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Abstract: Background: Gingivitis can develop without mechanical cleaning within three weeks. The first 
clinical sign is bleeding on positive probing. The accumulation of dental biofilm generates an inflammatory 
gingival response. In the past decade, attention has focused mainly on the interproximal areas and the use of 
customsized interproximal toothbrushes.The aim of the study was to evaluate the effectiveness of 
individualized oral hygiene education and its role in dental prevention among patients with dental problems. 
Methods: Before treatment, patients were clinically and radiologically examined, full mouth plaque score 
(FMPS), full mouth bleeding score (FMBS), and bleeding on brushing (BOB) were recorded, and matrix-
metalloproteinase-8 (MMP-8) was measured by using a chair-side MMP-8 measuring system. Patients in group 
A had gingivitis, but no periodontal damage and patients in group B had periodontal damage. Patients in both 
groups A and B were identified in to four subgroups based on their toothbrushing habits and the oral health 
education they received. The three months after initial examination, each patient was examined three more 
times (2, 4 and 12 weeks later). Results: It was concluded that subjects in groups A1 and B1 showed significant 
reduction in BOB, MMP-8, FMBS and FMPS levels after two weeks. Solo Prophylaxis (A1and B1) remained as 
a well-constructed protocol with hte complete resolution of interdental inflammation after two weeks. Other 
subgroups achieved significant reductions only after 12 weeks. Conclusions: BOB and MMP-8 are valuable 
complements in preventive dentistry, and are able to detect potential pathological processes in interproximal 
spaces. The clinical relevance of BOB, in addition to FMBS, FMPS and gingival inflammation can be 
demonstrated to patients, which may increase compliance. 

Keywords: oral hygiene; periodontal diagnostic; mmp-8; BOB; dental prevention 
 

1. Introduction 

Lack of regular toothbrushing leads to the accumulation of dental biofilm and gingivitis 
develops within three weeks. The first clinical sign is bleeding on positive probing (BoP), 
demonstrated by Löe. [1] Thus, before the onset of clinical signs, an inflammatory gingival response 
has already been initiated as a reaction to bacterial invasion. Chronic inflammation causes not only 
inflammation in the gingiva but also destruction of the alveolar bone, leading to periodontitis. [2,3] 
It can be said that dental plaque is a necessary and sufficient causative factor for the development of 
gingivitis; however, the mature biofilm itself is not a sufficient causative factor in the pathogenesis of 
destructive periodontal disease. Periodontal chart scores (FMPS, FMBS) are available for the 
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diagnosis of plaque-induced inflammation. New diagnostic devices are also available to diagnose 
inflammatory processes in interdental spaces (BOB). [4,5] 

On the other hand, human saliva as a biological fluid can be a non-invasive diagnostic approach 
in oral and systematic diseases. [6] It is rich in disease-related biomarkers such as matrix 
metalloproteinases, which can be used to detect early stage periodontal disease detection. [7,8]. 
Matrix metalloproteinases obviously play a decisive role in pathological inflammatory processes and 
malignant tissue destruction. [9–12] It has been shown that matrix metalloproteinase-8 (MMP-8), as 
a collagenase in gingival connective tissue, is an early biomarker of periodontitis which can be 
measured not only with laboratory methods but also with chair-side tests. These techniques use the 
same monoclonal antibodies. [13–15] Lysosomal enzymes released during phagocytosis, such as 
MMP-8, are discharged into the oral cavity with the sulcus fluid and no tissue damage occurs. [16,17]. 

The aim of our study was to evaluate the effectiveness of individualized oral hygiene education 
and its role in oral prevention in patients visiting our Institute (Department of Community Dentistry, 
Semmelweis University) with various dental problems. Furthermore, we compared four oral hygiene 
devices (Solo Prophylaxis, toothbrush and commercially available interdentalbrushes as well as 
electric and manual toothbrush) thus subgrouping them according to the most common tooth 
cleaning devices used in the clinical study. Finally, to find out what motivational techniques our 
patients need to continue to maintain good oral hygiene. 

Our hypothesis is that a well-constructed dental hygiene concept with education and lifelong 
follow-up can reduce and stop oral inflammatory processes, thus preventing gingival and 
periodontal diseases at an early stage. 

2. Materials and Methods 

The study was conducted at the Department of Community Dentistry, Semmelweis University, 
Hungary between 1 September 2020 and 30 April 2023. The examination was conducted by a team of 
dentists and dental hygienists from the Prevention and Periodontology Department of the 
Department of Community Dentistry, Semmelweis University. The measurements of the six-person 
investigation team were standardized using the Fleiss kappa test (0.9) before the start of the 
investigation.[18] Subjects were selected from patients presenting to the Periodontology and 
Prevention Department of the Department of Community Dentistry. Participation in the study was 
voluntary, with a total of 102 subjects included. The study was approved by the Regional and 
Institutional Committee of Science and Research Ethics and the Hungarian Office of Health 
Authorization and Administrative Procedures, and was conducted in accordance with the 
Declaration of Helsinki. (Nr: ETT-TUKEB IV/9854-1/2021/EKU) All patients provided written 
informed consent prior to participation. All authors had access to information that could be used to 
identify individual participants during data collection between 1 September 2020 and 30 April 2023. 

After an initial stomato-oncology, clinical and radiological examination, four main parameters 
were recorded during appointments at fixed times. The first of the four measurements was Bleeding 
on Brushing index (BOB), a new measurement method to determine how many interdental spaces in 
the mouth bleed as a result of stimulation. Bleeding is a clinical sign of the presence of an 
inflammatory process. The measuring and stimulating tool was a custom-designed interdental brush 
called DiagnoSTIX, manufactured by SOLO-MED GmbH, which created the concept of SOLO 
Prophylaxis, referred to as Prophylaxis Concept. DiagnoSTIX was applied one by one to each 
interdental space, and it was observed how many interdental spaces were bleeding compared to the 
total number of interdental spaces. (e.g. 20/13) [19]. BOB is expressed as the percentage of bleeding 
interdental spaces of the patient.  

The second of the four measurements was MMP-8, which is a neutrophil collagenase, involved 
in types I, II and III of collagen breakdown. An early marker of periodontal tissue destruction, its 
elevated level indicates inflammation before inflamed gingival margin is clinically detectable. The 
measuring device was the PerioSafe PRO DRS Test System, a chair-side test based on enzyme-linked 
immunosorbent assay (ELISA). The device measures the quantitative level of MMP-8 in the saliva 
and displays this as a numerical value in ng/ml. On the basis of these data, an interval table for the 
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system determined whether collagenolysis was minimal, elevated, or whether it was advanced and 
severe. The only objectively monitorable marker of the extent of inflammation was the concentration 
of MMP-8 in the sulcus inflammatory exudate, measured in ng/ml. [20,21] 

The third and fourth measurements were based on the periodontal chart used as a reference by 
the School of Dental Medicine of the University of Bern (periodontalchart-online.com), 
measurements were also conducted during the appointments of each patient. The full mouth 
bleeding score (FMBS) is a percentage value, calculated from the bleeding. Bleeding on probing (BoP) 
values  were recorded at six points on each tooth when the full periodontal status was taken. The 
measuring device was the PCPUNC 15 periodontal probe. [22,23] 

The full mouth plaque score (FMPS) is a percentage value calculated from the plaque index (PI) 
values at six points on each tooth when the full periodontal status is taken. The measuring device 
was also the PCPUNC 15 periodontal probe. [22,23] The data of all patients participating in the long-
term follow-up study were recorded in an application designed in collaboration by the University of 
Obuda for easier documentation.  

Participants received the patient information sheet and the patient consent form, and if they 
accepted the conditions, they signed them. After signing, subjects were assigned to two groups (A or 
B) based on their periodontal status, each group containing four subgroups (1, 2, 3 and 4) based on 
their oral hygiene habits and the tools used for tooth cleaning (A1, A2, A3, A4, B1, B2, B3 and B4). 
Before group assignment, all oral hygiene toolkits were presented during the first examination. 
Patients selected the toolkits they would use during the study. Patients were instructed on the correct 
use of the chosen toolkit. At the end of the study, all patients in the groups received our preferred 
oral hygiene education, thus avoiding discrimination.  

According to their radiological and clinical examination, patients in group A had neither 
periodontal damage nor bone loss, only clinical symptoms of gingivitis. Within group A and beside 
the four subgroups (A1, A2, A3 and A4), there was an individual group called ”Patients with 
subclinical symptoms”, who had PPD (periodontal probing depth) anywhere less than or equal to 4 
mm, and FMPS and FMBS values  below 35%. There were no clinical signs of gingivitis so BOB and 
MMP-8 values could be detected and a pre-existing inflammatory process could be diagnosed. Bone 
loss in subjects in group B could be determined using the radiological and clinical examination, and 
PPD values of 5 mm or more. Patients in subgroupsA1 and B1 attended a lecture on the Prophylaxis 
Concept, during which they were introduced to the Solo Prophylaxis philosophy and the use of 
individualized oral hygiene tools. These patients used the oral hygiene devices included in the 
system. Patients in subgroups A2 and B2 used any other commercially available interdental brushes, 
possibly tufted toothbrushes, and manual toothbrushes. Patients in subgroups A3 and B3 used 
electric or sonic toothbrushes, any other commercially available interdental brushes and/or dental 
floss. Patients in subgroups A4 and B4   used only manual toothbrushes. (Figures 1 and 2)   All 
patients in each group attended the examinations at the first appointment, and then 2, 4 and 12 weeks 
after the first appointment. At each test time, subjects participating in the study received professional 
oral hygiene treatment after the measurements.  
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Figure 1. Classification of Group A. 

 
Figure 2. Classification of Group B. 

Exclusion factors included smoking, mental and physical disabilities, patients under 18 years of 
age, patients undergoing orthodontic treatment, pregnancy, patients with less than six interdental 
spaces, oncological diseases, hematological diseases, genetic disorders, diabetes, bisphosphonate 
consumption, pacemaker, and infectious diseases. 

2.1. Data Collection 

The study was conducted on 102 patients (38 male and 66 female). The number of patients in the 
subroups was in A1:12; A2: 1; A3: 17; A4: 16; B1: 17; B2: 15, B3: 9; and B4: 5. During the first 
examination, study team members educated patients on how to optimize the use of devices according 
to their oral hygiene habits, and introduced the Prophylaxis Concept to them. Patients returned 2, 4 
and 12 weeks after the first visit to be re-assessed, and to recieve professional oral hygiene treatment. 
MMP-8, BOB, FMPS and FMBS values were recorded at each visit.  

2.2. Statistical Analysis 

To assess the effects of different oral hygiene methods on MMP-8, BOB, FMPS and FMBS, we 
applied generalized linear mixed-effects models (GLMMs) [24] using R 4.3.3 [25] with the glmmTMB 
package [26]. Patients in groups A and B as well asa group of patients with subclinical symptoms 
were analyzed separately. MMP-8 levels, BOB, FMPS and FMBS were analyzed as dependent 
variables in separate models and time (first appointment, 2, 4 and 12 weeks later) and subgroups (1, 
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2, 3 and4) and their interaction were included in all models. To view individual changes, patient ID 
was included as a random factor in all models. When analyzing MMP-8, we used models with 
Gamma-distribution and log-link function. Six patients (four from B2, two from B1) had values above 
400 ng/ml and three patients (one each from A2, A4 and B2) had values under 10 ng/ml value at some 
point, and were excluded from the analysis of MMP-8. For the analysis, we modeled the percentages 
of BOB, FMPS and FMPS binomially (bleeding or presence of plaque and the assessed sites in absence 
of bleeding or plaque). To avoid overdispersion, we used the betabinomial model family. Our model 
selection approach was based on the Akaike Information Criterion (AIC) for all models. [27] We 
removed explanatory variables one by one, and chose the candidate model with the lowest AIC value. 
We considered a model to be a better fit if the AIC value was lower by 2. We did not remove main 
effects before their interactions. If the AIC value of two or more models differed by 2 or less, we chose 
the simpler model. We repeated this, until we achieved an optimal model fit. We used a deviance-
ratio test to test the significance of the fixed terms in the final models. All models run can be viewed 
in the Appendix, with detailed results of the final models. Residual analysis and model validation 
were performed using the Dharma package [28], as described by Smith and Warren (2023). [29] Post-
hoc contrasts were calculated with the emmeans package [30], using Sidak correction to adjust for 
multiple comparisons. 

3. Results 

3.1. Patients with Subclinical Symptoms 

Alltogether, 29 patients had subclinical symptoms (19 female, 10 male; 7 in subgroup A1, 6 in 
A2, 10 in A3, the only patient in B3 was removed from further analyses). After model selection, BOB 
showed a significant time effect (p>0.0001, Figure 3a). Post-hoc analyses revealed that after the first 
treatment, BOB significantly decreased (all adj. p<0.005, and remained at this level (all adj. p>0.77). 
When analyzing MMP-8, we found that two patients had values under 10 ng/ml, therefore they were 
removed from the analyses. There were no significant effects of time or subgroup on MMP-8 (all 
p>0.5). Time had a significant effect on FMPS (p=0.036; Figure 3b), whereas FMBS only marginally 
decreased in time (p=0.055, Figure 3c). Post-hoc tests revealed that there were differences only 
between the initial and week 12 values of both FMBS (adj. p=0.027) and FMPS (adj. p=0.054), all other 
adj. p>0.95. 

 
Figure 3. a) BOB, b) FMPS and c) FMBS values as percentages of patients with subclinical symptoms 
before and 2, 4 and 12 weeks after treatment. The dot and the lines represent the estimated means ± 
standard deviations. 

3.2. BOB 

The analysis of BOB in group A revealed a significant interaction between time and subgroup 
(p=0.009; Figure 4a). Post-hoc analysis by time revealed that BOB decreased in A1 and A2 after week 
2 (all adj. p<0.006), and remained there (all adj. p>0.22). In subgroup A3, BOB decreased between 
weeks 2 and 4 (adj. p=0.001), whereas it did not change between the other appointments (all adj. 
p>0.88); however in A4, BOB differed only between the initial and week 12 adj. (p=0.034). Contrasts 
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between groups showed that subgroups 1 and 3 were different marginally at week 2 (adj. p=0.07), 
whereas subgroups 2 and 4 were significantly different at week 4. In group B, the interaction between 
time and subgroup was also significant (p<0.0001; Figure 4b). The post-hoc analysis by time showed 
that in B1, BOB significantly decreased after week 2 (adj. p<0.0001) and remained there (all adj 
p>0.75). In B2 and B3, BOB decreased only after week 4 (adj. p=0.027), and remained there (all adj 
p>0.55), whereas there was no change in B4 (all adj. p>0.31) 

 
Figure 4. BOB values as percentages of groups a) A and b) B before and 2, 4 and 12 weeks after 
treatment. The dots and the lines represent the estimated means ± standard deviations. 

3.3. MMP-8 

The analysis of MMP-8 in group A revealed a significant subgroup-time interaction (p=0.008; 
Figure 5a). The post-hoc analysis by time showed that MMP-8 decreased only in A4 at week 4 (adj. 
p<0.0001), whereas in all other cases, it remained the same (all adj. p>0.21). The initial MMP-8 levels 
of A2 significantly differed from A3 (adj. p<0.0001) and A4 (adj. p=0.037), and A3 marginally differed 
from A1 (adj. p=0.064; all other adj. p>0.9). At week 2, there were marginal differences between A1 
and A3 (p=0.077), whereas the difference was significant between A2-A3 (adj. p<0.0001) and A3-A4 
(p=0.048; all other adj. p>0.69). At week 4, the difference between A3 and A4 remained (adj. p=0.006; 
all other adj. p>0.1). At week 12, there was a significant difference between A2 and A3 (adj. p=0.035; 
all other adj. p>0.52). In group B, there was a marginal subgroup effect (p=0.083), and the post-hoc 
analysis showed no significant contrasts (all adj. p>0.1; Figure 5b). 

 
Figure 5. MMP-8 values of group a) A before and 2, 4 and 12 weeks after treatment and b) group B by 
subgroups 1, 2, 3, and 4. The dot and the lines represent the estimated means ± standard deviations. 

3.4. FMPS 

In group A, there was a significant time effect on FMPS (p<0.0001; Figure 6a). Post-hoc analysis 
revealed that FMPS significantly decreased at week 2 (adj. p<0.0001), and remained at that level until 
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the end of the study (all adj. p>0.41). In groups B, the time-subroup interaction was significant 
(p=0.001; Fig 6b). Contrasts by time showed that in B1, FMPS decreased at week 2 (adj. p<0.0001), and 
remained at this level (all adj. p>0.9). In B2, FMPS did not change (all adj. p>0.11), whereas in groups 
B3 and B4, the only difference was in B3 between the initial and week 12 values (adj. p=0.005; all other 
adj. p>0.6). At week 2, B1 had significantly lower FMPS than B3 (adj. p=0.028), whereas FMPS of B1 
and B4 differed at week 4 (adj. p=0.023). There was a marginal difference between B1 and B2 at the 
end of the study. 

 
Figure 6. FMPS values as percentages of groups a) A and b) B before and 2, 4 and 12 weeks after 
treatment The dot and the lines represent the estimated means ± standard deviations. 

3.5. FMBS 

In group A, time had a significant effect on FMBS (p<0.0001, Figure 7a). Post-hoc analysis 
showed that FMBS significantly decreased at week 2 (adj. p<0.001), and stayed at this level (all adj. 
p>0.12). There was a significant interaction between subgroups and time in group B (p=0.005, Figure 
7b). Contrasts by time showed that in B1 FMBS significantly decreased at week 2 (adj. p<0.001), and 
remained at a low level (all adj. p>0.49). In B2, FMBS did not change (all adj. p>0.6); however, in both 
B3 and B4, there was a moderate decrease in FMBS at week 12 (all adj. p<0.084). This means that B2 
started from a low level of FMBS, and remained there, and B1 caught up to this level, whereas B3 and 
B4 barely improved.  

 
Figure 7. FMBS values as percentages of groups a) A and b) B before and 2, 4 and 12 weeks after 
treatment The dot and the lines represent the estimated means ± standard deviations. 
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4. Discussion  

According to Scandinavian studies in the 1970s, oral hygiene programs brought significant 
improvements in the first period, but did not have the expected long-term follow-up effect. In the last 
decade, attention has focused mainly on interproximal areas, as it has been proven that the most 
effective manual toothbrush, but not even the electric toothbrush, provides sufficient interproximal 
cleaning. The regular use of dental floss and custom-sized proximal toothbrushes are recommended 
for older people or for those with open interdental spaces. [31,32] 

It has become clear that only individual motivation, professional oral hygiene chairside 
treatment and regular supportive treatment 1-4 times a year, depending on the skill of the patient 
and potential risk factors, can reduce the rate of periodontal damage progression in high-risk groups. 
[32,33]  

The Prophylaxis Concept places a high priority on cleaning in cole area and the cervical zone. 
To achieve this, it provides patients with special tools, as well as a theoretical background, to help 
patients achieve individualized and appropriate oral health. The Prophylaxis Concept philosophy is 
based on the reduction of bacteria growth on non-self-cleaning surfaces of the teeth, using techniques 
and tools adapted to the given task. Patients who have understood the paramount importance of 
maintaining oral hygiene and have received the necessary education and practice from dentists and 
dental hygienists trained for this purpose can maintain good oral health not only during the 
examination, but also in the long term with smaller FMBS and FMPS index, MMP-8 and BOB. [19] 

In this study, the group of patients with subclinical symptoms in group A were examined as a 
separate group, as subjects had no clinical symptoms of gingivitis, although they cleaned their teeth 
with different methods. In this case, the traditional indeces (FMPS and FMBS) did not provide any 
differences at different appointments, but BOB was able to diagnose contrast at an early stage, 
showing a significant reduction at week 2. This means that at an early stage, when no clinical 
sypmtoms of gingivitis are visible, BOB can clinically detect the inflammatory process. This 
represents a new opportunity for early diagnosis in preventive dentistry. MMP-8 can also show 
similar results, but there were not enough patients in the study to see significant differences. For 
groups A and B, the results of t the four measurements suggested a different approach to dental 
prevention. BOB level in groups A, A1 and A2 significantly decreased at week 2 and remained low 
until week 12. A3 decreased continuously, but there were no differences between weeks 4 and 12. 
Due to the professional oral hygiene treatments, A4 values were decreased after the first 
appointment, but then stagnated. All these mean that the oral hygiene concepts of subgroups A1 and 
A2 lead to more effective oral hygiene results than in subgroups where interdental cleaning is not a 
daily habit. There is also a minimal improvement in subgroups A3 and A4 with common professional 
oral hygiene treatment, but BOB cannot decrease as much as in other subgroups due to the lack of 
daily interdental cleaning. In group B, there are different time and group effects. Subgroup B1 shows 
significant improvement. The values decrease sharply from the intitial appointment to week 2 and 
slowly towards weeks 4 and 12. This means that proper daily interdental cleaning leads rapidly to a 
non-inflammatory oral status at week 2. In subgroup B2, significant improvement is only observed 
at weeks 4 and 12. The values a week 2 decreased but not as much as in subgroup B1. This means 
that it is not only the use of interdental brushes that leads to a non-inflammatory oral status, but also 
the use of the right size of interdental brushes by a dental health care professional. In subgroup B4, 
there is a decrease in scores from the initial appointment to week 4, but scores increase again at week 
12. This means that without interdental cleaning, only regular professional oral hygiene treatment 
will not maintain adequate inflammation-free oral hygiene. 

In group A, subjects using interdental brushes had lower MMP-8 values at the initital 
appointment than subjects without proximal cleaning habits, and their MMP-8 levels significantly 
decreased after week 2 of follow-up.  Subgroup A4 showed a decrease in levels from the first 
appointment to week 12, but only regular professional oral hygiene treatments without interdental 
cleaning led to an improvement. In group B, in patients with periodontitis, MMP-8 levels were shown 
to be much higher than in patients with gingivitis, and their values also decreased more when regular 
interdental cleaning was performed. 
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Overall, it can be said that patients who used electric or ultrasonic toothbrushes, despite their 
dental education, did not use interdental brushes regularly because they felt their mouths much 
cleaner than with normal tootbrushes and lost their motivation to spend time with interdental 
brushing. A comparison of BOB and MMP-8 with FMPS and FMBS in group A makes it evident that 
FMPS and FMBS indeces cannot show significant differences between the different oral hygiene habit 
groups during the 12-week period. All subgroups showed improvement at week 2. This implies that 
the involvement of patients in dental education and regular follow-up led to a reduction in dental 
plaque and bleeding. 

In group B, FMPS and FMBS levels decreased significantly in subgroup B1 and remained there 
for 12 weeks. This led to a fast and effective oral hygiene treatment that prepared patients with 
periodontitis for successful periodontal therapy. There were no significant changes in subgroups B3 
and B4 because the main improvement in these subgroups was only due to regular professional 
cleaning during the examinations. 

5. Conclusions 

During the study, all patients consistently attended the examinations and all groups diligently 
used oral hygiene devices as expected. The results indicated a significant improvement in the oral 
hygiene of patients in the Prophylaxis Concept groups, leading to sustainable oral health without 
inflammation. This improvement was confirmed by the elevated values of BOB, MMP-8, FMBS and 
FMPS. The use of these values not only reduced the time for conservative therapy, but also facilitated 
short- and long-term follow-up while maintaining patient motivation. The study suggests that, in 
addition to FMPS, FMBS, MMP-8 and BOB may serve as an effective early diagnostic tools to assess 
oral hygiene and periodontal status. Due to their chair-side nature, these measurements can be easily 
applied in a clinical setting, providing patients with new diagnostic options and potentially reducing 
the burden of periodontitis. The objective, diagnostic value of BOB and MMP-8 from subclinical 
symptoms to severe periodontitis may offer a new perspective in the early detection of periodontitis. 
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