, is resected extending posteriorly to in-
clude a part of the arytenoid if necessary, together with Mor-
gagni’s ventricle and a false vocal fold with underlying thy-
roid cartilage 6. The external perichondrium of thyroid lam-
ina is usually used for reconstruction, as well as pyriform si-
nus mucosa and fascia of surrounding muscles, usually of
sternohyoid one. Frontolateral (anterovertical) laryngectomy
is a larger resection including also resection of  the anterior
commissure, anterior third of the contralateral vocal fold
with underlying cartilage as well. Reconstruction is similar
to the one following hemilaryngectomy. In horizontal supra-
glottic laryngectomy, depending on the extention of the car-
cinoma, the epiglottis, preepiglottic space and a part of the
thyroid cartilage above the glottis are resected. Reconstruc-
tion includes suturing of the remaining thyroid cartilage to
the hyoid bone and/or the base of the tongue 7. Basic surgical
principle of supracricoid partial laryngectomy with cricohy-
oidoepiglottopexy (CHEP) is in removal of the entire thyroid
cartilage with both true vocal folds, both false vocal folds,
both paraglottic spaces with preservation of cricoartytenoid
unit which includes cricoid cartilage, at least one arytenoid
cartilage, cricoarytenoid joint, posterior and lateral cricoary-
tenoid muscle together with ipsilateral recurrent and superior
laryngeal nerve. Reconstruction is performed by suturing the
cricoid to the epiglottis and hyoid bone 8. Near total laryn-
gectomy is a complex surgical procedure 9 with preservation
of small part of the cricoid, one arytenoid, cricoarytenoid
joint, one vocal fold and ipsilateral recurrent laryngeal nerve.
These structures with overlying mucosa form a tunneled mu-
cosal shunt between the trachea and pharynx that is con-
trolled by remaining intrinsic laryngeal musculature with its
nerve supply. This shunt forms a phonatory valve which is

insufficient for breathing and therefore requires a permanent
tracheostoma. Supracricoid hemilaryngopharyngectomy
(SCHLP) is indicated in cases of pyriform sinus carcinoma.
Resection includes ipsilateral structures above the cricoid
without the external perichondrium of the thyroid cartilage
which is used for reconstruction. The superior part of the de-
fect is reconstructed with surrounding pharyngeal and aryte-
noid mucosa 10. Three-quarter laryngectomy is regarded as
supraglottic laryngectomy extended on one side to the glottic
plane. Reconstruction of a new fold on the hemilaryngec-
tomy side is through a triangular strip of the exterior thyroid
perichondrium.

Since rare comparative studies can be found in the lit-
erature, the aim of this paper was to present and compare the
videostroboscopic characteristics of vibration and to estab-
lish the differences in the phonation mechanisms depending
on the type of partial laryngectomy performed.

Methods

This prospective clinical study during the period 2003–
2009 at the University Ear, Nose and Throat Clinic in Novi
Sad, Serbia, included 99 patients with open surgery for la-
ryngeal cancer as primary therapy. The patients with recur-
rent or  residual disease were not included in the study. The
patients underwent different types of vertical and horizontal
partial laryngectomy depending on the site and spread of the
tumor. After local wound healing, postoperative swallowing
rehabilitation, with sufficient breathing, with or without tra-
cheostoma, depending on the type of laryngectomy, the pa-
tients were referred to the phoniatrician. Each patient under-
went videostroboscopic examination using the videostrobo-
scopic system Storz Pulsar Model 20 140020-2002 with a
SONY video screen. After recording to a compact disc,
findings were analyzed, frame by frame. The unique protocol
was used in videostroboscopic analysis of the next parame-
ters: the presence of vibrations of the remaining parts of the
larynx [vocal fold, false vocal fold, arytenoid, epiglottis, base
of tongue, pharyngeal mucosa (present-absent)]; the presence
of vibrations in the reconstructed region of the postoperative
defect (present-absent); the types of the laryngeal movement
during phonation (medially, anteriorly, posteriorly, antero-
posteriorly); the level of approximation of the vibrating
structures during phonation; level of neophonation (glottic,
ventricular, chordo/ventricular, vestibular, subglottic); clo-
sure of neoglottis during the closed phase of vibration (pres-
ent/absent).

The study was conducted after Ethics Committees ap-
proval and with each patient consent.

Results

Among 99 patients, there were 90 male and 9 female
patients, the age range 40–80 years (80% of the patients be-
ing in the age group 50–70 years), 92 (93%) of the patients
were cigarette smokers, while alcohol consumption was pre-
sent in 85 (86%) patients. The next types of partial laryn-
gectomy were performed: horizontal supraglottic laryngec-
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tomy in 16 (16%), chordectomy in 22 (22%), hemilaryngec-
tomy in 28 (28.5%), frontolateral laryngectomy in 19
(19.5%), CHEP in 5 (5%), three-quarter laryngectomy in 1
(1%),  SCHLP in 4 (4%) and near-total laryngectomy in 4
(4%) patients.

Videostroboscopic examination postoperatively re-
vealed that the dominant place of vibrations, out of all 99
patients, was the vocal fold – 75 (75.8%): in all 16 (100%)
patients after partial horizontal supraglottic laryngectomy, in
20/22 (90.9%) patients after chordectomy, in 15/19 (78.9%)
patients after  frontolateral laryngectomy, in 3/4 (75%) after
near total laryngectomy, in 2/4 (50%) after SCHLP and 1/1
(100%) patient after three-quarter laryngectomy performed.
Vibration of the false vocal fold was found in 41 patients
(41.4%); after hemilaryngectomy in 25/28 (89.3%), after
frontolateral laryngectomy in 12 (63.2%), after chordectomy
in 12 (54.5%), while after other types of the laryngectomy per-
formed it was found only in single cases. Vibration of the ary-
tenoid was registerd in 39 (39.4%) of the patients; in 15
(53.6%) of the patients after hemilaryngectomy in all patients
with CHEP and near total laryngectomy and in 2 patients after
SCHLP. Vibration of the epiglottis was present in 11 (11.1%)
patients; 4 patients after hemilaryngectomy, 3/5 after CHEP
and in single cases after other operations. (Table 1).

Vibrations in the region of reconstruction were found in
51 (54.8%) patients; in 17 (68%) after hemilaryngectomy, in
14 (77%) after frontolateral laryngectomy and in rare single
cases after other laryngectomies.

Medial movement of the remaining larynx during
phonation was seen in 64 (64.6%) patients. It was the
dominant direction of the movement during phonation af-
ter hemilaryngectomy, frontolateral laryngectomy, partial
horizontal supraglottic laryngectomy, chordectomy and
three-quarter laryngectomy.  Some of the types of anterior
or anterior-posterior movements were found in 22 (22.2%)
patients; all the patients after CHEP, in 8 patients after
hemilaryngectomy, in 5 patients after chordectomy and in
single cases after other types of laryngectomy. In the
group of patients with the same type of surgery, different
types of movement could be detected as seen in table 2.
(Table 2).

In 43 (43.43%) of the patients, the most satisfactory
type of approximation – the glottic one, was found. In 22
(22.2%) it was ventricular, in 19 (19.19%) vestibular, in 16
(16.2%) chordo-ventricular and in 4 (4%) sugblottic level of
approximation was found. Glottic approximation was present
in all the patients after partial horizotal supraglottic laryn-
gectomy, while all the patients after CHEP had vestibular
approximation. After hemilaryngectomy, all levels of ap-
proximation were present. After chordectomy, 11 (50%) pa-
tients had glottic, and other half had other different levels of
approximation. After frontolateral laryngectomy, glottic ap-

proximation was found in the same number of patients – 8
(42%) as the ventricular one. After SCHEP, one half of the
patients had vestibular and the other half had chordoven-
tricular approximation.

Table 1
Vibrating structures in patients depending on the type of external partial laryngectomy performed

Number (%) of patient
Types of partial laryngectomy

Vocal fold False vocal fold Epiglottis Arythenoid
Hemilaryngectomy 18 (64.3) 25 (89.3) 4 (14.3) 15 (53.6)
Frontolateral 15 (78.9) 12 (63.2) 1 (5.3) 8 (42.1)
PHSL 16 (100.0) 0 (0.0) 0 (0.0) 1 (6.3)
CHEP 0 (0.0) 0 (0.0) 3(60.0) 5 (100.0)
Three-quarter 1 (100.0) 0 (0.0) 0 (0.0) 0 (0.0)
Near-total 3 (75.0) 0 (0.0) 0 (0.0) 4 (100.0)
Chordectomy 20 (90.9) 12 (54.5) 1 (4.5) 4 (18.2)
SCHLP 2 (50.0) 2 (50.0) 2 (50.0) 2 (50.0)
Total 75 (75.8) 41 (41.4) 11 (11.1) 39 (39.4)

PHSL – Partial horizontal supraglottic laryngectomy; CHEP – cricohyoidoepiglottopexy;
SCHLP – supracricoid hemilaryngopharyngectomy.

Table 2
Movement of the remaining laryngeal structures in patients during phonation

Number (%) of patient
Types of partial laryngectomy

A B C D E F G
Hemilaryngectomy 5 (17.9) 0 (0.0) 3 (10.7) 7 (25.0) 8 (28.6) 2 (7.1) 1 (3.6)
Frontolateral 2 (10.5) 0 (0.0) 0 (0.0) 8 (42.1) 7 (36.8) 0 (0.0) 2 (10.5)
PHSL 1 (6.3) 0 (0.0) 0 (0.0) 4 (25.0) 3 (18.8) 0 (0.0) 0 (0.0)
CHEP 1 (20.0) 0 (0.0) 4 (80.0) 1 (20.0) 0 (0.0) 1 (20.0) 0 (0.0)
Three-quarter 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (100.0) 0 (0.0) 0 (0.0)
Near-total 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Chordectomy 1 (4.5) 0 (0.0) 4 (18.2) 13 (59.1) 11 (50.0) 0 (0.0) 1 (4.5)
SCHLP 0 (0.0) 0 (0.0) 1 (25.0) 1 (25.0) 0 (0.0) 1 (25.0) 0 (0.0)
Total 10 (10.1) 0 (0.0) 12 (12.1) 34 (34.3) 30 (30.3) 4 (4.0) 4 (4.0)

Movement of laryngeal structures: A – anterior, B – posterior, C – anteroposterior, D – right-medial, E – left-medial, F – from right to the left side, G – from left
to the right side; PHSL – partial horizontal supraglottic laryngectom; CHEP – cricohyoidoepiglottopexy; SCHLP – supracricoid hemilaryngopharyngectomy.
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In 27 (27.3%) operated patients, inspite the postopera-
tive defect, satisfactory neolaryngeal occlusion was estab-
lished. Other 72 (72.7%) had insufficient occlusion. The
highest percentage of the patients with insufficient occlusion
was found in the patients after hemilaryngectomy – 26
(92.9%), after chordectomy in 17 (77.3%), after frontolateral
laryngectomy in 11 (57.9%), after horizontal partial supra-
glottic laryngectomy in 9 (56.3%), in 4/5 patients after
CHEP, in 3/4 patients after SCHLP and in one patient after
near total laryngectomy.

Discussion

Analysis showed that the dominant place of vibration
is the true vocal fold after partial horizontal supraglottic
laryngectomy, chordectomy, frontolateral laryngectomy
and three-quarter laryngectomy. False vocal fold domi-
nantly vibrates  after hemilaryngectomy, while the aryte-
noid is the dominant vibrating structure  after subtotal and
near total laryngectomy. In partial pharyngolaryngectomies
all the remaining structures equally participate in vibration.
This study shows that the false vocal fold is the important
substitutional source of phonation, especially after hemilar-
yngectomy. Due to its size, the false vocal fold can com-
pensate the large postoperative defect after hemilaryngec-
tomy and allow sufficient phonation and swallowing 11.
Granqvist i Lindestad, as cited by Kendall et al. 12, 2005,
using ultra fast photography found covibrations of the false
vocal folds in healthy individuals, with different vibration
frequency comparing to that of the true vocal folds. It is to
assume that in pathological conditions, when the true vocal
fold vibrations are absent, these vibrations became the
dominant vibrating mechanism. Vibrations in the zone of
defect reconstruction, with irregular form, were recorded
after  all types of operation in 54.5% patients. In most of
the cases, the mucosa was used in the defect reconstruction
as potentionally vibrating structure. Movements of the
neolaryngeal structures were dominantly medial after par-
tial horizontal supraglottic laryngectomy, chordectomy,
hemilaryngectomy, frontolateral laryngectomy and three-
quarter laryngectomy. After these types of operation, the
larynx preserves physiological movements of its remaining
structures. After subtotal laryngectomies, the dominant di-
rection of  movements is anteroposterior since epiglottis
and arytenoid are the only remaining moving structures. In
cases when only one arytenoid is present, such as after
CHEP, anteroposterior movement is dominant during
which the arytenoid falls anteriorly making contact with its
apical part  with epiglottis where the contact vibration is
made. In cases when both  arytenoids are present, preserved
interarytenoid muscle prevents the arytenoid to fall anteri-
orly, therefore adduction movements are the dominant
ones. Good contact between the epiglottis and arytenoid
with contact vibrations are the prerequisite for satisfactory
voice function. The presence of one or both arytenoids does

not affect the voice quality significantly 13, but, on the other
hand, preservation of both arytenoid shortens the time of
swallowing rehabilitation 14. After SCHLP, all types of la-
ryngeal movements during phonation were recorded. Con-
tralateral movement (hypercompensation) was noticed in
single cases in all types of partial laryngectomies. The level
of approximation during occlusion was dominantly glottic
after partial horizontal supraglottic laryngectomies, chor-
dectomies and three-quarter laryngectomies. After fronto-
lateral laryngectomies, glottic and ventricular level of ap-
proximation were equally present, while after hemilaryn-
gectomy ventricular level was the dominant one. Vestibular
approximation was recorded after CHEP and SCHLP. After
near-total laryngectomy, the contact was recorded along the
inferior edge of the preserved vocal fold. Most (72.7%) of
the operated patients had insufficient occlusion of the neo-
larynx due to postoperative defect. In this study, after par-
tial horizontal supraglottic laryngectomy, minimal glottic
gap was found in more than half of the patients but with no
signifficant affect on the voice quality since only the glottic
gap bigger than 1 mm causes breathy voice according to
Schneider and Bigenzahn 15.

Similar results, in regard to presence of vibrations,
movement of the neolarynx during phonation, occlusion of
the neolarynx after analysing results after every single type
of  partial laryngectomy, were found by other authors 16–21.

Conclusion

The dominant site of vibration after partial horizontal
supraglottic laryngectomy, chordectomy, frontolateral laryn-
gectomy and three-quarter laryngectomy is the preserved vo-
cal fold. The false vocal fold is a dominantly vibrating
structure after hemilaryngectomy, while after subtotal and
near-total laryngectomy it is the arytenoid. After most of
partial laryngectomies, vibrations can occur in the zone of
the defect reconstruction. After partial horizontal supraglottic
and vertical partial laryngectomies, movements of the larynx
during phonation are mostly medial, while after subtotal lar-
yngectomies these movements are anteroposterior. Vocal in-
sufficiency of the neolarynx is present in most of the oper-
ated patients. Videostroboscopy is a usefull method in
evaluation of the phonation mechanisms after different par-
tial laryngectomies. Without compromising oncological radi-
cality, whenever it is possible, the types of partial laryngec-
tomies that provide approximation and vibration at the glottic
level or the ones with the best possible neolarynx occlusion,
should be performed. In order to improve the quality of life
and proffesional activity, all the patients with postoperative
moderate and severe hoarsness, should be reffered to the
phoniatrician and speach therapist for examination and voice
therapy. The aim of this early rehabilitation is to increase the
strenght, endurance and flexibility of the remaining laryngeal
structures and incourage development of new zones of vi-
bration.
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Abstract

Background/Aim. It had been suggested that elevated body
mass index (BMI) is a beneficial and preventive factor when it
comes to the outcome for patients undergoing coronary artery
bypass grafting (CABG). At the same time, obesity is strongly
associated with coronary artery disease development. The aim
of this study was to determine the significance of the obesity
paradox in patients referred for CABG and to examine if a
relationship exists between obesity and early coronary surgery
outcome. Methods. This study comparised 791 patients who
had undergone isolated CABG over one year period (year
2010). The average age of patients was 62.33 ± 8.12 years and
involved 568 (71.8%) male and 223 (28.2%) female patients,
while the mean logistic EuroSCORE was 3.42%. The patients
were categorized into three distinct groups based on their
BMI: I – BMI < 24.9 kg/m2; II – BMI 25–30 kg/m2; III –
BMI > 30 kg/m2. Regression analysis was conducted to de-
termine whether BMI was an independent predictor of early
mortality after CABG. Results. The majority of the cohort
could be categorized as overweight (49%) or obese (30%).
There was no association between BMI and gender (p =
0.398). The overall early mortality was 2.15% (1.85% in the
group I, 2.06% in the group II and 2.51% in the group III; p =
0.869). Univariate analysis showed that obesity cannot be re-
garded as an independent risk factor for early mortality fol-
lowing CABG (odds ratio 1.021, 95% confidence interval
0.910–1.145, p = 0.724). Duration of in-hospital period fol-
lowing the surgery was comparable within the BMI groups (p
= 0.502). Conclusion. Compared to non-obese patients,
overweight and obese individuals have similar early mortality
rate following CABG. This study can substantiate the pres-
ence of obesity paradox only in terms that elevated BMI pa-
tients have comparable outcome with non-obese. Further re-
search is needed to delineate potential underlying mechanisms
that set off obesity to protective factor for coronary surgery.

Key words:
obesity; body mass index;  myocardial
revascularization; postoperative period; mortality.

Apstrakt

Uvod/Cilj. U ranijim radovima nagovešteno je da povišen in-
deks telesne mase (ITM) može biti koristan i da se može smat-
rati preventivnim faktorom kada se radi o ishodu operacije kod
bolesnika koji se podvrgavaju koronarnoj bypass hirurgiji. Istov-
remeno, gojaznost se dovodi u vezu sa nastankom i razvojem
koronarne bolesti. Cilj ove studije bio je utvr ivanje zna aja pa-
radoksa gojaznosti kod bolesnika koji su upu eni na hiruršku
revaskularizaciju miokarda, kao i isptivanje uticaja gojaznosti na
rani ishod koronarne hirurgije. Metode. Studijom je obuhva en
791 bolesnik podvrgnut izolovanoj koronarnoj hirurgiji tokom
jednogodišnjeg perioda (2010. godina). Prose no životno doba
568 (71,8%) bolesnika muškog pola i 223 (28,2%) bolesnika
ženskog pola iznosilo je 62,33 ± 8,12 godina, dok je prose na
vrednost logisti kog EuroSCORE iznosla 3,42%. Bolesnici su
bili svrstani u tri grupe shodno njihovom ITM: I – ITM < 24,9
kg/m2; II – ITM 25-30 kg/m2; III – ITM > 30 kg/m2. Regresi-
ona analiza koriš ena je kako bi se ispitalo da li je ITM nezavisni
prediktor ranog mortaliteta nakon koronarne hirurgije. Rezul-
tati. Ve ina bolesnika imala je prekomernu telesnu masu (49%)
ili su bili gojazni (30%). Nije postojala povezanost izme u ITM i
pola (p = 0,398). Prose na rana smrtnost iznosila je 2,15%
(1,85% u grupi I, 2,06% u grupi II i 2,51% u grupi III; p =
0,869). Univarijantna analiza pokazala je da se gojaznost ne mo-
že smatrati nezavisnim faktorom rizika od ranog mortaliteta na-
kon koronarne hirurgije (unakrsni odnos 1,021; 95% interval
poverenja 0,910–1,145; p = 0,724). Dužina postoperativnog
bolni kog perioda bila je uporediva me u ITM grupama (p =
0,502). Zaklju ak. U pore enju sa negojaznim bolesnicima,
bolesnici sa prekomernom telesnom masom i gojazni imaju sli-
nu stopu ranog mortaliteta nakon koronarne hirurgije. Ova

studija može potvrditi prisustvo paradoksa gojaznosti samo u
smislu da bolesnici sa povišenim ITM imaju uporediv ishod
operacije sa negojaznim bolesnicima. Dalja istraživanja su neop-
hodna kako bi se odredili mehanizmi koji uti u na to da gojaz-
nost postane protektivni faktor za koronarnu hirurgiju.

Klju ne re i:
gojaznost; telesna masa, indeks; miokard,
revaskularizacija; postoperativni period; mortalitet.
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Introduction

Obesity has been increasing in epidemic proportions in
both adults and children 1. Obesity is commonly regarded as
a risk factor in development of different forms of cardiovas-
cular diseases (CVD) such as coronary artery disease (CAD),
heart failure, stroke, endothelial dysfunction, systolic and
diastolic dysfunction and atrial fibrillation 2, 3. The preva-
lence of obesity is on the rise and consequently larger popu-
lation of obese patients are considered for some form of re-
vascularization procedure including coronary artery bypass
graft (CABG) or percutaneous coronary intervention (PCI).

Although long-term longitudinal studies have associ-
ated obesity with excess rates of cardiovascular morbidity
and mortality, limited data exist on links between coronary
artery revascularization and obesity 4. Because obesity is
considered to be a risk factor for CAD development, a con-
clusion is often drawn that obese patients should have poorer
outcomes than non-obese patients. Surprisingly, several re-
cent studies suggested that higher body mass index (BMI) is
of benefit when it comes to lowering the mortality rate after
heart surgery 2, 3, 5, 6.

Obesity is usually defined through BMI that is easily
calculated 7. BMI’s lack of ability to differentiate body fat
and lean mass is sometimes viewed as its weakness in im-
proving clinical outcome prediction for overweight and
obese patients 8–10.

There is a considerable disagreement regarding the in-
fluence of obesity on prognosis after heart surgery, with
some major systems of classification indicating that obesity
is associated with the poor outcome 11–14. Despite the positive
correlation between higher BMI and CAD development,
many studies suggest better outcome and prognosis in obese
patients with CAD and in patients undergoing revasculariza-
tion (PCI and CABG) 15–19. The obesity paradox is a term that
describes the favourable short and long-term results after
CABG in overweight and obese patients. Romero-Corral et
al. 18, in their systemic review comprised of more than a
quarter of a million patients, described the association be-
tween lower total and cardiovascular mortality and BMI
status of patients with CAD in the sense that overweight and
obese patients have a reduced risk as compared to under-
weight and normal weight individuals. According to these
studies, a dual nature of obesity is evident. On the other
hand, several studies found that obese patients have a higher
incidence of morbidity and mortality after CABG 15. It has
been shown that obese patients are referred to surgery at a
younger age and, in addition, with a higher frequency of
comorbidities such as hypertension and diabetes mellitus.

The underlying mechanism that could explain obesity
paradox remains elusive. It has been speculated that several
factors – hormonal, inflammation, nutritional, and metabolic
– might be involved in developing protective effect in popu-
lation with elevated BMI and CAD 20. Adipose tissue is in-
creasingly being recognized as an active endocrine organ;
however, the effects of “adipokines” on coronary arteries and
atherosclerosis are not fully understood and the exact nature
of this association is yet to be defined.

The aim of this study was to determine the significance
of the obesity paradox in patients referred for CABG and to
examine if a relationship exists between obesity and early
coronary surgery outcome.

Methods

This prospective study included all the patients submit-
ted to isolated CABG during a year period. Patients under-
going additional procedures in conjunction with CABG were
excluded from this study. The resulting cohort consisted of
791 patients. The hospital Ethical Committee approved the
study protocol and waived the requirement of informed con-
sent before the commencement of data acquisition.

The National Heart, Lung, and Blood Institute and the
World Health Organization as mentioned have adopted a
weight classification for BMI that is calculated by dividing a
patient’s weight in kilograms by that patient’s height in meters
squared 7. According to this classification, a BMI < 18.5 kg/m2

was considered underweight, a BMI of 18.5 to 24.9 kg/m2 was
considered normal, a BMI of 25 to 30 kg/m2 was considered
overweight, and a BMI > 30 kg/m2 was considered obese.
Since the number of patients with BMI of less than 18.5 kg/m2

was too small and the fact that there was no mortality, this
subgroup was appended to the 18.5–24.9 kg/m2 BMI group
creating unified < 25 kg/m2 group. A patient’s BMI was cal-
culated in the same hospitalization as the operative treatment.

Several groups of risk factors were examined: demo-
graphic – age, sex; comorbidities – chronic obstructive pulmo-
nary disease (COPD), peripheral vascular disease, previous
stroke, unstable angina, recent myocardial infarction (0–90
days prior the surgery), ejection fraction of the left ventricle
and diabetes mellitus; surgical parameters: logistic Eu-
roSCORE 21, aortic cross-clamping time, extracorporeal cir-
culation time, number of distal coronary anastomoses and
number of postoperative days. Surgical outcome defined as
early mortality included 30–day mortality or mortality during
the same hospitalization as the operation (status of every pa-
tient was verified by telephone on the 30th postoperative day).

The results are reported as mean ± standard deviation
(SD) for quantitative variables and are summarized by abso-
lute frequencies and percentages for categorical variables.
Assessments of the continuous variables were performed
using one-way analysis of variance (ANOVA). The 2 analy-
ses were used to assess categorical variables and outcomes
the Mann-Whitney test was used for non-parametric com-
parison. Multivariate logistic regression models for assessing
the relation between BMI (as the classified form) and early
mortality rate and presence of confounders were established,
and associations are expressed as odds ratios (OR) with 95%
confidence intervals (CI). The significance level for all
analyses was  = 0.05. Statistical analysis was performed
using SPSS 13.0 for Windows (SPSS, Chicago, IL).

Results

This study comparised 791 patients who had undergone
isolated CABG over one year period (year 2010). The aver-



Volumen 71, Broj 1 VOJNOSANITETSKI PREGLED Strana 29

emerli -Adji  N, et al. Vojnosanit Pregl 2014; 71(1): 27–32.

age age was 62.33 ± 8.12 years and involved 568 (71.8%)
male and 223 (28.2%) female patients, while the mean logis-
tic EuroSCORE was 3.42%.

Baseline patient characteristics and comorbidities are
listed in Table 1. Of 791 patients, 629 (79.52%) were over-

weight or obese, 155 (19.60%) were of normal weight, and
7 (0.88%) underweight (Figure 1). There were more men
than women in all the BMI groups. The prevalence of
comorbidities was comparable between the BMI groups (p
> 0.05) except for the peripheral vascular disease [the
highest prevalence in the low BMI (< 18.4 kg/m2) group

and the lowest prevalence in the high BMI (  30 kg/m2)
group] and renal failure [the highest prevalence in the low
BMI (< 18.4 kg/m2) group and the lowest prevalence in
patients with BMI (  25 kg/m2)]. The patients with higher
BMI tended to be younger and there was an overall trend

toward lower mean age through increasing BMI group.
Obese patients are submitted to coronary surgery on aver-
age 3 years earlier than normal weight or overweight
population (p < 0.0001).

Surgical parameters and early mortality are summa-
rized in Table 1. The mean BMI of the patients with early
mortality was 28.14 ± 4.04 as compared to the patients with
no mortality 28.12 ± 4.10 (p = 0.629) (Figure 2). There was
no significant difference in aortic cross-clamp time, extra-
corporeal time, number of distal coronary anastomoses and

Table 1
Baseline patient characteristics, comorbidities and surgical parameters

BMI (kg/m2) (number of patients)
Parameter  18.4

(n = 7)
18.5–24.9
(n = 155)

25–29.9
(n = 390)

 30
(n = 239)

p

Age, years, (  ± SD) 61.00 ± 7.09 63.63 ± 8.22 63.00 ± 7.88 60.46 ± 8.20 < 0.0001
Female, n (%) 3 (42.9) 44 (28.4) 101 (25.9) 75 (31.4) 0.398
COPD, n (%) 1 (14.3) 8 (5.2) 25 (6.4) 22 (9.2) 0.344
PVD, n (%) 4 (57.1) 43 (27.7) 91 (23.3) 39 (16.3) 0.005
Previous stroke, n (%) 0 (0%) 3 (1.9) 10 (2.6) 8 (3.3) 0.812
Serum creatinine
>200 μmol/L, n (%)

1 (14.3) 2 (1.3) 1 (0.3) 1 (0.4) <0.0001

Unstable angina, n (%) 1 (14.3) 42 (27.1) 86 (22.1) 54 (22.6) 0.578
Ejection fraction, n (%) 52.86 ± 12.95 51.42 ± 10.40 54.18 ± 8.70 53.09 ± 9.41 0.02
Recent MI, n (%) 3 (42.9) 35 (22.6) 69 (17.7) 49 (20.5) 0.233
Urgent surgery, n (%) 0 (0) 3 (1.9) 7 (1.8) 5 (2.1) 0.976
Logistc EuroSCORE, (  ± SD) 3.39 ± 1.35 4.15 ± 5.08 3.28 ± 3.51 3.18 ± 4.33 0.107
IDDM, n (%) 0 (0) 19 (12.3) 32 (8.2) 27 (11.3) 0.317
NIDDM (%) 3 (42.9) 36 (23.2) 104 (26.7) 78 (32.6) 0.144
Ao-X (min), (  ± SD) 64.57 ± 28.11 58.37 ± 23.53 56.13 ± 30.46 55.72 ± 24.93 0.666
ECC time (min), (  ± SD) 80.86 ± 38.37 70.17 ± 27.57 67.36 ± 33.47 66.06 ± 26.25 0.379
No. of distal anastomoses,
(  ± SD)

2.71 ± 0.76 2.65 ± 0.93 2.63 ± 0.93 2.55 ± 0.82 0.630

Postoperative days, (  ± SD) 8.29 ± 1.11 9.41 ± 4.94 10.03 ± 7.88 10.43 ± 7.03 0.502
30-day mortality, n (%) 0 (0) 3 (1.93) 8 (2.05) 6 (2.51) 0.869

BMI – body mass index, COPD – chronic obstructive pulmonary disease; PVD – peripheral vascular disease; MI – myocardial infarction; IDDM – insulin
dependent diabetes mellitus; NIDDM – non-insulin dependent diabetes mellitus; Ao-X – aortic cross clamp; ECC – extracorporeal circulation.

Fig. 1 – Number of patients in relation to a body mass
index (BMI) value.

Fig. 2 – Box plot of the body mass index (BMI) values
between the groups of patients in terms of mortality

(p = 0.629).
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number of postoperative days (p > 0.05). The average
number of distal coronary anastomoses decreased as the
value of BMI increased leading to decreased aortic cross-
clamping time and subsequently extracorporeal time. This
correlation did not reach the level of statistical significance.
The average number of postoperative days increased in cor-
relation with BMI value but, again, failed to reach the level
of statistical significance (p = 0.502).

We conducted uni- and multivariate analyses to de-
termine whether there was a relationship between early
mortality and BMI. Regression analysis failed to designate
BMI as an independent predictor of early mortality (OR =
1.021, 95% CI 0.910–1.145, p = 0.724). Table 2 demon-
strates this relationship in univariate and multivariate
analyses.

Discussion

There is a direct association between BMI and the inci-
dence of CAD, however, once CAD is expressed, the asso-
ciation among BMI and prognosis becomes more complex 22.
Cardiac surgeons recognize obesity as a risk factor for peri-
operative adverse outcomes following CABG. Specifically,
BMI greater than 30 are thought to be associated with excess
of surgical risks 23. Data regarding the influence of BMI on
CABG outcome and prognosis are conflicting. Instead, in-
creased incidence of complications such as sternal and super-
ficial wound infection, saphenous vein harvest site infection
and dysrhythmias was observed 24–26.

The results of this research indicate that obesity alone is
not associated with early mortality after isolated CABG. The
author’s hypothesis that patients with an obese BMI are at
greater risk of mortality after CABG was not substantiated.
There is a strong relationship between the age of the patients
undergoing CABG and the BMI value (p < 0.0001) in terms
that the patients with high BMI are referred to CABG at
younger age; a known effect of accelerated progression of
atherosclerosis in obese population with clinical manifesta-
tion appearing a decade earlier than in normal weight popu-
lation. It should be noted that for every 1% above ideal BMI
values, the risk for CAD increases by 3.3% for women and
by 3.6% for men 12. The overall mortality for the entire group
of our patients, regardless the BMI value, was 2.15% which
is somewhat different from the other authors 17, 19, 24. In the
same time, the average BMI value of our patients was 28.13
kg/m2 which is significantly lower than in other studies 26, 27.
These sample or population differences as well as the ana-
lytical approach and study design may give rise to different

conclusions regarding the influence of BMI on early post-
CABG mortality.

Several studies found that low BMI patients are at a
higher risk 15, 27. These studies showed that patients in the
underweight group experienced greatest mortality and other
complications after CABG. It was suggested that a low BMI
might be a marker for multiple risk factors such as peripheral
vascular disease, cerebrovascular disease, and smoking his-
tory. In our study, we had only 7 patients designated as un-
derweight with no mortality in this group and, therefore, no
clinical implications. A low BMI might also be a marker for
more advanced heart disease 28.

Wigfield et al. 23 evaluated the effect of severe obesity
(BMI > 40 kg/m2) on the outcome of cardiac surgery and
found that extreme obesity is not associated with an in-

creased mortality after cardiac surgery. In our research, the
number of patients with extreme BMI values (> 40 kg/m2)
was too small, only 9 of them, and we, also, did not find any
association between high BMI values and early mortality. In
contrast, Prabhakar et al. 29 used a very large database of
559,004 patients undergoing CABG to show an increased
operative risk for moderately obese (BMI 35–39.9) and ex-
tremely obese (BMI > 40) patients (OR 1.21, 95% CI 1.1–
1.3; OR 1.58, 95% CI 1.4–1.7, respectively).

In a propensity-matched analysis of 6,068 consecutive
patients undergoing primary CABG at a single centre from
1991 to 2003, two propensity models were derived com-
paring all small patients with normal-sized persons and all
obese patients with normal-sized persons 30. Mortality was
observed to be higher in very obese patients (BMI  36
kg/m2) than in normal-sized individuals, but a worse sur-
vival rate was not observed among moderately obese pa-
tients (BMI 32–36 kg/m2). This statement is in concordance
with our results. Since most of our patients were catego-
rized as overweight and moderately obese with a negligible
percentage of severely and morbidly obese patients, BMI
had no significant influence on early mortality following
CABG.

The study by Reeves et al. 31 demonstrated that obese
patients may be less likely to be selected for CABG and that,
in general, obese patients undergoing CABG may have less
high-risk features in particular less severe CAD and left
ventricle dysfunction compared with lean patients, even
when adjusting for these confounding factors. They demon-
strated that underweight patients had a higher risk of peri-
operative complications, whereas the perioperative prognosis
was not adversely affected by overweight and obesity.

Table 2
Relationship between the 30-day mortality and BMI – univariate and multivariate analysis

Univariate analysis Multivariate analysis*
BMI (kg/m2)

OR 95% CI p OR 95% CI p
 24.9 Reference Reference

25–29.9 1.061 0.278–4.053 0.931 1.720 0.388–7.635 0.476
 30 1.305 0.321–5.296 0.710 2.824 0.598–13.346 0.190

BMI – body mass index; OR – odds ratio; CI – confidence interval.
*Adjusted for age, peripheral vascular disease, serum creatinine > 200 μmol/L and ejection fraction.
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Several studies tried to examine the effect of revascu-
larization strategy and level of obesity on short- and long-
term results. These attempts brought even more confusion in
the field. Investigators from the Bypass Angioplasty Revas-
cularization Investigation (BARI) trial had found that an in-
creased BMI is associated with a worse long-term outcome
after CABG but not after percutaneous coronary intervention
(PCI) 32. In contrast, the Arterial Revascularization Therapies
Study (ARTS) which included a large cohort of patients who
had multi-vessel CAD and underwent surgical or percutane-
ous revascularization, found that BMI had no effect on the 3-
year outcome on those who underwent stenting 4. “Con-
versely, among patients who underwent CABG, those who
were overweight or obese had a significantly better outcome
than did those who had a normal BMI with regard to survival
without major adverse cardiac or cerebrovascular events,
mainly due to lower rates of repeat revascularization proce-
dures” 4.

A recent meta-analysis investigated the effect of obesity
on short- and long-term mortality post-coronary revasculari-
zation 17. The analysis included 22 cohort publications, re-
porting results in 10 post-PCI and 12 post-CABG popula-
tions. “Compared to individuals with non-elevated BMI lev-
els, obese patients undergoing PCI had lower short- (OR
0.63; 95% CI 0.54–0.73) and long-term mortality (OR 0.65;
95% CI 0.51–0.83). Post-CABG, obese patients had lower
short-term (OR 0.63; 95% CI 0.56–0.71) and similar long-
term (OR 0.88; 95% CI 0.60–1.29) mortality risk compared
to normal weight individuals” 17. The authors concluded that
the mortality rate after CABG did not differ significantly
between the BMI groups. Finally, the results also suggest
that a potentially protective relationship between obesity and
mortality is absent in longer follow-up times or increasing
severity of obesity.

In the era of risk stratification and informed consent,
universally applied assessment of surgical risks may not ade-
quately aim to evaluate obesity as a predictor in various
scoring systems 23. Based on the EuroSCORE model the
BMI appears not to be considered as a potential risk factor 33,

34. The STS scoring system includes low BSA as an inde-
pendent risk factor (OR 0.91 per 1 unit). Florath et al. 28 at-
tempted to modify the EuroSCORE algorithm by adding the
risk factor ‘BMI < 24’ (with a coefficient established in their

study) that lead to an increased c-index to 0.75 (0.67–0.82).
They concluded that the prediction of the EuroSCORE algo-
rithm could be improved by including the risk factor ‘small
BMI’.

The obesity paradox does appear to exist for high BMI
patients with established CAD in whom prognosis appears to
be generally equal-to or even superior to low or normal BMI
patients 35, 36. This paradox needs to be further evaluated and
outcome integrated into modern risk scoring systems. It may
be that the mortality after CABG is increased for patients
with an extreme BMI in either the low or the high range 15. A
consensus of whether small BMI or high BMI is associated
with an increased risk is required in order to be integrated
into the outcome prediction model.

Several limitations of this study are currently noted.
The study evaluated only the short-term outcome. A longer
follow-up period may have detected additional events influ-
encing the final results. The study offers no data on the num-
ber of other comorbid conditions and potentially confound-
ing factors such are fitness, neurologic disease, cancer, HIV
status, smoking history, pulmonary hypertension, heart fail-
ure status, pre-surgical weight loss history, alcohol/illicit
drug abuse, cardioprotective medication use, markers of in-
flammation, and clotting factors. Adiposity was assessed
through BMI including no waist circumference, nor waist-to-
hip ratio.

Conclusion

Whether obesity directly affects the outcome and prog-
nosis of CABG is still the subject to considerable debate.
Although the authors found no relationship between obesity
and early postoperative mortality, it remains advisable for
patients to reduce their weight to normal range. Obesity is a
well-known risk factor for developing numerous cardiovas-
cular diseases. Obesity can also be considered a predictor of
elevated risk of postoperative complications. Further re-
search is required to study the impact of obesity on the in-
termediate and long-term outcomes in patients after CABG.
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Abstract

Bacground/Aim. Endoscopic mucosal resection (EMR)
or mucosectomy is a removing method of flat or sessile le-
sions, laterally spreading tumors and carcinoma of the co-
lon or the rectum limited to mucosa or the surface part of
the submucosa. The aim of the study was to estimate the
efficacy and safety of EMR in removing flat and sessile
colorectal adenomas. Methods. This prospective study in-
volved 140 patients during the period of 8 years. A total of
187 colorectal adenomas were removed using the EMR
method “inject and cut with snare”. Results. The ap-
proximate size of mucosectomised adenomas was 13.6
mm (from 8 mm to 60 mm). There was a total of 48
(25.7%) flat adenomas and 139 (74.3%) sessile adenomas,
(p < 0.01). Using “en bloc” and “piecemeal” resection, 173
(92.5%) and 14 (7.5%) of colorectal adenomas were re-

moved, respectively. In all the cases, a complete removal
of colorectal adenomas was achieved. Two (1.4%) patients
had adenoma removal with intramucosal carcinoma each.
In the average follow-up period of 21.2 ± 17.8 months, 2
(1.4%) patients had adenoma relapse after EMR. Consid-
ering complications, there was bleeding in 1 (0.7%) patient
with a big rectum adenoma removed with EMR. Further-
more, one (0.7%) patient had a postcoagulation syndrome
after cecal adenoma was removed by EMR. Conclusion.
EMR is an efficient, safe and minimally invasive technique
of removing flat and sessile adenomas in the colon and the
rectum, with a very low percentage of adenoma recurrence
over a long period of monitoring.

Key words:
adenoma; colorectal neoplasms; endoscopy, digestive
system; treatment outcome.

Apstrakt

Uvod/Cilj. Endoskopska mukozna resekcija (EMR) ili mu-
kozektomija je  metoda uklanjanja ravnih i sesilnih lezija,
tumora sa lateralnim širenjem i karcinoma kolona i rektuma
ograni enih na mukozu i površni nivo submukoze. Cilj rada
bio je da se izvrši procena efikasnosti i bezbednosti EMR u
uklanjanju ravnih i sesilnih adenoma kolona i rektuma.
Metode. Tokom perioda od 8 godina prospektivnom stu-
dijom obuhva eno je 140 bolesnika kod kojih je tehnikom
„ubrizgaj i seci sa om om“ metode EMR uklonjeno 187
kolorektalnih adenoma. Rezultati. Prose na veli ina muko-
zektomiranih adenoma iznosila je 13,6 mm (od 8 mm do 60
mm). Ukupno je bilo 48 ravnih (25,7%) i 139 sesilnih ade-
noma (74,3%) (p < 0,01). „En bloc” resekcijom uklonjeno je
173 (92,5%) kolorektalnih adenoma, dok je resekcijom deo
po deo uklonjeno 14 (7,5%) adenoma. Kod svih bolesnika

postignuto je potpuno uklanjanje kolorektalnih adenoma.
Kod dva (1.4%) bolesnika uklonjen je po jedan adenom sa
intramukoznim karcinomom. U prose nom periodu pra e-
nja od 21,2 ± 17,8 meseci, kod dva bolesnika (1,4%) je na-
kon EMR došlo do recidiva adenoma. Od komplikacija, kr-
varenje nakon EMR bilo je kod jednog bolesnika sa velikim
adenomom rektuma (0,7%). Tako e, kod jednog (0.7%)
bolesnika, nakon EMR adenoma cekuma došlo je do nas-
tanka postkoagulacionog sindroma. Zaklju ak. Mukozek-
tomija je efikasna, bezbedna i minimalno invazivna metoda
uklanjanja ravnih i sesilnih adenoma kolona i rektuma, sa
vrlo niskim procentom recidiva adenoma tokom dugotraj-
nog perioda pra enja.

Klju ne re i:
adenom; kolorektalne neoplazme; endoskopija,
gastrointestinalna; le enje, ishod.
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Introduction

Colorectal cancer is the most frequent form of digestive
system cancer. In most cases, it is caused by malignant trans-
formation of adenoma (adenoma-carcinoma sequence). The
evolution of the normal mucosa through adenoma into cancer
is estimated to take from 5 to 20 years. Endoscopic removal
of adenomatous polyps can reduce 80% of the colorectal
cancer incidence 1–3.

Since about 80–90% of adenomatous lesions are
smaller than 10 mm and in polypoid shape, the conventional
snare polypectomy has been used for over three decades as
an acceptable endoscopic method of lesion removal. How-
ever, sessile and flat lesions (their Paris classification being
type 0-Is and 0-II) require a special skill as well as the expe-
rience of the endoscopist to use endoscopic mucosal resec-
tion (EMR) or mucosectomy 3. EMR was first described by
Deyhle et al. 4 in 1973, as an endoscopic technique of sessile
colonic polyp resection. This technique proved efficient in
removing flat colonic lesions or sessile that are bigger than
10 mm, as well as the laterally-spreading tumors of granular
type 5, 6. Non-granular laterally-spreading tumors have a
greater malignant potential and can be removed only “en
bloc”, using the endoscopic submucosal dissection (ESD),
the most developed in Japan 7. With colorectal cancer
spreading over the mucosa and surface level of the submu-
cosa (sm1) there is a very low risk for metastasis in lymphic
nodes, which absolutely indicates to EMR or ESD 8, 9.

There are various suction and non-suction techniques of
EMR. The non-suction technique “inject and cut with snare”
is most frequently used in the colon, and it represents sub-
mucosal injection of different solutions to elevate the lesion,
which is then snared and electroresected. The elevation of a
lesion makes easier putting it into the snare and prevents
deeper layers of the colon from getting damaged during the
electroresection. Lesions smaller than 20 mm are removed in
one go (“one piece” resection), while those bigger than 20
mm get removed step by step (“piecemeal” resection) 10.

The aim of this prospective nonrandomized study was
to estimate the efficiency and the safety of EMR in removing
flat and sessile adenomas of the colon and rectum, as well as
assessment of adenoma recurrence over a long period of
monitoring.

Methods

In General Hospital Lekovac, Department of Gastroen-
terology and Hepatology, in the period of 8 years (2004–
2011), a total of 187 colorectal adenomas were removed by
EMR in 140 patients (98 men and 42 women), whose aver-
age age was 62.4 ± 10.12 years (from 42 to 80 years).

Criteria excluding patients from the study were the
presence of nonadenomatous histological structure of muco-
sectomised lesion, synchronous cancer and significant
comorbidity of the patients.

All the patients were asked to give their consent to colo-
noscopy and endoscopic removal of adenomas. Colonoscopic
examinations were carried out with video colonoscopes of the

Pentax and Olympus brand. The EMR method “Inject and cut”
technique was used for the removal of a sessile (according to
the Paris clasiffication of type 0–Is) and flat neoplastic lesions
(type 0–IIa and 0–IIb). The standard 23 gauge and 4 mm long
needle was used for submucosal application of the dilute saline
solution of epinephrine (1:100,000). In some cases, we used
indigo carmine (0.04%), or a few drops of methylene blue
(0.5%) in a dilute solution of epinephrine, which contributed
to a better demarcation of the elevated lesion. The total vol-
ume of the dilute epinephrine amounted from 4 mL to 20 mL.
Submucosal injection was first applied underneath the proxi-
mal foreign lesion, then underneath the distal side, until the
submucosal “pillow” was formed and lesion elevated. Then
we placed an oval or hexagonal polypectomy snare, which got
the elevated lesion snared and electroresected by the help of
the electrosurgical unit. Resection was performed by cutting
combined with electrocoagulation of the lesion (Figures 1–4).
The size of adenoma was estimated by the familiar estimate on
the basis of the scope of the open biopsy scissors. When ade-
nomas were up to 20 mm in size “en bloc” resection was per-
formed, whereas with adenomas larger than 20 mm we per-
formed “piecemeal” resection. In the case of „piecemeal“ re-
section, before getting each lesion snared a new quantity of the
dilute solution of epinephrine was applied submucosally, so as
to elevate the lesion.

Fig. 1 – Lagre sessile adenoma of the colon.

Fig. 2 – Adenoma elevation with submucosal injection of
diluted epinephrine.
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Fig. 3 – Adenoma electroresection with snare.

Fig. 4 – Lager ulceration after a complete adenoma
resection.

Patients with synchronous polyps had the polyps re-
moved with common polypectomy techniques, such as “cold
forceps” polypectomy, “hot forceps” polypectomy, “cold
snare” polypectomy and the common electrosection of pol-
yps with a snare.

After EMR, endoscopic estimate was made to see if the
adenoma was completely eliminated. The remaining ade-

noma tissue was removed by a new electroresection with a
snare, and in case it was smaller than 5 mm, by “hot biopsy
forceps”. The material was sent to the Pathology Depart-
ment, where the standard histology protocols of staining with
hematoxylin and eosine were performed.

After having colorectal adenomas removed with endos-
copy, patients subsided one or two days on a liquid diet, and
the following day the intake of food was normal.  After the
endoscopic intervention, they were checked colonoscopi-

cally, for the residue or recedive estimate, once in three or
six months, depending on the histologic findings about the
removed adenoma. The next three years, colonoscopy ex-
amination was done once a year, and then at a longer interval
of time. The average follow up was 21.2 ± 17.8 months (3 to
72 months).

For statistical analysis we used measures of central ten-
dency (average value, ) and measures of dispersion [stan-
dard deviation (SD)]. The method used to assess the signifi-
cance of difference was Pearson's 2 test with Yates's correc-
tion. The existence of statistically significant differences
between individual characteristics was considered at values
of p < 0.01.

Results

Most frequently, there was one mucosectomy per a
colonoscopic examination, in 103 (73.5%) of the patients,
whereas the largest number of performed mucosectomies per
patient, in a course of a single colonoscopy, was 5. Nine mu-
cosectomies were performed on a patient in the course of 4
colonoscopic examinations. “En bloc” resection was used to
remove 173 (92.5%) of colorectal adenomas, whereas
“piecemeal” resection 14 (7.5%) were removed adenomas. In
all the cases mentioned, colorectal adenomas were com-
pletely removed.

In 40/140 (28.5%) patients submitted to EMR using
colonoscopy, 60 synchronous polyps were discovered, and
endoscopycally removed.

The approximate size of the mucosectomised adenomas
was 13.6 mm (from 8 mm to 60 mm). All mucosectomised
sessile colonic adenomas were greater than 10 mm.

Regarding their endoscopic shape, there was a total of
48 (25.7%) flat and 139 (74.3%) sessile adenomas, which
represents a statistically important difference (p < 0.01).
Considering of their location, there was a statistically signifi-
cant higher incidence of sessile adenomas in the rectum and
the sigmoid part of the colon (p < 0.01), while in the other
segments of the colon there was no statistically significant
difference in endoscopic shape of adenomas (p > 0.01)
(Table 1).

Histologically, the largest number of removed adeno-
mas were of tubular structure (128, 68.4%), then of tubu-
lovillous structure (57, 30.5%), and the least frequent among
them were villous (2, 1%), which was a statistically signifi-
cant difference (p < 0.01). Regarding their location, it was
statistically significant that tubular structure of adenoma oc-
cured more frequently in the rectum, the sigmoid section of
the colon, the colon transversum and  ascendens (p < 0.01),
while only in the descendens and the caecum the difference

Table 1
Endoscopic shape of mucosectomised adenomas depending on their location

Endoscopic
shape

Rectum
n = 51

Sigma
n = 77

Descendens
n = 6

Transfersum
n = 28

Ascendens
n = 18

Caecum
n = 7

Total
n = 187

Flat, n (%) 11 (21.6) 16 (20.7) 1 (16.6) 11 (39.2) 7 (38.8) 2 (28.5) 48 (25.7)
Sessile, n (%) 40 (78.4)* 61 (79.2)* 5 (83.3) 17 (60.7) 11 (61.1) 5 (71.4) 139 (74.3)*
*p < 0.01 compared to other groups vs flat adenomas ( 2 test)
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was not statistically significant in histologic structure of ade-
noma (p > 0.01) (Table 2).

All the removed adenomas were mainly of the second-
degree dysplasia (97, 51.9%), then third-degree (59, 31.5%),
and, least frequently, first-degree (31, 16.6%), which was
statistically significant, 2 = 34.16 > [ 2 (2 and 0.01) = 9.21,
p < 0.01]. In 2 (1.4%) patients with adenoma removed each,
severe dysplasia with intramucosal cancer focus was de-
tected histologically.

In the average follow-up period of 21.2 ± 17.8 months
in 2 (1.4%) patients after EMR occurred adenoma recurrence
(Table 3). In 1 patient, after 18 months occured relapse of a
big sessile adenoma on the hepatic flexure of the colon. Re-
current adenoma had tubulovillous structure with third-
degree dysplasia, which was a finding identical to the one of
the initial adenoma. Recurrent adenoma was then endoscopi-
cally removed, and twelve months after the removal there
was no relapse. In the other patient with large sessile ade-
noma in the rectum, about 50 mm in diameter, 12 months
after the “piecemeal resection”, there was a recurrence which
was completely removed endoscopically. Histologic findings
of the removed relapse were identical to the ones of the
original tumor – tubular adenoma with a third-degree dyspla-
sia.

Table 3
Endoscopic mucosal resection outcomes

Outcome Patients
n (%)

Adenoma relapse 2 (1.4)
Complications

bleeding 1 (1.7)
post coagulation syndrome 1 (0.7)

As far as complications are concerned (Table 3), there
was bleeding after mucosectomy in 1 (0.7%) of the patients
with a big sessile adenoma in the rectum, which had been
removed with a “piecemeal” resection. The bleeding was
stopped by placing 6 clips. After mucosectomy of a flat ade-
noma in the caecum, with one (0.7%) patient there occured
the postcoagulation syndrome with abdominal pain and peri-
caecal infiltration. The patient was operated on, but later the
existent liver and kidney insuficiency worsened, leading to
lethal outcome.

Discussion

Today, EMR represents a rutinary procedure of re-
moving flat, larger sessile lesions, as well as laterally
spreading tumors in the colon and the rectum. EMR has an

advantage over the traditional surgical methods for malig-
nantly alterated colorectal adenoma and cancer, because of a

lower rate of procedural morbidity and mortality 11. This
method can remove cancer spreading over mucosa and the
surface level of the submucosa, deep to 1,000 m (sm1 inva-
sion level), on condition that the cancer has been well his-
tologically differentiated, and there is no lymphatic or ve-
nous invasion. This is particularly important with elderly pa-
tients with significant comorbidity, where the risks of surgi-
cal interventions are high 7, 12, 13.

There are various suction and non-suction techniques of
EMR. Suction techniques run a higher risk of affecting the
muscular layer, especially in the colon and the rectum, so the
submucosal application of a larger amount of different solu-
tions and a controlled power of suction are recommended 14.
Safer for the colon and the rectum are the non-suction EMR
techniques. The non-suction technique “inject, lift and cut”,
where lesion gets elevated by forceps before resection, re-
quires a double-channel endoscope 15. Still, “inject and cut
with snare” is the most frequently used technique for the co-
lon and the rectum, and we used it for our patients, too. The
essence of this technique is to use an injection of different
solutions submucosally, underneath the proximal and then
the dystal part of the lesion, in order to elevate it, which en-
ables its snaring and electroresection. Elevation of the lesion
thickens the colon wall and the refore prevents the deeper
layers of the wall from getting damaged during electroresec-
tion 16.

For submucosal injections of the EMR “inject and cut
with snare” technique we used a 1 : 100,000 physiological
saline solution with epinephrine, which was used most fre-
quently. Epinephrine dilution of 1 : 200,000 is also used.
Attenuated epinephrine has no role in preventing delayed
bleeding but is useful for creating a bloodless field during
EMR. Furthermore, epinephrine limits the submucosal solu-
tion dispersion field which contributes to a longer eleva-
tion 3. Some studies have shown the advantage of the usage
of other solutions for submucosal injection, such as hyalu-
ronic acid, hydroxypropylmethylcellulose, glycerol and suc-
cinylated gelatin, which contribute to a longer elevation. The
disadvantage of these solutions is their price and not being
available to many endoscopic units 3, 17. Besides, the use of
hydroxypropylmethylcellulose, as well as other solutions like
hypertonic sodium chloride (3.75%) and dextrose (20%) may
harm the tissue and cause local inflammatory reactions 7.

In some cases, we applied indigo carmine or methylene
blue in a diluted solution of epinephrine. The use of biologi-
cally inert color of indigo carmine and methylene blue pro-
vides good elevated lesion demarcation and well-defined

Table 2
Histological structure of mucosectomised adenomas depending on their location

Histologic structure
Rectum
n = 51

Sigma
n = 77

Descendens
n = 6

Transfersum
n = 28

Ascendens
n = 18

Caecum
n = 7

Total
n = 187

Tubular adenoma, n (%) 29 (56.8) 55 (71.4) 5 (83.3) 22 (78.5) 13 (72.2) 4 (57.1) 128 (68.4)
Tubulovillous adenoma, n (%) 21 (41.2) 21 (27.2) 1 (16.7) 6 (21.4) 5 (27.8) 3 (42.8) 57 (30.5)
Villous adenoma, n (%) 1 (1.9) 1 (1.3) 0 0 0 0 2 (1)

*p < 0.01 vs other groups ( 2 test)
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safety of the resection line. The color does not tie into the
muscular layer, so in case this layer gets involved in resec-
tion, there can be observed a discontinuum in the uniform
blue of submucosis. Furthermore, adenoma tissue, which is
red, can clearly be identified. The use of color eliminates the
need for thermal marking of the resection margins. A special
benefit of the use of color is with lesions which are not
clearly separated, such as laterally spreading tumor and ses-
sile serrated adenoma 18.

We applied a total of 4–20 mL diluted solution of epi-
nephrine submucosally. In “piecemeal” resection of adeno-
mas larger than 20 mm, before each snaring we applied a
new amount of epinephrine solution submucosally in order to
elevate the lesion. According to literature, the total volumen
of the applied solution during EMR amounted to 5–50 mL.
“Non-lifting sign” signaled that structures deeper in the co-
lon wall were affected by tumor and such patients were sent
to laporascopic or open surgical resection 3.

According to the literature, complete removal of colo-
rectal adenomas is achieved in 75–100% cases 6, 8, 19–22.
Sucess of the EMR technique depends on adenoma size and
depth of the invasion. Laterally spreading tumors larger than
30 mm are rare and require a special skill for a safe removal.
They can hardly be removed “en bloc”, usually they are re-
moved “piecemeal”. According to a study19, “en bloc” resec-
tion was achieved in 73.1% of tumors smaller than 30 mm,
and only 15.4% of tumors larger than 30 mm. A high success
(100%) of complete adenoma removal in our patients can be
explained by the fact that intramucosal cancer in adenoma
was found with only two (1.4%) patients and the fact that the
average size of the removed adenoma (13.6 mm) was smaller
in comparison to other series 6, 8, 19–22.

Removed adenomas in our patients were significantly
more sessile (74.3%) than flat adenomas (25.7%). Regarding
their location, sessile structure of adenomas was significantly
more likely to be present in the rectum and the sigmoid part
of the colon, while in other segments, despite a high oc-
curence of sessile adenomas in comparison to flat adenomas,
the difference was not statistically significant. According to
the literature, flat adenomas are found in 6.8% to 36% of all
adenomas 23–25.

The largest number of adenoma are of tubular structure
(80–86%), then tubulovillous (8–16%), and least frequently
villous (3–16%) 26. A similar ratio was there with our series
of examinees. According to the literature, adenomas most

frequently show mild dysplasia (70–86%), then moderate
dysplasia (18–20%), and the least frequent severe dysplasia
with carcinoma in situ (5–10%) or invasive carcinoma (5–
7%) 27. In our examinees, adenomas most frequently had
moderate dysplasia, then severe dysplasia and the least fre-
quent mild dysplasia.

After extensive piecemeal EMR, it is advised that
colonoscopic examinations take place from 3 to 6 months,
then once a year over the next 3 years, and then at longer in-
tervals 3. Our patients underwent similar examinations. Ade-
noma relapse after EMR ranges from 0–46%, depending on
adenoma size and follow-up period. A higher risk for relapse
was observed in adenomas larger than 35 mm. In case of
visible adenoma residue after EMR, use of argon plasma co-
agulation reduces the frequence of relapsing adenoma for
50% 28. In order to provide a long term monitoring of our
patients after mucosectomy, we excluded from the study the
patients with a significant comorbidity and synchronous can-
cer. In both (1.4%) our patients with relapse, adenoma was
too of a larger size. We removed residual adenoma tissue by
electroresection with a snare or “hot biopsy forceps”.

Perforation after EMR was shown in 1–2% of cases and
bleeding in about 2% of the cases. These complications can be
successfully endoscopically managed with hemoclips 21, 29. We
had 1 (0.7%) examinee with bleeding following mucosectomy
of a large rectal adenoma, which was sanated with hemoclips.
Post-coagulation syndrome occurs because of transmural
bowel wall damage in 0.51–3.7% of cases. It manifests most
frequently from the first to the fifth day after the polypectomy,
with the symptoms of localised abdominal pain, febrility,
peritonitis and leukocytosis. Conservative therapy is usually
sufficient for resolution of the symptoms 22, 30. In one (0.7%) of
our patients, after caecal adenoma mucosectomy appeared post
coagulation syndrome, which could not be sanated with drug
treatment, and the patient was operated on.

Conclusion

With well-defined indications, EMR is an efficient,
safe, as well as minimally invasive method of removing flat
and sessile adenomas in the colon and rectum, and in many
cases it has replaced surgical methods. During a long follow-
up period after complete removal of adenoma there is a very
low percentage of their recurrence, which is important in
secondary prevention of colorectal carcinoma.
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Abstract

Background/Aim. Fasciocutaneous flaps are tissue flaps
that include the skin, subcutaneous tissue and underlying
fascia, and are based on the septocutaneous system of blood
vessels. They have a number of characteristics that give
them an advantage in many cases, especially in treatment of
lower extremity defects. The aim of this study was to clini-
cally analyse the outcomes of patients surgically treated with
a. peroneae perforator-based reverse flaps of the lower leg.
Methods. This prospective study was conducted on a
group of 22 patients with tissue defects in the lower third of
the lower leg and foot. All the 22 patients underwent stan-
dard diagnostic procedures and the preoperative preparation
for spinal anesthesia. During the surgery, the location of the
recipient site with a future flap and an accompanying vas-
cular stem was marked. Having prepared the recipient site in
accordance with the surgical principles, the lobe was pre-
pared, rotated and positioned in the defect region. Results.
The proportion of male to female patients in our study
group was 19 (86%) to 3 (14%), respectively. The maximal
defect frequency (14 or 63%) was found in the age group of
30–50 years, i.e. working-age people. Trauma in 16 (72%) of

patients was the most common reason for surgical treat-
ment. The most common defects our patients had were
found in the distal third of the leg (5, 22%), medial malleo-
lus (4, 18%), the dorsum of the foot (3, 13%) and the foot
(4, 18%). The number of lobes (18, 81%) applied in the
course of our clinical study was statistically more significant
(p < 0.05) than the number of lobes applied along with the
skin autografts (4, 19%). During the final follow-up of the
applied lobes, 6 (27.2%) of early and 2 (9%) of late compli-
cations were observed, making a total of 36.2% of compli-
cations occurring in the applied lobes, of which only 1 was
lost. Conclusion. Clinical application of a.suralis superficialis
mediani-based reverse flap is justified by a high percentage
(95.5%) of preserved lobes. Functional recovery of Achilles
tendon injuries treated with the fasciocutaneous flap appeared
to be effective. The results obtained during the clinical inves-
tigation can be very helpful in using this flap more optimally
and more often in a wide range of different reconstructive
surgical procedures in the field of plastic surgery.

Key words:
reconstructive surgical procedures; lower extremity;
surgical flaps; recovery of function.

Apstrakt

Uvod/Cilj. Fasciokuatni režnjevi su režnjevi koji u svom
sastavu imaju kožu, potkožni sloj i fasciju, a bazirani su na
septokutanom sistemu krvnih sudova. Imaju niz karakteris-
tika koje im daju prednost kod velikog broja povre enih, a
posebno u zbrinjavanju defekata na ekstremitetima. Cilj ove
studije bila je klini ka analiza rezultata operativnog hirur-
škog le enja bolesnika kod kojih su koriš eni reverzni rež-
njevi potkolenice bazirani na perforatorima a. peroneae. Me-
tode. Ova prospektivna studija sprovedena je na 22 boles-
nika sa defektom tkiva na zadnjoj strani donje tre ine pot-
kolenice i stopala kod kojih su ura ene preoperativno sta-

ndardne dijagnosti ke analize i priprema bolesnika za spi-
nalnu anesteziju. U operativnom postupku markirano je me-
sto davaju e regije sa budu im režnjem i pripadaju om vas-
kularnom peteljkom. Režanj je ispreparisan, rotiran i posta-
vljen na mesto defekta uz predhodnu pripremu primaju e
regije shodno hiruškim principima. Rezultati. U ovom kli-
ni kom ispitivanju dominirali su bolesnici muškog pola, 19
(86%), dok je žena bilo 3 (14%). Najve a u estalost defeka-
ta, 14 (63%), bila je u starosnoj grupi od 30–50 godina, tj.
kod radno sposobnih ljudi. Trauma, 16 (72%), bila je naj e-
š i razlog za operativno lije enje. Defekt se naj eš e nalazio
na distalnoj tre ini potkolenice, 5 (22%), medijalnom male-
olusu, 4 (18%), dorzumu stopala 3 (13%) i peti 4 (18%).
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Broj primijenjenih režnjeva, 18 (81%), u toku klini kog rada
bio je statisti ki zna ajniji (p < 0,05) nego broj primijenjenih
režnjava zajedno sa autotransplantatom kože, 4 (19%). U
toku pra enja primenjenih režnjeva bilo je 6 (27,2%) ranih
komplikacija i 2 (9%) kasne što iznosi ukupno 36,2% kom-
plikacija na primenjenim režnjevima, od kojih je samo jedan
bio izgubljen. Zaklju ak. Primena reverzibilnog režnja ba-
ziranog na a. suralis superficialis medianae je opravdana zbog
velikog procenta (95,5%) o uvanih režnjeva. Funkcionalni

oporavak kod povreda u predelu Ahilove tetive pri primeni
fasciokutanog režnja bio je efikasan. Dobijeni rezultati mo-
gu biti višestruko korisni u plasti noj hirurgiji radi optimal-
nije i eš e upotrebe ovoga režnja u razli itim rekonstrukti-
vnim hirurškim zahvatima.

Klju ne re i:
hirurgija, rekonstruktivna, procedure; potkolenica;
režnjevi, hirurški; funkcija, povratak.

Introduction

Fasciocutaneous flaps are tissue flaps that include
the skin, subcutaneous tissue and underlying fascia, and
are based on the septocutaneous system of blood vessels.
They have a number of characteristics that give them ad-
vantages over other types of flaps, especially in the man-
agement of the lower extremity defects. A fasciocutane-
ous flap is vascularized by fasciocutaneous (septocutane-
ous) blood vessels originating from the regional blood
vessels, that pass through an intermuscular and intercom-
partmental fascial septa to the surface of the fascia, where
they branch off to form the plexuses which deliver the
blood to the subcutaneous fatty tissue and the skin of the
region above the perforator. The most important feature
of a fasciocutaneous flap is the vascularization system
which distinguishes it from the other flaps 1, 2. The dis-
tally-based superficial sural artery flap was been first de-
scribed in the experimental study of Masquelet et al 3. It is
a skin island flap supplied by the vascular axis of the su-
ral nerve. Arterial blood supply to the flap is provided by
the superfacial sural artery which anastomoses with sep-
tocutaneous perforators a. peroneae. The pivot point of
the pedicle must be at least 5 cm proximal to the lateral
malleolus 4, 5. Hasegawa et al. 6 presented the successful
use of that flap in 21 patients on the basis of the results 
published in the 90s of the last century 3. During the post-
operative period, the largest number of patients had ve-
nous stasis flaps, of which the largest ones (10  13 cm)
were maintained for two months. A more favorable clini-
cal course was observed in patients with smaller flaps.
There were two great advantages of that flap. The first re-
ferred to the easy and fast surgical preparation and flap
design without doppler diagnosis, while the second re-
ferred to the fact that there was no need to sacrifice the
main arteries of the lower leg 7, 8. The flap size, location,
width as well as esthetic requirements of the recipient rer-
gion should be taken into consideration during planning
and designing 8, 9. The flap was then outlined and the vas-
cular pedicle marked 5 cm proximally to the lateral mal-
leolus, where the point called the “pivot point” of the flap
was marked. Further, the flap was designed along the me-
dial line of the lower leg which represented the path of the
neurovascular pedicle.

The aim of the study was to analyze clinical outcomes
of surgical treatment with reverse lower leg flaps based on a.
peroneae perforators.

Methods

This prospective study on a group of 22 patients with
tissue defects in the lower third of the lower leg and foot
was conducted in the Military Medical Academy, Belgrade,
Serbia the Clinic for Plastic Surgery, the Clinical Center of
Montenegro, Podgorica, Montenegro and the Surgical
Ward, Fo a General Hospital, Fo a, Bosnia and Herzego-
vina.

All the 22 patients with the defect in the lower third of
the lower leg and proximal part of the foot underwent stan-
dard diagnostic procedures and the preoperative preparation
for spinal anesthesia.

During the surgery itself, we marked the location of the
recipient site with a future flap and accompanying vascular
stem.

After the recipient area has been prepared, accordind to
surgical principles of this procedure, the lobe was prepared,
rotated and positioned in the defect region.

The functional and esthetic outcomes of the reconstruc-
tion method applied in all the 22 patients who underwent the
lower leg reconstruction with reversible fasciocutaneous flap
based on a. suralis superficialis mediani were postopera-
tively analyzed. Functional investigations referred to the
evaluation of the mobility of the distal third of the lower leg
and hinge joint, where the planned flap could ensure, through
further rehabilitation, the functional recovery at the highest
level possible.

All the obtained data were statistically processed upon
their collection. The p < 0.05 was considered to be of statis-
tical significance.

Results

During our clinical investigation period, a total of 22
patients of different ages and gender underwent surgery, i.e.
reconstruction of the lower leg with the flap based on a. su-
ralis superficials mediani.

During this clinical investigation there were more male
than female patients in the study group, the ratio being 19
(86%) to 3 (14%), respectively.

The maximal sickness frequency (14 patients, 63%)
was found in the age group of 30–50 years, i.e. working-age
people, p < 0.05 (Figure 1).

Trauma was found to be the most common reason for
surgical treatment in the course of this clinical investigation
(16 patients, 72%), p < 0.05 (Table 1, Figure 2).
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Fig. 1 – Age structure of the patients.

The most common defects were observed in the distal
third of the leg (5 patients, 22%), medial malleolus (4 pa-
tients, 18%), the dorsum of the foot (3 patients, 13%) and the
foot (4 patients, 18%) (Table 1).

A total of 18 (81%) lobes applied in the course of this
clinical study was statistically more significant (p < 0.05)

than the number of lobes applied along with the skin auto-
grafts, 4 (19%).
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Fig. 2 – The types of injuries.

During the postoperative flap monitoring period, we
observed 6 (27.2%) early and 2 (9%) late complications,
making a total of 36.2% complications in relation to the ap-
plied flaps, of which only one was lost (Table 2).

Table 1
The size of fasciocutaneous arterial flap and defect dimensions and the application and transfer of flap through  the

subcutaneous tunnel or not through it

Patient’s
number

Cause of the defect
Size of the
defect (cm)

Size of the
lobe (cm)

Localization of the defect Path

1 Trauma 9  6 11  8 Distal third of the leg Not through the
tunel

2 Trauma 10  6 12  8 Hell, malleolus Not through the
tunel

3 Ulceration 5  4 6  5 Med. malleolus Through the tunel
4 Ulceration 5  4 6  5 Med. malleolus Through the tunel
5 Trauma 5  5 7  6 Med malleolus Not through the

tunel
6 Trauma 9  8 11  7 Hell Through the tunel
7 Trauma 7  6 9  7 Malleolus Not through the

tunel
8 Trauma 9 8 12  8 Distal third of the leg Not through the

tunel
9 Tumor 6  5 7  6 Hell Through the tunel

10 Trauma 8  8 9  8 Distal third of leg Not through the
tunel

11 Ulceration 7  6 8  8 Med. malleolus Through the tunel
12 Trauma 7  4 8  5 Distal third of the leg Not through the

tunel
13 Ulceration 5  4 6  4 Med. maleolus Passage through

the tunel
14 Trauma 10  6 11  7 Distal third of leg Not through the

tunel
15 Trauma 4  3 5  4 Hell Through the tunel
16 Trauma 5  3 6  4 The defect in a part of the Achilles’

tendon
Not through the

tunel
17 Trauma 9  7 10  9 Dorsum of the foot Not through the

tunel
18 Traumatic

amputation
12  8 15  10 Dorsal side of the foot with

amputating stump of it
Not through the

tunel
19 Trauma 7  6 10  7 Front side, distal third of the leg Not through the

tunel
20 Trauma 5  5 7  6 Hell Through the tunel
21 Trauma 10  7 12  8 Dorsum of the foot Not through the

tunel
22 Trauma 9  7 10  8 Lateral malleolus and the hell Through the tunel
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Table 2
The presentation of immediate and late complications

Early
complications

Patients
 n (%)

Late
complications

Patients
n (%)

Hematoma 2 (9) Hypertrophic
scar

1 (4.5)

Infection 1 (4.5) Hyperkeratosis 1 (4.5)
Superficial flap
necrosis

1 (4.5)

Marginal necrosis 1 (4.5)
Lost lobe
(infection and
necrosis)

1 (4.5)

All the patients underwent a complete physical therapy.
Functional recovery from Achilles’ tendon injuries managed
with the fasciocutaneous flap that was observed in our pa-
tients was much better.

Results of flap incorporation to the recipient defect site
are presented in Figure 3.

Discussion

The methods of clinical investigation were classified
into 3 groups: preoperative preparation, surgical technique

a) b)

c) d)

e) f)

Fig. 3 – The flap postoperative follow-up to its final incorporation into the recipient defect site.
a, c, e – Recipient defect site preoperativelly;  b, d, f – Flap final incorporation into the recipient defect site.
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for the fasciocutaneous flap, postoperative monitoring of the
flap until its definite placement into the recipient defect site.
Through surgical treatment, we showed the possibilities of
and justification for the use of this flap in reconstruction of
distal lower leg and foot defects. This surgical procedure was
performed in the patients with the following indications:
posttraumatic defects in the areas of the distal third of the
lower leg on its medial and posterior side, the Achilles’ ten-
don and the foot, the medial and lateral malleolus, and the
dorsal side of the foot including the posttraumatic distal foot
amputation; chronic ulcus in the area of calcaneus, and post-
operative defects after tumor excisions.

The surgical procedure was performed after the stan-
dard preoperative preparations, biochemical tests, necessary
cardiological examinations, color doppler imaging of the
lower-extremity blood vessels and other required exams.

The surgical procedure was performed under spinal an-
esthesia with the patient in the pronate position, and intraop-
erative changing of the patient’s position in relation to the
defect localization.

The surgery started with devitalized injury tissue and
skin edges debridement, and granulation tissue removal in
cases of posttraumatic defects, or with vulnerable scarf, i.e.
tumor excision, and the definite soft-tissue defect formation.
After that, a footprint of the formed soft-tissue defect was
taken over the sterile rubber material, and, after precise plan-
ning of the pedicle, used for covering the recipient site on the
posterior side of the proximal lower leg, and for raising the
planned flap slightly larger than the primary defect. Finally,
the flap was elevated by using our own technique along with
careful hemostasis and bipolar coagulation.

Particular care and attention was paid to the width of
the neurovascular pedicle containing 1 cm deep fascia taken
on either side of the pedicle to allow for better vascularioza-
tion of the flap.

The flap was transferred to the prepared soft-tissue defect
site through a subcutaneous tunnel or without passing it
through the tunnel, taking care not to twist the pedicle. The
edges of the flap were sutured together in one layer. The base
of the flap, dependent on its width, was closed by direct un-
dermining the skin flaps on the sides or using autotransplants.
Direct closure of donor defect sites up to 6 cm in diameter was
possible with the flaps equal in width, but if the skin island
flap was wider, the donor site closure was possible with the
Thiersch skin autotransplant. The skin graft was harvested
from the opposite leg with the electric dermatome, placed in
the donor site, and fixed with separate unresorbable sutures. It
was covered with vaseline gauze, wet gauze and dry gauze in
4 layers. The graft was also dressed with vaseline gauze and
dry gauze in 3 layers, and a circular hole cut out in the middle
of it to monitor the graft vitality. After the surgery, a patient
could lie on the left and the right side, but was not allowed to
lean on the dorsal side of the operated lower leg.

During this investigation, there were more male than
female patients, the ratio being 19 (86%) to 3 (14%), respec-
tively. The maximal sickness frequency (n = 14, 63%) was
found in the age group of 30–50 years, i.e. working-age peo-
ple.

In the course of this clinical investigation, trauma 16
(72%) appeared to be the most common reason for the surgi-
cal treatment. The most frequent defects were found in the
distal third of the leg (n = 5, 22 %), medial malleolus (n = 4,
18%), the dorsum of the foot (n = 3, 13%) and  the foot (n =
4, 18%).

The flaps and defects we investigated were of various
dimensions, ranging from 5  3 cm (injuries) to 12  8 cm
(traumatic amputations). During surgical application of the
flap, the length of the vascular pedicle ranged from 14 cm
maximally to 9 cm minimally, with the average values of
11.5 cm and standard deviation of 6.5 cm. The flap mobility
was extraordinary, with the possibility to rotate up to 180
degrees. Having in mind that the flap could be rotated in any
direction, it was possible to cover any point of the full circle
within the diameter of the maximum flap length, taking care
not to twist the pedicle. The number of patients surgically
managed using the flap passed via the subcutaneous tunnel
was 9 (41%), while the number of those with the flap not
passed through the tunnel to the site of application was 13
(59%).

The number of flaps used in the patients was 18 (81%),
and the number of flaps applied together with the skin auto-
grafts was 4 (19%).

The donor sites in 9 (41%) of patients were closed di-
rectly, while the closure of the donor site in 13 (59%) of pa-
tients was done using autotransplants ( p < 0.05).

Bleeding edges of the flap during the surgical proce-
dure were the first sign of its vitality. During the immediate
postoperative period, the vitality of the flap was monitored
using the “refillig” test (a change in the flap color to red-
ness upon releasing finger pressure or closed forceps) and
bleeding upon the insertion of the insulin needle. Tempo-
rary venous congestion of the flap was seen in distally
based flaps 10, 11. It occurred due to the retrograde flow of
venous blood, and the retrograde position of the valves in
the venous blood vessels 12, 13. Venous drainage of the
transferred flap was monitored by evaluating the two pa-
rameters, that is, the flap color and capilary refilling. The
color of the flap was assessed by comparing it with the
color of the adjacent skin. If the color was the same as that
of the adjacent skin, it was regarded as normal (blanchable
red). If it was darker when compared with the color of the
adjacent skin, it was assessed as livid. The lividity of the
flap, and the adenoma developed in the later stage were
caused by venous congestion. Adenoma sometimes exists
for up to two months. Similar results were reported by the
other authors 14–17. The reason for venous congestion of the
distally based flap lies in the fact that venous drainage is
carried out through small veins running parallel with the
small saphenous vein.

Venous congestion is considered to be an accompany-
ing postoperative phenomenon by many authors 18–20. On one
side, they bypass the adjacent valves of the large superficial
veins, and on the other side, they anastamose with the perfo-
rator concomitant veins through which the definite drainage
is carried out. The function of the fascious plexus in the ve-
nous drainage is emphasised here 19, 20. The flap refill test
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performed by applying thumb pressure was assessed normal
when the color returned within 3 seconds, indicating, thus,
that the capillary blood flow in the flap was normal. If color
change took more than 3 seconds, capillary refill was consid-
ered to be slow.

In the postoperative period, the status of the recipient
site was inspected regularly through dressing changes. How-
ever, care was given to the donor sites of both the flap and
free skin graft. Aspiration drainage of directly closed donor
sites was performed after 48 hours, while running sutures
used to close the wound were removed on the day 14 post-
operatively. Some authors report earlier removal of sutures,
and later removal of a drainage tube depending on its activ-
ity 19, 20. Following complete epitalization, the donor sites
closed with the free Thiersch’s skin grafts were controlled,
and the dressings removed from the donor sites between the
day 15 and the 20 postoperatively.

The grafts applied on the donor sites were dressed on
the day 2 after the surgery to ensure they were properly at-
tached to the site, that no blood accumulated beneath the
grafts and that there was so partial nor complete graft lisis.
The adherence to the donor site was achieved within 10 days,
when the sutures used to hold the graft in place were also
removed. Dressing changes were performed not later than 28
days to ensure complete healing of both the donor site and
the autotransplant. In the patients with bone fractures, callus
formation at fracture site and fracture healing were submitted
to radiography and regular orthopedic controls. Callus for-
mation at sites of fractures has been described by other
authors as well 20–22. On the basis of the radiography and
clinical findings, the inserted osteosynthetic material was
removed. Depending on the histopathological findings,
regular postoperatove follow-ups were indicated to prevent
reccurence of recedives.

During the postoperative monitoring of the flap, 6
(27.2%) early and 2 (9%) late complications were observed,
making together a total of 36.2% complications in relation to
the applied flaps, of which only 1 was lost. The postoperative
follow-up of the applied flaps was also described by other
authors who reported the total number of complications

similar to determined in this investigation 21, 22. The number
of flap failures reported by other authors was larger due to
the various numbers of applied flaps 23, 24.

The foot bones knited together can move to the left and
to the right, and these movements play a very crucial role in
the foot stability and balance. As a whole, the foot and its
connection with the lower leg bones, in combination with
some knee actions are considered a functional entity. There-
fore, after a short resting period, the complete physiotherapy
including electrotherapy, ultrasound therapy, magnetother-
apy with the emphasis on the lymphatic drainage, massage
and mobility exercises was initiated to reduce swelling as
fast as possible. Depending on the extent of surgical proce-
dure and concrete possibilities, the aim was to reestablish the
normal range of the joint motion, and load it with the full-
body weight.

All the patients underwent a complete physical therapy.
The functional recovery from Achilles’ tendon injury man-
aged with the fasciocutaneous flap was shown to be consid-
erably better than. Namely, long after all the symptoms re-
moval, foot instability to a smaller or larger extend was
demonstrated. It is the reason for indicating the functional
treatment as to regain the lost abilities. It mostly includes
strength, extension and balance exercises. Once the func-
tional therapy has been completed, we could say that every-
thing possible has been done to prevent new damage to the
joint itself, to its functional components or surrounding
physical structures.

Conclusion

The use of the reverse flap based on a. suralis superfi-
cialis mediani is justified by a high percentage (95.5%) of
preserved lobes.

Functional recovery of Achilles tendon injuries treated
with the fasciocutaneous flap was shown to be effective.

The results obtained during the investigation can be
very helpful for using this flap more optimally and more of-
ten in a variety of reconstructive surgical procedures in the
field of plastic surgery.
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Abstract

Backround/Aim. Retraction agents for temporary vertical
and lateral suppression of gingival tissue as well as bleeding
control and fluid flow in the gingival sulcus are expected to
have maximal efficiency without irreversible damage of local
tissue and adverse systemic effects. The research started
from the assumption that tetrahydrozoline is a biologically
more acceptable means of gingival retraction than commer-
cially available preparations. The aim of the study was to
comparatively analyse the inflammatory effects of different
retraction materials and tetrahydrozoline. Methods. The ef-
fect of retraction liquid on the basis of aluminum chloride
and epinephrine and tetrahydrozoline hydrochloride on gin-
gival tissue of rabbits was investigated. The application time
in the rabbit's gingival sulcus was 7 minutes.  Tissue biopsy
was performed after an hour, a day, and 7 and 30 days. Tis-
sue preparations were analyzed under a microscope. Re-
sults. The obtained results indicate a reversible damage of
gingival tissues as a result of local application of aluminum
chloride- and epinephrine-based retraction agents. Their use
led to acute inflammatory response after an observation pe-
riod of 1 and 7 days. After 30 days reparation of damaged
tissue was observed. The use of tetrahydrozoline resulted in
a visibly weaker inflammatory response. Conclusion. Re-
traction liquids insertion led to an acute inflammatory re-
sponse of gingival tissue which in time assumed a chronic
character. The inflammatory response to the administered
tetrahydrozoline was significantly lower with complete repa-
ration of gingival tissue. Taking this fact into account it is
recommended as a potential retraction agent.

Key words:
gingivitis; tissues; inflammation; animals, laboratory.

Apstrakt

Uvod/Cilj. Retrakciona sredstva za privremeno vertikalno i
lateralno povla enje gingivalnog tkiva i kontrolu krvarenja i
protoka te nosti u gingivalnom sulkusu trebalo bi da imaju
maksimalnu efikasnost bez ireverzibilnog ošte enja lokalnog
tkiva i neželjenih sistemskih efekata. U istraživanju se kre-
nulo od pretpostavke da je tetrahidrozolin biološki prihvat-
ljivije sredstvo za gingivalnu retrakciju od komercijalno do-
stupnih preparata. Cilj rada bio je komparativna analiza in-
flamatornog odgovora na dejstvo retrakcionih materijala i
tetrahidrozolina. Metode. Istraživan je efekat retrakcionih
sredstava na bazi aluminijum-hlorida i epinefrina, kao i tet-
rahidrozolin-hidrohlorida na gingivalno tkivo kuni a. Vreme
primene ispitivanog materijala u gingivalni sulkus kuni a iz-
nosilo je 7 min. Nakon opservacionog perioda od 1 h, jed-
nog, sedam i 30 dana vršena je biopsija gingivalnog tkiva i
dobijeni preparati su mikroskopski analizirani. Rezultati.
Utvr eno je reverzibilno ošte enje tkiva gingive izazvanog
lokalnom aplikacijom retrakcionih sredstava na bazi alumi-
nijum hlorida i epinefrina. Njihova upotreba, nakon 1-
dnevnog i 7-dnevnog opservacionog perioda, dovela je do
akutnog inflamatornog odgovora. Nakon 30 dana uo ena je
reparacija ošte enog tkiva. Primena tetrahidrozolina imala je
za rezultat zna ajno slabiji inflamatorni odgovor. Zaklju-
ak. Upotreba retrakcionih rastvora dovela je do akutnog

inflamatornog odgovora tkiva gingive, koji je vremenom
poprimio hroni ni karakter. Inflamatorni odgovor sa pri-
menom tetrahidrozolina bio je zna ajno slabiji sa potpunim
oporavkom gingivalnog tkiva. S obzirom na to tetrahidro-
zolin se može preporu iti kao potencijalni retrakcioni agens.

Klju ne re i:
gingivitis; tkiva; zapaljenje; životinje, laboratorijske.

Introduction

Regular impression taking is a prerequisite for con-
struction of high-quality fixed prosthetic appliance, thus al-
lowing maximum accuracy possible at the contact site of

biological tissue and restoration margin and ensuring integ-
rity of periodontal structures. If a preparation margin is set at
the level of or below the gingival margin, it is necessary to
make it accessible to impression material by reversible tem-
porary shift in apical direction.
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One of the most commonly used clinical methods for
gingival retraction is a mechanical-chemical method which
involves the use of special cotton cords of different thick-
ness, impregnated with a solution (retraction agent) 1. The
role of retraction agent implies temporary vertical and lateral
suppression of gingival tissue as well as bleeding control and
fluid flow in gingival sulcus 2, 3. For this purpose, vasocon-
strictors (epinephrine) and astringents (aluminum chloride,
aluminum sulfate, zinc chloride) are currently used. The ap-
plied retraction agent is expected to have maximal efficiency
without irreversible damage of local tissue and adverse sys-
temic effects 4.

On the other hand, some literature findings suggest that
these gingival retraction agents may cause systemic reactions
and local damage to periodontal tissues 5–7. Systemic effect is
related to epinephrine, especially if it is applied to damaged
marginal gingiva and greater number of teeth, because it is
contraindicated in patients with cardiovascular diseases, hy-
perthyroidism and diabetes 8, 9. Since astringents act by pre-
cipitation of proteins and show very low cellular permeabil-
ity they cause no systemic effects. Astringents of moderate
concentrations cause irritation of surrounding tissue, and
those of high concentrations cause caustic effect, which is
especially important if one takes into account the fact that
there is inadequate dose control 4.

Sympathomimetic vasoconstrictors also show retraction
activity and are commercially available as nasal and olfac-
tory decongestives 7. Thus, these preparations having tetra-
hydrozoline as active component are also advantageous in
dental prosthetics. In this study tetrahydrozoline was as-
sumed to represent biologically more acceptable retraction
agent when compared to commercially available products.

The aim of the study was to compare the effects of dif-
ferent commercially available retraction agents and tetrahy-
drozoline-based preparation on gingival tissue of rabbits.

Methods

The study included 3 commercialy available retraction
agents and tetrahydrozoline-based agent (Table 1).

Experimental studies were carried out in accordance
with the Helsinki Declaration (Approval of the Ethics Com-
mittee of the Faculty of Medicine in Niš, No. 01-2066-2).

The experiment involved 32 experimental male rabbits,
8 weeks of age and 1.8–2.2 kg of weight. The animals were
divided into 4 experimental groups, 8 rabbits for each tested
material. Each animal was administered 10 mg/kg intramus-
cular anesthesia Zoletil® (Virbac).

Experimental design was based on the following pa-
rameters: investigations were performed on gingival tissue of
all 4 incisors of rabbits from each group; gingiva of the right
incisors in all rabbits were the controls; gingiva of the left
incisors were used for application of tested materials. Appli-
cation was performed in gingival sulcus for 7 min using a
retraction cord (Retracto®, Roeko) to enable even distribu-
tion of retraction agents. The impregnated cord was carefully
placed along the whole tooth surface using plastic instrument
and dental forceps. Gingival tissue of the upper right incisors
in all the rabbits served as the negative control, ie it was in-
tact tissue in the experiment. Gingival tissue of the lower
right incisor in all the rabbits served as the control of the
false treatment type, representing application of the retrac-
tion cord without tested material in the same way as it was
used in the application of material. Simultaneous gingival
biopsy of the left and right incisors of the jaw was done to
avoid the influence of gingival biopsy injury of adjacent in-
cisor.

The application plan, as well as observation period du-
ration for each of the investigated retraction agents is shown
in Table 2.

After 1 h, 1, 7 and 30 days of the treatment, gingival
tissue samples were taken for histopathological analysis.
Using a scalpel, 2 vertical incisions were made on the labial
gingiva and one horizontal incision at the level of the al-
veolar ridge. Tissue samples of 2  2 mm were carefully
separated in vertical direction by a raspatory. Upon biopsy
tissue samples were fixed in 10% formaline. The material
was further dehydrated in increasing concentrations of
ethanol (from 50% to absolute). The material was illumi-
nated by xylene and then put in paraffin molds. Tissue
blocks embedded in periplast were cut on microtome (LKB
Bromma, Sweden) (1.5 μL) and stained by hematoxylin &
eosin (HE) method. Stained preparations were analyzed
histopathologically on a NU-2 microscope (Carl Zeiss,
Germany). The presence of collagen fibers was analyzed
under polarizing light. Intensity of inflammation reaction
was estimated semiquantitatively.

Results

The tissue samples of clinically healthy gingiva of the
negative controls that underwent no surgical procedures
showed normal histological image of the gingiva (Figure 1a).
On histological preparations of the control gingiva of a false
treatment type, 1 h and a day after the treatment mild in-
flammatory reaction was visible (Figure 1b). After 7 and 30

Table 1
Tested materials

Agent Chemical content Manufacturer
Retrargin® 25% aluminium chloride hexahydrate, pH = 0.8 Galenika, Serbia
Gingiva Liquid® 10% aluminium chloride hexahydrate, pH = 1.8 Roeko, Italy

Surgident® retraction solution 8% epinephrine -HCl, pH=2.5
Sigma Dental Systems

Emasdi GmblH, Germany
Visine® Original 0.05% tetrahydrozoline hydrochloride, pH = 5.6 Pfizer, USA
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days from the false treatment examined gingivae were not
histologically different from the negative controls.

The gingival samples treated with different retraction
agents showed different degrees of inflammatory reaction.
One hour after removal of a retraction cord, gingival tissue
showed slight inflammatory changes compared to the con-
trols. All the tissue samples had foci of inflammatory infil-
trate with a reduced amount of collagen fibers (Figure 2).

A day after removal of a retraction cord, inflammatory
infiltration was more prominent in the tissue samples treated
with retraction agents in relation to those treated with tetra-
hydrozoline (Visine®) (Figure 3).

After a 7 day observation period, the tissue samples
treated with retraction agents showed signs of extensive
acute inflammation. More intense degradation of collagen
fibers was observed after application of epinephrine-based

Table 2
Experimental design of the study

Treatment
Rabitt right incisor

(upper – u; lower - l)
left incisor

(upper – u; lower - l)

Observation period
[hour(s) -  h; day(s) - d]

1st NC(u)
FT (l)

TA (u)
TA (l)

1d
1h

2nd NC(u)
FT (l)

TA (u)
TA (l)

1h
1d

3rd NC(u)
FT (l)

TA (u)
TA (l)

1d
1h

4th NC(u)
FT (l)

TA (u)
TA (l)

1h
1d

5th NC(u)
FT (l)

TA (u)
TA (l)

30d
7d

6th NC(u)
FT (l)

TA (u)
TA (l)

7d
30d

7th NC(u)
FT (l)

TA (u)
TA (l)

30d
7d

8th NC(u)
FT (l)

TA (u)
TA (l)

7d
30d

TA - tested retraction agent; NC -  negative control (intact control); FT – false treatment.

a) b)
Fig. 1 – a) The tissue samples of the intact controls (the negative controls) had normal amount of collagen fibres;

b) Negative control preparations after one day biopsy showed mild focal inflammatory infiltrates that were later replaced
with healthy connective tissue (HE, 200).

 a) b) c)
Fig. 2 – Histopathological findings after a 1-hour biopsy.

a) Retrargin® (25% aluminium chloride hexohydrate); b) Surgident® (8% epinephrine-HCl); c) Visine® (0.05% tetrohydrozoline
hidrochloride). All tissue samples presented foci of inflammatory infiltrate with reduced amounts of collagen fibres (HE 100).
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agent. Tetrahydrozoline-based preparation showed the least
inflammatory effect in this case, where tissue fibrosis was
observed on a histopathological preparation (Figure 4).

With increasing duration of observation period, there
occurred tissue fibrosis, and inflammation became
chronic. The newly formed fibrous tissue was the sign of
defect reparation in the treated tissue. Complete repara-

tion occurred only in case of tetrahydrozoline application
(Figure 5).

Figure 6 shows different amounts of collagen in the tis-
sue structure observed under the polarization microscope af-
ter a 7-day observation period. A small amount of collagen
observed after application of retraction agents was the sign
of more intense acute inflammatory response.

 a)  b)  c)
Fig. 3 – Histopathological findings after a 1-day biopsy (HE, 100).

a) Retrargin® (25% aluminium chloride hexahydrate): tissue edema, with focal inflammatory infiltrate, b) Surgident® (8% epinephrine-
HCl): tissue showed strong acute inflammatory response: c) Visine® (0.05% tetrahydrozoline hidrochloride): there was a mild inflammatory

reaction, but noticeably lower than in the tissue after the removal of retraction cords.

 a)  b)  c)
Fig. 4 – Histopathological findings after a 7-day biopsy (HE, 100).

a) Gingival liquid: tissue samples after the removal of retraction cords with aluminum chloride showed signs of extensive inflammatory
reactions; b) Surgident® (8% epinephrine-HCl): inflammatory response and the reduced amount of collagen fibers of small-scale than that

presented in Fig. – 4a); c) Visine® (0.05% tetrahydrozoline hidrochloride): tissue fibrosis.

 a)  b)  c)
Fig. 5 – Histopathological findings after a 1-month biopsy (HE, 100).

a) Retrargin® (25% aluminium chloride hexahydrate) and b) Surgident® (8% epinephrine-HCl): tissue preparations showed a reduced
amount of collagen fibers and less focal inflammatory infiltrates, c) Visine® (0.05% tetrahydrozoline hidrochloride): a month after the

removal of  terahydrozoline, there was complete reparation of gingival tissue.

 a)  b)  c)
Fig. 6 – Amount of collagen fibers in the gingival tissue 7 days after the application of retraction agents (magnification 100).
a) normal amount of collagen in the negative controls; b) reduced amount of collagen in the gingival tissue treated with Retrargin® (25% aluminium

chloride hexahydrate); c)  reduced amound of collagen in the gingival tissue treated with Visine® (0.05% tetrahydrozoline hidrochloride).



Strana 50 VOJNOSANITETSKI PREGLED Volumen 71, Broj 1

Kosti  I, et al. Vojnosanit Pregl 2014; 71(1): 46–51.

Discussion

In order to make an adequate impression of the mar-
ginal line area located in or below the gingival level it is nec-
essary to dilate and dry the gingival sulcus. The consequent
ischaemia is reversible and is accompanied by reactive hy-
peremia limited to a 17-minute period upon cord removal 8.
Prolonged ischaemia might lead to tissue damage and necro-
sis. Changes that occur after retraction procedure usually last
from 1 to 2 weeks 10. Still, infection or serious tissue damage
may develop within this period 5. Changes occur at the junc-
tion line of gingiva and connective tissue and may result in
periodontitis, apical migration of epithelial junction and al-
teration of cement surface. After a period of tissue reparation
clinically acceptable apical migration of marginal gingiva
must not exceed 0.1 mm  4, 11.

Jokstad 12 has shown that the retraction effect of epi-
nephrine- and aluminum-salt-based astringents is almost
equal. On the other hand, there is a wide range of adverse
systemic reactions to absorption of epinephrine, which sig-
nificantly reduces its indication area. Therapeutic effect of
epinephrine is vasoconstriction of blood vessels, leading to
increased blood pressure and heart rate. The risk increases
if epinephrine in retraction agent is combined with local
anaesthetic, endogenous secretion in a stressful situation, or
at greater damage of gingival tissue during tooth prepara-
tion 13. In this study, retraction agents were administered to
healthy gingival sulci, without previous tooth preparation,
so as not to damage the tissue during preparation and thus
jeopardize the objectivity of the results. Retraction was the
result of local absorption of a retraction agent and the de-
gree of resorption depended on the degree of tissue damage
as well 14.

Previous studies have shown that retraction agents
damage epithelium, sulcus epithelium as well as connective
tissue in vitro and in vivo conditions 6, 15. Changes in the
periodontal tissue may be the result of mechanical damage
of epithelium during application of retraction cord, but are
more often related to the effect of the applied retraction
agent. From the clinical point of view, the use of retraction
cord without retraction agent indicates lower therapeutic ef-
fect 11.

The obtained results show that careful application of
retraction cord cause no inflammatory changes in gingival
tissue. The study results indicate a reversible damage to gin-
gival tissue as a result of local application of aluminum-
chloride- and epinephrine-based retraction agents. There
were no significant changes in tissue structure 1 h after re-
traction agents removal. However, their use led to acute in-
flammatory response after an observation period of one and

seven days. After thirty days reparation of damaged tissue
was observed. These results are consistent with the findings
of Harrison 16 and Ramadan et al. 17.

Tetrahydrozoline belongs to the group of sympathomi-
metic vasoconstrictors or -adrenergic agonists and is com-
mercially available as nasal and olfactory decongestants.
Systemic reactions to the use of these products are very rare,
given that the maximum recommended doses are signifi-
cantly higher than those required for effective gingival re-
traction 2. Studies by Bowles et al. 2 showed a satisfactory
clinical effect of tetrahydrozoline, strong local vasoconstric-
tive effect and absence of systemic reactions. Clinical study
conducted by Tardy et al. 18 demonstrated greater retraction
efficiency of tetrahydrozoline in relation to epinephrine
without adverse effects.

An in vitro study by Kopa  et al. 19, 20 found signifi-
cantly lower damage of cell cultures treated by tetrahydrozo-
line compared to aluminum chloride. Retraction agents rep-
resent acidic solutions with pH values from 0.8 to 3, the pa-
rameter which is considered to be major cause of periodontal
tissue damage 21. Conversely, pH value of tetrahydrozoline is
5.6, so it is considered biologically acceptable from that
point of view 20. An in vitro study of Nowakowska et al. 22

showed high cell viability values of human gingival fibro-
blasts after treatment with tetrahydrozoline-HCl based gels.
On the other hand, the authors demonstrated cytotoxic activ-
ity of astringent retraction agents 23.

Inflammatory changes occurred as the result of applica-
tion of tetrahydrozoline were of significantly lower intensity
compared to the retraction agents based on aluminum chlo-
ride and epinephrine, and resulted in a complete tissue repa-
ration after a 1-month observation period. Tetrahydrozoline
proved to be biologically acceptable in relation to the inves-
tigated retraction agents. As biocompatibility is considered to
be an essential feature of dental materials, clinical use of
terahydrozoline is recommended 24.

Conclusion

All the examined retraction agents led to an acute in-
flammatory infiltration of gingival tissue in rabbits, which
eventually became chronic. The inflammatory response to
the administered tetrahydrozoline was significantly lower
with complete reparation of tissue. Taking this fact into ac-
count it is recommended as a potential retraction agent.
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Abstract

Background/Aim. Matrix metalloproteinases (MMPs) are
perceived to play a key role in tumor invasion and metasta-
sis by their capacity to degrade basement membranes and
extracellular matrix proteins.  The aim of this study was to
investigate the expressions of MMP-2, MMP-7 and MMP-9
in tumor tissue and their relation to clinicopathologic fea-
tures in patients with colorectal cancer. Methods. Speci-
mens of resected colorectal cancer and surrounding normal
tissue of 82 patients were immunohistochemically stained
for MMP-2, MMP-7 and MMP-9. The results of immuno-
histochemical expression of MMPs were correlated with
some clinical and pathologic parameters. Results. Immu-
nohistochemical expression of MMP-2 was more frequent
in the patients with higher preoperative serum levels of car-
cinoembryonic antigen (CEA) (p = 0.047), MMP-2 (p =
0.018), MMP-9 (p = 0.036) and in those with lymph node
metastasis (p=0.018) and the advanced stage of the disease
(p = 0.046). Expression of MMP-7 was more frequent in the
patients with elevated preoperative serum levels of: CEA (p
= 0.012), MMP-7 (p = 0.036), MMP-9 (p = 0.023) and with
deeply invasive neoplasms (p = 0.027). MMP-9 cell expres-
sion was in a positive correlation with elevated preoperative
serum levels of:  CEA (p = 0.013), MMP-2 (p = 0.012),
MMP-9 (p = 0.018) and depth of CRC invasion, ie T-
parameter (p = 0.027). Conclusion. Immunohistochemical
expression of MMPs is a useful indicator of the disease de-
velopment and progression in patients with colorectal can-
cer.

Key words:
colorectal neoplasms; matrix metalloproteinases;
neoplasm staging; immunohistochemistry; sensitivity
and specificity.

Apstrakt

Uvod/Cilj. Smatra se da matriks metaloproteinaze (MMPs)
igraju klju nu ulogu u procesima tumorske invazije i metasta-
ziranja preko njihove sposobnosti za degradaciju bazalnih
membrana i proteina ekstracelularnog matriksa. Cilj rada bio
je ispitati ekspresiju MMP-2, MMP-7 i MMP-9 u tumorskom
tkivu i njihovu povezanost sa klini kopatološkim karakteristi-
kama bolesnika sa kolorektalnim karcinomom. Metode. Tki-
vni uzorci reseciranih kolorektalnih karcinoma i opkružuju e
normalno tkivo 82 bolesnika sa kolorektralnim karcinomom
bili su imunohistohemijski obojeni za MMP-2, MMP-7 i
MMP-9. Rezultati imunohistohemijske ekspresije MMPs ko-
relirani su sa pojedinim klini kim i patološkim parametrima.
Rezultati. Imunohistohemijska ekspresija MMP-2 bila je
mnogo eš a kod bolesnika sa ve im preoperatvinim nivoima
CEA u serumu (p = 0.047), predoperativnim nivoima MMP-2
(p = 0.018) i MMP-9 (p = 0.036) u serumu, kod bolesnika sa
metastazama u limfnim žlezdama (p = 0.018) i sa uznapredo-
valim stadijumom bolesti (p = 0.046). Ekspresija MMP-7 bila
je mnogo eš a kod bolesnika sa povišenim preoperativnim
serumskim nivoima CEA (p = 0.012), MMP-7 (p = 0.036) i
MMP-9 (p = 0.023) i kod bolesnika sa dubokom invazijom
neoplazme (p = 0.027). elijska ekspresija MMP-9 bila je u
pozitivnoj korelaciji sa povišenim preoperativnim serumskim
nivoima CEA (p = 0.013), MMP-2 (p = 0.012), MMP-9 (p =
0.018) i sa dubinom invazije kolorektalnog karcinoma, tj. pa-
rametra T (p = 0.027). Zaklju ak. Imunohistohemijska eks-
presija MMPs korisni je indikator razvoja i napredovanja bo-
lesti kod bolesnika sa kolorektalnim karcinomom.

Klju ne re i:
kolorektalne neoplazme; matriks metaloproteinaze;
neoplazme, odre ivanje stadijuma; imunohistohemija;
osetljivost i specifi nost.
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Introduction

Colorectal cancer (CRC) is one of the most common
malignant neoplasms in developed countries. Being the third
most common malignant disease CRC accounts for an esti-
mated 570,000 new cases per year and it is the second most
common cause of death in the Western-European countries
and eight in the developing countries 1. CRC prognosis pre-
dominantly depends on the disease stage, but new prognostic
factors are being investigated in order to determine disease
progression and outcome in patients, as well as postsurgical
pharmacology treatment 2.

Matrix metalloproteinases (MMPs) play an important
role in several physiological and pathologic processes such
as tissue remodeling, wound healing, angiogenesis, morpho-
genesis of organs, embryonic development, leukocyte mi-
gration and tumour invasion and metastasis. MMPs are a
multigene family of structurally similar proteolytic enzymes,
that is, zinc-dependent endopeptidases, which have the ca-
pacity to degrade virtually every component of the extracel-
lular matrix. It is thought that tumor cells overexpress prote-
ases and induce expression of enzymes in the neighboring
stromal cells in order to degrade the basement membrane and
invade the surrounding tissue 3.

Expression of MMPs in tumor tissue is regulated by
the growth factor and cytokines that are secreted by tumour
cells, stromal cells and tumour infiltrating inflammatory
cells.

An elevated MMPs activity and their overexpression
have been determined in several malignant neoplasms such
as lung cancer, pancreatic cancer, ovarian cancer, prostate
cancer, breast cancer and brain cancer, and a correlation with
the tumor aggressiveness and its malignancy potential has
been detected 4, 5. Earlier studies presented contradictory re-
sults related to the expression of the most commonly associ-
ated MMP-2 (gelatinase A), MMP-7 (matrilysin) and MMP-
9 (gelatinase B) with prognosis in CRC patients, which was
the motive to conduct our study 6–8.

Among MMPs, matrix metalloproteinase 2 (MMP-2)
and matrix metalloproteinase 9 (MMP-9), as members of
gelatinases, play important roles in the migration of malig-
nant cells, because of their ability to degrade type IV colla-
gen 9. The mechanisms of activation of these enzymes are
different. MMP-9 modulates permeability of the vascular en-
dothelium, whereas MMP-2 promotes cleavage of extracel-
lular matrix proteins and is intensively expressed by tumor
and stromal components of cancer 10.

Matrix metalloproteinase 7 (MMP-7) or matrilysin,
as a member of stromelysins is able to induce cell apop-
totic impairment. Matrilysin can regulate angiogenesis
either by inducing a direct proliferative effect on vascular
endothelial cells or producing angiogenesis inhibitors
(angiostatin, endostatin and neostatin-7) or enriching the
variety of angiogenesis mediators, such as the soluble
vascular endothelial growth factor (sVEGF)11. It degrades
type IV and X collagen, elastin, fibronectin, laminin, os-
teopontin, proteoglycans, as well as numerous others sub-
strates 12.

Increased levels of MMPs in tumor tissues or in blood
circulation have been found to correlate with many cancers,
including colorectal cancer (CRC). Several previous studies
have shown that MMPs may play an important role as an in-
dicator of CRC occurring and its progression 13, 14.

The aim of this study was to investigate the expressions
of MMP-2, MMP-7 and MMP-9 and their relation to clini-
copathologic parameters in CRC patients.

Methods

The study included a total of 82 previously untreated
CRC patients, 30 (36.58%) were females and 52 (63.41%)
males, ages ranging from 43 to 75 years, the mean age of
67.85 years (SD ± 9.67) with operable CRC, without detect-
able distant metastases, who respected the medical instruc-
tions and were available for follow-up. All the patients un-
derwent surgical resection of the primary neoplasm at the
University Clinic for Abdominal Surgery in Skopje in the pe-
riod of 2 years (2007–2009).

Blood samples from all the patients were drawn before
surgical treatment in order to examine CEA, CA 19.9, MMP-
2, MMP-7 and MMP-9 serum levels. None of the CRC pa-
tients had received chemotherapy before blood sample col-
lection. To standardize clotting conditions, all sera were
separated within 1 h after blood collection, aliquoted and
stored at -80°C until assayed.

Serum levels of CEA and CA 19.9 were determined
using an enzyme immunoassay (EIA) (Monobind Inc.,
USA) according to the manufacturer's instructions. Serum
levels of MMP-2, MMP-7 and MMP-9 were determined us-
ing a quantitative solid phase sandwich enzyme linked im-
muno sorbent assay (ELISA, R&D Systems, USA) according
to the manufacturer's instructions. MMP-2, MMP-7 and
MMP-9 technique can detect both pro- and active forms of
recombinant human MMP-2, MMP-7 and MMP-9. High
concentrations of MMP-2, MMP-7 and MMP-9 were diluted
with a calibrator, to produce samples with a values within the
dynamic range of the assay.

The resected specimens were sent to the Institute of
Pathology, Medical Faculty in Skopje, where the patho-
logic stage of the disease in each and every patient was de-
termined according to the Tumor Nodes Metastasis (TNM)
classification of American Joint Committee on Cancer
(AJCC) (2010).

Immunohistochemical staining

Tissue sections for immunohistochemistry were taken
from tumor tissue of the invasive neoplasm front and of the
peritumoral tissue without obvious macroscopic changes;
they were fixed in formalin, embedded in paraffin and cut at
5–7μ and were primarily stained with hematoxylin eosin.

For immunohistochemical staining monoclonal antihu-
man MMP antibodies 2, 7 and 9; mouse IgG, clone
36006.211, 6A4 and 36020.111, respectively, Cat.No
MAB902, MAB907, MAB936, R&D Systems, Inc. and
polyclonal rabbit anti-human matrix metaloproteinase 9,
code AO150 Dako were used.
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Then the sections were deparaffinized in xylene, rehy-
drated through a series of graded alcohol solutions and pre-
treated for antigen retrieval in 10 mM citrate buffer (pH 6.0)
in a microwave oven for 15 min at 700 W, and left in the
buffer to cool at room temperature.

Endogenous peroxidase activity was suppressed with a
solution of peroxidase-blocking reagent (DakoCytomatin,
Germany) for 10 min, and nonspecific antibody binding was
blocked with protein block serum-free (DakoCytomation,
Germany) incubation for 10 min. The sections were incu-
bated with the primary antibodies, diluted with antibody di-
luents (DakoCytomation, MMP-2 1:200, MMP-7 1:30,
MMP-9 1:100) for two hours in a wet chamber at room tem-
perature. For subsequent staining EnVision+two step visuali-
zation technique (Dako, Germany) was used with diamino-
benzidine (DAB) as a chromogene, incubated for 10 min,
and hematoxylin for counterstaining. Omission of the pri-
mary antibody served as negative control and carcinoma tis-
sue with high expression of relevant proteins served as posi-
tive control.

Immunohistochemical expression of MMP-2, MMP-7
and MMP-9 was determined semi-quantitatively by defining
the signal intensity and quantity of immunohistochemically
stained cells.

Staining was considered to be negative when 0–10% of
tumor epithelial cells were stained, and staining was consid-
ered to be positive when > 10% of tumor epithelial cells
were stained.

The intensity of the staining pattern was scored to be
weak (+), moderate (++) and strong (+++).

Stromal cells positivity was considered to be weak (+)
if 1–2 stromal cells were stained, moderate (++) if groups of
3–5 cells were stained and strong (+++) if there were dif-

fusely stained cells or groups of more than 5 cells. The inten-
sity of staining was determined in the same manner as in the
epithelial cells.

The cell quantity was determined in the invasive front
of the neoplasm.

All specimens were independently evaluated by two
pathologists.

Statistical analysis

Statistical analysis was done by applying the Pear-
son’s 2test, Fisher’s exact test, Mann-Whitney’s U-test,
analysis of variance and Kolmogorov-Smirnov test. Dif-
ferences were considered statistically significant for p val-
ues < 0.05.

Results

The localization of analyzed cancers and number of
cases are listed in Table 1.

There have been 17 (20.73%) patients in stage I of the
disease, 40 (48.78%) patients in stage II and 25 (30.48%)
patients in stage III. Lymph node metastases were substanti-
ated in 25 (30.48%) patients and were not find in 57
(69.51%) patients with different pT category (Table 2). The
majority of patients were with pT3N0M0 (26.82%), ie pa-
tients in stage II A of the disease, and the smallest number of
patients were with pT4aN1M0 (4.87%), ie patients in stage
III B of the disease.

Immunohistochemical staining with anti-MMP-2

Positive immunoreactivity in tumor cells for MMP-2
was detected in 19/82 cases (23.17%), and in stromal cells in
27/82 cases (32.92%).

Table 1
Localization and the number  of colorectal cancer  cases

Cancer cases
Localization of cancers

n %
Rectum 13 15.85
Rectosigmoideum 17 20.7
Sigmoideum 14 17.07
Colon descendens 10 12.19
Colon transversum 3 3.65
Flexura lienalis 7 8.53
Flexura hepatica 3 3.65
Colon ascendens 3 3.65
Coecum 12 14.63
Total 82 100

Table 2
Tumor  nodes metastasis (TNM) staging of the disease in colorectal cancer  patients according to

the Amer ican Joint Committee on Cancer

Patients
TNM stage pTNM

n %

I
pT1 N0 M0
pT2 N0 M0

8
9 20.73

II
pT3 N0 M0
pT4a N0 M0

22
18 48.78

III

pT3 N1b M0
pT3 N2a M0

pT4a N1b M0
pT4a N2b M0

7
9
4
5

30.48
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Cytoplasmic positive immunoreactivity in tumor cells
of weak intensity (+) was detected in (84.21%) 16 cases, and
of moderate intensity (++) in 3 (15.78%) cases.

The signal intensity of stained stromal cells in all the
evaluated cases was assessed to be strong (+++).

Elongated fibroblastoid types of cells were positively
stained in the stroma. There was no specific arrangement of
stromal positive cells, except for the number of positively
stained cells that was semi-quantitatively evaluated, which
was larger in the invasive front of the neoplasm (+++) than
in the neoplastic stroma in other regions. There was also a
larger number of MMP-2 positive cells in the regions with
more distinct inflammatory reaction to the neoplastic proc-
ess.

Sections from the tumor neighboring tissue showed no
immunoreactivity with anti-MMP-2 antibody either in the
mucosal epithelial cells or in lamina propria.

Immunohistochemical staining with anti-MMP-7

Staining with anti-MMP-7 antigen showed a weak cy-
toplasmic reactivity (+) with tumor epithelial cells in 32
(39.02%) cases whereas positive stromal staining was de-
tected in 4 (4.86%) cases alone  in the regions of inflamma-
tory reaction.

Sections from the tumor neighboring tissue showed no
immunoreactivity with anti-MMP-7 antibody neither in the
mucosal epithelial cells nor in lamina propria (Figure 1).

Fig. 1 – Weak staining with anti-MMP-7 for  tumor  cell
components (+) and negative staining for  stromal cells  (-)

with exception of 2 stromal cells
(< 10% ) (MMP-7 IHH, 10 × 40).

Immunohistochemical staining with anti-MMP-9

Staining with anti-MMP-9 showed positive immunore-
activity of weak intensity in tumor epithelial cells in 37 cases
(45.12%), stromal positivity in fibroblastoid cells in 1 case
(1.21%) and positivity of inflammatory cells in 79 cases
(96.34%). There was a strong staining intensity of inflamma-
tory cells in all specimens. Inflammatory cells were grouped in
the invasive front of the neoplasm, while there were few and
scattered in the other regions of the tumor stroma. Macro-
phages showed the most intense staining (Figure 2).

Fig. 2 – Immunohistochemical staining with MMP-9. A weak
signal of neoplastic cells (+) and strong signal of stromal

inflammatory cells (+++); (MMP-9 IHH, 10 × 20).

Sections from the tumor neighboring tissue showed no
immunoreactivity with anti-MMP-9 antibody either in the mu-
cosal epithelial cells nor in lamina propria, except in the in-
flammatory cells if present in the specimens (Figures 3 and 4).

Fig. 3 – Immunohistochemical staining with MMP-9. A weak
signal of all epithelial cells (+++) and a strong signal of

stromal inflammatory cells (+++); (MMP-9 IHH, 10 × 20).

Fig. 4 – Immunohistochemical staining with MMP-9.
Negative staining of neoplastic epithelium and negative
staining of stromal inflammatory cells (< 10% ) (MMP-9

IHH, 10 × 20).
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Immunohistochemical staining using antibodies against
MMP-2, MMP-7 and MMP-9 showed a statistical overex-
pression in the neoplastic tissue when compared with the
neighboring normal tissue (p < 0.001).

The correlations between clinicopathologic parameters
and expression of MMPs are presented in Table 3.

MMP-2 cell expression was in a significant positive
correlation with serum levels of CEA and MMP-2 preopera-
tively in the CRC patients, and serum levels of MMP-9 and
metastasis in the lymph nodes. Stromal positivity to MMP-2
was in a positive correlation with serum levels of MMP-2
and disease stage.

MMP-7 cell expression was in a significant positive
correlation with serum levels of CEA, MMP-7 and MMP-9
and depth of tumor invasion. No significant correlations
were obtained between stromal expression in MMP-7 and
any of the examined parameters.

MMP-9 cell expression was in a positive correlation
with serum levels of CEA and MMP-9 and depth of CRC in-
vasion, ie T-parameter. Stromal positivity to MMP-9 was in
a significant positive correlation with serum levels of MMP-
9 and depth of tumor invasion.

Stromal expression of MMP-2 was also in a significant
positive correlation with the depth of invasion.

Cell expression of the examined enzymes, MMP-2,
MMP-7 and MMP-9 was in a positive correlation with serum
levels of CEA, MMP-2 and MMP-9. Expression of MMP-7
and MMP-9 was in a significant positive correlation with
depth of invasion, MMP-2 was in a significant correlation
with the presence of metastasis in the lymph nodes and
MMP-7 was in a significant correlation with stage of the dis-
ease (Table 3).

Discussion

Prognosis of newly diagnosed CRC cases is predomi-
nantly based on the disease stage defined according to the
International Union Against Cancer (UICC-TNM) and
American Joint Committee on Cancer (AJCC, 2010), that is,

on the local spread of the disease, lymph nodal status and the
presence or absence of distant metastasis.

In spite of the advancement in surgical techniques
and pharmacological strategies of adjuvant and neoadju-
vant therapy, the 5-year survival in CRC patients is esti-
mated to be from 90% to 10% depending on tumour pro-
gression 15.

However, the already accepted fact that CRC is a het-
erogenic, multifactorial disease has been shown by the fact
that histologically identical tumors might have different
prognosis and different therapy response 16.

New methods and possibilities are being investigated
that might find practical application in anticipation of the
disease course and outcome 17–20.

Invasion and metastasis are major biological features of
malignant neoplasms and they are main cause for morbidity
and mortality related to malignant diseases 21, 22.

In our study we made an analysis of immunohisto-
chemical staining of MMP-2, -7 and -9 in cancer tissue
specimens and correlated the findings with serum levels of
CEA, MMP-2,-7 and -9 and with the local tumor invasion
and the presence of metastases in 82 patients with colorectal
cancer. We found out that positive immunohistochemical
staining of MMPs is in correlation with preoperative serum
level of CEA, MMP-2, MMP-9, depth of invasion, limph
node metastasis and disease stage.

Table 3
Correlations between clinicopathological features and the expression of MMP-2, MMP-7 and MMP-9

MMP-2 Cell MMP-2 Stromal MMP-7 Cell MMP-7 Stromal MMP-9 Cell MMP-9 StromalMMPs
expression Positive

n = 19 p
Positive
n = 27 p

Positive
n = 32 p

Positive
n = 4 p

Positive
n = 37 p

Positive
n = 79 p

CEA (ng/mL)
< 5
> 5

4
15 0.047

19
8 ns

27
7 0.012

3
1 ns

21
17 0.013

59
20 ns

CA19.9  (U/mL)
< 37
> 37

5
14 ns

17
10 ns

21
11

ns 2
2

ns 19
18

ns 57
22

ns

MMP-2 (ng/mL)
< 200
> 200

2
17 0.018

19
8 0.021

18
14 ns

3
1 ns

22
16 ns

45
32 0.012

MMP-7  (ng/mL)
< 2,3
> 2,3

6
13 ns

13
14 ns

21
11 0.036

3
1 0.047

18
19 ns

41
38 ns

MMP-9  (ng/mL)
< 400
> 400

3
12 0.036

16
11 ns

16
18 0.023

4
4 ns

29
8 0.018

43
36 ns

pT1
pT2
pT3

2
5
12

ns
9
8
10

ns
7

11
14

0.039
0
2
2

ns
6
10
21

0.027
14
24
41

0.027

Limph nodes
present
absent

15
4

0.018 17
10

ns 17
15

ns 2
2

ns 17
21

ns 43
36

ns

Stage I
Stage II
StageIII

4
5
9

ns
6
6
15

0.046
9

10
13

ns
0
2
2

ns
9
11
17

ns
18
29
32

ns

ns – statistically not significant; pT– pathological tumor  (from pTNM classification); N – Limph nodes (from pTNM classification)
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Numerous studies have proved that the MMP family plays
an essential role in malignant tumor growth. Early experimental
and morphological studies have demonstrated that carcinoma
cells have immunohistochemical expression of MMP-2, show-
ing the ability of carcinoma cells to synthesize MMPs 23, 24.

Later, in situ hybridization supported the findings that
stromal tumor cells in vivo create mRNA for MMP-2 25. It
was further confirmed that MMP-9 is produced both by can-
cer cells and stromal cells and that stromal cells matrix pro-
teins, such as laminin, have an impact on MMPs secretion 26.

Contemporary researches more often emphasize MMPs
to be prognostic factors for several types of malignant tu-
mors, including CRC 27.

Diverse results have been obtained from numerous ex-
aminations performed to determine the significance of
MMPs in the diagnosing of malignancies and to determine
their influence on the outcome 6.

In 1998, in order to determine active and inactive
MMP-2 and MMP-9 expression, Pearsons et al. 28 examined
on 53 colorectal carcinomas, 15 colorectal adenomas and 15
gastric carcinomas upon which they determined that in both
colorectal and gastric carcinomas there was overexpression
of the two enzymes 28.

Tutton et al. 29 made an examination in order to deter-
mine MMP-2 and MMP-9 distribution in CRC patients in
comparison to the levels of the two enzymes in patients
plasma and the changes that occur in plasma after resection,
in order to determine whether plasma levels were the conse-
quence of clinical staging and the development of the dis-
ease. That examination determined that the MMP-2 plasma
levels were considerably elevated in patients with CRC, that
they considerably decreased after surgical resection of the
tumor, and that the MMP-9 serum levels were considerably
elevated in all stages of the diseased in patients with CRC,
while they decrease after the surgical resection of neoplasm.

On the contrary, in the Ruokolainen’s 30 investigation for
the prognostic role of MMP-2 and MMP-9 and their tissue in-
hibitors (TIMP-1 and TIMP-2) in squamous head and neck can-
cer, was shown that serum MMP-2 immunoreactive protein lev-
els in check-ups of healthy patients were higher than in the pa-
tients with cancer, while MMP-9 and TIMP-1 levels were con-
siderably higher in patients with squamous carcinoma. The
authors determined an important correlation between the serum
levels of MMP-9 and TIMP-1 with immunohistochemical ex-
pression of MMP-9 and TIMP-1 from the tumor tissue.

Dragutinovi  et al. 31 in their study of 32 CRC patients
and another 11 controls using immunohistochemistry and
CEA serum values, CA 19-9 and MMP-2 and 9 determined
that there was an important correlation of the MMP values
with staging, but not with CEA and CA 19-9 serum values.
They concluded that the serum MMP-2 and MMP-9 detection
can be a useful tool for identification of the patients with CRC.

Maurel et al. 32, during the investigation of MMP-7 serum
levels in 87 check-ups of healthy patients and in 120 patients
with CRC in order to determine the serum level prognostic sig-
nificance of this enzyme report that the patients with advanced
cancer have considerably higher average MMP-7 values in
comparison to those without metastases and in comparison to

the healthy patients check-ups. They have determined that
MMP-7 levels are in important correlation also with the shorter
survival time, which leads them to the conclusion that elevated
MMP-7 serum levels are independent prognostic factor for sur-
vival in patients with advanced CRC.

Serum measurements of total MMP-2, MMP-7 and
MMP-9 can be considered as an indirect estimation of tumor
MMP-2, MMP-7 and MMP-9 expression.

There are studies in which immunohistochemical ex-
pression of MMPs are correlated to clinical and pathological
parameters with different results.

Kim and Kim 33 in their study from 1999 showed the cor-
relation between the expression of MMP-2 and MMP-9 and
angiogenesis in CRC. They presented a positive immunohisto-
chemical staining pattern of strong intensity for MMP-2 in tu-
mor cell cytoplasm at the invasive front of the tumor and they
found out that the intensity and distribution of staining were
well correlated with the modified Astler-Coller classification.
Positive staining for MMP-9 was restricted to cytoplasm of
tumor cells and isolated stromal cells. The intensity of cyto-
plasm staining was not in agreement with the modified Astler-
Coller classification, lymph nodal status or depth of invasion.
Tumor microvascular density was higher in CRC patients with
MMP-2 expression than in those patients where the tumor
showed no MMP-9 expression.

An immunohistochemical investigation conducted in
2005 by Li et al. 34 at specimens of colorectal cancer showed
that the expression level of MMP-2 was higher in CRC tu-
mor tissues than in normal tissues. The authors showed that
the expression level of MMPs was related to depth of inva-
sion, lymph node metastasis and Duke’s stage and that the
expression of TIMP-2 in tumor tissues was lower than that in
normal tissues. They also presented that with the progression
of tumor invasion, lymph node metastasis and stage, the ex-
pression of TIMP-2 increased, but it never reached the ex-
pression of the normal colorectal tissue.

Another similar investigation conducted in the same
year showed that MMP-7 expression in tumor tissues was as-
sociated with lymph node metastasis and a poor five-year
survival, and MMP-9 expression was related to the depth of
tumor invasion 35.

The aim of the Schwandner et al. 36 study was to deter-
mine the prognostic role of MMPs in CRC. They presented
positive staining for MMP-2 both in tumor tissue and in
stroma, 35% and 77% respectively, where stormal staining
pattern was correlated with the depth of invasion, MMP-7
and TIMP-2 expression. Cytoplasmic staining of neoplastic
cells was in correlation with MT1-MMP (membrane-type 1
matrix metalloproteinase) and TIMP-2 expression. The
authors of this study found no correlation between immuno-
histochemical staining pattern for MMP-2 and gender, age,
grading, stage, nodal status and preoperative serum CEA
level. Regarding staining with anti-MMP-7 the authors found
positive expression in tumor epithelial cells, but not in stro-
mal cells in 51% of cases. This staining was in correlation
with depth of invasion and TIMP-2 expression.

In comparison to the above reports in our study we
found out that positive tissue expression of all the examined
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enzymes, MMP-2, MMP-7 and MMP-9, was in a positive
correlation with serum levels of CEA, MMP-2 and MMP-9.
Expression of MMP-7 and MMP-9 was in a significant cor-
relation with the presence of nodal metastasis, and MMP-7
was in a significant correlation with disease stage.

Conclusion

Our investigation confirmed the presence of MMP-2,
MMP-7 and MMP-9 in tumor cells and tumor stroma with

significantly more common immunoreactive expression
compared to that in normal tissue.

We found out a positive significant correlation of MMP-
7 and MMP-9 tissue expression with the depth of invasion,
positive correlation of MMP-2 tissue expression with the pres-
ence of nodal metastasis, as well as a positive correlation of
tissue expression of MMPs with serum levels of CEA, MMP-2
and MMP-9. These correlations indicate that tissue expression
of MMPs is a useful indicator of the disease spreading and
might be used as a prognostic factor for CRC.
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Introduction

A growing number of epidemiologic studies consis-
tently shows a protective effect of polyphenol-rich foods
(fruit, tea, wine, cocoa or chocolate…) against many dis-
eases 1–4. This evidence is supported by the results of nu-
merous studies conducted in animal models, with nutrition-
ally realistic levels of isolated flavonoids 5, 6, and in humans
with flavonoid-rich foods 1–4. The most famous so-called
French paradox, the lack of a positive correlation between a
high intake of saturated fat and the occurrence of coronary
heart disease is related at least partly to the consumption of
red wine 7, which is rich in flavonoids. Due to the variety of
pharmacological activities in the human body, flavonoids are
referred as “nutraceuticals” 8.

In spite of such extensive number of articles about health
benefits of flavonoids, further researches in this field are
broadly conducted. In this very moment, on PubMed more
than 58,000 references about flavonoids can be found. Since
flavonoids are the subject of our longtime research 9, our aim
was to give a personal account on the development of this field
through a retrospective of some basic data about flavonoids,
their pharmacological properties and mechanism of action. In
this review, special attention was paid to one of the most
promising bioactive bioflavonoids, hesperidin (Hesp).

About flavonoids

Flavonoids (flavus, the Latin word for yellow) or bio-
flavonoids, polyphenolic low weight secondary metabolites,

are present in great number of higher plant species, princi-
pally placed in fruit bark, seeds or flowers. For the time be-
ing, more than 8000 different flavonoids have been identi-
fied, and that number constantly increases 10. Starting from
1936, with the first article about flavonoids bioactivity 11,
numerous literature data were published about their structure
and characteristics primarily connected to antioxidative ac-
tivity.

Chemically, flavonoid molecules consist of carbon at-
oms assembled in two aromatic rings that are connected by a
three-carbon “bridge”, C6-C3-C6, thus forming a diphenyl-
propane structure with the central unit being a benzo- -
pyrone (chromone). Multiple hydroxyl groups, sugar, oxy-
gen, or methyl groups are attached to this core structure. A
group of flavonoids is differentiated in several classes ac-
cording to the degrees of oxidation and unsaturation of the
heterocyclic C ring. The major flavonoid classes are: cate-
chins, dihydroxychalcones, chalcons, flavanones, flavanols,
flavones, isoflavones, anthocyanidols, aurones and flavonols.
Depending on the oxidation state of the heterocyclic ring,
flavonoids (in constricted sense) are classified as flavones,
flavanonols, flavonols and flavanones 12.

A considerable number of plant medicines contain fla-
vonoids, which have been reported by many authors as hav-
ing antibacterial 13, anti-inflammatory 14, antiallergic 15, an-
timutagenic 16, antiviral 17, antineoplastic 18, 19, anti-
thrombotic 20, 21, and coronary heart disease actions 22–25.
Overwhelmingly, pharmacological effects are related to anti-
oxidant activity of flavonoids, arising through their ability to
scavenge free radicals. When generated in excess, free radi-
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cals can damage biomolecules, and are therefore implicated
in the etiology of several diseases and ageing 26. Radical
scavenging by flavonoids occurs via electron donation from
the free hydroxyls on the flavonoid nucleus, with the forma-
tion of a less reactive flavonoid aroxyl radical stabilized by
resonance and therefore playing a moderate role in the
propagation of the radical-induced damages in biological
systems. Antioxidant activity of flavonoids correlates well
with their physiological function in vivo, because oxidative
stress is known to participate in the initial process of differ-
ent patho-physiological events. Literature data report that
flavonoids can prevent injury caused by free radicals by the
following mechanisms: direct scavenging of reactive oxygen
species (ROS), activation of antioxidant enzymes, metal
chelating activity, reduction of -tocopheryl radicals, inhibi-
tion of oxidases, mitigation of oxidative stress caused by ni-
tric oxide, increase in uric acid levels, increase in antioxidant
properties of low molecular antioxidants (27 and references
therein).

Besides direct free radical scavenging, flavonoids exert
antioxidant activity through interactions with the reduced
form of transition metals, primarily Cu(I) and Fe(II), as well
as Fe(III), which participate in free radical generating reac-
tions 28. Flavonoids may sequester metal ions by chelation,
thereby preventing the metal-mediated generation of free
radicals, and accordingly may protect the potential biological
targets from oxidative stress. Thus, the overall antioxidant
action of flavonoids appears to be a combination of a direct
reaction with free radical and chelating metal ions responsi-
ble for the production of ROS 29–38. We also investigated
more then 40 metal-flavonoid chelates, as summarized in our
review article 9.

Hesperidin

Chemical structure of hesperidin

Hesp, one of the most important flavonoids, is a low
molecular weight molecule (molecular weight 610.57 Da),
with the bruto formula C28H34O15, and belongs to the flava-
none class of flavonoids. Chemically, Hesp consists of agly-
cone (the forms lacking sugar moieties), hesperitin, and
sugar rutinoside: hesperetin-7-rutinoside, or IUPAC name:
(2S)-5-hydroxy-2-(3-hydroxy-4-methoxyphenyl)-7-
[(2S,3R,4S,5S,6R)-3,4,5-trihydroxy-6-[[(2R,3R,4R,5R,6S)-
3,4,5-trihydroxy-6-methyloxan-2-yl]oxymethyl]oxan-2-
yl]oxy-2,3-dihydrochromen-4-one. Hesp is represented by
the following chemical structure:

O

OH O

OH
OCH3

O9H21C12O

Sources of hesperidin

Hesp is the predominant flavonoid in citrus fruits, pri-
marily in sweet orange (in young immature oranges it ac-
counts for up to 14% of the fresh weight of the fruit 39) and
lemon, and consequently in juices made of these citruses.
The peel and membranous parts of these fruits have the high-
est Hesp concentrations, thus hand-squeezed juices contain
no detectable traces of Hesp 40. Commercial juices, on the
other hand, are rich in Hesp because the industrial processing
of fruits leads to juices being contaminated with the peel
constituents. According to the Code of Practice for evalua-
tion of quality and authenticity of fruit and vegetable juices,
published by the AIJN – European Fruit Juice Association,
special requirements for quality of citrus based juices (or-
anges, lemon and grapefruit) are that defined the Hesp con-
tent be as 250–700 mg/L 41.

Hesperidin pharmacokinetics

Although citrus fruits and juices are widely consumed
in the world, little information has been published on flava-
none bioavailability in humans. Hesp itself is absorbed from
the intestine intact as a glycoside. Its aglycone  hesperitin
appears in plasma 3 h after ingestion, reaching a peak be-
tween 5 and 7 h. The circulating forms of hesperetin are glu-
curonides (87%) and sulphoglucuronides (13%). For Hesp,
urinary excretion is nearly complete 24 h after the orange
juice ingestion and does not depend on the dose 42.

Hesperidin bioactivity

Although hesperidin has no usual structural elements
to suggest it as a good free radicals capturer and chelator,
the ability for chelating metal ions was confirmed in our
experiments 43–46. Several other investigators have exam-
ined Hesp antioxidant activity and radical scavenging prop-
erties using a variety of assay systems 47, 48.  Jovanovic et
al. 49 reports that Hesp reduces superoxide ions in electron
transfer plus concerted proton transfer reaction in vitro.
Further, Hesp was found to be effective in protecting lipo-
somes from UV-irradiation induced peroxidation, probably
by scavenging the oxygen free radicals generated by UV-
irradiation 50. Numerous studies confirmed a potent bioac-
tivity of Hesp, such as effects on the vascular system (re-
duces capillary permeability) 51, anti-inflammatory effects,
antioxidant effect, action on enzymes, antimicrobial activ-
ity (antibacterial, antifungal, antiviral, ...), anticarcinogenic
activity 52, cell aggregation inhibition, antiallergic effects,
UV protecting activity, radioprotection, and so on. In the
further text, more specific information about Hesp effects
on the cardiovascular system are given. Also, the literature
describing Hesp as promising protector against ionizing ra-
diation is assembled.

Hesperidin in prevention of (cardio)vascular diseases

In the review article by Garg et al. 53 the pharmacologi-
cal properties and medicinal uses of Hesp from the available
references were widely described. We emphasize some of
most essential Hesp activity.
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It has been presumed that Hesp could increase capillary
resistance thanks to its ability to inhibit hyaluronidase activ-
ity. Also, it has been confirmed that Hesp inhibits inflam-
matory processes in the ischaemia-induced hyperpermeabil-
ity, characteristic for venous stasis. Hesp capillary antihaem-
orrhagic activity has also been reported. Thus, Hesp supple-
mentation has been recommended for a wide range of blood
vessel disorders, such as fragility and permeability.

Investigations performed on rats showed improved an-
tihypercholesterolaemic activity of Hesp, exhibited as de-
creasing cholesterol, LDL, total lipids and triglyceride levels,
and increased HDL levels. Results of some studies indicate
the calcium channel blocker activity of Hesp.

Some studies have demonstrated antihypertensive and
diuretic effects of Hesp in rats following oral administration
of the drug at the dose of 200 mg/kg body weight, conclud-
ing that this hypotensive effect is caused by increased diure-
sis. On the other hand, it is well established that several
flavanones, including Hesp, exhibit influence on enzymes
such as protein kinase, lipooxygenase and cyclooxygenase.
The antihypertensive activity of Hesp might be due to influ-
ences on blood fluidity via enzymes. Further, various flavo-
noids are inhibitors of cyclic-AMP phosphodiesterase, so this
activity could be connected to their diuretic effect.

References dating from 2000 to the present time confirm
citrus fruit benefits on the vascular system. Thus, the con-
sumption of citrus fruit has been associated with a lower risk
of acute coronary events and stroke 54, 55. From clinical data,
citrus juice consumption reduces oxidative DNA damage in
blood cells 56 and improves plasma concentrations of inflam-
mation markers and oxidative stress 57–59. In addition, the con-
sumption of citrus juices improves lipemia in men with previ-
ous coronary bypass surgery 60. Furthermore, in hypertensive
subjects, the consumption of flavanone-rich grapefruit juice
exerts a significant beneficial effect on blood pressure 61.

The results of a very recent study published in Am J
Clin Nutr 62 are in agreement with numerous literature data.
In this study, the authors investigated the effect of orange
juice and its major flavonoid, Hesp, on microvascular reac-
tivity, blood pressure, and cardiovascular risk biomarkers
through both postprandial and chronic intervention studies.
During the three 4-week periods, 24 healthy, overweight men
(age 50–65) daily consumed 500 mL orange  juice, 500 mL
control drink plus Hesp (CDH), or 500 mL control drink plus
placebo (CDP). All measurements and blood collections
were performed in overnight-fasted subjects before and after
the 4-week treatment periods. The postprandial study was
conducted at the beginning of each experimental period. Dia-
stolic blood pressure was significantly lower after a 4-week
consumption of orange juice or CDH than after consumption
of CDP, whereas microvascular endothelium-related reactiv-
ity was not significantly affected when measured after an
overnight fast. However, both orange juice and CDH inges-
tion significantly improved postprandial microvascular en-
dothelial reactivity compared with CDP when measured at
the peak of plasma hesperetin concentration. As a conclusion
of this study, Hesp could be linked to the beneficial effect of
orange juice.

Although the consumption of Hesp juice rich food has
been reported to exert beneficial effects on some intermedi-
ate risk factors for CVD, such as LDL cholesterol, blood
pressure, and endothelial function 63, only a few clinical trials
have dealt with the oral administration of chemically pure
Hesp. Thus, the following study with 204 healthy partici-
pants evaluated the LDL-C–lowering efficacy of pure Hesp
in moderately hypercholesterolemic individuals (serum total
cholesterol (TC) concentration of 5.0–8.0 mmol/L) 64. The
study started with a 4 week preintervention period during
which the participants had to abstain from consuming citrus
fruits and their juices, food supplements containing hes-
peridin and/or naringin as well as plant sterol/stanol-enriched
foods, and other food products or supplements claiming to
lower cholesterol. During the 4-week intervention, the par-
ticipants applied the same dietary restrictions as during the
preintervention phase and consumed 4 capsules/d, providing
either placebo (cellulose) or the daily dose of 800 mg Hesp
or 500 mg naringin. Blood samples to measure serum lipids
were taken on 2 consecutive days at the beginning and the
end of the intervention phase. The intake of 800 mg/d Hesp
administered twice daily with main meals did not lower se-
rum TC and LDL-C in moderately hypercholesterolemic in-
dividuals. This outcome suggests that capsule format Hesp
exerts no cholesterol-lowering effect in humans.

Hesperidin as radioprotector

During the last several years, some researches were
conducted to utilise Hesp as a promising protector against
ionizing radiation (IR), since IR, as the part of our environ-
ment and in medical treatment, has been established as a
strong carcinogen.

IR causes cellular damage which is predominantly me-
diated through free radicals and resultant ROS 65. The inter-
action of IR with water, a major cellular constituent, results
in the generation of primary water radical species due to ra-
diolysis of water. These species react with molecules like
oxygen-producing secondary radicals (H2O2 and O2 ), which
are highly reactive and could diffuse to vital cellular targets
like DNA, proteins, lipids and membrane, ultimately leading
to cancer and cell death 66.

Since free radicals play a major role in the initiation and
progression of IR induced toxicity, the use of antioxidants
either in the diet or as therapeutic agents might offer protec-
tion against radiation induced damage. A number of medici-
nal plants evaluated for their radioprotective efficacy have
shown protective effects against the damaging effects of IR.
The article of Nambai et al. 67 summeries the effects of vari-
ous phytochemicals on IR.

The development of effective radioprotectors is of great
importance in view of their potential application during both
planned radiation exposure (radiotherapy) and unplanned ra-
diation exposure (nuclear accidents, natural background radia-
tion emanating from the earth or other sources). Amifostine, a
thiol synthetic compound, is a powerful radioprotective agent
(marketed by MedImmune under the trade name Ethyol®).
However, due to its side effects and toxicity, the use of this
drug should be replaced with less toxic natural compounds 68.
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Since much research has been focused on the potential
use of flavonoids as free radical scavengers to prevent oxi-
dative damage 69, consequently several researches were con-
ducted to explore Hesp as radioprotector. The experiments
were performed either in animals (mouse and rats) or in vitro
(on human blood), since the study of radioprotective effects
is limited due to non-permission to irradiate healthy humans
for experimental research.  Experiments in animals were
performed using different graded doses (mg/kg body weight)
of Hesp administered orally via intragastric intubations for
several days prior to whole body radiation exposure with dif-
ferent doses (1–10 Gy).

Hosseinimehr and Nemati 70 investigated the radiopro-
cective effects of Hesp in mouse bone marrow cells by using
the micronucleus test for anticlastogenic and cell prolifera-
tion activity. They showed that Hesp has powerful protective
effects against DNA damage and on the decline in cell pro-
liferation induced by -irradiation in mice by reducing the
frequency of the micronuclei.

Pradeep et al. 71 explored the hepatoprotective and anti-
oxidant effects of Hesp against -irradiation induced oxida-
tive damage in the liver of male Sprague–Dawley rats. Expo-
sure to -irradiation resulted in hepatocellular damage in a
dose-dependent manner, featuring a significantly decreased
body weight and liver weight and higher levels of serum
AST, ALT, ALP, LDH and -GT levels and a simultaneous
decrease in their levels in the liver tissue. The -irradiation
induced toxic effects were dramatically and dose-
dependently inhibited by Hesp treatment as observed by the
restoration in the altered levels of the marker enzymes, lipid
peroxidation, enzymatic and non-enzymatic antioxidants.

Kalpana et al. 72 investigated the radioprotective effi-
cacy of Hesp against x-ray radiation induced cellular damage
in the liver of Swiss albino mice. The results indicated that
radiation-induced decrease in the levels of endogenous anti-
oxidant enzymes and increase in lipid peroxidative index,
DNA damage and comet parameters were altered by pread-
ministration with the effective dose of Hesp which restored
the antioxidant status to near normal and decreased the levels
of lipid peroxidative index, DNA damage and comet pa-
rameters, which were confirmed by histopathological exami-
nations.

Besides these studies which have been performed to
evaluate natural products for their radioprotective effects in
animals, there are a few studies assessing the radioprotective
effects of natural origin compounds in human volunteers for
reducing the genetic side effects caused by IR. The radio-
protective effect of Hesp against genotoxicity induced by -
irradiation has been investigated in vivo/in vitro in cultured
blood lymphocytes from human volunteers 73, 74. Peripheral
human blood samples were collected predose and after a sin-
gle oral ingestion of 1,000 mg of Daflon® (a dietary supple-

ment containing 50 mg of Hesp in 500 mg-tablet) corre-
sponding 100 mg of Hesp, then exposed in vitro to -rays. A
significant increase (40%) in the incidence of micronuclei
after exposure to -irradiation as compared to control unex-
posed samples was observed. After Daflon® administration, a
significant decrease in the incidence of micronuclei was ob-
served in comparison with similarly irradiated lymphocytes
collected before administration. These findings suggest a
possible application of Daflon® for the protection of human
lymphocytes from the genetic damage and side effects in-
duced by -irradiation. Similar research was conducted by
Kalpana et al. 75 also showing that Hesp offers protection to
cultured human peripheral blood lymphocytes against radia-
tion induced cellular damage.

Dosage and administration

In numerous widely spread dietary supplements, Hesp
is present as Citrus complex of bioflavonoids, usually in a
combination with Vitamin C. In those kinds of products, the
content of total bioflavonoids is usually declared by the pro-
ducer, without the concentration of Hesp alone. For example,
in the preparation Vitamin C with citrus bioflavonoids &
Rose Hips®, the total citrus flavonoid content, according to
the factory declaration, was 751 mg per two capsules without
declaration for Hesp alone, but we found that each capsule
contains 260 mg of Hesp 76. In combination with a flavone
called diosmin, the tablets (trade name Daflon®) for treat-
ment of chronic venous insufficiency and hemorrhoids are
broadly available on the European market. A 500-mg dose of
this combination product is comprised of 50 mg of Hesp and
450 mg of diosmin. The doses for this type of supplement are
usually 500 mg to 2 g daily.

Conclusion

The beneficial effects of flavonoids on human health
are universally accepted nowadays. Citrus fruits and juices
with Hesp as major flavonoid remain one of the most read-
ily-available dietary sources for their intake. In dietary sup-
plements Hesp is usually present in a combination with vi-
tamin C. Epidemiological studies have shown an inverse as-
sociation between risk of cardiovascular diseases and intake
level of Hesp. Also, some experiments utilise Hesp as a
promising protector against IR. Further clinical trials are
needed to assess a more precise correlation between the Hesp
consumption and human health benefits.
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Introduction

Breast cancer (BC) is the most frequent females’ ma-
lignant solid tumor in Serbia and the leading cause of death
from malignant disease among them 1, 2. Although the num-
ber of new breast cancer patients is constantly rising, thanks
to early diagnosis and modern methods of treatment, the
number of successfully treated patients is growing, too.
Treatment of malignant diseases is associated with numerous
adverse effects – physical, mental, emotional and social. Un-
fortunately, these reactions are often not limited to the period
of treatment, but are retained for months, even years after the
treatment.

Different modalities of exercise therapy, aerobic train-
ing and physical activity in general, have for long been
proven as significant factor and strong nonpharmacological
tool in the fight against unwanted consequences of malignant
disease and its treatment.

During chemotherapy and radiotherapy, the unsuspi-
cious influence of aerobic training on aerobic capacity
(VO2max) and functional ability was demonstrated 3, 4. It was
also shown that aerobic training helps to control the side ef-
fects of treatment5-7, may assist the modulation of level and
pattern of daily fatigue 3, 8, 9 even in women with advanced
disease 10, and can reduce the symptoms of psychological
distress – anxiety, depression and sleep disorders 3, 8, 11. Re-
sistance exercises, alone or in combination with aerobic
training, can improve muscle strength 12–15 and cause the

change in body weight and body mass index 16, 17, reduce
body fat 13, 15 and increase bone density 18.  It was also shown
that such training can enhance adaptive responses to stress
and improve quality of life of these persons 12.

Many papers report that aerobic and combined training
given after therapy for breast cancer increase aerobic fitness,
improve physical fitness 19–24 and increase strength and muscle
elasticity 24, 25. It was shown that such trainings can have a posi-
tive effect on fatigue 22, 26, 27, depression 21, 28, and the general
quality of life 19–21, 29–31. Resistance exercises of moderate level
can be useful in the treatment of chronic lymphedema 32, 33.

Most importantly, there are growing body of evidence
that regular moderate aerobic physical activity reduce the risk
of relapse and significantly prolongs overall survival of breast
cancer survivors (BCS) 34, 35. This paper discusses the impor-
tance of primarily aerobic physical activity in terms of reduc-
ing the risk of relapse and impact on survival of these patients,
and possible mechanisms underlying these effects, as well.

Definitions

Physical activity. It represents any movement of the
body as a result of activity of skeletal muscles which sub-
stantially increases energy expenditure above basal levels (at
least, 50% of maximum capacity for work or exercise) 36.
There are two main types of physical activities – aerobic,
which increase aerobic capacity (walking, jogging, cycling,
swimming, hiking) and non-aerobic, which increase muscle
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strength, elasticity and endurance, but not the aerobic capac-
ity (exercise with resistance, stretching, yoga). In recent
years, besides sports and recreational activities, usually per-
formed in leisure time, physical activities also includes oc-
cupational and household tasks 37, 38.

Exercise – It is planned, ordered, purposeful and repeti-
tive physical activity, performed with the aim of preserving
or improving physical fitness 39.

Physical fitness – It is defined as a set of properties that
people have or achieve by performing physical activity 40.
There are the four general categories of measurement of
physical activity: calorimetry, physiological markers, motion
detectors and questionnaires.  The last ones are the most
popular and practical approaches for large groups of indi-
viduals. A compendium of physical activities has been de-
veloped to provide researchers and practitioners with an es-
timation of the energy cost for a wide variety of human
physical activities 37, 41.

Metabolic equivalent (MET) – MET is a unit used to
express metabolic cost (oxygen consumption) of physical
activity. One MET is the metabolic oxygen consumption in
peace (at baseline) and it is equal to 3.5 mL O2/kg/min. The
metabolic cost of an activity expressed in MET indicates
how many times is oxygen consumption higher during these
activities in relation to consumption in peace 37.

Aerobic capacity – It is the ability of the organism to
create the energy required for execution of any work with an
aerobic process. It is measured by the amount of oxygen
consumed during the performance of such work.

Maximal aerobic uptake (VO2max) – VO2max is the
amount of oxygen consumed during the work of maximal
intensity. As a measure of aerobic capacity, it was estab-
lished as an international standard for physical fitness. It de-
pends on gender, age and genetic heritage, but also on the
level of aerobic physical activity 39, 42. Today VO2max is ac-
cepted as a predictor of mortality from cardiovascular dis-
ease and mortality of all causes of death, both in healthy
populations and patients with different chronic diseases (dia-
betes, hypertension, hypercholesterolemia, chronic obstruc-
tive pulmonary disease), and smokers and obese persons, as
well 43–45.

Body mass index (BMI) – BMI is the ratio between
body weight and body height squared and expressed in
kg/m2. The normal BMI ranges between 18.5 and 25 kg/m2.
This is one of the widely accepted methods of obesity as-
sessment 37.

Cancer survivor – It is any individual that has been di-
agnosed with cancer, from the time of diagnosis and for the
balance of life 46. This paper deals with women who have
completed initial treatment for BC and have no apparent evi-
dence of active disease.

Physical activity and body mass in women treated
for breast cancer

Reduction of physical activity and increase of the body
fat and body weight in breast cancer survivors (BCS) are two
important risk factors for health. They are important not only

for relapse of disease, but also for the morbidity from other
chronic diseases such as arteriosclerosis, heart disease and
diabetes. Although the risk of death due to primary disease
remains elevated even 20 years after the diagnosis of breast
cancer, the number of patients who die from other causes,
such as cardiovascular disease is increasing 47.

According to the report of the International Agency for
Research Cancer (IARC), about 25% of malignant diseases
are the result of excessive weight and lack of physical activ-
ity 48. Therefore, physical activity of these patients is of
enormous importance. Yet, most patients diagnosed with
malignant disease significantly reduce the extent and inten-
sity of physical activity after the diagnosis compared to the
period before the diagnosis.

Women with breast cancer are not an exception 49.
Taking into account antineoplastic therapy induced adverse
events such as pain, nausea and fatigue, this trend is ex-
pected, although research shows that physical activity can
help overcome these problems 8, 9, 50, 51.

In the Health, Eating, Activity, and Lifestyle (HEAL)
multicenter study, conducted from July 1996 to March 1999,
1,185 women were enrolled 4–12 months after diagnosis of
breast cancer. Among other objectives, the change of physi-
cal activity level of BCS after and before BC diagnosis was
investigated and its impact on prognosis of the disease, as
well. Data on physical activity were collected through a
Modifiable Activity Questionnaire 52, and the average level
of activity expressed in hours on a weekly basis. Authors
analyzed 29 different activities (recreational and home ac-
tivities) in addition to the time spent without the activity
(reading, watching television, naps). Data were collected for
two time periods – the period of 1 year before diagnosis and
during the last month before the time of filling out question-
naires. A total of 812 women completed the study. It was
shown that 52% of women with carcinoma in situ, 58% of
women with locally and 62% with loco-regionally advanced
disease reduced their overall level of physical activity. On
average, an overall level of physical activity was decreased
by 11%, corresponding to 2 hours per week, compared to the
period before diagnosis. There was a significantly positive
correlation between the type and intensity of physical activ-
ity and stage of the disease. Women with carcinoma in situ
significantly reduced participation in sports / recreational and
strenuous physical activities (  6 MET), while women with
locally or regionally advanced BC reduced the level of mod-
erate activity (3–6 MET). The type of therapy is another
factor that influenced the level of activity reduction. Women
who had only surgery or radiotherapy were more active than
those who received chemotherapy or combination therapy. It
was also observed that the degree of obesity, expressed in
BMI, is a good predictive factor for the level of physical ac-
tivity. Overweight women had much more reduced activity
(41.4%) than those whose BMI values were within normal
limits (24.1%) or slightly higher than that (35.7%) 53.

Unfortunately, this trend of reducing physical activity
continued in a follow-up period after initial treatment. Two
years after the first interviews (within the third year of fol-
low-up period) 806 women treated for BC billed out the
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same questionnaire as in the previous study. The data
showed that among these respondents, physical activity re-
duced and body weight and BMI increased in the last 3
years. In addition, women who had higher BMI had a lower
total score of physical activity at all levels (moderate 28%,
intensive 64%, and sports 49%) than women with normal
BMI. Yet, during the first year after diagnosis, in the group
with BMI < 30 kg/m2 some increase in physical activity for
the moderate and intensive activity was registered. It is inter-
esting that women diagnosed with higher stage of disease
(stage II) consumed 15% more time on physical activity than
women with in situ disease. Among sports and recreational
activities, walking was the most common and most popular
activity. According to the U.S. Department of Health and
Human Services recommendations (Surgeon General's
physical activity recommendation) 39 at least 150 minutes of
moderate to intensive activity (more than 3 MET) per week
is necessary to maintain health. When observing all activities
(total activity), this criterion was met by 73% of women.
However, when household activities are excluded from the
total score, only 32% of women in this study met the criteria
of satisfactory level of activity 54.

It has long been observed that BCS often have a prob-
lem with weight gain, especially if they receive adjuvant
systemic therapy 55. In a large study, which included 1,116
women with operable breast cancer in stage I-IIIA disease
during a 4-year follow-up period, it was shown that 60% of
the patients increased body weight compared to the period
before the disease diagnosis, 26% had reduction and 14%
had no change. Factors that were positively and independ-
ently associated with obesity were: the time elapsed from di-
agnosis, adjuvant chemotherapy, African-American ethnic
background, current energy intake and postmenopausal
status at the time of study entry. Factors that were negatively
and independently associated with obesity were: BMI before
diagnosis, age at diagnosis, the level of education and current
level of physical activity 56.

Physical activity and risk of relapse of disease and
death in breast cancer survivors

One of the first longitudinal studies that confirmed the
importance of physical activity in reducing the risk of death
which was dose dependent was published in 2005. The study
followed women diagnosed with BC during the period 1984–
1998. By June, 2002, 2,987 women in stage I-III disease were
followed. According to the level of physical activity expressed
in MET-hours per week, subjects were divided into categories
less than 3, 3–8, 9–15 and more than 15 MET-hours per week,
while the group with the lowest level of activity was taken as a
reference. The median follow-up period was 8 years. It was
shown that the risk of death was significantly higher in the
group of women not physically active enough (less than 9
MET-hours per week).  This relationship was particularly pro-
nounced among women with hormone-sensitive tumors: active
women (more than 9 MET-hours per week) had a 50% lower
risk of death than less active ones. The lowest risk of relapse
and death was noticed in the group who had moderate levels of

physical activity (9–15 MET-hours per week): the 5-year sur-
vival for this group was 97%, while for the group which was
active less than 3 MET-hours per week, it was 93%. Moreo-
ver, with the increase in physical activity to some extent, the
risk of death (specific for BC and other causes, as well) de-
creased, regardless of BMI 34.

Somewhat unexpected, the results of this study related to
the fact that the risk of fatal outcome in a group of very inten-
sive physical activity (more than 15 -hours per week) in-
creased again. The authors associate this information with the
impact of the disease stage at the time of diagnosis in women's
behavior change. It was shown that women, if the diagnosis is
worse, are prone to intensive lifestyle changes. In the group
with intensive exercise were more women in stage II of the
disease, while the group of moderate trainees comprised more
women the stage I disease.

These observations are compliant with the results of the
Health, Eating, Activity and Lifestyle (HEAL) study, which
compiled data on physical activity 3 years after the BC diag-
nosis. Specifically, it showed that women with a higher stage
of the disease at the time of diagnosis, had 15% more physical
activity than those in whom ductal carcinoma (DCIS) in situ
was diagnosed, although this difference was more in the do-
main of household activities 54. In the following study, it was
confirmed that the level of physical activity after BC diagnosis
is more important from the standpoint of survival than the ac-
tivity before the diagnosis. Women who increased their activ-
ity after BC diagnosis by 45% reduced the risk of death 57.

The latest meta-analysis on the effect of physical activ-
ity before and after the diagnosis of BC upon the survival
and relapse of the disease, included the six major studies,
with a total of 12,108 patients enrolled 58. To enable the
comparison of the results, the authors divided the level of
physical activity in four categories: low, moderate, moderate
to high and very high. The women from the low activity
level group (less than 3 -hours per week*) were the ref-
erence group, used as basis for calculation of the results and
the reference level for the comparison of the effects of physi-
cal activity on the risk of relapse and death. The results of
three studies that examined the effects of primarily recrea-
tional activities before BC diagnosis on the risk of relapse
and death  show that physical activity before the diagnosis
reduces the risk of death from all causes by 18%, but has no
effect on mortality from BC 57, 59, 60. However, women physi-
cally active after the BC diagnosis, compared with physically
inactive ones, have 34% lower risk of death from breast can-
cer, and 41% lower risk of death from all causes. This is
shown for all levels of physical activity. Also, moderate and
moderate to high levels of physical activity after BC diagno-
sis reduce the risk of relapse by 24%, but this does not apply
to a very high level of activity 58.

Two studies show that obese women (BMI  25 kg/m2)
with more physical activity after BC diagnosis have a lower
risk of death from breast cancer compared to  less physically
active women 57, 61,  but this effect was not registered in

–––––––
* Moderately fast walk (3–5 km/h) for 1 hour corresponds to the

activities of 3 MET-hours.
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women with normal body  weight.  On the other hand,
more physically active women have a lower risk of death
from all causes compared to the less active group, re-
gardless of BMI 57, 62.

Possible mechanisms of influence of physical activity
on disease relapse and survival

The mechanisms of physical activity reducing the risk
of disease relapse and prolonging survival in BCS are as in-
triguing as the mechanism of its influence on primary pre-
vention, and, probably, they are similar. The two most fre-
quently mentioned mechanisms are: the impact on steroid
hormones (especially on estrogen) 35, 63 and the impact on in-
sulin function 35.  Both of these mechanisms are largely asso-
ciated with the impact of physical activity on energy balance
and body weight.

The importance of energy balance (the ratio between
energy intake and expenditure) has long been observed from
the standpoint of carcinogenesis and survival 64, 65. For over
20 years it is well-known that women with increased body
weight are exposed to two times higher risk of relapse within
5 years from diagnosis and 60% higher risk of death in the
next 10 years, compared to women with normal weight (BMI

 25 kg/m2) 66. Central body fat distribution is associated not
only with cardiovascular disease but also with some can-
cers 67–69.  Obesity is associated with the altered metabolism
of estrogen 70, and facilitated conversion of androstenedione
to estrogen 71, 72, as well as with the increase of insulin resis-
tance, hyperinsulinemia and insulin-like growth factors 73.
According to current knowledge, it appears that exercise
changes the pattern of accumulation of adipose tissue, lead-
ing to a reduction of abdominal fat 74. This is especially im-
portant for postmenopausal women.  After completion of re-
productive age, the processes that lead to a reduction in mus-
cle mass and increase in body weight occur more frequently,
followed by the change of the distribution of body fat 75.

Sex steroid hormones have powerful mitogen and pro-
liferative effects on breast tissue. Increased levels of circu-
lating estrogen can stimulate the growth of breast cancer 76.
Possible mechanisms for estrogen induced breast cancer in-
clude increased breast epithelial cell proliferation, the me-
tabolism of estrogen to genotoxic metabolites, such as DNA-
adducts, and the silencing of tumor suppressor genes (TSGs)
that have been implicated in breast carcinogenesis by induc-
ing gene promoter hypermethylation, which is potentially re-
versible 63. In contrast, lower levels of estrogen and proges-
terone in the circulation are associated with the reduction of
breast epithelial cell proliferation 63, 77. Because adipose tis-
sue contains a large amount of aromatase, an enzyme that
participates in the conversion of androgens into estrogens 72,
obese BCS have increased risk of relapse of disease and
death 78. Physical activity can influence the reduction of fatty
tissue, thus reducing the capacity of conversion of androgens
to estrogens and lowering the levels of estrogen in the circu-
lation 79. Increased insulin resistance and increased amounts
of insulin and insulin-like growth factor (IGF), and a de-
crease in insulin-like growth factor binding globulin

(IGFBG) concentrations are often recorded in obese patients.
Anabolic activity of insulin and IGF promote tumor growth
by stimulation of cell growth and inhibition of apoptosis via
the insulin receptor in breast tissue 80.  In addition, these two
factors stimulate steroid hormones synthesis in the ovaries
and inhibit sex hormone binding globulin (SHBG) produc-
tion in the liver, which further emphasizes the process of
carcinogenesis 81–83.

Acute physical effort improves insulin sensitivity and
increases the uptake of glucose from plasma, mainly on the
account of the activities of muscle tissue, but this reaction is
lost within a few days 84. However, regular physical activity
of moderate or higher intensity maintains insulin sensitiv-
ity 84, 85 and protects against the development of insulin-
independent diabetes 86. It is assumed that this is a conse-
quence of reduction in abdominal fat and increase of muscle
mass, improved glucose transport in muscles 87 and/or re-
duced synthesis of fatty acids 84, 85. In addition, the reduction
of plasma insulin levels as a result of physical activity, leads
to the production of a larger amount of SHBG which reduces
the bioavailability of steroids in tissues, thus reducing the
risk of disease relapse 88, 89.

A group of authors from Yale Medical School com-
pared the level of free insulin, IGF-I and IGFBP-3 between
the two groups of postmenopausal BCS. The first group had
moderate level of regular aerobic activity of their choice for
30 minutes daily 5 times a week during a period of 6 months.
The control group did not have specially organized activities,
but continued with their normal daily activities. At the end of
this period there was a significant difference in the level of
IGF-I and IGFBP-3 between the groups. The level of free in-
sulin was lower by 20.7% in the study group compared to the
control group, but this difference was not statistically signifi-
cant. The authors concluded that regular moderate aerobic
activity, which was well tolerated by BCS, lowered the lev-
els of IGF-I and IGFBP-3, whose activity was associated
with disease relapse 90.

Physical activity – How much?

Previous researches show clearly a negative correlation
between physical activity after diagnosis of breast cancer and
the risk of disease relapse and death 91. This correlation is
dose- dependent 91 and it is more pronounced for postmeno-
pausal women 62. Apparently, this ratio is fairly stable, re-
gardless of the level of dietary intake, body mass index, race,
tumor stage and histological sub-type 92, 93.

A round table was organized in June, 2009 by the
American College of Sports Medicine (ACSM), which
brought together eminent experts in the field of rehabilitation
of cancer patients, with the aim to search for the evidence of
the impact of exercise on various aspects of life of cancer
patients and survivors 91. One of the aims was to provide
guidance for treatment of such patients. There was consensus
that the recommendations for the level of aerobic physical ac-
tivity that exist for other chronic conditions are fully applica-
ble to cancer survivors: 150 minutes of moderate to intensive
or 75 minutes of very intensive aerobic activity per week (or
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appropriate combination) 94–96. In addition, it is recommended
to perform exercises that involve large muscle groups, 2 to 3
times a week to strengthen muscles 94, 96.  Flexibility exercises
are recommended before any of these two groups of exer-
cises 97. Of course, the level of physical activity must be
adapted to the current state of the patient. According to the lat-
est report of U.S. Department of Health and Human Services
(U.S. DHHS) Physical Activity Guidelines for Americans 96,
any exercise is better than nothing, and those who are unable
to reach the recommended  levels of physical activity should
still be encouraged to be active as much as they can.

What kind of activities will be selected depends on in-
dividual choice, the current state of the body and overall

ability of the patient. Walking is still the most popular form
of aerobic training, which is entirely satisfactory if per-
formed with the appropriate intensity. According to data
from a sample of 2,987 women, intensive, fast walking had a
similar effect as other intensive activities such as jogging,
tennis or swimming 34.

Conclusion

Physical activity in BCS is particularly useful, not only
because it improves physical and psychological health of
survivors, but also because it reduces the risk of disease re-
lapse and prolongs survival.

R E F E R E N C E S

1. Miljuš D, Vukicevic A, Živkovic S, Mickovski-Katalina N, Rakocevic
I, Plavšic S. Cancer incidence and mortality in central Serbia
2004. Belgrade: Institute of Public Helath of  Serbia “Dr Milan
Jovanovic Batut”; 2007. (Serbian)

2. Knezevic .  Health Statistical Yearbook of Republic Serbia
2008. Belgrade: Institute of Public Helath of  Serbia “Dr Milan
Jovanovic Batut”; 2009. (Serbian)

3. Mock V, Dow KH, Meares CJ, Grimm PM, Dienemann JA, Hais-
field-Wolfe ME, et al. Effects of exercise on fatigue, physical
functioning, and emotional distress during radiation therapy
for breast cancer. Oncol Nurs Forum 1997; 24(6): 991 1000.

4. Campbell A, Mutrie N, White F, McGuire F, Kearney N. A pi-
lotstudy of a supervised group exercise programme as areha-
bilitationtreatment for women with breast cancer receiving
adjuvant treatment. Eur J Oncol Nurs 2005; 9(1):56–63

5. Winningham ML, MacVicar MG. The effect of aerobic exercise
on patient reports of nausea. Oncol Nurs Forum 1988; 15(4):
447 50

6. Dimeo F, Fetscher S, Lange W, Mertelsmann R, Keul J. Effectsof
aerobic exercise on the physical performance and incidence
oftreatment-related complications after high-dose chemother-
apy. Blood 1997; 90(9): 3390–4.

7. Courneya KS, Jones LW, Peddle CJ, Sellar CM, Reiman T, Joy
AA,et al. Effects of aerobicexercise training in anemic cancer
patients receiving darbepoetinalfa: a randomized controlled
trial. Oncologist 2008; 13(9): 1012–20.

8. Dimeo FC, Stieglitz RD, Novelli-Fischer U, Fetscher S, Keul J. Ef-
fects of physical activity on the fatigue and psychologic statu-
sof cancer patients during chemotherapy. Cancer 1999; 85(10):
2273–7.

9. Schwartz AL. Daily fatigue patterns and effect of exercise in
women with breast cancer. Cancer Pract 2000; 8(1): 16 24.

10. Headley JA, Ownby KK, John LD. The effect of seated exer-
ciseon fatigue and quality of life in women with advanced
breastcancer. Oncol Nurs Forum 2004; 31(5): 977–83.

11. Badger T, Segrin C, Dorros SM, Meek P, Lopez AM. Depression
and anxiety in women with breast cancer and their partners.
Nurs Res 2007; 56(1): 44–53.

12. Kolden GG, Strauman TJ, Ward A, Kuta J, Woods TE, Schneider
KL, et al. A pilot study of group exercise training (GET) for
women with primary breast cancer: Feasibility and health
benefits. Psychooncology 2002; 11(5): 447 56.

13. Battaglini C, Bottaro M, Dennehy C, Rae L, Shields E, Kirk D, et al.
The effects of an individualized exercise intervention on body
composition in breast cancer patients undergoing treatment.
Sao Paulo Med J 2007;125(1): 22–8

14. Adamsen L, Quist M, Andersen C, Møller T, Herrstedt J, Kronborg
D, et al. Effect of a multimodal high intensity exercise inter-

vention in cancer patients undergoing chemotherapy: ran-
domised controlled trial. BMJ 2009; 339: b3410.

15. Courneya KS, Segal RJ, Mackey JR, Gelmon K, Reid RD, Friedenreich
CM, et al. Effects of aerobic and resistance exercise in breast
cancer patients receiving adjuvant chemotherapy: a multicenter
randomized controlled trial. J Clin Oncol 2007; 25(28): 4396–
404.

16. Segal R, Evans W, Johnson D, Smith J, Colletta S, Gayton J,  et al.
Structured exercise improves physical functioning in women
with stages I and II breast cancer: results of a randomized
controlled trial. J Clin Oncol 2001; 19(3): 657–65.

17. Schwartz AL, Winters-Stone K. Effects of a 12-month random-
ized controlled trial of aerobic or resistance exercise during
and following cancer treatment in women. Phys Sportsmed
2009; 37(3): 1–6.

18. Schwartz AL, Winters-Stone K, Gallucci B. Exercise effects on
bone mineral density in women with breast cancer receiving
adjuvant chemotherapy. Oncol Nurs Forum 2007; 34(2): 627–
33.

19. Courneya KS, Mackey JR, Bell GJ, Jones LW, Field CJ, Fairey AS.
Randomized controlled trial of exercise training in postmeno-
pausal breast cancer survivors: cardiopulmonary and quality of
life outcomes. J Clin Oncol 2003; 21(9): 1660 8.

20. Burnham TR, Wilcox A. Effects of exercise on physiological and
psychological variables in cancer survivors. Med Sci Sports
Exerc 2002; 34(12):1863–7.

21. Daley AJ, Crank H, Saxton JM, Mutrie N, Coleman R, Roalfe A.
Randomized trial of exercise therapy in women treated for
breast cancer. J Clin Oncol 2007; 25(13): 1713–21.

22. Pinto BM, Frierson GM, Rabin C, Trunzo JJ, Marcus BH. Home
based physical activity intervention for breast cancer patients. J
Clin Oncol 2005; 23: 3577–87.

23. Thorsen L, Skovlund E, Stromme SB, Hornslien K, Dahl AA, Fossa
SD. Effectiveness of physical activity on cardiorespiratory fit-
ness and health-related quality of life in young and middle-
aged cancer patients shortly after chemotherapy. J Clin Oncol
2005; 23(10): 2378–88.

24. Herrero F, San Juan AF, Fleck SJ, Balmer J, Pérez M, Cañete S,et
al. Combined aerobic and resistance training in breast cancer
survivors: a randomized,controlled pilot trial. Int J Sports Med
2006; 27(7): 573–80.

25. Berglund G, Bolund C, Gustafsson UL, Sjoden PO. One-year fol-
low-up of the „Starting Again“ group rehabilitation pro-
gramme for cancer patients. Eur J Cancer 1994; 30A(12):
1744–51.

26. Fillion L, Gagnon P, Leblond F, Gélinas C, Savard J, Dupuis R, et
al. A brief intervention for fatigue management in breast can-
cer survivors. Cancer Nurs 2008; 31(2): 145–59.



Volumen 71, Broj 1 VOJNOSANITETSKI PREGLED Strana 71

Brdareski Z, et al. Vojnosanit Pregl 2014; 71(1): 66–72.

27. Courneya KS, Friedenreich CM, Sela RA, Quinney HA, Rhodes RE,
Handman M. The group psychotherapy and home-based physi-
cal exercise (group-hope) trial in cancer survivors: physical fit-
ness and quality of life outcomes. Psychooncology 2003; 12(4):
357–74.

28. Segar ML, Katch VL, Roth RS, Garcia AW, Portner TI, Glickman
SG, et al. The effect of aerobic exercise on self-esteem and de-
pressive and anxiety symptoms among breast cancer survivors.
Oncol Nurs Forum 1998; 25(1): 107 13.

29. Basen-Engquist K, Taylor CL, Rosenblum C, Smith MA, Shinn EH,
Greisinger A, et al. Randomized pilot test of a lifestyle physical
activity intervention for breast cancer survivors. Patient Educ
Couns 2006; 64(1 3): 225–34.

30. Cho OH, Yoo YS, Kim NC. Efficacy of comprehensive group
rehabilitation for women with early breast cancer in South Ko-
rea. Nurs Health Sci 2006; 8(3): 140–6

31. Ohira T, Schmitz KH, Ahmed RL, Yee D. Effects of weight
training on quality of life in recent breast cancer survivors:
theWeight Training for Breast Cancer Survivors (WTBS)
study. Cancer 2006; 106(9): 2076–83.

32. Ahmed RL, Thomas W, Yee D, Schmitz KH. Randomized con-
trolled trial of weight training and lymphedema in breast can-
cer survivors. J Clin Oncol 2006; 24(18): 2765–72.

33. Schmitz KH, Ahmed RL, Troxel A, Cheville A, Smith R, Lewis-
Grant L, et al. Weight lifting in womenwith breast cancer–re-
lated lymphedema. N Engl J Med 2009; 361(7): 664–73.

34. Holmes MD, Chen WY, Feskanich D, Kroenke CH, Colditz GA.
Physical Activity and Survival After Breast Cancer Diagnosis.
JAMA 2005; 293(20): 2479 86.

35. Ogunleye , Holmes MD. Physical activity and breast cancer
survival. Breast Cancer Res 2009; 11(5): 106.

36. Bouchard C, Shephard RJ. Physical activity fitness and health: the
model and key concepts. In: Bouchard C, Shephard RJ, Stephens T,
editors. Physical activity fitness and health: International pro-
ceedings and consensus statement. Champaign (IL): Human
Kinetics; 1994. p. 77 88.

37. Neiman DC. Exercise Testing and Prescription: A Health-
Related Approach. 5th ed. New York, NY: McGraw-Hill;
2003.

38. Mellerowicz H, Meller W. Training - Biologische und medizinis-
che Grudlagen und Prinzipen des Trainings. Berlin, Heidel-
berg: Springer-Verlag; 1972.

39. Zivanic S, Zivotic-Vanovic M, Mijic R, Dragojevic R. Maximal oxy-
gen intake (VO2max) and it’s predicting by Astrand’s test on
bicycle-ergometer. Belgrade: Sports Medicine Association of
Serbia; 1999. (Serbian)

40. Caspersen CJ, Powell KE, Christenson GM. Physical activity, exer-
cise and physical fitenss: Definitions and distinctions for
health-related research. Public Health Rep 1985; 100: 120 31.

41. Ainsworth BE, Haskell WL, Whitt MC, Irwin ML, Swartz AM,
Strath SJ, et al. Compendium of physical activities: An update
of activity codes and MET intensities. Med Sci Sports Exerc
2000; 32(9 Suppl): S498 S516.

42. American College of Sports Medicine. Resource Manual for Guide-
lines for Exercise Testing and Prescription. (3rd ed). Philadel-
phia: Lippincott Williams&Wilkins; 1998.

43. Blair SN, Kohl HW 3rd, Paffenbarger RS Jr, Clark DG, Cooper KH,
Gibbons LW. Physical fitness and all-cause mortality. A pro-
spective study of healthy men and women. JAMA 1989;
262(17): 2395 401.

44. Myers J, Prakash M, Froelicher V, Do D, Partington S, Atwood JE.
Exercise capacity and mortality among men referred for exer-
cise testing. N Engl J Med 2002; 346(11): 793 801.

45. Gulati M, Pandey DK, Arnsdorf MF, Lauderdale DS, Thisted RA,
Wicklund RH, et al.. Exercise capacity and the risk of death in
women: the St James Women Take Heart Project. Circulation.
2003; 108(13): 1554 9.

46. National Coalition for Cancer Survivorship. Available from:
http://www.canceradvocacy.org  [accessed 2009 April 13]

47. Louwman WJ, Klokman WJ, Coebergh JW. Excess mortality from
breast cancer 20 years after diagnosis when life expectancy is
normal. Br J Cancer 2001; 84(5): 700 3.

48. Vainio H, Bianchine F. Weight control and physical activity.
Lyon: IARC Press; 2008.

49. Pinto BM, Trunzo JJ, Reiss P, Shiu SY. Exercise participation af-
ter diagnosis of breast cancer: Trends and effects on mood
and quality of life. Psychooncology 2002; 11(5): 389 400.

50. Cooper H. The role of physical activity in the recovery from
breast cancer. Melpomene J 1995; 14(1): 18–20.

51. Mock V, Burke MB, Sheehan P, Creaton EM, Winningham ML,
McKenney-Tedder S, et al. A nursing rehabilitation program for
women with breast cancer receiving adjuvant chemotherapy.
Oncol Nurs Forum 1994; 21(5): 899 907; discussion 908.

52. Kriska AM. Modifiable activity questionnaire. Med Sci Sports
Exer 1997; 29 (Suppl 6): S73–8.

53. Irwin ML, Crumley D, McTiernan A, Bernstein L, Baumgartner R,
Gilliland FD, et al.. Physical activity levels before and after a di-
agnosis of breast cancer: The Health, Eating, Activity, and
Lifestyle (HEAL) Study. Cancer 2003; 97(7): 1746–57.

54. Irwin ML, McTiernan A, Bernstein L, Gilliland FD, Baumgartner R,
Baumgartner K, et al. Physical activity levels among breast can-
cer survivors. Med Sci Sports Exerc 2004; 36(9): 1484–91.

55. Levine EG, Raczynski JM,Carpenter JT. Weight gain with breast
cancer adjuvant treatment. Cancer 1991; 67(7): 1954–9.

56. Rock CL, Flatt SW, Newman V, Caan BJ, Haan MN, Stefanick
ML, et al. Factors associated with weight gain in women after
diagnosis of breast cancer. Women's Healthy Eating and Liv-
ing Study Group. J Am Diet Assoc 1999; 99(10): 1212 21.

57. Irwin ML, Smith AW, McTiernan A, Ballard-Barbash R, Cronin K,
Gilliland FD, et al. Influence of pre- and postdiagnosis physical
activity on mortalityin breast cancer survivors: the health, eat-
ing, activity, and lifestyle study. J Clin Oncol 2008; 26(34):
3958–64.

58. Ibrahim EM, Al-Homaidh A. Physical activity and survival after
breast cancer diagnosis: meta-analysis of published studies.
Med Oncol 2011; 28(3): 753–65.

59. Abrahamson PE, Gammon MD, Lund MJ, Britton JA, Marshall
SW, Flagg EW, et al. Recreational physical activity and survival
among young women with breast cancer. Cancer 2006; 107(8):
1777–85.

60. Enger SM, Bernstein L. Exercise activity, body size and pre-
menopausal breast cancer survival. Br J Cancer 2004; 90(11):
2138–41.

61. Holick CN, Newcomb PA, Trentham-Dietz A, Titus-Ernstoff L,
Bersch AJ, Stampfer MJ, et al. Physical activity and survival after
diagnosis of invasive breast cancer. Cancer Epidemiol Bio-
markers Prev 2008; 17(2): 379–86.

62. Sternfeld B, Weltzien E, Quesenberry CP Jr, Castillo AL, Kwan M,
Slattery ML, et al. Physical activity and risk of recurrence and
mortality in breast cancer survivors: findings from the LACE
study. Cancer Epidemiol Biomarkers Prev 2009; 18(1): 87–95.

63. Coyle YM. Physical activity as a negative modulator of estro-
gen-induced breast cancer. Cancer Causes Control 2008;
19(10): 1021–9.

64. Albanes D. Energy balance, body size, and cancer. Crit Rev
Oncol Hematol 1990; 10(3): 283–303.

65. Gerber M, Corpet D. Energy balance and cancers. Eur J Cancer
Prev 1999; 8(2): 77–89.

66. Goodwin PJ, Boyd NF. Body size and breast cancer prognosis: A
critical review of the evidence. Breast Cancer Res Treat 1990;
16(3): 205 14.

67. Schapira DV, Kumar NB, Lyman GH, Cox CE. Abdominal obe-
sity and breast cancer risk. Ann Intern Med 1990; 112(3): 182–
6.



Strana 72 VOJNOSANITETSKI PREGLED Volumen 71, Broj 1

Brdareski Z, et al. Vojnosanit Pregl 2014; 71(1): 66–72.

68. Giovannucci E, Ascherio A, Rimm EB, Colditz GA, Stampfer MJ,
Willett WC. Physical activity, obesity, and risk for colon cancer
and adenoma in men. Ann Intern Med 1995; 122(5): 327–34.

69. Krotkiewski M, Bjorntorp MP, Sjostrom L, Smith U.  Impact of
obesity on metabolism in men and women. Importance of re-
gional adipose tissue distribution. J Clin Invest 1983; 72(3):
1150–62.

70. Schneider J, Bradlow HL, Strain G, Levin J, Anderson K, Fishman J.
Effects of obesity on estradiol metabolism: decreased forma-
tion of nonuterotropic metabolites. J Clin Endocrinol Metab
1983; 56(5): 973–8.

71. Siiteri PK. Adipose tissue as a source of hormones. Am J Clin
Nutr 1987; 45(1 Suppl): 277–82.

72. Lorincz AM, Sukumar S. Molecular links between obesity and
breastcancer. Endocr Relat Cancer 2006; 13(2): 279–92.

73. Ballard-Barbash R, Birt DF, Kestin M, King IB. Perspectives on
integrating experimental and epidemiologic research on diet,
anthropometry and breast cancer. J Nutr 1997; 127(5 Suppl):
936S–9.

74. Pescatello LS, Murphy D. Lower intensity physical activity is ad-
vantageous for fat distribution and blood glucose among vis-
cerally obese older adults. Med Sci Sports Exerc 1998; 30(9):
1408–13.

75. Astrup A. Physical activity and weight gain and fat distribution
changes with menopause: current evidence and research issues.
Med Sci Sports Exerc 1999; 31(11 Suppl):: S564–7.

76. Helzlsouer KJ, Couzi R. Hormones and breast cancer. Cancer
1995, 76(10 Suppl): 2059 63.

77. Pike MC, Spicer DV, Dahmoush L, Press MF. Estrogens, pro-
gestogens, normal breast cell proliferation, and breast cancer
risk. Epidemiol Rev 1993; 15(1): 17–35.

78. McTiernan A, Rajan KB, Tworoger SS, Irwin M, Bernstein L, Baum-
gartner R, et al. Adiposity and sex hormones in postmenopausal
breast cancer survivors. J Clin Oncol 2003; 21(10): 1961 6.

79. Patel AV, Bernstein L. Physical activity and cancerinc idence:
breast cancer. In: McTiernan A, editor. Cancer prevention and
management through exercise and weight control. New York,
NY: Taylor & Francis Group; 2006. p. 49–74.

80. Chappell J, Leitner JW, Solomon S, Golovchenko I, Goalstone ML,
Draznin B. Effect of insulin on cell cycle progressionin MCF-7
breast cancer cells. Direct and potentiating influence. J Biol
Chem 2001; 276(41): 38023–8.

81. van der Burg B, Rutteman GR, Blankenstein MA, de Laat SW, van
Zoelen EJ. Mitogenic stimulation of human breast cancer cells
in a growth factor-defined medium: synergistic action of insu-
lin and estrogen. J Cell Physiol 1988; 134(1): 101–8.

82. Kaaks R, Lukanova A. Energy balance and cancer: the role of
insulin and insulin-like growth factor-I. Proc Nutr Soc 2001;
60(1): 91 106.

83. Kaaks R. Nutrition, insulin, IGF-1 metabolism and cancer risk:
a summary of epidemiological evidence. Novartis Found Symp
2004; 262: 247 60; discussion 260 8.

84. Dishman RK, Washburn RA, Heath GW. Physical activity and
diabetes. Physical activity epidemiology. Champaign (IL): Hu-
man Kinetics; 2004.

85. Ivy JL. Role of exercise training in the prevention and treat-
ment of insulin resistance and non-insulin-dependent diabetes
mellitus. Sports Med 1997; 24(5): 321–36.

86. Perez-Martin A, Raynaud E, Mercier J. Insulin resistance and as-
sociated metabolic abnormalities in muscle: effects of exercise.
Obes Rev 2001; 2(1): 47–59.

87. Sigal RJ, Kenny GP, Wasserman DH, Castaneda-Sceppa C. Physical
activity/exercise and type 2 diabetes. Diabetes Care 2004;
27(10): 2518–39.

88. Pugeat M, Crave JC, Elmidani M, Nicolas MH, Garoscio-Cholet M,
Lejeune H, et al. Pathophysiology of sexhormone binding
globulin (SHBG): relation to insulin. J Steroid Biochem Mol
Biol 1991; 40(4 6): 841–9.

89. Kaaks R. Nutrition, hormones, and breast cancer: is insulin the
missing link? Cancer Causes Control 1996; 7(6): 605–25.

90. Irwin ML, Varma K, Alvarez-Reeves M, Cadmus L, Wiley A, Chung
GG, et al. Randomized controlled trial of aerobic exercise on
insulin and insulin-like growth factors in breast cancer survi-
vors: The Yale Exerciseand Survivorship Study. Cancer Epi-
demiol Biomarkers Prev 2009; 18(1): 306–13.

91. Schmitz KH, Courneya KS, Matthews C, Demark-Wahnefried W,
Galva˜o DA, Pinto BM, et al. American College of Sports Medi-
cine roundtable on exercise guidelines for cancer survivors.
Med Sci Sports Exerc 2010; 42(7): 1409 26.

92. Friedenreich CM, Cust AE. Physical activity and breast cancer
risk: impact of timing, type and dose of activity and population
subgroup effects. Br J Sports Med 2008, 42(8): 636 47.

93. Monninkhof EM, Elias SG, Vlems FA, Tweel I, Schuit AJ, Voskuil
DW, et al. Physical activity and breast cancer: a systematic re-
view. Epidemiology 2007; 18(1): 137 57.

94. Haskell WL, Lee IM, Pate RR, Powell KE, Blair SN, Franklin BA,
et al. Physical activity and public health: updated recommen-
dation for adults from the American College of Sports Medi-
cine and the American Heart Association. Med Sci Sports Ex-
erc 2007; 39(8): 1423–34.

95. Doyle C, Kushi LH, Byers T, Courneya KS, Demark-Wahnefried W,
Grant B, et al. Nutrition and physical activity during and after
cancer treatment: an American Cancer Society guide for in-
formed choices. CA Cancer J Clin 2006; 56(6): 323–53.

96. Physical Activities Guidelines Advisory Committee. Physical Activity
Guidelines Advisory Committee Report. Washington (DC):
US Department of Health and Human Services; 2008.

97. Nelson ME, Rejeski WJ, Blair SN, Duncan PW, Judge JO, King
AC, et al. Physical activity and public health in older adults:
recommendation from the American College of Sports Medi-
cine and the American Heart Association. Med Sci Sports Ex-
erc 2007; 39(8): 1435–45.

Received on December 30, 2011.
Revised on September 20, 2012.
Accepted on November 1, 2012.



Vojnosanit Pregl 2014; 71(1): 73–77. VOJNOSANITETSKI PREGLED Strana 73

Correspondence to: Jefta Kozarski, Clinic For Plastic Surgery and Burns, Military Medical Academy, Crnotravska 17, 11 000, Belgrade,
Serbia. E-mail: jeftakozarski@yahoo.com

C A S E  R E P O R T S
UDC: 617.576/.578::616.13/.14-007-056.7

DOI: 10.2298/VSP1401073K

Surgical treatment of hand vascular anomalies – a case report

Hirurško le enje vaskularnih anomalija šake

Jefta Kozarski*†, Dragomir Pavlovi *, Goran Šijan*†, Srdjan Cvetanovi *,
Goran Stankovi *

*Clinic for Plastic Surgery and Burns, Military Medical Academy, Belgrade, Serbia;
†Faculty of Medicine of the Military Medical Academy, University of Defence, Belgrade,

Serbia

Abstract

Background. Vascular anomalies in the hand do not oc-
cur frequently. Their presence in the metacarpal region can
cause different functional disorders. The extent of such
disorders directly depends on the localization and size of
vascular anomalies, duration and the nature of the anom-
aly growth as well as on eventual secondary complications
such as ulceration or bleeding. The aim of this case report
was to show the specifics in the clinical picture, patho-
genesis and evolution of such anomalies, applied diagnos-
tic procedures (radiography, ultrasound, magnetic reso-
nance, electromyography) and surgical treatment as well as
postoperative functional results. Case report. In the
Clinic for Plastic Surgery and Burns, Military Medical
Academy Belgrade, two patients were treated surgically for
vascular anomalies of the middle palmar region of the
hand. The first patient, a 36-year-old male, a former active
sportsman (professional handball player) was treated for
acute increase in the vascular anomaly of hand in the
metacarpal region and proximal phalange of III and IV
fingers of his right hand. The anomaly was detected 6
months prior to his hospitalization while two weeks before
the hospitalization there was a sudden growth and increase
in the change. The second case, a 15-year-old male patient
actively pursuing a career in professional basketball was

treated for a tumor localized in the metacarpal zone of his
left hand. According to the information provided by his
parents, the anomaly had been present since his birth. Ini-
tially, the anomaly manifested itself as a discoloration of
the skin with a marked capillary drawing, gradually increasing
throughout the last five years to the present dimension. The
growth of the malformation was noticed to coincide in both
patients with more active pursuit of their professional sports
career. Conclusion. The clinical picture of hand vascular
anomalies is dominated by the symptoms of compression of
neurovascular structures (paresthesia, intense hand pain,
swollen fingers). If it is a chronic progressive process, signs of
ischemic intrinsic muscle fibrosis with corresponding func-
tional deficit, as well as tissue defect (usura) of bone and joint
structures represent the basic pathological findings. Acute in-
crease is accompanied by compartment syndrome symptoms
and ischemic fibrosis of intrinsic hand musculature and de-
velopment of irreversible dysfunction of the hand. In the pre-
sented cases rapid response implies accurate diagnostic meth-
ods followed by surgical extirpation in order to treat com-
partment syndrome.

Key words:
vascular malformations; hand; diagnostic techniques
and procedures; reconstructive surgical procedures;
recovery of function.

Apstrakt

Uvod. Vaskularne anomalije u predelu šake ne javljaju se
esto. Njihovo prisustvo u zoni metakarpusa dovodi do ra-

zli itih funkcionalnih smetnji šake. Obim tih smetnji direkt-
no zavisi od lokalizacije i veli ine vaskularne anomalije, tra-
janja i prirode rasta promene, kao i od eventualnih sekun-
darnih komplikacija kao što su ulceracija i krvarenja. Cilj
ovog rada bio je da se prikažu specifi nosti klini ke slike,
patogeneze i ocene tih promena sprovedene dijagnosti kim
postupcima (radiografija, ultrazvuk, angiografija, magnetna
rezonanca, elektromiografija) i na ina hirurškog le enja, kao
i postoperativni funkcionalni rezultati.  Prikaz bolesnika.
U Klinici za plasti nu hirurgiju i opekotine Vojnomedicin-

ske akademije u Beogradu hirurški su tretirana dva bolesnika
sa vaskularnim anomalijama srednjedlanskog regiona šake.
Prvi bolesnik, star 36 godina, muškog pola, bivši aktivni
sportista (profesionalni rukometaš) le en je zbog akutnog
rasta vaskularne anomalije šake u metakarpalnoj regiji i pro-
ksimalnim falangama III i IV prsta desne šake sa palmarne
strane. Vaskularna anomalija dijagnostikovana je šest meseci
pre hospitalizacije, a nagli rast promene po eo je dve nedelje
pre hospitalizacije. Drugi bolesnik, star 15 godina, muškog
pola, aktivni profesionalni košarkaš, le en je zbog tumefak-
cije lokalizovane u metakarpalnoj regiji leve šake sa palmar-
ne strane. Heteroanamnesti ki podaci uzeti od roditelja uka-
zali su na to da je promena bila prisutna na ro enju bolesni-
ka i da se manifestovala kao diskoloracija kože u predelu



Strana 74 VOJNOSANITETSKI PREGLED Volumen 71, Broj 1

Kozarski J, et al. Vojnosanit Pregl 2014; 71(1): 73–77.

dlana sa kapilarnom šarom, koja je postepeno rasla, a naro-
ito u poslednjih pet godina do aktuelne veli ine. Rast opi-

sanih malformacija kod oba bolesnika poklapao se sa pove-
anjem fizi ke aktivnosti tokom njihovih sportskih karijera.

Zaklju ak. U klini koj slici vaskularnih anomalija šake do-
miniraju simptomi kompresije na neurovaskularne strukture,
od parestezija pa do intenzivnih bolova šake i otoka prstiju.
Ukoliko se radi o hroni nom progrediraju em procesu, zna-
ci ishemi ne fibroze intrizi ke muskulature sa odgovaraju-
im funkcionalnim deficitom, kao i uzure na koštanozglob-

nim strukturama, predstavljaju osnovni patološki nalaz. U

slu aju akutnog rasta prisutni su simptomi kompartment
sindroma sa prete om ishemi nom fibrozom intrizi ke mu-
skulature dlana i nastankom ireverzibilne disfunkcije šake. U
tim, akutnim slu ajevima brzo reagovanje podrazumeva
precizne dijagnosti ke metode, a nakon toga hiruršku ek-
stirpaciju u cilju le enja kompartment sindroma.

Klju ne re i:
krvni sudovi, malformacije; šaka; dijagnosti ke tehnike
i procedure; hirurgija, rekonstruktivna,  procedure;
oporavak.

Introduction

The majority of vascular anomalies develops within the
first 2 years of life. Some of them are visible at birth with
clear clinical signs which vary from skin changes that can in-
clude any discoloration, under-skin texture and consistency
changes and may develop into hemangioma (growing con-
genital hemangioma), and the malformations which can ap-
pear after the birth on the not changed skin region 1, 2.

About 80% of vascular anomalies develop as a solitary
tumor while there are about 20% of multiple proliferation
cases. They are more common in female gender; this ratio
ranging between 3–5 : 1.

The incidence is somewhat higher in the white race 2.
About 60% of vascular anomalies tend to appear in the cervi-
cal-facial region and this “tendency to expose” can cause a
significant psychological stress both to parents and children 3.

In 1982 Mulliken and Glowacki described a clinically
relevant classification of vascular anomalies, hemangiomas
and vascular malformations, based on biological, pathohis-
tological and clinical criteria 1.

Hemangioma is a benign tumor of endothelial cells, the
cells that line blood vessels. Beside endothelial hyperplasia,
histopathological findings show new vascular space forma-
tions composed of blood-filled “lakes” and channels as well
as blood vessels. They have biphasic growth behavior: pro-
liferative phase, which is, after achieving proliferative stage,
followed by a slow involution, and in certain cases may end
in total regression of the lesions when only regular observa-
tions are needed 4.

Vascular malformations comprise another category of
vascular anomalies considered to be congenital errors in the
process of vascular morphogenesis. Histopathological find-
ings do not show elements of endothelial hyperplasia and,
depending on chemodinamic characteristics, vascular mal-
formations are subdivided into “low-flow” vascular anoma-
lies (capillary malformation, venous malformation, lym-
phatic malformation, or combined  malformation) and “high-
flow” vascular anomalies (arteriovenous malformations).
They both have a common characteristic: do not show any
biphasic growth behavior, i.e. there are not proliferation or
involution phases 1, 4, 5.

For arteriovenous hemangioma (malformations) plastic
surgeons treatment is rarely needed, as long as its form, size,
localization, a nature of growth and regression do not cause

any functional and esthetic troubles. Only regular pediatric
observations of children and parental education are needed 4.

Vascular anomalies (hemangiomas – arteriovenous mal-
formations) rarely occur in the hand area. The most common
site of the lesion is the palm of the hand 4. Their presence in
the metacarpal zone can cause functional disorder, dependent
on their size and growth. A compression on neurovascular
structures can cause paresthesia, burning or prickling of the
hand, inclusive intense pain and swollen fingers.

If it is a progressive chronic process, signs of ischemic
fibrosis of the intrinsic musculature with corresponding
functional deficit as well as tissue defect of bone and joint
structures represent the basic pathological findings 4, 5.

Case report

The first patient, a 36-year-old male patient was treated
in our Clinic for acute increase of vascular anomaly of the
hand in the metacarpal region and proximal phalange of III
and IV finger of his right hand. Six months before his hospi-
talization, the former active sportsman (professional handball
player) detected a change of 1 cm in diameter in the palm re-
gion of his right hand, which gradually increased.

Two weeks prior to hospitalization there occurred
prompt growth and increase in vascular anomaly with sig-
nificant symptoms of compression of neurovascular struc-
tures of the right hand palm followed by intense pain. On the
day of admission to the hospital, a tumefact of 6 × 4.5 cm in
diameter at the base and 1.5 cm high was detected on the
palm of the right hand with lobular surface, dark blue color,
without evident pulsations. The skin over the malformations
was tense, hard and sporadically thinner. The hand was in the
antalgic position and completely painful, finger flexion and
extension limited, finger abduction and adduction were not
possible (Figure 1).

Fig. 1 – The hand of the first patient preoperatively.
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The preoperative clinical examinations and ultrasound
findings showed on the right palm under the skin showed a
soft tissue fluid formation detected with irregular canalicular
form, filled with dense fluid (Figure 2).

Fig. 2 – Preoperative ultrasound finding in the first patient.

The percutaneous hemangiography findings on the
palmar side of the hand showed irregular holes of angioma
with superficial venous drainage network (Figure 3).

Fig. 3 – Percutaneous hemangiography finding in the first
patient.

The malformation was extirpated in the “blood flow
stasis”. The zig-zag incision on the palmar skin brought a
hemangioma just under it. Neurovascular elements and soft
tissue structures of the middle palm region were identified
under the tumor. In the radial part, a tumor segment was lo-
cated under the muscle, while the rest of tumor tissue
spreaded in the direction of the proximal parts of III and IV
finger. Tumor tissue resection was done while neurovascular
structures were preserved. Also, a partial usura in III meta-
carpal bone was detected. After partial release of the ban-
dage, hemostasis was verified, aspirative drainage performed
and the surgical wound closed with individual stiches (Fig-
ures 4 a–d).

The resected tumor was histopathologically proved as
arteriovenous (AV) malformation – haemangioma caverno-
sum.

The rapid recovery of hand function was achieved with
the sensitivity of all the fingers fully regained and the intrin-
sic musculature function completely restored (Figure 5) . The
patient was referred to intensive physical therapy in the
competent center for physical therapy and rehabilitation
(Figure 6).

a)  b)

c) d)
Fig. 4 – Intraoperative finding of the surgical procedure and

extirpation of hemangioma in the first patient.

Fig. 5 – The hand of the first patient postoperatively.

     
Fig. 6 – Functional result in the first patient 6 months after

the operation.

The second case, a 15-year old male patient was treated
in our Clinic for tumor localized in the metacarpal zone of
his left hand. According to the information provided by the
patient’s parents the anomaly was present at birth. It was ini-
tially manifested as discoloration of the skin with marked
capillary drawing, which gradually increased over the last
five years in size to reach the actual dimension.

The change in growth coincided with the patient’s more
active pursuit of his professional sports career (basketball).
He reported subjective discomphort as hand pain during
weight training intensifying recently as well as discomfort
during ball training exercises.

On the day of admission to the hospital, an oval form
tumefact of 4 × 2 cm in diameter and  1 cm protruding out of
the skin plane was detected on the middle region of the left
hand palm, of light blue color, without clear limits, soft con-
sistency and with palpable pulsations (Figure 7).

X-ray contrast angiography of the left hand showed in-
trapalmar hemangioma, which extended between metacarpal
bones and partly along the first phalanx of the second finger.
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Hemangioma itself was fed by arcus palmaris profundus,
who gives two branches of the feeder. Hemangioma rapidly
losed his stain in venous drainage through arcus palmaris,
probably profundus, which was relatively gracilis. The venous
phase of the initial part of v. ulnaris is showed (Figure 8).

Fig. 7 – The hand of the second patient preoperatively.

Fig. 8 – Preoperative angiography in the second patient.

Magnetic resonance imaging of the left hand  detected
the apparent tangle of intertwined and dilated arterial blood
vessels with its epicenter in the middle of the palm of ap-
proximate dimensions 6  4  3 cm. Due to the dense distri-
bution of aberrant blood vessels it was difficult to define the
superficial and deep palmar arch. It is certain that irrigation
was done through the deep arcus since lumen expansion of
the distal part of the deep branch of radial artery was detect-
able. A tangle of blood vessels spreaded between the tendons
of deep and superficial finger flexors. Soft tissue components
typical for hemangioma were not detected. Also, usura of the
distal head and diaphysis of II metacarpal bone medial aspect
was detected and therefore an intraaxial component of vas-
cular malformations in the diaphysis of the same bone. On
the place of the usura of the head medial aspect there were
also criteria for intra-articular component of II metacarpo-
phalangeal joint. Drainage was performed in the dorsal ve-
nous arch. The described vascular change of the palm of the
left hand corresponded more to AV malformations than to
the image of the classic hemangioma – possible AV type of
hemangioma (Figure 9).

EMNG examinations registered practically regular find-
ings with no signs of axonal affection and without malfunction
of electrical stimulation of motor and sensory nerve fibers.

Fig. 9 – Preoperative magnetic resonance finding in the
second patient.

Tumor resection was performed in the conditions of re-
gional intravenous (RIV) anesthesia and blood flow stasis.
The zig-zag incision was placed in the mid palm region. The
tumor permeated the neurovascular and tendon elements, so
after the tumor resection, all the elements were preserved.

The partial usure on the head of II metacorpal bone was
detected. After the partial release of the bandage, the hemo-
stasis was performed, using aspirative drainage, and the
wound was closed with individual stiches in a single layer
(Figures 10 a–d) .

Material for histopathological analysis represented vas-
cular spaces, coated with flattened endothelial cells with the

presence of vascular stents, surounded by. The received ma-
terial did not show the elements of malignancy. The finding
corresponded to vascular malformation.

A fast recovering of hand function was noticed, and af-
ter stitches removal, the patient was referred to intensive
physical therapy (Figure 11).

Fig. 11 – The hand of the second patient postoperatively.

Discussion

Vascular anomalies in the mid-palmar region can cause
functional disorders of various degrees, depending on the
size, position and nature of growth.

a) b) c) d)
Fig. 10 – Intraoperative finding  with extirpation of AV malformation in the second patient.
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The main symptoms were compressions of neurovas-
cular structures in the form of paresthesia, numbness and a
painful swelling of the fingers, with limited active mobility.
The pressure on muscle, tendon and bone structure leads to
fibrosis and atrophy of intrinsic hand musculature, limited
active flexion and extension of fingers, as well as the appear-
ance of usure on the bone joint structures.

Physical activities such as sport that requires  full en-
gagement of the hand, as was the case with the two patients
treated at our Clinic, can accelerate the evolution of change
and lead to a rapid growth phase. The possibility of compli-
cations due to injury of vascular anomaly in these cases is
even larger. According to the reportes there are similar evi-
dences about correlation of the expression and evolution of
vascular anomalies and intensive phisical activites 6.

In case of acute rise the symptoms of compression of
neurovascular bundle are expressed with signs of pain, par-
esthesia and loss of sensibility, as well as compression of in-
trinsic hand musculature, which significantly limits active
and passive movements of the fingers – compartment syn-
drome.

Treatment of vascular anomalies includes various
methods, which, considering the principle of primum non
nocere provide a complete functional recovery, give ac-
ceptable esthetic results and prevent recurrence. Therapeu-
tic modalities include observation, systematic and intrale-

sional application of corticosteroids, use of interferon, laser
and sclerotherapy and embolization, chemotherapy, cryo-
therapy, compression, surgical resection, and combined
methods 7–11.

In cases of hand vascular anomalies, according to the
anatomical and functional specificity of the hand, as well as
possible complications that can cause disability, surgery is
the choice of treatment. Other treatment methods, according
to various data and theories in the literature (compression
bandage, sclerotherapy, intralesional application of corticos-
teroids), may be applied only in a limited number of cases, as
well as in a preparation for surgery which is a definitive
method of treatment.

Conclusion

Depending on the size and rate of growth vascular
anomalies in the mid-palmar region can lead to functional
disorder of the hand of varying degree.

 Complications that may result in disability can be
avoided if a timely surgical intervention is applied after ap-
propriate diagnostic procedures. A qualified physical therapy
in the postoperative period enables a complete functional re-
covery of the affected hand, only if intervention was per-
formed on time and if there was no irreversible damage of
neurovascular, tendon and bone structures of the hand.

R E F E R E N C E S

1. Mulliken JB, Glowacki J. Hemangiomas and vascular malforma-
tions in infants and children: a classification based on endo-
thelial characteristics. Plast Reconstr Surg 1982; 69(3): 412 22.

2. Ariyan S. Benign and Malignant Soft Tissue Tumors of the
hand. In: McCarthy JG, editor. Plastic Surgery. Philadelphia:
WB Saunders Company; 1990.

3. Boon LM, Enjolras O, Mulliken JB. Congenital hemangioma:
evidence of accelerated involution. J Pediatr 1996; 128(3): 329-
35.

4. Jacobs BJ, Anzarut A, Guerra S, Gordillo G, Imbriglia JE. Vascular
anomalies of the upper extremity. J Hand Surg Am 2010;
35(10): 1703 9; quiz 1709.

5. Balakrishnan G. Vascular anomalies of the upper limb. Indian J
Plast Surg 2011; 44(2): 276 82.

6. Drezner JA, O'Kane JW. Venous malformation of the palm in a
collegiate crew athlete. J Am Board Fam Pract 2001; 14(6):
462 5.

7. Park UJ, Do YS, Park KB, Park HS, Kim YW, Lee BB, et al.
Treatment of arteriovenous malformations involving the hand.
Ann Vasc Surg 2012; 26(5): 643 8.

8. Lee BB, Do YS, Yakes W, Kim DI, Mattassi R, Hyon WS. Man-
agement of arteriovenous malformations: a multidisciplinary
approach. J Vasc Surg. 2004; 39(3): 590 600.

9. Sloan GM, Reinisch JF, Nichter LS, Saber WL, Lew K, Morwood
DT. Intralesional corticosteroid therapy for infantile heman-
giomas. Plast Reconstr Surg 1989; 83(3): 459 67.

10. Tan OT, Sherwood K, Gilchrest BA. Treatment of children with
port-wine stains using the flashlamp-pulsed tunable dye laser.
N Engl J Med 1989; 320(7): 416 21.

11. Shokrollahi K, Hiew LY, Robinson M, Evans RM, Jackson JE, Laing
JH. Arteriovenous malformation of the hand: challenges in di-
agnosis and management. J Surg 2004; 2(1): 50 1.

Received on April 19, 2012.
Revised on September 26, 2012.
Accepted on October 10, 2012.



Strana 78 VOJNOSANITETSKI PREGLED Vojnosanit Pregl 2014; 71(1): 78–82.

Correspondence to: Momir Šarac, Clinic for Vascular and Endovascular Surgery, Military Medical Academy, Crnotravska 17, 11 000 Bel-
grade, Serbia. Phone: +381 11 3608 566. E-mail: momirsarac@yahoo.com

C A S E  R E P O R T
UDC: 616.136-007.64-08

DOI: 10.2298/VSP1401078S

Endovascular repair of ruptured abdominal aortic aneurysm

Endovaskularno le enje rupture aneurizme abdominalne aorte

Momir Šarac*†, Ivan Marjanovi *†, Aleksandar Tomi *†, Sanja Šarac†‡,
Mihailo Bezmarevi §

*Clinic for  Vascular and Endovascular Surgery, ‡Clinic of Pulmology, §Clinic of
General Surgery, Military Medical Academy, Belgrade, Serbia; †Faculty of Medicine of

the Military Medical Academy, University of Defence, Belgrade, Serbia

Abstract

Introduction. Rupture of an abdominal aortic aneurysm
(AAA) is a potentially lethal state. Only half of patients with
ruptured AAA reach the hospital alive. The alternative for
open reconstruction of this condition is endovascular repair
(EVAR). We presented a successful endovascular reapir of
ruptured AAA in a patient with a number of comorbidities.
Case report. A 60-year-old man was admitted to our institu-
tion due to diffuse abdominal pain with flatulence and
belching. Initial abdominal ultrasonography showed an AAA
that was confirmed on multislice computed tomography scan
angiography which revealed a large retroperitoneal haema-
toma. Because of patient’s comorbidites (previous surgery of
laryngeal carcinoma and one-third laryngeal stenosis, arterial
hypertension and cardiomyopathy with left ventricle ejection
fraction of 30%, stenosis of the right internal carotid artery of
80%) it was decided that endovascular repair of ruptured
AAA in local anaesthesia and analgosedation would be treat-
ment of choice. Endovascular grafting was achieved with
aorto-bi-iliac bifurcated excluder endoprosthesis with com-
plete exclusion of the aneurysmal sac, without further en-
largment of haemathoma and no contrast leakage. The post-
operative course of the patient was eventless, without com-
plications. On recall examination 3 months after, the state of
the patient was well. Conclusion. The alternative for open
reconstruction of ruptured AAA in haemodynamically stable
patients with suitable anatomy and comorbidities could be
emergency EVAR in local anesthesia. This technique could
provide greater chances for survival with lower intraoperative
and postoperative morbidity and mortality, as shown in the
presented patient.

Key words:
aortic aneurysm, abdominal; aortic rupture;
comorbidity; diagnosis; vascular surgical procedures;
blood vessel prosthesis; treatment outcome.

Apstrakt

Uvod. Ruptura aneurizme abdominalne aorte (AAA) pred-
stavlja potencijalno smrtonosno stanje. Samo polovina bole-
snika sa rupturom AAA stigne živa u bolnicu. Alternativa
otvorenoj hirurškoj rekonstrukciji ovog stanja je endovas-
kularno le enje. U radu je prikazano uspešno izvedeno en-
dovaskularno le enje rupturisane AAA kod bolesnika sa ve-
likim brojem prate ih oboljenja. Prikaz bolesnika. Muška-
rac star 60 godina, primljen je u našu instituciju zbog difuz-
nih bolova u trbuhu pra enih nadimanjem i podrigivanjem.
Na ultrazvu nom pregledu abdomena vi ena je AAA, što je
potvr eno i multislajsnom kompjuterizovanom angiografiji
abdomena, koja je ukazala i na postojanje velikog retrope-
ritonealnog hematoma. Zbog prate ih bolesti (prethodna
operacija karcinoma larinksa i suženje larinksa na jednu tre-
inu, arterijska hipertenzija i kardiomiopatija sa ejekcionom

frakcijom leve komore od 30%, stenoza desne unutrašnje
karotidne arterije od 80%) odlu eno je da je le enje izbora
rupture AAA endovaskularno, u lokalnoj anesteziji i analgo-
sedaciji. Endovaskularni grafting postignut je ugra ivanjem
aortobiilija ne bifurkacione ekskluder endoproteze sa pot-
punom ekskluzijom aneurizmatske vre e, bez daljeg uve a-
nja hematoma i isticanja kontrasta. Postoperativni tok pro-
tekao je uredno, bez komplikacija. Na kontrolnom pregledu
tri meseca kasnije, stanje bolesnika bilo je dobro. Zaklju-
ak. Endovaskularno le enje rupturisane AAA može biti te-

rapija izbora kod hemodinamski stabilnih bolesnika sa zna-
ajnim komorbiditetima ukoliko morfologija aneurizme to

dozvaljava. Ova tehnika pruža ve u šansu za preživljavanje,
uz manji stepen intraoperativnog i postoperativnog morbi-
diteta i mortaliteta što potvr uje i prikaz našeg bolesnika.

Klju ne re i:
aorta, abdominalna, aneurizma; aorta, ruptura;
komorbiditet; dijagnoza; hirurgija, vaskularna,
procedure; krvni sud, proteza; le enje, ishod.
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Introduction

Abdominal aortic aneurysm (AAA) is the pathological,
over 50%, enlargement of the aorta. It could develop in both
men and women, usually in the elderly 1. The incidence and
prevalence of both AAA and ruptured AAA continues to in-
crease. In the United Kingdom this is the 8th commonest cause
of death, responsible for 10,000 to 12,000 deaths per year 2, 3.
Progressive aneurysm enlargement can lead to rupture and
massive intra-abdominal bleeding with fatal outcome, unless
timely repair can be achieved. There were 6,800 deaths in the
2000 in England and Wales due to rupture of AAA 3. Despite
improvements in perioperative and postoperative management,
the mortality rate remains high after conventional open surgi-
cal repair. The overall mortality rate from aneurysm rupture
ranges between 65% and 85%4. The half of deaths from rup-
tured AAA not even reach the hospital and for those who sur-
vive the initial period the mortality rate in open emergency
surgical repair ranges between 30% and 70% 4, 5. As a newer
minimally invasive technique, endovascular repair showed
improvement in reduction of an early morbidity and mortality,
as compared to conventional open surgery repair for elective
treatment of AAA 6, 7. As elective endovascular aneurysm re-
pair (EVAR) provides a significant reduction in aneurysm-
related mortality for 30 days (as well in 4 years follow-up), it
may be speculated that this technique could offer an improve-
ment in long-term survival for patients with ruptured AAA 8.
Emergency EVAR in the treatment of  ruptured AAA has been
used with success, proving that it is feasible in selected pa-
tients. However, it is not known yet will emergency EVAR
provide significant improvement in early and late mortality for
these patients, nor could it replace conventional open repair as
the preferred treatment of this lethal condition.

Case report

A 60-year-old man was admitted to our institution due
to diffuse abdominal pain with propagation to the sacroiliac
region more to the left side, lasted for 2 days and accom-
pained by flatulence and belching. Initial abdominal ultraso-
nography showed AAA with maximum diameter 70 mm
with retroperitoneal haemathoma in the left paracolic space.
As the patient’s clinical state was haemodynamically stable,
urgent computed tomography (CT) scan aortography was
performed. CT showed infrarenal AAA with a maximum
anteroposterior diameter of 72 mm. There were a large retro-
peritoneal haematoma extending into the left iliopsoas mus-
cle and left paracolic gutter (Figure 1).

The patient omentioned the previous surgery of laryn-
geal carcinoma in another medical institution (2 years be-
fore), and showed recent otorhinolaryngological findings
with the confirmed existence of one-third laryngeal stenosis.
Also, the patient had arterial hypertension with irregular
drugs intake, and cardiomyopathy with documented left
ventricle ejection fraction of 30% confirmed by the cardiolo-
gist on admission to our institution. Visual disturbances
(amaurosis fugax) verified a high grade stenosis of the right
internal carotid artery (80%) with elevation of systolic blood

flow velocity and turbulence on colour doppler ultrasound in
another medical institution.  In view of high comorbidities
the patient was considered unfit for open surgery and general
anaesthesia. The appearance of CT (aneurysm’s neck length
20 mm and favourable iliac arteries) suggested that the pa-
tient was suitable for endoluminal stent grafting.  Under local
anesthesia (20 mL of lidocaine-chloride in concetration of
2%) and analgosedation followed by continuous monitoring
of vital function the emergency EVAR was performed. We
selected an aorto-bi-iliac endovascular stent graft using a
Siemens Siremobil® Iso-C Image Intensifier (Siemens AG,
Erlangen, Germany). Access was gained via bilateral femoral
approach. Table angiogram with a measuring catheter
showed infrarenal AAA without extension into the common
iliac arteries. An aorto-bi-iliac bifurcated excluder endo-
prosthesis (WL Gore, USA; size PXT 231416 and contralat-
eral PXC 141400) was positioned and deployed infrarenally
under fluoroscopy guidance using standard techniques.

Control angiography showed complete exclusion of
aneurysmal sac, without further enlargment of haemathoma
and no contrast leakage (Figures 2 and 3). During operation
the patient received 5000 I.U. /mL of heparin-sodium solu-
tion and 1.5 g of cefuroxime intravenously. The procedure
lasted for 70 min, without complications. The patient was
transferred to the surgical intensive care unit where he was
closely monitored for one day, with administering of two
units of fresh blood supstitution therapy followed by stan-
dard therapy.  On the 7th postoperative day an endarterec-
tomy of the right internal carotid artery was performed in
general anaesthesia and video-assisted tracheal intubation,
without intraoperative and postoperative complications.
Further state of the patient was eventless, without complica-
tion and he was discharged from the hospital after 12 days of
the second operation. On recall examination 3 months after
patient’s discharge from the hospital, the state of the patient
was well, with no complaints related to AAA.

Fig. 1 – Infrarenal suprailiac aneurysm of the abdominal
aorta with the maximal anteroposterior diameter of 72 mm
and the large retroperitoneal haematoma extending into the
left iliopsoas muscle and left paracolic gutter on multislice

computed tomography scan angiography.
(Retroperitineal hematoma marked with a red arrow)
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Fig. 3 – Complete exclusion of the aneurysmal sac, without
enlargment of haemathoma and no contrast leakage on post

deployment computed tomography scan angiography.

Discussion

Following rupture of AAA, only 38–64% of patients
reach the hospital alive 9. Rupture of AAA can result in
haemodynamic collapse and death before hospital admission
of patients. Operative treatment of ruptured AAA is associated
with mortality rates between 25% and 60% 10. In such patients
with ruptured slowly blood leaking AAA, the clinical picture
is ussualy presenting with abdominal pain, pulsating abdomi-
nal mass and hypotension. AAA rupture is more frequent in
patients with chronic obstructive pulmonary disease, cardiac
disease, stroke and aneurysm size greater than 5 cm 11. The
same factors in addition to malignancy, chronic renal failure,
recent myocardial or cerebal infarction, dementia, coexistent
severe acute pancreatitis and oral anticoagulant therapy make
patients unfit for open surgery repair 10, 12.

Endovascular repair of AAA is minimally invasive pro-
cedure accompanied with the reduction in morbidity and

mortality during and after the procedure, regarding the need
for surgical exposure of the aorta and aortic cross clamping
in open surgical reconstruction 13, 14. Further, usage of endo-
prosthesis can considerably reduce cardiac strain during the
procedure as compared to open surgery and hence is par-
ticularly advantageous in surgically high risk patients 15.
During endovascular repair of AAA, an endograft is posi-
tioned within the aorta by the transfemoral approach to ex-
clude aneurysmal sac from circulation 13. It was showed that
covering by stent seal off AAA immediately after stent
placement, followed with gradual obliteration of aneurysm
sac by collagen reduce risk of further aneurysm expansion
and rupture 16. The data from the Registry of Endovascular
Treatment of Abdominal Aortic Aneurysms (RETA) show
that only 30–50% of aneurysms are suitable for endovascular
repair 14. The procedure requires accurate determination of
aneurysm morphology with contrast enhanced MSCT angi-
ography. In symptomatic and ruptured AAA, MSCT scan
can rapidly assess the feasibility of endovascular treat-
ment 14, 16. It is provided in patients with haemodynamically
stable condition, as in our case. Due to simplicity, reduction
in haemodynamic manipulations, reduced requirement for
both intravenous fluid administration and subsequent moni-
toring of patients, the need for stay in intensive care units
and less of hospital beds, local anaesthesia combined with
analgosedation is an acceptable technique for endovascular
repair of aneurysms 15. Also, this type of anaesthesia pro-
vides a particular advantage in patients with high risk for
cardiovascular complications, since it does not change the
haemodynamic situation in contrast to general anaesthesia 15,

17. Comparing the usage of general, epidural and local an-
aesthesia for endovascular repair of aneurysms, Bettex et al.
15 successfully used local anaesthesia in 63 of 91 patients, in-
cluding 4 patients with ruptured aneurysm. The poor cardio-
pulmonary reserve in the presented patient made him unsuit-
able for general anaesthesia. For now, it seems that endolu-
minal repair of ruptured AAA is only applicable in selected
haemodynamically stable patients, unfit for open surgical

Fig. 2 – An aorto-bi-iliac bifurcated excluder endoprosthesis positioned
and deployed infrarenally.
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procedure 12, 13. Since the report by Yusuf et al. 18 in 1994
showed the feasibility of EVAR in ruptured AAA, there have
been others from specialised vascular units limited to se-
lected cases and in haemodynamically stable patients. Those
series included variety of aortic ruptures, such as aorto-caval,
aorto-renal vein and enteric fistulas, and rupture of false an-
eurysms following open surgical repair 19–22. In the last ten
years various series and prospective studies showed that
EVAR could offer another option for the patients with rup-
tured AAA 19–23. The presented patient is the second reported
case with ruptured AAA treated by EVAR in Serbia 24, but
the first one successfully treated due to acute ruptured AAA.

The main disadvatage of EVAR is the high costs of
stent-grafts and their delivery systems, plus the cost of any
adjunctive procedures. Also, the need for lifelong follow-up
imaging and long-term durability of graft material is yet to
be proven 25.  Considering the fact that each patient requires
the appropriate stent-graft, at least one day is needed for its
procurement even in the most developed countries. The
shortest period to purchase appropriate stent-graft in Serbia
is two days 24. Regarding the presented patient we had an ap-
propriate stent graft which was intended for another patient.
Although a recently published retrospective analysis of 651

patients who underwent EVAR and open repair of elective
infrarenal AAA shows that the 30-day mortality rate after
open repair is similar to that after EVAR in patients younger
than 60 years 26, it is not known yet if emergency EVAR will
lead to significant improvements in outcomes for these pa-
tients, nor could it replace conventional open repair as the
preferred treatment for ruptured AAA. The Immediate Man-
agement of the Patient with Rupture (IMPROVE aneurysm
trial open versus endovascular repair) will in the near future
answer to the question if patients with ruptured AAA derive
benefit from EVAR regarding 30-day mortality, 24 hours in-
hospital and one year mortality, complications and morbid-
ities, as weel as quality of life, costs and cost-effectivenes 27, 28.

Conclusion

The half of patients with ruptured AAA die before
reaching the hospital. Intraoperative and postoperative mor-
tality rate of open surgical repair is high especially in pa-
tients with comorbidities. The alternative for open recon-
struction of ruptured AAA in haemodynamically stable pa-
tients with suitable anatomy and comorbidities could be
emergency EVAR in local anaesthesia.
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Abstract

Introduction. Primary biliary cirrhosis (PBC) is an immune-
mediated chronic progressive inflammatory liver disease
leading to destruction of small interlobular bile ducts. Sar-
coidosis is a chronic disorder of unknown etiology character-
ized by non-caseous granulomas. Case report. We reported a
69-year-old female patient with abdominal pain, malaise, ver-
tigo, headaches, hands tremor and partial loss of hearing. Ini-
tial laboratory findings revealed elevated liver function tests
and cholesterol with positive antimytochondrial and antinu-
clear antibodies. Liver biopsy revealed granuloma typical for
PBC and granulomatous lesions typical for sarcoidosis. Ele-
vated serum angiotensin-converting enzyme and granuloma-
tous lesion on the brain magnetic resonance imaging (MRI)
were detected and the patient was diagnosed with overlap of
PBC and liver sarcoidosis and neurosarcoidosis. The patient
was treated with ursodeoxicholic acid (UDCA) and prednis-
olone. Six months later the patient was symptom-free with
laboratory findings within normal range. Conclusion. In
PBC patients it is important to consider coexisting granu-
lomatous liver diseases if elevated liver function tests persist
despite UDCA therapy.

Key words:
liver cirrhosis, biliary; sarcoidosis; diagnosis,
differential; histological techniques; treatment
outcome.

Apstrakt

Uvod. Primarna bilijarna ciroza (PBC) je imunološka, hro-
ni na, progresivna bolest jetre koja dovodi do destrukcije
malih, interlobularnih žu nih kanala. Sarkoidoza je hroni na
bolest nepoznate etiologije koju karakterišu nekazeozni gra-
nulomi. Prikaz bolesnika. Prikazana je bolesnica stara 69
godina, sa bolom u trbuhu, malaksaloš u, vrtoglavicom, gla-
voboljom, tremorom i delimi nim gubitkom sluha. Labo-
ratorijske analize ukazale su na povišene vrednosti enzima
jetre, holesterola i pozitivna antimitohondrijalna i antinukle-
arna antitela. Biopsijom jetre dokazani su granulomi tipi ni
za PBC i granulomske lezije karakteristi ne za sarkoidozu.
Nalaz povišenih vrednosti angiotenzin-konvertuju eg enzi-
ma i granuloma na magnetnoj rezonanci endokranijuma do-
veli su do dijagnoze PBC i sarkoidoze jetre uz neurosarkoi-
dozu. Bolesnica je le ena ursodeoksiholnom kiselinom
(UDCA) i prednizolonom. Nakon šest meseci pra enja bo-
lesnica je bila bez simptoma uz normalne vrednosti labora-
torijskih analiza. Zaklju ak. Kod bolesnika sa PBC potreb-
no je razmotriti postojanje drugih granulomskih bolesti jetre
ukoliko poreme aj hepatograma perzistira nakon uvo enja
UDCA u terapiju.

Klju ne re i:
jetra, bilijarna ciroza; sarkoidoza; dijagnoza,
diferencijalna; histološke tehnike;
le enje, ishod.

Introduction

Primary biliary cirrhosis (PBC) 1, 2 is an immune-
mediated progressive chronic liver disease. In course of the
disease destruction of small interlobular bile ducts together
with progressive cholestasis is observed. If PBC is not
treated it progresses to liver fibrosis and cirrhosis. PBC af-
fects middle-aged women. Biochemical markers in PBC pa-
tients reveal cholestasis together with positive finding of se-
rum antimitochondrial autoantibodies (AMA) 3. Histological

examination after liver biopsy reveals damaged biliary
epithelial cells and loss of small intrahepatic bile ducts. In
the portal tracts CD4+ and CD8+ T cells, B cells, together
with macrophages, eosinophils and natural killer cells are
found 1, 4.

Sarcoidosis is chronic granulomatous disease of un-
known etiology that can affect different and sometimes mul-
tiple organs. It is most commonly diagnosed in patients aged
25 to 40, more often in women 5. Pathogenesis of the disease
is not completely clarified but it is probable that in geneti-
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cally susceptible individual immunological response to yet
unidentified antigen triggers of the disease exists. Loss of
both regulatory and apoptotic mechanisms are also proposed
as possible factors that play a role in the pathogenesis of this
disease 6. Inflammatory process leading to granuloma for-
mation is predominantly T helper 1 (Th1) mediated and in-
volves lymphocytes, macrophages and cytokines 7. Under-
lying mechanism responsible for chronic course and fibrosis
in sarcoidosis patients is unclear. The majority of sarcoidosis
patients remain asymptomatic despite the fact that hepatic
granulomas are found after liver biopsy in 50–65% of pa-
tients and in autopsy series in 70% of cases 8. Liver function
tests remain within normal range in the majority of cases and
chronic intrahepatic cholestasis progressing to biliary cirrho-
sis is rare 8.

Since in many patients with PBC histological examina-
tions of the liver reveal hepatic granulomas and taken into
account similarities in clinical manifestation possible relation
between PBC and sarcoidosis is presently under debate.

Nevertheless, evidence of overlap of these two diseases
is extremely rare, with the majorty of published data related
to patients with skin sarcoidosis and PBC 9–12.

Case report

A 69-year-old female patient was referred to the Clinic
for Gastroenterology, Clinical Center of Serbia, from re-
gional hospital where, based on elevated liver function tests
and positive AMA, PBC was diagnosed and the patient was
started on standard dose of ursodeoxycholic acid (UDCA).
The patient was referred to our Clinic for further diagnosis
and treatment since laboratory findings did not improve in
the course of UDCA therapy and the patient was experienc-
ing clinical symptoms. On admission the patient reported ab-
dominal pain localized in right upper quadrant, exhaustion,
occasional vertigo, headaches localized in the occipital re-
gion, tremor of the hands and unilateral partial loss of hear-
ing. The patient’s past medical history was not significant.
Physical examination revealed xanthelasma on eyelids. Neu-
rological examination revealed partial unilateral hearing loss
and postural tremor of the hands. Initial laboratory findings
revealed hemoglobin (Hgb) 100g/L (normal range 122–157
g/L), mean corpuscular volume (MCV) 74.6 (normal range
83–97.2 fL), hematocrit (Htc) 30% (normal range 35.6–
47%), serum iron 4.2 μmol/L (normal range 7–28 μmol/L), to-
tal iron binding capacity (TIBC) 79.4 μmol/L (44.8–80.6
μmol/L), ferritin 3.1 μg/L normal range (21.8–274.7 μg/L,
aspartate aminotransferase (AST) 48 U/L (normal range 0–
37 U/L), alanine aminotranferase 67 U/L (normal range 0–41
U/L), cholesterol 8.25 mmol/L (normal range 0–5.2
mmol/L).  Hepatitis A, B and C profiles were negative. Al-
pha1 antitrypsin and ceruloplasmin were within normal
range. Immunology profile revealed positive AMA-M2,
1:640, and antinuclear antibodies (ANA) – Hep2 IgG: cyto-
plasm + mitochondrial type 1:320. Further investigation re-
vealed all tested tumor markers including AFP, CEA, CA
19-9 and CA 125 were within normal range. Chest X-ray and
abdominal ultrasound were normal. On the esophagogastro-

duodenoscopy multiple angiodysplasia in the duodenal mu-
cosa were detected and treated with argon plasma coagula-
tion. Colonoscopy and barium follow-through were normal.
Video capsule endoscopy excluded the presence of other
causes of anemia apart from previously diagnosed duodenal
angiodysplasia. Percutaneous liver biopsy was performed
and histological examination revealed granuloma typical for
PBC (Figure 1) and unexpectedly also granulomatous lesions
typical for sarcoidosis (Figure 2).

Fig. 1 – Granuloma typical for primary biliary cirrhosis
(H ,  200).

Fig. 2 – Granulomatous lesions typical for sarcoidosis
(H ,  400).

Since liver biopsy suggested overlap of PBC and sar-
coidosis further diagnostic procedures were performed and
revealed elevated serum angiotensin-converting enzyme
(ACE) of 88 U/L (range 8–52 U/L), while chest computed
tomography (CT) scan was normal thus excluding pulmo-
nary sarcoidosis. Since the patient had neurological symp-
toms (headache, vertigo, unilateral partial loss of hearing and
tremor of the hands) neurological workup was performed and
it revealed ACE levels of 8 U/L in cerebrospinal fluid, while
brain magnetic resonance imaging (MRI) revealed focal,
nodular lesion localized in the right cavernous sinus near in-
ternal carotid artery and medial cerebral artery. This lesion
had MRI characteristics of granulomatous lesion (Figure 3).
In differential diagnosis aneurismatic dilation of blood vessel
was considered but excluded after MRI brain angiography
was normal. The diagnosis of neurosarcoidosis was estab-
lished.
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After detailed diagnostic workup the patient was diag-
nosed with overlap of PBC and liver sarcoidosis and neuro-
sarcoidosis. The patient was continued on UDCA and started
on 20 mg of oral prednisolone. Six month later the patient
was symptom-free and laboratory findings were within nor-
mal range.

Discussion

Gastrointestinal tract is rarely affected by sarcoidosis.
Gastric sarcoidosis is diagnosed in 2.5%, and intestinal in-
volvement in 3.4% of all sarcoidosis patients 13. As opposed
to these findings liver involvement is diagnosed and granu-
loma typical for sarcoidosis detected after liver biopsy in 50–
79% of patients, while autopsy reveals granuloma in 67–70%
of patients 8, 13.

Liver involvement is more frequent in African Ameri-
cans than in Caucasians 14. Symptomatic liver disease is rare
despite frequent granuloma detection. Abdominal pain and
itching are more frequent than jaundice. Fever is more fre-
quently seen in patients with liver sarcoidosis than in those
without liver involvement 15. The responsible pathogenic
mechanisms resulting in jaundice are intrahepatic cholesta-
sis, but also hemolysis and hepatocellular dysfunction.
Granulomatous hilar lymph nodes can also cause obstruction
of extrahepatic bile ducts and result in jaundice 13.

Abnormal values of liver tests found in 35% of patients
with sarcoidosis are not reliable predictors of clinical course
and outcome of the liver disease 16. Approximately one quarter
of sarcoidosis patients have liver involvement with no pulmo-
nary disease. Enlarged liver is diagnosed during physical ex-
amination in one out of five patients while abdominal CT
scans show liver enlargement in more than 50% of patients 13.
Hepatic granuloma can be found on liver biopsy irrespective
of the liver size thus biopsy should be performed in cases of

suspected liver sarcoidosis even if the liver is not enlarged.
Alkaline phosphatase is a more reliable marker of liver in-
volvement than gamma glutamyl-transpeptidase.

Overlap syndrome or simultaneous presence of PBC
and sarcoidosis has been previously reported, and the major-
ity of cases were of skin and/or lung sarcoidosis 9, 10, 12, while
the simultaneous presence of hepatic sarcoidosis and
PBC 5, 11 is very rare. Namely Rajoriya et al. 5 analyzed data
from 1,510 patients with sarcoidosis aiming to identify dis-
ease association of sarcoidosis with different immune medi-
ated and chronic inflammatory disease. Out of 1,510 patients
only in 3 PBC was diagnosed and these results suggested that
there was no significant association of PBC with sarcoidosis
implying that this overlap is rare 17. To the best of our
knowledge this is the first case of neurosarcoidosis described
in PBC patient.

Histological similarities between PBC and sarcoidosis
described more than 35 years ago tempted authors to
speculate close relationship of the two diseases and to sug-
gest possible common pathogenesis 18. Karlish et al. 19 re-
ported a female patient with cholestatic liver disease, en-
larged hilar and paratracheal lymph nodes. The diagnosis of
sarcoidosis was based on positive Kweim test, while posi-
tive AMA supported the diagnosis of PBC. A year later a
case series was published demonstrating the simultaneous
presence of PBC and liver sarcoidosis in 10% and PBC
with lung sarcoidosis in another 10% of patients 20. Stanley
et al. 21, Rudzki et al. 22 and Fagan et al. 23 also reported
small series of PBC patients with lung sarcoidosis, but
none of these patients suffered from liver sarcoidosis.
Hughes and McGavin 11 reported a female patient diag-
nosed with sarcoidosis affecting her skin, nasal mucosa,
lungs, lacrymal and parotid glands. In that patient granu-
lomatous hepatitis with immunological features of PBC
was diagnosed together with myositis.

Fig. 3 – Brain magnetic resonance imaging (MRI) with
focal, nodular lesion localized in the right cavernous

sinus near internal carotid artery and medial cerebral
artery. This lesion has MRI characteristics of granu-

lomatous lesion.
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One of the most detailed reports published by Stanca et
al. 17 deals with a patient with progressive cholestatic liver dis-
ease that lead to liver transplantation. In this particular patient
the differential diagnosis between liver sarcoidosis and PBC
was not resolved during 24 years (from 1980 till 2004). Since
the patient was diagnosed with lung sarcoidosis liver granu-
loma were considered to be related to sarcoidosis until the
positive findings of AMA that confirmed the diagnosis of PBC.

The number of reported sarcoidosis and PBC overlap
cases is too small to support the etiological link between the
two diseases. The diagnosis of PBC is in 90% of patients
confirmed by positive AMAs test result since AMA are
negative in liver sarcoidosis.

Use of immunoblotting and enzyme-linked immunosor-
bent assay (ELISA) to detect M2-specific AMAs, as well as
adequately performed and analyzed liver biopsy will proba-
bly result in precise establishing of the incidence of overlap
between PBC and liver sarcoidosis, resulting in prompt
treatment that will result in improved quality of life and
prognosis of these patients.

Conclusion

It is of great importance to consider coexisting sar-
coidosis and other liver diseases in PBC patients especially if
elevated liver function tests persist despite the therapy.
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Abstract

Introduction. Posterior knee joint dislocation associated
with injury of the popliteal artery in children is an extremely
rare condition. Rapid diagnosis and treatment are essential
for limb salvage and function. Case report. We reported a
14-year-old boy who suffered traumatic displacement of the
right knee and contusion of the popliteal artery during mo-
torcycle accident. The diagnosis was confirmed using Dop-
pler and duplex ultrasonography and digital substraction
transfemoral arteriography. The urgent surgical procedure
was performed using posterior approach to the popliteal
artery. During the surgical exploration, rupture of the poste-
rior cruciate ligament associated with thrombosed popliteal
artery have been found. The damaged popliteal artery was
resected and replaced with autologous saphenous vein graft.
The last stage of the procedure was a transosseous femoral
fixation of posterior circuate ligament. A 3-year-follow-up
after the surgery demonstrated intact arterial perfusion and
very good function of the knee with a minimal difference as
compared with the contralateral knee. Conclusion. Com-
bined orthopedic and vascular injuries are very rare in chil-
dren. They require combined treatment.

Key words:
knee injuries; popliteal artery; blood vessels; wounds
and injuries; child; vascular surgical procedures;
transplants; recovery of function.

Apstrakt

Uvod. Zadnja dislokacija zgloba kolena pra ena povredom
poplitealne arterije kod dece veoma je retko stanje. Brza di-
jagnoza i le enje klju ni su za o uvanje kako samog ekstre-
miteta tako i njegove funkcije. Prikaz bolesnika. Prikazali
smo 14-godišnjeg de aka koji je pretrpeo iš ašenje desnog
kolena i kontuziju poplitealne arterije u saobra ajnoj nesre i
na motociklu. Dijagnoza je potvr ena doplerom i ultrazvu-
nim dupleks pregledom i digitalnom suptrakcionom tran-

sfemoralnom arteriografijom. Ura ena je hitna hirurška
procedura zadnjim pristupom poplitealnoj arteriji. Tokom
hirurške eksploracije prona ena je ruptura zadnjeg ukršte-
nog ligamenta udružena sa trombozom zatkolene arterije.
Ošte ena poplitealna arterija resecirana je i zamenjena au-
tolognim safenskim venskim graftom. Poslednji korak hirur-
ške procedure bio je transosealna femoralna fiksacija zad-
njeg ukrštenog ligamenta. Trogodišnji postoperativni period
pra enja pokazao je intaktnu arterijsku perfuziju i veoma
dobru funkciju kolena sa neznatnom razlikom u odnosu na
suprotno koleno. Zaklju ak. Komplikovane ortopedske i
vaskularne povrede kod dece su veoma retke i zahtevaju
multidisciplinaran pristup.

Klju ne re i:
koleno, povrede; a. poplitea; krvni sudovi, povrede;
deca; hirurgija, vaskularna, procedure; graftovi;
funkcija, povratak.

Introduction

Vascular injuries (especially blunt trauma) in infants
and children are rare, occurring for less than 1% of pediatric
trauma according to literature data 1. However, the amputa-
tion rate associated with vascular injury, do not differ be-

tween adults and children. At the same time, pediatric pa-
tients showed an improved adjusted mortality when com-
pared to adults 1.  The long term patency after repair of in-
jured vessels, in children is not well documented in the lit-
erature. Because of that vascular trauma in infant and chil-
dren age, is important clinical entity.
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Blunt trauma of the popliteal artery can be caused by
many different mechanisms, including a posterior knee joint
dislocation. These combined injuries are very rare in chil-
dren. We presented such a case and reviewed the literature.

Case report

A 14-year-old boy was addmited urgently after motor-
cycle accident. Physical examination revealed sweeling and
hemathoma over the right popliteal fossa associated with
minimal knee deformity. The pedal pulses were absent. An-
cle brachial indexes at both dorsalis pedis and posterior tibial
arteries were less than 0.4. The patient underwent duplex ul-
trasonography which showed popliteal artery thrombosis,
while popliteal vein was patent. The right femoral arteriog-
raphy revealed occluded popliteal artery at the level of the
knee joint (Figure 1).

Fig. 1 – A right femoral arteriogram demonstrating
complete occlusion of the popliteal artery at the level of the

knee joint. The crural arteries were patent.

The urgent surgical procedure under general anestesia
was performed about four hours after injury. The dorsal ap-
proach to the popliteal artery revealed the rupture of the
posterior cruciate ligament associated with advential hemor-
rhage and thrombosis through a 4.5 cm segment of popliteal
artery (Figure 2a). A thrombosed segment of the popliteal
artery was resected and replaced with a saphenous vein graft
(Figures 2b and c). The resected part of the popliteal artery
showed complete intimal disruption with secondary throm-
bosis (Figure 2d).

A transosseus femoral fixation of the posterior cruciate
ligament using non-absorable stitch was carried out. Post-
operatively, the patient had palpable both pedal pulses, while
ancle brachial index was 1.0. Control arteriography demon-
strated a patent graft with good distal runoff (Figure 3).
There was no clinical signs of compartment syndrome and
fasciotomy was unnecessary since there was no prolonged
ischemia of lower limb.

Fig. 2 – A) The adventitial hemorrhage and thrombosis of
the popliteal artery (asterix); B) Following opening of the
damaged artery the secondary thrombus (asterix) was fo-
und; C) The complete replacement with autologous saphe-
nous vein graft (asterix); D) The intimal disruption of the

damaged popliteal artery following removal of the secondary
thrombus.

Fig. 3 – The white arrows demonstrating patent
saphenous vein graft on control angiography.

Physiotherapy started with partial weight-bearing a
week postoperatively. Six weeks later the patient started
with full weight bearing. After 3 years, a follow up re-
vealed that the patient had vascular graft with palpable
pedal pulses and normal ancle brachial indices. No degen-
erative changes could be observed on radiography at the
knee, while MRI confirmed intact both posterior and ante-
rior cruciate ligament. There were no significant differ-
ences in functional statements between the left and right
knee.
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Discussion

Traffic accidents (injuries related to motor vehicle and
motorcycle accidents) and sports activities (skiing, football)
are the main reasons for knee injuries associated with poste-
rior knee joint dislocation 2–4. Falls from height are the sec-
ond most common cause of knee dislocations 5. Other inter-
esting reported causes of knee dislocations include martial
arts injury 6, 7, trampoline injuries 8, and spontaneous knee
dislocation in the morbidly obese 9. Male children have
higher injury rates as a result of their more aggressive be-
havior and exposure to contact sports.

One of the most important causes of the posterior
knee dislocation is a rupture of posterior cruciate ligament
with or without proximal avulsion fracture 2, 10–15. The
posterior cruciate ligament is approximately twice as
strong as that anterior cruciate one. Because of that, poste-
rior cruciate ligament plays an important role in stabilizing
the knee joint 16. Injuries of the knee ligaments in children
are rare 17, 18.

Fractures around the knee result in vascular injuries in
about 3% of cases. However, the incidence or vascular events
is about 16%, when the posterior knee dislocation is pres-
ent 2–4, 13, 19. The mean reason, regardless of the mechanism of
injury or direction of dislocation, lies in the neurovascular
anatomy of the knee. The popliteal vessels, run posteriorly
within the popliteal fossa. The popliteal artery is fixed proxi-
mally at the adductor magnus hiatus, and distally at the fibrous
arch of the soleus and interosseus membrane. Because of its
"fixed" anatomical position, popliteal artery is predisposed to
injury with posterior knee dislocation 4. When posterior knee

dislocation occurs, the popliteal artery can be stretched, lacer-
ated, kinked, contused (followed by secondary arterial throm-
bosis) 2, 4, 14, 20, and even, transsected 14, 19, 21.

Injury to the popliteal artery predisposes to limb-
threatening ischemia, although up to one third of patients
may present with intact distal pulses 22. The problem is how
to recognize and avoid missing a popliteal artery injury in
such cases. Is arteriography neccessary in all patients with
posterior knee dislocation? Some authors recommend arteri-
ography, only when physical signs (absent pedal pulses)
or/and diminished ancle brachial indices, show arterial flow
disturbance 19, 21, 23.

Pediatric vascular injury is uncommon during child-
hood and adolescence. Because of that, its surgical man-
agement is traditionally based on adult trauma experience.

The first question is surgical approach. The popliteal artery
reconstruction can be approached medially or posteriorly.
The medial approach is preferable if distal thrombectomy is
necessary, while the posterior approach may be helpful
when treating short popliteal artery injuries. The stretch
injury of the popliteal artery associated with intimal sepa-
ration requires an abundant arterial resection before recon-
struction 4, 20, 21. Inadequate debridement of contused pop-
liteal artery is always results in arterial thrombosis in the
early postoperative period 24. Vascular repair includes pri-
mary end-to-end anastomosis, vein graft interposition, or
bypass grafting 4. The majority of popliteal artery injuries
(always when the length of damaged segment is more than
1.5 to 2 cm) secondary to knee dislocation, require an in-
terposition vein graft secondary to the extent of arterial in-
jury. End-to-end repair may require extensive popliteal ar-
tery mobilization with sacrifice of collateral vessels to en-
sure a tension-free repair 25.

However, in the pediatric population, there are same
specific factors that should be respected when vascular trau-
matic lesions are treated. They are small vessel size, vessel
spasm, tendency for restenosis, and rapid body growth. Most
authors recommend to avoid the use of continuous sutures,
because of possible narrowing along the suture with gro-
wth 26, 27. Next, what happens with saphenous vein in arterial
position several years after the reconstruction? On the basis
of previous reports 28, 29, the risk of significant aneurismal
dilation or occlusion of saphenous vein grafts is acceptable
in children, even with long-term follow-up. So, autlogous
saphenous vein is the material of choice for arterial recon-
struction in children (Table 1).

Few years ago stenting was described as a treatment
of femoro-popliteal arterial trauma 30. According to the
author opinion the rationale for choosing stenting vs direct
vascular reconstruction was based on the arterial caliber
(approximately 4 mm) and the size of the great saphenous
vein (approximately 2 mm), which led to the decision to
defer further surgery until the child was older and the ar-
teries and veins for reconstruction grew larger 28. In our
opinion this kind of injured popliteal artery treatment has
some major disadvantages. There are stent fracture and mi-
gration as a result of biomechanical forces, as well as in-
stent restenosis due to the healing process that induces
neointimal hyperplasia. Because of that stenting could be
eventually considered to be the bridge procedure to delay
open surgery in smaller children.

Table 1
Early results and types of surgical procedures by various authors

The authors and the year
Sex

(M/F)
Age

(years)
Vascular procedure Early result

Kirby et al, 1999 4 M 9 Reverse saphenous vein graft Good
Dalsing et al, 2005 29 M 9 Reverse saphenous vein graft Good
Angiletta et al, 2006 31 M 13 Stenting Good

Lineena et al, 2008 30 M
M

11
11

Reverse saphenous vein graft
End-to-end

Good
Good

M – male; F – female.
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Conclusion

Traumatic posterior knee dislocation is very often fol-
lowed by popliteal artery damage. The standard Doppler ul-
trasound or multislice computed tomography angiography
(DSA or MSCTA) are neccessary when pedal pulses are ab-
sent or/and ancle brachial indices significantly diminished.

Such injuries should be treated interdisciplinary by the well-
trained vascular surgeon and pediatric orthopedic surgeon.
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olovi  Radoje ................................................................ 225
uki  Zoran ....................................................................  411
ulafi  Djordje............................................................ 57,947
ulafi  Slobodan............................................................ 1109
ur i  Marijana ............................................................... 141
uri  Nikola ..................................................................... 432
utovi  Tatjana ...............................................................  215

Cvetkovi  Mirjana.............................................................  77
Cvetkovi  Tatjana ............................................................ 368
Cvijanovi  Milan ............................................................. 358
Cvjetkovi  Dejan.............................................................. 647
Cvrkota Irena.................................................................... 594
Da i  Stefan ................................................................... 1155
Dajak Marijana................................................................  728
Damjanovi  Dušan ..........................................................  637
Damjanovi  Miodrag........................................................ 517
Damjanovi  Zoran.......................................................... 1101
Damjanovi  Zoran............................................................ 789
Damnjanovi  Goran ...................................................170,368
Damnjanovi  Ivana .........................................................  170
Damnjanovi  Maja ........................................................... 469
Damnjanovi  Zoran ......................................................... 170
Davidovi  Lazar ......................................................... 32,740
Davidovi  Lazar .........................................................623,783
Dedi  Gordana ................................................................. 610
Deni  Markovi  Ljiljana .................................................. 420
Diki  Srdjan .................................................................. 1051
Dimi  Dragan ..................................................................  284
Dimitrijevi  Aleksandra ................................................... 589
Dimitrijevi  Jovan ............................................................ 314
Dimitrijevi  Zorica........................................................... 182
Dimkovi  Nada ...............................................................  352
Dimov Dragan ............................................................... 1009
Dimov Irena ................................................................... 1009
Dimov Irena ................................................................... 1155
Din i  Dragan .............................................270,787,799,913
Din i  Dragan .................................................................. 670
Din i  Evica .................................................................... 151
Dini  Marina  .................................................................. 976
Dini  Miroslav .......................................................... 700,887
Djan Igor ...................................................................806,947
Djan Igor .........................................................................  735
Djeni  Nemanja................................................................ 270
Djeri  Dragoslava.......................................................190,363
Djeri  Mirjana .................................................................. 961
Djilas-Ivanovi  Dragana................................................. 1031
Djindji  Boris .................................................................. 956
Djilvesi Djula ....................................................................  45
Djindji  Boris ...............................................170,284,561,569
Djindji  Nataša................................................... 368,561,866
Djindji  Nataša...........................................................686,956
Djolai Matilda .................................................................. 319
Djordjevi  Boban ........................................................... 1124
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Djordjevi  Dragan ...............................................................  9
Djordjevi  Dragan ....................................................... 58,967
Djordjevi  Joci  Jasmina ................................................... 85
Djordjevi  Jovana ........................................................... 1006
Djordjevi  Miroslav ......................................................... 501
Djordjevi  Nebojša .................................................... 414,778
Djordjevi  R. Jelena ........................................................ 510
Djordjevi  Snežana........................................................... 389
Djordjevi  Vidojko ..........................................................  368
Djordjevi  Vidosava ......................................................... 231
Djordjevi  Zoran........................................................ 326,915
Djordjevi -Joci  Jasmina.................................................. 231
Djordjevi -Niki  Marina .................................................. 548
Djordjevi -Spasi  Marina................................................  976
Djukanovi  Nina............................................................... 353
Djuki  Dejanovi  Slavica ................................................ 526
Djuki  Macut Nataša ........................................................ 681
Djuki  Nataša ..................................................................  177
Djuki  Petar ...................................................................... 609
Djuleji  Vuk ..................................................................... 864
Djuran Verica ................................................................. 1081
Djuranovi  Srdjan............................................................. 522
Djuraši  Ljubomir........................................................... 1062
Djurdjevi  Dragan .......................................................... 1076
Djurdjevi  Slaviša............................................................. 633
Djuri  Ivica......................................................................  511
Djuri  Janko...................................................................... 589
Djuri  Marija ................................................................... 475
Djuri  Milanko ................................................................. 817
Djuri  Milena.................................................................... 842
Djuri  Mirna ................................................................... 1159
Djuri  Mirna ..................................................................... 531
Djuri  Vojislav ................................................................ 688
Djuriši  Slobodan ............................................................. 929
Djurovi  Aleksandar.................................................. 237,999
Djurovi  Branka ..............................................................  343
Dobri  Silva....................................................... 5,38,249,631
Dobri i  Jelena ................................................................. 700
Dobri i  Valerija .............................................................  457
Doder Dragan ..................................................................  633
Doder Radoje.................................................................... 915
Doder Radoslava........................................................ 155,633
Doder Radoslava............................................................... 647
Dopsaj Milivoj.................................................................. 548
Dopudja Marija ................................................................ 157
Dotli  Jelena ..................................................................... 869
Dragani  Biljana ..............................................................  660
Dragani  Vladimir ............................................................ 385
Dragaševi  Nataša .......................................................... 1067
Dragojevi -Diki  Svetlana.............................................  1051
Dragojevi -Simi  Viktorija ............................................... 38
Dragovi  Gordana........................................................... 1091
Dragovi  Tamara ............................................................. 205
Draškovi  Miroljub..........................................................  417
Draškovi -Pavlovi  Biljana ............................................. 848
Drulovi  Jelena ................................................................. 785
Dubljanin Raspopovi  Emilija ......................................... 964
Dubljanin-Raspopovi  Emilija ......................................... 420

Dugonji  Sanja ................................................................. 345
Duji  Aleksandar ............................................................. 848
Dujmovi  Irena................................................................. 785
Duka Miloš .................................................................... 1039
Duran Verica .................................................................... 871

uri  Stojanka.................................................................  309
uri  Vanja  .................................................................... 309

Džini  Milica...................................................................... 86
Džodi  Radan ................................................................... 331
Džolji  Eleonora............................................................. 1067
Ekıncı Nese ..................................................................  1013
Elez Marija ......................................................................... 37
Erak Marko......................................................................  735
Erdevi ki Ljiljana...................................................... 221,778
Erdevi ki Ljiljana.......................................................449,973
Erdoglija Milan ................................................................ 409
Eri Živka ...................................................................531,555
Eri Živka ................................................................1010,1159
Fabri Milotka...................................................................  723
Filipovi  Aleksandra ...................................................... 1097
Filipovi  Branislav ....................................................576,864
Filipovi  Branka................................................................  77
Filipovi  Nikola ................................................................. 58
Filipovi  Saša .................................................................. 298
Filipovi  Sladjana............................................................. 414
Filipovi  Tatjana ............................................................. 177
Filipovi  Tatjana .............................................................. 681
Gajinov Zorica .........................................................871,1081
Gavrilovi  Svetlana .........................................................  637
Gazibara Tatjana ............................................................ 1097
Geri  Veselin..............................................................541,953
Giga Vojislav ................................................................... 908
Gligi  Branko ................................................................... 511
Gligorijevi  Jasmina........................................................  522
Gogi  Aleksandra............................................................... 16
Gojkovi  Bukarica Ljiljana ........................................... 1145
Golubi i  Ivana ................................................................ 773
Golubovi  Andrija............................................................ 861
Golubovi  Mileta.............................................................. 586
Golubovi  Zoran .............................................................  182
Gostovi -Špadijer Aleksandra.......................................... 664
Graji  Mirko .................................................................... 964
Grbeša Grozdanko............................................................ 149
Grbovi  Aleksandar........................................................ 1015
Grgov Saša ....................................................................... 824
Grubor Nikica..................................................................  225
Henry Atkinson Dushan ..................................................  225
Gruji i  Danica ................................................................ 968
Gvozdenovi  Ljiljana ....................................................... 274
Gvozdenovi  Ranko ...................................................  51,304
Gvozdenovi  Slobodan .................................................. 1056
Hadžibeti Mervan............................................................. 569
Hadži-Djoki  Jovan........................................................ 1062
Heinle Helmut ...............................................................  1145
Henry Atkinson Dushan .................................................. 225
Horvat Igor ......................................................................  452
Hrva evi  Rajko  ............................................................. 848
Ibri  Svetlana .................................................................. 374
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Igi  Marija .......................................................................  279
Ignjatovic Ivan...................................................................  68
Ignjatovi  Ljiljana.....................................................  411,848
Ignjatovi  Nebojša...........................................................  182
Ignjatovi  Svetlana ........................................................... 728
Ili  Dragan .................................................................. 21,233
Ili  Ivan .......................................................................... 1132
Ili  Milena ....................................................................... 189
Ili  Miroslav ....................................................................  274
Ili  Nela ....................................................................  298,420
Ili  Radoje .......................................................................  484
Ili  V. Tihomir........................................................... 420,595
Ille Tatjana.......................................................................  267
Ivanov Dejan .................................................................... 319
Ivanovi  Nebojša .............................................. 541,953,1034
Ivanovi  Vladimir...................................................... 830,874
Ivi  Stojan......................................................................... 817
Ivovi  Jovan...................................................................... 693
Ja evi  Vesna .................................................................... 38
Jadranin Željko ................................................................  580
Jaji  Djordje.....................................................................  452
Jakovi  Ljubomir.............................................................. 972
Jakovljevi  Ankica ..........................................................  751
Jan i  Jasna .....................................................................  391
Jani ijevi  Aleksandar ................................................... 1117
Jani ijevi -Petrovi  Mirjana ............................................. 660
Janji  Vladimir ................................................................ 526
Janji  Zlata ....................................................................... 940
Jankovi  Ana .................................................................. 1034
Jankovi  Borisav............................................................. 1029
Jankovi  Goran ................................................................. 947
Jankovi  Irena................................................................... 182
Jankovi  Janko.................................................................. 935
Jankovi  Saša...................................................................  346
Jankovi  Slavenka ..................................................... 445,935
Jankovi  Slobodan ........................................................... 526
Jankovi  Snežana  .......................................................... 1039
Jankovi  Veli kovi  Ljubinka ........................................ 1155
Jankovi  Zoran ................................................................. 915
Jankovi -Veli kovi  Ljubinka................................... 606,675
Jašovi -Gaši  Miroslava ................................................ 1138
Jeli  Marija ....................................................................... 368
Jeremi  Veljko ................................................................. 163
Jevdji  Jasna .................................................................... 396
Jevti  Miodrag  .................................................................. 32
Jokanovi  Vukoman ......................................................... 781
Joki  Radoica ................................................................... 615
Jokovi  Zorica .................................................................. 304
Jovan evi  Ljiljana ........................................................... 380
Jovanovi  Dragan ............................................................ 848
Jovanovi  Duško .................................................................. 9
Jovanovi  Gordana ........................................................... 274
Jovanovi  Jovana.............................................................. 561
Jovanovi  Jovica............................................................... 561
Jovanovi  Maja ................................................................ 976
Jovanovi  Marko ............................................................. 163
Jovanovi  Milan ....................................................... 170,561
Jovanovi  Milica ............................................................ 1109

Jovanovi  Miodrag..........................................................  284
Jovanovi  Mirko.........................................................  61,881
Jovanovi  Nataša...........................................................  1023
Jovanovi  Svetlana......................................................... 1151
Jovanovi  Vladimir ....................................................... 1117
Jovanovi  Zorica ............................................................ 1151
Jovi  Stoši  Jasmina ...................................................... 1039
Jovi i  Bojan...................................................................  664
Jovi i  Ivana..................................................................... 947
Jovin Zita........................................................................ 1056
Jovovi  Biljana................................................................. 368
Jung Robert ...................................................................... 830
Juriši  Aleksandar ......................................................... 1051
Kali anin Biljana.............................................................. 279
Kamenov Aleksandar ....................................................... 170
Kandolf Sekulovi  Lidija ...........................................700,887
Kanjuh Vladimir ............................................................ 1145
Karan Mladen................................................................... 452
Karan Radmila ................................................................  609
Karan Željko .................................................................... 848
Karanikolas Menelaos ..........................................61,541,953
Karli i  Vukojica ............................................................  516
Kastratovi  Kotlica Biljana .............................................  229
Kavari  Sreten ................................................................. 163
Kesi  Vesna.................................................................... 1097
Kezunovi  Miroslav ........................................................  292
Kiralj Katarina.................................................................  723
Kisi  Tepav evi  Darija ...........................................842,1097
Klem Ištvan .................................................................... 1159
Kljaji  Vladimir ..............................................................  380
Kneževi  Miroslav ............................................................ 26
Kneževi  Olivera.............................................................. 315
Kneževi  Ušaj Slavica.................................................... 1010
Koci  Biljana...................................................................  363
Koci  Gordana ................................................................  368
Koci  Jadranka .............................................................. 1046
Kojadinovi  Željko..........................................................  452
Koji  Miroslav ................................................................... 72
Kokai-Zeki  Timea ........................................................ 1056
Kolak Veljko ...................................................................  751
Kon ar Igor .......................................................................  32
Konstantinidis Georgios .................................................. 615
Konstantinovi  Vitomir...................................................... 80
Konstantinovi  Ljubica ................................................... 964
Kopitovi  Vesna..............................................................  747
Koševi  Branko..........................................................  68,881
Kostadinovi  Ljiljana ......................................................  279
Kosti  Jelena ................................................................... 149
Kosti  Milena  ................................................................. 959
Kosti  Velimir ................................................................ 1006
Kosti  Vladimir ..........................................................298,457
Kostov Miloš..............................................................  68,322
Kova evi  Aleksandra.......................................................  38
Kova evi  Nadica ........................................................... 155
Kova evi  Pavle............................................................... 874
Kova evi  Predrag .................................................... 182,522
Kova evi  Tatjana............................................................ 182
Kova evi  Vladan ............................................................ 189
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Kova evi  Zoran.......................................................  411,848
Kova evi -Kosti  Nataša.................................................. 609
Kova evi -Vukoli  Ljudmila ..........................................  255
Kozomara Ružica ............................................................ 195
Kr edinac Jelena............................................................. 1010
Kresojevi  Nikola ............................................................. 457
Krsmanovi  Branko...........................................................  16
Krsti  Jelena  ................................................................... 595
Krsti  Miodrag.................................................................. 947
Krsti  Nevena  ................................................................. 964
Krsti  Slobodan  ............................................................ 1023
Kruni  Nebojša  ............................................................... 959
Kuja i  Vuk.................................................................... 1103
Kuliši  Zoran ...................................................................  200
Kuzmanovi  Ana .............................................................. 903
Laaser Ulrich ...................................................................  445
Laban Olivera .................................................................. 526
Lauševi  Željko ............................................................. 1023
Lavrni  Slobodan.............................................................  637
Lazi  Miodrag................................................................... 881
Lazi  Srdjan...................................................................... 580
Lazi  Vojkan ............................................................... 80,929
Lazi  Zoran................................................................ 586,664
Lazovi  Biljana.......................................................... 878,968
Lazovi  Ranko.................................................................  555
Le i -Toševski Dušica ................................................... 1138
Lekovi  Ivan....................................................................  417
Lekovi  Vojislav............................................................... 346
Leštarevi  Snežana ..........................................................  177
Ljubi  Aleksandar............................................................  747
Ljubisavljevi  Miloš ........................................................  298
Ljuština Saša....................................................................  255
Lon ar Dragan .................................................................... 46
Lon ar Dragan ................................................................. 526
Lovrenski Aleksandra............................................ 1010,1159
Lu i  Miloš....................................................................... 612
Lu i  Silvija...................................................................... 735
Lu i -Prokin Aleksandra ................................................ 1056
Luki  Šarkanovi  Mirka ................................................... 274
Ma vanski Marija ............................................................. 637
Majdevac Ivan .................................................................. 861
Majki -Singh Nada..........................................................  728
Maksi  Djoko ............................................................ 352,848
Maksimovi  Nataša .......................................................... 935
Malacko Julijan ................................................................ 633
Malikovi  Aleksandar..................................................... 1124
Mandari  Vladimir ........................................................... 484
Mandi  Aljoša .................................................................. 861
Mandi  Gaji  Gordana.................................................... 1065
Mandi  Predrag................................................................  177
Mani  Miodrag ................................................................. 836
Manojlovi  Vladimir ........................................................ 993
Mari  Lela ......................................................................... 16
Mari  Predrag ................................................................... 953
Marinkovi  Dragan..........................................................  195
Marinkovi  Jelena............................................................. 445
Marinkovi  Marija ........................................................... 940
Marjanovi  Ivan.....................................................  32,51,304

Markovi  Dejan...............................................................  781
Markovi  Dragan.............................................................. 740
Markovi  Dubravka ......................................................... 477
Markovi  Ivana ................................................................ 866
Markovi  Miroslav...................................................... 57,200
Markovi  Nebojša ............................................................ 255
Markovi  Vujica............................................................. 1151
Markovi  Zoran................................................................ 484
Markovi -Deni  Ljiljana ............................................... 1109
Markovi -Sovti  Gordana .............................................. 1029
Marti  Jelena .................................................................. 1029
Martinovi  Milica............................................................. 768
Mati  Milan..............................................................871,1081
Mati  Slavko .................................................................... 225
Mati  Smiljana ................................................................. 807
Mati  Smiljka ..................................................................  346
Matijevi  Stevo ..........................................................664,789
Matovi  Milovan.............................................................. 504
Matovina Gorana.............................................................. 407
Matunovi  Radomir.........................................................  391
Melih Irena ....................................................................... 751
Micev Marjan ................................................................... 225
Mici  Ivan ........................................................................ 836
Mickovi  Saša .................................................................. 326
Mihailovi  Branko..................................................... 569,586
Mihailovi  Dragan...........................................................  322
Mihajlovi  Ivana ............................................................. 396
Mihaljevi  Biljana ............................................................ 972
Mija  Dragana............................................................  57,947
Mijovi  Biljana................................................................. 935
Mijovi  Žaklina ........................................................... 68,322
Mijuškovi  Mirjana .........................................................  411
Miki  Aleksandar ............................................................  609
Miki  Dragan ...............................................................  38,72
Miladinovi  Milan...........................................................  569
Miladinovi  Zoran ........................................................... 600
Milanovi  Sladjan ............................................................ 298
Mileki  Bojana ................................................................. 817
Milenkovi  Saša ............................................................... 836
Milenkovi  Tatjana .......................................................... 149
Milenkovi  Vera............................................................... 968
Mileusni  Budimir...........................................................  215
Mileusni  Ivan........................................................... 215,751
Mili  Jasmina ..................................................................  645
Mili evi  Saša ................................................................ 1124
Mili i  Biljana............................................................352,929
Milini  Nikola ...................................................................  77
Milisavljevi  Milan ........................................................ 1124
Milisavljevi  Nemanja ......................................................  77
Miljkovi -Selimovi  Biljana ...........................................  200
Milojevi  Bogomir .......................................................... 501
Milojevi  Predrag.................................................... 439,1132
Milosavljevi  Ivica ..................................................... 38,493
Milosavljevi  Tomica....................................................... 947
Miloševi  Branko ............................................................  688
Miloševi  Djordje............................................................. 993
Miloševi  Pavle..........................................................615,993
Miloševi  Vuk  ................................................................ 309
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Miloševi  Zoran......................................................... 363,493
Miloševi  Zorica............................................................. 1034
Milovanovi  Dragan ........................................................ 526
Milovi  Novak............................................................  61,881
Milutinovi  Radmila ........................................................ 854
Mio inovi  Ranko ........................................................... 501
Mioljevi  Vesna ............................................................. 1109
Mirkov Dragan ................................................................. 315
Mirkovi  Darko ......................................................... 326,915
Mirkovi  Dušica ............................................................... 374
Mirkovi  Ljiljana.............................................................. 968
Mirkovi  Siniša................................................................. 477
Mitkovi  Milan ................................................................. 836
Mitkovi  Milorad.............................................................. 836
Mitrovi  Jelena ................................................................  326
Mitrovi  Radivoje............................................................. 999
Mitrovi  Slobodanka ................................................. 221,778
Mladenovi  Desimir .................................................. 259,836
Mladenovi  Dragan ................................................... 569,866
Mladenovi  Jovan............................................................  580
Mladenovi  Lidija............................................................. 866
Mladenovi  Sanja ...................................................... 569,866
Mojaševi  Renata ............................................................. 874
Molnar Slavko .................................................................  380
Mraovi  Tatjana.................................................................  16
Mrvi -Petrovi  Nataša .....................................................  207
Mušovi  Dijana ................................................................ 493
Nadrljanski Mirjan.......................................................... 1034
Nagorni Aleksandar .........................................................  170
Najman Stevo ................................................................... 836
Naumovi  Nada ................................................................ 469
Nedeljkovi  Jasminka....................................................... 580
Nedeljkovi  Miroslav ....................................................... 407
Nedeljkovi  Nenad ........................................................... 923
Nedeljkovi  Una .............................................................. 964
Nedi  Milica ..................................................................... 664
Nedok Aleksandar ....................................................... 90,794
Nedovi  Goran.................................................................  195
Neškovi  Vojislava.................................................  439,1132
Nestorovi  Branislav ..................................................... 1117
Nikitovi  Marina..............................................................  773
Nikodijevi  Angelina........................................................ 645
Nikoli  Branka ............................................................... 1051
Nikoli  Dragan ................................................................. 993
Nikoli  Goran ....................................................................  77
Nikoli  Ivan .....................................................................  735
Nikoli  Jelena .................................................................. 940
Nikoli  M. Igor .............................................................. 1117
Nikoli  Olivera ................................................................  757
Nikoli  Predrag................................................................  645
Nikoli -Jakoba Nataša .....................................................  346
Novakovi  Ivana..............................................................  457
Novakovi  Marijan ...................................................... 9,1124
Novakovi  Radmila ....................................................... 1145
Novkovi  Dobrivoje ........................................................  516
Noži  Darko.......................................................................  72
Obradovi  Dragan............................................................. 391
Obradovi  Miljana...........................................................  391

Obradovi  Slobodan......................................... 511,526,1103
Crkvenac Zdenko ........................................................... 1103
Obren evi  Katarina......................................................... 411
Obrenovi  Ž. Radmila ........................................................ 57
Obrenovi -Kir anski Biljana...........................................  609
OH Frazier........................................................................ 679
Opri  Dejan ..............................................................391,1023
Ostoji  Miodrag .......................................................908,1103
Pani  Gordana .................................................................. 830
Pani  Nikola ..................................................................... 555
Paniši  Marina.................................................................  326
Panjkovi  Milana....................................................1010,1159
Paovi  Jelena..............................................................26,1151
Paovi  Predrag ..................................................................  26
Papi  Vladimir ................................................................  452
Parapid Biljana ................................................................. 609
Pasternak Janko................................................................ 993
Patrnogi  Vesna ............................................................. 1015
Pavlovi  Katica ................................................................ 830
Pavlovi  Miroslav ......................................................580,728
Pažin Vladimir .............................................................. 1051
Peci  Vanja....................................................................... 522
Pejanovi  Djordje............................................................. 751
Pej i  Tomislav.............................................................. 1062
Peji  Katarina ................................................................. 1029
Pejovi  Janko ................................................................... 728
Peki  Sandra .................................................................... 163
Pekmezovi  Tatjana ................................................ 457,1097
Peri  Jelena....................................................................... 935
Peri  Tamara ...................................................................  781
Peri -Popadi  Aleksandra ...............................................  688
Periši  Nataša .................................................................... 86
Periši  Nenad ............................................................ 326,915
Periši  Živko ............................................................. 86,1051
Perkovi  Vuk evi  Nataša ............................................. 1039
Perovi  Dragoljub ............................................................ 881
Peruni i  Jovanovi  Maja ................................................ 972
Peši  Dragana..................................................................  751
Peši  Milica...................................................................... 561
Peši  Snežana ................................................................. 1151
Petkovi - ur in Aleksandra...................................... 346,807
Petronijevi  Branislava .................................................... 477
Petrovi  Bojan.................................................................. 781
Petrovi  Borislava ...........................................................  735
Petrovi  Branislav ........................................................... 493
Petrovi  Dimitrije ............................................................ 959
Petrovi  Djordje ............................................................... 817
Petrovi  Dragan.............................................................. 1155
Petrovi  Jelica ................................................................. 940
Petrovi  Kosta ..........................................................757,1056
Petrovi  Marijana ............................................................  411
Petrovi  Milovan.............................................................. 830
Petrovi  Nenad ................................................................. 660
Petruševski Ana................................................................ 704
Pil evi  Dejan .................................................................  411
Pili  Branka.....................................................................  477
Pili  Igor........................................................................... 229
Pilija Vladimir .................................................................  380
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Plešinac-Karapandži  Vesna.....................................  86,1034
Po u a Milan .................................................................... 207
Polovina Marija ................................................................ 908
Popadi  Ana............................................................... 396,484
Popovi  Dragan ...............................................................  352
Popovi  Dušan.................................................................. 874
Popovi  Lazar ................................................................... 407
Popovi  Milica.................................................................. 751
Popovi  Stevo................................................................... 292
Popovi  Vera ................................................................... 163
Popovi  Vladan.........................................................  612,993
Popovi -Dragonji  Lidija ................................................  976
Popovi -Petrovi  Svetlana...............................................  407
Pop-Trajkovi -Dini  Sonja..............................................  747
Pošti  D. Srdjan ................................................................ 576
Poti  Zoran ....................................................................... 830
Potkonjak Aleksandar .....................................................  155
Potpara Tatjana ................................................................. 908
Potrebi  Aleksandra.......................................................... 457
Považan Djordje ............................................................. 1159
Prci  Sonja............................................................... 871,1081
Preveden Tomislav ..........................................................  723
Proti  Dragana ............................................................... 1145
Putnikovi  Biljana ............................................................ 878
Rabrenovi  Violeta .......................................................... 848
Radak Djordje....................................................................  32
Radakovi  Sonja ....................................................  9,200,670
Radenkovi  Saša............................................................... 284
Radevi  Svetlana .............................................................  189
Radjen Slavica .................................................................. 352
Radjenovic Petkovi  Tatjana ...........................................  522
Radojevi  Milorad ............................................................ 411
Radoji i  Zoran ...................................................... 163,1034
Radojkovi  Marija ........................................................... 600
Radojkovi  Milan .....................................................  170,522
Radovanovi  Dragan ........................................................ 881
Radovanovi  Saša............................................................  298
Radovanovi -Dini  Biljana .............................................. 824
Radovi  Jelena................................................................ 1006
Radovi  Katarina ............................................................ 1015
Radulovi  Anica ............................................................. 1081
Radunovi  Mirko.............................................................. 555
Radunovi  Miodrag .......................................................... 555
Radunovi  Miroslav ......................................................... 555
Raki  Mia .................................................................  346,807
Rakonjac Zorica.............................................................. 1029
Ran i  Dejan .................................................................... 463
Ran i  Zoran .................................................................... 522
Randjelovi  Tomislav ...................................................... 541
Rankovi  Aleksandar.......................................................  976
Rankovi  Goran ............................................................. 1046
Rapai  Dragan .................................................................  195
Raši  Dejan ...................................................................... 331
Raškovi  Jelena ............................................................... 541
Raškovi  Sanvila .............................................................. 688
Relji  Vesna...................................................................... 935
Repac R. Nikola ............................................................. 1117
Risovi  Dušica ............................................................ 51,304

Risti  Baloš Dragana.......................................................  637
Risti  Dragana.................................................................. 660
Risti  Snežana .................................................................  363
Risti  Tamara ................................................................... 751
Risti -Petrovi  Ana ................................................... 606,675
Romac Stanka................................................................. 1165
Romi  Predrag ................................................................... 61
Rusovi  Siniša............................................................. 32,411
Ruži  Maja ....................................................................... 723
Ruži  Ze evi  Dejana ...................................................... 526
Sagi  Dragan .....................................................................  32
Samardži  Janko..............................................................  391
Sarajlija Adrijan ............................................................... 842
Šaranovi  Milena ............................................................. 177
Šar ev Ivan....................................................................... 477
Šarki  Nebojša ................................................................  207
Šauli  Anka ...................................................................... 445
Savi  Biljana .................................................................... 633
Savi  Borivoje ................................................................. 189
Savi  Dragan ...................................................................  274
Savi  Dragutin.................................................................  609
Savi  Kristina ..................................................................  391
Savi  Pavi evi  Dušanka................................................ 1165
Savi  Slaviša .................................................................... 881
Savi  Vojin..................................................................... 1085
Savin Marina ................................................................... 403
Savovi  Slobodan............................................................  380
Š epanovi  D. Vuk ........................................................ 1117
Š epanovi  Miodrag  ...............................................999,1015
Š epanovi  Radisav ....................................................... 1145
Šekari  Jelena................................................................. 1056
Sente Jelena ....................................................................... 16
Sevi  Siniša ..................................................................... 155
Simonovi  Maja ............................................................... 149
Šipeti  Sandra................................................................... 445
Škuleti  Vesna.................................................................  516
Sladojevi  Miloš............................................................... 740
Slavkovi  Zoran ................................... 61,439,541,953,1132
Smaji  Miroslav ......................................................... 16,380
Smiljkovi  Igor................................................................  170
Sokolovi  Dušan .......................................................170,493
Somborac Stevan ............................................................. 155
Špadijer Gostovi  Aleksandra .......................................... 929
Spari  Radmila ...........................................................697,968
Spasi  Dušan .................................................................... 881
Spasi  Sanja ....................................................................  688
Sredojevi  Vojislav ...........................................................  26
Staji  Zoran ...................................................................... 878
Stajkovi  Novica ............................................................. 854
Stamatovi  Novak ......................................................346,807
Stamenkovi  M. Dušica ..........................61,417,541,881,953
Stamenkovi  Miroslav.....................................................  304
Stamenovi  Snežana........................................................  747
Stankovi  Branislav ........................................................... 51
Stankovi eperkovi  Vesna.......................................... 1151
Stankovi  Miodrag ..........................................................  149
Stankovi  Nebojša............................................................ 417
Stankovi  Nikola ............................................................ 1085
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Stankovi  Predrag............................................................. 778
Stankovi  Žana ........................................................ 267,1138
Stankovi -Popovi  Verica ...............................................  352
Stanojevi  Goran .............................................................. 522
Stefan Miki  Sandra ........................................................  723
Stefanovi  Nemanja.......................................................... 391
Stefanovi  Slaviša............................................................. 903
Stefanovi  Vesna .............................................................. 903
Stefanovi  Vladimir.........................................................  189
Stefanovi  Vladisav ........................................................ 1155
Stepanovi  Jelena ............................................................. 908
Stepanovi  Marija ............................................................ 526
Stephenson J. Andrew ..................................................... 501
Stevanovi  Goran ............................................................. 182
Stojanov Oliver................................................................. 463
Stojanovi  Branislav......................................................... 645
Stojanovi  Jasmina ...................................................  221,778
Stojanovi  Miodrag ......................................................... 493
Stojanovi  Miroslav.........................................................  522
Stojanovi  Nebojša ...................................................... 68,322
Stojanovi  S. Ljiljana ......................................................  215
Stojanovi  Sanja ..............................................................  757
Stojanovi  Stevan ..................................................... 221,778
Stojanovi  Zdenka ............................................................ 645
Stojiljkovi  Danilo...........................................................  182
Stojiljkovi  Dragana ......................................................... 757
Stojiljkovi  Marija...........................................................  182
Stojiljkovi  Predrag .......................................................... 182
Stojimirovi  Biljana ....................................................... 1023
Stojisavljevi  Marko......................................................... 516
Stojkovi  Branislava ........................................................ 279
Stojnev Slavica ................................................  606,675,1155
Stoki  Edita .....................................................................  463
Stoli  Radojica ................................................................. 221
Stoši  Biljana ................................................................... 182
Stoši  Opin al Tatjana...................................................... 637
Stošljevi  Miodrag...........................................................  386
Strajni  Ljiljana ................................................................ 653
Struillou Xavier ...............................................................  346
Štuli  Miloš ...................................................................... 947
Subota Vesna ................................................................... 396
Šurbatovi  Maja............................................................  9,670
Šurdilovi  Dušan .............................................................. 279
Šveljo Olivera ................................................................... 463
Svetel Marina...................................................................  457
Tadi  Pil evi  Jelena ........................................................ 411
Tambur Zoran ..................................................................  200
Tasi  Dimitrije.................................................................  580
Tasi  Lidija .................................................................... 1051
Tasi  M. Goran .............................................................. 1117
Tasi  Milan....................................................................... 999
Tasi  Tomislav ................................................................. 824
Tati  Zoran ....................................................................... 807
Tegeltija Dragana .................................................. 1010,1159
Terzi  Brankica................................................................  411
Terzi  Zorica ...................................................................  445
Tiha ek-Šoji  Ljiljana ...................................................... 999
Till Viktor......................................................................... 612

Tišma Svetislav ................................................................ 484
Todorovi  Aleksandar .......................................929,999,1015
Todorovi  Ana ................................................................. 929
Todorovi  Gordana ......................................................... 424
Todorovi  Ljubomir ........................................................ 424
Todorovi  Milena............................................................. 972
Todorovi  S. Vladimir........................................................ 80
Todorovi  Slobodan ......................................................... 953
Tomanovi  Vujadinovi  Sanja ........................................ 964
Tomaševi  Ratko.............................................................. 915
Tomaševi  Vukmirovi  Irena .................................1059,1162
Tomi  Aleksandar ..........................................61,417,541,848
Tomi  Aleksandra ...........................................................  457
Tomi  Ilija........................................................................ 516
Tomi  Sanja ....................................................................  407
Tomi -Spiri  Vesna.........................................................  688
Tomin Dragica  ............................................................. 1109
Toši  Goran................................................................569,866
Toši  Tanja .................................................................... 1109
Trajanovi  Miroslav ......................................................... 836
Trbojevi -Stankovi  Jasna ............................................ 1023
Trenki  Milan..................................................................  182
Tri kovi -Janji  Olivera................................................... 279
Trifkovi  Branka .............................................................. 999
Trifunovi  Zoran .............................................................. 484
Trnini  Pjevi  Aleksandra ................................................ 747
Trpinac Dušan ............................................................... 1023
Tufegdži  Ivana...............................................................  326
Tuli  Cane ....................................................................... 501
Turkalj Ivan..............................................................757,1056
Turkulov Vesna ...............................................................  155
Udovi i  Ivo .................................................................... 396
Uni -Stojanovi  Dragana .........................................439,1132
Varga Siniša .................................................................... 600
Varja i  Mirjana ................................................................ 46
Varja i  Mirjana .............................................................. 526
Vasi  Brankica ................................................................. 637
Vasi  Novak ....................................................................  740
Vasili  Djurdja ................................................................. 346
Vasiliji  Saša...................................................................  352
Vasiljevi  Mladenko ..................................................... 1051
Vavi  Neven.............................................................. 411,848
Velicki Lazar ..............................................................679,874
Veli kovi  Stefan ........................................................... 1155
Veli kovi -Aleksi  Vesna................................................ 255
Velimirovi  Dragan.........................................................  279
Velinovi  Miloš...............................................................  609
Veljovi  Mili ...................................... 396,417,484,541,953
Veloji  Golubovi  Milena ...............................................  284
Vesi  Zoran ................................................................... 9,670
Veskovi  Ana ................................................................... 548
Vesni  Jelena.................................................................. 1015
Vidovi  Ana .............................................................972,1109
Višnji  Aleksandar .................................................... 149,493
Višnji  Milan...................................................................  182
Vitas Jelena .....................................................................  785
Vitoševi  Biljana ........................................................... 1046
Vlahovi  Predrag......................................................368,1085
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Vlahovi  Zoran ................................................................. 586
Vlajinac Hristina..............................................................  445
Vlaški Jovan .................................................................... 615
Vojvodi  Danilo ........................................................ 346,807
Vraneš Mile ...................................................................... 609
Vrbi  Miodrag  ................................................................ 976
Vu aj- irilovi  Viktorija........................................... 757,612
Vu ini  Predrag ................................................................ 653
Vu ini  Slavica.......................................................  420,1039
Vu ini  Žarko...........................................................  352,728
Vu kovi  Nada ................................................................. 871
Vujanovi  Ljuba ............................................................... 871
Vuji  Stevan ................................................................... 1006
Vuji i  Biljana.................................................................. 569
Vujisi -Teši  Bosiljka .................................................... 1103
Vukadinov Jovan .............................................................  155
Vukadinov Tatjana ........................................................... 723
Vukašinovi -Vesi  Milica ...............................................  670
Vuki  Zoran...................................................................... 484
Vuki - ulafi  Branka....................................................... 817
Vukmirovi  Filip ............................................ 693,1059,1162
Vukmirovi  Mihailo .............................................. 1059,1162
Vukosavljevi  Miroslav...................................................  660

Vukovi  Dragan ................................................................ 51
Vukovi  Ercegovi  Gordana ......................................... 1039
Vukovi  Jelena ................................................................  516
Vuksanovi  Milica ..........................................................  163
Vulekovi  Petar ................................................................ 452
Vuleti  Ivana ...................................................................  653
Vulovi  Tatjana................................................................ 396
Zamurovi  Milena ............................................................. 86
Zeba Snježana ..................................................................... 9
Ze evi  Radoš ............................................................700,887
Zejnilovi  Nihad............................................................... 693
Zeli  Ksenija .................................................................... 923
Zlatari  Nataša ................................................................. 785
Zolotarevski Lidija ............................................... 72,700,887
Zrni  Bogdan.................................................................. 1081
Zurovac Tamara ..............................................................  189
Živanovi  Željko ............................................................ 1056
Živi  Ljubica ...................................................................  778
Živkovi  Dušan ................................................................ 866
Živkovi  Nikola ..............................................................  322
Živkovi  Sladjana.......................................................  68,322
Žori  Lepša  ..................................................................... 762
Žuni -Božinovski Snežana ............................................ 1023
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INDEKS DESKRIPTORA / INDEX OF DESCRIPTORS OF THE
VOL. 70

A. FEMORALIS ...............................................................612
AA. CAROTIS ................................................................1132
AA. CAROTIS, STENOZA ..............................................993
AA. CORONARIAE, PREMOŠ AVANJE ...................1132
A.BRACHIALIS ...............................................................908
A. RENALIS, OPSTRUKCIJA.........................................411
ADENOKARCINOM......................................................1159
ADENOM, OKSIFILNI ......................................................68
ADIPONEKTIN ...............................................................284
ADOLESCENCIJA ....................................................363,923
ADOLESCENTI.................................................  195,548,935
ADRENALIN ...................................................................824
AKLIMATIZACIJA..........................................................670
AKNE................................................................................935
AKROMIOKLAVIKULARNI ZGLOB ...........................292
ALFA BLOKATORI.......................................................1091
ALKOHOLIZAM..............................................................785
AMIFOSTIN .......................................................................38
ANALGEZIJA...................................................................541
ANATOMIJA....................................................................653
ANEMIJA..........................................................................368
ANEMIJA, HEMOLITI KA ..........................................1029
ANESTEZIJA...............................................................61,439
ANESTEZIJA, EPIDURALNA .......................  541,953,1132
ANESTEZIJA, LOKALNA .............................................417
ANESTEZIJA, OPŠTA .....................................................953
ANESTEZIJA, SPINALNA ......................................541,953
ANEURIZMA, INTRAKRANIJALNA
ANGIITIS, ALERGIJSKI, GRANULOMATOZNI..........700
ANGIOGENEZA, INHIBITORI.......................................660
ANGIOGRAFIJA............................................................1117
ANGIOGRAFIJA, DIGITALNA
SUPTRAKCIJSKA .........................................................1117
ANGIOPLASTIKA, BALONSKA ...................................411
ANKSIOLITICI.................................................................391
ANTIBIOTICI .......................................................72,200,976
ANTIDEPRESIVI DRUGE GENERACIJE......................391
ANTIGEN, KI-67............................................................1155
ANTIPSIHOTICI .............................................................267
ANTITELA, MONOKLONSKA ......................................660
ANTITUBERKULOTICI..................................................778
ANTROPOMETRIJA .......................................................653
AORTA ...............................................................................32

AORTA, ANEURIZMA ..................................................... 32
AORTA, BOLESTI...................................................... 32,740
AORTA, RUPTURA ........................................................ 874
AORTA, TORAKALNA .................................................. 874
AORTOKORONARNO PREMOŠ AVANJE.......... 396,484
APAROSKOPIJA ............................................................  319
APETIT, POREME AJI..................................................... 77
APGAR SKALA ................................................................ 46
ARTERIOSKLEROZA..................................................... 874
ARTERIOVENSKA FISTULA ....................................... 612
ARTROPLASTIKA KOLENA ........................................ 274
ASTMA............................................................................. 768
ASTROCITOM................................................................. 452
ATROPIN ......................................................................... 420
AUTISTI KI POREME AJ ............................................ 386
AUTOIMUNITET .......................................................... 1051
AUTOTRANSFUZIJA ....................................................  274
BEZBEDNOST................................................................. 999
BEZUBOST .......................................................  576,653,866
BIOHEMIJA .............................................................. 233,762
BIOLOGIJA, MOLEKULSKA....................................... 1165
BIOLOŠKI POKAZATELJI ........................ 403,555,728,768
BIOPSIJA............................................................... 1059,1085
BLEFAROPTOZA.......................................................... 1124
BOLESNICI...................................................................... 893
BOLEST MA JE OGREBOTINE ..................................... 72
BOLEST............................................................................ 445
BOLEST, INDEKS TEŽINE ............................................ 947
BOLEST, MODELI NA ŽIVOTINJAMA...................... 1023
BOLEST, PRENOSIOCI .................................................. 854
BOLEST, PROGRESIJA .................................................. 848
BRONHOPNEUMONIJA................................................. 878
BRONHOSKOPI ................................................................ 61
BUBREG,BOLESTI ....................................................... 1085
BUBREG, FUNKCIJSKI TESTOVI ............................... 411
BUBREG, HRONI NA INSUFICIJENCIJA..... 368,403,848
BUBREG, NEOPLAZME................................................... 68
BUPIVAKAIN ................................................................. 541
BURZITIS......................................................................... 964
CAMPYLOBACTER........................................................ 200
CARSKI REZ ................................................................... 255
CELIJAKIJA....................................................................... 77
CINK OKSID-EUGENOL PASTA .................................... 21
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CINK .................................................................................391
CISTE, ODONTOGENE...................................................789
CISTEKTOMIJA.............................................................1062
CISTOKELA ....................................................................697
CITOKINI .........................................................................768
CITOLOŠKE TEHNIKE.....................................................86
C-REAKTIVNI PROTEIN................................................908
CREVA, OPSTRUKCIJA ................................................ 326
CREVA, REZERVOARI ................................................1062
CREVO, TANKO............................................................1062
CRNA GORA....................................................................292

ESTICE, VELI INA .....................................................374
LANAK IZ ASOPISA .................................................424
ELIJA, ZAŠTITA .............................................................38
ELIJE ..............................................................................403

DECA ............................ 149,195,279,363,386,645,781,1081
DECA, PREDŠKOLSKA ..........................................363,773
DEFIBRILATOR, IMPLANTABILNI ...........................1162
DEMIJELINIZACIONE BOLESTI ..................................785
DEPRESIJA ...............................................................595,842
DERMATOGLIFIKA........................................................386
DIJABETES MELITUS, INSULIN-NEZAVISNI ..163,1138
DIJAGNOSTI KE TEHNIKE I PROCEDURE.....................
155,386,411,637,757,874,1059
DIJAGNOSTI KE TEHNIKE, OFTALMOLOŠKE........304 
DIJAGNOZA ..........................................................................
68,72,77,86,221,229,259,309,319,322,326,331,457,
501,511,516,595,609,615,637,693,700,740,747,757,
762,785, 866,871,887,964,968,972,976,1039,1056,1117,1159
DIJAGNOZA, DIFERENCIJALNA .......................................
68,221,225,304,319,511,516,606,778,878,1059,1151
DIJALIZA, PERITONEUMSKA,
AMBULANTNA, KONTINUIRANA ..............................352
DIJETA, REDUKCIONA ................................................ 284
DILATACIJA BALONOM...............................................915
DISANJE, POREME AJI ................................................380
DISANJE, VEŠTA KO................................................9, 420
DISLOKACIJA FRAGMENATA ....................................612
DIURETICI ......................................................................504
DMF INDEKS...................................................................751
DNK ................................................................................1165
DOBROVOLJCI .................................................................90
DOBUTAMIN.................................................................1103
DOJKA, NEOPLAZME ...................................331,407,1034
DOKSORUBICIN ...............................................................38
DUODENUM ...................................................................177
EHOKARDIOGRAFIJA ...........................................609,908
EHOKARDIOGRAFIJA,
TRANSFEYOFAGUSNA.................................................609
EKSFOLIJATIVNI SINDROM ........................................762
ELEKTROENCEFALOGRAFIJA................................... 309
ELEKTROLITI ................................................................374
EMULZIJE, MASNE .......................................................374
ENDARTEREKTOMIJA ................................................1132
ENDOSKOPI ......................................................................61
ENDOSKOPIJA, GASTROINTESTINALNA .................824
ENDOTEL KRVNIH SUDOVA.......................................908
ENTEROCOCCUS FAECIUM.......................................1109

EPIDEMIJE.............................................................  580,1081
EPIDEMIOLOGIJA ....................................... 445,1081,1085
EPIDEMIOLOŠKI METODI............................................ 817
ERITEM, INFEKTIVNI ................................................. 1081
ESTETIKA........................................................................ 940
ESTRI FOSFORNE KISELINE........................................ 420
ETIKA, MEDICINSKA ................................................... 207
EVOCIRANI POTENCIJALI, AUDITORNI .................. 309
EVOCIRANI POTENCIJALI,
SOMATOSENZORNI ..................................................... 309
EVOCIRANI POTENCIJALI, VIZUELNI ..................... 309
FAKTORI RIZIKA ........................ 26,163,189,352, 445,511,
526,817,893,959,993,1006,1097,1109
FAKTORI TRANSKRIPCIJE......................................... 1046
FARINKS, NEOPLAZME................................................ 189
FARMACIJA ...................................................................  600
FENOTIP .......................................................................... 457
FENTANIL ...................................................................... 541
FERITIN ........................................................................... 368
FETUS, ZAOSTAJANJE U RASTU.................................. 46
FIBEROPTI KA TEHNOLOGIJA.................................... 61
FIBRILACIJA PRETKOMORA....................................... 908
FIKSATORI, SPOLJNI..................................................... 836
FIKSATORI, UNUTRAŠNJI ........................................... 836
FITOTERAPIJA..................................................... 1091,1145
FIZI KO VASPITANJE I TRENING................................ 16
FIZIKALNA TERAPIJA, METODI................................. 964
FIZIOLOGIJA................................................................... 768
FLUORIDI ....................................................................... 279
FUDBAL........................................................................... 633
GASTREKTOMIJA.......................................................... 541
GASTROINTESTINALNE BOLESTI ............................. 887
GASTROINTESTINALNE NEOPLAZME .................... 319
GASTROINTESTINALNI STROMALNI TUMORI ...... 225
GENOMIKA................................................................... 1165
GENOTIP ................................................................ 457,1006
GINGIVA, POVLA ENJE............................................... 664
GLAUKOM ....................................................... 304,469,762
GLAUKOM, OTVORENOG UGLA........................... 51,304
GLIOM.............................................................................. 637
GLOMERULONEFRITIS .............................................. 1085
GOJAZNOST ..................................................... 284,445,469
GRAFT, PREŽIVLJAVANJE .......................................... 848
GRAFTOVI................................................................ 182,874
GRIP A VIRUS, PODTIP H1N1 ............................... 155,580
GRLI  MATERICE, NEOPLAZME.................................. 86
GVOŽ E .......................................................................... 368
HAMARTOM ................................................................. 1059
HEMATOLOŠKE BOLESTI.......................................... 1109
HEMATOLOŠKI TESTOVI ........................................... 396
HEMATOM ...................................................................... 697
HEMOSTAZA, ENDOSKOPSKA ................................... 824
HEPATITIS C
HEPATITIS C, HRONI NI.............................................. 723
HEPATOLENTIKULARNA DEGENERACIJA ............. 457
HERNIJA, VENTRALNA ............................................... 182
HIPERLIPIDEMIJA ......................................................... 561
HIPERSENZIBILNOST ................................................... 768
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HIPERTENZIJA.................................................  445,561,728
HIPERTENZIJA, OKULARNA ......................................304
HIPERTROFIJA..............................................................1091
HIPOALBUMINEMIJA......................................................57
HIRURGIJA DIGESTIVNOG SISTEMA,
PROCEDURE ........................................................... 522,615
HIRURGIJA, ELEKTIVNA, PROCEDURE ....................484
HIRURGIJA, GINEKOLOŠKA, PROCEDURE ...... 229,747
HIRURGIJA, KARDIJALNA, PROCEDURE .........439,609
HIRURGIJA, KARDIOVASKULARNA,
PROCEDURE ...................................................................874
HIRURGIJA, KOLOREKTALNA, PROCEDURE ..........953
HIRURGIJA, MINIMALNO-INVAZIVNE
PROCEDURE ...................................................................697
HIRURGIJA, OPERATIVNE PROCEDURE 68,292,322,326
HIRURGIJA, ORALNA....................................................866
HIRURGIJA, ORALNA, PREPROTETSKE
PROCEDURE ...................................................................866
HIRURGIJA, ORALNA, PROCEDURE .......80,215,789,807
HIRURGIJA, OTOLOŠKA, PROCEDURE .................... 463
HIRURGIJA, OTORINOLARINGOLOŠKA,
PROCEDURE .................................................................. 221
HIRURGIJA, REKONSTRUKTIVNA,
PROCEDURE ................................................80,182,463,789
HIRURGIJA, UROLOŠKA, PROCEDURE..............693,881
HIRURGIJA, VASKULARNA, PROCEDURE .....................
32,417,612,740
HIRURŠKA MREŽA........................................................697
HISTEROSKOPIJA ..........................................................747
HISTIOCITOZA X..........................................................1159
HISTOCITOHEMIJA......................................................1085
HISTOLOGIJA ...............................................................1023
HISTOLOŠKE TEHNIKE ......................68,331,700,887,947
HOLECISTEKTOMIJA................................................... 555
HOLECISTEKTOMIJA, LAPAROSKOPSKA ............... 555
HOLEDOHOLITIJAZA....................................................170
HOLESTAZA....................................................................170
HOLESTEATOM .............................................................463
HOMOCISTEIN..................................................................57
HORIOKARCINOM.........................................................968
HOROIDALNA NEOVASKULARIZACIJA...................660
IMOBILIZACIJA..............................................................893
IMPLANTATI, STOMATOLOŠKI ...........................586,807
IMUNOGLOBULINI, INTRAVENSKI .........................1029
IMUNOHISTOHEMIJA .................. 322,516,606,1010,1159
IMUNOSUPRESIJA .........................................................688
INCIDENCA .......................................................................86
INFEKCIJA.....................................................................1006
INFEKCIJA, FOKALNA, ZUBNA .................................569
INFORMATIKA, STOMATOLOŠKA ............................569
INSULIN, REZISTENCIJA ..............................................284
INTERFERON ALFA-2A.................................................723
INTRAOKULARNI PRITISAK ...................................... 469
INTRAOPERATIVNE KOMPLIKACIJE ....................... 612
INTRAOPERATIVNI PERIOD .......................................555
INTUBACIJA, INTRATRAHEJNA ...................................61
ISHRANA PARENTERALNA ........................................374
ISHRANA .......................................................................1145

ISHRANA, NAVIKE ....................................................... 548
ISTORIJA MEDICINE ................................................... 1165
ISTORIJA, DREVNA....................................................... 704
ISTORIJA, SREDNJI VEK .............................................. 704
ISTRAŽIVANJA, BIOMEDICINSKA ............................ 424
IŠ AŠENJE ..................................................................... 292
JAJNIK, NEOPLAZME .......................................... 229,1097
JAJNIK, PREVREMENO OTKAZIVANJE
FUNKCIJE...................................................................... 1051
JEDNJAK, AHALAZIJA.................................................. 915
JETRA ....................................................................... 225,516
JETRA, CIROZA................................................................ 57
JEZIK ........................................................................ 424,972
JOD, RADIOIZOTOPI .................................................... 504
KALCIJUM ...................................................................... 576
KALCINEURIN................................................................ 848
KALCITONIN ................................................................. 576
KARCINOID ................................................................... 516
KARCINOM ACINUSNIG ELIJA .............................. 1155
KARCINOMI BUBREŽNOG PARENHIMA.................. 881
KARDIOMIOPATIJA, HIPERTROFI KA ..................... 728
KARDIOMIOPATIJA, TAKOTSUBO ........................... 511
KARDIOVASKULARNE BOLESTI ...................... 163,1145
KEFALOMETRIJA ......................................................... 645
KISEONIK, POTROŠNJA ............................................... 633
KISEONIK, REAKTIVNE VRSTE.................................. 675
KLASIFIKACIONI INDEKSI ......................................... 452
KOLITIS, ULCERATIVNI............................................... 947
KOLOIDI ......................................................................... 477
KOMA ............................................................................ 1039
KOMORBIDITET ............................ 155,740,762,1132,1138
KONSULTACIJE NA DALJINU....................................  569
KONTROLA RA ANJA, SREDSTVA......................... 1097
KONJUNKTIVA ............................................................. 331
KOSTUR..........................................................................  516
KOŠARKA ...................................................................... 633
KOŽA, BOLESTI ............................................................. 700
KREATIN KINAZA ....................................................... 1039
KREATININ ....................................................................... 57
KRONOVA BOLEST....................................................... 947
KRV, HEMIJSKE ANALIZE........................................... 555
KRV, KOAGULACIJA .................................................... 670
KRVARENJE ................................................................... 396
KRVARENJE, INTRAKRANIJALNO ...........................  255
KRVNI PRITISAK ........................................................... 830
KRVNI SUDOVI, MALFORMACIJE ........................... 1162
KUGA ............................................................................... 704
KUK.................................................................................  259
KVALITET ŽIVOTA ......................... 195,363,842,935,1138
KVALITET, KONTROLA ............................................... 374
LAKSANSI ...................................................................... 504
LAPAROSKOPIJA........................................................ 9,319
LARINGEALNE MASKE.................................................. 61
LE ENJE ISHOD........................................................ 72,871
LE ENJE LEKOVIMA..........................................................
72,155773,871,964,968,1051,1056,1081
LE ENJE UMETNOŠ U .............................................. 1065
LE ENJE...........................149,267,595,976,1065,1138,1091
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LE ENJE, AMBULANTNO ........................................... 417
LE ENJE, ISHOD ....... 32,80,182,215,221,229,319,322,326,
417,420,511,526,569,576,609,615,660,664,693,697,
723,773,785,789,824,836,866,881,964,968,972,100
6,1056,1065,1091,1162
LE A, BOL .....................................................................315
LEGURE, STOMATOLOŠKE .........................................999
LEIOMIOM ......................................................................522
LEKAR-BOLESNIK ODNOSI........................................ 207
LEKARI ...........................................................................233
LEKOVI ..................................................................267,1039
LEKOVI, KORIŠ ENJE ................................................. 267
LEKOVI, PRODUŽENO DEJSTVO ................................267
LEKOVI, REZISTENCIJA MIKROORGANIZAMA....1109
LEKOVI, REZISTENCIJA .............................................. 200
LEKOVI, TOKSI NOST....................................................38
LEPRA ..............................................................................704
LEPTIN ............................................................................284
LI NOST, PROCENA......................................................940
LIMFADENITIS .................................................................72
LIMFOM, NEHODŽKINOV ..........................................1151
LIPOM ..............................................................................319
LIPOSARKOM .................................................................693
LISTERIA MONOCYTOGENES.....................................976
LITIJUM............................................................................504
LUPUS, ERITEMATOZNI, SISTEMSKI ........................688
LJUDI ........................................................................200,600
MAGNETNA REZONANCA, ANGIOGRAFIJA..........1117
MAGNETNA REZONANCA,
SNIMANJE ...........................................469,637,735,785,993
MAGNETNA REZONANCA,
SPEKTROSKOPIJA .........................................................637
MAJKE..............................................................................842
MAKSILA ........................................................................645
MAKULARNA DEGENERACIJA...................................660
MALAKOPLAKIJA ........................................................606
MALOKLUZIJA....................................................... 215,817
MALOKLUZIJA, ANGLOVA KLASA III ......................645
MAMAPLASTIKA ...........................................................940
MAMOGRAFIJA............................................................1034
MANDIBULA........................................................... 576,789
MANDIBULA, POVREDE ................................................80
MASNE KISELINE, OMEGA-3 ..............................396,484
MASNO TKIVO ..............................................................469
MASOVNO ISPITIVANJE.................................................86
MATERICA, KRVARENJE .............................................747
MATERIJALI, TESTIRANJE ..........................................477
MEDICINA ...................................................................... 600
MEDICINA, INTEGRATIVNA .....................................1065
MEDICINA, PREVENTIVNA .........................................959
MEDICINSKE GREŠKE .................................................207
MEDULOBLASTOM .......................................................773
MELANOM .....................................................................229
MENINGITIS....................................................................976
MENINGOENCEFALITIS ...............................................688
MENTALNO ZDRAVLJE..............................................1138
METODE .................................................................. 259,541
MEZOTELIOM...............................................................1010

MIJELITIS, TRANSVERZALNI ................................... 1056
MIKRODISEKCIJA ....................................................... 1124
MIKROSKOPIJA, ELEKTRONSKA............................. 1023
MIKSOM .................................................................. 522,609
MINERALI ....................................................................... 781
MIOKARD, KONTRAKCIJA........................................ 1103
MIOKARD, REPERFUZIJA ...........................................  484
MIOPIJA............................................................................. 51
MIŠI I ............................................................................ 1046
MIŠI I, OKULOMOTORNI.......................................... 1124
MIŠI I, TONUS .............................................................. 315
MIŠI I, ZAMOR ............................................................. 298
MITOHONDRIJE .................................................... 403,1046
MOKRA NA BEŠIKA ...................................................  606
MOKRA NA BEŠIKA, NEOPLAZME ................ 606,1062
MORBIDITET .................................................................. 352
MORFIN .......................................................................... 541
MORTALITET ................................ 32,189,255,352,445,830
MOTORNA AKTIVNOST.....................................  315,1097
MOTORNA KORA ......................................................... 298
MOZAK, ISHEMIJA ................................................ 637,993
MOZAK, NEOPLAZME ..........................................  637,968
MOZAK, SMRT .............................................................. 309
MUTACIJA..................................................................... 1046
MUZIKA........................................................................... 233
N. OCULOMOTORIUS ................................................. 1124
NA IN ŽIVOTA .............................................................. 548
NAPOR, FIZI KI ..................................................... 548,670
NARKOTICI................................................................... 1039
NATRIURETSKI PEPTIDI .............................................. 728
NAUKA ............................................................................ 233
NAVIKE .......................................................................... 493
NEDONOŠ E .................................................................. 255
NEFROPATIJA, BALKANSKA ...................................... 403
NEOPLAZME............................................................ 195,675
NEOPLAZME, METASTAZE ...... 225,229,331,516,881,968
NERVNI SISTEM, CENTRALNI, INFEKCIJE..............  688
NEUROHIRURGIJA ....................................................... 452
NEUROHIRURŠKE PROCEDURE.......................... 773,968
NEUROMIJELITIS OPTIKA......................................... 1056
NEUROTOKSI NOST, SINDROMI............................... 420
NOBELOVA NAGRADA .............................................. 1165
NOS................................................................................... 380
NOS, SEPTUM .................................................. 221,380,778
NOVORO EN E .......................................................... 1029
OBRAZOVANJE................................................................ 16
ODRASLE OSOBE .......................................................... 923
OKO, BOLESTI ................................................................. 26
OKO, ENUKLEACIJA, .....................................................  26
OKO, NEOPLAZME ...................................................... 1151
OKSIMI ............................................................................ 420
OLOVO............................................................................. 751
OPTI KI DISK................................................................... 51
ORBITA............................................................................ 469
ORTODONCIJA, KOREKTIVNA .................................. 215
ORTOPEDSKE PROCEDURE ................................ 274,836
OSEOINTEGRACIJA................................................ 586,807
OSETLJIVOST I SPECIFI NOST .................  346,386,1034
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OSTEOARTRITIS ...........................................................259
OSTEOPOROZA .............................................................576
PACOVI ............................................................................391
PACOVI, WISTAR.............................................................38
PANICULITIS, PERITONEALNI ...................................326
PANKREAS, PSEUDOCISTA ........................................ 615
PARKINSONOVA BOLEST ...........................................298
PAROTIDNE ŽLEZDE, NEOPLAZME.........................1155
PATENTI ..........................................................................600
PATOLOGIJA...................................................................768
PEPTI KI ULKUS, KRVARENJE ..................................824
PERIODONTITIS .............................................................346
PERIOPERATIVNA NEGA .............................................439
PERITONEUM ...............................................................1023
PESTICIDI ......................................................................1039
PISANJE............................................................................424
PITIRIJAZIS RUBRA PILARIS.......................................871
PLASTI NE MATERIJE .................................................182
PLAZMA BOGATA TROMBOCITIMA .........................664
PLAZMA PROTEIN- A, UDRUŽEN SA
TRUDNO OM ...................................................................46
PLAZMOCITOM ......................................................221,972
PLEURA, NEOPLAZME................................................1010
PLEXUS MYENTERICUS.............................................. 177
PLU A..............................................................................878
PLU A, EDEM.................................................................830
PLU A, EMBOLIJA ........................................................893
PLU A, NEOPLAZME ..........................................516,1159
PLJUVA KA, VEŠTA KA ............................................279
PNEUMONIJA..................................................................155
POLIACETILENI .............................................................999
PONS.................................................................................785
PORODICA.......................................................................149
PORO AJ ........................................................................ 255
PORO AJ, PREVREMENI................................................46
POSTMENOPAUZA ........................................................747
POSTOPERATIVNE KOMPLIKACIJE....292,407,697,1132
POVREDE........................................................................ 612
POVREDE, ZATVORENE...............................................757
POVRŠINA, SVOJSTVA ................................................ 477
PRAVNA NAUKA ..........................................................207
PREEKLAMPSIJA .............................................................46
PREVALENCA..........................................................445,935
PREVENTIVNO-MEDICINSKA ZAŠTITA ............493,854
PREŽIVLJAVANJE, ANALIZA ......................................352
PROCENA, ISTRAŽIVANJA ............................................16
PROFESIONALNA IZLOŽENOST ................................561
PROFESIONALNE BOLESTI..........................................959
PROGNOZA .................. 51,155,452,679,830,915,1081,1155
PROSTATA ....................................................................1091
PROSTATA, NEOPLAZME ............................................501
PROSTATA, SPECIFI NI ANTIGEN ............................501
PROTETIKA.....................................................................866
PROTEZE I IMPLANTATI ............................................. 463
PRSTI ................................................................................386
PRVI SVETSKI RAT..........................................................90
PSI .....................................................................................807
PSIHI KI POREME AJI...............................................1138

PSIHIJATRIJA ................................................................. 893
PSIHOLOGIJA ................................................................. 940
PSIHOTERAPIJA, GRUPNA......................................... 1065
PSIHOTI KI POREME AJI .......................................... 526
PSIHOTROPNI LEKOVI ................................................ 526
PSIHOZE, MANI NO-DEPRESIONE ........................... 595
PURPURA, FULMINANTNA ......................................... 887
PUŠENJE .................................................................. 445,493
PUŠENJE, PRESTANAK................................................. 493
RABDOMIOLIZA.......................................................... 1039
RADIOGRAFIJA....................................................... 259,878
RADIOPREPARATI .......................................................  504
RADIOTERAPIJA ............................... 452,735,773,968,972
RADIOTERAPIJA, DOZIRANJE ................................... 504
RADIOTERAPIJA, KOMPJUTERSKO
PLANIRANJE................................................................... 735
RAMENI ZGLOB............................................................. 964
RASTVORI, DIJALIZNI.................................................. 352
RAVNOTEŽA ................................................................. 315
RECEPTOR, AKTIVATOR NUKLEARNOG
FAKTORA-KAPPA-B ..................................................... 346
RECIDIV.................................................................. 789,1062
REHABILITACIJA ...................................... 80,363,407,964
REHABILITACIONI CENTRI ........................................ 407
REOLOGIJA......................................................................  21
REPELENTI ..................................................................... 854
RETOV SINDROM .......................................................... 842
RETROPERITONEALNI PROSTOR ............................. 522
REŽNJEVI, HIRURŠKI .................................................. 586
RIBAVIRIN ...................................................................... 723
RINOMANOMETRIJA .................................................... 380
RINOMETRIJA, AKUSTI KA ....................................... 380
RIZIK, PROCENA ............................. 501,728,740,908,1145
RODITELJI ...................................................................... 363
RUSIJA ............................................................................... 90
SCINTIGRAFIJA.............................................................. 915
SEMEVOD ....................................................................... 693
SEPSA............................................................................... 403
SHIZOFRENIJA ..................................................... 267,1065
SIGMA, NEOPLAZME ................................................... 319
SILICIJUM DIOKSID ...................................................... 477
SIMULACIJE, KOMPJUTERSKE................................. 1015
SIMVASTATIN................................................................ 871
SIROLIMUS ..................................................................... 848
SJEGRENOV SINDROM............................................... 1056
SLUH, KONDUKTIVNI GUBITAK ............................... 463
SLUH, POREME AJ ...................................................... 363
SLUŠNE KOŠ ICE, PROTEZE .....................................  463
SMOLE, KOMPOZITNE ................................................ 477
SNIMANJE, TRODIMENZIONALNO............................ 757
SPEKTROFOTOMETRIJA.............................................. 929
SPORTISTI ...................................................................... 633
SRBIJA ....155,189,493,580,645,670,751,923,935,1081,1085
SRCE................................................................................... 38
SRCE, FREKVENCIJA ............................................. 830,908
SRCE, FUNKCIJA LEVE KOMORE ............................ 1103
SRCE, FUNKCIJSKI TESTOVI..................................... 1103
SRCE, IMPLANTABILNI MEHANI KI APARATI...... 679
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SRCE, INSUFICIJENCIJA ........................................679,878
SRCE, NEOPLAZME ...................................................... 609
SRCE, VEŠTA KO USKLA IVANJE RITMA ...........1162
SRPSKI DOBROVOLJA KI KORPUS.............................90
STARATELJI....................................................................842
STARENJE........................................................................177
STAVOVI .........................................................................363
STENTOVI....................................................................... 612
STILBENI .......................................................................1145
STIMULACIJA, MAGNETNA,
TRANSKRANIJALNA .............................................298,595
STOMATOLOGIJA, OPERATIVNA...............................664
STOMATOLOŠKA ENOSALNA
IMPLANTACIJA ...................................................... 346,596
STRES UZROKOVAN TOPLOTOM ..............................670
STRES, FIZIOLOŠKI ......................................................561
STRES, OKSIDATIVNI ............................................170,675
STRESNI POREME AJI, POSTTRAUMATSKI............149
SVINJE .............................................................................586
ŠAKA ................................................................................386
ŠKOLE ..............................................................................935
ŠKOLE, VOJNE ...............................................................580
TELEMEDICINA .............................................................866
TELESNA MASA, INDEKS .............................163,284,908
TELESNA TEŽINA ..........................................................163
TIBIJA, PRELOMI ...........................................................836
TIREOIDNA ŽLEZDA, NEOPLAZME .......................... 504
TITAN ...............................................................................999
TOMOGRAFIJA, KOMJUTERIZOVANA,
RENDGENSKA ................................................735,757,1117
TOMOGRAFIJA, OPTI KA, KOHERENTNA.................51
TORAKS, POVREDE.......................................................757
TRANSFUZIJA KRVI ..............................................274,439
TRANSPLANTACIJA BUBREGA ...........................417,848
TRANSPLANTACIJA, AUTOLOGA ..............................664
TRUDNO A, RAZVOJ FETUSA......................................46
REUMATOLOGIJA ........................................................292
TROMBOCITI, AGREGACIJA ......................................396
TROMBOCITOMENIJA, NEONATALNA,
ALOIMUNSKA ..............................................................1029
TROVANJE .............................................................420,1039
TRUDNO A................................................................77,526
TRUDNO A, ISHOD.........................................................46
TUBERKULOZA..............................................................778
UDESI ...............................................................................149
ULCERACIJA...................................................................874
ULTRASONOGRAFIJA........................................1034,1103
UMNJAK ..........................................................................923
UPITNICI ............................................. 149,195,548,935,940
USTA, NEOPLAZME.......................................................189
UVEITIS .........................................................................1151
V. CAVA SUPERIOR.....................................................1162
V. FEMORALIS ...............................................................612

VANKOMICIN............................................................... 1109
VASKULARNI GRAFT, OKLUZIJA.............................. 740
VEGENEROVA GRANULOMATOZA .......................... 887
VENE, VARIKOZNE......................................................  417
VENTILACIJA PO TIPU INTERMITENTNOG
POZITIVNOG PRITISKA.................................................... 9
VEŽBANJE.............................................................. 315,1046
VILICA, PARCIJALNA BEZUBOST.............................. 866
VISKOZNOST.................................................................... 21
VITAMIN D, NEDOSTATAK......................................... 163
VOJNI KOLEKTIV ..................................................... 16,233
VOJNI SANITET................................................................ 90
VOJNICI ........................................................................... 670
VOZA I AUTOMOBILA ............................................... 561
ZAKONODAVSTVO................................................ 207,600
ZALISTAK AORTE, STENOZA................................... 1103
ZAPALJENJE ................................................................... 170
ZAPALJENJE, MEDIJATORI ......................................... 403
ZARAZNE BOLESTI....................................................... 704
ZATVORENICI .............................................................. 1006
ZDRAVSTVENE USTANOVE ......................................  207
ZDRAVSTVENO OSOBLJE .......................................... 493
ZE EVI .......................................................................... 1023
ZLOUPOTREBA SUPSTANCI, INTRAVENSKA ......... 723
ZNACI I SIMPTOMI........................................................ 947
ZUB, CEMENT ...............................................................  279
ZUB, ESTETIKA ...................................................... 653,929
ZUB, IMPAKCIJA............................................................ 923
ZUB, LE ENJE KORENSKOG KANALA..................... 781
ZUB, MATERIJALI ZA PUNJENJE
KORENSKOG KANALA ................................................. 21
ZUB, NICANJE ................................................................ 923
ZUB, NOSA  PROTEZE............................................... 1015
ZUB, PRELOMI ............................................................... 781
ZUBNA PROTEZA ........................................... 653,929,959
ZUBNA PROTEZA, IMPLANTATOM
PODRŽANA ....................................................................... 80
ZUBNA PROTEZA, PARCIJALNA.............................. 1015
ZUBNA PROTEZA, PARCIJALNA, MOBILNA............ 999
ZUBNE KUKICE ............................................................. 999
ZUBNI PROTETSKI MODELI........................................ 999
ZUBOTEHNI ARI .......................................................... 959
ŽELUDAC .......................................................................  225
ŽENE .................................................................. 163,284,747
ŽIVCI, PERIFERNI, NEOPLAZME ............................... 322
ŽIVINA............................................................................. 200
ŽIVOTINJE ............................................................... 200,600
ŽIVOTNA SREDINA, ZAGA ENJE.............................. 751
ŽIVOTNO DOBA, GRUPE.............................................. 830
ŽU NI PUTEVI ............................................................. 1059
ZUBNA PROTEZA, RETENCIJA ................................... 181
ZUBNA PROTEZA, TOTALNA ................................... 1055
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UPUTSTVO AUTORIMA

Vojnosanitetski pregled (VSP) objavljuje radove koji ranije nisu nig-
de publikovani, niti predati za publikovanje redosledom koji odre uje
ure iva ki odbor. Prilikom prijave rada u sistem elektronskog ure iva-
nja „Vojnosanitetskog pregleda“ neophodno je priložiti izjavu da su is-
punjeni svi postavljeni tehni ki zahtevi uklju uju i i izjavu potpisanu od
strane svih autora da rad nije ranije ni u celini, niti delimi no objavljen
niti prihva en za štampanje u drugom asopisu. Izjava o pojedina nom
doprinosu autora mora biti potpisana od strane svakog autora rada, ske-
nirana i poslata uz rad kao dopunska datoteka. Tako e, autori su obave-
zni da dostave i potpisanu izjavu o nepostojanju sukoba interesa. Tim
postupkom svi autori postaju odgovorni za ispunjavanje svih postavlje-
nih uslova, emu sledi odluka o prihvatanju za dalji ure iva ki postupak.
Za objavljene radove VSP zadržava autorsko pravo. Primaju se radovi
napisani samo na engleskom jeziku.

Od 1. januara 2012. godine Vojnosanitetski pregled prešao je
na e-Ur: Elektronsko ure ivanje asopisa.

Svi korisnici sistema: autori, recezenti i urednici moraju biti regis-
trovani jednozna nom e-mail adresom. Registraciju je mogu e izvršiti
na adresi:

http://aseestant.ceon.rs/index.php

U VSP-u se objavljuju uvodnici, originalni lanci, prethodna ili
kratka saopštenja, revijski radovi tipa opšteg pregleda (uz uslov da
autori navo enjem najmanje 5 autocitata potvrde da su eksperti u oblasti
o kojoj pišu), aktuelne teme ili metaanalize, kazuistika, lanci iz isto-
rije medicine, li ni stavovi, naru eni komentari, pisma uredništvu, izve-
štaji sa nau nih i stru nih skupova, prikazi knjiga, referati iz nau ne i
stru ne literature i drugi prilozi. Radovi tipa originalnih lanaka, pretho-
dnih ili kratkih saopštenja, metaanalize i kazuistike objavljuju se uz ap-
strakte na srpskom i engleskom jeziku.

Rukopis se piše sa proredom 1,5 sa levom marginom od 4 cm. Koris-
titi font veli ine 12, a na elno izbegavati upotrebu bold i italic slova, koja
su rezervisana za podnaslove. Originalni lanci, opšti pregledi i metaanali-
ze ne smeju prelaziti 16 stranica (sa prilozima); aktuelne teme – osam, ka-
zuistika – šest, prethodna saopštenja – pet, a pisma uredniku, izveštaji sa
skupova i prikazi knjiga – dve stranice.

U celom radu obavezno je koriš enje me unarodnog sistema mera
(SI) i standardnih me unarodno prihva enih termina.

Za obradu teksta koristiti program Word for Windows verzije 97,
2000, XP ili 2003. Za izradu grafi kih priloga koristiti standardne gra-
fi ke programe za Windows, poželjno iz programskog paketa Micro-
soft Office (Excel, Word Graph). Kod kompjuterske izrade grafika
izbegavati upotrebu boja i sen enja pozadine.

Prispeli radovi kao anonimni podležu ure iva koj obradi i recenziji
najmanje dva urednika/recenzenta. Primedbe i sugestije uredni-
ka/recenzenata dostavljaju se autoru radi kona nog oblikovanja. Pre ob-
jave, rad se upu uje koresponding autoru na kona nu saglasnost.

Priprema rada

Delovi rada su: naslovna strana, apstrakt sa klju nim re ima,
tekst i literatura.

1. Naslovna strana
a) Naslov treba da bude kratak, jasan i informativan i da odgovara

sadržaju rada. Podnaslove treba izbegavati.
b) Ispisuju se puna imena i prezimena autora.
c) Navode se puni nazivi ustanove i organizacijske jedinice u kojima

je rad obavljen i mesta u kojima se ustanove nalaze, sa jasnim obeleža-
vanjem odakle je autor, koriste i standardne znake za fus-note.

2. Apstrakt i klju ne re i
Na drugoj stranici nalazi se strukturisani apstrakt sa naslovom rada.

Kratkim re enicama na srpskom i engleskom jeziku iznosi se uvod i
cilj rada, osnovne procedure - metode (izbor ispitanika ili laboratorij-
skih životinja; metode posmatranja i analize), glavni nalazi - rezultati
(konkretni podaci i njihova statisti ka zna ajnost) i glavni zaklju ak.
Naglasiti nove i zna ajne aspekte studije ili zapažanja. Strukturisani
apstrakt (250 re i) ima podnaslove: uvod/cilj, metode, rezultati i zak-
lju ak. Za apstrakte na engleskom dozvoljeno je i do 450 re i. Struk-
turisani apstrakt je obavezan za metaanalize (istog obima kao i za ori-
ginalne lanke) i kazuistiku (do 150 re i, sa podnaslovima uvod, pri-
kaz slu aja i zaklju ak). Ispod apstrakta, pod podnaslovom „Klju ne
re i“ predložiti 3–10 klju nih re i ili kratkih izraza koji oslikavaju sa-
držinu lanka.

3. Tekst lanka
Tekst sadrži slede a poglavlja: uvod, metode, rezultate i diskusiju.

Zaklju ak može da bude posebno poglavlje ili se iznosi u poslednjem
pasusu diskusije. U uvodu ponovo napisati naslov rada, bez navo enja

autora. Navesti hipotezu (ukoliko je ima) i ciljeve rada. Ukratko izneti
razloge za studiju ili posmatranje. Navesti samo strogo relevantne po-
datke iz literature i ne iznositi opširna razmatranja o predmetu rada, kao
ni podatke ili zaklju ke iz rada o kome se izveštava.

Metode. Jasno opisati izbor metoda posmatranja ili eksperimentnih
metoda (ispitanici ili eksperimentne životinje, uklju uju i kontrolne).
Identifikovati metode, aparaturu (ime i adresa proizvo a a u zagradi) i
proceduru, dovoljno detaljno da se drugim autorima omogu i reproduk-
cija rezultata. Navesti podatke iz literature za uhodane metode, uklju u-
ju i i statisti ke. Ta no identifikovati sve primenjene lekove i hemika-
lije, uklju uju i generi ko ime, doze i na ine davanja. Za ispitivanja na
ljudima i životinjama navesti saglasnost eti kog komiteta.

Rezultate prikazati logi kim redosledom u tekstu, tabelama i ilustra-
cijama. U tekstu naglasiti ili sumirati samo zna ajna zapažanja.

U diskusiji naglasiti nove i zna ajne aspekte studije i izvedene zak-
lju ke. Posmatranja dovesti u vezu sa drugim relevantnim studijama, u
na elu iz poslednje tri godine, a samo izuzetno i starijim. Povezati zak-
lju ke sa ciljevima rada, ali izbegavati nesumnjive tvrdnje i one zaklju -
ke koje podaci iz rada ne podržavaju u potpunosti.

Literatura

Literatura se u radu citira kao superskript, a popisuje rednim broje-
vima pod kojima se citat pojavljuje u tekstu. Navode se svi autori, ali
ako broj prelazi šest, n a v o d i  s e  p r v i h  š e s t  i  dodaje et
al. Svi podaci o citiranoj literaturi moraju biti t a n i . Literatura se u
celini citira na engleskom jeziku, a iza naslova se navodi jezik lanka u
zagradi. Ne prihvata se citiranje apstrakata, sekundarnih publikacija,
usmenih saopštenja, neobjavljenih radova, službenih i poverljivih do-
kumenata. Radovi koji su prihva eni za štampu, ali još nisu objavljeni,
navode se uz dodatak „u štampi“. Rukopisi koji su predati, ali još nisu
prihva eni za štampu, u tekstu se citiraju kao „neobjavljeni podaci“ (u
zagradi). Podaci sa Interneta citiraju se uz navo enje datuma.

Primeri referenci:
urovi  BM. Endothelial trauma in the surgery of cataract. Vojno-

sanit Pregl 2004; 61(5): 491–7. (Serbian)

Balint B. From the haemotherapy to the haemomodulation. Beo-
grad: Zavod za udžbenike i nastavna sredstva; 2001. (Serbian)

Mladenovi  T, Kandolf L, Mijuškovi  ŽP. Lasers in dermatology. In:
Karadagli , editor. Dermatology. Beograd: Vojnoizdava ki zavod &
Verzal Press; 2000. p. 1437–49. (Serbian)

Christensen S, Oppacher F. An analysis of Koza's computational ef-
fort statistic for genetic programming. In: Foster JA, Lutton E, Miller J,
Ryan C, Tettamanzi AG, editors. Genetic programming. EuroGP 2002:
Proceedings of the 5th European Conference on Genetic Programming;
2002 Apr 3-5; Kinsdale, Ireland. Berlin: Springer; 2002. p. 182-91.

Abood S. Quality improvement initiative in nursing homes: the
ANA acts in an advisory role. Am J Nurs [serial on the Internet]. 2002
Jun [cited 2002 Aug 12]; 102(6): [about 3 p.]. Available from:
http://www.nursingworld.org/AJN/2002/june/Wawatch.htm

Tabele

Sve tabele pripremaju se sa proredom 1,5 na posebnom listu. Obele-
žavaju se arapskim brojevima, redosledom pojavljivanja, u desnom uglu
(Tabela 1), a svakoj se daje kratak naslov. Objašnjenja se daju u fus-
noti, ne u zaglavlju. Za fus-notu koristiti slede e simbole ovim redosle-
dom: *, †, ‡, §, ||, ¶, **, ††, ... . Svaka tabela mora da se pomene u tek-
stu. Ako se koriste tu i podaci, obavezno ih navesti kao i svaki drugi po-
datak iz literature.

Ilustracije

Slikama se zovu svi oblici grafi kih priloga i predaju se kao dopun-
ske datoteke u sistemu aseestant. Slova, brojevi i simboli treba da su ja-
sni i ujedna eni, a dovoljne veli ine da prilikom umanjivanja budu it-
ljivi. Slike treba da budu jasne i obeležene brojevima, onim redom kojim
se navode u tekstu (Sl. 1; Sl. 2 itd.). Ukoliko je slika ve  negde objav-
ljena, obavezno citirati izvor.

Legende za ilustracije pisati na posebnom listu, koriste i arapske
brojeve. Ukoliko se koriste simboli, strelice, brojevi ili slova za ob-
jašnjavanje pojedinog dela ilustracije, svaki pojedina no treba objasniti
u legendi. Za fotomikrografije navesti metod bojenja i podatak o uve a-
nju.

Skra enice i simboli

Koristiti samo standardne skra enice, izuzev u naslovu i apstraktu.
Pun naziv sa skra enicom u zagradi treba dati kod prvog pominjanja u
tekstu.

Detaljno uputstvo može se dobiti u redakciji ili na sajtu:

www.vma.mod.gov.rs/vsp/download/uputstvo_za_autore.pdf.
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INSTRUCTIONS TO AUTHORS

Vojnosanitetski pregled (VSP) publishes only not previously pub-
lished nor submitted papers in any other journals in the order deter-
mined by the Editorial Board. The following should be enclosed with
the manuscript: a statement that the paper has not been submitted or
accepted for publication elsewhere, a statement specifiing the actual
contribution of each co-coautor, a consent signed by all the authors
that the paper could be submitted; the name, exact address, phone
number, and e-mail address of the first author and co-authors. VSP re-
serves all copyrights.

From January 1, 2012 the Vojnosanitetski pregled has been edited
using the service e-Ur: Electronic Journal Editing.

All users of the system: authors, editors and reviewrs have to be
registrated users with only one e-mail address.  Registration should
be made on the web-address:

http://scindeks-eur.ceon.rs/index.php/vsp

VSP publishes: editorials, original articles, short communications,
reviews/meta-analyses, case reports, from the medical history (general
or military), personal views, invited comments, letters to the editor, reports
from scientific meetings, book reviews, extensive abstracts of interesting
articles from foreign language journals, and other contributions. Original
articles, short communications, meta-analyses and case reports are pub-
lished with abstracts in both English and Serbian.

General review papers will be accepted by the Editorial Board only if
the authors prove themselves as the experts in the fields they write on by
citing not less than 5 self-citations.

Papers should be written on IBM-compatible PC, using 12 pt font, and
double spacing, with at least 4 cm left margin. Bold and italic letters
should be avoided. Observational and experimental articles, reviews and
meta-analyses, should not exceed 16 pages (including tables and illus-
trations); case reports – 6; short communications – 5; letters to the Edi-
tor, reports on scientific meetings and book reviews – 2.

All measurements should be reported in the metric system in
terms of the International System of Units (SI). Standard, interna-
tionally accepted terms should be used.

MS Word for Windows (97, 2000, XP, 2003) is recommended for
word processing; other programs are to be used only exceptionally. Il-
lustrations should be made using standard Windows programs. Avoid
the use of colors in graphs.

Papers are reviewed anonymously by at least two editors and/or in-
vited reviewers. Remarks and suggestions are sent to the author for final
composition. Galley proofs are sent to the first author for corrections
that should be returned within 3 days. Manuscripts accepted for publica-
tion are not being returned.

Preparation of manuscript

Parts of the manuscript are: Title page; Abstract with key words;
Text; References.

1. Title page
a) The title should be concise but informative. Subheadings should be

avoided;

b) Full name of each author;

c) Name and place of department(s) and institution(s) of affiliation,
clearly marked by standard footnote signs.

2. Abstract and key words
The second page should carry a structured abstract with the title for

original articles, metanalyses and case reports. The abstract should state
the purposes of the study or investigation, basic procedures (selection of
study subjects or laboratory animals; observational and analytical meth-
ods), main findings (giving specific data and their statistical signifi-
cance, if possible), and the principal conclusions. It should emphasize
new and important aspects of the study or observations. S t r u c -
t u r e d  abstract should contain typical subtitles: background/aim,
methods, results and conclusion. The abstract for metaanalyses and obr-
ginal papers should have up to 450 words, and up to 150 words for case
reports (with subtitles background, case report, conclusion). Below the
abstract authors should provide, and identify as such, 3–10 key words or
short phrases that will assist indexers in cross-indexing the article and
will be published with the abstract.

3. Text
The text of original articles is divided into sections with the headings:

Introduction, Methods, Results, and Discussion. Long articles may
need subheadings within some sections to clarify their content.

In the Introduction repeat the title of the article, excluding the names
of authors. State the purpose of the article and summarize the rationale
for the study or observation. Give only strictly pertinent references and
do not include data or conclusions from the work being reported.

Methods. Describe your selection of the observational or experimen-
tal subjects (patients or experimental animals, including controls)
clearly. Identify the methods, apparatus (manufacturer's name and ad-
dress in parentheses), and procedures in sufficient detail to allow other
workers to reproduce the results. Give references to established meth-
ods, including statistical methods. Identify precisely all drugs and
chemicals used, with generic name(s), dose(s), and route(s) of admini-
stration. State the approvement of the Ethnics Committe for the tests in
humans and enimals.

Results should be presented in logical sequence in the text, tables and
illustrations. Emphasize or summarize only important observations.

Discussion is to emphasize the new and important aspects of the study
and the conclusions that result from them. Relate the observations to
other relevant studies. Link the conclusions with the goals of the study,
but avoid unqualified statements and conclusions not completely sup-
ported by your data.

References

References should be superscripted and numbered consecutively in the
order in which they are first mentioned in the text. The references must
be verified by the author(s) against the original document. List all
authors, but if the number exceeds 6, give 6 followed by et al. Do not
use abstracts, secondary publications, oral communications, unpublished
papers, official and classified documents. References to papers accepted
but not yet published should be designated as ”in press“.  Information
from manuscripts not yet accepted should be cited in the text as ”unpub-
lished observations“. References are cited according to the International
Committee of Medical Journal Editors. Uniform Requirements for
Manuscripts Submitted to Biomedical Journals. Ann Intern Med 1997;
126: 36–47. Updated October 2001.

Examples of references:
Jurhar-Pavlova M, Petlichkovski A, TrajkovD, Efinska-Mladenovska O,
Arsov T, Strezova A, et al. Influence of the elevated ambient temperature
on immunoglobulin G and immunoglobulin G subclasses in sera of
Wistar rats. Vojnosanit Pregl 2003; 60(6): 657–612.

DiMaio VJ. Forensic Pathology. 2nd ed. Boca Raton: CRC Press; 2001.

Blinder MA. Anemia and Transfusion Therapy. In: Ahya NS, Flood K,
Paranjothi S, editors. The Washington Manual of Medical Therapeutics, 30th
edition. Boston: Lippincot, Williams and Wilkins; 2001. p. 413-28.
Christensen S, Oppacher F. An analysis of Koza's computational effort
statistic for genetic programming. In: Foster JA, Lutton E, Miller J,
Ryan C, Tettamanzi AG, editors. Genetic programming. EuroGP 2002:
Proceedings of the 5th European Conference on Genetic Programming;
2002 Apr 3-5; Kinsdale, Ireland. Berlin: Springer; 2002. p. 182-91.

Abood S. Quality improvement initiative in nursing homes: the ANA
acts in an advisory role. Am J Nurs [serial on the Internet]. 2002 Jun
[cited 2002 Aug 12]; 102(6): [about 3 p.]. Available from:
http://www.nursingworld.org/AJN/2002/june/Wawatch.htm

Tables
Each table should typed double-spaced on a separate sheet, numbered

in the order of their first citation in the text in the upper right corner and
supplied with a brief title each. Explanatory notes are printed under a ta-
ble, using the following symbols, in this sequence: *, †, ‡, §, ||, ¶, **, ††,
... .  Each table has to be mentioned in the text. If you use data from an-
other source, acknowledge fully.

Illustrations
Figures are submitted as photos which should be sharp. Letters, num-

bers, and symbols should be clear and even throughout and of sufficient
size that when reduced for publication, each item will still be legible.
Each figure should have a label on its back indicating the number of the
figure, author's name, and top of the figure. If a figure has been pub-
lished, acknowledge the original source.

Legends for illustrations are typed on a separate page, with arabic nu-
merals corresponding to the illustrations. Identify and explain each one
clearly in the legend symbols, arrows, numbers, or letters used to iden-
tify parts of the illustrations. Explain the method of staining in photomi-
crographs.

Abbreviations and symbols
Use only standard abbreviations. Avoid abbreviations in the title and

abstracts. The full term for which an abbreviation stands should precede
its first use in the text.

Detailed Instructions are available at the web site:
www.vma.mod.gov.rs/vsp/download/instructions_to_authors.pdf.



V
O

JN
O

SA
N

IT
E

T
SK

I 
P

R
E

G
L

E
D

V
O

JN
O

M
E

D
IC

IN
SK

A
 A

K
A

D
E

M
IJ

A
Cr

no
tra

vs
ka

 1
7,

 1
10

40
 B

eo
gr

ad
,S

rb
ija

Te
l/

Fa
x:

 +
38

1 
11

 2
66

96
89

vm
ain

i1
@

E
U

ne
t.r

s
vm

av
sp

@
ho

tm
ail

.co
m

as
op

is 
„V

oj
no

sa
ni

te
ts

ki
 p

re
gl

ed
“ 

iz
laz

i g
od

išn
je 

u 
12

 b
ro

je
va

.
G

od
išn

ja 
pr

et
pl

at
a 

za
 2

01
4.

 g
od

in
u 

izn
os

i: 
5 

00
0 

di
na

ra
 z

a 
gr

a
an

e 
Sr

bi
je,

10
 0

00
 d

in
ar

a 
za

 u
sta

no
ve

 iz
 S

rb
ije

 i 
15

0 
€ 

za
 st

ra
ne

 d
rž

av
lja

ne
 i 

us
ta

no
ve

. P
re

tp
lat

e:
Ži

ro
 r

a
un

 b
r. 

84
0-

31
48

49
-7

0 
M

O
 –

 S
re

ds
tv

a 
ob

jed
in

jen
e 

na
pl

at
e 

– 
V

M
A

 (
za

V
oj

no
sa

ni
te

tsk
i p

re
gl

ed
), 

po
ziv

 n
a 

br
oj

 1
22

74
23

12
95

52
14

15
. U

pl
at

ni
cu

 (
do

ka
z 

o
up

lat
i) 

do
sta

vi
ti 

li
no

 il
i p

oš
to

m
 (p

ism
om

, f
ak

so
m

, 
-m

ail
-o

m
). 

Za
 z

ap
os

len
e 

u 
M

O
 i

V
oj

sc
i S

rb
ije

 m
og

u
a 

je 
i p

re
tp

lat
a 

u 
12

 m
es

e
ni

h 
ra

ta
 p

ut
em

 t
ra

jn
og

 n
alo

ga
, t

j.
„o

db
ija

nj
em

 o
d 

pl
at

e“
. P

op
un

jen
 o

br
az

ac
 p

os
lat

i n
a a

dr
es

u 
V

SP
-a

.

P
R

IJ
A

V
A

 Z
A

 P
R

E
T

P
L

A
T

U
 N

A
 

A
SO

P
IS

„V
O

JN
O

SA
N

IT
E

T
SK

I 
P

R
E

G
L

E
D

“

Im
e 

i p
re

zi
m

e 
ili

 n
az

iv
 u

st
an

ov
e

Je
di

ns
tv

en
i m

at
i

ni
 b

ro
j g

ra
an

a
Po

re
sk

i i
de

nt
ifi

ka
cio

ni
 b

ro
j (

PI
B)

za
 u

st
an

ov
e

M
es

to
U

lic
a 

i b
ro

j
Te

le
fo

n 
/ 

te
le

fa
ks

Pr
et

pl
at

a 
na

 
as

op
is 

„V
oj

no
sa

ni
te

ts
ki

 p
re

gl
ed

“ 
(z

ao
kr

už
iti

):
1.

Li
no

. D
ok

az
 o

 p
re

tp
lat

i d
os

ta
vl

jam
 u

z 
ov

u 
pr

ija
vu

.
2.

Z
a 

pr
ip

ad
ni

ke
 M

O
 i

 V
oj

sk
e 

Sr
bi

je
: 

D
aje

m
 s

ag
las

no
st

 d
a 

se
pr

ili
ko

m
 is

pl
at

e 
pl

at
a 

u 
Ra

un
ov

od
st

ve
no

m
 c

en
tru

 M
O

 iz
 m

oj
ih

pr
in

ad
le

žn
os

ti 
ob

us
ta

vl
ja 

iz
no

s m
es

e
ne

 ra
te

 (p
re

tp
lat

e)
.

3.
V

irm
an

om
 p

o 
pr

ije
m

u 
pr

of
ak

tu
re

.

D
at

um
 _

__
__

__
__

__
__

__
_

Po
tp

is
__

__
__

__
__

__
__

__
__

__
__

V
O

JN
O

SA
N

IT
E

T
SK

I 
P

R
E

G
L

E
D

V
O

JN
O

M
E

D
IC

IN
SK

A
 A

K
A

D
E

M
IJ

A
Cr

no
tra

vs
ka

 1
7,

 1
10

40
 B

eo
gr

ad
,S

rb
ija

Te
l/

Fa
x:

 +
38

1 
11

 2
66

96
89

vm
ain

i1
@

E
U

ne
t.r

s
vm

av
sp

@
ho

tm
ail

.co
m

as
op

is 
„V

oj
no

sa
ni

te
ts

ki
 p

re
gl

ed
“ 

iz
laz

i g
od

išn
je 

u 
12

 b
ro

je
va

.
G

od
išn

ja 
pr

et
pl

at
a 

za
 2

01
4.

 g
od

in
u 

izn
os

i: 
5 

00
0 

di
na

ra
 z

a 
gr

a
an

e 
Sr

bi
je,

10
 0

00
 d

in
ar

a 
za

 u
sta

no
ve

 iz
 S

rb
ije

 i 
15

0 
€ 

za
 st

ra
ne

 d
rž

av
lja

ne
 i 

us
ta

no
ve

. P
re

tp
lat

e:
žir

o 
ra

un
 b

r. 
84

0-
31

48
49

-7
0 

M
O

 –
 S

re
ds

tv
a 

ob
jed

in
jen

e 
na

pl
at

e 
– 

V
M

A
 (

za
V

oj
no

sa
ni

te
tsk

i p
re

gl
ed

), 
po

ziv
 n

a 
br

oj
 1

22
74

23
12

95
52

14
15

. U
pl

at
ni

cu
 (

do
ka

z 
o

up
lat

i) 
do

sta
vi

ti 
li

no
 il

i p
oš

to
m

 (p
ism

om
, f

ak
so

m
, 

-m
ail

-o
m

). 
Za

 z
ap

os
len

e 
u 

M
O

 i
V

oj
sc

i S
rb

ije
 m

og
u

a 
je 

i p
re

tp
lat

a 
u 

12
 m

es
e

ni
h 

ra
ta

 p
ut

em
 t

ra
jn

og
 n

alo
ga

, t
j.

„o
db

ija
nj

em
 o

d 
pl

at
e“

. P
op

un
jen

 o
br

az
ac

 p
os

lat
i n

a a
dr

es
u 

V
SP

-a
.

P
R

IJ
A

V
A

 Z
A

 P
R

E
T

P
L

A
T

U
 N

A
 

A
SO

P
IS

„V
O

JN
O

SA
N

IT
E

T
SK

I 
P

R
E

G
L

E
D

“

Im
e 

i p
re

zi
m

e 
ili

 n
az

iv
 u

st
an

ov
e

Je
di

ns
tv

en
i m

at
i

ni
 b

ro
j g

ra
an

a
Po

re
sk

i i
de

nt
ifi

ka
cio

ni
 b

ro
j (

PI
B)

za
 u

st
an

ov
e

M
es

to
U

lic
a 

i b
ro

j
Te

le
fo

n 
/ 

te
le

fa
ks

Pr
et

pl
at

a 
na

 
as

op
is 

„V
oj

no
sa

ni
te

ts
ki

 p
re

gl
ed

“ 
(z

ao
kr

už
iti

):
1.

Li
no

. D
ok

az
 o

 p
re

tp
lat

i d
os

ta
vl

jam
 u

z 
ov

u 
pr

ija
vu

.
2.

Z
a 

pr
ip

ad
ni

ke
 M

O
 i

 V
oj

sk
e 

Sr
bi

je
: 

D
aje

m
 s

ag
las

no
st

 d
a 

se
pr

ili
ko

m
 i

sp
lat

e 
pl

at
a 

u 
Ra

un
ov

od
st

ve
no

m
 c

en
tru

 M
O

 i
z

m
oj

ih
 p

rin
ad

lež
no

st
i o

bu
st

av
lja

 iz
no

s m
es

e
ne

 ra
te

 (p
re

tp
lat

e)
.

3.
V

irm
an

om
 p

o 
pr

ije
m

u 
pr

of
ak

tu
re

.

D
at

um
 _

__
__

__
__

__
__

__
_

Po
tp

is
__

__
__

__
__

__
__

__
__

__
__


