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Abstract

Introduction: Orthopantomography is amongst the most commonly used dental imaging modalities.
Calcifications in the projection of carotids on orthopantomographs are found in 3-15% of general
population and commonly represent calcified atherosclerotic plaques. Carotid atherosclerotic chang-
es are one of the most frequent causes of stroke, which is the second most common cause of death
and the leading cause of disability globally. Our aim was to determine the relationship between cal-
cifications in the projection of carotids on orthopantomographs, carotid stenosis and stroke, and the
correlation between stroke risk factors, calcifications on orthopantomographs and the degree of ca-
rotid stenosis. Materials and methods: Doppler ultrasound and brain MRI were performed in 41 pa-
tients with unilateral or bilateral calcifications on orthopantomographs. Anamnestic data relevant to
stroke risk were gathered. Results: Significant stenosis >50% was found in almost 15% of our pa-
tients. There was a significant correlation between hypertension and carotid calcifications. No statis-
tically significant correlation between calcifications and significant stenosis was found. Patients with
previous stroke were approximiately 5 years older than those without stroke. Conclusion: Prelimi-
nary results show no statistically significant correlation between calcifications on orthopantomogra-
phy and significant carotid stenosis, but further investigation is needed.
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Introduction

Stroke is the second most common cause of death and the
leading cause of adult disability worldwide. In 2019, there
have been 12.2 million strokes and 6.5 million stroke-related
deaths globally (1,2). There are 1.1 million strokes and conse-
quently 440.000 deaths in the European Union annually (3).

Atherosclerotic changes of extracranial arteries, especial-
ly carotids, are one of the most common causes of stroke.
They are associated with clot formation at the site of a plaque
or, more commonly, with the embolization distally, and
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Uvod

Mozdani udar drugi je najées¢i uzrok smrti i vode¢i uzrok
invalidnosti u odrasloj populaciji u svijetu. U 2019. godini
globalno je bilo 12,2 milijuna mozdanih udara i 6,5 miliju-
na smrti povezanih s mozdanim udarom (1, 2). Na godinu u
Europskoj uniji od mozdanoga udara oboli 1,1 milijun ljudi,
a posljedi¢no umre 440 000 (3).

Aterosklerotske promjene ekstrakranijalnih arterija, pose-
bice karotida, jedan su od najées¢ih uzroka mozdanoga uda-
ra. Povezane su sa stvaranjem ugruska na mjestu plaka ili ce-
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therefore responsible for approximately 50% of all ischemic
strokes (4). The most important risk factors for atheroscle-
rosis are age, male sex, hypertension, dyslipidemia, diabetes
mellitus, high body mass index (BMI), metabolic syndrome,
previous cardiovascular and cerebrovascular diseases, hyper-
coagulative state, physical inactivity and smoking (5,0). Ath-
erosclerotic changes of carotids are most commonly found
at the bifurcation and in the proximal 1-2cm of the internal
carotid artery (7,8). The plaques can calcify and thus can be
seen radiographically.

Orthopantomography (OPG) is one of the most fre-
quently used X-ray imaging methods in dental medicine.
Due to its large field of view, the most susceptible area for ca-
rotid atherosclerotic plaques is shown on most OPGs. Cal-
cified plaques are usually seen as one or more nodular, ver-
ticolinear or irregular mineral opacities, 1.5cm inferior and
2.5cm posterior to mandibular angle, at the level of C3 and
C4 vertebra, unilaterally or bilaterally (8,9). They should ra-
diomorphologically be differentiated from the hyoid bone,
styloid process, thyroid cartilage, epiglottis, stylohyoid and
stylomandibular ligament calcifications, tonsiloliths, sialo-
liths, calcified lymph nodes, and especially the triticeal carti-
lage (8-14). The prevalence of calcifications in the projection
of carotids on OPGs ranges from 3-15% in general popula-
tion (4,8,12,15,16), but it is higher in diabetics, persons with
metabolic syndrome (11,17), in physically inactive individu-
als (18) and smokers (18,19).

Color Doppler ultrasound (CD-US) is considered to be
the method of choice for diagnosing carotid artery athero-
sclerotic changes, and determining their degree of stenosis
by numerous authors (4,5,16,19), due to its high sensitivity
and specificity (98%, respectively 88% for PSV (peak systol-
ic velocity) > 130cm/s and stenosis > 50%, and 90%, respec-
tively 94% for PSV > 200cm/s and stenosis > 70%) (20). It
is highy-available and allows for the real-time analysis of ves-
sel morphology, inner plaque structure, blood flow direction
and velocity, as well as the estimation of the stenosis degree.

Brain magnetic resonance imaging (MRI) is the domi-
nant imaging modality for brain parenchyma due to its supe-
rior contrast resolution for soft tissues, and therefore is a very
sensitive method for detecting the signs of brain vessel ath-
erosclerotic disease and stroke.

A number of studies have mentioned the clinical impor-
tance of noticing the calcifications in the projection of ca-
rotids on orthopantomographs (4,5,11-13,15,20) due to the
correlation between the atherosclerotic carotid plaques and
stroke (5,6,11,12,21), but the relationship between the cal-
cifications and the significant carotid artery stenosis (>50%)
remains indeterminate (4,15,22-24).

In this study we evaluated the correlation between the
calcifications in the projection of carotid arteries on OPGs
and the carotid stenosis degree on CD-US. Our hypothesis
was that the presence of calcifications in the projection of ca-
rotids on OPGs incidated a cartoid stenosis >50 % on CD-
US. We also analyzed the relationship between stroke risk
factors, calcifications in the carotid artery projection on OP-
Gs and the degree of carotid stenosis, as well as the frequen-
cy of gathered sociodemographic data, habits and previous
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$¢e s distalnom embolizacijom, te su odgovorne za priblizno
50 % ishemijskih mozdanih udara (4). Najvazniji ¢imbeni-
ci rizika za aterosklerozu su dob, muski spol, hipertenzija,
dislipidemija, dijabetes melitus, visoki indeks tjelesne mase
(BMI), metabolicki sindrom, prethodne kardiovaskularne i
cerebrovaskularne bolesti, hiperkoagulativna stanja, tjelesna
neaktivnost i pusenje (5, 6). Aterosklerotske promjene karo-
tida najces¢e se nalaze na bifurkaciji i u proksimalnih 1 do 2
cm unutarnje karotidne arterije (7, 8). Plakovi mogu kalcifi-
cirati i stoga biti vidljivi na rendgenskim snimkama.

Ortopantomografija jedna je od najcesée koristenih rend-
genskih slikovnih metoda u dentalnoj medicini. Podrugje ka-
rotidnih arterija najpodloznije nastanku aterosklerotskih pla-
kova vidi se na vedini ortopantomograma zbog velikoga polja
snimanja. Kalcificirani plakovi obi¢no se prikazuju kao jedno
ili viSe nodularnih, vertikolinearnih ili nepravilnih mineral-
nih zasjenjenja 1,5 cm inferiorno i 2,5 cm posteriorno man-
dibularnome kutu, u razini kraljezaka C3 i C4, jednostrano
ili obostrano (8, 9). Radiomorfoloski potrebno ih je razliko-
vati od jezi¢ne kosti, stiloidnoga nastavka, tireoidne hrskavi-
ce, epiglotisa, kalcifikacija stilohioidnoga i stilomandibular-
noga ligamenta, tonzilolita, sijalolita i kalcificiranih limfnih
¢&vorova, a posebno triticealne hrskavice (8 — 14). Prevalenci-
ja kalcifikacija u projekciji karotidnih arterija na ortopanto-
mogramima kree se od 3 do 15 % u op¢oj populaciji (4, 8,
12, 15, 16), ali je ve¢a u dijabeticara, osoba s metabolickim
sindromom (11, 17), tjelesno neaktivnih osoba (18) i pusa-
¢a (18, 19).

Obojeni doplerski ultrazvuk (CD-UZV) mnogobrojni
autori (4, 5, 16, 19) smatraju metodom izbora za dijagno-
stiku aterosklerotskih promjena karotidnih arterija i odredi-
vanje stupnja stenoze zbog njegove visoke osjetljivosti i spe-
cifiénosti (98 %, odnosno 88 % za najvisu sistolicku brzinu
— PSV (engl. peak systolic velocity) > 130 cm/s i stenozu = 50
%, te 90 %, odnosno 94 % za PSV > 200 cm/s i stenozu = 70
%) (20). To je visoko dostupna metoda koja omogucuje ana-
lizu morfologije krvnih 7ila, unutarnje strukeure plaka, smje-
ra i brzine protoka krvi u stvarnom vremenu i odredivanje
stupnja stenoze arterije.

Magnetska rezonancija (MR) mozga dominantna je sli-
kovna metoda za prikaz mozdanoga parenhima zbog visoke
kontrastne rezolucije za meka tkiva pa je zato vrlo osjetljiva za
prikaz mozdanoga udara i znakova aterosklerotskih promjena
krvnih zila u mozgu.

U nizu studija autori isticu klinicku vaznost uocavanja
kalcifikacija u projekciji karotidnih arterija na ortopantomo-
gramima (4, 5, 11 — 13, 15, 20) zbog povezanosti ateroskle-
rotskih plakova karotida i mozdanoga udara (5, 6, 11, 12,
21), no korelacija kalcifikacija i znacajne stenoze karotidnih
arterija (>50 %) jo$ je uvijek nedovoljno istrazena (4, 15, 22
- 24).

U ovoj studiji ispitivana je povezanost kalcifikacija u pro-
jekciji karotidnih arterija na ortopantomogramima i stupnja
karotidne stenoze na CD-UZV-u. Postavljena je hipoteza da
prisutnost kalcifikacija u projekiji karotidnih arterija na or-
topantomogramu upucuje na stenozu karotidnih arterija >
50 % na CD-UZV-u. Analiziran je i odnos ¢imbenika rizi-
ka za mozdani udar, kalcifikacija u projekciji karotidnih ar-
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cerebrovascular/cardiovascular diseases of the examinees. The
prevalence of stroke on brain MRI among the patients with
carotid artery calcifications has also been investigated, as well
as the difference among the risk factors and the stenosis de-
gree between the patients with the stroke and the patients
with no previous stroke.

Material and methods

The study has been conducted at the Department of
General and Dental Radiology, School of Dental medicine,
University of Zagreb, and at the Department of Diagnostic
and Interventional Radiology, University Hospital Center
(UHC) Sestre milosrdnice in Zagreb. It has been approved
by the Ethics Committee of UHC Sestre milosrdnice in Za-
greb, and by the Ethics Committee of School of Dental Med-
icine, University of Zagreb.

Participants

Examinees in this study were patients with either unilat-
eral or bilateral calcifications in the projection of carotids on
the OPGs. All OPGs were previously taken due to dental in-
dications, at the UHC Sestre milosrdnice and at the School
of Dental Medicine, University of Zagreb. The patients have
all been informed and have consented to participate in the
study.

We are showing the preliminary results of this study,
gathered on 41 patients.

Procedures

743 digital OPGs in DICOM format, obtained in Sep-
tember and October 2021, have been analyzed by a board-
certified radiologist, using the digital orthopantomography
software (Scanora). Unilateral or bilateral calcifications in the
projection of carotids, radiomorphologically suspicious for
atherosclerotic plaques (Figure 1), have been detected in 60
patients (8.07%). 41 patients consented to participate in the
study and fulfilled the study inclusion criteria (no contrain-
dications for MRI, 50 year old or older).

CD-US of carotid arteries and the brain MRI have been
performed at the Deparment of Diagnostic and Intervention-
al Radiology, UHC Sestre milosrdnice, Zagreb, Croatia. Ca-
rotid CD ultrasound was performed using a GE Healthcare
Logiq S8 from 2018, and MRI with a Siemens Aera 1.5T

Otkrivanje stenoze karotidnih arterija

terija na ortopantomogramima i stupnja karotidne stenoze i
ucestalost prikupljenih sociodemografskih obiljezja, navika i
dosadasnjih cerebrovaskularnih/kardiovaskularnih bolesti is-
pitanika. Takoder smo Zeljeli odredili prevalenciju preboljelo-
ga mozdanoga udara na MR-u mozga bolesnika s kalcifikaci-
jama karotidnih arterija te razliku izmedu ¢imbenika rizika i
stupnja stenoze bolesnika s preboljelim mozdanim udarom i
onih bez prethodnoga mozdanog udara.

Materijal i metode

Istrazivanje je provedeno na Katedri za opéu i dentalnu
radiologiju Stomatoloskog fakulteta Sveucilista u Zagrebu te
u Zavodu za dijagnosticku i intervencijsku radiologiju KBC-
a Sestre milosrdnice u Zagrebu. Odobrilo ga je Eticko povje-
renstvo KBC-a Sestre milosrdnice te Eticko povjerenstvo Sto-
matoloskog fakulteta Sveudilista u Zagrebu.

Ispitanici

U istrazivanje su ukljuceni pacijenti s jednostranim ili
obostranim  kalcifikacijama u projekciji karotidnih arterija
na ortopantomogramima. Ortopantomogrami su snimljeni
zbog stomatoloskih indikacija u KBC-u Sestre milosrdnice i
na Stomatoloskom fakultetu Sveudilista u Zagrebu. Svi ispi-
tanici pristali su sudjelovati u studiji i potpisali su informira-
ni pristanak.

Prikazani su preliminarni rezultati studije prikupljeni za
41 pacijenta.

Metode

U rujnu i listopadu 2021. snimljena su 743 digitalna or-
topantomograma u DICOM formatu koja su pregledali spe-
cijalisti klinicke radiologije koriste¢i se softverom za digital-
nu ortopantomografiju (Scanora). Unilateralne ili bilateralne
kalcifikacije u projekciji karotidnih arterija, radiomorfoloski
suspektne za aterosklerotske plakove (slika 1.), otkrivene su
kod 60 pacijenata (8,07 %). U istrazivanju je pristao sudje-
lovati 41 pacijent s ispunjenim kriterijima za uklju¢ivanje u
studiju (bez kontraindikacija za MR, 50 godina ili vise).

CD-UZYV Kkarotidnih arterija i MR mozga u¢injeni su u
Zavodu za dijagnosticku i intervencijsku radiologiju KBC-a
Sestre milosrdnice, Zagreb, Hrvatska. Ispitanici su pregleda-
ni doplerskim ultrazvukom na uredaju GE Healthcare Logiq
§8 iz 2018. godine, a MR mozga ucinjen je na aparatu Sie-

Figure 1 Orthopantomograph showing calcifications in projection
of carotids, suggestive of calcified atherosclerotic
plaques.

Slika 1. Ortopantomogram pokazuje kalcifikacije u projekciji
karotidnih arterija koje upucuju na kalcificirane
aterosklerotske plakove
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from 2018. The exams were conducted and read by experi-
enced radiologists.

Bilateral common, internal and proximal external carot-
ids have been examined with ultrasound, using a linear, high-
frequency probe. Grayscale ultrasound, CD ultrasound and
spectral analysis have been performed. The flow velocities
and arterial spectres in common carotid artery (CCA), inter-
nal carotid artery (ICA) and external carotid artery (ECA) on
both sides have been determined, as well as the degree of ste-
nosis. The patients have been divided into two categories —
the first group consisted of patients with stenosis <50%, and
the second group of those with stenosis >50% (considered
clinically significant). The criteria for >50% stenosis were
PSV >125cm/s, with the additional criteria being ICA/CCA
PSV ratio between 2 and 4 and ICA EDV >40cm/s, based
on the Society of Radiologists in Ultrasound (SRU) consen-
sus (25).

Pulsed spin-echo sequences (sagittal T1-weighted imag-
es, axial T2-weighted images), inversion recovery sequence
FLAIR (fluid attenuated inversion recovery), especially sensi-
tive to periventricular and peripheral brain lesions, and the
gradient sequence T2*GRE for the detection of hemosiderin
deposits, have been used in the brain MRI protocol. Changes
in brain morphology and signal intensities concordant with
previous lacunar, small, or large territorial brain infarcts were
analyzed.

Anamnestic data on age, sex, height and weight, smok-
ing, physical activity and existing hypertension, diabetes
mellitus, hyperlipidemia, cardiovascular and cerebrovascu-
lar diseases, i.e. examinees’ sociodemographic characteristics,
functions and previous diseases and treatments relevant for
cerebrovascular disease have also been gathered.

Statistical analysis

Variable intercorrelation has been done by point-biseri-
al correlation coefficient for dichotomous variables, and by
Phi coefficient for two dichotomous variables. The Fisher and
Mann-Whitney U test were conducted for correlation of ste-
nosis degree on CD-US for ACC, ACI and ACE bilaterally
and the calcifications on OPGs on both sides. The correlation
of age and weight with the stroke has been performed using
the Welch t-test, and the correlation between the stroke and
the other risk factors has been done using the Fisher test. The
statistically significant level was set at p=0.05. The statistical
analyses were performed using IBM SPSS Statistics 26 soft-
ware.

Results

Forty-one subjects, among which twenty-cight women
(68.3%) and thirteen men (31.7%) participated in the study,
with the mean age of 66 years (range 52-80). All of them had
calcifications in the projection of carotid arteries on OPGs, ei-
ther unilaterally (N=20; 48.8%) or bilaterally (N=21; 51.2%).

Table1  Number of calcifications in the projection of carotids

detected on orthopantomographs, according to side.
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mens Aera 1.5T iz 2018. godine. Nalaze su o¢itavali iskusni
radiolozi.

Unutarnji i proksimalni dijelovi vanjskih karotidnih ar-
terija obostrano su pregledani ultrazvukom s pomo¢u line-
arne visokofrekventne sonde. Obavljeni su pregledi ultrazvu-
kom u sivoj skali, CD-UZV i spektralna analiza. Odredene
su brzine protoka i arterijski spektri u zajednickoj karotidnoj
arteriji (CCA), unutarnjoj karotidnoj arteriji (ICA) i vanj-
skoj karotidnoj arteriji (ECA) obostrano te stupnjevi steno-
ze. Ispitanici su bili podijeljeni u dvije kategorije — prvu sku-
pinu ¢inili su pacijenti sa stenozom < 50 %, a drugu oni sa
stenozom > 50 % (smatra se klinicki znacajnom). Kriteriji
za > 50 % stenozu bili su PSV > 25 cm/s, uz dodatne kri-
terije ICA/CCA PSV omjer izmedu 2 i 4 i ICA EDV > 40
cm/s, na temelju konsenzusa Drustva radiologa u ultrazvu-
ku (SRU) (25).

U protokolu za MR mozga koristene su pulsne spin-echo
sekvence (sagitalne T1-mjerene snimke, aksijalne T2-mjerene
snimke), sekvenca FLAIR (fluid attenuated inversion recovery)
posebno osjetljiva za periventrikularne i periferno smjeste-
ne lezije mozga i gradijentna sekvenca T2*GRE za otkriva-
nje hemosiderinskih depozita. Analizirale su se promjene u
morfologiji i intenzitetu signala mozdanoga parenhima koje
radiomorfoloski odgovaraju preboljelim lakunarnim, malim
ili velikim teritorijalnim infarktima mozga.

Prikupljeni su i anamnesticki podatci o dobi, spolu, tje-
lesnoj masi i visini, pusenju, tjelesnoj aktivnosti, postojecoj
hipertenziji, $e¢ernoj bolesti, hiperlipidemiji, kardiovaskular-
nim i cerebrovaskularnim bolestima, odnosno o sociodemo-
grafskim znacajkama, funkcijama i navikama te prethodnim
bolestima i lije¢enjima relevantnima za cerebrovaskularne bo-
lesti.

Statisti¢ka analiza

Interkorelacija varijabli radena je pointbiserijalnim koe-
ficijentima korelacije za dihotomne varijable te Phi-koefici-
jentima asocijacije za dvije dihotomne varijable. Fisherov i
Mann-Whitneyjev U test koristeni su za odredivanje korela-
cije stupnja stenoze na CD-UZV-u za ACC, ACI i ACE bila-
teralno i kalcifikacija na ortopantomogramima s obje strane.
Korelacija dobi i tjelesne mase s mozdanim udarom prove-
dena je s pomocu Welchova t-testa, a korelacija mozdanoga
udara i ostalih ¢imbenika rizika Fisherovim testom. Statistic-
ki znacajna razina postavljena je na p = 0,05. Za statisticku
analizu kori$ten je softver IBM-a SPSS Statistics 26.

Rezultati

U istrazivanju je sudjelovao Cetrdeset i jedan ispitanik,
od kojih dvadeset i osam zena (68,3 %) i trinaest muskara-
ca (31,7 %). Prosje¢na dob bila je 66 godina (raspon godi-
na 52 — 80). Svi sudionici imali su kalcifikacije u projekci-
ji karotidnih arterija na ortopantomogramima jednostrano

Tablica 1. Broj kalcifikata u projekciji karotida na
ortopantomogramima, ovisno o strani

Right  Desno Left ¢ Lijevo Bilateral ¢ Obostrano
n % n % n %
32 78.0 30 73.2 20 48.8
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Calcifications were seen on the right side in 32 patients (78%),
and on the left side in 30 patients (73.2%) (Table 1). There
was no statistically relevant correlation between the calcifica-
tions on either side and the risk factors for stroke, except for the
hypertension and the calcifications on the left side (p<0.05).
Negative correlation has been found between the calcifications
on the left and on the right side (p<0.05) (Table 2).

Stenosis of >50% on CD-US was found in 6 patients
(14.63%), overall in 12 arteries. All other patients had ste-
nosis of <50% seen on CD-US (Table 3). No statistically rel-
evant correlation between the significant stenosis on CD-US
and the calcification on the OPG was found.

We have collected our subjects’ sociodemographic and
anamnestic data relevant to stroke risk. Hyperlipidemia was
found in almost two-thirds (63.4%) of our examinees, hy-
pertension was present in more than half (58.5%), diabe-
tes in 12.2%, cardiovascular diseases were found in 26.8%,
and cerebrovascular diseases in 29.3% of our patients. Nine-
teen (46.3%) patients were smokers, with another 12.2%
being former smokers, and 33 (80.5%) were physically ac-
tive (Table 4). Statistically significant intercorrelations were
found between the male sex and weight (p<0.01), as well as
with male sex and hypertension (p<0.05), between female

Table 3

Detection of Carotid Artery Stenosis .

(N = 20; 48,8 %) ili obostrano (N = 21; 51,2 %). Kalcifika-
cije su uocene desno kod 32 bolesnika (78 %), a lijevo kod
njih 30 (73,2 %) (tablica 1.). Nije bilo statisticki znacajne
korelacije izmedu kalcifikacija na bilo kojoj strani i ¢imbe-
nika rizika za mozdani udar, osim za hipertenziju i kalcifi-
kacije na lijevoj strani (p < 0,05). Utvrdena je negativna ko-
relacija izmedu kalcifikacija na lijevoj i desnoj strani (p <
0,05) (tablica 2.).

Stenoza >50 % na CD-UZV-u pronadena je kod 6 paci-
jenata (14,63 %), ukupno u 12 arterija. Svi ostali imali su ste-
nozu < 50 % na CD-UZV-u (tablica 3.). Nije pronadena sta-
tisticki relevantna korelacija izmedu signifikantne stenoze na
CD-UZV-u i kalcifikacija na ortopantomogramima.

Prikupljeni su sociodemografski i anamnesticki podat-
ci ispitanika relevantni za rizik od mozdanoga udara. Hiper-
lipidemiju je imalo gotovo dvije tre¢ine (63,4 %) pacijena-
ta, hipertenziju viSe od polovine (58,5 %), dijabetes 12,2 %,
kardiovaskularne bolesti 26,8 %, a cerebrovaskularne bolesti
njih 29,3 %. Devetnaest (46, 3%) ispitanika pusi, jos 12,2 %
bivsi su pusaci, a 33 (80,5 %) tjelesno su aktivni (tablica 4.).
Utvrdene su statisticki znacajne interkorelacije izmedu mus-
koga spola i tjelesne tezine (p < 0,01), muskog spola i hiper-
tenzije (p < 0,05), Zenskoga spola i hiperlipidemije (p < 0,01),

Number of patients with <50% and >50% stenosis on Color Doppler ultrasound (CD-US) for each artery

Tablica 3. Broj pacijenata sa stenozom < 50 % i >50 % na obojenom doplerskom ultrazvuku (CD-UZV) za svaku arteriju

CD-US stenosis ®

CD-UZV stenoza ACC dex ACE dex ACI dex ACC sin ACE sin ACI sin
n % n % n % n % n % n %

<50% 41 100 39 95.1 39 95.1 41 100 38 92.7 36 87.8

>50% 0 0 2 4.9 2 4.9 0 0 3 7.3 5 12.2
Table 4  Stroke risk factors distribution
Tablica 4. Distribucija ¢imbenika rizika za mozdani udar

Cardiovasc Cerebrovasc.
Hypertension ¢ Diabetes Hyperlipidemia ¢  CIOvase: diseases ® . « .| Physical activity ¢
: - - e diseases Smoking ¢ Pusenje | .. ]
Hipertenzija Dijabetes Hiperlipidemija Kardiovask. bolesti Cerebrovask. Tjelesna aktivnost
ovasi. bofes bolesti
n % n % n % n % n % n % n %
24 58.5 5 12.2 26 63.4 11 26.8 12 29.3 19 46.3 33 80.5
Table 5  Stroke correlation with age Stroke on MRI ¢
Tablica 5. Korelacija mozdanoga udara s dobi Ishemija na MR-u Average age ® 5 df p
) Prosjecna dob >
n %
NoeNe | 35 | 854 | 65.49 |
-2.476, 15.117; ,026*
Yes * Da 6 ‘ 14.6 ‘ 70.50

* p<0.05; ** p<0.01
* Welch test ® Welchov test

Table 6  Correlation between stroke and Cerebrovascular diseases
X Gs rebro.\{asculvar disease . Stroke on MR ® Mozdani Cerebrovaskularna bolest Fisher test ®
Tablica 6. Korelacija mozdanoga udara i udar na MR-u No * Ne Yes  Da Fisherov test
cerebrovaskularnih bolesti . .
n % n %
No * Ne 28 | 8 | 7 | 20 | 005+
Yes » Da o1 | w67 | s | o83 |

* p<0.05; ** p<0.01
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sex and hyperlipidemia (p<0.01), and also between the hy-
pertension and weight (p<0.05) and hypertension and diabe-
tes (p<0.05), and between the cardiovascular diseases and the
age (p<0.01) and cardiovascular diseases and hyperlipidemia
(p<0.05) (Table 2).

Six patients had signs of previous stroke on brain MRI
(14.6%). Two patients had territorial infarcts and four pa-
tients had small cortical or lacunar infarcts in basal ganglia
and brainstem. Their mean age was five years higher than of
those without the previous stroke (p<0.05) (Table 5). There
was a positive correlation with cerebrovascular diseases in
these patients (p<0.01) (Table 6). No statistically significant
difference in weight, hypertension, diabetes, hyperlipidemia,
cardiovascular diseases, smoking or physical activities has
been found between the examinees with or without stroke.

Discussion

The prevalence of calcifications with radiomorpho-
logic characteristics suggestive of calcified atherosclerot-
ic plaques on OPGs in our study was 8.07%. Previously re-
ported prevalence in the general population has been 3-15%
(4,8,12,15,16,26), which is in concordance with our finding.

We had a larger number of women with calcifications in
the projection of carotid arteries in our study (68.3%) com-
pared to men (31.7%). In their review article, Alves et al.
confirm this finding (9), as well as Gongalves et al. who al-
so had a higher percentage of female patients with calcifica-
tions (26). In our study, the number of bilateral and unilat-
eral calcifications was almost equal, with a slight advantage in
favor of unilateral findings (51.2%) and with no strong pre-
dilection for right or left side. We also found a negative cor-
relation between the calcifications on the left and the right
side (p<0.05), which means that patients with a calcification
on one side are less likely to have another calcification on
the other side. These findings agree with those of Alves et
al. who reported that calcifications are usually unilateral, but
that there is no predilection for either side (9).

Our subjects’ sociodemographic and anamnestic da-
ta relevant to stroke risk have been collected and correlated
with the calcifications on OPGs. Hypertension, diabetes and
smoking have shown positive correlations with calcifications,
and physical activity showed negative correlation with cal-
fications, but the only statistically significant correlation was
with hypertension (p<0.05), which was present in 58.5% of
our examinees. Abecasis et al. had a hypertension prevalence
of almost 62% in their study, and their results showed that
patients with hypertension have more than 5 times greater
probability to develop atheromatous plaques (27). A signif-
icant correlation between the number of years of smoking
and carotid plaques has been mentioned by Abecasis et al.
and Kumagai et al. in their previous studies (27,28), as well
as the association of calcifications and diabetes by Friedland-
er etal. and Johansson et al. (11,24). Regular physical activity
is a protective factor for vascular diseases (29), and activity is
inversely associated with carotid plaque formation, especially
in patients with increased vascular risk (30,31). However, the
literature on correlation between calcified carotid plaques on

Otkrivanje stenoze karotidnih arterija

izmedu hipertenzije i tjelesne tezine (p < 0,05), hipertenzije i
dijabetesa (p <0 ,05), izmedu kardiovaskularnih bolesti i do-
bi (p < 0,01) te kardiovaskularnih bolesti i hiperlipidemije (p
< 0,05) (tablica 2.).

Sest pacijenata imalo je znakove preboljeloga mozdanoga
udara na MR-u mozga (14,6 %). Dva su imala teritorijalne
infarkte, a Cetiri kortikalne ili lakunarne infarkte u bazalnim
ganglijima i mozdanome deblu. Prosje¢na dob tih ispitanika
bila je pet godina visa od onih bez prethodnoga mozdanoga
udara (p < 0,05) (tablica 5.), uz pozitivnu korelaciju s cere-
brovaskularnim bolestima (p < 0,01) (tablica 6.). Nije utvr-
dena statisticki znacajna razlika u tjelesnoj tezini, hipertenzi-
ji, dijabetesu, hiperlipidemiji, kardiovaskularnim bolestima,
pusenju ili gelesnim aktivnostima izmedu ispitanika s moz-
danim udarom i bez mozdanoga udara.

Rasprava

Prevalencija kalcifikacija radiomorfoloskih karakteristika
kalcificiranih aterosklerotskih plakova na ortopantomogra-
mima u naSem istrazivanju bila je 8,07 %. U dosad objavlje-
nim radovima autori navode prevalenciju u opéoj populaciji
od 3 do 15 % (4, 8, 12, 15, 16, 26), $to je u skladu s nasim
nalazom.

U naSem istrazivanju bio je veéi broj zena s kalcifikacija-
ma u projekciji karotidnih arterija (68,3 %) u odnosu prema
muskarcima (31,7 %). U svojem preglednom ¢lanku Alves i
suradnici potvrduju taj nalaz (9), kao i Gongalves i suradni-
ci koji su takoder imali veéi postotak pacijentica s kalcifikati-
ma (26). Broj pacijenata s bilateralnim i unilateralnim kalci-
fikacijama bio je gotovo jednak u ovom istrazivanju, s blagom
predno$cu u korist jednostranoga nalaza (51,2 %) i bez izra-
zene predilekcije desne ili lijeve strane. Takoder je pronade-
na negativna korelacija izmedu kalcifikacija na lijevoj i desnoj
strani (p < 0,05), $to znadi da pacijenti s kalcifikacijama na
jednoj strani imaju manju vjerojatnost kalcifikacija na dru-
goj strani. Ti se nalazi slazu s onima Alvesa i suradnika koji su
izvijestili da su kalcifikacije obi¢no jednostrane i bez sklono-
sti za ijednu stranu (9).

Sociodemografski i anamnesticki podatci ispitanika rele-
vantni za rizik od mozdanoga udara prikupljeni su i korelira-
ni s kalcifikacijama na ortopantomogramima. Hipertenzija,
Se¢erna bolest i pusenje pokazali su pozitivnu korelaciju s kal-
cifikatima, a tjelesna aktivnost negativnu, no jedina statistic-
ki znacajna korelacija bila je s povisenim krvnim tlakom (p <
0,05) od ¢ega je patilo 58,5 % ispitanika. U studiji dr. Abeca-
sis i suradnika prevalencija hipertenzije bila je gotovo 62 %, a
njihovi rezultati pokazali su da pacijenti s hipertenzijom ima-
ju vise od 5 puta ve¢u vjerojatnost za pojavu ateromatoznih
plakova (27). Znacajnu korelaciju izmedu broja godina puse-
nja i karotidnih plakova naveli su u svojim studijama Abeca-
sis i suradnici te Kumagai i suradnici (27, 28), a Friedlander
i suradnici te Johansson i suradnici istaknuli su povezanost
kalcifikacija i dijabetesa (11, 24). Redovita tjelesna aktivnost
zatitni je ¢imbenik za vaskularne bolesti (29) te je obrnuto
proporcionalna stvaranju karotidnoga plaka, osobito ako je
pacijent u pove¢anom vaskularnom riziku (30, 31). Ipak, ne-
ma mnogo radova o korelaciji kalcificiranih karotidnih pla-
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OPGs and physical activity seems to be scarce. The study of
Helmi et al. showed a positive correlation between the plaque
formation and irregular exercise, but with no statistical sig-
nificance (32).

In this study, clinically significant stenosis of >50% on
CD-US was found in 6 patients (14.63%), in 12 arteries re-
spectively. Constantine et al. obtained similar results with
15.4% patients with calcifications having a carotid stenosis
of over 50%, and showing a threefold higher risk of signifi-
cant stenosis compared to those without calcifications (33).
Several studies have shown higher percentage of significant
carotid stenosis. Friedlander et al. have found >50% carotid
stenosis on CD-US in 23% asymptomatic patients with cal-
cified carotid plaques (15), and Almog et al. in 50% of sono-
graphically examined arteries in their study (4). On the other
hand, Johansson and al. found a significant stenosis in on-
ly 7% of the patients with positive OPG calcifications (24).
Studies that performed the OPGs after the significant carotid
stenosis had already been proven and before the carotid end-
arterectomy was been carried out showed high percentages of
visible calcifications on OPGs. Griantsos et al. had positive
calcification findings on 70% orthopantomographs of such
patients (22) and Garoff et al. in 84% of examinees (23).

Our study showed no statistically relevant correlation be-
tween the significant stenosis on CD-US and the calcifica-
tions on the OPG. These results are coherent with the study
of Johansson et al. (24) and Constantine et al. (33), but in
disagreement with the results of Almog et al. (4) and Abecais
et al. (27). For instance, the latter study found fifteen times
greater risk of stenosis >70% on CD-US in the group of pa-
tients with calcified plaques (27).

The connection between stroke and calcified carotid ar-
tery calcifications seen on OPGs has been discussed by several
authors (12,22,27,33,35-37). In a retrospective study, Cohen
et al. have shown that 34% of the patients with calcifications
in the projection of carotids on orthopantomographs have
subsequently developed a myocardial infarction or stroke in
the period of 3.5 years (12). Freidlander et al. have claimed
that individuals with calcified carotid atheromas have a high-
er risk of experiencing similar major vascular events in the fu-
ture (37). In our sample, nearly 15% of patients have had a
stroke. Cerebrovascular disease and older age are known risk
factors for stroke (3,34), which was confirmed by our results.
There was a significant correlation (p<0.01) between exist-
ing cerebrovascular disease and stroke, and our patients with
stroke were approximately 5 years older than those with no
previous stroke (p<0.05).

The study findings are preliminary, based on the first 41
patients participating in a larger, ongoing study. More com-
prehensive evaluation with a larger sample is needed to inves-
tigate the significance of calcified carotid plaques on OPGs
for detection of carotid artery stenosis in general population,
and to determine their correlation with stroke.
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kova na ortopantomogramima i tjelesne aktivnosti. Studija
Helmija i suradnika pokazala je pozitivnu korelaciju izme-
du stvaranja plaka i neredovite tjelovjezbe, no bez statisticke
znacajnosti (32).

U ovom istrazivanju klinicki je znacajna stenoza od >
50 % na CD-UZV-u pronadena kod 6 pacijenata (14,63 %),
odnosno u 12 arterija. Constantine i suradnici dobili su sli¢-
ne rezultate, s 15,4 % pacijenata s kalcifikacijama koji su ima-
li karotidnu stenozu ve¢u od 50 % i pokazivali trostruko vei
rizik za signifikantnu stenozu u usporedbi s onima bez kal-
cifikacija (33). Nekoliko istraZivaca objavilo je vise postot-
ke pacijenata sa znacajnom karotidnom stenozom u svojim
uzorcima. Friedlander i suradnici imali su karotidne steno-
ze >50 % na CD-UZV-u za 23 % asimptomatskih pacijena-
ta s kalcificiranim karotidnim plakovima (15), a Almog i su-
radnici u 50 % sonografski pregledanih arterija (4). S druge
strane, Johansson i suradnici pronasli su znacajnu stenozu sa-
mo kod 7 % pacijenata s pozitivnim kalcifikacijama na orto-
pantomogramu (24). U studijama u kojima su se ortopan-
tomogrami snimali ako je pacijentu bila dokazana znacajna
karotidna stenoza i prije karotidne endarterektomije, postot-
ci vidljivih kalcifikacija na ortopantomogramima bili su viso-
ki. Griantsos i suradnici imali su pozitivne nalaze kalcifikaci-
jana 70 % ortopantomograma (22), a Garoff i suradnici kod
84 % ispitanika (23).

Nase istrazivanje nije pokazalo statisticki znacajnu kore-
laciju signifikantne stenoze na CD-UZV-u i kalcifikacija na
ortopantomogramima. Ti su rezultati koherentni sa studijom
Johanssona i suradnika (24) i Constantinea i suradnika (33),
no u suprotnosti su s rezultatima Almoga i suradnika (4) i
Abecais i suradnika (26). Primjerice, u posljednjoj spomenu-
toj studiji istaknut je petnaest puta vedi rizik za karotidnu ste-
nozu >70 % na CD-UZV-u u skupini pacijenata s kalcifici-
ranim plakovima (27).

O povezanosti mozdanoga udara i kalcifikacija karotidnih
arterija vidljivih na ortopantomogramima raspravljalo je vi-
Se autora (12, 22, 27, 33, 35 — 37). U retrospektivnoj studiji
su Cohen i suradnici pokazali da je 34 % pcijenata s kalcifi-
katima u projekciji karotidnih arterija na ortopantomogra-
mima razvilo infarkt miokarda ili mozdani udar u razdoblju
od 3,5 godine nakon snimanja (12). Freidlander i suradnici
navode da osobe s kalcificiranim karotidnim ateromima ima-
ju u buduénosti ve¢i rizik od ozbiljnijih vaskularnih dogadaja
(37). U nasem uzorku gotovo 15 % pacijenata imalo je moz-
dani udar. Cerebrovaskularna bolest i starija dob poznati su
¢imbenici rizika za mozdani udar (3, 34), $to potvrduju i na-
$i rezultati. Postojala je znacajna korelacija (p < 0,01) izmedu
postojece cerebrovaskularne bolesti i mozdanoga udara, a is-
pitanici s mozdanim udarom bili su prosje¢no 5 godina sta-
riji od onih bez prethodnoga mozdanoga udara (p < 0,05).

Rezultati istrazivanja su preliminarni, dobiveni su od pr-
vih ispitanika — od Cetrdeset i jednoga iz vece studije koja je
u tijeku. Potrebna je sveobuhvatnija analiza s ve¢im uzorkom
da bi se detaljnije istrazilo znacenje kalcificiranih karotidnih
plakova na ortopantomogramima za otkrivanje stenoze karo-
tidne arterije u opéoj populaciji i njihova korelacija s mozda-
nim udarom.
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Conclusion

Our study aimed to determine a correlation between the
calcifications in the projection of carotids on OPGs and the
carotid stenosis on CD-US and to analyze the relationship
between stroke risk factors, calcifications in the projection of
carotids on OPGs and the degree of carotid stenosis. Signif-
icant stenosis of over 50% was found in almost 15% of our
patients, but no statistically significant correlation between
calcifications on OPGs and significant stenosis on CD-US
was found. Therefore, our hypothesis has not been confirmed
by our preliminary results. Positive correlations with calci-
fications were shown for hypertension, diabetes and smok-
ing, and negative correlation for physical activity, although
the only statistically significant correlation was with hyper-
tension. Nearly 15% of our examinees have had a stroke, and
they were approximately 5 years older than those with no
previous stroke. Further investigation and a larger sample is
needed to determine the importance of calcifications in the
projection of carotids on OPGs and their relationship with
the significant stenosis and stroke.
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Sazetak

Otkrivanje stenoze karotidnih arterija

Zakljuc€ak

Cilj naseg istrazivanja bio je odrediti povezanost kalcifika-
cija u projekciji karotidnih arterija na ortopantomogramima i
karotidne stenoze na CD-UZV-u te analizirati odnos izmedu
¢imbenika rizika za mozdani udar, kalcifikata u projekciji ka-
rotidnih arterija na ortopantomogramima i stupnja karotid-
ne stenoze. Signifikantna stenoza veéa od 50 % pronadena je
kod gotovo 15 % ispitanika, no statisticki znacajna korelacija
kalcifikacija na ortopantomogramima i signifikantne steno-
ze na CD-UZV-u nije pronadena. Nasi preliminarni rezultati
nisu potvrdili hipotezu. Pozitivna korelacija s kalcifikacijama
postojala je za hipertenziju, dijabetes i pusenje, a negativna za
tjelesnu aktivnost, iako je jedina statisticki znacajna korelaci-
ja bila s hipertenzijom. Gotovo 15 % nasih ispitanika imalo
je mozdani udar, a bili su prosje¢no 5 godina stariji od onih
koji ga nisu imali. Potrebno je daljnje istrazivanje i veéi uzo-
rak da bi se utvrdila vaznost kalcifikacija u projekciji karotid-
nih arterija na ortopantomogramima i njihov odnos sa signi-
fikantnom stenozom karotidne arterije i mozdanim udarom.
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Uvod: Ortopantomografija jedna je od najcesce koristenih slikovnih metoda u dentalnoj medicini.
Kalcifikacije u projekciji karotidnih arterija na ortopantomogramima nalaze se kod 3 do 15 % opce
populacije i diferencijalnodijagnosticki su kalcificirani aterosklerotski plakovi. Aterosklerotske pro-
mjene karotidnih arterija medu najé¢es¢im su uzrocima mozdanoga udara pa je ta bolest diljem svije-
ta drugi najcesci uzrok smrti i vodeci uzrok invalidnosti. Cilj ovoga rada bio je utvrditi odnos izmedu
kalcifikacija u projekciji karotidnih arterija na ortopantomogramima, zatim izmedu karotidne stenoze
i mozdanoga udara te korelaciju izmedu ¢imbenika rizika za mozdani udar, kalcifikacija na ortopan-
tomogramima i stupnja karotidne stenoze. Materijal i metode: Doplerski ultrazvuk karotidnih arteri-
ja i MR mozga ucinjeni su cetrdeset i jednomu pacijentu s jednostranim ili obostranim kalcifikacija-
ma na ortopantomogramima. Prikupljeni su anamnesticki podatci o riziénim ¢imbenicima za mozdani
udar. Rezultati: Signifikantna stenoza > 50 % nadena je kod gotovo 15 % pacijenata. Uocena je zna-
¢ajna korelacija izmedu hipertenzije i karotidnih kalcifikacija. Izmedu kalcifikacija i signifikantne ste-
noze nije pronadena statisti¢ki znacajna korelacija. Pacijenti s prethodnim mozdanim udarom bili su
prosjecno 5 godina stariji od onih koji nisu dozivjeli taj mozdanozilni incident. Zaklju€ak: Preliminar-
ni rezultati nisu pokazali statisti¢ki znacajnu korelaciju izmedu kalcifikacija na ortopantomogramima
i signifikantne stenoze karotidnih arterija, no potrebna su daljnja istrazivanja.
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