
SUMMARY
Background. The response of periodontal tissues to prosthetic 

restorations, either temporary or permanent, has been an issue of major 
concern. Temporary restorations induce o slight to moderate inflammatory 
response of the adjacent soft tissues that could affect the quality of final 
impressions for fixed prostheses. The aim of this double-blind, randomized, 
3 group parallel-designed clinical trial  was to evaluate and compare the 
efficacy of 2 mouthrinses and a placebo on inhibiting inflammation around 
teeth bearing provisional restorations. A secondary objective was to 
evaluate if C31G could cause staining of the restorations and/or changes in 
taste perception. 

Material and Methods. The 2 mouthrinses used, were chlorhexidine 
digluconate and 0.3% C31G in an aqueous base. 28 patients underwent 
periodontal examination at baseline, which included assessment of the 
plaque index, bleeding on probing and discoloration index. 110 teeth 
prepared to receive fixed prosthetic restorations and provisional restorations 
were evaluated prior to final impression procedures. All patients were 
randomly assigned to 3 groups: the first group received 0.3% C31G in an 
aqueous base, the second group received chlorhexidine digluconate, and 
the third group received placebo. Statistical Analysis was performed by 
using both Multivariate Analysis of Variance (MANOVA) and Univariate 
Analysis of Variance (ANOVA) with repeated measures. The 4 dependent 
variables were plaque index, gingival index, surface coloration index and 
coloration severity index. The experimental factors were the administrated 
agent (between-subjects factor) and the intervals of consecutive 
measurements (within-subjects factor). Interaction between the experimental 
factors (therapeutic agent - repeated measures) was also examined. The 
level of statistical significance was set to 5%.

Results.  Both agents improved plaque index and bleeding on probing. 
The placebo had no efficacy in plaque control; 0.3% C31G in an aqueous 
base appeared to have positive control in plaque accumulation, superior 
than chlorhexidine digluconate. It was free of side effects, did not cause any 
staining of the teeth or induced an intrinsic bad taste. 

Conclusion. Within the limitations of this study, the results suggested 
that both mouthrinses were able to improve the condition of the periodontal 
tissues adjacent to teeth that bear provisional restorations, in order to 
prepare them for the final impression. C31G in an aqueous base had no side 
effects like staining of teeth.
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Introduction

According to the glossary of Prosthodontic Terms1, 
impression is a negative likeness or copy in reverse of the 
surface of an object, an imprint of the teeth and adjacent 
structures for use in dentistry. The purpose is to fabricate 
an accurate positive replica of the oral structures, namely a 
cast. The most important factors for a precise and successful 
impression, regardless the impression material and the 
impression technique that was used are healthy soft and 
hard tissues in the oral cavity. This can be achieved by 
the completion of necessary dental treatment, including 
periodontal, endodontic and orthodontic therapy2, and a high 
oral hygiene status. Interim prosthesis is called a fixed or 
removable dental or maxillofacial prosthesis, designed to 
enhance aesthetics, stabilization and/or function for a limited 
period of time, after which it is to be replaced by a definitive 
prosthesis. In fixed prosthodontics, provisional restorations are 
fabricated using various techniques3-6 and should fulfill given 
biological, mechanical and aesthetic requirements. They can 
either enhance the oral tissues health7 or may induce a slight 
inflammatory response of the adjacent soft tissues.

According to Trushkowsky,6 provisional restorations 
should fulfil several requirements in order to avoid plaque 
accumulation and consequently periodontal inflammation:
1. They should isolate the prepared teeth from the oral 

environment; 
2. They should have an adequate anatomical shape, 

form and marginal fit; 
3. They should be able to maintain the prepared teeth in 

position, providing contact points with adjacent teeth 
and antagonists. 
Even when provisional restorations are made 

following the above mentioned standards, they can induce 
a mild inflammatory response at the surrounding soft 
tissues. This is usually due to the nature of the materials 
used and may affect the quality of final impressions.

Antimicrobial agents have an important effect to 
periodontal health, as microbial plaque is the major 
etiologic factor of periodontal disease8. Consequently, 
the reduction or even elimination of the perio-pathogenic 
microorganisms is the most significant part of the 
periodontal therapy9. There are various antimicrobial 
agents that can be used, which can be divided in 5 
categories according to Mandel9 :
1. Antiseptics;
2. Antibiotics; 
3. Enzymes; 
4. Non-enzymatic agents;
5. Agents able to destroy the adherence between 

some bacteria or between the bacteria and the tooth 
surfaces.
The most known antimicrobial agents are: (1) Listerin 

that reduces plaque accumulation by 35% and gingival 
inflammation10, although it doesn’t seem to have any 

influence on microflora constitution10; (2) Triclozan, which 
consists of a combination of diphenol and a germicidal 
agent with low toxicity and wide antibacterial action - 
studies showed moderate effectiveness in the reduction of 
plaque accumulation, mostly because of its rapid release9; 
(3) Chlorhexidine, which is considered to be one of the 
most effective antimicrobial agents in the reduction of 
plaque accumulation and the control of gingivitis, even 
in lack of oral hygiene11; it also has an auxiliary effect in 
periodontal treatment through control of inflammation 
and subgingival plaque accumulation12. It is adsorbed 
in tooth surfaces, which is one of its most important 
properties, even when these surfaces are covered with 
hymenium, and it is released slowly, preventing microbe 
proliferation10,13-15. It shows low toxicity and infrequent 
side effects, which appear mainly after long term use, such 
as brown discoloration of tooth surfaces and restorative 
materials16, alteration in taste perception11,17, an increase of 
calculus formation18, and soft tissue delamination and teeth 
hypersensitivity; (4) C31G,  a 0.3% solution in an aqueous 
base, which affects bacterium glycolysis and has wide 
germicidal action against Gram + and Gram - bacteria19; 
in vitro, C31G in concentration of 0.5% is as effective as 
chlorhexidine20. It is chemically sticky and binds itself to 
sites within the periodontal pocket, so it continues to be 
effective for prolonged periods of time. 

The combined use of mechanical and chemical 
means in oral hygiene is the most effective way to control 
plaque accumulation and therefore keep the periodontal 
tissues healthy. The aim of this study was to evaluate the 
efficacy of C31G on inhibiting inflammation around teeth 
bearing provisional restorations prior to final impressions 
for fixed prostheses and compare its efficacy with that 
of chlorhexidine and a placebo. Secondary objective of 
the study was to estimate the degree of discoloration on 
provisional restorations21-23, as well as changes in taste 
perception, caused by the use of C31G in comparison 
with chlorhexidine and placebo (mouthrinse without an 
active agent).

Materials and Methods

This study was a randomized, double-blind clinical 
trial. 28 consecutive patients participated, who presented 
for treatment in the Graduate Prosthodontics Clinic at the 
School of Dentistry of the University of Athens, Greece. 
The inclusion criteria for the patients were as follows:

 ● Patients had to be at least 18 years old and participate 
in the trial voluntarily;

 ● They had to have free medical history; 
 ● They should not have been on antibiotic or anti-

inflammatory treatment;
 ● They should not have been heavy smokers (not more 

than 8 cigarettes per day);
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 ● They had to have completed their periodontal 
treatment;

 ● Dimensions and location of the restorations to be 
placed should have been the same, as far as possible.
The patients were randomly assigned to 3 groups 

according to the applied treatment, by means of a table of 
random numbers:

Group A. Patients received 0.3% solution of C31G 
(Therasol®, Ora Tec Corp., Herndon, VA, USA);

Group B. Patients received solution of chlorhexidine 
0.12% (Peridex®, Procter and Gamble, Cincinnati, Ohio, USA);

Group C, (control group).  Patients received a placebo.
All patients were instructed to use their mouthrinse 

twice a day. Using a medium toothbrush, Oral B 
Advantage Plus, (Procter and Gamble, USA), they had 
to “dip” the brush into a cup full of mouthrinse and brush 
the buccal and lingual surfaces of the teeth covered by 
provisional restorations. Subsequently, they should have 
not eaten or drunk anything for 30 minutes. They were 
instructed not to change their nutrition preferences and 
oral hygiene habits and not to use other mouth rinses than 
the recommended, until the trial was completed.

Measurements were performed at a total of one 
hundred and ten teeth. 

Initial Examination
During the initial examination the patients were 

randomly divided into the 3 groups by a team member 
who did not participate in any other part of the trial 
procedure. A second researcher prior to the preparation 
of the teeth carried out the measurements and estimated 
the plaque index, the bleeding on probing and the 
discoloration index (severity and area). Measurements for 
plaque index were performed separately for each tooth on 
4 surfaces (mesial, distal, buccal, lingual)24; bleeding on 
probing index was based on the number of tooth surfaces 
without bleeding24; discoloration index was measured 
according to the areas that had stains and also according to 
the severity of the stains and discolorations24.

Tooth Preparation
The abutment teeth were prepared using diamond 

burs, with rounded shoulder or deep chamfer finish lines 
that ended 1 mm subgingivally. Provisional restorations 
were fabricated of auto-polymerizing Jet acrylic resin 
(Lang Dental, Chicago, USA) by means of the direct 
technique. They were cemented using TempBond NE 
(Kerr Corporation, Orange, CA, USA.)

Second Examination
The second examination took place 2 weeks after the 

tooth preparation and the cementation of the provisional 
restorations. The same set of measurements was repeated. 
All patients were questioned about possible problems such 
as discomfort, pain etc. Patients were given a specific 
mouthwash, without knowing the type or brand name of 

the antimicrobial solution. All antimicrobial agents were 
placed in identical bottles.

Final Examination
4 weeks later, the same measurements were repeated 

and information on possible side effects was accumulated. 
Final impressions were made at the same appointment, for 
the fabrication of permanent restorations. 

Statistical Analysis
The experimental planning was done with 

multivariate analysis of variance (MANOVA), with 
repeated measurements. The aim of the analysis of 
variance was to test assumptions that were based on 
differences of averages. In order to construct a scale with 
equal distances and quantities, a linear transformation 
of the indexes was performed, that included percentage 
measurements. So 0 remained the same, 25% was 
transformed into 1, 50% was transformed into 2, 75% into 
3 and 100% into 4.

Results

As shown in table 1, the experimental design 
resulted statistically significant differences for both 
between-subject (Pillai’s Trace = 0.750; p<0.001) or 
within-subjects effects (Pillai’s Trace = 0.807; p<0.001). 
More specifically, measurements concerning dependent 
variables differed significantly depending either on 
the administrated therapeutic agent or on the intervals 
of consecutive measurements. Interaction between 
the experimental factors (therapeutic agent - repeated 
measures) also showed statistically significant differences 
(Pillai’s Trace = 1.281; p<0.001). 

Consecutively, a Mauchly test of Sphericity was 
performed (Tab. 2). The test of sphericity presented 
statistically significant results (p<0.001) concerning 
all dependent variables. Therefore the fundamental 
prerequisite of applying this analysis was fulfilled without 
adjusting the degrees of freedom according to epsilon 
correction factors.

As could be seen in table 3, all dependent variables, 
plaque index, bleeding on probing and the discoloration 
index (severity and area), presented significant changes 
(p<0.001) in both the univariate level (measurements in 
different time intervals - repeated measurements) and the 
interaction level between therapeutic agent and repeated 
measurements. Hence, data showed statistical significance 
in all the dependent variables, either in univariate or in 
2-way interaction level.

Table 4 shows that the therapeutic agent, by itself, 
exhibited significant high differentiation in measurements 
concerning all 4 dependent variables.
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Table 1. Multivariate Analysis of Variance, Pillais’s Trace

Effect  Value F Hypothesis df Error df Sig.

between-subject Intercept Pillai’s Trace .985 1660.524(a) 4.000 104.000 .000

 Agent Pillai’s Trace .750 15.738 8.000 210.000 .000

within-subjects measurement Pillai’s Trace .807 52.373(a) 8.000 100.000 .000

Interaction between 
experimental factors measurement  Agent Pillai’s Trace 1.281 22.486 16.000 202.000 .000

a  Exact statistic

Table 2. Mauchly’s Test of Sphericity

Within Subjects 
Effect Measure Mauchly’s W Approx. Chi-

Square df Sig. Epsilon

   Greenhouse-
Geisser Huynh-Feldt Lower-bound

Μeasurement Color .608 52.723 2 .000 .718 .739 .500

 color_severity .576 58.553 2 .000 .702 .722 .500

 Gingival .847 17.614 2 .000 .867 .897 .500

 Hygiene .666 43.057 2 .000 .750 .772 .500
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is proportional to 
an identity matrix.

Table  3. Univariate statistical tests within subject measurements

Source Measure Type III Sum of 
Squares df Mean Square F Sig.

measurement color 26.789 2 13.394 44.606 .000

 color_severiy 18.742 2 9.371 46.651 .000

 Gingival 30.287 2 15.143 58.231 .000

 Hygiene 33.637 2 16.818 57.809 .000

measurement * Agent Color 26.242 4 6.561 21.848 .000

 color_severiy 25.867 4 6.467 32.192 .000

 Gingival 15.396 4 3.849 14.801 .000

 Hygiene 12.631 4 3.158 10.854 .000

Error(measurement) Color 64.261 214 .300   

 color_severiy 42.988 214 .201   

 Gingival 55.652 214 .260   

 Hygiene 62.260 214 .291   
Transformed Variable: Average 
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Table 4.  Univariate statistical tests between subjects factor

Source Measure Type III Sum of Squares df Mean Square F Sig.

Intercept
 
 
 

Color 315.415 1 315.415 419.861 .000

color_severity 243.547 1 243.547 532.264 .000

Gingival 310.283 1 310.283 386.755 .000

Hygiene 3125.306 1 3125.306 2779.051 .000

Agent
 
 
 

Color 66.615 2 33.307 44.337 .000

color_severity 46.858 2 23.429 51.204 .000

Gingival 20.281 2 10.141 12.640 .000

Hygiene 7.623 2 3.811 3.389 .037

Error
 
 
 

Color 80.382 107 .751   

color_severity 48.960 107 .458   

Gingival 85.843 107 .802   

Hygiene 120.332 107 1.125   

Plaque Index (Hygiene)
Concerning plaque index, significant differences 

could be observed regarding either measurements at 
different time intervals or the therapeutic agent used. In 
figure 1, it was confirmed that dental hygiene, in general 
terms, showed an improvement (amelioration) from the 
first measurement (mean 2.66) to the second (mean 3.36) 
and a slight decrease (mean 3.29) at the last measurement. 
A possible explanation was that solely the fact of 
“approaching” a dentist, can mobilize the patient towards 
practices which ensured a better oral hygiene.

In figure 2, it could be noted that both therapeutic 
agents (Peridex® and Therasol®) showed better results 
compared to the placebo. More explicitly, patients 
who used Therasol®, showed a better result (higher 
mean) independently of the time of measurement (mean 
Therasol® 3.32; mean Peridex® 3.03).

As could be seen in figure 3, interaction between 
time of measurement and therapeutic agent showed 
Therasol® to give a better outcome. Patients that used 
placebo, although they also presented amelioration 
between the first and the second measurement, finally 
returned to their starting point. 

Bleeding on Probing (Gingival Index)
Gingival Index showed a constant decrease 

(Fig. 4) as treatment proceeded (first measurement - 
mean 1.38; second measurement - mean 0.91; third 
measurement - mean 0.64). Concerning the therapeutic 
agent (Fig. 5), either Peridex® or Therasol® showed a 
significant amelioration of patient’s condition compared 

to the placebo, independently of the measurement time. 
Between them, a significant difference was not observed.

Figure 6 shows interaction between different 
measurements during the treatment and the administrated 
therapeutic agents. Placebo patients presented neither 
amelioration nor deterioration of their condition according 
to the given variable, as expected. On the contrary, both 
therapeutic agents showed therapeutic activity since both 
groups presented a decrease in measurement of gingival 
index, thus an amelioration of patients’ condition, without 
noticing significant differences between them.

Surface Coloration Index
As could be seen in figure 7, second measurement 

(independently of the therapeutic agent used) presented 
the lowest mean value concerning surface coloration 
index (mean value 0.58). In contrast, in figure 8, it can be 
seen that the best mean value regarding surface coloration 
index was attributed to the group that used Therasol® 
(mean value 0.38)

Regarding interaction between time intervals of 
measurement and therapeutic agent used (Fig. 9), results 
illustrated that the C31G’s action was significantly 
better compared to that of chlorhexidine (F=53.95; 
p<0.01) in what regarded the Surface Coloration Factor. 
Chlorhexidine’s results seemed to be inferior even 
compared to those of the placebo.

Coloration Severity Index
Results regarding the coloration severity index were 

similar to those of the surface coloration index. With this 
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index, the second measurement also (independently of the 
therapeutic agent used) presented the lowest mean values 
(Fig. 10). 

The best mean value regarding coloration severity 
index was attributed to the use of Therasol® (Fig. 11). 
Once again, chlorhexidine’s performance was worse 
than using a placebo. Concerning time of measurement 
(Fig. 12), Therasol® presented better clinical results 
compared to those of chlorhexidine (F=100.37; p<0.01). 

Figure 1. Plaque index means in different measurements (F=57.89; 
p<0.01)

Figure 3.  Interaction between different measurements and antimicrobial 
agents according to the plaque index (F=10.854; p<0.01)

Figure 4. Gingival index means in different measurements (F=58.23; 
p<0.01)

Figure 5. Gingival index means according to the antimicrobial agent 
used (F=12.64; p<0.01)

Figure 2.  Plaque index means according to the antimicrobial agent used 
(F=3.39; p<0.05)
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Figure 6. Interaction between different measurements and antimicrobial 
agents according to  the gingival index (F=14.821; p<0.01)

Figure 9. Interaction between different measurements and antimicrobial 
agents according to the coloration  index (F=21.848; p<0.01)

Figure 7. Coloration index means in different measurements (F=58.2; 
p<0.01)

Figure 10. Coloration severity index means in different measurements 
(F=46.65; p<0.01)

Figure 8. Coloration index means according to the antimicrobial agent 
used (F=44.33; p<0.01)

Figure 11. Coloration severity index means according to the 
antimicrobial agent used (F=51.25; p<0.01)
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of the staining. It should be noted that discoloration is a 
proven side effect of chlorhexidine16, 26.

These observations are very important for clinical 
practice, because it is proved, as in many other studies 
in the past, that the use of chlorhexidine increased the 
severity of discoloration16,26, while in the same period 
of time, the use of C31G did not induce staining on the 
surfaces of the provisional restorations. Moreover, the 
improvement of both, bleeding on probing and plaque 
index, improves the condition of the soft tissues prior to 
final impression procedures.

Clinical Significance
Many times, residual inflammation on periodontaly 

treated patients makes impression procedures difficult. 
Inflammation in such cases is attributed to the presence 
of interim restorations, mainly due to the properties of 
the material used. Reducing the inflammation can be 
proved critical for impression making procedures. As it 
was shown in this study, the use of antimicrobial agents 
directly on the areas to be restored, led to a significant 
improvement of the periodontal indexes in these areas.

Discoloration of teeth to be restored could influence 
the aesthetic outcome of the prosthesis. Any agent leading 
to such staining should be avoided, especially in aesthetic 
areas. The results of this study indicated that the use of 
chlorhexidine, although inhibiting residual inflammation, 
lead to severe staining of provisional restorations. 
Therefore, especially in aesthetic areas, a non-staining 
agent like C31G could give better overall results.

In the future it should be studied whether the mean 
of applying the antimicrobial agent played a role in the 
outcome. The observation time period of this study lasted 
4 weeks. It would be interesting in future studies to study 
the results from the use of these antimicrobial agents for 
longer periods of time, when implants are going to be 
placed, and for the preparation of the peri-implant tissues 
for impression procedures as well.

Conclusions 
 

1. C31G and chlorhexidine improved the plaque index 
and bleeding on probing;

2. C31G yielded better results;
3. C31G did not cause discoloration on the tooth 

surfaces, while chlorhexidine did;
4. C31G improved the condition of the periodontal 

tissues adjacent to teeth that bearded provisional 
restorations, in order to prepare them for final 
impression procedures.
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Discussion
    
The use of antimicrobial agents provides important 

help in the control of plaque accumulation and therefore 
in the inhibition of periodontal disease25. However, 
acceptance of a recommended product by the patient 
usually depends on its flavour and cost, especially for 
daily use. Another significant factor is the absence of side 
effects, like undesirable staining, alterations in taste and 
soft tissue delamination. 

The use of several agents has been studied in the past 
regarding their antimicrobial capability. The aim of this 
study was to estimate the impact of the 0.3% solution of 
C31G in an aqueous base in inhibiting inflammation of 
the periodontal tissues adjacent to teeth with provisional 
restorations prior to final impression making procedures, 
and compare that impact with chlorhexidine and placebo. 
A limitation of this study was the size of the sample. 
However the results were statistically significant and 
represented real measurements. The fact that plaque 
index and bleeding on probing improved with the 2 
antimicrobial agents was also significant, while no 
improvement was observed with the placebo. 0.3% 
solution of C31G in an aqueous base seemed to give 
better results for the plaque index” as the trial proceeded, 
despite the fact that the 2 agents had similar baseline 
measurements. In terms of the area and the severity of 
discoloration, the antimicrobial agents showed greater 
differences, with C31G yielding better results. The 
discoloration index decreased in the second measurement 
because no mouth rinse had yet been used. However, 
in the third measurement C31G was the only one that 
showed decreased of discoloration index, while use of 
either chlorhexidine or the placebo lead to an increase 

Figure 12. Interaction between different measurements and antimicrobial 
agents according to the coloration severity index means 

(F=32.192; p<0.01)
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