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Summary
The period of mixed dentition is characterized by an increased risk of periodontal disease. The assessment of 

plaque accumulation and gingival bleeding is essential in the diagnosis of plaque-induced gingivitis.
Aim:  Assessing the gingival status in children aged 10-14 years using an index system for plaque accumula-

tion and gingival bleeding assessing all permanent teeth erupted.
Materials and Мethods: The subject of the study were 457 children aged 10 to 14 years. Assessment of plaque 

accumulation – full mouth plaque score (FMPS) and gingival inflammation – full mounth bleeding score (FMBS) 
was performed on each child. Full mouth plaque score was performed without staining on all examined perma-
nent teeth in four surfaces – medial, vestibular, distal and oral. Full mount bleeding score was performed by the 
presence of bleeding on probing on all permanent teeth at four points – medial, vestibular, distal and oral. The 
index shows the relative proportion of plaque surfaces or bleeding on probing for each patient on each sextants 
and surfaces.

Results: In children aged 10-14 years, localized forms of plaque-induced gingivitis predominate and the 
presence of dental biofilm affects 38.5% of the child’s dentition. The dental biofilm and gingival inflammation is 
mainly in the frontal areas of both jaws on the vestibular and proximal tooth surfaces. FMPS / FMBS index system 
provides a quick and objective assessment of the overall gingival status of children aged 10-14 years.
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Резюме
Периодът на смесено съзъбие се характеризира с повишен риск от пародонтална патология. 

Оценката на плаконатрупване и провокирано гингивално кървене е от съществено значение в 
диагностиката на плак-индуцирани гингивити.

Цел. Оценка на гингивалния статус при деца от 10-14 години чрез индексна система за плаконатрупване 
и гингивално кървене оценяваща всички пробили постоянни зъби (FMPS, FMBS).

Материал и методи. Обект на изследването са 457 деца на възраст от 10 до 14 години. Оценка 
на плаконатрупване – full mouth plaque score (FMPS) и гинггивално възпаление – full mounth bleeding 

1Assistant, Department of Pediatric Dentistry,  Faculty of Dental Medicine, Medical University – Sofia
2 Associate Professor Department of Pediatric Dentistry, Faculty of Dental Medicine, Medical University – Sofia
3 Assistant, Department of Pediatric Dentistry, Faculty of Dental Medicine, Medical University – Sofia
1Асистент, катедра Дeтска дентална медицина, Факултет по Дентална медицина,  Медицински университет – София
2 Доцент, катедра Дeтска дентална медицина, Факултет по Дентална медицина,  Медицински университет – София
3 Асистент, катедра Дeтска дентална медицина, Факултет по Дентална медицина,  Медицински университет – София



PROBLEMS OF DENTAL MEDICINE Vol. 46 • 2020/238

Introduction

The period of mixed dentition is characterized 
by an increased risk of periodontal disease [1]. At 
this age, children have unstable oral hygiene hab-
its, risky eating, orthodontic anomalies, and hor-
monal changes characteristic of puberty.

The subgingival microflora, as the main etio-
logical factor of gingival inflammation, is formed 
after the eruption of permanent teeth with the me-
diation of microorganisms from the supragingival 
plaque. In this regard, increased plaque accumula-
tion in the area above the marginal gingiva is a risk 
factor for the formation of subgingival biofilm [2]. 

According to the modern classification of 
periodontal diseases adopted by experts from the 
American Academy of Periodontology and the 
European Federation of Periodontology in 2018, 
gingival health is referred to as bleeding on prob-
ing covering less than 10% of the gingiva and a 
probing depth less than or equal to 3 mm [3].

Murakami and Mariotti propose the term “initial 
gingivitis” which includes single sites affected by a 
mild inflammatory reaction with no edema and bleed-
ing on probing. The authors believe that this “initial 
gingivitis” may be an option of gingival health, but if 
left untreated, it will inevitably lead to the develop-
ment of generalized gingival inflammation [4].

In childhood, these early stages of gingival in-
flammation are particularly important and should 
not be neglected, but should be recorded in the gen-

eral preventive dental examination and be subject 
to periodontal prevention, which aims to prevent 
the occurrence or aggravation of the inflammatory 
reaction in the periodontium.

Clinically established gingivitis is considered 
to be a “site-specific” inflammation of the gingiva 
caused by the bacterial biofilm. It is characterized 
by edema, redness of the marginal gingiva, in the 
absence of bone destruction [5, 6]

Clinical methods for assessment of gingival in-
flammation are based on visual assessment of the 
changes covering its marginal part. In addition to 
the change in its contour, color and consistency the 
bleeding on probing (BOP) is also essential for as-
sessing the gingival status, which is considered an 
objective, accurate and easily applicable method 
for assessing the location of gingival inflammation 
in the respective child. [7, 8].

Gingival Index by Loe & Silness (GI), Sulcus 
bleeding index (SBI) and Papillary bleeding in-
dex (PBI), traditionally used in diagnostics, report 
bleeding on probing with the help of a periodontal 
probe. The disadvantage of the listed indices is their 
relatively complicated protocol of work, reporting 
of subjective changes in the gingiva, as well as the 
extended registration time. In contrast to the men-
tioned indices, full mouth bleeding score (FMBS) 
[9] shows some advantages – reduced time for data 
registration, as well as reporting only the presence 
of bleeding on probing sufficient for diagnosis.

score (FMBS) се извършва на всяко дете. Оценката на плаконатрупване е извършена без оцветяване на 
всички пробили постоянни зъби върху четири повърхности – медиална, вестибуларна, дистална и орална. 
Оценката на провокирано гингивално кървене се осъществява чрез отчитане наличието на кървене 
при сондиране на всички постоянни зъби в четири точки – медиална, вестибуларна, дистална и орална. 
Индексите показват относителния дял на повърхностите с плаката или кървенето при сондиране за 
всеки пациент на всеки секстант и повърхност.

Резултати. При деца на възраст 10-14 години преобладават локализираните форми на плак индуциран 
гингивит, като плаконатрупването засяга 38,5% от зъбните повърхности на всяко дете. Денталния 
биофилм и гингивалното възпаление са локализирани главно във фронталните области на двете челюсти 
по вестибуларните и апроксимални повърхности на зъбите. Индексната система FMPS/FMBS осигурява 
бърза и обективна оценка на цялостния гингивален статус на деца на възраст 10-14 години.

Ключови думи: Full mouth plaque score, full mouth bleeding score, гингивит в детско юношеска възраст.
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Aim:

The aim of the present study was to assess the 
gingival status in children aged 10-14 years using 
an index system for plaque accumulation and gingi-
val bleeding assessing all permanent teeth erupted.

Materials and Мethods:

The subject of the study were 457 children 
aged 10 to 14 years.

The study was conducted in two Sofia schools. 
The children were divided into five groups accord-
ing to age – 10, 11, 12, 13, and 14 years old.

Criteria for inclusion of children in the study 
were: (1) informed consent signed by the parents 
for participation in the scientific study approved 
by KENIMUS with protocol No 12/14.05.2020; 
(2) lack of systemic disease or drug therapy; (3) 
lack of non-removable orthodontic appliances;

Methodology

The children included in the study were evenly 
distributed by sex – 234 girls and 223 boys. There 
were an average of 90 people in each age group.

All children were clinically examined and the 
data was recorded in a specially designed card. 
The clinical trial was performed by one dentist in 
a clinical office. Disposable examination instru-
ments and a mechanical periodontal probe were 
used, and the data was recorded with the participa-
tion of a dental assistant.

In view of the purpose of the study of each 
child, the following were performed:

– Assessment of plaque accumulation – full
mouth plaque score (FMPS) [10], and

– Assessment of gingival inflammation – full
mouth bleeding score (FMBS).

The registration of the full mouth plaque score 
index (FMPS) was performed without staining, us-
ing a mechanical periodontal probe (WHO 621), on 
all examined permanent teeth in four surfaces – me-
dial, vestibular, distal and oral. The probe is passed 
along the vestibular surface of the tooth from distal 
to medial and is monitored for plaque on tip of the 

probe; the same technique is used for the oral sur-
face. The index takes into account the presence of 
plaque accumulation and shows the percentage dis-
tribution of plaque surfaces for each patient.

The calculation of the patient index included 
the sum of all plaque surfaces divided by the total 
number of surfaces examined. The same calcula-
tion was performed on sextants and on surfaces - 
vestibular, proximal and oral.

An assessment of gingival inflammation – full 
mouth bleeding score (FMBS) was performed us-
ing a mechanical periodontal probe, recording the 
presence of BOP on all permanent teeth at four 
points – medial, vestibular, distal and oral. The 
tip of the probe penetrates about 1 mm into the 
gingival sulcus at certain points without reaching 
its bottom, after which the probe is removed and 
monitored for bleeding for the next 10 seconds. 
The index shows the percentage of gingival bleed-
ing for each patient.

The calculation of the index included the sum 
of all bleeding points divided by the total number 
of points studied. The same calculation was per-
formed on sextants and on surfaces.

SPSS Windows, version 19.0 was used for sta-
tistical data processing. The tests used were:

– Descriptive analysis – tabular and graphical
representation of the distribution of variables - ab-
solute and relative frequencies;

– Correlation analysis – for quantitative assess-
ment of the relationship between the studied traits;

– Alternative T analysis – to compare relative
shares;

Results

1. Assessment of the presence of dental bio-
film by full mouth plaque score (FMPS)

1.1. Relative share of dental surfaces with 
plaque registered by the FMPS index, distrib-
uted by age

The following table shows the relative share of 
dental surfaces with plaque in different age groups 
(Table 1).
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The table shows that the prevalence of the in-
dex in all examined children is 38.5% on average, 
which shows that 1/3 of the examined surfaces 
have plaque. The highest value of the index is ob-
served in 10-year-old children -51.4% of the sur-
faces in these children are with plaque, which is 
probably due to unacquired oral hygiene habits 
and the presence of primary teeth. As the age of 
the children increases, there is a progressive de-
crease in plaque accumulation.

1.2. Relative share of dental surfaces with 
plaque registered by the FMPS index, by sextants

The following table shows the relative share of 
dental surfaces with plaque by sextants (Table 2).

The table shows that the largest presence of 
plaque is found in the II and V sextant (upper and 

lower frontal area) – 51%. The presence of plaque 
in the lateral areas of the lower jaw (IV and VI 
sextant) shows the lowest values – 26%, which are 
almost twice as small as in the frontal segment of 
both jaws (p < 0.05).

1.3. Relative share of dental surfaces with 
plaque registered by the FMPS index by type of 
affected surfaces

The following table shows the average values 
of the FMPS index by surfaces (Table 3).

The table shows that the registered dental sur-
faces with plaque are proximal and vestibular, and 
evenly distributed. There is a minimum number of 
oral surfaces with the presence of dental plaque in all 
examined children, which affects the average values 
of the index for the child, reducing it significantly.

Table 1. FMPS plaque index by age

Age
Plaque surfaces Plaque-free surfaces Total

n % ± SP n % n %
10 year olds - 99 children 3650 51,4 ± 0,59 3450 48,6 7100 100

11 year olds -97 children 4032 44,1 ± 0,52 5112 55,9 9144 100

12 year olds -89 children 3713 39,6 ± 0,51 5663 60, 9376 100

13 year olds -92 children 2905 29,1 ± 0,45 7111 70,9 10016 100

14 year olds -80 children 2267 25,3 ± 0,46 6693 74,7 8960 100
Total-457 children 16567 38,5 28029 61,5 44596 100

Alternative analysis

T-test

  Т10,11=9,28   р<0.05 Т10,14=34,80 р<0.05                 Т11,14=27,11  р<0.05
  Т11,12=6,20    р<0.05 Т10,12=15,16 р<0.05                 Т12,13=15,61   р<0.05
  Т11,13=21,89  р<0.05 Т10,13=30,01 р<0.05                 Т12,14=20,95  р<0.05
  Т13,14=5,74    р<0.05

Table 2. Plaque index FMPS by sextants

Sextant
Plaque surfaces Plaque-free surfaces Total

n % ± SР n % n % 
I Sextant1 1724 31% ± 0,62 3836 69% 5560 100%
II Sextant2 5208 51% ± 0,49 5004 49% 10212 100%
III Sextant3 2462 40% ± 0,62 3694 60% 6156 100%
IV Sextant4 1602 26% ± 0,56 4558 74% 6160 100%
V Sextant5 4808 45% ± 0,48 5876 55% 10684 100%
VI Sextant6 1617 27% ± 0,57 4371 73% 5988 100%
Alternative analysis

T-test

t1,2=25,02    p1,2<0.05        t2,6= 31,67   p2,6<0.05     t1,6= 4,74    p1,6<0.05      t4,5=25,75    p4,5<0.05
t1,3=10,21    p1,3<0.05        t3,4= 16,69   p3,4<0.05     t2,3=13,82   p2,3<0.05      t4,6=1,25      p4,6>0.05
t1,4= 5,99     p1,4<0.05        t3,5= 6,35     p3,5<0.05     t1,5=17,82   p1,5<0.05      t3,6= 15,32   p3,6<0.05
t2,4= 33,48   p2,4<0.05        t5,6= 24,05   p5,6<0.05     t2,5= 8,69    p2,5<0.05



Vol. 46 • 2020/2 PROBLEMS OF DENTAL MEDICINE 41

2. Assessment of gingival bleeding by gingi-
val index – full mouth bleeding score (FMBS)

2.1. Relative share of bleeding points regis-
tered by the FMBS index, broken down by age

The following table shows the relative share of 
bleeding points in different age groups (Table 4).

The table shows that the average value of the 
index in all examined children is 18% ± 0.40. The 

values for bleeding on probing decrease twice in 
14-year-old children, while in other ages the val-
ues of the index are approximately the same.

2.2. Grouping of children according to the 
values of FMBS – index

The following table shows the distribution of 
children according to the index for gingival bleed-
ing FMBS, grouped into 3 groups (Table 5)

Table 3. FMPS plaque index on surfaces

Localization n % ± SР Statistics
Vestibular1 4924 44% ± 0,47 t1,2= 0,21       p1,2>0.05      

t1,3=70,14      p1,3<0.05      
t2,3= 97,18     p2,3<0.05      

Proximal2 10519 47% ± 0,33
Oral3 783 7%  ± 0,24

Table 4. Gingival bleeding FMBS by age

Age

Bleeding points Non-bleeding points Total

n % ± SР n % n %

10 year olds -99 children 1562 22% ± 0,49 5538 88% 7100 100%

11 year olds -97 children 1646 18% ± 0,40 7498 82% 9144 100%

12 year olds -89 children 1782 19% ± 0,41 7594 81% 9376 100%

13 year olds -92 children 2103 21% ± 0,41 7913 79% 10016 100%

14 year olds -80 children 896 10% ± 0,32 8064 90% 8960 100%

Total-457 children 8027 18% ± 0,18 36569 82% 44596 100%

Alternative analysis

T-test

Т10,11=6,30      р<0.05       Т11,12=1,76      р>0.05        Т12,14=17,51    р<0.05
Т10,12=4,70      р<0.05       Т11,13=5,24      р<0.05        Т13,14=5,74      р<0.05
Т10,13=1,57      р>0.05       Т11,14=15,63    р<0.05
Т10,14=20,52    р<0.05       Т12,13=3,47      р<0.05

Table 5. Grouping of children according to FMBS – index

FMBS distribution

Up to 10% Up to 30% Between 30 and 50% Above 50% Total

n % n % n % n % n %

Total 163 35,7 182 39,8 91 19,9 21 4,6 457 100

Contingency Coefficient = 0,331     Sig = 0,000
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The table shows that about 1/3 of all children have 
an index value of up to 10%, which characterizes 
gingival health. The data also demonstrates that 2/3 
of the examined children have a value of BOP from 
0% to 30%, which according to the modern classifi-
cation of periodontal diseases, is considered a local-
ized form of plaque-associated gingivitis. Bleeding 
on probing between 30 and 50%, which is identified 
with a generalized form of gingival inflammation, is 
found in 1/4 of the examined children.

2.3. Relative share of bleeding points registered 
by the FMBS index, broken down by sextants

The following table shows the relative share of 
bleeding points by sextants (Table 6).

The table shows that the highest values of the 
index are reported in the II and V sextant – 32%, 
which corresponds to the presence of inflamma-
tion in the frontal areas of the upper and lower jaw. 
In the other sextants, the values for BOP are ap-
proximately the same, but three times lower than 
those in the front.

2.4. Relative share of registered gingival 
bleeding points by the FMBS index, distributed 
by surfaces

The following table shows the distribution of 
the FMBS index by surfaces (Table 7).

The data in the table indicates that most gin-
gival bleeding is found on the proximal surfaces 
of the examined teeth and a twofold decrease in 
bleeding on the vestibular surfaces compared to 
the proximal ones. Insignificant bleeding is found 
on the oral surfaces, which, as with the oral hy-
giene index, is the probable reason for a general 
decrease in values in the examined children.

3. Correlation between relative proportion of
dental surfaces with plaque and bleeding on prob-
ing studied with index system FMPS and FMBS

The following table presents the correlation be-
tween the FMPS plaque index and the FMBS gingival 
bleeding index in the different age groups (Table 8).

It is clear from the table that there is a moderately 
proportional relationship between the two indices (r 
= 0.582 p < 0.05), which shows that as the values   
of the plaque index decrease, the values   for BOP de-
crease. The highest percentage of plaque surfaces is 
found in 10-year-old children, and the same is ob-
served in the percentage of bleeding points. It is clear 
that plaque decreases gradually with age, while BOP 
values   remain approximately the same and double in 
14-year-olds. On the other hand, it is noteworthy that 
there is twice the percentage of gingival bleeding in 
a child compared to the percentage of dental surfaces 
with plaque in all children studied.

Table 6. Gingival bleeding FMBS by sextants

Sextant % ± SР Alternative analysis T-test

I Sextant1 7%  ± 0,34
t1,2=40,49          p1,2<0.05               t2,6=41 ,02            p2,6<0.05
t1,3=2,05            p1,3<0.05               t3,4=4 ,32              p3,4<0.05
t1,4= 2,17           p1,4<0.05               t3,5=42,24             p3,5<0.05
t1,5=44,15          p1,5<0.05               t3,6=2 ,08              p3,6<0.05     
t1,6= 0                p1,6 t4,5=47 ,83            p4,5<0.05
t2,3=38,59          p2,3<0.05               t4,6=2,21               p4,6<0.05     
t2,4= 44,00         p2,4<0.05               t5,6=44 ,74            p5,6<0.05
t2,5= 3,14           p2,5<0.05     

II Sextant2 30% ± 0,45

III Sextant3 8%  ± 0,35

IV Sextant4 6%  ± 0,30

V Sextant5 32% ± 0,45

VI Sextant6 7%  ± 0,33

Table 7. Gingival bleeding FMBS on surfaces

Localization n Number of bleeding points % ± SР Alternative analysis T-test

Vestibular1 2686 24% ± 0,40 t1,2=43,91          p1,2<0.05      
t1,3=51,78          p1,3<0.05      
t2,3= 125,37       p2,3<0.05      

Proximal2 10519 47% ± 0,33

Oral3 224   2% ± 0,13
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Discussion
The present study found that in children aged 

10-14 years on average – 38.5% of the examined 
dental surfaces have plaque registered by FMRS. 
With aging, there is a reduction of dental surfac-
es with plaque, probably due to improved oral 
hygiene habits of children, as well as the replace-
ment of mixed with completely permanent den-
tition. According to the localization of the dental 
biofilm, we found that most plaque is registered in 
the frontal area of   both jaws, involving mainly the 
proximal and vestibular tooth surfaces. Funieru et 
all received similar results as part of an epidemio-
logical study on children conducted in 2017 [11].

There are various index systems (PL, OHI-S) 
for the assessment of plaque accumulation, and for 
the purposes of epidemiology, those assessing the 
presence of plaque on representative teeth are usu-
ally used. The FMPS index detects the presence of 
plaque on all tooth surfaces without taking into ac-
count its amount. This allows the examination to be 
performed faster, which on the one hand is compa-
rable to the examination time using indices on rep-
resentative teeth, and on the other hand allows for a 
comprehensive assessment of the dentition.

Assessment of gingiva l  status by FMBS in 
children aged 10-14 years showed that an average 
of 18% of the dentition is affected by BOP in the 
gingiva, which gives us reason to conclude that at 
this age there are mostly localized and mild forms 
of gingival inflammation. Most likely, the relatively 
low values of FMBS are also due to examination of 
the oral gingival surfaces, which are generally less 
commonly affected by inflammation. Here, as with 
FMRS, the gingival status of the entire dentition is 

registered. Contrary to our results, a group of au-
thors found about 52% gingival bleeding, which is 
probably due to the fact that the authors examine 
only the vestibular surfaces of permanent teeth [12].

The present study did not detect the presence 
of plaque-induced sys t emic factor-modified gin-
givitis as well as other forms of severe gingival 
inflammation.

The advantage of the index system we use com-
pared to the traditionally used ones (GI, CPITN, PBI) 
is that the work protocol is simple and relatively fast, 
while proving a general insight on the overall oral 
hygiene and gingival status of the patient. It is the as-
sessment of the entire dentition that is the focus of the 
modern concept of “site-specific inflammation” in the 
gingiva and makes the index suitable for use in epide-
miological studies in children in whom the inflamma-
tion is localized and most often in the initial severity.

By correlation analysis, we found that plaque ac-
cumulation has a directly proportional effect on gin-
gival inflammation. Despite the established correla-
tion, it is noticeable that in all age groups the relative 
share of dental surfaces with plaque is almost twice 
as large as the relative share of places with bleeding 
points. The reason for this probably lies in the need 
for a certain amount of plaque and the subsequent 
change in the bacterial ecology in order to manifest 
clinically detectable gingival inflammation.

The specifics of childhood, as well as the use of 
different index systems for assessing gingival health 
are the reason for the diverse results obtained by dif-
ferent authors for plaque accumulation and gingival 
inflammation at this age [13, 14, 15, 16]. A scientific 
study in 12-year-old children comparing the diagno-
sis on representative teeth and on the entire dentition 

Table 8. Correlation between FMPS and FMBS index by age

Age
FMPS FMBS

Pearson correlation
% plaque surfaces % bleeding points

10 year olds 51% 22% r=0.522      р<0.05
11 year olds 44% 18% r=0.615      р<0.05
12 year olds 39% 19% r=0.522      р<0.05
13 year olds 29% 21% r=0.747      р<0.05
14 year olds 25% 10% r=0.591      р<0.05
Total 38,5% 18% r=0.582      р<0.05
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found that the assessment of only a few points in two 
of the quadrants of the dentition did not lead to a sig-
nificant loss of information about periodontal status 
[17]. However, in view of the preventive approach 
and the modern concept of periodontal pathology, we 
believe that the study of the entire dentition provides 
more complete and accurate information about gingi-
val health in childhood and adolescence.

Conclusions:

1. In children aged 10-14 years, localized forms
of plaque-induced gingivitis are predominant, cov-
ering about 18% of the child’s dentition.

2. For children aged 10-14 years the presence of
dental biofilm affects 38.5% of the child’s dentition.

3. The dental biofilm is mainly in the frontal
areas of both jaws on the vestibular and proximal 
tooth surfaces.

4. The degree of gingival inflammation is direct-
ly dependent on the degree of plaque accumulation.

5. The FMRS/FMBS index system provides a
quick and objective assessment of the overall gin-
gival status of children aged 10-14 years.

The publication is under the Grant 2020 proj-
ect with CONTRACT № 113/24.06.2020. on the 
topic “Epidemiology, diagnostics, treatment and 
prevention of plaque-induced gingivitis in child-
hood and adolescence” 
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