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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
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in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

The success of FDP is dependent on the interplay between
restorative materials, gingiva tissues, and oral biofilm.
Chlorhexidine (CHX) has been accepted as the gold standard
for chemical plaque control because of its effect on both plaque
accumulation and gingival inflammation. Prosthetic materials'
surfaces may be modified when in contact with CHX, which
presents higher surface roughness, colour stability loss and
more ion release. Thus, this study evaluated the clinical and
microbiological effects of CHX on FDPs with metal-ceramic
and monolithic zirconia restorations. Thirty participants were
enrolled. Both plaque and gingival indices were recorded,
and biofilm samples were collected at baseline and after
2 weeks of rinsing with 0.12%CHX mouthrinse. Surface
characteristics and mechanical properties of the restoratives
were assessed in vitro following CHX exposure using surface
roughness measurements, color stability analysis, and standard
mechanical testing. The study demonstrated that CHX lowered
plaque and microorganism counts. Metal-ceramic restorations
showed significant surface changes and reduction in strength,
while zirconia retained stable surface roughness values and
mechanical integrity. These results suggest that zirconia is more
chemically stable in CHX than metal ceramic restorations.

Key words. Chlorhexidine, fixed dental prostheses, metal-
ceramic restorations, monolithic zirconia, gingival tissue
response, biofilm formation, surface properties.

Introduction.

Fixed dental prostheses (FDPs) are fundamental for restoring
function and esthetics in partially or completely edentulous
patients within restorative dentistry. Among the materials
used, metal-ceramic restorations have been reported to possess
reliable mechanical properties, whereas monolithic zirconia
has gained popularity due to its excellent esthetic qualities and
biocompatibility [1,2]. For this reason, the surface properties of
these denture materials are very important in relation to biofilm
formation and, consequently, to gingival inflammation or peri-
prosthesis diseases [3,4].

Chlorhexidine (CHX) is the gold standard of chemical plaque
control, tested to reduce plaque and improve gingival tissue
response around dental restorations [5,6]. However, frequent
or long-term use of CHX can induce alterations in the surface
properties of prosthetic materials—such as increased surface
roughness and colour changes—that may promote biofilm
adhesion and re-colonisation [1,7]. Knowledge about the
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interplay of CHX, biofilm formation, and gingival response in
patients with fixed dental prostheses is important for successful
clinical results and durability of restorative materials. The
objective of this randomised clinical trial is to analyse the
hypothesis that CHX influences the clinical and microbiological
surroundings of M-C and MZ monolithic restorations and their
surface and structural properties. Table 1 represents the most
important facts we know about biofilm development, gingival
reaction, and how chlorhexidine can affect the different fixed
prosthodontic materials.

Biological compatibility of fixed partial dentures, in particular,
should not be compromised for oral and periodontal health.
The interaction between the restorative materials and the
adjacent gingiva has been found to have an impact on plaque
accumulation and inflammatory response [8,9]. Studies have
also demonstrated that metal-ceramic crowns generally present
with higher surface roughness than monolithic zirconia crowns,
which in the end results in increased biofilm accumulation and,
as a result, greater rates of gingival inflammation [6,9]. Surface
roughness of prosthetic materials, as well as surface energy, are
factors facilitating the adhesion and colonisation of bacteria [7,8].

CHX is the 'gold standard' agent for plaque control, which has
been found to reduce plaque and gingival indices in patients
with fixed prostheses [7,10]. However, questions raised about
bacterial resistance and biofilm reformation originated, as
biofilms may recover from CHX application [8,9]. Thus,
knowledge of the effect of CHX on biofilm formation and
gingival tissue response is mandatory to obtain the best possible
results during prosthodontic treatment.

Although CHX is known to be effective in plaque control, its
influence on the physical and chemical properties of prosthesis
materials is extensive. The continued use of CHX can produce
more roughness, discolouration, and microstructural changes,
especially in metal-ceramic restorations [3,6]. Such changes
may generate ecological niches for microbial re-growth [11,12].

Monolithic zirconia demonstrates higher chemical stability;
however, minor changes in optical and mechanical properties
have also been reported after exposure to CHX [2,5].
Furthermore, the response of CHX to metal alloys could alter
corrosion and ion release, ultimately resulting in compromised
longevity or biocompatibility for restorations [6,13]. Novel
strategies, such as CHX-loaded nanoparticle coatings, have
been introduced to improve antibacterial effects and minimise
material degradation; however, standard clinical data for long-
term studies are missing [12,14].
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Materials and Methods.

Study design: The current study was divided into 2 branches: a
clinical phase, regarding the gingival tissue reaction and biofilm
on the FDPs after CHX application and a laboratory phase
about how the restorative materials were changed following
application of CHX.

Clinical Phase.

Participants: Thirty periodontally healthy individuals, 1860
years of age with FDPs in function for a minimum of 6 months,
were chosen. Patients were divided into two subgroups based on
the restoration type: group A (metal—ceramic types/restorations,
n = 15) and group B (monolithic zirconia types/restorations, n =
15). Patients with good oral hygiene and no active periodontal
disease were enrolled. Exclusion criteria included systemic
disease, smoking, being pregnant and having used antibiotics or
antiseptics recently (in the past 3months).

Clinical Evaluation: PI and GI were recorded on the abutments
at baseline (T0), and biofilm samples for microbial analysis were
obtained from prosthetic margins using sterile paper cones. The
patients had to rinse with 0.12% CHX mouthwash twice daily
for 14 days. At the end of this period (T1), clinical indexes and
biofilm samples were collected again.

Microbiological Analysis: Quantitative cultures for aerobic
and anaerobic bacteria were obtained from biofilm samples
using selective media. Colony-forming units per millilitre
(CFU/ml) were counted and compared between TO and T1
within each group.

Laboratory Phase.

Specimen Preparation: Specimens of metal-ceramic and
monolithic zirconia materials (dimensions: 10 x 10 X 2 mm),
corresponding to clinical sizes, were prepared. Specimens were
stored in 0.12% CHX at 37°C for 14 days with daily solution

changes.
Surface and Mechanical Testing.

Surface Roughness: assessed using atomic force
microscopy (AFM).

Colour Stability: evaluated by measuring colour
changes (AE) using digital spectrophotometry.

Flexural Strength: determined by the three-point
bending test according to ISO standards.

Statistical Analysis: Data were analysed using SPSS software.
Normality was tested with the Shapiro-Wilk test. Within-group
comparisons (pre- and post-treatment) were performed using
paired t-tests, while independent t-tests were used for between-
group comparisons. A p value < 0.05 was considered statistically
significant.

Results.

Clinical Results:

At baseline (T0), there were no statistically significant
differences between Group A (metal-ceramic) and Group B
(monolithic zirconia) in either plaque index (PI) or gingival
index (GI) (p > 0.05) (Figure 1).

After 14 days of using 0.12% chlorhexidine mouthrinse (T1):
Both groups showed a significant decrease in PI and GI
(p <0.05).

The decrease was greater in Group A than in Group B.

Microbiological Results: Quantification of the biofilm clearly
disclosed a decrease in bacterial counting for aerobic and
anaerobic (CFU/mL) after CHX application (p < 0.05). This
reduction was more pronounced in the metal-ceramic group
than in the zirconia group.

Laboratory Results.

Surface Roughness.

Metal-ceramic specimens: Significant increase in
surface roughness after 14 days of CHX immersion (p < 0.05).

. Zirconia specimens: No statistically significant
change (p > 0.05).

Color Stability
Colour change (AE): Greater in metal-ceramic
specimens compared to zirconia specimens.

. All changes remained within clinically acceptable
limits (AE < 3.3).

Comparison of Pl and Gl at Baseline (TO) and After 14 Days (T1)
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Figure 1. Plaque index (PI) and gingival index (GI) scores between the metal-ceramic and zirconia groups at time 0 (T0), baseline, and after 14

days of use of chlorhexidine solution were compared.
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Table 1. Fixed prosthesis biofilm inhibition by two chlorhexidine gels.

Concept
Gingival response to fixed prostheses

Key Points

Material type biocompatible.

Biofilm and microbial colonisation

Role of chlorhexidine
occur.

Effects of CHX on restorative materials

Biofilm accumulation and surface roughness affect gingival inflammation.
Metal—ceramic restorations have rougher surfaces; zirconia is smoother and more

Surface properties strongly influence bacterial adhesion and biofilm formation.
A gold-standard antiseptic that reduces plaque and gingivitis, but biofilm recolonisation may

May cause changes in surface roughness, colour stability, and mechanical properties.

Table 2. Effects of patient factors on gum health and chlorhexidine performance.

Patient Factors Prosthetic Materials

Increased inflammation, altered
healing, and more biofilm

Pre-existing Periodontal Diseases
accumulation

Impact on Gingival Health and

Effect on Chlorhexidine Efficacy References

Potentially reduced effectiveness

due to biofilm [7.8]

Immune suppression, increased

Smoking
microbiota

Immunocompromised Status (Cancer)

. Zirconia specimens: Minimal changes were observed,
and surfaces remained relatively smooth.
Flexural Strength.

. Metal-ceramic specimens: A significant reduction in
flexural strength was recorded after 14 days of CHX immersion
(p < 0.05). The reduction in flexural strength of metal-ceramic

specimens suggest material degradation following CHX
exposure.
. Zirconia specimens: No significant changes in

flexural strength were observed.

Metalceramic samples exhibited signs of chemical
degradation inferred from mechanical and surface roughness
changes, whereas zirconia samples demonstrated greater
resistance to CHX exposure [4].

Discussion.

The significant decrease in PI and GI scores in both groups is
also confirmed by other investigations, which stated that CHX
is a very effective antiseptic for plaque control and gingival
inflammation [7,8,10,15]. Though the present study assessed the
impact of 0.12% CHX mouthrinse, it is noteworthy that various
other concentrations might have separate clinical, microbial
and material properties. Higher concentrations, like 0.2%, have
been shown in earlier research to be more efficacious on plaque
accumulation and gingival inflammation; also, these could
cause differences on the surface of prosthetic materials and
thereby lead to increased roughness or colour alterations. On
the other hand, lower concentrations (e.g., 0.06%) with milder
impact on materials may be less efficacious in exterminating
microorganisms. Thus, the concentration of CHX chosen should
reflect a compromise between the desired degree of clinical
antibacterial activity and maintaining restoration integrity or
aesthetics [15,16].

These results are in accordance with the systematic review of
Van Strydonck et al, who also found CHX to be effective for
plaque control and prevention of gingivitis [7]. Recent clinical
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inflammation, and altered oral

Impaired healing, xerostomia,
disrupted microbial balance

Decreased antiseptic efficacy [7,8]

Variable; may reduce effectiveness, [8,10]
increase risk

trials also showed that CHX 0.2% significantly reduces plaque
accumulation and gingival inflammation at the site of fixed
prosthetic restorations [15,16].

Metal-ceramic had a significantly more noticeable surface
alteration compared to zirconia. This might be due to higher
pretreatment surface roughness and porosity of metal-ceramic
materials leading to more biofilm accumulation and thus more
pronounced reductions after the application of antiseptics [3,9].
On the other hand, zirconia has a lower roughness of surface and
higher energy of cutaneous surface and also is chemically stable,
which is resistant to surface degradation processes inferred from
quantitative surface roughness and mechanical findings, making
it an ideal biocompatible material to be used in a prosthesis for a
longer period [4,9,14,17]. Microbiological evaluation showed a
significant decrease in bacterial colonisation with CHX for both
material types. Nevertheless, the reformation of biofilm over
time underlines that mechanical plaque control with chemical
antisepsis should be continually used to maintain optimum
periodontal health [7,8,18].

Mechanically and esthetically, exposure to CHX caused
surface roughness to increase, flexural strength was reduced
slightly in metal-ceramic samples with zirconia retaining its
mechanical properties and overall surface integrity [1,11,12].
The observed increase in surface roughness and reduction in
flexural strength indicate surface degradation, particularly in
metal-ceramic restorations, following CHX exposure.

Shifts in colour were somewhat greater for metal-ceramic
restorations, but still well below the clinically perceptible
threshold (<3.3) [2,3]. These findings underscore the need for
materials being selected for prosthetic devices to be chemically
resistant while providing optimal function and esthetics [7,8].

Patient factors significantly influence both clinical outcomes
and material behaviour in prosthetic dentistry. Periodontal
condition, smoking status, and systemic health can alter the
response of the gingival tissue and thereby affect biofilm
adherence on prosthetic appliances. Knowledge of these factors



is pertinent to comprehending the effectiveness of antiseptics
like CHX and further aiding clinician and patient well-being.
The impact of these characteristic patient factors in relation
to the interaction between gingival tissues and prosthetic
materials is described in this article. In addition, the tissue
inflammation and bacterial colonisation of diseases such as
gingivitis and periodontitis can also be influenced by these
conditions. Biofilm formation has been proven on the prosthetic
material, and the magnitude of healing response is disturbed in
patients with these diseases; this would be expected to have a
bearing on the activity of CHX [7,8]. Smoking down-regulates
immunoresponsiveness, thereby predisposing individuals to
gingival inflammation and periodontal destruction. It changes
the oral flora, possibly leading to less effective antiseptic
treatments and clinical results [7,8]. Cancer patients undergoing
chemotherapy and radiotherapy experience immunosuppression
and mucosal conditions such as xerostomia (dry mouth). These
changes disrupt oral microflora balance and may increase
susceptibility to infections. Such factors can alter the binding
of CHX to prosthetic biomaterials, impacting both clinical and
material outcomes [8,10] (Table 2).

There are a number of limitations to this study that must
be taken into account when interpreting the findings. The
sample size included was moderate, and the generalizability
of findings may be constrained. The 14-day postoperative
period was too short to evaluate the latency action of CHX on
prosthetic materials and gingival tissues [7]. It is not certain
if the laboratory conditions can mimic the oral environment
perfectly, specifically saliva composition, biting forces, and
patient factors (e.g., smoking, pre-existing periodontal diseases,
and systemic conditions) [7,8]. The single concentration of
CHX (0.12%) studied does not permit conclusions about other
concentrations or delivery systems. Immunosuppressed patients,
including patients receiving chemotherapy for malignancy,
were excluded, and these may also influence the response of
tissues and patterns of microbial colonization [8,10]. Larger
sample sizes in future studies are required to increase statistical
power and allow results to be generalised. Long-term studies are
required to assess the clinical and material effects of CHX [7]. It
is desirable that comparative studies be carried out to establish
the procedure with the best type and concentration of CHX [8].

Conclusion.

The CHX 0.12% mouth rinse showed a marked reduction in
both plaque and gingivitis among the fixed prosthesis wearers.
The metal-ceramic restorations showed surface alteration and
alteration in mechanical property after CHX application, but
clinical improvement was seen in plaque index and gingival
index. On the other hand, in zirconia crowns, colour and surface
stability as well as mechanical properties were maintained,
indicating that a better chemical/structural resistance was
promoted under CHX exposure. This information indicates
that not only the clinical success of such works, but likewise
long-term stability of the material have to be a consideration
in choosing metal-free at fixed prosthetic works material with
special emphasis when antiseptics like CHX are employed.
These findings need to be confirmed by larger and longer-term
studies that are relevant to chronic use in the clinical setting.
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