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Introduction 
 
In the oral cavity, as well as at blood level, exists, under physiological conditions, a delicate balance between 
antioxidants (AO) and oxidant [1-4].  
Overproduction of oxidant, in particular, reactive oxygen species (ROS), may induce the onset and/or 
aggravation of various diseases, both local and systemic [5-9].  
Under normal conditions, ROS production by oral tissue cells or blood cells is controlled by AO defense 
systems [2].  
The exposure to chemical, physical and biological factors and/or a reduced bioavailability of AO and/or an 
uncontrolled increase of ROS, leads to an imbalance between AO and ROS and, consequently, to a condition 
of oxidative stress (OS).  
Plaque, caries, stomatitis, gingivitis, inflammation of the collar up to periodontal disease are all inflammatory 
states that derive from an OS condition in the oral cavity. The oxidative tissue damage, in these cases, is 
linked to the "derailment" of the defense reactions activated by the PMNs towards the generation of highly 
histologic oxidizing species [2]. In fact, the cells of the immune system and, in particular, the PMN cells, 
produce ROS and other oxidants with bactericide activity [3;10]. At buccal level, mucosal cells produce 
variable amounts of ROS due to oxidative metabolism or specific biochemical processes and also at level of 
peri-implant soft tissues, infectious stimuli (bacteria and related by-products, such as endotoxins and 
porines) cause the activation of the PMNs, which results in the release of superoxide anion, a powerful 
oxygen free radical. 
An optimal oxidative balance allows the oral cavity to preserve its anatomo-functional integrity, minimizing 
potential damage induced by ROS. 
 
Saliva is the biological fluid that plays a key role for the determination of the redox status of the oral cavity 
[11,12]. The only evaluation of the antioxidant power of saliva provides sufficient information to define the 
condition of the oral cavity: both the reduction or the increase of the antioxidant power are potentially 
indicative of problems. On the contrary, the value “normal antioxidant power” indicate that the patient have 
an "healthy" oral status and does not need a deep dental study and/or antioxidant therapy.  
 
 
The SAT test is an innovative photometric test which measures the soluble antioxidants content in saliva. SAT 
test allows to evaluate the saliva antioxidant capacity based on the ability of a saliva sample to reduce ferric 
ions (Fe3+) to ferrous ions (Fe2+). The photometric quantification of ferric ion residual is  effectuated by 
thiocyanate complexation (where ferric ion-thiocyanate complex is red; ferrous ion-thiocyanate is colorless).  
The antioxidants power will be proportional to the discoloration of the solution from red-brown to colorless.  
If an ion (interfering ion) binds ferric ion more strongly than thiocyanate ion, such interfering ion subtract 
ferric ion  from thiocyanate complex and cause a false positive results (this discoloration is not dependent 
from antioxidant power)[26]. 
In saliva, typical interfering ion is phosphate that form a very stable complex with ferric ion.  
In saliva, the reference concentration of phosphates (PO4

3 -, HPO4
2-, H2PO- ) is between 1.9-22.9 mg/dL 

[13,14], with no differences between genders. However, the range in normal subjects can oscillate between 
1 and 50 mg/dL.  
The overestimation during the evaluation of the antioxidant capacity caused by phosphate ion can be avoid 
by the addiction of a specific quantity of zirconium salts in the reaction mixture. It has been observed that 
zirconium salts have the capacity to bind phosphates without causing their precipitation.  
For this reason, SAT test contains in its working solution a particular zirconium salt which binds phosphates 
which in saliva are present in large amount. SAT solution is made stable by adding some stabilizer aimed to 
avoid an uncontrolled reaction and making the reaction compounds free from polarity modifications.  The 
stabilizer also allows to make the reaction pH-independent and to avoid proteins precipitation[22].  
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The SAT test is performed by the addiction of 40 μl of R2 reagent (ferric ion solution) to the cuvette containing 
the R1 reagent (hydroalcoholic thiocyanate) and then 10 μl of sample (saliva). The photometrical reading is 
performed at 505 nm after 1 minute incubation at 37 ° C. 
 
The purpose of the SAT test is to discriminate patients into two groups: group 1. with normal values, that 
indicate a good state of oral health; group 2. with altered values, that indicate a deficiency or an overdose of 
antioxidants in the saliva and a potential pathological condition. 
A deficiency of antioxidants indicates a greater risk / predisposition for the onset of pathological conditions 
(such as periodontitis or ulcers) of the oral cavity [15-18]. 
On the other hand, an overdose of antioxidants in saliva indicates an inflammatory condition with probable 
excess of crevicular fluid, vasodilatation and plasma extravasation [2, 19-23]. 
another cause of the increased antioxidant power of saliva is the presence / predisposition of caries[24-25]. 
 
The scientific work presented  are divided into three sections: 

- Validation Studies: includes scientific publications and other material related to the validation of the 
method, the most significant excerpts of the articles are proposed 

- Scientific Publication: : includes scientific publications related to the application of the method, the 
most significant excerpts of the articles are proposed 

- Thesis: includes some theses based on the use of the method, is a summary of the thesis and the 
results obtained; in some cases a further study of the collected data is proposed; in this section  the 
parts in italics are a reworking of part of the thesis; in the subsection "Other re-elaborations" there 
are other considerations made on the data of the thesis by the  H&D scientists not present in the 
original thesis. 

 
Note:  in the works shown, the original numbering of the figure, tables and bibliography where reported 
was kept. 
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Application 
 

SAT TEST is an aspecific analytical method able to quantify in a simple, fast and precise way the total 
antioxidant power (more precisely iron-reducing) of saliva. The SAT TEST is sensitive to any molecule 
having sufficient reducing power to reduce ferric ions to ferrous ions in the specially designed 
reaction environment. The sensitivity of SAT TEST to changes in uric acid and ascorbic acid, the main 
antioxidants in saliva, has also been demonstrated. The results of the SAT test are expressed in 
μmol/l of Vitamin C (μM Vit C), because solutions with increasing Vitamin C concentration have been 
used in the calibration phase of the test. It is important to understand that this is an arbitrary unit 
of measure because the SAT TEST does not measure the amount of Vitamin C present in the saliva 
but detects all the antioxidant molecules present in the saliva. 
 

linearity 500-6000 μM Vit C 

CV% intra-assay < 5,5 % 

CV% inter-assay < 5,5 % 

interference Phosphate ion > 40 mg/dl  

Sample storage 24 h    0-4°C 

7 day - 20°C 

Table 1. Analytical performance 

 
On the basis of the evaluation of hundreds of analyzed samples belonging to healthy people or with 
pathologies or subjected to various treatments during the studies subsequently examined, the 
following reference values have been developed. 
 

< 1000 Shortage  

1000-2000 Normal values  

2000-2500 Borderline values 

>2500 Values compatible with ongoing inflammatory processes 

Table 2. Reference values in μM Vit C 

 
As can be seen in the table above, there is a range of values considered normal and a whole series 
of lower or higher values that can be found in the presence of problems of various kinds. 
 
Very briefly, with regard to values below normal values, it can be stated that they indicate a 
deficiency which, if prolonged over time, could aggravate or promote various pathological 
situations. The most studied case is periodontal disease. Independent studies show that the onset 
of periodontal disease and the disease itself [1-8] are related to a lack of salivary antioxidants. 
Similar results were obtained in two separate studies using the SAT test which will be presented 
below. In these studies the presence of values below 1000 μM Vit C was observed in periodontal 
patients. The SAT TEST can then be used for preventive purposes on any subject to ascertain any 
deficiency status. On the contrary, the causes of high values found with the SAT TEST are the most 
investigated. High values of antioxidant power are usually associated with inflammatory 
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phenomena [9] in particular it has been theorized that they are due to the call of systemic 
antioxidants or in any case deriving from other compartments to balance the high ROS production 
present in inflammatory processes and / or due to phenomena of cell lysis with antioxidant spills in 
adjacent fluids. Among natural causes of high SAT values are mainly bacterial infection, (typically 
caries) or inflammation due to bacterial processes (often the side effect of periodontal disease). 
Typical of these situations is the rise of saliva antioxidant power  and the same phenomenon has 
been found in some studies, proposed below, by using the SAT TEST.  
 
Another important field of application of the SAT TEST is the investigation of redox balance after 
dental intervention. In particular, it has been observed that some dental treatments involving 
strongly oxidizing substances such as chlorine peroxide or sodium perchlorate can heavily influence 
the redox balance of the oral cavity with all the risks deriving from this situation. In particular, it is 
logical to expect a decrease in antioxidant power below the threshold values. The SAT TEST can be 
used as a post-intervention diagnostic tool in order to assess whether there has been a negative 
influence on the redox balance, and if so, allows the situation to be addressed. 
 
Last but not least, the field of application of the SAT TEST is scientific research. Due to its technical 
characteristics, the SAT TEST has proved particularly effective in monitoring the influence of 
antioxidant-based supplements, targeted or not for the oral cavity. Another important field of 
research is the study of the influence of various types of intervention on redox balance and vice 
versa of the influence of redox balance in various pathologies / interventions in order to integrate 
current knowledge with new information to improve more and more the chances of successful 
treatment. 
 
It is well-established that the crevicular fluid is an exudate of plasma origin. On the basis of this 
observation it can be possible to hypothesize a link between the salivary antioxidant power and the 
plasma antioxidant power. A generic deficiency of circulating antioxidants can also reflect on the 
antioxidant salivary power. This at least in the ideal conditions in which the salivary antioxidant 
power is not altered by the conditions of the oral cavity. 
 
 

                          SAT TEST 

 

         
SCIENTIFIC RESEARCH 

 
CLINICAL PRACTICE 

Correlation between 
oxidative stress and 

pathologies 
 

Efficacy of formulations 
based on antioxidants 

       

 
Prevention Post-intervention 

monitoring 

 
Identification of 

anomalous values and 
consequent investigation 
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Some examples of applications and studies related to them. 
 

Application 
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Monitoring of three dental treatments: disinfection with 
chlorhexidine, ozone therapy and antioxidant mouth-rise 
 

Oxidative stress and periodontal disease in diabetic patients: a 3-
month pilot study 

Original 
article 

25 

Monitoring after the application of orthodontic self-ligating 
multibracket 

Oxidative stress evaluation in patients treated with orthodontic 
self-ligating multibracket appliances: an in vivo case-control 
study 
 

Original 
article 

28 

Monitoring of patients in fixed orthodontic therapy Evaluation of oxidative stress in saliva of patients in fixed 
orthodontic therapy 
 

Thesis 39 

Monitoring the effects of “Full Mouth Disinfection” 
(OFSMD) in periodontal patients   
 

Evaluation of oxidative stress in the oral cavity in patients 
suffering from periodontal disease 

Thesis 41 

Monitoring the effects of professional oral hygiene Professional oral hygiene, effects on halitosis and oxidative 
stress 
 

Thesis 47 

Monitoring the effects of professional whitening Effect of professional whitening on the oxidative state of the oral 
cavity 
 

Thesis 51 

Monitoring the effects of Fluoroprophylaxis 
 

Fluoroprophylaxis and salivary antioxidant capacity Thesis 54 
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In presence of mouth inflammation the values are not 
normal  
 

Oxidative stress, plasma/salivary antioxidant status detection 
and health risk factors 

Original 
article 

20 

In presence of periodontitis the values are not normal  Antioxidant capacity of human saliva and periodontal screening 
assessment in healthy adults 
 

Original 
article 

23 

In presence of periodontitis the values are not normal  Evaluation of oxidative stress in the oral cavity in patients 
suffering from periodontal disease 
 

Thesis 41 

In presence of periodontitis the values are not normal  Oxidative stress in the oral cavity: power antioxidant of saliva 
and periodontal disease 
 

Master thesis 44 
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In absence of fluoroprophylaxis, a situation of major rick of 
caries, the SAT values are more higth than normal 
 

Fluoroprophylaxis and salivary antioxidant capacity Thesis 54 
S
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 Study on the effect of original fruits and vegetable fruits on 
the redox equilibrium  
 

Energy restoration by an original fruits & vegetables juice intake 
in a cohort of elderly people affected by sarcopenia 

Original 
article 

31 

Review on the role of redox equilibrium in the mouth and the 
SAT test utility  
 

Role of free radicals and antioxidant defences in oral cavity-
related pathologies 

Original 
article 

33 

Study on the influence of the diet and the antioxidant 
supplementation  

The oxidative stress balance measured in humans with different 
markers, following a single oral antioxidants supplementation or 
a diet poor of antioxidants 
 

Original 
article 

35 

Study of the effect of a physiological modulator Action of an antioxidant complex on the antioxidant power of 
saliva 
 

Original 
article 

37 
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Validation Studies 
 

Clin Lab. 2014;60(3):475-82.5     
 

Validation of a Patented Method to Determine the 
Antioxidant Capacity of Human Saliva Based on the 
Reduction of Iron: the SAT test 
 
S. Benedetti1, M. Primiterra1 , A. Finco2, F. Canestrari1, U. Cornelli3 

 

1 University of Urbino “Carlo Bo”, Urbino, Italy, 2 Cor. Con. International Srl, Res Dept, Parma (PR), Italy, 3 Loyola University School of Medicine, 
Chicago, IL, USA 

 
Abstract:  
Background: The defense against damaging attack at mouth level caused by reactive species, in 
particular reactive oxygen species (ROS), is guaranteed by saliva, the main constituent of the 
antioxidant barrier. The aim of the performed tests was to establish the precision, linearity, and 
accuracy of the new patented test, SAT, on saliva samples taken from healthy volunteers. The 
analysis also provided useful information on storage conditions of the sample at low 
temperatures and on the normality range and defined the influences of interferences (in 
particular phosphates) in the determination. Methods: Sixty apparently healthy volunteers were 
selected to verify the antioxidant capacity of the oral cavity using the new patented SAT method. 
Results: SAT performed on 70 saliva samples demonstrated that the test was precise, linear (R = 
0.9994), accurate, and reproducible (CV 4.39%). The SAT values in the saliva samples analyzed had 
a normal distribution with a control range for healthy subjects of 947 - 1459 μmol/L. The 
fundamental presence of a particular salt in the SAT solutions allowed avoidance of phosphate 
interference and eliminated false positives. Conclusions: SAT can be considered an important 
predictive test not only for periodontal disease, caries, gingivitis, and general pathologies related 
to oral cavity, but also for systemic diseases such as: cardiovascular diseases, diabetes, 
Alzheimer’s disease, and others. 

 
Results (extracts): 
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Extracts:  
Numerous experimental and clinical results indicate that oxidative stress is an emerging risk factor 
for the health of our body and also for the oral cavity. Oxidative stress is recognized as a 
pathological condition caused by an imbalance between production and elimination of reactive 
chemical species by the physiological defense system. The innovative test SAT is able to measure 
the antioxidant reserve of the oral cavity. The test performed on 70 saliva samples demonstrated 
that the test was precise, linear, accurate, and reproducible. Specifically, it can be stated that SAT 
values in the saliva samples analysed had a normal distribution with a control range for healthy 
subjects of 947 - 1459 μmol/L. No significant differences were observed between the groups of 
smokers and non-smokers or between women taking and not taking the contraceptive pill, 
probably due to the small number of cases examined. Recent studies have shown, in fact, that 
smoking is an important variable in increasing salivation as a response to inflammation. Saliva can 
be considered as a diagnostic fluid in the same way as plasma and urine. The results of the storage 
tests showed that storage at both +4°C and -20°C adequately preserved the sample, thus 
excluding possible alterations in antioxidant capacity induced by keeping the sample at low 
temperatures and over a period of time. The CV between immediate analysis (T0) and analysis 
after 24 hours (T24) was 3.31%, while the CV between immediate analysis (T0) and analysis after 
7 
days (T7) was 4.30%. The test was linear, precise, and reproducible. In fact the linearity was 
between the values of 500 and 6000 μmol/L of Vitamin C (R = 0.9994) and, from both the intra-
assay and inter-assay tests, the high precision and reproducibility of the method was confirmed, 
with comparable coefficient of variations (4.53% vs. 4.39%, respectively). The new formulation 
adopted for the SAT test has led to a greater precision in the results and a major specificity for 
the antioxidants present in the oral cavity. The dosage of salivary phosphates in the 24 samples 
analysed showed a mean (± SD) of phosphates of 18.9 ± 6.5 mg/dL with a range between 11.08 
and 36.6 mg/dL. A significant difference was observed between the levels of SAT-Zr and those of 
SAT. The presence of zirconium salts in the SAT test allows the phosphates to be reduced, avoiding 
the “false positives” obtained with the SAT-Zr test. This was confirmed by the positive correlation 
between the SAT-Zr and the phosphate levels (R = 0.892; p < 0.0001). High values of SAT and 
therefore of phosphates do NOT indicate a higher antioxidant capacity, but rather a greater 
interference in the test. The difference between the two tests (SAT-Zr vs. SAT values) was also 
significantly correlated (R = 0.723; p < 0.01) with phosphate levels, confirming that in the SAT test, 
the influence of the phosphates was eliminated from the result. 
 
The evaluation of oxidative stress in the oral cavity using a salivary test (SAT) and systemic factors 
(i.e., blood tests) can shed new light on the pathogenesis of periodontal disease and on the 
possible correlations with other pathologies, for example cardiovascular, neurological, 
inflammatory, and chronic diseases. Since many oral and systemic conditions occur, such as 
changes in flow and/or in the composition of saliva, the routine execution of biochemical tests, 
such as SAT, can provide additional information on general health, new indicators of therapeutic 
efficacy in the treatment of disease and, at the same time, opens new horizons for the 
identification of new markers. Saliva is considered a diagnostic fluid the same as plasma or urine. 
The antioxidant capacity evaluation might be useful in clinical practice in order to quantify the 
antioxidant power, establish treatment and subsequently modulate dosage case by case 
depending on patient conditions and needs. In conclusion, SAT is now the only specific test for 
the 
measure of the antioxidant power of saliva.  
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PhD thesis ; University of Parma, 2017 
 

Global assessment of oxidative stress: analysis, causes 
and effects 
 
D. Gorni, (tutor: E. Raposio, coordinator: F Ceccarelli) 

 
Extract:  
As regards the processing of the SAT test reference values, the data were processed from 4 
different studies (one publication [7] and three degree theses [9-11]) for a total of 148 cases. The 
data included in this processing derive exclusively from apparently healthy patients, especially as 
regards oral health. Table 1 describes the studies taken into consideration, the information known 
about the sample under examination and the results of the SAT tests. In Figure 5 the results of 
the studies examined are graphically compared. In the first graph the data are represented by 
histogram while in the second graph the Gaussian distributions describing the various data groups 
are illustrated. The Gaussians are represented with the SAT datum on the abscissas and the 
respective probability on the ordinates. From a graphical point of view it is understandable that 
the four samples are different. This intuition is easily demonstrated by ANOVA analysis, which 
results in a significant difference between the groups (p≈10 ^ -16) taken into consideration. 
Deepening the statistical analysis by means of the Bonferroni test (test for multiple retrospective 
comparison) we can note, in fact, the existence of only two groups since the data from Benedetti 
and Shorer do not differ significantly from each other but differ from the other groups and at the 
same time data from Montuori and Corradini do not differ from each other but are significantly 
different from Benedetti and Shorer. So what range of SAT values can be expected in an 
apparently healthy person? A value around 1000-1500 μM or a value closer to 2000 μM? The 
answer to this question goes through the definition of apparently healthy. This definition, even 
when accompanied by objective references, remains an evaluation that is mostly subjective and 
therefore liable to differences in assessment even among professionals in the sector such as the 
authors of the analyzes. If we exclude some data from the study by Benedetti et al. 2014 [7], 
abnormally high we can see that every professional was rather coherent with himself, but not 
with all his colleagues.  At present we do not have enough information to discriminate which of 
the two macro-groups of values take as reference range, specifically we can not judge more 
healthy than others in one group rather than another, so we decided to consider all the data 
obtained as a whole. It was decided to consider as reference interval 1000-2300 μM, ie the values 
between the 17th and the 87th percentile (the data as a whole are not approximable to a Gaussian 
distribution so it is not possible to use the standard deviation; I decided the percentiles indicated 
on the basis that according to the Tchebycheff theorem the standard deviation, the dispersion 
index commonly used with normal distributions, includes 67% of the observations and this 
percentage was transposed to the non parametric statistics). On the basis of subsequent notions, 
described in detail in the appropriate section of chapter 6, it was decided to limit the reference 
range to 1000-2000 μM and to consider the 2000-2500 μM range as borderline values, ie still 
normal values but sufficiently high to require more in-depth control. 
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 Benedetti et al. 
2014 [7] 

Montuori [9] Shorer [10] Corradini[11] 

Centre University of Urbino 
“Carlo Bo”- Biomolecular 

Science dept. 
 

San Rafael Hospital-
Milan 

 
 

San Rafael Hospital-
Milan 

 

University “La Sapienza”- 
Rome 

Numerosity  70 8 20 50 

Gender 26 M 44 F Not available 4 M 16 F 25 M 25 F 

Age  18-40 40-70 18-50 18-56 

Health criteria Absence of systemic or 
periodontal pathologies; 
non-smoking; apparently 

healthy oral cavity, 
objective examination 

Absence of systemic or 
periodontal pathologies; 
non-smoking; no alcohol 

intake; no treatment 
with drugs 

Absence of ongoing 
systemic diseases; 

Negative PSR 
(periodontal screening 
and recording); healthy 
periodontal; absence of 

dentinal sensitivity 

Apparently healthy, 
subjective examination 

Average 1309 2386 1323 2032 

SD 531 269 613 332 

Median 1156 2438 1179 2133 

Minimum  947 1967 376 1432 

Maximum  3821 2717 2616 2624 
Table 1: SAT data from different studies 

 

 
 
 

Figure 5: Extended graphical representation of the 
SAT data taken into consideration to define the 
normal range 
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Is the antioxidant power of saliva, measured as reducing 
iron power, only a quantification of salivary uric acid? 
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Introduction 
Free radicals play a key role in the development of different pathological conditions, therefore, 
different methods have been developed to measure oxidative stress in body fluids including blood, 
urine and, more recently, saliva. Free radicals and antioxidant defenses within the oral cavity can 
play a key role in the development of odontostomatological pathologies [1] . For this reason, many 
methods have been  developed for the analysis of such components (free radicals and antioxidants) 
in the oral cavity. These methods  are based on the most disparate principles and differ in 
complexity and technique. Some methods are based on the  quantification of a given analyte, such 
as uric acid [2], vitamin C [3,4] or vitamin E [4]. Other methods measure the ability of the saliva to 
respond to an in vitro induced oxidative insult,  for example, the method  proposed by Koracevic 
[5] where the antioxidant power is measured on the basis of the sample's ability to protect the 
benzoate from the aggression of radicals produced by Fenton reaction. The most classic ABTS assay 
belongs to this method [6]. Other methods are based on chemoluminescent or voltammetric 
techniques [6]. Another important category of methods are based on the determination of iron-
reducing  power, ie the ability of a sample to reduce ferric ions to ferrous ions, the principle of the 
known FRAP method [7].  
SAT test, for example, belongs to this category of methods [8]. This method, is based on the ability 
of salivary antioxidants to reduce, in hydroalcoholic environment, a percentage of ferric ions to 
ferrous ions. This reduction is proportional to the iron-reducing  power.  
The presence of the thiocyanate ion, whose complexes with the ferric ion produce a red-colored 
solution while those with the ferrous ion are colorless, allows the determination of the iron-
reducing  power by photometric analysis.  
This test has the peculiarity of being added with a zirconium salt that binds phosphate ions present 
in the saliva; these ions permanently bind the ferric ions and therefore cause a discoloration and a 
false positive results .  
Saliva is an extremely heterogeneous fluids which contains enzymatic and non-enzymatic 
antioxidants. These lasts can be easily quantify with SAT test. The mains non-enzymatic salivary 
antioxidant are uric acid, the most abundant [9], followed by vitamin C, and, but like traces, vitamin 
A and vitamin E [10].  
It is known that uric acid forms stable complexes with ferric ion [11] and around the 70 % of the 
non-enzymatic antioxidant in saliva are represented by uric acid, so a doubt that can arise is that 
tests developed for the determination of iron-reducing power actually measure only the 
concentration of uric acid. The aim of this paper is to demonstrate that in the case of the SAT test 
this is not the case and SAT test is an innovative test useful for the quantification of the reducing 
power of saliva. 
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Method: 
Two different experiments has been performed. Saliva of 29 subjects (29 males, aged between 18-
20 years) has been collected after a written and informed consent. In the first experiment saliva  
has been analyzed with  SAT test (H&D srl, Parma, Italy) and with Uric acid AOX FL (Chema 
Diagnostica, Monsano, Italy), test for the determination of uric acid. This last test is based on the 
incubation of the sample with ascorbate oxidase in order to avoid  the interference due to the 
ascorbic acid and on the subsequent colorimetric determination of the hydrogen peroxide 
generated by the action of the uricase enzyme in the presence of uric acid. In the second 
experiment saliva sample was fortified with Vitamin C,  standard addition method, and each 
fortified sample was analyzed with SAT test. SAT test results are expressed as  μmol/L (antioxidant 
used as reference standard is vitamin C) while those related to uric acid in mg/dl.  
 
Statistical analysis 
Data were analyzed using linear regression and correlation techniques, such as Pearson's r.  
 
Results 
In the first experiment a strong and significant correlation was found between the values of uric 
acid and the iron-reducing power measured by SAT (r = 0.90, p <0.01). Following this result the 
analysis of the relationship between the two data series was analyzed by means of linear regression 
analysis. The following were achieved: R2 = 0.82, linearity test (test F) p <0.001, test of significance 
(t test) of the angular coefficient p <0.001 and of the intercept p> 0.05 (Figura 1a). 
In the the second experiment, a linear regression analysis was performed, and the following results 
has been obtained: R2 = 0.99, linearity test (test F) p <0.001, significance test (t test) of the angular 
coefficient p < 0.001 and of the intercept p <0.001 (Figura 1b). 
 

  
Figure 1: a) results of the SAT and uric acid analysis on 29 saliva samples; b) results of the SAT 
analysis on a fortified saliva sample with Vitamin C. 
 
Discussion 
Although the two experiments are conceptually different, the results of both the experiments 
demonstrate that the measure of iron-reducing power of saliva is influenced by both the presence 
of uric acid and vitamin C, the main antioxidants of saliva.  
The first experiment was  more complicated because of the impossibility to fortify saliva with uric 
acid and  to recreate a solution of uric acid at physiological concentrations that did not interfere 
with the SAT test. For this reason, it has been  decided to analyze the saliva samples both with the 
SAT test and with Uric acid AOX FL and compare the data. The comparison was made through the 
study of the correlation that was strong and significant, therefore the modification of one value 
also changes the other, therefore the iron-reducing power is strongly influenced by the presence 
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of uric acid. The results of the regression analysis between uric acid concentration and iron-
reducing power of saliva  are extremely interesting. The relationship between the two quantities 
is linear  but the R2 is about 0.80, this means that the variation in uric acid concentration 
contributes of about 80% to the variation of the iron-reducing power of saliva. This particular 
finding is reflected in the literature [9], and proves that the measure of iron-reducing power with 
SAT test, in particular, is not the measure of uric acid only but the test  is simultaneously sensitive 
to the variations of more antioxidants of the oral cavity and therefore is an excellent estimate of 
the power global antioxidant of the same. The second experiment confirm the sensibility of the 
SAT test for Vitamin C [8]. Unlike uric acid, vitamin c has been used to fortify a saliva sample and 
have increasing concentrations known in vitamin C .  Figure 1b shows the increase in the signal that 
is extremely linear with respect to the increase in concentration in Vitamin C. 
 
Conclusion 
It has been established that the iron-reducing power of saliva is simultaneous  influenced by more 
antioxidant and not only the uric acids . The salivary iron-reducing test, as the SAT test, are sensitive 
both to uric acid and to vitamin C and likely to all salivary reducing agents.  Moreover the salivary 
iron-reducing test are an excellent estimate of the power global antioxidant of the saliva and then 
of the oral cavity. 
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Abstract:  
Background: Oxidative stress is involved in the pathophysiology of several diseases such as 
cardiovascular disorders, cancer, neurodegeneration. Aims and Objectives: Our study evaluated 
the oxidant/antioxidant status on a cohort of healthy patients matched with some independent 
variables as a basic individual redox balance monitor on a disease-prevention perspective. 
Materials and Methods: The anecdotic, retrospective and observational study included 200 
apparently healthy volunteers after formal informed consent release whose personal history and 
physical examination had been recorded specifically on the following items: age, previous 
diseases, sport activities, smoking habit, balanced/unbalanced nutrition, current 
absence/presence of inflammatory processes, oral health hygiene, administration of oral 
contraceptives or hormone replacement therapy in postmenopausal women. No drug treatment 
was admitted in the recruited patients, up to 6 months before the evaluation. The laboratory 
instruments used were Point of care FRAS 4 Evolvo (H&D, Parma, Italy) measuring the oxidative 
stress in plasma samples and antioxidant capacity in plasma and saliva samples. Results: Two-
hundred patients were recruited. Statistically relevant differences were observed in oxidative 
stress-related variables, namely a significant relationship between plasma oxidative stress level 
and female gender (p<0.01), between saliva antioxidant level and age (p=0.01), between plasma 
antioxidant level and unbalanced diet (p<0.01), between plasma oxidative stress level and 
inflammation in the oral cavity (p=0.04), and between saliva antioxidant level and inflammation 
in the oral cavity (p<0.01). Conclusions: A relationship between oxidative/antioxidant status and 
health risk factors has been outlined in our study; the achieved data are quite helpful, in the 
clinical practice, providing additional information on individual general health conditions, 
putatively related to prevention diagnosis, prognosis, and treatment effectiveness in some 
specific diseases.  

 
Results (extracts): 
The median SAT value was 1625 μmol/L Vit C [IQR (1180-2390)] for the male group and 1627 
μmol/L Vit C [IQR(1193-2176.5)] for the female group. The statistical analysis of this test showed 
no significant sex difference (p=0.582). 
 
...significant increase of SAT values with the increasing of age (p<0.01). 
 
In the intense smoking group it was stated that SAT values in the saliva samples analyzed have 
normal values: 1641 μmol/L Vit C [IQR (1094-2363)]. However, we also registered higher SAT 
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values in the non-smokers but with inflammation of the oral cavity {2027 μmol/L Vit C [IQR (753-
7488)}, compared to non- and moderate smoking groups, that should it be adaptive response to 
the increase of free radicals associated to the inflammation. 
 
Antioxidant influence in the saliva samples, evaluated with SAT test, remained unchanged in the 
both groups: 1578 μmol/L Vit C [IQR (1178-2274)] and 1688 μmol/L Vit C [IQR (1200-2348)] in 
balanced and unbalanced diet. 
 
We evidenced higher and significant SAT values (≥3000 μmol/L) in the subjects with inflammatory 
condition, specifically in the non-smoking group with oral inflammation {2027 μmol/L Vit C [IQR 
(753- 7488)}, indicating the need to the further evaluation and identification of the pathological 
cause. 
 
There were no significant differences in SAT levels between women undergoing hormonal 
treatment and those not treated: 1393 μmol/L Vit C [IQR (1204,2096)] vs 1648 μmol/L Vit C [IQR 
(1184, 2186)]. 
 
Extract:  
A significant age-related increase of SAT levels might be induced by age-related changes in the 
salivary gland parenchyma and/or by worsening of the mouth hygienic or functional conditions 
[dental infections (e.g. caries, periodontitis), tooth loss, benign mucosal lesions, and oral cancer], 
and the increased oral therapy in elderly persons. 
 
When the oxygen free radicals increases, the saliva [a mixture of major and minor salivary gland 
secretions, gingival crevicular (sulcular) fluid, bronchial and nasal secretions, serum and blood 
derivatives from oral wounds, microorganisms, leukocytes, desquamated epithelial cells, and 
food debris in patients with oral cavity inflammation (e.g. bleeding gums, dental caries)] increases 
the antioxidant level as a compensatory oxidative stress counteracting reaction. The enhanced 
salivary antioxidant status (SAT test) can be induced by localized oral inflammation but also by 
systemic oxidative background, and it could be linear with plasma antioxidant response (PAT test). 
Indeed, the higher and significant d-ROMs and SAT values registered in the patients with 
inflammation condition are directly proportional to the severity of oral inflammation and can be 
useful markers in healthy people but also in fluctuation of diabetes and cancer (e.g. oral cancer) 
progression, because the latters have increased salivary antioxidant parameters, cytokines such 
as IL-8, IL-6, and growth factors such as epidermal growth factor (EGF). Astaneie and coworkers49 
evaluated the total serum and salivary antioxidant status of 19 patients with type 1 diabetes 
mellitus and 19 healthy patients and found that salivary antioxidant capacity of diabetic patients 
was higher (p<0.01) than that of the control group. These patients showed an increased level of 
EGF, a growth factor secreted from salivary glands (measured by ELISA), in salivary sample, but 
reduced level in plasmatic sample. It is supposed that this difference between saliva and blood 
could be due to the impaired absorption of EGF through the gastrointestinal tract in diabetic 
patients: nitrergic neurons, innervating the urogenital and gastrointestinal organs undergo a 
specific degenerative process that determines an initial insulin-reversible decrease in neuronal 
NO synthase (nNOS) in the axons, followed by apoptosis of the nitrergic neurones, a process that 
is not reversible by insulin.50 Consequently, salivary glands are stimulated to secrete EGF to help 
beta cells to secrete insulin. 
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Furthermore, salivary antioxidant status evaluation achieved with an easy, not invasive and 
repeatable procedure, and inflammation in the oral cavity are obviously related. Unlike blood, 
which is obtained invasively, saliva can be easily collected and the rapid SAT test could be a good 
alternative for blood in diagnosis or screening of oral & periodontal disease but also type 1 
diabetes and oral cancer. In conclusion, this study was intended to define the baseline of redox 
status on an healthy recruited population, as the very preliminary step to assess the 
antioxidant/oxidant progressive diseases inducing role of some very common illnesses including 
cardiovascular diseases, fibromyalgia and cancer. As to the high levels SAT detected in otherwise 
healthy people they are not related to the measure of systemic oxidative stress and antioxidant 
response, but rather to chronic mouth (dental-parodontal problems) and 
should be taken in account to prevent leukoplakia and oral cancer on a multifactorial basis. 
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Abstract: 
 OBJECTIVE: Saliva plays a pivotal role as an antioxidant system, and saliva antioxidant levels are 
reduced in patients with periodontal disease. Recently, a biochemical test able to determine saliva 
antioxidant levels was proposed as predictive for oral cavity diseases, but it was not clinically 
tested. In this preliminary study, we evaluated the relationships between Periodontal Screening 
and Recordings characteristics of patients and saliva antioxidant levels measures. 
DESIGN: Thirty-nine patients (12 men, 27 women; mean age, 46 years, SD 17) attending the dental 
hygiene unit of a Private Clinic underwent a Periodontal Screening and Recordings examination 
and a saliva antioxidant levels measurement using a biochemical commercial test. The results of 
the clinical periodontal examination were compared to those obtained by the saliva test. 
RESULTS: Approximately 70% of patients showed a low saliva antioxidant levels value, while the 
other patients had Optimal/Normal values. Thirteen patients (33%) resulted positive to 
Periodontal Screening and Recordings test. Using Periodontal Screening and Recordings values as 
gold standard, the saliva antioxidant levels test correctly classified 52.6% of patients; sensitivity 
was 84.6%, specificity was 36%. 
CONCLUSIONS: The saliva antioxidant levels test had a good sensitivity when compared to the 
gold standard; this finding corroborates the hypothesis that alterations of the oral antioxidant 
levels are related to periodontal disease. The reduced specificity shows that saliva antioxidant 
levels test could detect alterations predisposing to periodontal disease before clinically evident 
aspects. 

 
Results (extracts): 
The intra-operator and inter-operators assessment of repeatability and reproducibility of SAT 
measures were good, with intra rater ICC of 0.89 and inter rater ICC of 0.76. 
 
To evaluate the relationship between SAT test and PSR findings, and between SAT test results and 
gender, SAT test data were categorized in two classes: Normal (Normal value, Optimal value) and 
Subnormal (“severe shortage values”, according to Benedetti et al., 2014). The only patient with 
borderline values was excluded from this analysis. The prevalence of PSR positive patients was 
higher in the Subnormal SAT group than in the Normal one but this difference was not statistically 
significant (Table 2). Women had a somewhat larger percentage of Subnormal values, but the 
difference did not reach statistical significance. Using PSR values as gold standard, SAT correctly 
classified 52.6% of patients; sensitivity was 84.6% (95% CI, 54.5- 98.1) and specificity was 36% 
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(95% CI, 18.0-57.5). Considering the actual number of patients, the test allows to estimate the 
calculated sensitivity (85%) with a 95% CI with a precision of 14%. 
 
Extracts:  
The actual cause of PD is still debated, and one of the conditions that may predispose and 
maintain the periodontal inflammation is the increased OS. Its assessment, therefore, could offer 
new insights for the early treatment of the single patient and for the definition of the actual 
etiology and pathogenesis of the disorder. Recently, the importance of a salivary antioxidant 
defense system was demonstrated, suggesting that the assessment of salivary antioxidant 
potential could be relevant in the pathogenesis of PD. 
 
Indeed, we selected patients with a moderate-good oral health condition, since our goal was to 
test if the proposed SAL test was sufficiently sensitive to screen early alterations in the oral 
environment. Statistical comparison of the two evaluations showed that SAL test had a good 
sensitivity (more than 80%) when compared to the selected gold standard. This finding seems to 
corroborate the hypothesis that oral alterations of the antioxidant levels are somehow related to 
PD, even if our single assessment cannot indicate if the reduced SAL was the cause or the result 
of periodontal inflammation. In contrast, the reduced specificity of SAL test (lower than 40%) may 
indicate two different situations: first, oral and body conditions other than PD may possibly 
influence saliva composition; second, SAL test may possibly detect saliva alterations predisposing 
to PD, that has not reached a clinically evident aspect. Only a longitudinal assessment of the 
analyzed patients could offer an answer to this question, therefore a mid-term (6 months) recall 
examination has been programmed for all patients with a negative PSR and/ or a positive SAL test. 
Another factor that may have influenced the results of SAL test is the actual location of the PD in 
the mouth. Indeed, no attempt was made to specifically sample sextants with PSR ≥ 3, and site-
specific differences were not taken into account. The antioxidant power of saliva and crevicular 
fluid has been found to be different , but significant effects of PD have been reported even for 
saliva samples , that are easier to collect and standardize. Among the limitations of the current 
study there is the exclusion of smoker patients. Indeed, as recently underlined (Avezov et al., 
2015; Brock et al., 2014), smoking is a well-known source of ROS, and a recognized risk factor for 
PD. The actual results of SAL test in these patients are therefore unknown. 
 
In conclusion, standardized clinical evaluations can accelerate the diagnosis of periodontal 
conditions, and allow a more efficient follow-up of the single patient because of an easier 
communication among the clinicians. Additionally, quantitative clinical records can be very useful 
in patient’s motivation, favoring the communication at all stages of treatment. The use of 
validated biochemical tests similar to that used in the current investigation may additionally 
reduce inter-operator variability in PD screening , and simplify operators’ training. To further 
reduce the economical and biological costs, the test may also be hypothetically performed directly 
by the patients at home, thus making the diagnostic process faster. Further investigations on this 
aspect are being planned. 
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Abstract:  
Aim: Oxidative stress is involved in both Periodontal Disease (PD) and Diabetes Mellitus (DM). The 
present study aimed to evaluate the oxidative balance in diabetic patients diagnosed with PD 
before and after non-surgical periodontal treatment. Materials and methods: Sixty patients were 
divided into three groups all receiving non-surgical periodontal treatment plus either 
chlorhexidine, ozone-therapy or antioxidant mouth-rinse. Probing depth (PPD), Percentage 
Plaque Index (%PI) and Percentage Bleeding on Probing (%BoP) were recorded. Free-radicals 
(dROMs), plasmatic antioxidants (PAT), salivary antioxidants (SAT) and glycated hemoglobin ( 
HbA1c) were measured. Results: Mean PPD at baseline was 3.14 mm. Mean PPD three months 
after was 2.05 mm. The overall %PI at baseline was 55% and %BOP 76%. Three months after 
treatment %PI was 34% and %BoP was 64%. The longitudinal analysis did not show differences 
between groups. Mean dROMs at baseline was 353 U. Carr (oxidative stress) and decreased after 
three months reaching 295 U. Carr (normal). SAT was 2083 U. Carr at baseline (inflammation) and 
decreased to 1337 U. Carr (ideal). The longitudinal analysis did not show differences between 
groups. Mean HbA1c at baseline was 6.92% and decreased significantly to 6.63% three months 
after treatment. Conclusion: Based on the results of the present study, oxidative stress should be 
further investigated as a potential modulator of the clinical course of both DM and PD. 
 
Results (extracts) :  

 
 



 

26 
 

 
 
Extracts:  
The mean count of plasmatic free radicals (d-ROM) was 353 U.Carr., a value that denoted a 
moderate level of oxidative stress. At the same time, the plasmatic antioxidant status (PAT) 
showed a deficiency if compared to the general population. The amount of plasmatic reactive 
oxygen species (dROMs) showed a significant reduction three months after periodontal treatment 
in each of the three groups of treatment. The intergroup analysis did not highlight any remarkable 
differences in terms of dROMs reduction between the three treatment modalities. PAT values 
remained in a deficiency status at a three-month evaluation. The mean total salivary antioxidant 
capacity of the present cohort at baseline was 2083 U.Carr which resulted higher than normal 
range thus denoting a potential state of inflammation in diabetic patients affected by moderate 
periodontitis. The over-production of free radicals caused by periodontal inflammation is in fact 
supposed to cause an up-regulation of the anti-oxidant defence. The results of the present study 
agree with literature relating high levels of salivary antioxidants (SAT) to a possible periodontal 
inflammatory condition. In response to oxidative stress, antioxidant enzymes appeared 
upregulated in inflamed periodontal tissues. The longitudinal analysis of this trial showed a 
normalization of SAT values three months after non-surgical periodontal treatment. This inversion 
of tendency was coherent to the reduction of mean PPD, PI% and BOP% of the cohort during the 
follow-up. Since recently it has been hypothesized that oral dysbiosis might contribute to diabetes 
genesis among healthy individual [29], it would be crucial to explore new ways to monitor the oral 
microbiome behavior. The present clinical investigation has linked diabetes condition cross-
sectionally to oxidative stress both systemic (plasmatic count) and local (salivary count). 
Periodontal treatment brought to periodontal indices normalization and to a reduction in terms 
of oxidative stress. Periodontal indexes showed a better outcome 1 month after treatment if 
compared to the three-month evaluation. This result highlighted how it is difficult to maintain an 
ideal balance within few months in problematic patients. In our opinion, it would be crucial to 
tailor the timing of hygiene recalls to each patient considering one’s specific “periodontal 
deadline”. Coming to glycaemic control, the mean reduction of glycated haemoglobin was 0.56. 
It is a key point to note that baseline values of HbA1c among this cohort were already almost 
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acceptable for a group of diabetic patients. Therefore, a small reduction of HbA1c over three 
months, should not be ignored even if occurring within non-alarming values. At least, it would be 
worthwhile to investigate the same phenomenon over a larger sample including uncontrolled 
diabetic patients. The mean reduction of HbA1c was more evident among the ozone test group 
thus reinforcing the role of this particular type of adjunctive periodontal therapy in diabetic 
patients. The present study was designed as a pilot research in the field of perio-medicine. Given 
its limitations in terms of the number of patients and heterogeneity of the sample, it was 
impossible to establish any linear relationship between the variables of interest. 
The results obtained suggested the possibility to identify new markers describing the risk profile 
of diabetic patients to develop inflammatorybased-complications, periodontitis being included. 
Oxidative stress is an active factor both in the etiology and in the course of diabetes and 
periodontal disease. To monitor the oxidative balance of a complicated patient could mean 
preventing future major complications. It will be interesting in the future to further investigate 
the role of ozone therapy in the management of periodontal disease in diabetic patients. 
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orthodontic self-ligating multibracket appliances: an in 
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Abstract:  
Objective: Oxidative stress is a pathologic event induced by a prevalence of oxidant agents on the 
antioxidant ones, with a consequent alteration of oxide-reducing balance. 
Introduction: Free radicals produce damages both in cellular and extra-cellular components; 
phospholipid membranes, proteins, mitochondrial and nuclear DNA, are the target of the 
oxidative stress, that can finally cause cellular death due to apoptosis. 
Materials & Methods: Orthodontic appliances such as brackets, wires, resins and soldering have 
some components that can be considered as potential allergen, carcinogenic, cytotoxic and gene 
mutation factors. The primary aim of this research is to evaluate oxidative stress in the saliva of 
patients treated with multibracket self-ligating vestibular orthodontic appliances; the secondary 
purpose is to investigate the influence of orthodontic multibracket therapy on oral hygiene and 
the consequent effect on oxidative stress. Salivary specimens has been collected in a sample of 
23 patients were enrolled (12 Female, 11 Male) between 12 and 16 years of age (mean age 14.2). 
For 
each patient has been collected a salivary specimen at the following time points; before 
orthodontic bonding (T1), five weeks (T2) and ten weeks (T3) after orthodontic appliance bonding. 
Results: Samples has been analysed with a photometer due to SAT Test (Salivary Antioxidant Test). 
Data obtained show a mean of 2971 mEq/l of anti-oxidant agents before orthodontic treatment, 
and after five weeks from the bonding the mean was decreased to 2909 mEq/l, instead at ten 
weeks was increased to 3332 mEq/l. Repeated measures ANOVA did not reveal statistically 
significant 
differences between the time points (P = 0.1697). The study did not reveal any correlation 
between the level of dental hygiene and that of oxidative stress (Pearson Correlation Coefficient 
R = 0).  
Conclusion: Orthodontic treatment with multibrackets vestibular metallic appliance seems to be 
not able to affect oxidative stress during the first ten weeks of therapy 

 
Extracts:  
The results of the SAT test are reported graphically in Fig. (1) and the descriptive statistic of the 
data is reported in Table 1. Repeated measures ANOVA did not reveal statistically significant 
differences between the time points (p =0.1697). 
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Table 1. Descriptive statistic (mEq/l). 

 
However statistical analysis did not reveal significant differences in the mean values of anti-
oxidant agents among T, T1, and T2. The distribution of the PI (plaque index) value in the study 
group, measured by the Silness-Loe gingival method, is reported in Table 2. The distribution of 
the scores at the different time points is expressed graphically in Fig. (2). Statistical analysis 
performed by chi-square test did not reveal statistically significant differences between the 
groups (P > 0.05). 

 
Table 2. Distribution of plaque index value in patients at the different time point. 

 
The results show that no patients had a PI value of 3 (Abondance of soft matter within the gingival 
pocket and/or on the tooth and gingival margin) at any time point. Patients with the scores of 0 
maintained good oral hygiene at the following measurements: in the majority of patients with 
higher scores, the measurements at T1 and T2 were better; in some cases, the value remained 
the same. Considering worsening of dental hygiene during orthodontic treatment, the study did 
not reveal any correlation between the level of dental hygiene and that of oxidative stress 
(Pearson Correlation Coefficient R = 0).  
 
Extracts:  
The primary aim of this research was to evaluate oxidative stress in the saliva of patients treated 
with multi-bracket vestibular orthodontic appliances; oxidative stress is produced due to the 
prevalence of free radicals over antioxidant agents. Considering their short life time, is very 
difficult to quantify free-radical concentration; to date, the only way to assess oxidative stress is 
to evaluate the consequent damage or to measure the concentration of substances produced to 
defend the organism. In the literature, different studies are available that describe the correlation 
between orthodontic therapy and the development of oxidant species. Some authors support 
that even if orthodontic brackets and wires are able to release harmful substances in the oral 
cavity, they are not cytotoxic; therefore, they do not produce oxidative stress. Other recent 
studies state that orthodontic brackets and wires produce an increase in free-radical 
concentration without producing acute toxicity, and stainless steel materials seem to be more 
biocompatible. The present research did not reveal statistically significant differences between 

Fig. 2. Distribution of plaque index scores 

at the different time points. 
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the different Time Points. On the basis of the results obtained in this study, it is possible to state 
that multi-bracket, self-ligating orthodontic therapy with a vestibular appliance did not influence 
oral cavity oxidative stress in the first 10 weeks of treatment. The normal values of anti-oxidant 
agents in a healthy adult human subject are between 1500 and 2000 mEq/; however, the main 
part of the salivary sample collected at T revealed a higher value. These data could be related to 
the age of the patients: puberty is in fact characterized by important hormonal changes related 
to development and by an increase in cellular metabolism related to the acceleration of somatic 
growth and sexual maturation. The secondary purpose of this research was to investigate the 
influence of orthodontic multi-bracket therapy on oral hygiene and the consequent effect on 
oxidative stress. An experimental study on the influence of dental caries and hygiene on the 
amount of oxidant agents [38] stated that oxidative stress in patients with insufficient oral 
hygiene and dental caries 
is higher than in patients without plaque and tooth decay. Even if multi-bracket orthodontic 
appliances, like other type od prosthetic restoration, usually produce an increase in dental plaque, 
in the present study, we observed an improvement in dental hygiene during orthodontic therapy; 
these data could be related to the correct instruction and the continuous monitoring of the 
patients enrolled in the study. The study did not reveal any correlation between the level of dental 
hygiene and that of oxidative stress. 
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Abstract: 
Objective: To assess the efficacy of fruits & vegetables juice consumption on daily energy balance 
in a homogenous cohort of sarcopenic old patients. 
Methods: 30 participants (27 women and 3 men) affected by sarcopenia were prescribed to drink 
a fixed volume of fruits & vegetables juice for 3 months. In this anecdotal and retrospective 
observational study, we filled questionnaire (0-5 rating) describing subjective well-being feelings, 
psycho-neurological traits, gastrointestinal, musculoskeletal, and cardiovascular as well as any 
untoward effects. Muscle strength and antioxidant saliva status were the parameters investigated 
by means of a non-invasive and practical hand dynamometer “FH-500” (Rupac Srl, Milan, Italy) 
and Point of Care FRAS 4 Evolvo SAT Test (H&D, Parma, Italy), respectively. Data were statistically 
analyzed by Mann-Whitney test (continuous variables not normally distributed) and chi squared 
test (categorical variables). 
Results: All parametric data (body weight and BMI) were not significantly different between 1-day 
and 90-day average for all the patients. On the contrary, significant improvement (p < 0.02) 
between 1 and 90-day based on the clinical questionnaire were found in the all the patients: 
specifically, increased ratings for energy level, athletic performance, quality of sleep, ease of 
awakening and spontaneous sleep induction, ability to focus on activities, mental acuity. The 
administered juice reduced significantly also asthenia and stress. No significant changes in 
gastrointestinal, musculoskeletal or cardiovascular system were observed. The main isometric 
strength values, as well as the antioxidant saliva status, were increased in all the patients at the 
end of the treatment (p < 0.03). 
Conclusions: The results definitely showed that daily consumption of fruits & vegetables juice for 
90-days increases the subjective feelings of general well-being, and improves some 
neurological/psychological performances. The protocol had very high performance compliance 
and no drop out, supporting the hypothesis of a possible prescription even in the clinical practice. 

  
Results (extracts): 
The saliva antioxidant status of the patients, evaluated by SAT Test, significantly increased (p < 
0.03) at day-90, suggesting that fruits and vegetables juice are well absorbed and can counteract 
the oxidative stress induced sarcopenia. 
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Extracts:  
 
The patients were prescribed to drink 20 mL/day (10 mL after lunch and 10 mL after dinner in 120 
mL of water/dose) of “Vita Vitale plus” fruits & vegetables juice®” (Medicura Naturprodukte AG, 
Burglauer, Germany), composed by fruits concentrate (including lemon, orange, passion fruit, 
white grape, pomegranate, cranberry), vegetables concentrate (including carrot, celery, broccoli), 
mare’s milk, and aromatic plants extracts  for the treatment of three months (two bottles/month). 
 
The prescribed fruits and vegetables juice intake displayed a significant benefit by the antioxidant 
micronutrients contents, including alpha lipoic acid (present in spinach and broccoli powder), 
Vitamin E (present in green leafy vegetables), curcumin (present in curcuma powder), supposing 
that this intake can optimize mitochondrial energy stores, and protect synaptic membranes from 
lipid peroxidation. The polyphenols (such as the tannic acid from tea extract) are reported as 
‘‘sticky’’ agents binding to the surfaces of the oral cavity (including tongue, palate, gingival 
epithelium, the teeth and the microbial flora) and neutralizing the oxidative stress  from the 
very first tract lumen contact before absorption; this has been clearly shown by the measured 
salivary antioxidant levels (SAT test). 
 
High dietary intake of antioxidants, especially if joined with healthy lifestyle and physical exercise, 
can improve the life quality in sarcopenic old patients, reducing asthenia, improving energy level 
and sleep.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

33 
 

 
 

Journal of Oral Pathology & Medicine 2012;41(9):649–661 
 

 Role of free radicals and antioxidant defences in 
oral cavity-related pathologies 
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Abstract:  
Free radicals play a key role in the development of several pathological conditions. Therefore, 
several methods have been developed to measure oxidative stress from bodily fluids including 
blood, urine and, more recently, saliva. Free radical and antioxidant defences within the oral 
cavity may play a key role in odontostomatological pathologies. This review provides an update 
of the literature concerning the association of oxidative stress with pathological conditions 
associated with the oral cavity. It focuses on the diagnostic and therapeutic importance of the 
tests based on saliva specimens in a preventive perspective. 

 
Extracts:  
Recently, a new non-invasive instrument (FRAS 4 EVOLVO – Free radical system; H&D, Parma, 
Italy; Fig. 1) has been introduced in the clinical setting. It analyses a sample of saliva giving the 
grade of oxidative stress in the oral cavity, and it can be useful for the study of particular 
pathological conditions affecting this district. Everything has been achieved thanks to an 
instrument that allows the measurement of the antioxidant concentration starting from a simple 
saliva specimen. The patient receives a cotton swab that has to be rolled for a minute in his mouth 
to stimulate salivation. The swab is then weighed inside a glass and subsequently squeezed out 
to allow the collection of saliva. In a cuvette containing R1 reagent, 40 ll of the reactive reagent 
R2 is added, and after shaking the cuvette for 10 s, the blank reading is obtained. After that, 10 ll 
of the previously collected saliva is withdrawn and introduced into the cuvette containing the two 
reagents, and after agitation, it is inserted in the instrument to be read. At the end of the reading, 
the instrument prints the result directly, and after that, it is confronted with the reference values. 
With this simple procedure, it is possible to give a comparative diagnosis of the current 
pathological condition in which the role of free radicals has been identified. It involves the 
pathogenesis with pre- and post-medical or surgical therapy references and protects the oral 
cavity health and, in a more general sense, the patient. This article provides an update of the 
literature concerning the association of oxidative stress with pathological conditions associated 
with the oral cavity. It includes the pathologies associated with otolaryngology and the ones 
related to the oro–cervico–facial district, focusing on the diagnostic and therapeutic importance 
of the tests based on saliva specimens in a preventive perspective. 

 
A consistent number of recent studies have showed how oxidative stress can cause pathologies 
affecting the periodontium, although the periodontitis triggering event is due to the presence of 
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bacteria forming a biofilm in the subgingival plaque. However, the disease progression would be 
due to the immune system adverse response to these organisms that, through the polymer 
Phonucleated eucocytes, causes an acute inflammation releasing ROS. The resulting 
disequilibrium between the ROS generated in this process and the existing antioxidants leads to 
a situation of oxidative stress causing pathological conditions at the level of the periodontium, 
but also other diseases, such as rheumatoid arthritis, acute respiratory distress syndrome, AIDS, 
Alzheimer’s disease and Parkinson’s disease. 
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The Oxidative Stress Balance Measured in Humans 
with Different Markers, Following a Single Oral 
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Abstract:  
Four different markers of oxidative stress (8-OHdG in urine, 8-Iso-PGF, hydroperoxides and 
carbonylated proteins in plasma, a new marker of antioxidant capacity in plasma/urine/saliva, 
and hs-CRP were determined concomitantly in twelve apparently healthy volunteers. All the 
markers were determined at 8 am, 10 am, 12 am in three different moments: after a week of 
normal diet (baseline), after an acute supplementation with an antioxidant pool, and finally 
following a week of a diet poor in antioxidant. The supplementation of antioxidants determined 
a significant (t test p < 0.05) decrease up to 12% of 8-OHdG in urine and up to 46% of carbonylated 
proteins in plasma, whereas hydroperoxides and 8-Iso-PGF were unmodified; the antioxidant 
capacity increased significantly (t test p < 0.05) up to 19%, 78%, and 67%, respectively in plasma, 
urine and saliva. Hs-CRP was unchanged.The diet poor in antioxidant caused significant increases 
(t test p< 0.01) of hydroperoxides (up to 24%), 8-Iso-PGF 23 (up to 69%), carbonylated proteins 
(up to 76%) and 8-OHdG (up to 16%): hs-CRP increase reached 72% despite the levels were still 
within the normal range. Any reduction of soluble antioxidants activity in plasma was detected, 
whereas in urine and saliva a reduction of 45% and 38% respectively was shown. In conclusion, 
the antioxidant surplus determined by a single antioxidants pool administration seems to protect 
DNA and proteins from oxidation. On the contrary the shortage of antioxidant intake increases all 
the markers of OS, particularly those related to lipids and proteins, whereas the DNA seems to be 
protected more efficiently. The AC in plasma tends to be constant, and the limitation of 
antioxidants intake is followed by reduction of AC in urine and saliva. 
 
Extracts:  
The surplus deriving from antioxidants abundance tends to be eliminated rapidly throughout the 
two main excretory systems, saliva and urine, which both have the same daily volume production 
(about 1.5 L). The only difference between the two systems being that saliva theoretically allows 
the recycle of soluble antioxidant, whereas the urine does not. This behavior was confirmed after 
the antioxidants pool administration, where the increases in both saliva and urine were similar. 
During the low antioxidant intake the decrease was significantly higher in urine than in saliva 
(respectively 31% and 47%; t test p < 0.01) and may give support to the aspect of saliva recycling. 
This may mean that saliva can be more efficient than urine as a mirror of the antioxidant capacity. 
In fact, the correlation between plasma and saliva was found significant in every determination, 
whereas the correlation between plasma and urine was not. Sweat and tears should be added to 
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the list of possible excretion compartment, and the former is more important since it may the 
increase in relation to the temperature of the body and environment. Because of this one may 
expect that in case of fever or during summer the antioxidants excretion could be more active 
and the need of antioxidant could be much higher. 
 
Results (extract): 
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Abstract:  
Based on the results of the soluble antioxidants test (SAT), we have produced a combination of 
oral antioxidants aimed at increasing the antioxidant power of saliva. Several antioxidants are 
included in this product (Vit E, beta-carotene,Vit A, Vit C, polihenoles, cathechins, ellagic acid, 
antocyanins, coenzyme Q10 and piridoxin in association with Se, Zn, L-cisteine). The aim of this 
registry study was to evaluate the efficacy of these antioxidants in saliva, plasma and urines. 
Methods. MF Odontovis“, an antioxidant complex, was administered to healthy subjects in the 
evening for one week with a final administration in the morning. Results. Plasma, urine and saliva 
showed an increase in antioxidant power following both the evening administration and the final 
morning administration. The antioxidant action appeared to be present even at night when salival 
secretion is lower. Plasma SAT levels in the morning following evening treatment were increased 
by 21% in comparison with controls. Morning administration increased levels up to 34% when 
measured 4 hours after treatment. Comparable increases were observed in saliva (morning values 
+44 %; +58% two hours after morning administration and +28 % after 4 hours). In urine the 
evening administration caused an increase in antioxidant power (+6%); the morning 
administration did not cause an increase in antioxidants. Conclusion. This study indicated that 
antioxidant levels can be increased with specific nutritional supplement. The clinical value of an 
increased antioxidant power in biological fluids, particularly in saliva, may be relevant for future 
trials of prevention and treatment. 

 
Results (extract): 
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Extracts:  
The value of these observations is somewhat limited due to the limited time of administration. 
The primary aim of the study was to evaluate saliva for the cinetic value of an antioxidant 
compound. It is possible to increase the antioxidant effects of saliva using different types of 
antioxidants. The types of antioxidants include all 4 categories: circulating antioxidants, 
membrane antioxidants, intracellular antioxidants (pyridoxine and coenzime Q10), and those 
defined as system antioxidants. All these antioxidants may generate a protective shield. However, 
it is important to underline the importance of circulating antioxidants that may, more easily, reach 
saliva. The presence of antocyanins, catechols, polyphenols and ellacic acid in the red-fruit extract 
has an important ant-bacterial action (i.e. against Streptococcus mutans and other patogenic 
bacterial elements of the oral cavity). Whether the action is effective against bacterial adhesion 
(either bacteriostatic or bactericidal) will have to be determined in specific studies involving caries 
or paradontosis or other oral infective processess. MF Odontovis“ transports into saliva an 
antioxidant complex rather than a single product/compound. As shown by the antioxidant action 
in other clinical and preventive applications, the combination of these elements appears to be 
synergic. Dosages aimed at producing antioxidant action are kept low on purpose, and 
compounds including RDA have been kept at 100% RDA to avoid an unwanted pro-oxidant action 
that might result from using doses much higher than normal physiological intake. 
The concept of having different synergic antioxidant actions is produced using different 
antioxidant products. Whether this combined antioxidant and, possibly, anti-inflammatory action 
may be enough to produce an antibacterial, anti-infective action should be evaluated in longer 
prospective studies. Morning SATp levels following the evening treatment increased on average 
21% (P<0.05) in comparison with controls. Morning administration increased levels up to 34% (4 
hours after administration; P<0.05); the increase was clear one hour after administration 
(showing a fast absorption). Comparable increases were observed in saliva (SATs); morning values 
were increased up to 44%; after 2 hours they increased 58%; after 4 hours the increase was 28%. 
Therefore, hydrosoluble antioxidants are quickly transferred into saliva. In urine (SATu) evening 
administration caused an increase in night secretion of +6%; morning administration did not show 
any change in urinary antioxidants. This may indicate that the excretion of metabolites without 
antioxidant power is prevalent in urine. With a daily production of about 1.5L/per day, saliva is 
basically recycled as antioxidants flow again into the intestinal tract and follow reabsorbtion and 
metabolization. This causes an antioxidant overload in the evening, which is shown in urine. The 
clinical value of an increased antioxidant power in biological fluids, particularly in saliva, may be 
relevant for future trials including both prevention and treatment. The SAT is very important to 
measure in a simple way the levels of antioxidants. These tests may indicate how antioxidant 
levels can be increased with the use of specific nutritional supplements within physiological 
modulation. 
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Evaluation of oxidative stress in saliva of patients in fixed 
orthodontic therapy 
 

Original title: Valutazione dello stress ossidativo nella saliva di  pazienti in terapia ortodontica fissa 
 
A.C.Baragan  (thesis supervisor M.F. Sfondrini) 

 

Introduction (summary): 
 

Orthodontic therapy includes three phases, or periods: preventive, interceptual and fixed. The 
third orthodontic phase begins when the rate of growth is decreasing and the eruption of the 
permanent second molars has already occurred. Multibrackets and multiband fixed equipment 
are used, which must remain in the oral cavity for a long time, acting for 18-30 months. 
 
The fixed orthodontic device devised by Angle and then perfected consists of an active part which 
causes dental displacements - a metallic arc of square, round or rectangular section, or by nickel-
titanium springs, which is inserted and blocked in the horizontal groove of which brackets are 
provided. The latter can be aimed at metal bands cemented to the teeth or glued directly to the 
dental elements using adhesive techniques. At the moment the direct bonding technique is 
almost always used, as it is easy to perform, it is stable, it offers a more precise positioning 
compared to the cemented bands, for aesthetic reasons, hygiene, etc. The attachments 
positioned on the dental surface can be of different types: in polycarbonate, in ceramic (crystalline 
aluminum oxide), in metal (stainless steel, gold, titanium, nickel-free). 
 
The biocompatibility of dental materials has been studied extensively, since their properties are 
fundamental to ensure a treatment that does not damage the health of patients. These materials 
remain in the oral cavity for a long time and are subject to corrosion processes, causing the release 
of substances that can react with oral tissues. The cytotoxicity of these materials (stainless steel, 
copper, chromium, cobalt, vanadium, mercury, cadmium, nickel) can be the result of the 
generation of large quantities of reactive oxygen and nitrogen species. Some heavy metals such 
as copper, chromium, cobalt, used in the manufacture of bows, directly cause the production of 
free radicals, while nickel indirectly. 
 
The primary objective of the research was to evaluate oxidative stress in the saliva of pediatric 
patients, before and during fixed orthodontic therapy, with vestibular metallic brackets. 

 
 
 
 
Method, result and conclusion (summary): 
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Salivary samples were taken from a population of 17 patients. 
 
The population subjected to the saliva test was selected according to the following criteria: 

- maximum age 18 years;  
- absence of systemic diseases that can influence oxidative stress. 

 
Three salivary samples were taken from each patient:  

- a sample before applying the brackets and vestibular metal arches;   
- a second withdrawal at a distance of one month from the beginning of fixed orthodontic 

treatment;  
- a third withdrawal at a distance of two months from the beginning of fixed orthodontic 

treatment. 
 

 mean SD Min  Mdn  Max  

before bonding 2971 980 1356 3022 4236 

1 month after bonding 2909 815 1628 2844 4038 

2 month after bonding 3332 802 2078 3206 4930 

Table V – Descriptive statistics of the groups tested (mEq/l). 
 
There was no significant difference in the mean values of antioxidant substances in the T1, T2 
and T3 times. 
 
In the literature there are numerous studies that evaluate how orthodontic therapy affects the 
production and accumulation of oxidizing species. Some researchers have come to the conclusion 
that, even if the materials used to make brackets and orthodontic wires can release harmful 
substances during their stay in the oral cavity, they are not cytotoxic and would not cause 
oxidative stress. 
Other recent studies assert that all the orthodontic wires, especially the metallic ones, cause an 
increase in free radicals, but without reaching acute toxicity and that, however, the stainless steel 
wires and brackets would be the most biocompatible. 
The present research did not find significant differences between the control group, with salivary 
samples taken before the start of orthodontic therapy, and the subsequent groups, with salivary 
samples taken one and two months after the start of therapy. 
Therefore, according to the results of this work, it can be said that fixed, metallic orthodontic 
therapy does not affect the level of oxidative stress of the oral cavity in the first two months after 
the application of brackets and wires. 
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Evaluation of oxidative stress in the oral cavity in patients 
suffering from periodontal disease  
 
Original title: Valutazione dello stress ossidativo  nel cavo orale nei pazienti affetti da malattia 
parodontale       
                   
F. Montuori ( thesis supervisor  G.M. Nardi) 

 

Introduction (summary): 
 
The evidence accumulated over the last 20 years suggests that in the oral cavity, as well as in the 
blood, there exists, under physiological conditions, a delicate balance between the production 
and elimination of SCR, whose rupture, often complicit in an erroneous lifestyle , can promote the 
onset and / or the aggravation of various diseases, both local and systemic. 
 
Under normal conditions, the production of ROS by cells resident in the oral tissues or that reach 
them through the lymph and / or blood is controlled by the antioxidant defense systems (AO). An 
optimal oxidative balance allows the oral cavity to preserve its anatomical-functional integrity, 
minimizing potential damage from ROS. Unfortunately, exposure to physical, chemical or 
biological agents and / or reduced bioavailability of AO increase the likelihood of an increase, 
relative or absolute of ROS. Hence an increased risk of real oxidative stress injuries due to key 
structures for the functionality of the buccal apparatus, such as tooth attachment tissues. 
 
Tissue oxidative damage, in these cases, is linked to the "derailment" of the defense reactions 
activated by the polymorphous nucleated leucocytes towards the generation of highly hystolesive 
oxidizing species. In a more detailed way, it has been shown that at the periodontal level and, in 
the peri-implant soft tissue level, infectious stimuli (bacteria and related by-products such as 
endotoxins and porines) cause the activation of the polymorphous nucleated leukocytes 
(respiratory burst). , which is expressed in the release, by the enzyme NADPH oxidase, of 
superoxide anion, a powerful free radical of oxygen. The latter is essential for the process of 
bacterial killing (phagocytosis) but is highly hystolesive, so it is readily converted by the same 
leukocytes, thanks to the enzyme superoxidodismutase, in hydrogen peroxide, as all peroxides is 
endowed with oxidizing properties, so the granulocytes, thanks to the intervention of other 
defensive enzymes (catalase and oxidase), decompose it together with the other peroxides, in 
completely harmless end products (water and alcohols respectively). 
 
However, it may happen that due to the extent of the pathogenic charge and / or the intrinsic 
virulence of the bacterial strain, an infectious outbreak such as that of the periodontal in 
periodontal disease or of the soft tissues may develop at the level of the extracellular matrix. 
Implants in immediate loading - the optimal conditions for oxidative stress, that is an excess of 
oxidizing species, primarily hydrogen peroxide. The latter, once in excess of the ability to dispose 
of catalase / peroxidase systems, may undergo a series of unwanted reactions, such as 
transformation into hypochlorous acid (by the enzyme myeloperoxidase) or hydroxyl radical (by 
of iron ions in the free state). [34,36]. These last two chemical species, both highly oxidizing, will 
attack the biochemical components of the gingival / peri-implant tissues, damaging them, to make 
the balance between the synthesis and the degradation of proteins and of the various 
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components of the extracellular matrix resident, such as proteoglycans and hyaluronic acid. 
Unfortunately, the tissue alterations characteristic of periodontal disease have traditionally been 
ascribed to a series of reactive processes (inflammation, immune response) triggered by specific 
"periodontal pathogenic bacteria" while little pathogenic importance has been reserved to 
"chemical" processes such as oxidative stress . 
 
An increase in production and / or a reduction in the ability to eliminate free radicals leads to an 
increase in the risk of oral diseases. From these considerations the need arises to evaluate and 
eventually correct any alteration of the oxidative balance, both at the systemic level and at the 
local level. 
 
The primary objective of the study is to evaluate in patients suffering from periodontal disease, 
without evident signs of concomitant pathologies, if there are higher blood levels from oxidative 
stress markers than periodontal healthy individuals. 
 

Method, result and conclusion (summary): 
 
This study evaluated 16 patients aged 40 to 70 years (maximum incidence of periodontal disease) 
divided into two groups: control group (8 healthy systemic and periodontal patients) and 
periodontitis group (8 healthy patients from point of systemic view but diagnosed with 
periodontal disease) 
 
The two groups were included in the following protocol which included three visits: 
Time 0 (T0), 45 days (T1) and 90 days (T2). 
 
-Time 0 
both groups underwent the biochemical assessment of the oxidative balance both at the systemic 
level, through d-ROMs test and BAP test, and at the local level, by means of SAT tests. 
The control group was subjected to IP (plate index), BOP (bleeding index), professional oral 
hygiene session and IIOD (home oral hygiene instruction); the periodontal group has undergone 
periodontal check up (including intraoral rx): PD (probing depth), BOP, CAL (clinical attachment 
level), REC (gingival recession), and IP were submitted to the OSFMD protocol, scaling and root 
planning in 24 hours. 
 
-Time 1 
The control group (CG) was subjected to an extra-intra oral objective examination, PSR, IP and 
IIOD (home oral hygiene instruction); 
The periodontitis group (PG) underwent periodontal revaluation: PD, BOP, CAL, REC and 
biochemical revaluation of the oxidative balance. 
 
-Time 2 
reassessment for both groups of the oxidative balance: d-ROMs test, BAP test and SAT test, IP and 
professional oral hygiene. 
 
Inclusion criteria:  
Absence of systemic and periodontal pathologies;  
Absence of systemic pathologies but with periodontal pathology;  
Signature of informed consent for the biochemical evaluation of the oxidative balance;  
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Signature of informed consent for periodontal treatment. 
  
Exclusion criteria: 
Smokers (if ex-smokers, must have interrupted this kinky habit for at least 5 years);  
Alcoholics (> 150mL of wine / day,> 200 ml of beer / day, any spirits);  
Treatment with drugs of any type and for any reason (eg anti-inflammatories, antibiotics, 
bisphosphonates, anti-hypertensive, immunosuppressive, chemotherapy or radiant or hormonal 
treatment for neoplasia); 
Presence of pregnancy or treatment with estrogen-progestogen formulations (oral 
contraceptives, hormone replacement therapy, phytoestrogens);  
Cardiovascular diseases (heart attack, stroke, arterial hypertension, claudication); 
Neurodegenerative diseases, diabetes mellitus, medium-severe osteoporosis, endocrinopathies 
(especially thyroid). 
 
The protocol of professional hygiene that has been applied to patients diagnosed with chronic 
periodontitis (PG test group) is that of "Full Month Disinfection" (OFSMD). This protocol is 
applicable to every type of periodontal patient and includes the use of antiseptic substances 
based on chlorhexidine in various concentrations. 
 
The results obtained have led to the conclusion that the OFSMD treatment associated with a daily 
oral hygiene practice and for a 3-month observation period in periodontal patients induces: 
 

- a significant improvement in the plaque index (IP) considering the whole observation 
period (T0-T2). On average, periodontal patients improve by 60% (while nonparodontal 
patients are 43%). The statistical significance of this improvement is very high with a p-
value of less than 0.1%. 

- a significant improvement of the BOP in most cases in the first 45 days (from T0 to T1) 
and with high statistical significance (p-value <0.1%) and on average 72%. In the second 
part (from T1 to T2) the improvement is not significant (p-value> 50%). In general and 
during the whole observation period (between T0 and T2) the improvement is on average 
68%. 

- a significant reduction in systemic oxidative stress measured by the d-ROMs Test. 
Considering the entire observation period, the d-ROMs index between T0 and T2 seems 
to have a good experimental evidence (p-value 8.6%). The average values go from 337 
U.Carr to T0 (slight SO) to 275 U.Carr (normal values). 

- a maintenance of systemic antioxidant levels (BAP test). Periodontal patients have 
normal antioxidant levels with values between 2500 μmol / L at T0 and 2900 μmol / L at 
T2. 

- an improvement in the levels of salivary antioxidants (SAT test). Considering the whole 
observation period, it is concluded that the SAT index shows a statistically significant 
improvement (p-value 1.3%), with an average of the values going from 3030 μmol / L to 
the T0 index of an inflammatory state in progress at an average value of 2050 at T2 
following the OFSDM treatment associated with daily oral hygiene practice 

- a significant improvement in the pocket depth (from 33 to T0 to 14.5 to T2) with very 
strong experimental evidence (p-value <0.1%). 

 
 

Sapienza University (Rome); A.A. 2009/2010 
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Oxidative stress in the oral cavity: power antioxidant of 
saliva and periodontal disease 
 

Original title: Lo stress ossidativo nel cavo orale: potere antiossidante della saliva e malattia 
parodontale 
 
E. Corradini (thesis supervisor E.L. Iorio) 

 

Introduction (summary): 
 
The aim of this work is to evaluate, by biochemical test specific for the antioxidant capacity 
(Soluble Antioxidant Test, SAT test), performed using the FRAS 4 instrumentation, possible 
alterations of the oxidative balance in the oral cavity and put them in relation with an increased 
risk of oral disease and, in particular, with an increased probability of developing periodontal 
disease. The study, in particular, after quantifying the antioxidant power of saliva and having 
carried out an objective and clinical examination for each participant, intends to evaluate the 
relationship between alterations of the redox balance in the oral cavity and the presence of 
periodontal disease, in order to verify if oxidative stress can represent a risk factor for the 
development of this pathology and in which degree. 
 
The onset and progression of periodontal disease is the result of a complex mechanism of 
interaction between the periodontopathogenic bacteria and the immuno-inflamatory response 
of the host organism. Understanding this mechanism aims to improve oral health. 
 
Among the etiological factors most frequently implicated in the increase in the production of free 
radicals in the oral cavity are bacterial infections, both those related to caries, and those 
associated with periodontal disease, both however originated by the accumulation of bacterial 
plaque. Tissue oxidative damage, in these cases, is linked to the defense reactions activated by 
polymorphonuclear leukocytes which, attracted by chemotactic pathogen from pathogenic 
germs, lead to the generation of highly hystolesive oxidizing species, such as hydroxyl radicals, 
alkoxyl and peroxyl, peroxynitrite and hypochlorous acid. In fact, the activity of the leucocytes 
isolated in the crevicular fluid of patients suffering from periodontal disease was particularly lively 
in terms of production of cytokines and moreover they were more reactive, compared to the 
leucocytes of normal subjects, in the production of free radicals (measured by 
chemiluminescence) after stimulation with bacterial lipopolysaccharide and after phagocytosis 
with periodontopathogenic bacteria. In addition, patients suffering from periodontal disease have 
presented a greater number of white blood cells, primary sources of free radicals, to the leukocyte 
count. 
 
It is reasonable to hypothesize that in genetically predisposed subjects (with abnormal 
inflammatory and / or immune responses), due to the overlapping of possible environmental risk 
factors (for example cigarette smoking), the bacterial attack triggers a massive activation of 
polymorphonuclear lymphocytes and leukocytes with release of chemical mediators, responsible 
for oxidative stress and, ultimately, damage to the structures that support the tooth and, 
therefore, of clinical manifestations of periodontal disease. 
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The significant increase, compared to healthy subjects, of levels of oxidation markers in saliva, 
such as protein carbonyls and, in particular, nitrite (deriving from nitric oxide catabolism), in 
subjects suffering from periodontal disease, is evidence in favor of the pathogenetic hypothesis 
so far exposed. 

 
Method, result and conclusion (summary): 
la gravità è stata determinata, in seguito ad un esame clinico ed obbiettivo da parte di uno 
specialista, in base al numero dei siti analizzati interessati dalla malattia e dal grado di 
compromissione del parodonto stesso. Tutti i soggetti dovevano presentarsi a digiuno dalla sera 
precedente e ad almeno un’ora dalle pratiche quotidiane di igiene orale. 
 
For the present work, 100 subjects were analyzed, divided into 2 groups of 50 subjects each, based 
on the presence or absence of periodontal disease; we therefore obtained a group of healthy 
subjects and a group of subjects suffering from periodontal disease of different degrees, 
comparable with each other regarding sex and the average age of the same group. To evaluate 
the degree of parodontosis, a semi-quantum scale from 1 to 4 was used, where 1 represented the 
"mild" degree and 4 the "severe" degree of the disease; the severity was determined, following a 
clinical and objective examination by a specialist, based on the number of analyzed sites affected 
by the disease and the degree of impairment of the periodontium itself. All subjects had to show 
fasting from the previous evening and at least one hour from daily oral hygiene practices. 
 
Table 18 shows for convenience only the average values of clinical and analytical data evaluated 
and obtained during the study. Therefore, in the two groups of participants, the values related to 
the antioxidant power of saliva measured with the SAT test are compared, the value related to 
the average salivary flow and the degree of average parodontosis of the subjects under 
examination. The statistical analysis of the data showed that the differences in the values of the 
antioxidant power of saliva in the two groups are significant. This indicates that in subjects 
suffering from periodontal disease the level of salivary antioxidants is very low and that therefore 
the oxidative balance present in the oral cavity of these subjects is moved towards a condition, 
also quite important, of oxidative stress. Regarding salivary flow, a decrease was observed in 
subjects suffering from periodontal disease compared to healthy subjects, but not statistically 
significant; this indicates that in subjects suffering from periodontosis more than alterations in 
the salivary flow there are real quantitative alterations of the level of 
total salivary antioxidants and therefore the antioxidant power of saliva is significantly reduced. 
In addition to the fact that in patients with periodontal disease the values of salivary antioxidants 
were lower than in healthy subjects subjected to the same test, it was also observed that the 
correlation of the severity of periodontal disease was inversely proportional to the antioxidant 
power of saliva ( "r" -0.544 pvalue <0.05) and therefore, the greater the severity of the evaluated 
oral pathology, the lower was the quantity of salivary antioxidants detected with the SAT test. On 
the basis of the data obtained, it could therefore be stated that not only the periodontal disease 
is correlated with alterations of the oxidative balance of the oral cavity and, in particular, a 
reduction of salivary antioxidants, but that the magnitude of this alteration, in turn, is connected 
with the different degree of periodontal disease observed. It would therefore seem that the 
antioxidant power of saliva, and more generally the oxidative stress in the oral cavity, plays a key 
role not only in the genesis, but also in the progression and prognosis of periodontal disease. 
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Variables Healthy subjects Subjects with 
periodontitis 

t-TEST 

Periodontitis index 0 2,1 ± 0,92*  

Volume (ml/min) 1,21 ± 0,17* 1,17 ± 0,15* NS** 

SAT test 1212 ± 132,1* 832 ± 220,6* p-value < 0,05 

*SD= standard deviation ** Ns= not significant 
 

Tab. 18 Results obtained following the clinical and laboratory examination (SAT test). 
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Sapienza University (Rome); A.A. 2011/2012 
 

Professional oral hygiene, effects on halitosis and 
oxidative stress 
 

Original title: Igiene orale professionale effetti su alitosi e stress ossidativo 
 
Di Basilio Cristian (thesis supervisor L.Ottolenghi) 

 

Introduction (summary): 
 
The alteration of the oral ecosystem can trigger various types of pathologies Recently, a great deal 
of attention has been given to some "phenomena" that can act as indicators or sentinel symptoms 
to disrupt some ecological alteration of the "mouth" system. 
 
The oral cavity is an important point of connection with the external environment, characterized 
by a virtually unlimited number of microbial contacts. the oral cavity is not only a transit station 
but also a colonization site, it offers a habitat capable of ensuring life and reproduction to different 
types of germs The main sites of colonization are the dental surfaces and the epithelial surfaces 
(back of the tongue and mucosa ). From an ecological point of view, the oral cavity can be 
considered an open ecosystem of microbial growth, in which nutrients and microorganisms are 
introduced and removed. The colonization of the oral cavity is extremely specific for each site, so 
that the mouth should be seen as a complex of biological microcosms, in each of which it is 
possible to identify a different community more or less stable and in continuous relation with the 
outside. 
 
The aim of the present work is to perform a screening on a group of heterogeneous subjects, with 
the aim of researching and evaluating the changes that the oral ecosystem undergoes before and 
after a professional oral hygiene protocol (scaling over gingival) , examining two specific analyzes 
for the measurement of oxidative stress and of halitosis 
 
There are several risk factors and oxidative mechanisms of the oral cavity, exposure to physical 
agents (heat, cold, dryness, etc.), chemical (alcohol, smoke, acidity, etc.), and biological 
(pathogenic bacteria) that alter the balance of oral cavity inducing a situation of "oxidative stress". 
Oxidative stress can determine over time the onset of a wide range of inflammatory states that 
specifically refer to the oral cavity and result in plaque, caries, stomatitis, gingivitis up to the 
periodontal disease. In a bacterial virulence phase the chemotactic alarm activates the innate 
immune response that induces a migration of lymphocytes and polymorphonuclear (PMN). PMNs 
destroy and swallow bacteria with ROS production. However, against a virulent attack the PMN 
are induced to a greater production of ROS, this increased production of ROS can become lethal 
for the same PMN and harmful to mucous membranes and gingival tissues. Gingival and 
periodontal diseases characterized by an acute or chronic inflammation can originate from this 
inflammatory state. 
 
Halitosis is a pathological condition caused mainly by intra-oral causes, in a lower percentage due 
to extraoral causes. As regards the causes that determine halitosis we mainly recognize the 
volatile sulfur compounds (VSC). Among volatile sulfur compounds (VSC) the compounds that 
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participate more than others in unpleasant odors are hydrogen sulfide (H2S), methylmercaptan 
(CH3SH) and dimethyl sulfide [(CH3)2S]. Some causes of halitosis are instead related to periodontal 
infections, in fact the bacteria involved in periodontal disease are for the most part gram-negative 
known just for being large producers of volatile sulfur compounds (VSC). The correlation in 
periodontal disease, amount of volatile sulfur compounds (VSC) and pocket depth is therefore 
valid, since the greater the pocket depth the greater the number of gram-negative anaerobic 
bacteria and consequently the greater formation of sulfur compounds volatiles (VSC). 

 
Method, result and conclusion (summary): 
 
Twenty six volunteers (9 males, 17 female; aged 18-70) apparently healthy has been included in 
the present study after a written and informed consent 
 
Criteria for inclusion of subjects. 

- Be older than eighteen years without distinction of sex; 
- Good conditions of systemic health or with compensated pathologies; 
- Absence of gum inflammation or acute periodontal in progress and of untreated active 

caries, ascertained through a specialized dental examination with compilation of the 
clinical record, execution of orthopanoric rx and periapical rx if necessary. 

 
The volunteers were subjected to scaling therapy (oral hygiene professional supragingival). The 
removal of plaque, tartar, food residues etc. was performed with an ultrasonic scaler. During the  
session, before and after the scaling treatment, have been analyzed the concentration of volatile 
sulfide compounds (VSC) in exhaled and the concentration of antioxidants in saliva sample  The 
VSC were analyzed by Halimeter® (Interscan Corporation, Simi Valley, California USA), a dedicated 
instrument. Both parameter are have been re-evaluated after 30 day. 
 
Both analyzes, the Halimeter® test and the oxidative stress test, show significant differences 
between the experimental phases. 
 

One Way Repeated Measures Analysis of Variance      

 N Missing Mean Std Dev  
HALIMETER 1°TEST 26 0 114,615 53,981 P = 0,022 

HALIMETER 2° TEST 26 0 117,308 57,009  
Revaluation 30gg 25 14 75,364 89,277  
All Pairwise Multiple Comparison Procedures 

(Tukey Test)      
Comparison P P<0,050    
HALIMETER 2° vs. Revaluation 0,022 Yes    
HALIMETER 2° vs. HALIMETER 1° 0,977 No    
HALIMETER 1° vs. Revaluation 0,031 Yes    
One Way Repeated Measures Analysis of Variance      

 N Missing Mean Std Dev  
SAT TEST 1° 26 0 2883,462 1649,047 P = <0,001 

SAT TEST 2° 26 0 1686,077 900,171  
Revaluation 30gg 25 14 2354,273 1598,303  
All Pairwise Multiple Comparison Procedures 

(Tukey Test)      
Comparison P P<0,050    
SAT TEST 1° vs. SAT TEST 2° <0,001 Yes    
SAT TEST 1° vs. Revaluation 0,136 No    
Revaluation vs. SAT TEST 2° 0,269 No    

. 
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From the examination of the results of the present work we can establish that they are consistent 
with what has been stated in the literature, ie that the measurements contemplated in the 
present study - halitosis and oxidative stress - would not explain by itself a symptomatology, but 
rather act as diagnostic adjuvants for the rebalancing processes of the oral ecosystem 
 
Other re-elaborations: 
Further considerations can be made on the data present in the theses (with the exception of those 
deriving from the 30-day revaluation because they are too incomplete to derive robust 
conclusions). 
 
The antioxidant concentration was significant decreased after the scaling treatment (p<0,0001). 
In particular, before the treatment we found a mean of 2883±1649 µmol/L, decreased to 
1686±900 µmol/L. Interesting was resulted the significant decrease of variance of the data after 
the treatment respect before treatment (p<0,01).  
The results were further analyzed by dividing the data into two categories depending on the data 
obtained before the treatment: group A if the data is lower than 2000 µmol/L and group B if the 
value is higher. In according to reference test values, this value is the limit for the normal values.  
The values obtained in both categories is illustrated in table 1. 
  

 Group A Group B 

  

Initial value < 2000 µmol/L 
 

Initial value > 2000 µmol/L 
 

 
n 

 
9 

 
17 

     
Mean ± SD 1516 

 ± 
280 

1308 
 ± 

567 

3607 
 ± 

1613 

1886 
 ± 

991 
     

t-test, 
 p-value 

0,32 0,00004* 

f-test, 
 p-value 

0,72 0,004* 

 
Table 1: Summary of  SAT results; * significative p values  

 
In the group A is observed not a significant decrease but in the group B the decrease is very 
significant. The mean decrease observed is equal to 50% about and the final values is on average 
in the normal range. Only in five cases the values remained above the 2000 µmol/L threshold and 
in these cases the decrease is  few significant but perceptible (n=5, before treatment 4231±290  
µmol/L, after treatment 3076±1058 µmol/L, p=0,07 ).    
No significant difference has been found in the VSC levels measured in the exhaled first and after 
the scaling treatment. Before treatment the VSC were 115±54 ppb (min 21, max 244) and after 
117±57 ppb (min 22, max 233).  
Neither it has found a significant correlation between the SAT  and VSC values ( r = -0,16; p >0,1). 
 
Firstly it is noted that in group A there are no significant changes in that metric, it averaged, I like 
variance. The values are normal before and after the practice session of professional oral hygiene. 
On the contrary, in the group of B it is a significant decrease of the data, the variance and the 
average of the values is, inter alia within normal values. It is also noted a significant reduction by 
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SAT also in those subjects whose final value is still high compared to normal. Considering these 
results, we can first eliminate the suspicion that the decrease in values is attributable to a dilution 
effect due to the treatment, otherwise we could not explain the group's data A. Furthermore, 
these data further support the recognized importance of the practice of professional oral care in 
preserving the overall health of the oral cavity as the average of the values back into the normal 
range. However, there is a 20% of cases in which the decrease of the data is  appreciable albeit 
but not total significant and in any case do not have the return to normality of the final data. 
Considering what has been said so far it is conceivable that the causes of this excess of 
antioxidants have not been totally eliminated using the supragingival scaling recently operated 
and therefore further evaluation is needed. 
Despite the limited number of samples, which can be remedied with more detailed future studies, 
the results seem clear enough to support the practical need for supra-gingival scaling. But also 
they seem to support the need to associate to this practice a control diagnostic method (such as 
the SAT test) of the same order better to preserve the health of the oral cavity. Probably the 
supragingival scaling, as important and necessary, is not always sufficient to eliminate any cause 
of imbalance of the oxidative status of the oral cavity and this should be taken into account in the 
context of maintaining a good level of health of the oral cavity.  
 
The new conclusions are based on the fact that the most recent theories claim that too high 
antioxidant values are not considered a high antioxidant barrier, but probably deriving from a 
surplus of response to inflammatory phenomena or cell lysis with spillage of internal antioxidants 
in fluids surrounding. 
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Vita-Salute San Raffaele University (Milan); A.A 2010/2011 
 

Effect of professional whitening on the oxidative state of 
the oral cavity  
 

Original title: Effetto dello sbiancamento professionale sullo status ossidativo del cavo orale 
 
I. Shorer ( thesis supervisor G.M. Nardi) 

 

Introduction (summary): 
 
Tooth bleaching is one of the most popular cosmetic dental procedures. It is a process of removing 
discolorations from the enamel of the teeth. Enamel makes up the normally visible part of the 
tooth, covering the crown. The normal color of enamel varies from light yellow to grayish white. 
At the edges of teeth where there is no dentin underlying the enamel, the color sometimes has a 
slightly blue or translucent off-white tone (upper incisors). Since enamel is semi-translucent the 
color of dentin and any material underneath the enamel strongly affects the appearance of a 
tooth, sometimes like a stain. Professional teeth whitening procedures cannot only remove the 
surface stains, but can penetrate the enamel to bleach deep-set stains that over-the-counter 
systems cannot touch. This procedure is based upon hydrogen peroxide as the active agent. 
Hydrogen peroxide may be applied directly, or produced in a chemical reaction or produced in 
situ by a chemical reaction  from sodium perborate or carbamide peroxide.  
Hydrogen peroxide acts as a strong oxidizing agent through the formation of reactive species (RS) 
, reactive oxygen species (ROS) and hydrogen peroxide anions. These reactive molecules attack 
the long-chained, dark-colored chromophore molecules on the enamel surface and split them into 
smaller, less colored, and more diffusible molecules. The final result is the discolor of the tooth. 
The oxidative processes enacted by the bleaching products are extremely stressful for the oral 
environment including soft tissues (i.e, gums). The oxidative damage that may derive from a 
bleaching is strictly related to the antioxidant levels. Antioxidants are in fact fundamental to 
protect cells from oxidative attack. 
. 

The primary objective of the study is to evaluate oxidative stress markers in patients undergoing 
a bleaching treatment. This aim will be achieved through the use of in vitro diagnostic tests aimed 
at assessing the patient's oxidative status. The tests are the d-ROMs test for the assessment of 
the level of hydroperoxide in plasma, PAT test for the assessment of antioxidant power of plasma  
and the SAT test for the assessment of the level of antioxidants in saliva. In order to evaluate the 
efficacy of the whitening treatment also from an aesthetic point of view, a spectrophotometer 
(Spectroshade ®) was also used, an instrument able to objectively evaluate the real color of the 
dentin through the different wavelengths. 

 
Some important step of method, result and conclusion: 
 
This study evaluated 20 patients aged between 18 and 50 years. The volunteers were selected on 
the basis of the clinical anamnesis of the extra / intra-oral objective examination, of the color 
evaluation of the dental arch through the use of the spectrophotometer. 
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All patients had to show fasting on the days established by the protocol of analysis, so as not to create 
artifacts. All patients underwent the same whitening treatment with the Mentadent Professional 
Extrawhite ® a product whit 38% hydrogen peroxide concentration. The same patients were also 
subjected to the analysis of systemic and local oxidative status (oral cavity) by drawing a small amount 
of capillary blood (finger-puncture) and un-stimulated saliva. 

 
Exclusion criteria:  

- Allergic patients,  
- Patients in pregnancy,  
- Patients with Positive PSR,  
- Patients with systemic diseases 
- Patients with dentinal sensitivity. 

 
Inclusion criteria:  

- Patients with healthy periodontium,  
- Patients in total absence of systemic pathologies in progress 
- Patients aged between 20 and 50, male and female. 

 
The protocol included three stages: Time 0 (T0), 15 days (T1) and 21 days (T2). 
 
Time 0: Medical history (with particular attention to the detection of information on the use of 
drugs (contraceptive pill, estrogen-progestin treatments or hormone replacement therapies, 
antibiotics, antihistamines, etc.) and habits (smoking) 

- Visit (extra / intra oral);  
- Hygiene folder compilation 1 (first visit questionnaire);  
- Hygiene folder compilation 2 (plaque index, PSR, dentin sensitivity, home oral hygiene 

questionnaire); 
- Education and motivation for home oral hygiene; 
- Informed consent; 
- Evaluation of d-ROMS, PAT and SAT tests. 

 
Time 1: Polishing performed with a contra-angle handpiece and cup, and the aid of a prophylaxis 
paste (NUPRO®); 

- SAT test evaluation, tooth color detection through Spectroshade® and photographs, 
before the whitening session;  

- Bleaching treatment Mentadent extra White Fast ® (38% Hydrogen peroxide), without a 
mask but with a curing light, three steps of ten minutes each. 

- Education and motivation to maintain bleaching treatment; 
- SAT test evaluation, teeth color detection through Spectroshade ® and photographs after 

bleaching treatment after whitening treatment. 
 
Time 2 

- Evaluation of d-ROMs and SAT Test; 
- Color detection through Spectroshade® at the end of the whitening treatment. 

 
The results was indicated a significant reduction of the oral antioxidant capacity (SAT test) after 
dental bleaching from a mean baseline value (T0) of 1323 µmol/L Vit C to a T1 mean value, 
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immediately after bleaching procedure of 779 µmol/L Vit C (p <0.001 t test). This reduction, as 
expected, is due to the presence of reactive species generated during bleaching.  
The follow up was 1 week after the treatment, all patients showed a normal value of antioxidant 
in saliva, mean values 1165 µmol/L Vit C. This indicates that in healthy patients which followed a 
diet rich in antioxidant and/or with physiological modulators (PMs), the oxidative status is 
restored in one week . 
Surprisingly the bleaching procedure seems to have not only a local impact to the oral cavity but 
also a relatively long-lasting systemic impact (at least one week after bleaching). The values of 
peroxides hydroperoxides (d-ROMs test) are significantly increased at one week after dental 
bleaching from a mean baseline value of 285 Carr. U. to a T2 mean value (follow up) of  332 Carr. 
U. (p <0.05 t test). Furthermore, a reduction of the values of plasma antioxidants (PAT) has been 
observed from a mean baseline value of 2944 Cor U to a T2 mean value (follow up) of  2753 Cor 
U, but the difference is not significant).   
 
In conclusion, based on the results of this study, it was observed that the common bleaching 
procedure can induce a condition of oxidative stress not only in the oral cavity but in all the body.  
So it should be useful for the dentist and the dental hygienist measure the potential damage and 
prevent it.   
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IRCCS San Matteo; A.A 2011/2012 
 

Fluoroprophylaxis and salivary antioxidant capacity 
 

Original title: Fluoroprofilassi e capacità antiossidante salivare 
 
D. Kartozi ( thesis supervisor  M.C. Vitale) 

 

Introduction (summary) : 
 
The work of this thesis is aimed at analyzing the concentration of free radicals in the saliva of 
patients in the age group between 5 and 16 years sampled before and after the topical application 
of fluorine (the so-called "fluoroprophylaxis"). 
 
The World Health Organization (WHO) believes that the use of fluorine is the most effective 
method for caries prevention with the constant presence of adequate fluorine concentrations in 
the oral cavity. 
 
In recent years, the use of fluoride-based topical gels has increased, and they are much more 
concentrated than fluoride in drinking water. By definition, the topical application of fluorine 
refers to those systems that make the fluoride in direct contact with the exposed surface of the 
tooth, at high concentrations, having a protective effect on the enamel. This effect is due to the 
action of fluorine on the tooth-plaque interface through the remineralization of early carious 
lesions by reducing the soluble tooth enamel 
 
Dental caries is a pathology of bacterial origin and can still be considered among the most 
common infectious diseases in the world population and in particular it is the most common 
chronic oral infection in children. 
 
To conclude, dental caries, being an infectious process, involves an increase in the antioxidant 
capacity of saliva to counteract it . Fluoroprophylaxis, instead, having a protective action against 
caries, should decrease the antioxidant capacity of saliva. 

 
Some important step of method, result and conclusion: 
 
The salivary test was performed in the morning in fasting patients from the previous evening in 
all two groups, after the information and consent of the parents. 
The preliminary saliva test was performed in the examination group, after which the topical 
application of fluoride was scheduled, about a month after the fluoride was applied, the second 
salivary test was performed. Instead, in the control group a preliminary saliva test was always 
performed and after a month the second salivary test WITHOUT applying the fluoride to them. In 
the examination group we applied the fluorine in the form of gel with the appropriate measures 
on all two arches (upper and lower teeth) for four minutes. The amount for each application was 
about 5 milligrams and the fluorine content is: 0.33% sodium fluoride (NaF). 
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At the end of the research a sample of 30 patients, aged between 5 and 16 years, was collected. 
The patients were divided into two groups: 15 in the examination group and 15 in the control 
group. 
 
The statistical analysis of the results of the examination group detects the following data: 

 mean SD minimum median maximum 

before 
fluoroprophylaxis 

2147 839 994 2072 4052 

after 
fluoroprophylaxis 

1621 531 696 1634 2402 

Table 2: descriptive statistics of the two groups tested 
 
The statistical analysis of the results of the control group detects the following data: 

 mean SD minimum median maximum 

First test 2383 889 1238 2196 4514 

Second test 2811 781 1628 2844 4072 

Table 4: descriptive statistics of the two groups tested 
 
The t test for paired data was significant (p = 0.0086). 
 
The data detected before the application of fluorine were significantly higher (p = 0.009) than the 
data measured after the application of fluorine. The average of the values before the topical 
application of fluorine is 2147 (mEq / L) considered a borderline value between normal values and 
a possible inflammatory state, instead, the values after topical application of fluorine is 1621 (mEq 
/ L) considered a normal value. 
 
In the control group there were no differences between the two measurements taken (P> 0.05). 
 
In this paper for the first time the values of oxidative stress in the saliva of children and 
adolescents were examined, associating them with the topical application of fluorine. 
The values of oxidative stress in saliva are influenced by many systemic factors such as diabetes) 
and asthma. Both type 1 and type 2 diabetes and asthma cause a reduction in the saliva 
antioxidant network by reducing the action of the enzyme peroxidase, causing an increase in the 
oxidative stress in the saliva of patients affected by these diseases. 
Therefore in this work we have excluded patients suffering from asthma, diabetes and other 
systemic diseases to have oxidative stress results less influenced by systemic factors to be able to 
better evaluate the action of fluorine. 
Fluoroprophylaxis is known in its protective action against dental caries by mineralizing the 
structure of the dental enamel, transforming it from hydroxyapatite to fluoroapatite makes the 
tooth more resistant to dental caries. Therefore at the beginning of the work we hypothesized 
that in healthy children and adolescents (without systemic diseases), to whom fluorine is applied, 
we expect a reduction in the levels of oxidative stress due to the protective action of fluoride 
against dental caries, therefore, these patients in the oral cavity should be less exposed to 
inflammation, thus interrupting the vicious circle of inflammation and oxidative stress. 
 
The results of this work have been in agreement with our hypothesis by statistically confirming 
an improvement in the values of oxidative stress in patients who have been applied fluoride 
compared to patients who have not been applied fluorine in which we have even seen a 
worsening in results of oxidative stress. 
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