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A B S T R A C T
BACKGROUND: Current epidemiologic studies have confirmed the widespread presence of calculus in teenagers and 
adults of all ages. Among the multiple anticalculus strategies that have been proposed over the years inhibition of crystal 
growth has been the most attractive. Current formulations in anticalculus toothpastes and mothwash, utilize either hy-
droxyapatite or various pyrophosphate combinations. This study aimed to analyze the efficacy of an anticalculus tooth 
paste in combination or not with a mouth rinse.
METHODS: Patients (totally 40) used a pyrophosphate-based toothpaste containing tetrapotassium pyrophosphate, pen-
tasodium triphosphate, xylitol, hydroxyapatite, citric acid, and calcium carbonate (group A) in combination, with a mouth 
rinse containing an association of pentasodium triphosphate, tetrapotassium pyrophosphate and citric acid (group B). 
A range of parameters were measured for: saliva pH, Volpe Manhold Calculus Index (VMI), Gingival Index (GI), and 
Plaque Index (PI).
RESULTS: The test mouth rinse group B showd reductions in VMI, GI, PI, and increases in pH levels, after using the 
combination of toothpaste and mouth rinse. No changes in the mucosa or teeth were observed in both groups. Patients 
perceived that the comitation of products was more effective.
CONCLUSIONS: The results from the three-month calculus examination indicated that both the tested products, modi-
fied positively clincal parameters and salivary pH. Moreover, the use of the tested products was not associated with any 
adverse effects.
(Cite this article as: Brauner E, Di Cosola M, Ambrosino M, Cazzolla AP, Dioguardi M, Nocini R, et al. Efficacy of bioacti-
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Dental calculus is the consequence of the 
mineralization of bacterial plaque, which 

compromises oral health as it increases the accu-

mulation of plaque and bacterial toxins and im-
pedes their removal due to the surface roughness 
it produces.1-5 For this reason, calculus prevents 
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of Technical Medical Sciences), Elbasan, Al-
bania, a dental community cabinet (Sorriso & 
Benessere – Ricerca e Clinica SRL, Bari, Italy), 
the University of Foggia (Foggia, Italy) and Uni-
versity of Bari Aldo Moro, Bari, Italy for a three 
months period. Participants who met the inclu-
sion and exclusion criteria were assigned into 
two differents groups. The Institutional Ethics 
Committee of the Faculty of Technical Medi-
cal Sciences of Elbasan Aleksandër Xhuvani has 
approved the application to conduct the clini-
cal  trial  in  the  Faculty.  Protocol  identification: 
INTL_ALITCOOP/DentPath/2020_SLK.

All candidates were assessed for suitability 
by the research team. Persons allergic to several 
toothpaste or mouth rinse components were ex-
cluded from the study. The study was carried out 
according to the Helsinki declaration. All eligible 
subjects were asked to give oral and written infor-
mation about the products and the purpose of the 
study and were asked to sign an informed consent.

Experimental design

Volunteers were randomly assigned to the test 
(A) or control (B) group. Randomization was 
performed using computer-generated random 
numbers. A person not directly involved in the 
research project carried out the allocation of test 
or control products.

All participants randomly allocated in the 
two groups, were instructed to refrain from us-
ing any other means of oral hygiene during the 
experimental period. On day 1, after disclosing 
the teeth, the volunteers received an oral soft and 
hard tissue examination and a professional scal-
ing and polishing to remove all calculus, plaque 
and extrinsic tooth stain. This was done using 
hand instruments, mechanical scalers, rotating 
brushes with polishing paste, and dental floss in 
the interproximal areas. To ensure the removal 
of all deposits, if necessary, a second disclosure 
episode was carried out as needed.

All subjects were instructed to toothbrushing 
2 minutes/ two times per day for 12 Weeks with 
a standard medium bristle manual toothbrush (to 
avoid bias). Patients were also asked to practice 
the home brushing technique known as Bass’s 
Modified Technique,  properly  explained  to  pa-
tients during the first recruitment stage.9-11

the patient from maintaining an effective oral hy-
giene regime, which then facilitates the forma-
tion of further plaque.1

The gold standard of supragingival and sub-
gingival plaque and calculus control remains me-
chanical oral treatment. However, it is aburden 
to obtain an appropriate and efficacious standard 
oral hygiene epidemiologically. For this reason, 
the use of daily homecare agents that may en-
hance and help in the control of the supragingival 
plaque and sibsequent calculus formation.5, 6

The effect of pyrophosphates on hydroxyapatite 
formation in biological tissues has become well 
established. In the oral cacity, there is a continuous 
exchange of calcium and phosphate ions between 
the crystalline lattice of the hydroxyapatite crystals 
in the enamel surface and the covering plaque and 
saliva, a mechanism described as an “ionic see-
saw.”7 In plain chemical terms, caries can be con-
sidered as resulting from an imbalance between 
periods of demineralisation of the enamel surface, 
when plaque pH is depressed by bacterial metabo-
lism of dietary sugars, and subsequent deminerali-
sation, when plaque pH returns to neutrality.6, 7

In addition, pyrophosphates acts, in the oral 
cavity, dipping calcium concentrations in blood 
and tissue fluid, and reduce hydroxyapatite crys-
tal formation and growth, and delay the conver-
sion of other calcium phosphate phases to crys-
talline hydroxyapatite.7, 8

The purpose of the present study, was to eval-
uate  the  antiplaque  and  anticalculus  efficiency 
of a toothpaste containing Tetrapotassium Py-
rophosphate, Pentasodium Triphosphate, Xyli-
tol, Hydroxyapatite, Citric Acid, And Calcium 
Carbonate in combination or not, with a mouth 
rinse containing an association of Pentasodium 
Triphosphate, Tetrapotassium Pyrophosphate 
and Citric Acid (both provided from The Perio-
gen Company, San Diego, CA, USA) through a 
standard 12 weeks calculus formation follow up 
model in patients affected from moderate to se-
vere gingivitis.

Materials and methods

Participants

This research was conducted in collaboration 
with the Elbasan University A. Xhuvani (School 
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gingival margin, mesio-facial papilla and the 
entire lingual gingival margin were examined 
systematically for each tooth and a score rang-
ing from 0-3 was given for each surface. A blunt 
instrument such as a periodontal probe was used 
to assess the bleeding tendency of the tissues. To-
taling the score around each tooth and dividing 
by 4 yielded the individual score per tooth. To-
taling all the scores per tooth and dividing by the 
number of teeth examined provided the gingival 
index per person.

Volpe Manhold Calculus Index (VMI)

The Volpe-Manhold probe method of calculus 
assessment was developed by Volpe AR and 
Manhold JH in 1962 to assess the presence and 
severity of calculus formation, especially new 
deposits of supragingival calculus, following 
an oral prophylaxis.12 Before conducting the 
examination, it is essential that the periodontal 
probe be recalibrated by grinding the flat end of 
the probe while referring an accurate millime-
ter gauge, such as Boley gauge. The first incre-
ment should be grinded to 1.0 millimeter (mm) 
up to 5 mm using a green mounted stone or a 
triple  edge  orthodontic  file,  if  one  wished  the 
mm markings be accentuated. The edges from 
the grindings can be made smooth by polishing 
them with a rubber disc. In addition, the probes 
may also be tape-colored to accentuate the mm 
increments. After the subject has brushed their 
teeth, the first step of exam is to thoroughly dry 
the teeth. This step is extremely important and is 
best accomplished by a portable air compressor. 
Then, a saliva ejector is inserted into subject’s 
mouth to prolong the drying process by prevent-
ing the tongue from moistening the teeth during 
measuring and recording. A second saliva ejec-
tor is also used in traditional manner to absorb 
moisture from oral cavity. For the best results, 
it is recommended that an assistant be respon-
sible for drying the teeth, therefore allowing the 
examiner to score and record the calculus. The 
periodontal probe is used to measure the linear 
extent of the supragingival calculus by placing 
the flat calibrated end of the probe always at the 
most inferior visible border of the calculus for-
mation. In cases where the gum line is unhealthy 
and displaced, the probe is used to depress the 

In addition, for group B, it was requested to 
rinse once a day, with 150-200 mL of PERIO-
GEN® (The Periogen Company) solution-water-
reconstructed for three times at 20-seconds in-
tervals. Subsequent rinsing with water was not 
allowed.

Written instructions were provided explaining 
how to use the toothbrushing and mouth rinse. 
Rinsing and toothbrushing was performed at 
home without supervision. To check for com-
pliance, subjects were asked to note the times 
of day when they toothbrush and/or rinsed. All 
measurements were carried out under the same 
conditions by the two blinded investigators (SC 
and MDC).

Clinical parameters

Clinical parameters, scores including Volpe 
Manhold Calculus Index (VMI), Gingival Index 
(GI), and Plaque Index (PI) were taken from all 
participants by the same blinded trained exam-
iner at baseline and at the end of the study. Selec-
tion criteria were patients suffering from moder-
ate to mild gingivitis, presenting a dentition with 
≥20 evaluable teeth (minimum of five teeth per 
quadrant). Moreover, exclusion criteria were: 
VMI score of at least 7 mm on lingual surfaces 
of the 6 mandibular anterior teeth, no presenting 
oral lesions, no suffering from severe or chronic 
gum disease (no probing depth ≥5 mm), and no 
removable prostheses or orthodontic brackets or 
appliances.

Plaque Index: (Silness and Loe)

Plaque was assessed on the distal, facial, mesial, 
lingual or palatal area of each tooth. These ar-
eas were assigned a score between 0 to 3. Plaque 
score for a tooth was obtained by totalling the 
score for each area and dividing by 4. Plaque 
score per person was obtained by adding plaque 
score for each tooth and dividing by the total 
number of teeth examined.

Gingival Index

The gingival index (GI) was used in order to as-
sess the severity of gingivitis. The tissues sur-
rounding each tooth were divided into four gin-
gival scoring units: disto-facial papilla, facial 
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Statistical analysis

Data underwent statistical analysis. As previously 
reported in similar studies, oral indices were cal-
culated as percentage of the relative score ranges 
For each group, descriptive statistics was calcu-
lated. Quantitative data were reported as mean 
and standard deviation (SD) and the comparisons 
between groups were valued by the paired and 
unpaired 2-sample Student’s t-test and degree of 
freedom (df) was set to according to the sample 
size. A P value ≤0.05 was considered statistically 
significant. The statistical analyses, for pre-post 
differences scores were performed by using 
GraphPad Prism 9.2 software (GraphPad Inc., 
La Jolla, CA, USA).

Results

Eligible participants were 40 healthy subjects 
(20 males and 20 females; aged from 18 to 65 
years old [y.o.]; mean age 32±2 y.o.), enrolled 
in this single-blind, parallel-group clinical study.
The  subjects  (20  each)  were  then  classified 

into two treatment regimens (toothpaste with/
without mouth rinse) in groups A and B:
•  group A (N.=20) (PERIOGEN® toothpaste 

[The Periogen Company]);
•  group B (N.=20) (PERIOGEN® toothpaste 

plus PERIOGEN® mouth rinse [The Periogen 
Company]).

The use of toothpaste alone was assigned to a 
group of 20 participants (group A), the remain-
ing 20 subjects (group B) combined the use of 
the toothpaste with a mouth rinse, supplied by 
the same manufacturer. The trial lasted 12 weeks 
(3 months) at the end of which all the subjects 
benefited, with an increased percentage found in 
the subjects of group B.

The recorded data are shown in Table I-IV, 
Figure 1A-D that explain the trend of the param-
eters evaluated in the different times considered. 
In our  study  the combined efficacy of  a mouth 
rinse and toothpaste was evaluated in treated sub-
jects (group B) and in a control group (group A) 
in which the single action of toothpaste in home 
oral hygiene was evaluated during a 3 months 
experimental period (Table I-IV). The paired t-
test result reflects that there is highly significant 
difference in all the three parameters (GI, PI and 

tissue to measure from the inferior border of vis-
ible calculus. The calculus is measured in incre-
ment of 0.5 mm, from 0 to 5.0 mm. Is a value of 
more than 5.0 mm of supragingival calculus is 
observed, it is so recorded. If no calculus is pres-
ent, a score of 0 is recorded.

In special circumstances, when there is thin, 
almost immeasurable “collar” of calculus is ob-
served, resulting all the three measurements be-
ing less than 0.5mm, the entire tooth is assigned 
a value of 0.5 mm. In case where the interproxi-
mal area between two teeth is completely cov-
ered with calculus, one should draw an imagi-
nary vertical line through the total amount of in-
terproximal calculus present and assign one-half 
of calculus to one tooth and other half to the ad-
jacent tooth. To obtain the VMI score, the three 
tooth planes, the mesial, distal, and gingival, on 
the lingual surface of lower six anterior teeth (i.e. 
central, lateral and cuspids) are examined. Then, 
all scores are divided by the number of teeth 
scored, or a subject score, which is merely the 
total of all the scores for that person (VMI score).

Salivary pH

In addition to the clinical study, a laboratory study 
was also performed. Unstimulated, directly ex-
pectorated, whole saliva samples of 10 subjects 
(5 for group A and 5 for group B) were collected 
in clean, dry, sterile graduated 5 mL test tubes. 
Participants were instructed not to consume food 
(neither solids/liquids) 2 hours before sampling 
and were asked to rinse their mouth with dis-
tilled water 10 minutes prior to collection. The 
subjects were asked to allow saliva (at least 3 
mL) to drool from the oral cavity into the sterile 
test tube. The subjects were refrained from talk-
ing and asked to drop down the head and not to 
cough up mucus as saliva was collected.

The subjects were then asked to let the saliva 
pool in their floor of the mouth to their maximum 
extent and then expectorate into the collecting 
vessel till the desired quantity was collected. 
Samples from all the participants were collect-
ed between 10:00 am and 11.30 am, two hours 
after the last meal to standardize the collection 
according to the circadian rhythm. Estimation of 
salivary pH, was done using a commercial phme-
ter (Termofisher).
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tion of calculus formation through probe param-
eters related to the VMI (Figure 1C), and finally 
the effectiveness on changes in salivary pH (Fig-
ure 1D).

Discussion

Oral hygiene products have gained increased at-
tention around the world. Biofilm is responsible 
for several very common oral diseases such as 
tooth decay and gingivitis. More and more ad-
vanced researches aim to achieve objectives 
aimed at having compositions in substances that 
have high antiplaque, anticaries, anticalculus and 
high whitening properties.8-14 There is no defined 
“ideal” product either for the general population 
or for people of different ages or with particu-
lar dental conditions, according to the evidence 
based dentistry.15-21

Anticalculus toothpastes are usually based on 

VMI)  and  Significant  difference  in  pH  levels 
when we compare the clinical values in group A 
and group B from baseline to 3 Month. More-
over, there were no baseline differences among 
the two groups with respect to age, and clinical 
parameters.

On the another, hand the unpaired t-test result 
reflects that there are no-significant difference in 
the two parameters (GI, PI), and significant dif-
ference in pH and VMI values when we compare 
the clinical values in group A and group B at 3 
months. This states that group B study protocol 
provided more beneficial effects in only two pa-
rameters (VMI and pH).

In the same way, as showed in Figure 1A-D, 
there was from baseline to the end of the study, 
a cninical improvement for all scores related to 
plaque  removal  efficacy  measured  as  PI  (Fig-
ure  1A),  anti-inflammatory  action  on  ginigival 
health measured as GI (Figure 1B), the preven-

Table I.—� Comparative analysis of clinical parameters 
in group A at baseline and 3 months.
Variable Period Mean±SD t df P value
GI T1 2.21±0.40 10.05 19 <0.001

T2 0.94±0.49
PI T1 2.15±0.39 8.16 19 <0.001

T2 0.99±0.58
VMI T1 8.5±0.64 41.09 19 <0.001

T2 1.9±0.57
pH T1 6.2±0.67 3.30 4 0.029

T2 7.2±0.08
The paired t-test  result  reflects  that  there  is  highly  significant 
difference in all the three parameters (GI, PI and VMI) and 
significant difference  in pH  levels when we compare  the clinical 
values in group A from baseline to 3 month. Significant (S): P<0.05; 
highly significant (HS): P<0.001; not significant (NS): P>0.05.

Table II.—� Comparative analysis of clinical param-
eters in group B at baseline and 3 months.
Variable Period Mean±SD t df P value
GI T1 2.07±0.35 12.40 19 <0.001

T2 0.79±0.55
PI T1 2.20±0.40 13.17 19 <0.001

T2 0.78±0.29
VMI T1 8.97±0.99 28.15 19 <0.001

T2 1.32±0.49
pH T1 6.0±0.70 5.45 4 0.005

T2 7.7±0.14
The paired t-test  result  reflects  that  there  is  highly  significant 
difference in all the three parameters (GI, PI and VMI) and 
significant difference  in pH  levels when we compare  the clinical 
values in group B from baseline to 3 month. Significant (S): P<0.05; 
highly significant (HS): P<0.001; not significant (NS): P>0.05.

Table III.—� Comparative analysis of clinical param-
eters between group A and group B at base level.
Variable Group Mean±SD t df P value
GI A 2.21±0.40 1.17 38 0.24

B 2.07±0.35
PI A 2.15±0.39 0.40 38 0.69

B 2.20±0.40
VMI A 8.5±0.64 1.78 38 0.08

B 8.97±0.99
pH A 6.2±0.67 0.46 8 0.65

B 6.0±0.70
The unpaired t-test  result  reflects  that  there  are  no  significant 
difference in all the four parameters (GI, PI, VMI, pH) when we 
compare the clinical values in group A and group B at baseline i.e., 
at the start of study both the groups are equal in clinical parameters. 
Significant  (S):  P<0.05;  highly  significant  (HS):  P<0.001;  not 
significant (NS): P>0.05.

Table IV.—� Comparative analysis of clinical param-
eters between group A and group B at 3 months.
Variable Group Mean±SD t df P value
GI A 0.94±0.49 0.91 38 0.36

B 0.79±0.55
PI A 0.99±0.58 1.44 38 0.15

B 0.78±0.29
VMI A 1.9±0.57 3.45 38 < 0.001

B 1.32±0.49
pH A 7.2±0.08 6.93 8 < 0.001

B 7.7±0.14
The unpaired t-test result reflects that there are no significant difference 
in the two parameters (GI, PI), and significant difference in pH and 
VMI values when we compare the clinical values in group A and group 
B at 3 months. This states that group B study protocol provided more 
beneficial  effects  in  only  two  parameters.  Significant  (S):  P<0.05; 
highly significant (HS): P<0.001; not significant (NS): P>0.05.
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An antierosion oral hygiene composition re-
duces acid erosion of tooth enamel. More spe-
cifically,  toothpaste  compositions  containing  a 
source of tetrapotassium pyrophosphate, penta-
sodium triphosphate, xylitol, hydroxyapatite and 
calcium carbonate, in combination with mouth 
rinse containing an association of pentasodium 
tripolyphosphate,tetrapotassium pyrophosphate, 
baking soda and citric acid, provide advantages 
in terms of blocking calculus and plaque forma-
tion, as in our case, where the action of pyro-
phosphate has reduced plaque levels and inhib-
ited the formation of calculus  inducing benefits 
also in terms of redness and swelling related to 
gingivitis. The use of crystallization inhibitors 
allows to prevent and/or limit the formation of 
the mineral. For this purpose, pyrophosphate was 
the first of  the elements used for  the control of 
dental calculus.7

There is substantial evidence that pyrophos-
phate,  hydroxyapatite,  fluorine  and  sodium  ci-
trate tends to alkalize the salivary pH. In fact, 
one of the many purposes that oral hygiene com-
positions can serve is to help control pH in the 
oral cavity.2, 3, 6 A common strategy when try-
ing to control oral pH is to include an alkaline 
agent in the formulation of a composition, such 

pyrophosphates, or substances that are used to 
make up for the lack of calcium salts, limiting their 
decline. This will reduce the formation of calculus 
around the tooth structure.8, 22, 23 In our study, both 
toothpaste and mouth rinse, thanks to their com-
ponents, had antiplaque and anticalculus action. In 
fact, it seems that the presence of pyrophosphates 
and hydroxyapatite improve oral hygiene in sub-
jects with moderate to severe gingivitis.

Pure hydroxyapatite, a component of the 
toothpaste examined, acts on the initial bioadhe-
sion and bacterial colonization on the tooth sur-
face.1, 7, 22 Due to its highly crystalline structure, 
hydroxyapatite is inspired by the natural struc-
ture of the enamel present in dental primordial 
cells that could be affected in some conditions, 
i.e. exposure to toxical subtances.24, 25 Sudrad-
jat et al., in an in-vivo study published in 2020 
showed that thanks to its properties directed to-
wards the release of calcium in dental biofilms, 
it  is useful  for buffering cariogenic biofilms by 
shifting the process of demineralization of teeth 
towards remineralization with relative increased 
calcium levels.26 On the other hand, some studies 
show that using HAP-based oral hygiene prod-
ucts effectively reduces bacterial colonization on 
the enamel surfaces.27-32

Figure 1.—A) Plaque Index (score) has been evaluated in both test and control groups, at two different time-points (T0-T1). 
B) Gingival Index (score) has been evaluated in both test and control groups, at two different time-points (T0-T1). C) VMI 
calculus (score) has been evaluated in both test and control groups, at two different time-points (T0-T1). D) Salivary pH level 
(score) has been evaluated in both Test and Control groups, at two different time-points (T0-T1).
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Conclusions

In conclusion, from the comparison between our 
data and the studies in the literature we can state 
that the combined use of toothpaste and mouth 
rinse affect the home practice of oral hygiene. 
The use of the PERIOGEN® (The Periogen 
Company) anticalculus toothpaste allows to re-
duce the Plaque Index (PI), improve the Gingival 
Index (GI) and modify the Volpe-Manhold Cal-
culus Index (VMI) in patients with gingivitis for 
a period of three months. Further researchs are 
required  in  this  field  as  to  date  no  product  has 
been developed that completely prevents the for-
mation of calculus.
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