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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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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 

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, 18–60 
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 T0 and T1 
within each group.
Laboratory Phase.

Specimen Preparation: Specimens of metal–ceramic and 
monolithic zirconia materials (dimensions: 10 × 10 × 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 (ΔE) 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 (ΔE): Greater in metal–ceramic 

specimens compared to zirconia specimens.
•	 All changes remained within clinically acceptable 

limits (ΔE < 3.3).

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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•	 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. 

Metal–ceramic 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 

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 

Concept Key Points
Gingival response to fixed prostheses Biofilm accumulation and surface roughness affect gingival inflammation.

Material type Metal–ceramic restorations have rougher surfaces; zirconia is smoother and more 
biocompatible.

Biofilm and microbial colonisation Surface properties strongly influence bacterial adhesion and biofilm formation.

Role of chlorhexidine A gold-standard antiseptic that reduces plaque and gingivitis, but biofilm recolonisation may 
occur.

Effects of CHX on restorative materials May cause changes in surface roughness, colour stability, and mechanical properties.

Table 1. Fixed prosthesis biofilm inhibition by two chlorhexidine gels.

Patient Factors Impact on Gingival Health and 
Prosthetic Materials Effect on Chlorhexidine Efficacy References

Pre-existing Periodontal Diseases
Increased inflammation, altered 
healing, and more biofilm 
accumulation

Potentially reduced effectiveness 
due to biofilm [7,8]

Smoking
Immune suppression, increased 
inflammation, and altered oral 
microbiota

Decreased antiseptic efficacy [7,8]

Immunocompromised Status (Cancer) Impaired healing, xerostomia, 
disrupted microbial balance

Variable; may reduce effectiveness, 
increase risk

[8,10]

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