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Abstract

Objective: To estimate the actual parameters of bacterial load in subgingival plaque during periodon-
titis and peri-implantitis pathologies using the RT-PCR (real-time polymerase chain reaction) meth-
od and evaluate their associations with clinical periodontal indicators. Materials and Methods: Five
different groups of subjects were selected according to a formulated design of the study: with mild/
moderate periodontitis, with severe periodontitis, with peri-implantitis, healthy periodontal group
and healthy peri-implant group. Subgingival plaque samples were formed with paper points inserted
in the pocket/sulcus area for 30 seconds. A standardized test the “ParodontoScreen” was provided
for identification of target opportunistic pathogens (A. actinomycetemcomitans, P. gingivalis, T. for-
sythia, P. intermedia, T. denticola) by the RT-PCR. Results: Bacterial load parameters demonstrated a
significant tendency towards an increase within periodontitis progression and during the presence of
peri-implantitis pathology. Each targeted mean bacterial load level was statistically associated with
periodontitis or peri-implantitis pathology (p < 0, 05) according to the provided univariate analyses
and upon condition that bacterial load parameters of healthy sites were used as reference for equi-
paration. The highest correlation values were found between periodontal probing depth and bacte-
rial load parameters of A. actinomycetemcomitans (r=0, 37; p <0, 05) and P. gingivalis (r=0, 28; p <
0, 05); and also between clinical attachment loss and bacterial load values of A. actinomycetemcomi-
tans (r=0, 38; p <0, 05) and P. gingivalis (r=0, 24; p < 0, 05). Conclusions: Periodontitis and peri-im-
plantitis are associated with the same microbial pathogens even though the distribution pattern of
their bacterial load and detection frequency parameters registered with RT-PCR could be distinct and
linked to the individual patient-related conditions and the severity stage of pathology.
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Introduction

Although periodontitis and peri-implantitis pathologies
have been associated with impact of so-called periopatho-
gens, the results of recent systematic reviews and meta-anal-
yses provided high quality evidence that quantitative charac-
teristics of oral microbiome rather than just the presence of
specific pathogen determine the disease pattern (1, 2, 3, 4).
Qualitative microbiome essence seems to be relatively similar
between healthy and diseased periodontal/peri-implant sites.

Uvod

lako su parodontitis i periimplantitis uzro¢no povezani s
takozvanim parodontopatogenim bakterijama, rezultati ne-
davno objavljenog sistematiziranog preglednog rada i me-
taanaliza dali su visokokvalitetne dokaze da obrazac bolesti
odreduju uglavnom kvantitativne karakeeristike oralnoga mi-
krobioma, a ne samo odredeni patogen (1, 2, 3, 4). Cini se da
je mikrobiom kvalitativno razmjerno sli¢an u zdravom i bo-
lesnom parodontu ili oko implantata, ali su uocene promje-
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However, some variable-based composition changes have
been observed during inflammatory-associated periodontal
tissue alteration around the tooth or dental implant (1, 2, 3).

That is why it is important to consider the presence of
periodontal pathogens even among healthy subjects and rel-
evant theories of periodontitis and peri-implantitis develop-
ment based on the phenomenon of periodontal pathogen im-
balance and changes in host susceptibility levels (5, 6). The
current shift of keystone pathogen theory to the periodon-
tal pathogen disequilibrium theory was supported by the
amount of evidence obtained over the last decade by using
metagenomics and culturomics in research (6, 7, 8).

There is a consensus in the scientific community about
the fact that periodontally affected patients are characterized
by the higher risk of peri-implantitis development. We must
take into account that original bacteriological nature of peri-
odontitis and peri-implantitis are similar, even though these
lesions differ by their pattern of progression (9, 10, 11). Such
a difference could be related not only to the fact that peri-
implant tissue complex diverges from the periodontal one by
its structure, but also to the possible dissimilarities in bacte-
rial environment around the affected implant and the affect-
ed tooth (10, 11).

Moreover, further investigation of microbiome parame-
ters at peri-implant and periodontal regions would be sup-
portive for the continued differential analysis of their rela-
tionship with host genetic factors (11). In the systematic
review of Nibali et al. (12), authors have mentioned that pa-
rameters of bacterial colonization patterns and their asso-
ciation with transcriptome information in the area of peri-
odontal tissue alteration may be used for further correction of
possible infectogenomics effects, which in turn could influ-
ence clinical development of the pathology. In other words,
numerical verification of periodontal/peri-implant bacterial
load patterns and their changes could be used as predictive
criteria for diseases progression, or even for prediction of dis-
ease onset before any clinical signs of inflammation could be
registered.

There are various methods used for quantification pur-
pose of peri-implant and periodontal microbiomes and their
differentiation, but question of routinely accessible and stan-
dardized approach that can estimate actual bacterial load at
the different stages of each of these pathologies remains not
fully resolved (13, 14).

That is why the objective of this study was to estimate
the actual parameters of bacterial load in subgingival plaque
during periodontitis and peri-implantitis pathologies using
the RT-PCR (real-time polymerase chain reaction) method
and evaluate their associations with clinical periodontal in-
dicators.

Material and Methods

Five different groups of subjects were formed out of a co-
hort of dental patients from the “DM” (Uzhhorod, Ukraine)
private dental clinic according to the formulated design. The
patients included in the study groups were screened accord-
ing to the following inclusion criteria: 1) presence of peri-
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ne u sastavu tijekom promjena parodontnog tkiva oko zuba
ili zubnog implantata koje se dogadaju zbog upale (1, 2, 3).

Zato se, uzimajudi u obzir prisutnost parodontopatoge—
nih bakterija ¢ak i kod zdravih ispitanika, relevantne teorije
razvoja parodontitisa i periimplantitisa temelje na narusenoj
ravnotezi mikrobioma i promjeni osjetljivosti domacina (5,
6). Teoriji nastanka zbog narusavanja ravnoteze parodonto-
patogenih bakterija ide u prilog koli¢ina dokaza dobivenih ti-
jekom posljednjeg desetlje¢a metagenomickim istrazivanjima
i istrazivanjima na kulturama (6, 7, 8).

Postoji konsenzus da su parodontoloski pacijenti u vecoj
opasnosti od razvoja periimplantitisa, ako se uzme u obzir da
je bakterioloski sastav parodontitisa i periimplantitisa sli¢an,
iako se te lezije razlikuju po nacinu progresije (9, 10, 11). Ta-
kva razlika mogla bi biti povezana ne samo s ¢injenicom da se
struktura periimplantantnog tkiva razlikuje od parodontno-
ga, nego su moguce i razlike u bakterioloskom sastavu oko za-
hvaéenog implantata i zahvaéenog zuba (10, 11).

Nadalje, jos jedno istrazivanje mikrobiomskih parameta-
ra u podru¢jima oko implantata i parodonta islo je u prilog
daljnjoj diferencijaciji njihova odnosa s genetskim ¢imbenici-
ma domacina (11). U svojem sistematiziranom preglednom
radu Nibali i suradnici (12) naveli su da se obrasci bakte-
rijske kolonizacije i njihova povezanost s transkriptnim in-
formacijama u podrudju promjene parodontnog tkiva mogu
upotrijebiti za daljnju korekciju mogudih infektogenomskih
ucinaka, $to bi zauzvrat moglo utjecati na klinicki razvoj pa-
toloskog stanja. Drugim rije¢ima, numericka provjera obras-
ca bakterijskog opterecenja parodontnih/periplantantnih tki-
va i njihovih promjena mogu se upotrijebiti kao prediktivni
kriteriji za napredovanje bolesti ili ¢ak za predvidanje pocet-
ka bolesti prije nego $to se uoce bilo kakvi klinicki znako-
vi upale.

Postoje razlicite metode koje se primjenjuju za kvantifika-
ciju periimplantantnog i parodontnog mikrobioma i njihove
diferencijacije, ali jo§ uvijek nema rutinski dostupnog i stan-
dardiziranog postupka kojim se moze procijeniti stvarno bak-
terijsko optereéenje u razlicitim fazama svakoga od tih pato-
loskih stanja (13, 14).

Zato je svrha ovog istrazivanja bila procijeniti stvarne pa-
rametre bakterijskog optere¢enja u subgingivnom plaku ti-
jekom parodontitisa i periimplantitisa primjenom metode
RT-PCR (lancane reakcije polimeraze u stvarnom vremenu)
i njihovu povezanost s klinickim parodontoloskim pokaza-
teljima.

Materijali i metode

Ispitanici su bili pacijenti privatne stomatoloske klinike
DM (Uzhhorod, Ukrajina) koji su podijeljeni u pet skupi-
na. Oni ukljuceni u istrazivanje pregledani su prema sljede-
¢im kriterijima za ukljucivanje: 1) prisutnosti znakova paro-
dontitisa/periimplantitisa; 2) sistemski su trebali biti zdravi;
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odontitis/peri-implantitis signs; 2) healthy systematic con-
dition 3) willingness to participate in the research after
explanation of all aspects of the study and the signature of
patient’s consent form. As exclusion criteria, used during the
selection of patients into study groups, the following criteria
were chosen: 1) presence of somatic comorbidities; 2) smok-
ing; 3) systematic or sporadic medication intake that could
potentially influence the oral microbiome during previous
14 days; 4) periodontitis or peri-implantitis management re-
ceived during previous 6 months. According to above men-
tioned inclusion and exclusion criteria, 67 patients were dis-
tributed among the following three study groups: 28 patients
were included in the group with mild/moderate periodontitis
(MMP group), 16 patients — in the group with severe peri-
odontitis (SP group), and 23 patients — in the group with
peri-implantitis (PI group).

Control groups of subjects were formed out of dental pa-
tients according to the following inclusion criteria: 1) ab-
sence of periodontitis/peri-implantitis signs; 2) in cases of
implant treatment implant screws were installed more than
12 months ago; 3) healthy somatic condition; 4) willing-
ness to participate in the research after explanation of all as-
pects of the study and the obtained signature of patient’s con-
sent form. Exclusion criteria used for control groups were the
same as for study groups. According to the above mentioned
inclusion and exclusion criteria, 41 patients were distributed
in the following two control groups: 21 patients were includ-
ed in the healthy periodontal group, who have not under-
gone any implant procedure (HP group), and 20 patients —
in the healthy peri-implant group, who have received dental
implant treatment more than 12 months ago with no clinical
signs of peri-implantitis present at the time of clinical exami-
nation (HPI group).

Periodontal examination

Periodontal check-up was provided by previously cali-
brated three dental professionals with registration of such pa-
rameters as bleeding on probing (BOP), interdental clinical
attachment loss (CAL) and periodontal probing depth (PPD)
(15). At the time of initial clinical examination, each patient
with clinical signs of periodontitis or peri-implantitis has un-
dergone the procedure of peri-apical radiography.

Periodontitis staging was done according to the recom-
mendation of 2017 World Workshop on the Classification of
Periodontal and Peri-Implant Diseases and Conditions (16),
considering which cases of I and II stages of periodontitis
were clustered in the study group with mild/moderate peri-
odontitis (MMP group), and cases with I1I stage periodonti-
tis were clustered in the study group with severe periodonti-
tis (SP group).

Identification of peri-implantitis cases was done accord-
ing to the case definition criteria and diagnostic consider-
ations described by Renvert et al. (17).

Plaque sampling
Subgingival plaque samples among patients of study

groups were gathered from the sites with deepest periodon-
tal probing parameters, which were identified with the use
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3) spremnosti na sudjelovanje u istraZivanju nakon sveobu-
hvatnog informiranja i potpisivanja pristanka.

Kriteriji za iskljucenje bili su: 1) prisutnost somatskih ko-
morbiditeta; 2) puSenje; 3) sustavni ili povremeni unos li-
jekova koji su mogli utjecati na oralni mikrobiom unatrag
14 dana; 4) terapija parodontitisa ili periimplantitisa tijekom
proteklih 6 mjeseci.

Zbog spomenutih kriterija ukljucivanja i isklju¢ivanja 67
pacijenata rasporedeno je u sljedece tri ispitivane skupine: 28
pacijenata uvrsteno je u skupinu s blagim/umjerenim paro-
dontitisom (skupina MMP), 16 u skupinu s teskim parodon-
titisom (skupina SP) i 23 u skupinu s periimplantitisom (sku-
pina PI).

Kontrolne skupine sastavljene su prema sljede¢im kriteri-
jima: 1) sudionici nemaju znakova parodontitisa/periimplan-
titisa; 2) u slucaju implantoloske terapije implantati su im
ugradeni prije viSe od 12 mjeseci; 3) trebali su biti sistemski
zdravi; 4) spremni su na sudjelovanje u istrazivanju nakon in-
formiranja i potpisivanja pristanka.

Kriteriji za iskljucenje bili su isti kao i za ispitivane sku-
pine.

§ obzirom na spomenute kriterije ukljucivanja i iskljuci-
vanja, 41 pacijent raspodijeljen je u sljede¢e dvije kontrolne
skupine: 21 u skupinu sa zdravim parodontom bez implan-
tata (skupina HP) i 20 pacijenata s implantatima pri ¢emu je
implantat bio ugraden prije barem 12 mjeseci, a u razdoblju
klinickog pregleda nije bilo klini¢kih znakova periimplantiti-
sa (skupima HPI).

Parodontoloski pregled

Parodontolosku kontrolu obavila su tri kalibrirana struc-
njaka i pritom su biljezili sljede¢e parametre: krvarenje nakon
sondiranja (BOP), gubitak interdentalnog klinickog pricvrs-
tka (CAL) i dubinu sondiranja parodonta (PPD) (15). Tije-
kom pocetnoga klinickog pregleda svakom pacijentu s klini¢-
kim znakovima parodontitisa ili periimplantitisa u¢injena je
peripikalna rendgenska snimka.

Parodontitis je klasificiran prema preporukama Svjetske
radionice o klasifikaciji parodontnih i periimplantantnih bo-
lesti i stanja iz 2017. (16), pa su tako slucajevi s L. i II. sta-
dijem parodontitisa uvrSteni u ispitanu skupinu s blagim/
umjerenim parodontitisom (skupina MMP), a slucajevi s pa-
rodontitisom III. stadija u ispitivanu skupinu s teskim paro-
dontitisom (skupina SP).

Slucajevi s periimplantitisom klasificirani su prema krite-
rijima o identifikaciji bolesti i dijagnostickim razmatranjima
koje su opisali Renvert i suradnici (17).

Uzorkovanije plaka

Uzorci subgingivnog plaka prikupljeni su od pacijenata u
ispitivanim skupinama na mjestima s najdubljim vrijednosti-
ma sondiranja izmjerenima parodontoloskom sondom Norzh
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of North Carolina Periodontal Probe according to its 1 mm
marking scale. Among patients of control groups, subgingi-
val plaque samples were taken from the area of teeth and im-
plants topographically analogical to those in patients with
periodontal and peri-implant pathology. These sites were
isolated before sampling procedure with cotton rolls, subse-
quently dried and mechanically cleaned with Gracey-curettes
from the supragingival plaque. After that, paper-points were
inserted in the pocket/sulcus area for 30 seconds. The paper
points were placed in prepared sterile tubes after extraction
and immediately transported within the next hour to the “As-
tra-Dia” laboratory (Uzhhorod, Ukraine).

ParodontoScreen Procedure with RT-PCR

The ParodontoScreen standardized test was provided in
the laboratory conditions, which is aimed at identification of
opportunistic pathogens in the gathered subgingival plaque
samples with the use of real-time polymerase chain reaction
(the RT-PCR method). Target microorganisms in the stan-
dardized ParodontoScreen analysis include the following:
Aggregatibacter  actinomycetemcomitans (A. actinomycetem-
comitans), Porphyromonas gingivalis (P gingivalis), Tannerel-
la forsythia (T forsythia), Prevotella intermedia (P intermedia),
Treponema denticola (T denticola). The RT-PCR is based on
the DNA-amplification process with further completion of
polynucleotide chain with Tag-polymerase. The standardized
ParodontoScreen test includes the following steps: allotment
of DNA (preparation of specimen), PCR-amplification in re-
al time condition with the use of specific reagents (mixture
for PCR-amplification that is specific for all bacteria, mixture
for PCR-amplification that is specific for opportunistic bac-
teria, mixture for PCR-amplification that is specific for hu-
man genomic DNA), registration of amplification results and
their interpretation. The PCR and post-PCR processing was
provided by the specific software. A laboratory analysis of all
study and control samples was held by laboratory specialists
with further representation of obtained results in the form of
report (Figure 1).

Bacterial load levels of species were conventionally rep-
resented in “Lg (genome equivalents/sample)” units, also re-
ferred as Lg (GE/sample).

Detailed descriptions of the ParodontoScreen procedure
aspects are presented on the manufacturer’s website (18).

The research received acceptance from the Ethics Com-
mittee of Medical Faculty at Pavol Jozef Safirik University
(Kosice, Slovak Republic).

Statistical analysis

A descriptive statistical analysis included an estimation
of mean values and their standard deviations (SD) for each
parameter (age, BOP, PPD, CAL, bacterial load of each mi-
crobial species) in all study and control groups. Statistical
differences between groups in the means of all studied pa-
rameters were assessed using the independent Student-t test
(19). Univariate analyses aimed at the evaluation of possi-
ble associations between detection frequency rate and mean
bacterial load of each species during periodontal and peri-
implant diseases was provided as previously described in the
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Carolina s ljestvicom od 1 mm. Od pacijenata iz kontrol-
nih skupina uzorci subgingivnog plaka uzeti su na mjestima
oko zuba ili implantata koja su topografski odgovarala mje-
stima kod pacijenata s parodontitisom i periimplantitisom.
Prije postupka uzorkovanja ta su mjesta izolirana pamu¢nim
svitcima, osusena i mehanicki ocis¢ena kiretama Gracey od
supragingivnog plaka. Zatim su papirnati Stapi¢i 30 sekun-
da umetnuti u dzep/sulkus. Nakon vadenja pohranjeni su u
pripremljene sterilne epruvete i odmah (najkasnije jedan sat)
transportirani u laboratorij Astra-Dia (Uzhhorod, Ukrajina).

ParodontoScreen s pomocu RT-PCR-a

Standardizirani test ParodontoScreen proveden je u labo-
ratorijskim uvjetima sa svrhom identifikacije oportunisti¢-
kih patogena u prikupljenim uzorcima subgingivnog plaka
metodom lancane reakcije polimeraze u stvarnom vremenu
(RT-PCR). Ciljni mikroorganizmi u standardiziranoj anali-
zi ParodontoScreen ukljuivali su sljedece: Aggregatibacter acti-
nomycetemcomitans (A. actinomycetemcomitans), Porphyromo-
nas gingivalis (R gingivalis), forsythia tannerella (1. forsythia),
Prevotella intermedia (P intermedia), Treponema T. denticola,
(T denticola). RT-PCR temelji se na postupku amplifikacije
DNK s dovrsavanjem polinukleotidnog lanca s Taq-polime-
razom. Standardizirani test ParodontoScreen ukljucuje sljede-
¢e: alokaciju DNK (priprema uzorka), PCR-amplifikaciju u
stvarnom vremenu uz uporabu specifiénih reagensa (smjesa
za PCR-amplifikaciju koja je specifi¢na za sve bakterije, smje-
sa za PCR-amplifikaciju koja je specifi¢na za oportunisticke
bakterije, mjesavinu za PCR-amplifikaciju koja je specificna
za humani genomski DNK) te registraciju rezultata amplifi-
kacije i njihovu interpretaciju. PCR i post-PCR obrada obav-
ljena je s pomocu specifinog softvera. Laboratorijske analize
svih ispitivanih i kontrolnih uzoraka obavili su laboratorij-
ski strucnjaci s prikazom dobivenih rezultata u obliku izvje-
Staja (slika 1.).

Razine bakterijskog optereéenja svake vrste uobicajeno su
prikazane u jedinicama Lg (ekvivalenti genoma/uzorak), ta-
koder su oznadene kao Lg (GE/uzorak).

Detaljan opis aspekata postupka ParodontoScreenom nala-
zi se na mreznim stranicama proizvodaca (18).

Istrazivanje je prihvatilo Eticko povjerenstvo Medicin-
skog fakulteta Sveuilista Pavol Jozef Saférik (Kosice, Slova¢-

ka).

Statisti¢ka analiza

Deskriptivna statisticka analiza uklju¢ivala je procjenu
srednjih vrijednosti i njihovih standardnih devijacija (SD) za
svaki parametar (dob, BOP, PPD, CAL, bakterijsko optere-
¢enje za svaku vrstu mikroba) u svim ispitivanim i kontrol-
nim skupinama. Statisticke razlike srednjih vrijednosti svih
ispitivanih parametara izmedu skupina ocjenjivane su neovi-
snim Studentovim t-testom (19). Univarijatne analize bile su
usmjerene na procjenu moguce povezanosti izmedu ucestalo-
sti otkrivanja i prosjecnog bakterijskog optere¢enja za svaku
vrstu parodontnih i periimplantantnih bolesti, a provedene
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Figure 1 Report form of bacterial load of each periodontal pathogen established with “ParodontoScreen” test (original in Ukrainian)

Slika 1.
ukrajinskom jeziku)

study of Ismail et al. (20), using p-values < 0,05 as statistical-
ly significant for all parameters (21). The correlation between
periodontal indicators and bacterial load parameters was as-
sessed using the Spearman correlation coefficient as appropri-
ate. A statistical analysis was provided using software package
IBM SPSS Statistics (IBM Corporation) (19, 20), while da-
ta acquisition and organization was held in Microsoft Excel
software (Microsoft Office 2019, Microsoft).

Results

Distribution of age, gender and initial clinical parameters
registered among patients of study and control groups during
primary examination are shown in Table 1.

Groups of severe periodontitis and peri-implantitis were
characterized by the greatest levels of BOR, PPD and inter-
dental CAL, which were statistically different from those
noted among healthy periodontal and peri-implant sites and
even at the sites with mild/moderate periodontitis (p < 0,
05). PPD and interdental CAL were statistically different
during comparison of healthy periodontal and peri-implant
sites (p < 0,05), while there was no statistically significant dif-
ference between mean PPD and interdental CAL values in
MMP and HPI groups (p > 0,05), except that clinical cases of
those were distinguished by the presence and absence of clin-
ically observed inflammation. MMP and HPI groups were
significantly different considering the prevalence of BOP cas-
es (67, 9% vs 35, 0%; p < 0, 05).

Izvjesce o bakterijskom opterecenju za svaki parodontopatogeni mikroorganizam dobiveno testom ParodontoScreen (izvorno na

su kako je ve¢ opisano u istrazivanju Ismaila i suradnika (20),
pri ¢emu je p-vrijednost < 0,05 postavljena kao statisticki
znadajna za sve parametre (21). Povezanost izmedu parodon-
toloskih pokazatelja i parametara bakterijskog optere¢enja
odredena je primjenom Spearmanova koeficijenta korelaci-
je. Statisticka analiza obavljena je softverskim paketom IBM
SPSS Statistics (IBM Corporation) (19, 20), a za prikupljanje
podataka i organizaciju koristen je Microsoft Excel (Micro-
soft Office 2019., Microsoft).

Rezultati

Distribucija prema dobi, spolu i pocetnim klinickim pa-
rametrima zabiljezenima kod pacijenata ispitivanih i kontrol-
nih skupina tijekom primarnog pregleda, prikazana je u ta-
blici 1.

Skupinu s teskim parodontitisom i periimplantitisom
obiljezavale su najvise razine BOP-a, PPD-a i interdentalnog
CAL-a koji su se statisticki razlikovali od onih zabiljezenih za
zdravi parodont i periimplantantno tkivo, pa ¢ak i od mjesta
s blagim/umjerenim parodontitisom (p < 0,05). PPD i inter-
dentalni CAL statisticki su se razlikovali usporedbom zdravo-
ga parodonta i periimplantantnog tkiva (p < 0,05), a nije bilo
statisticki znacajne razlike izmedu srednjih vrijednosti PPD-a
i interdentalnog CAL-a u skupinama MMP i HPI (p > 0,05),
osim $to su se slu¢ajevi razlikovali po prisutnosti i odsutnosti
klini¢ki evidentne upale. Skupine MMP i HPI znacajno su se
razlikovale s obzirom na uéestalost slu¢ajeva s BOP-om (67,9
% prema 35,0 %; p < 0,05).



. Nastych i sur.

Table 1

Distribution of baseline parameters among study and control groups

Parametri bakterijskog opterecenja u subgingivalnom plaku

Tablica 1. Distribucija pocetnih parametara izmedu ispitanih i kontrolnih skupina

Group/Parameters ® MMP group SP group PI group HP group _
Skupina/parametri (n=28) (n=16) (n=23) (n=21) HP1 group (n=20)
Age (years) ® Dob (godine) 44.3+1,2 47.243,1 51.542,4 45.6+1,9 52.8+1,8
Gender male %/female % ¢
S o) 1 57.1%/42,9% 43.8%/56,2% 52.2%/47,3% 47.6%/52,4% 50%/50%
pol muski %/Zenski %
BOP (%) 67.9% 81.3% 82.6% 23.8% 35.0%
PPD (mm) 4.240,4 6.1+0,7 5.2+0,6 2.240,7 3.7+0.5
glntrc;:;iental CAL ¢ Interdentalni CAL 3.6£0,6 5.8:0.3 4£9:0,5 1.440,5 3.5:0.4

MMP group - study group of patients with mild/moderate periodontitis, SP group — study group of patients with severe periodontitis, PI group — study
group of patients with peri-implantitis, HP group — control group of patients with natural dentition and healthy periodontal status, HPI group — control
group of patients with dental implants and healthy peri-implant status ® Skupina MMP; group — skupina pacijenata s blagim/umjerenim parodontitisom,
skupina SP — pacijenti s teskim parodontitisom, skupina PI — pacijenti s periimplantitisom, skupina HP — kontrolna skupina pacijenata s prirodnom
denticijom i zdravim parodontom, skupina HPI — kontrolna skupina pacijenata s dentalnim implantatima i zdravim periimplantatnim tkivom

The highest detection frequency rate using the real-time
PCR method was observed for P gingivalis in all healthy and
diseased periodontal cases, while the lowest detection rate
was noted for A. actinomycetemcomitans in all analyzed sam-
ples. The highest frequency of detection among all healthy
peri-implant cases was noted for 7. forsythia, which statisti-
cally differs from healthy periodontal cases (p < 0, 05). Also,
higher detection rates were noted for 7. denticola (p > 0, 05),
P intermedia (p < 0,05) and A. actinomycetemcomitans (p <
0,05) in healthy peri-implant samples compared to healthy
periodontal samples. Such a tendency could be interpreted
as indirect evidence of microbiome structure redistribution
in the areas of installed implants compared to the area of nat-
ural teeth.

In all analyzed cases detection frequency of each micro-
organism increased with the pathology progression. Provided
univariate analyses dedicated to the identification of signifi-
cant dependencies between bacteria detection frequency and
periodontal/peri-implant disease revealed that such associa-
tions were noted for: severe periodontitis and P gingivalis (p
< 0,05), T denticola (p < 0,05), T forsythia (p < 0,05); mild/
moderate periodontitis and 7. denticola (p < 0,05), T. forsyth-
ia (p < 0,05); peri-implantitis and 7. denticola (p < 0,05), T.
Sorsythia (p < 0,05), A. actinomycetemcomitans (p < 0,05) (Ta-
ble 2).

Najveca frekvencija detekcije primjenom PCR metode u
stvarnom vremenu zabiljezena je za P gingivalis u svim slu-
¢ajevima sa zdravim i bolesnim parodontnim tkivom, a naj-
manja je za A. actinomycetemcomitans u svim analiziranim
uzorcima. Najveca frekvencija detekcije kod svih slucajeva sa
zdravim periimplantatom zabiljezena je za vrstu 1. forsythia
koja se statisticki znacajno razlikovala od zdravoga parodonta
(p < 0,05). Takoder su zabiljezene veée stope detekeije za vi-
ste 1. denticola (p > 0,05), P intermedia (p < 0,05) i A. acti-
nomycetemcomitans (p < 0,05) u zdravim uzorcima periiplan-
tantnog tkiva u usporedbi sa zdravim parodontom. Takva
tendencija moze se protumaciti kao indirektni dokaz preras-
podjele strukture mikrobioma u podru¢jima ugradenih im-
plantata u odnosu prema podru¢ju prirodnih zuba.

U svim analiziranim slucajevima frekvencija detekcije
svakog mikroorganizma povecavala se s napredovanjem pato-
logije. Univarijatnom analizom kojom se utvrdivala ovisnost
izmedu frekvencije detekcije bakterija i parodontne/periim-
plantantne bolesti, otkriveno je da takva povezanost posto-
ji u slucaju teskog periodontitisa i bakterija P gingivalis (p
< 0,05), T denticola (p < 0,05), T forsythia (p < 0,05); bla-
gog/umjerenog parodontitisa i vrsta 1. denticola (p < 0,05),
T forsythia (p < 0,05); periimplantitisa i vrsta 7. denticola (p
< 0,05), T forsythia (p < 0,05), A. actinomycetemcomitans (p

< 0,05) (tablica 2.).

Table2  Detection frequency rates and results of univariate analyses for the interrelation with periodontal and peri-implant diseases
Tablica 2. Frekvencija otkrivanja i rezultati univarijatne analize za odnos s parodontnim i periimplantantnim bolestima

Groups/Periodontal pathogen ¢ MMP
Supins/puodonopuogene  gop  Pte’  SPgroup  pralue  Plgouwp  pualues HPgroup HPlgroup
R (ne2g) Pvrijednost (o= p-vrijednost  (n= p-vrijednost  (n= n=
P. gingivalis (%) 92.9 p>0.05 100 p<0.05 78.3 p>0.05 85.7 70.0
T. denticola (%) 78.6 p<0.05 93.8 p<0.05 82.6 p<0.05 61.9 065
T. forsythia (%) 75.0 p<0.05 8.5 p<0.05 82.6 p<0.05 523 75
P. intermedia (%) 82.1 p>0.05 87.5 p>0.05 73.9 p>0.05 52.3 65
A. actinomycetemcomitans (%) 14,3 p>0.05 18,8 p>0.05 39,1 p>0.05 4.8 10.0

MMP group — study group of patients with mild/moderate periodontitis, SP group — study group of patients with severe periodontitis, PI group — study
group of patients with peri-implantitis, HP group — control group of patients with natural dentition and healthy periodontal status, HPI group — control
group of patients with dental implants and healthy peri-implant status ® Skupina MMP; group — skupina pacijenata s blagim/umjerenim parodontitisom,
skupina SP — pacijenti s teSkim parodontitisom, skupina PI — pacijenti s periimplantitisom, skupina HP — kontrolna skupina pacijenata s prirodnom
denticijom i zdravim parodontom, skupina HPI — kontrolna skupina pacijenata s dentalnim implantatima i zdravim periimplantatnim tkivom
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Even though detection frequency of some microorgan-
isms increased during pathology compared to healthy state,
such associations between detection frequency values and
periodontal/peri-implant diseases were not statistically prov-
en because of an uneven distribution of such frequency rates
between the study subjects in each group (inter-subject de-
tection frequency variations).

Bacterial load parameters demonstrated a significant in-
crease tendency within periodontitis progression, and dur-
ing the comparison of healthy and diseased periodontal/peri-
implant sites. According to the provided univariate analyses,
each registered mean bacterial load level was statistically as-
sociated with periodontitis or peri-implantitis pathology, up-
on condition that bacterial load levels of healthy periodontal
and peri-implant sites were used as reference for equipara-

tion (Table 3).

Bacterial Load Parameters in Subgingival Plague .

lako se frekvencija detekcije nekih mikroorganizama po-
vecala progresijom bolesti u usporedbi sa zdravim stanjem,
takva povezanost izmedu vrijednosti frekvencije detekeije i
parodontnih/periimplantatnih bolesti nisu statisticki dokaza-
ne zbog neravnomjerne distribucije frekvencija izmedu ispi-
tanika u svakoj skupini (varijacije frekvencije detekcije izme-
du subjekata).

Parametri bakterijskog optere¢enja pokazali su znacajno
povecanje tendencije pri progresiji parodontitisa i uspored-
bi zdravoga i bolesnog parodonta/podru¢ja oko implanta-
ta. Prema rezultatima univarijatne analize svaka registrirana
srednja razina bakterijskog opterecenja statisticki je bila po-
vezana s parodontitisom ili periimplantitisom kada su razine
bakterijskog optere¢enja u zdravom i bolesnom parodontu i
periimplantatnom tkivu koristene kao referentne vrijednost

(tablica 3.).

Table3  Mean levels of bacterial load and results of univariate analyses for the association with periodontal and peri-implant diseases
Tablica 3. Srednje razine bakterijskog opterecenja i rezultati univarijatne analize za povezanost s parodontnim i periimplantatnim bolestima

Groups/Periodontal pathogen ¢ MMP

. p-valuee  SPgroup  p-valuee  PIgroup  p-valuee  HP group HPI group
Skuplnalp;:l(::ie(:;}teop atogene (gnl' f;g) p-vrijednost  (n=16)  p-vrijednost  (n=23)  p-vrijednost  (n=21) (n=20)
P. gingivalis (Lg GE/sample ® uzorak) 5.5+0.7 <0.05 6.9+0,5 <0.05 6.0+£0,4 <0.05 2.4+0,2 3.9+0.4
&gl g p p p P
T. forsythia (Lg GE/sample * uzorak) 5.0£0.4 p<0.05 5.6+0.4 p<0,05 5.2+0.4 p<0.05 1.9£0,2 3.5£0.5
P. intermedia (Lg GE/sample ® uzorak) | 4.9+0.5 p<0.05 6.30,5 p<0.05 5.3+0.6 p<0.05 2.7+0.3 2.9:0.1
T. denticola (Lg GE/sample ¢ uzorak) 4.1+0.6 p < 0.05 6.4+0,3 p < 0.05 4.7+0.5 p < 0.05 2.9+0.2 3.2+0.2
‘(‘ng‘”gg;’s’:ﬁf;fl‘:”‘ﬁ;”o’j:lf; 47505 | p<0.05 | 5.0:07 | p<005 | 49:0.6 | p<0.05 | 1104 | 1.9:0.6

MMP group - study group of patients with mild/moderate periodontitis, SP group — study group of patients with severe periodontitis, PI group — study

group of patients with peri-implantitis, HP group — control group of patients with natural dentition and healthy periodontal status, HPI group — control
group of patients with dental implants and healthy peri-implant status ® Skupina MMP; group — skupina pacijenata s blagim/umjerenim parodontitisom,
skupina SP — pacijenti s teSkim parodontitisom, skupina PI — pacijenti s periimplantitisom, skupina HP — kontrolna skupina pacijenata s prirodnom

denticijom i zdravim parodontom, skupina HPI — kontrolna skupina pacijenata s dentalnim implantatima i zdravim periimplantatnim tkivom

Statistical analysis of overall obtained data helped to reg-
ister specific values of correlation between such parameters as
BOP, PPD, CAL and bacterial load of each target periodon-
tal pathogen. It was noted that BOP parameter was not sta-
tistically associated with any of identified microorganisms (p
> 0, 05), while PPD was related to the increased load levels of
each studied bacteria apart from P intermedia, even though
such correlation values were categorized as weak. CAL has
shown analogical pattern of interrelation with increased bac-
terial load of each studied periopathogen apart from P inzer-
media despite the fact that such correlation values were lower

Statisticka analiza dobivenih podataka pomogla je otkri-
ti specifine vrijednosti korelacije izmedu parametara kao $to
su BOP, PPD, CAL i bakterijskog opterecenja za svaki ciljani
parodontopatogeni mikroorganizam. Primije¢eno je da para-
metar BOP nije bio statisticki znacajno povezan ni s jednim
identificiranim mikroorganizmom (p > 0,05), a PPD je bio
povezan s pove¢anom razinom optere¢enja za svaku prouca-
vanu bakteriju, osim P intermedia, iako su takve korelacij-
ske vrijednosti kategorizirane kao slabe. CAL je slijedio slican
obrazac uzajamne povezanosti s pove¢anim bakterijskim op-
teretenjem svakom ispitivanom parodontopatogenom bakte-

Table 4  Correlations between bacterial load of periopathogens and clinical parameters of BOP, PPD and CAL
Tablica 4. Korelacije izmedu bakterijskog opterecenja parodontopatogenim mikroorganizmima i klinickih parametara BOP-a, PPD-a i CAL-a

Study parameters/Periodontal pathogen BOP PPD CAL

Klinicki parametri/parodontopatogene p-value p-value ¢ p-value

bakterije ! p-vrijednost f p-vrijednost R p-vrijednost

P. gingivalis 0.12 p>0.05 0.28 p<0.05 0.24 p<0.05
T. forsythia 0.09 p>0.05 0.20 p<0.05 0.18 p<0.05
P. intermedia 0.11 p>0.05 0.13 p>0.05 0.11 p>0.05
T. denticola 0.14 p>0.05 0.21 p<0.05 0.21 p<0.05
A. actinomycetemcomitans 0.18 p>0.05 0.37 p<0.05 0.28 p <0.05

BOP - bleeding on probing = krvarenje nakon sondiranja, PPD - periodontal probing depth = dubina sondiranja parodonta, CAL - clinical attachment
loss = gubitak klinickog pri¢vrstka
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compared to those registered with PD. The highest correla-
tion values were found between PPD and bacterial load pa-
rameters of A. actinomycetemcomitans (1=0, 37; p < 0, 05) and
P gingivalis (r=0, 28; p < 0, 05); and also between CAL and
bacterial load values of A. actinomycetemcomitans (r=0, 28; p
<0, 05) and P, gingivalis (=0, 24; p < 0, 05) (Table 4).

Discussion

The newest model of periodontitis and peri-implantitis
development considering the presence of keystone pathogen
is not capable for provoking disease itself, but is responsible
for formation of specific bacterial interrelation under which
the overall level of pathogenicity increases at the problemat-
ic periodontal or peri-implant areas (7, 8). Most of the pre-
vious studies have been devoted to the analysis of microbial
ecosystem during peri-implantitits and periodontitis, which
can be categorized in two groups: studies aimed at verifica-
tion of specific pathogens and studies aimed at detailed iden-
tification of complex microbiota. Such approaches of detailed
quantitative and qualitative analyses of peri-implantitis and
periodontitis biofilms structure support possibilities for treat-
ment individualization, thus gaining effectiveness of epigene-
tic therapeutic modalities (22). Also such concepts of exami-
nation help minimize the risk of superinfection development,
as previously described during the use of broad-spectrum an-
tibiotics for peri-implantitis treatment (23).

In our research we have provided the estimates of actu-
al bacterial load levels of five periodontopathogen species in
subgingival plaque during periodontitis and peri-implantitis
pathologies using the RT-PCR method. The main advantag-
es of using the PCR-method in dentistry and periodontolo-
gy are reasoned by time and cost-efficiency, higher sensitiv-
ity compared to other approaches, possibility to reproduce
results in the same manner, and relatively easy algorithm for
quantification of obtained parameters (24, 25). Recently, re-
al-time polymerase chain reaction has been applied for quali-
tative analysis, thus completely replacing the method of bac-
terial culture (14).

The results of our study are concordant with previously
obtained findings that could be summarized in the way that
an increase in load levels of periodontopathogens associated
with the development of periodontitis and peri-implantitis
(26, 27). Despite that, it should be noted that interrelation
changes between different species in subgingival microbiome,
and specific individual host response mechanisms could play
a more pronounced role in periodontal or peri-implant pa-
thology development than just quantity variations of bacte-
rial load, but such an aspect will be addressed in our further
studies since it is beyond the scope of this research (1, 2, 3,
22, 26).

A previously statistically important increase in bacterial
frequency was noted while comparing healthy periodontal
and peri-implant conditions and states of periodontitis and
peri-implantitis. However, no significant difference of bacte-
rial frequency was registered between gingivitis and muco-

Parametri bakterijskog opterecenja u subgingivalnom plaku

rijom, osim za P intermedia, unato¢ ¢injenici da su takve ko-
relacijske vrijednosti nize u usporedbi s onima zabiljezenima
za PD. Najvece korelacijske vrijednosti utvrdene su za para-
metar PPD i bakeerijsko opterecenje vrstama A. actinomyce-
temcomitans (r = 0,37; p < 0,05) i P gingivalis (r = 0,28; p
<0,05), a takoder izmedu vrijednosti CAL-a i vrijednosti bak-
terijskog opterecenja vrstama A. acinomycetemcomitans (r =

0,28; p < 0,05) i P gingivalis (r = 0,24; p < 0,05) (tablica 4.).

Rasprava

Prema najnovijem modelu nastanka parodontitisa i pe-
riimplantitisa smatra se da kljuéni patogeni sami ne izaziva-
ju bolest, ali su odgovorni za stvaranje specificne bakterijske
flore u kojoj se ukupna razina patogena pove¢ava u proble-
mati¢nim podrugjima (7, 8). Vecina dosadasnjih istrazivanja
o analizi mikrobioloskog ekosustava u slu¢aju parodontitisa
i perimplantitisa moze se svrstati u dvije skupine — onu us-
mjerenu na verifikaciju specifi¢nih patogena i onu usmjerenu
na detaljnu identifikaciju slozenih mikrobioma. Takvi pristu-
pi detaljne kvantitativne i kvalitativne analize biofilma paro-
dontitisa i periimplantitisa omoguc¢uju individualizaciju lije-
¢enja, ¢ime se postize ucinkovitost epigenetskih terapijskih
modaliteta (22). Takvi koncepti takoder pomazu minimizi-
rati rizik od razvoja superinfekcije, kao $to je ve¢ opisano ti-
jekom primjene antibiotika $irokog spektra za lijecenje peri-
implantitisa (23).

U nasem istrazivanju dali smo procjenu stvarne razine
bakterijskog optere¢enja za pet vrsta parodontopatogenih
mikroorganizama u subgingivnom plaku tijekom parodon-
titisa i periimplantitisa metodom RT-PCR. Glavne predno-
sti primjene te metode u dentalnoj medicini i parodontologiji
uklju¢uju brzinu i cijenu testa, vecu osjetljivost u usporedbi s
drugim postupcima, moguénost reprodukcije rezultata i raz-
mjerno jednostavan algoritam za kvantifikaciju dobivenih pa-
rametara (24, 25). Nedavno je lancana reakcija polimeraze u
stvarnom vremenu primijenjena za kvalitativnu analizu kao
zamjenska metoda za bakterijske kulture (14).

Rezultati nadeg istrazivanja podudaraju se s ranijim nala-
zima koji bi se mogli sazeti tako da se s razvojem parodontiti-
sa i periimplantitisa poveéava optereéenje parodontopatoge-
nim bakterijama (26, 27). Unato¢ tomu treba istaknuti da bi
interakcije izmedu razlicitih vrsta u subgingivnom mikrobi-
omu i specifini pojedina¢ni mehanizmi odgovora domacina
mogli imati izrazeniju ulogu u razvoju parodontne ili periim-
plantantne bolesti od samih kvantitativnih varijacija bakte-
rijskog opterecenja, ali taj ¢e se aspekt analizirati u daljnjim
istrazivanjima i nadmasuje okvire ovog rada (1, 2, 3, 22, 26).

Usporedujuéi uvjete zdravog parodonta i periimplantat-
nog tkiva i stanja parodontitisa i periimplantitisa, prije je
utvrdeno statisticki znacajno povecanje frekvencije detekcije
bakterija, a nije zabiljeZena znacajna razlika u frekvenciji de-
tekcije bakterija izmedu gingivitisa i mukozitisa u uspored-
bi s parodontitisom i periimplantitisom (28). Isti je obrazac
uoden i u naSem istrazivanju, iako smo primijenili kriterije
bakterijskog optereéenja umjesto opisane frekvencije detekci-
je bakterija — parodontitis I1I. stupnja karakterizira ve¢e bak-
terijsko optereéenje u usporedbi s parodontitisom I. stupnja
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sitis compared to periodontitis and peri-implantitis respec-
tively (28). The same pattern was noted in our study, even
though we have used criteria of bacterial load instead of pre-
viously described bacterial frequency: I1I stage periodontitis
was characterized by higher bacterial load compared to the I
stage periodontitis or healthy periodontal status, while the
same tendency was also noted during comparison of healthy
peri-implant region and peri-implantitis lesion.

In the study of Torrungruanag et al. (29), the prevalence
of P ginigvalis and T. denticola among patients with severe
periodontitis was relatively similar to the detection rate fre-
quency registered in our research, while detection rate fre-
quency of 1. forsythia and P intermedia in our study was
comparatively lower, which can be explained by the small-
er number of study subjects in the corresponding group. It is
important to notice that in both studies the prevalence/ de-
tection frequency of A. actinomycetemcomitans was the lowest
both among periodontitis and healthy sites, while bacterial
load of this species was also the lowest one.

A significant difference was found in values of bacterial
load between healthy periodontal sites and those with signs
of periodontitis, while the same tendency was also noted dur-
ing evaluation of peri-implant healthy sites and those with
peri-implantitis. Moreover, the absolute difference of levels of
microorganisms’ bacterial load was also found during equip-
aration of healthy periodontal sites and healthy peri-implant
regions, while statistically significant variations were noted
considering bacterial load of P gingivalis, T. forsythia and A.
actinomycetemcomitans (p < 0, 05). Nevertheless, the results
of our research should be interpreted with caution, since in
another study of microbiota composition it was found that
even though variations of species have been observed be-
tween affected and unaffected peri-implant/periodontal sites,
such differences were smaller compared to inter subject dif-
ferences (30). Analogical facts have been described in a num-
ber of previous studies, wherein individual oral microbiome
composition and its associated changes were the most pre-
dominant factors of pathology development, and on which
further treatment algorithms should be targeted (22, 25, and
26).

Due to the complex aim of this study and possibility to
analyze both laboratory parameters of actual bacterial load
parameters and clinical signs among periodontitis and peri-
implantitis sites, we have found correlation values between
specific load levels of A. actinomycetemcomitans, P gingivalis,
T forsythia, P intermedia, T. denticola and average parameters
of BOP, PPD and CAL. Based on the obtained results it can
be summarized that PPD and CAL parameters demonstrated
a weak but statistically significant correlation with bacterial
load of all studied bacterial species except P intermedia, while
BOP has shown no correlation with any of analyzed peri-
odontopathogen loads. In the study of Octavia et al. (31), it
was shown that scaling and root planing among patients with
periodontitis, associated not only with the reduction of pock-
et depth and gingival bleeding index but also with decrease
of these parameters, was also statistically correlated with the
reduction of P gingivalis and P forsythia amounts counted
in the subgingival plaque. On the other hand, in the larg-
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ili zdravim parodontom, a sli¢na je tendencija uocena i tije-
kom usporedbe zdravoga periimplantantnog tkiva i lezije pe-
riimplantitisa.

U istrazivanju Torrungruanaga i suradnika (29) prevalen-
cija vista P ginigvalis i T denticola medu pacijentima s tes-
kim parodontitisom bila je razmjerno sli¢na nalazima u na-
Sem istrazivanju, a ucestalost vrsta 7. forsythia i P intermedia
u nasem istrazivanju bila je razmjerno manja, $to se moze
objasniti manjim brojem ispitanika u odgovarajucoj skupini.
Vazno je istaknuti da je u oba istrazivanja prevalencija vrste
A. actinomycetemcomitans bila najmanja i u slu¢aju parodon-
titisa i u zdravim uvjetima, dok je bakterijsko optere¢enje ove
vrste bilo najmanje.

Utvrdena je znacajna razlika u vrijednostima bakterijskog
optere¢enja izmedu zdravog parodonta i mjesta sa znakovi-
ma parodontitisa, pri ¢emu je ista tendencija uocena i tije-
kom usporedbe zdravoga periimplantantnog tkiva i sluzni-
ce zahvacene periimplantitisom. Stovise, apsolutna razlika u
razinama bakterijskog opterecenja takoder je utvrdena tije-
kom usporedbe zdravoga parodonta i zdravoga periimplan-
tantnog podru¢ja, a zabiljezene su statisticki znacajne vari-
jacije kad se uzme u obzir bakterijsko optereéenje vrstama P
gingivalis, T. forsythia i A. actinomycetemcomitans (p < 0,05).
Ali takve rezultate naseg istrazivanja treba tumaciti s oprezom
jer je u drugom istrazivanju o sastavu mikrobioma utvrdeno
da su, iako su primije¢ene varijacije vrsta izmedu zahvacenih
i zdravih mjesta, takve razlike bile manje nego medu subjek-
tima (30). Analogne su Cinjenice opisane u mnogobrojnim
dosadasnjim istrazivanjima u kojima su individualni sastav
oralnog mikrobioma i pridruzene promjene bili dominantni
¢imbenici razvoja patologije i na koje trebaju biti usmjereni
daljnji algoritmi lije¢enja (22, 25, 26).

Zbog slozenoga cilja ovog istrazivanja i mogu¢nosti ana-
lize laboratorijskih i stvarnih parametara bakterijskog optere-
¢enja i klinickih znakova na podru¢jima parodontitisa i pe-
riimplantitisa, pronasli smo korelacijske vrijednosti izmedu
specifi¢nih razina opterecenja vrstama A. actinomycetemcomi-
tans, P gingivalis, T. forsythia, P intermedia, T. denticola i pro-
sje¢nih parametara BOP-a, PPD-a i CAL-a. Na temelju do-
bivenih rezultata moze se re¢i da su parametri PPD-a i CAL-a
pokazali slabu, ali statisticki znacajnu povezanost s bakeerij-
skim optere¢enjem svim ispitivanim bakterijskim vrstama,
osim vrstom P intermedia, a BOP nije pokazao povezanost
s analiziranim optere¢enjem parodontopatogenim mikroor-
ganizmima. U istrazivanju Octavija i suradnika (31) pokaza-
lo se da je struganje i poliranje korijena pacijentima s paro-
dontitisom povezano ne samo sa smanjenjem dubine dzepa
i indeksom krvarenja gingive, nego je smanjenje tih parame-
tara bilo i statisticki povezano sa smanjenjem broja bakteri-
ja P gingivalis i P forsythia u subgingivnom plaku. S druge
strane, u najveéem epidemioloskom istrazivanju iz parodon-
tologije primjenom PCR metode u stvarnom vremenu (29),
utvrdeno je da je P gingivalis ¢ak i u maloj kolicini znacajno
povezana s teSkim parodontitisom s najve¢im razinama PPD-
a i CAL-a, a bakterijsko optere¢enje vrstama A. actinomyce-
temcomitans, 1. denticola i P intermedia trebalo bi dosegnuti
neke granicne razine da bi se statisticki povezale s napredova-
lom boleséu parodonta (29). Takva tendencija primijeéena je
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est periodontal epidemiological study with the use of the re-
al time PCR method (29), it was found that the presence of
P gingivalis even in small amounts is strongly associated with
severe periodontitis with greatest levels of PPD and CAL,
while the bacterial load of A. actinomycetemcomitans, 1. den-
ticola and P intermedia should reach some marginal levels to
be statistically related to the advanced periodontal pathology
(29). Such a tendency was also observed in our research: all
patients with severe periodontitis and greatest values of PPD
and CAL revealed 100% detection frequency of P gingivalis,
bacterial load which was also the greatest compared to that
of other species.

Resuming the obtained outcomes, it could be highlighted
that the use of PCR method helps identify main periodon-
tal pathogens that play predominant role in periodontitis
and peri-implantitis development. Moreover, identification
of such pathogens during periodontitis pathology and be-
fore implant placement could be used for optimization of
oral cavity ecosystem balance to provide more advantageous
conditions for further implant functioning, thus reducing
risks of possible peri-implant complications during a long-
term monitoring. One of the further perspectives for using
PCR method in implantological practice was described in the
Carinci E et al. study (32), in which the authors, based on
the criteria of total bacterial load, pointed to the possibility
of using implants with polymeric chlorhexidine inside-cham-
ber layering. In this way, a reduction of bacterial load was ob-
tained, which also could be interpreted as a prevention mea-
sure against peri-implantitis development.

Limitations of this research are linked to a relatively small
number of participants in study and control groups. Also,
the design of the study was characterized by restricted condi-
tions for controlling laboratory phase of research, since all i
vitro analyses were performed by lab specialists with further
provision of obtained results in the form of reports. Taking
into consideration the abovementioned, it was not possible
to estimate the level of possible laboratory service bias, even
though all used equipment was granted and checked for con-
formance marking, and laboratory specialists were previously
calibrated for periodontally-aimed types of studies.

Despite the limitations mentioned, it was found that the
progression of periodontal disease and the presence of peri-
implantitis pathology are related to the absolute increase of
bacterial load parameters of species such as A. actinomycetem-
comitans, P gingivalis, T. forsythia, P intermedia, T. denticola
with different levels of statistical dependencies. While using
the RT-PCR method for the quantification of microbiome
structure, it should be noted that the parameter of bacterial
detection frequency is characterized by less sensitive interre-
lation with periodontal and peri-implant diseases, compared
to the parameter of absolute bacterial load.

Conclusions

Periodontitis and peri-implantitis are associated with the
same microbial pathogens, even though the distribution pat-
tern of their bacterial load and detection frequency parame-

ters registered with the RT-PCR could be distinct and linked
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i u naSem istrazivanju — svim pacijentima s teskim parodon-
titisom i najve¢im vrijednostima PPD-a i CAL-a otkrivena je
100-postotna frekvencija P gingivalis Cije je bakterijsko opte-
re¢enje bilo najvece u usporedbi s drugim vrstama.

Nadovezujudi se na dobivene rezultate, moglo bi se ista-
knuti da primjena PCR-a pomaze u prepoznavanju glavnih
parodontopatogenih mikroorganizama koji imaju glavnu ulo-
gu u razvoju parodontitisa i periimplantitisa. Stovide, identi-
fikacija tih patogena tijekom parodontitisa i prije ugradnje
implantata moze se koristiti za optimizaciju ravnoteze eko-
sustava usne Supljine kako bi se osigurali povoljniji uvjeti za
funkcioniranje implantata i smanjio rizik od mogu¢ih kom-
plikacija tijekom dugoro¢nog pracenja. Jednu od daljnjih
moguc¢nosti upotrebe PCR metode u implantoloskoj praksi
opisali su F. Carinci i suradnici u svojem istrazivanju (32) u
kojemu su autori na temelju kriterija ukupnoga bakterijskog
optere¢enja argumentirali mogucnost upotrebe implantata s
polimernim klorheksidinskim slojem unutar komore. Na taj
nacin postignuto je smanjenje bakterijskog opteretenja, $to
se takoder moze tumaciti kao preventivna mjera protiv razvo-
ja periimplantitisa.

Ogranicenja ovog istrazivanja povezana su s razmjerno
malim brojem ispitanika u ispitivanim i kontrolnim skupi-
nama. Moguénosti kontrole laboratorijske faze istrazivanja
takoder su bile ogranicene jer su sve analize in vitro obavili
laboratorijski stru¢njaci, a rezultate su prezentirali u obliku
izvjestaja. Uzimajuéi u obzir navedeno, nije se mogla proci-
jeniti razina eventualne pristranosti u laboratorijskim testovi-
ma, iako je sva koristena oprema bila provjerena i odobrena,
a laboratorijski stru¢njaci prije toga su bili kalibrirani za pa-
rodontoloske analize.

Unato¢ opisanim ograni¢enjima, ustanovljeno je da su
progresija parodontitisa bolesti i prisutnost periimplantiti-
sa bile povezane s apsolutnim poveéanjem parametara bak-
terijskog optere¢enja vrstama kao $to su A. actinomycetemco-
mitans, P gingivalis, T. forsythia, P intermedia, T. denticola s
razli¢itim razinama statistickih ovisnosti. Tijekom koristenja
metode RT-PCR za kvantifikaciju strukture mikrobioma, tre-
ba napomenuti da je parametar frekvencije detekcije bakterija
karakteriziran manjom povezano$¢u s parodontnim i periim-
plantantnim bolestima u usporedbi s parametrom apsolutno-
ga bakeerijskog optereéenja.

Zakljuc¢ak

Parodontitis i periimplantitis povezani su s istim mikrob-
nim patogenima, iako se obrazac distribucije njihova bakte-
rijskog optere¢enja i parametara frekvencije detekcije regi-
striranih s pomo¢u RT-PCR-a mogao razlikovati i dovesti
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to the individual patient-related conditions and the severity
stage of pathology. Generally, the development of periodon-
tal and peri-implant lesions is related to real raise of bacterial
counts estimated for A. actinomycetemcomitans, P gingivalis,
T. forsythia, P intermedia, 1. denticola. None of the studied
periopathogens presented a statistically compelling relation-
ship with clinical bleeding on probing parameter, while the
greatest correlation between periodontal pocket depth and
the loss of clinical attachment level were registered for P gin-
givalis, T. forsythia, 1. denticola and A. actinomycetemcomi-
tans bacterial loads. Quantitative verification of periodontal
bacterial load levels before implantation could serve to ad-
vance arguments for the need to improve oral health and bal-
ance the microbial ecology, thus reducing the risk of poten-
tial peri-implant complications during a time-lapse survey.
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Sazetak

Svrha rada: Zeljelo se procijeniti stvarne parametre bakterijskog opterecenja u subgingivnom plaku

Bacterial Load Parameters in Subgingival Plague .

u korelaciju s pojedina¢nim stanjima povezanima s pacijen-
tom i stupnjem uznapredovalosti patologije. Opéenito, ra-
zvoj parodontnih i periimplantatnih lezija povezan je s pove-
¢anjem broja bakterija A. actinomycetemcomitans, P gingivalis,
T forsythia, P intermedia, T. denticola. Ni jedna od proucenih
parodontopatogenih bakterija nije pokazala statisticki znacaj-
nu vezu s klinickim parametrom krvarenja nakon sondira-
nja, a najveca povezanost izmedu dubine parodontnog dzepa
i gubitka razine klinickoga pri¢vrstka zabiljeZena je za bakte-
rijsko opterecenje vrstama P gingivalis, 1. forsythia, 1. denti-
cola i A. actinomycetemcomitans. Kvantitativna provjera razine
bakterijskoga optere¢enja parodontopatogenim vrstama pri-
je implantacije mogla bi posluziti kao preliminarni argument
za potrebu prilagodbe ravnoteze oralnoga ekosustava sa svr-
hom smanjenja rizika od razvoja potencijalnih komplikacija
oko implantata.
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metodom RT-PCR (lan¢anom reakcijom polimeraze u stvarnom vremenu) u slucaju parodontitisa i

periimplantitisa te njihovu povezanost s klinickim parodontoloskim pokazateljima. Materijali i meto-
de: Prema postavljenom studijskom dizajnu sloZeno je pet skupina ispitanika — s blagim/umjerenim
parodontitisom, s teskim parodontitisom, s periimplantitisom, zdravim parodontom i zdravim periim-
plantatnim tkivom. Uzorci subgingivnog plaka uzeti su papirnatim Stapicima koji su 30 sekunda bili
umetnuti u dzep/sulkus. Proveden je standardni test ParodontoScreen za identifikaciju ciljnih opor-
tunistickih patogena (A. actinomycetemcomitans, P. gingivalis, T. forsythia, P. intermedia, T. dentico-
la) RT-PCR metodom. Rezultati: Parametri bakterijskog opterecenja pokazali su znacajnu tendenciju
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porasta pri progresiji parodontitisa i periimplantitisa. Univarijantnom analizom svaka ciljna srednja
razina bakterijskog opterecenja statisticki je bila povezana s parodontitisom ili periimplantitisom (p
< 0,05) kada su parametri bakterijskog opterecenja na zdravim mjestima koristeni kao referentni po-
datci. Najvece korelacijske vrijednosti ustanovljene su izmedu parametara dubine sondiranja i bak-
terijskog opterecenja bakterijama A. actinomycetemcomitans (r = 0,37; p < 0,05) i P. gingivalis (r =
0,28; p < 0,05) te takoder izmedu gubitka klinickog pricvrstka i bakterijskog opterecenja bakterijama

A. actinomycetemcomitans (r = 0,38; p < 0,05) i P. gingivalis (r = 0,24; p < 0,05). Zaklju¢ak: Parodon-
titis i periimplantitis povezani su s istim mikrobnim patogenima, iako su se obrasci distribucije bak-
terijskog opterecenja i parametri zabiljezeni s pomocu RT-PCR-a mogli razlikovati i povezati s indivi-
dualnim stanjima povezanima s pacijentima i uznapredovaloscu patologije.
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