Comparative evaluation of the effectiveness in plaque removal from
the tooth surface by electric toothbrushes with different types of
bristle movement
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stomatologist.2018.4(31).11 Supportive periodontal therapy (SPT) is an important factor in maintaining the results of active treatment of
periodontal disease. Selection of effective personal hygienic tools is very important in addition to the formation
of sustainable hygienic skills in patients. The aim of the study is a comparative assessment of the quality
of mechanical removal of a native microbial biofilm with toothbrushes with different types of head rotation
and a manual toothbrush. Objects and methods. The extracted teeth were fixed in plaster models, and
the vestibular surface of the three teeth was processed for 10 seconds without the use of toothpaste. Tooth Ne 1
was a control (biofilm was not removed), tooth Ne 2 was cleaned with a manual toothbrush with an imitation of
the Brass method, tooth Ne 3 was cleaned with a brush with oscillating-rotating movements of bristles. Tooth
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- 1l Ne 4 was brushed with a toothbrush with vibrating types of bristles motion. The enamel-cementum junction
microbial biofilms, . . ) L
periodontitis, of the tooth was taken strictly from the vestibular surface along the central axis of the tooth for studying in

ascanning electron microscope. Conclusions. A complete cleaning of the tooth enamel surface from microbial
biofilms is not achieved after using a manual toothbrush. Toothbrushes with oscillating-rotating movements of
bristles create the phenomenon of "sweeping" of the biofilm fragments into the area of the cementum-enamel
junction. The vibrating types of bristles motion maximally clean the cervical area of the tooth.

electric toothbrushes
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stomatologist.2018.4(31).11 Beeaenne. ITopaepkuBawomass napopoHTasbHas teparus (IIITT) siBasiercs BakHbBIM (aKTOPOM
B COXPaHEHMM DPe3yAbTaTOB aKTMBHOTO AedeHMsi 3a6oaeBanmii mapoaonTa’. Kpome dopmuposanus
YCTOIYMBBIX TMTMEHMYECKUX HABBIKOB Y MALMEHTOB, OYEHb BaXeH MOAGOp 3)dEeKTUBHBIX CPEACTB

HNocrymuaa B pesaxuyio MHAMBMAYAAbHO rurueHsl. lleAbl0 MCCAEAOBAHMSA SABMAACH CPaBHMTEAbHAss OllEHKA KayecTBa

26.10.18 MEXAHMYECKOTO YAAAECHMS] HATUBHOM MUKPOOHO GMOMAEHKY 3yOHBIMM IETKAMM C PA3AMYHBIM TUIIOM
BpallleHVsI TOAOBKM M MaHYaAbHON 3yGHOI IeTKoi. OOBeKTbI M METOABL. YAaAeHHble 3y0bl ObIAM

IlpuHsTa K NevaTn 6 6 6pabd
3aQUKCUPOBaHbl B TUIICOBblE MOAEAM, U BeCTUOYAspHas MOBEPXHOCTb Tpex 3y0oB ofpaboraHa B

30.10.18 Teuenne 10 cexyHa 6e3 MCroAb30BaHMsA 3y6HOI macThL. 3y6 Ne 1— KOHTpoAb (6MONIAEHKA HE YAAASIAACH),

3y6 N° 2 — mouminieH MaHyaAbHOIl 3yOHOII 1IEeTKO ¢ MMUTALMeNl MeToAa Brass, 3y6 Ne 3 — mouuiieH
IL[ETKOI C BO3BPAaTHO-BPALIATEAbHBIMU ABVDKEHMSIMY LIETUHOK, 3y0 Ne 4 — mouuiieH 3yOHOI LIETKOI C
BO3BPATHO-TIOCTYIIATEABHBIMU ABIDKEHUSIMU IETUHOK. AASL U3YYeHUSI B CKaHUPYIOLIEM SA€KTPOHHOM
MUKPOCKOIle OpaAu 00AaCTb 5MaAeBO-LIEMEHTHOTO COeAMHeHUst 3yba CTporo ¢ BeCTUOYASIPHOI
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eriodontal maintenance (PM) is an im-

portant factor in supporting results of

active periodontal treatment. A spe-

cial role in PM efficacy belongs to good
oral hygiene. Multiple studies of different types
of oral care products showed that amount of
supragingival plaque affects the number of sub-
gingival periodontal pathogens. The research
also proved that the length of periodontal dis-
ease remission depends on the level of oral care.
Besides the formation of good oral habits, it is
also very important to choose effective tools for
home oral care. Data of epidemiological surveys
show high population awareness about avail-
able oral care products. However, the study con-
ducted by the Department of Periodontology of
MSUMD shows that only 48.5 % of questioned
patients use water flossers on a regular basis
and only 15.2 % brush their teeth with electric
toothbrush. It is interesting that 16.3 % of par-
ticipants ever bought a water flosser and 15.1%
of patients got an electric toothbrush, but they
don't use them as intended due to lack of knowl-
edge about their efficacy [1, 2, 6, 7].

® THE AIM OF THE STUDY

Therefore the aim of our study is a compara-
tive evaluation of the quality of dental plaque
removal by electric toothbrushes with different
types of bristle movement and manual tooth-
brushes.

® OBJECTS AND METHODS

Patient G., DoB 1981, with aggressive peri-
odontitis had 4 incisors extracted simultaneous-
ly due to periodontal disease (fig. 1, 2).

The teeth were placed in sterile saline for
30 minutes. Biofilm was not removed from
one tooth (control). Three teeth were mounted
in plaster and their labial surface was cleaned
during 10 seconds without paste in a wet me-
dium with various toothbrushes: manual and
electric (oscillating-rotating and vibrating types
of bristle motion).

For imaging in scanning electron microscope
(SEM) teeth were fixed with 10 % neutral buft-
ered formalin, then frozen samples were dehy-
drated in graded ethanol series. After dehydra-
tion, the samples were dried in Quorum K350
(Quorum GalLa Instrumente GmbH, Germany).
Prepared samples were mounted on a special al-
uminium table with conductive carbon glue and
sputter-coated with gold or platinum-palladi-
um alloy in Quorum Q150TS system (Quorum
Gala Instrumente GmbH, Germany) and stud-
ied in SEM S 3400N (Hitachi, Japan) at acceler-
ating voltage.

® RESULTS AND DISCUSSION

Nowadays it is proved that biofilm growth
is stimulated by anaerobic conditions due to
reducing features of mucin, oligosaccharides
of oral fluid, food debris. Therefore multi-spe-
cies biofilm formation is more pronounced in
the deepest parts of the gingival sulcus specifi-
cally on the tooth surface at the cementoenamel
junction that is visible on SEM images of the
present study samples (fig. 3) [3, 4].

Analyzing SEM images it was found out that at
high magnification biofilm structure with various
morphologic forms is well distinguished (fig. 4).
In some parts coccal, filamentous and rod-
shaped elements are more distinct. The last are
numerous in chronic periodontitis and identi-
fied with the application of molecular diagnostic
techniques as bacteroid forms. According to data
of E.V. Ippolitov (2016) they belong to periodon-
tal pathogens of the bacteroid group — P. gingiva-
lis, P. intermedia, T. forsythia [1, 2].

According to our results, different products for
mechanical removal of microbial biofilm from
tooth enamel and root cementum apparently
change in a certain way morphological pattern
as observed with SEM and demonstrated in the
images below.

The minimal difference is detected between
an almost "uncleaned tooth" and cleaned with a
manual toothbrush. Tooth surface is irregularly
covered with biofilm and apparently clean areas
interchange with microbial accumulation (fig. 5).

Area of CE] shows "sweeping" phenomenon,
i.e. reaggregation of biofilm fragments and
selected groups of microbial cells (fig. 6, 7).
At that, significant accumulation of microbial
cells is marked in deep areas, on root cemen-
tum (fig. 8, 9). Typical multilayered structure of
mixed culture biofilm is observed [1, 2, 5].

The result was different when oscillation-rota-
tion cleaning system (Oral-B) was used. All bio-
film was removed from tooth enamel; its sur-
face was quite smooth and free from microbial
forms with single inclusions within the field of
view (fig. 10a). It is visible at higher magnifi-
cation that those are separate, very small frag-
ments of biofilm. At that distinct bacterial forms
are not defined (Fig. 10b).

Thus, manual toothbrushing cannot properly
remove microbial biofilm from tooth enamel.
Minimal effect of mechanical cleaning is
marked at gingival attachment area and espe-
cially at CE]J.

The image was different at the CEJ level. Biofilm
on tooth cementum was almost intact (fig. 11)
and microbiota composition, as seen at higher
magnification in this area, was more diverse and
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Fig. 1. Patient G., 1981, diagnosis: aggressive Fig. 2. Patient G., 1981, aggressive Fig. 3. Overview of mixed culture biofilm
periodontitis. Condition before tooth periodontitis. OPG in CEJ area. SEM. Mag. 9.7x1.70k ("medium")
extraction

Fig. 4. Coccal, filamentous and bacteroid Fig. 5. Tooth surface above the attached Fig. 6. The irregular distribution of biofilm

morphotypes in mixed culture biofilm in CEJ gingiva after thorough brushing with a and selected groups of microbial cells —

area. SEM. Mag. 9.7x5.00k ("high») manual toothbrush. SEM. Mag. 5.7x2.00k the phenomenon of toothbrush “sweeping”
("medium") SEM. Mag. 12.4x3.70k ("high")

Fig. 7. Distinct groups of coccal and bacteroid Fig. 8. Preserved mixed culture biofilm in CEJ Fig. 9. The multilayered structure of
morphological forms SEM. Mag. 9.9x4.70k area. SEM. Mag. 5.7x4.00k ("medium") preserved mixed culture biofilm at CEJ. SEM.
("high") Mag. 9.5x1.30k ("high")

Fig. 10a. Tooth enamel surface SEM. Mag. Fig. 10b. Tooth enamel surface. SEM. Mag. Fig. 11. Thick biofilm covering root
10.8x950 SE 10.4x5.50k ("high") cementum. SEM. Mag. 10.0x3.70k ("medium")
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Fig. 12. Thick biofilm covering root
cementum. SEM. Mag. 10.0x5.00k ("high")

Fig. 13. The irregular distribution of biofilm -
“sweeping” phenomenon by Oral-B cleaning
system. SEM. Mag. 10.3x1.70k («mediumy)

Fig. 14. The irregular distribution of biofilm -
“sweeping” phenomenon by Oral-B cleaning
system. SEM. Mag. 10.3x3.70k ("high")

Fig. 15. Tooth enamel surface. SEM. Mag.
8.3x1.70k ("low")

Fig. 16. Tooth enamel surface. SEM. Mag.
9.8x1.70k ("medium")

Fig. 17. Fragmented multi-layered biofilm
on root cementum after cleaning by Philips
system. SEM. Mag. 9.4x1.70k ("medium")

Fig. 18. Selected structures of biofilm on root
cementum after cleaning by Philips system.
SEM. Mag. 9.4x1.70k ("medium")

overall typical for periodontitis — bacteroid type
(fig. 12).

Signs of "sweeping" were found out in CEJ area.
They are clearly distinguished by smoothening of
biofilm multi-compound structure due to me-
chanical oscillation-rotation motion (fig. 13, 14).

The following results were obtained with vibrat-
ing bristle movements of Sonicare FlexCare Plati-
num (Philips). Tooth enamel surface was relative-
ly clean and biofilm-free after brushing (fig. 15).
At high magnification single small microbial
groups were determined (fig. 16).

Root cementum was more microbiota-pop-
ulated as in the case with manual and electric

Fig. 19. Cementoenamel junction: biofilm-
free (on the left) and biofilm-populated (on
the right) after cleaning by Philips system.
SEM. Mag. 8.3x500 SE ("low»)

oscillating-rotating toothbrushes. However
fragmented biofilm layers were revealed by
the study. It seems that biofilm is partially de-
stroyed (fig. 17) in comparison with fig. 11.

It was found out that in some areas multi-
layered structure of biofilm was lost and biofilm
thickness decreased, that can be associated with
the present type of cleaning, but needs to be
specified by quantitative methods (fig. 18).

Most distinguished differences from two
studied and above-mentioned types of brush
ing were detected at cementoenamel junction.
Specifically, there were large biofilm-free areas
(fig. 19).
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Fig. 20. Biofilm in cementoenamel junction
area after cleaning by Philips system.

No signs of "sweeping". SEM. Mag. 7.9x1.80k
("medium").

At higher magnification, the microbial bio-
film is visible without distinct structure (fig. 20).
Signs of "sweeping" detected in two pre-
vious cleaning options were not revealed after
the Philips system application. Coccal morpho-
logical type visually dominates over bacteroid
that can be considered as a favourable sign in
the prognosis of decrease of inflammation and
regression of periodontitis (fig. 21) [2].

® CONCLUSION

Thus, according to SEM, manual brushing
cannot properly remove microbial biofilm
from tooth enamel and rotation-oscillation
technologies (Oral-B) create the phenomenon
of "sweeping" of biofilm fragments to CE] area

Fig. 21. Biofilm in the area of cementoenamel
junction after brushing by Philips system.
Dominance of cocci. SEM. Mag. 7.9x4.00k
("medium").

though partially clean tooth surface and de-
stroy biofilm.

Minimal effect of mechanical cleaning in all
types of brushing including powered brushing
is seen at gingival attachment level and especial-
ly at the level of the cementoenamel junction.
The efficiency of Sonicare FlexCare Platinum
(Philips) is proved not only by quality cleaning
of enamel surface due to dynamic fluid flow but
by the absence of "sweeping” phenomenon in
the CEJ area after bristle vibrations.

Besides, it is reasonable to perform quantita-
tive tests in vitro in an experiment with modu-
lated biofilm and quantitative evaluation of de-
crease of bacterial load in CEJ area to confirm
suggested positive effect of Philips system.
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