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Abstract: Objective: The aim of this research was to assess how the application of an oral irrigator
modifies the subgingival bacterial flora in patients undergoing periodontal maintenance therapy.
We used a qualitative microbiological analysis with a phase contrast microscope that can
differentiate a non-pathogenic (immobile) bacterial flora from a pathogenic (mobile). Methods: In
this study, 60 patients with a diagnosis of moderate periodontitis were enrolled. They were treated
with non-surgical laser-assisted causal therapy and after one month a re-evaluation was performed
that established the stabilization of the periodontal pathology. They were instructed in the home
oral hygiene protocol with sonic toothbrush, interdental brushes and oral irrigator, and were
included in the periodontal maintenance therapy program with a phase contrast microscope control
every 6 months. At To phase contrast-phase microscopic examinations, the existence of non-
pathogenic bacterial flora was displayed in all patients. They were then randomly divided into two
groups, A and B. After professional oral hygiene treatment, group B suspended the usage of oral
irrigator. Patients of group A, after the professional oral hygiene treatment, were motivated to
continue their oral hygiene protocol at home. After three months, the patients underwent
microscopic analysis of the bacterial plaque. Results: At Ti in Group B, 90% of patients had
undergone a pathogenic bacterial flora change. In group A, in which patients kept using the oral
irrigator for the three months, 100% of them showed immobile plaque on phase contrast
microscopic analysis. Conclusions: This research showed that oral irrigator in the practice of home
hygiene protocols plays a role in the long-term maintenance of a non-pathogenic bacterial flora in
periodontal patients.

Keywords: bacterial flora; oral irrigator; diode laser; hydrogen peroxide; oral hygiene; oral irrigator;
phase contrast microscopy; photo-dynamic therapy; sonic toothbrush

1. Introduction

Maintaining a periodontal state of health over time is crucial in evaluating the success
of dental treatments. Periodontal maintenance therapy (PMT) and home oral hygiene
protocols are the keys to this success. We know from the literature and clinical experiences
that, without meticulously organized and performed PMT, patients with a predisposition
to periodontal disease are at high risk of reinfection and the progression of periodontal
lesions [1]. A large number of failures after nonsurgical or surgical periodontal
instrumentation are due to an incomplete cleaning of the root surfaces as well as the near-
soft tissues. This is because of the existence of aggressive bacterial aggregations [2]
belonging to red and orange Socransky complexes, such as Porphyromonas gingivalis,
Treponema denticola, Bacteroides forsythus, Fusobacterium nucleatum and Peptostreptococcus
micros. Several works in the literature showed that, with these bacteria, at a one-year
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follow up, even with frequent dentist appointments, the repopulation of the periodontal
pockets is total. This is case whether the treatment is conducted with either with
nonsurgical therapies or with regenerative surgeries [3]. Since the 1980s there has been a
great deal of research on the use of lasers in periodontology. Various articles available in
the literature show that decontamination by laser radiation is possible [4-7]. Lasers can be
applied alone or in association with a photosensitizer. Photo-dynamic therapy (PDT) is
the association of light with a chromophore and oxygenated tissues [8]. The aim of this
technique is to bring singlet oxygen to all tissues affected by pathogenic bacteria. If the
wavelengths used are absorbed in the chromophore used, a laser ray cannot break
through very deep, and if the power density is too modest [usually PDT protocols use
photobiomodulation (PBM) energy, in order to avoid any thermal damage], the
decontaminating effects are not sufficient. Recent research proposed that a combination
between high power settings and high frequencies of diode laser 980 nm (using really high
peak power combined with a low average power, in order to reduce thermal effects) and
hydrogen peroxide 10 volume 3%, or modified hydrogen peroxide 10 volumes 3% could
be effective as a means of treatment [9]. This treatment protocol was named
“photodynamic therapy without dye” [Oxygen high-level laser therapy (OHLLT)] in the
protocol proposed by Gerard Rey in 1999 [10]. Several in vitro and in vivo studies have
shown bactericidal activity of laser irradiation combined with hydrogen peroxide on
numerous bacterial species [11-16]. Another important feature is the photobiomodulation
properties of laser at the bone level: these promote the healing process in the post-surgical
period and reduce the post-surgical pain [17,18], as well as orthodontic pain [19-21]. There
are also other in vitro studies that have tested different materials for maintaining oral
hygiene, such as MicroRepair (MicroR, a biomimetic hydroxyapatite) and pomegranate
(PomeGr, a natural compound) [22], and Copper—Calcium-Hydroxide Solution [23].

The aim of this research was to assess how the application of the oral irrigator
modifies the bacterial flora in patients affected by chronic periodontitis treated with
OHLLT (diode laser in association with hydrogen peroxide) and following a strictly home
care protocol. The diagnostic tool is the phase contrast microscope [24] which provides us
with a qualitative data of the bacterial flora that integrates the standard periodontal
parameters such as plaque index, bleeding index, loss of clinical attachment, etc., collected
and monitored during the six-monthly recalls of professional hygiene.

2. Materials and Methods

This in vivo study was conducted according to the guidelines of the Ethics
Committee of the School of Medicine and Surgery at the Milano-Bicocca University
(protocol n. 11/17), and it was executed in conformity with the Declaration of Helsinki.
Informed consent was obtained from all subjects involved in the study.

2.1. Study Design and Patient Selection

A total of 60 patients were recruited for this study. These patients during 2016, 2017
and 2018 were diagnosed with generalized moderate periodontitis and were treated in a
private dental clinic in Bergamo, Italy. The diagnosis was made with the classic
periodontal clinical parameters (bleeding on probing, plaque index, sounding depth) and
with qualitative microbiological analysis with a phase contrast microscope.

They were treated with laser-assisted non-surgical causal therapy. Following a
periodontal re-evaluation (1 month after treatment) that determined the stabilization of
the disease, the patients were placed in a periodontal maintenance therapy protocol. This
consists of teaching patients a specific home hygiene protocol and performing a re-
evaluation session every 6 months.
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2.2. Inclusion Criteria

At the start of this study, all 60 patients had achieved stabilized periodontal disease
and were undergoing periodontal maintenance therapy. They met the following inclusion
criteria:

age from 35 to 65;

no systemic diseases;

clinical attachment loss of less than 5 mm in at least two non-near teeth;
no dental mobility;

bleeding index under 30%;

plaque index under 30%.

Below is a detailed analysis of the diagnostic-therapeutic path that led to the
condition of stability of the pathology and the start of periodontal maintenance therapy
(starting point of this study).

2.3. Phase Contrast Microscope: Qualitative Microbiological Analysis of Bacterial Plaque for
Periodontal Diagnosis and Re-Evaluation

For periodontal diagnosis and each periodontal maintenance therapy (PMT) session
the authors suggested an evaluation of subgingival plaque sample with analysis by phase
contrast microscopy (DM500, Leica, Wetzlar, Germany). (Figures 1 and 2)

Figure 2. Contrast phase microscope in periodontal office.
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The subgingival plaque is taken with a periodontal curette inserted in the gingival
sulci in the interdental spaces between the molars and/or in the most represented
periodontal pockets, where bacterial plaque is more likely to be present. The plaque is
deposited on a slide and irrigated with a drop of physiological solution. A counterslide is
then affixed to the slide. Finally, a drop of oil is placed on top of the slide to concentrate
the light of the microscope.

A 40x objective is recommended for an eyepiece of 15 (600%).

Thanks to a camera integrated into the microscope, it is possible to view the bacterial
plaque samples on the computer and take screenshots. (Figure 3)

(b)

Figure 3. Subgingival plaque images observed under a phase contrast microscope at T1: (a) Non-
pathogenic bacterial flora (patient belonging to Group A); (b) Pathogenic bacterial flora (patient
belonging to Group B).

In the preparation, it is possible to visualize which bacteria are present, as well as the
number and structures of epithelial cells and polymorphonuclear cells found there. It
seems simple to distinguish between:

- Non-pathogenic bacterial flora: immobile, similar to the aerial view of the mainland
(Figure 3a);

- Pathogenic bacterial flora: in which are visualized “Streams” or “basins” with mobile
bacteria, mostly composed of spirochetes (including Treponema Denticola) and
Trichomonas Tenax that flow in motion, as if dragged by the current. The most con-
sistent similarity is that of the aerial visualization of the Norwegian fjords (Figure
3b).

After first diagnosis or periodontal re-evaluation during PMT session, because of the
phase contrast microscopy results, it was decided the following protocol:

- Non-pathogenic bacterial flora (static flora, Gram- positive bacteria): usual periodon-
tal maintenance therapy with appointments every 6 months;

- Pathogenic bacterial flora (spirochete, moving flora): immediate treatment with su-
pra-gingival and sub-gingival ultrasonic instrumentation, air flow with bicarbonate
powder, and a single-stage session of photodynamic therapy without dye (OHLLT)
in the entire mouth. This protocol has also been applied without signs of inflamma-
tion.

2.4. Laser-Assisted Non-Surgical Causal Therapy: OHLLT
The single-stage session of photodynamic therapy without dye consists of (Figure 4):

1. Irrigation of periodontal pockets with Sioxyl solution (derivative of hydrogen perox-
ide);
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2. Aspiration of Sioxyl solution emerging from the gingival sulcus and leaving the re-
maining solution inside the pocket for 2 min;

3. Introduction of the HF Diode Laser 980 nm, Fiber 400 microns (Wiser Doctor Smile,
Lambda, Vicenza, Italy) within the pocket and reaching the bottom;

4. Radiation of subgingival tissues with a movement back and forth using the dedicated
program, 60 s for each side (2.5 W peak power, high frequency, 10 KHz, power aver-
age 0.5 W, Fluency 25,000/cm?).

At 1 month, a follow-up is conducted with the phase contrast microscope:

- Non-pathogenic bacterial flora: patients begin periodontal maintenance therapy with
6-month controls;

- Pathogenic bacterial flora: it is recommended re-motivation to home oral hygiene,
and a single-stage session of laser-assisted PDT without dye.

(b)

Figure 4. Photodynamic therapy without dye (a) Periodontal pockets irrigation with sioxyl solution;
(b) Radiation with diode laser.

2.5. Modified Home Oral Hygiene Protocol: Sonic Toothbrush, Interdental Brushes, Oral
Irrigator

To each patient, after the diagnosis of periodontal disease, before and after treatment,
and during all periodontal maintenance therapy, the authors suggested the following
maintenance home hygiene protocol: sonic brush with vertical movement (Broxo
OraBrush, Santé Parodonte, Geneva, Switzeland), interdental brushes, and oral irrigators
(Broxo OraJets, Santé Parodonte, Geneva, Switzeland) at least two times every day. (Fig-
ures 5-7)

Figure 5. Sonic toothbrush in action.
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Figure 7. Oral irrigator in action, in order to remove sub-gingival biofilm.

2.6. Methods for a Study Aimed at Demonstrating the Efficacy of the Oral Irrigator in Modifying
the Subgingival Bacterial Flora

In summary, all 60 patients enrolled in this study received a diagnosis of moderate
periodontitis, were treated with non-surgical laser-assisted causal therapy. After one
month, a re-evaluation was performed that established the stabilization of the periodontal
pathology (non-pathogenic bacterial plaque). Patients were instructed in the previously
described home oral hygiene protocol and included in the periodontal maintenance ther-
apy program with phase contrast microscope control every 6 months.

At time Ty, all these patients were harvested from subgingival plaque with qualitative
analysis under a phase contrast microscope. They were evaluated by the same operator,
as explained in paragraph 2.1. Microscopic analysis showed non-pathogenic bacterial
flora for each sample (T0). They all underwent a routine professional oral hygiene session.

All patients were then divided into two groups at random, A and B. After a profes-
sional oral hygiene session, group B was asked to suspend the use of oral irrigator and to
continue the home hygiene protocol using only the sonic toothbrush and interdental
brushes. Group A after the professional oral hygiene session was told to continue the com-
plete protocol at home (sonic toothbrush, interdental brushes, oral irrigator).

Three months later, the patients once again underwent the bacterial plaque analysis
(T1). At To and Ty, the classic clinical periodontal indices on the whole mouth were also
examined: bleeding on probing, plaque index, probing depth.

2.7. Statistical Analysis

The data were obtained and accessed from the Statistical Package for Social Sciences
(SPSS). Periodontal index data (BoP, P.I., P.D.) between patients in group A and group B
at times To and T1 were compared with the chi-square statistical test. The threshold for
statistical significance was set at p <0.001.

3. Results

Patients belonging to Group B (Table 1), who did not use the oral irrigator for three
months, following a protocol at home that included only the use of a sonic toothbrush
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with vertical movement and interdental brushes, saw change in pathogenic bacterial flora
in 90% of cases. For instance, on examination of a pathogenic bacterial flora of a collection
of plaque, 27 out of 30 patients had an active plaque in the phase contrast microscopic
analysis. 100% of patients belonging to group A, who for the three months of the study
kept using the standard protocol with sonic toothbrush, interdental brushes and oral irri-
gator, did not have mobile plaque on phase contrast microscopic evaluation. All 30 pa-
tients still had compatible flora after 3 months.

Table 1. Patients with non-pathogenic flora at first (T0) and second (T1) evaluation.

Compatible Flora To T1
Group A 30 30
Group B 30 3

Patients at the time of recruitment, already using the complete home protocol, had a
plaque index of less than 30% (Table 2). At the time of re-evaluation, group B showed a
slight worsening of the plaque index. Only 7 out of 30 patients had a plaque index greater
than 30%. Within group A, on the other hand, there was no significant worsening of the
plaque index. In fact, the control group maintained a plaque index of below 30% in the
totality of the sample.

Table 2. Patients with plaque index less than 30% at first (T0) and second (T1) evaluation.

Plaque Index < 30% To Ti
Group A 30 30
Group B 30 23

Tables 3 and 4 show the difference between periodontal and microbial parameters of
group A and B at TO and T1. Statistically significant differences were found between
bleeding on probing and plaque index values between groups A and B at time Ti.

Table 3. Periodontal and microbial parameters among the A group and B group before suppression
of oral irrigator in group B. (To).

Group A (n =30) Group B (1 =30)

Mean + sd Mean + sd p Value
BoP 0.14 +0.09 0.11+0.10 <0.018
P.I. 0.23+0.12 0.21+0.11 0.006
P.D. 2.24 +0.23 2.25+0.21 0.267

BoP: bleeding on probing; P.I.: plaque index; and P.D.: periodontal depth. * p value < 0.001 is statis-
tically significant.

Table 4. Periodontal and microbial parameters among the A group and B group 3 months after
suppression of oral irrigator in group B. (T1).

Group A (n=30) Group B (n =30)

Mean + sd Mean + sd p Value
BoP 0.12+0.05 1.12+0.21 <0.0005 *
P.I. 0.12+0.15 0.93 +0.21 <0.001 *
P.D. 2.16 £0.18 241 +0.24 0.135

BoP: bleeding on probing; P.I.: plaque index; and P.D.: periodontal depth. * p value <0.001 is statis-
tically significant.
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4. Discussion

The phase contrast microscope uses two principles of geometry (wavelength and am-
plitude) to create an image of the illuminated cells [24,25]. Methodologically, the next as-
pects are important as they strongly influence the result of the analysis: sample contami-
nation, sampling technique and sample preparation. The reproducibility of the above-
mentioned techniques is high when a large number of parameters are kept constant. Sam-
ple analysis gives us some clinically relevant information [24,26]. Direct examination of
the sub-gingival dental plaque under a phase contrast microscope allows you to view the
bacterial morphotypes present in the sample and to immediately obtain information on
microbial diversity even in the absence of inflammatory clinical signs. It also allows the
evaluation of the microbial density and the presence of motile bacteria, associated or not
with active periodontal lesions.

The effectiveness of phase contrast microscopy in order to provide a qualitative data
of the bacterial flora that integrates the standard periodontal parameters such as plaque
index, bleeding index, loss of clinical attachment, etc., was collected and monitored during
the six-monthly recalls of professional hygiene. Quirynen [27] based the results of his re-
search and his convictions precisely on the microbiological evaluation using a phase con-
trast microscope. Bollen and Quirynen [28] published a pilot study in 1996 to examine the
long-term microbiological effects of a “full mouth” disinfection, controlled with phase
contrast microscopy. Yeom [29] in 1997 used the phase contrast microscope to evaluate
the clinical and microbiological effects of the subgingival deposition of bioabsorbable mi-
crocapsules, loaded at 10% of minocycline (MC) in 15 adult patients with periodontitis.
Quirynen [30] used bacteriological tests with a phase contrast microscope to evaluate the
bacterial plaque around the implant surfaces. In 2012, Acharya [31] compared the effi-
ciency of three different motivational techniques at maintaining good oral hygiene during
fixed appliance orthodontic treatment. Phase contrast microscopy together with the con-
ventional plaque detection method and the demonstration of the horizontal brushing
washing method have a lasting effect on the patient. This reduces the need for frequent
strengthening sessions of plaque control programs compared to motivational tests and
conventional plaque control measures.

The analysis of the literature led us to believe that the home hygiene protocols in
patients with pathogenic bacterial flora and in those on periodontal support therapy can
preferably include the use of a sonic electric toothbrush [32-34]. The shockwave generated
by the movement of the bristles, combines with the oral irrigator [35-37] which supports
the solution for damaging subgingival plaque potential by means of the disorganization
of the salivary biofilm. This, which appears to be the cause of the spread in the gingival
sulcus of pathogenic microorganisms, is carried by the salivary biofilm [2,3,38].

The present study showed that the use of a specific home oral hygiene protocol is
essential in periodontal maintenance therapy. In fact, oral irrigators are important in order
to maintain a non-pathogenic bacterial flora in subgingival plaque, as showed in the re-
sults of this research. Within 3 months, if patients in PMT avoid using oral irrigators, per-
iodontal conditions deteriorate, an increase in pathogenic bacterial flora is detected with
phase contrast microscopy and worst periodontal parameters emerge (PI, BOP, PD).

It is essential that the patient is always monitored and continuously remotivated to
maintain excellent levels of oral hygiene, even if the proposed protocol can seem some-
what demanding both for the patient and for the dental hygienist. The scientific literature
proves that a good feasible method to stop the onset and advancement of bacteria, avoid
relapses and stabilize the results obtained in patients predisposed to periodontal disease
is to keep bacteria below the pathological limits with an accurate home protocol [13,14].

The scientific assumptions that can lead to the development of a new home protocol
for patients in periodontal maintenance therapy are based on the knowledge of bacterial
plaque evaluation techniques through investigations using a phase contrast microscope.
With this instrument, it is possible to perform a qualitative microbiological analysis and
to classify two specific types of bacterial flora: non-pathogenic and pathogenic.
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5. Conclusions

The present study shows how phase contrast microscopy can detect sub-gingival
plaque modifications early due to poor home oral hygiene protocol application by pa-
tients, and how the use of the oral irrigator is decisive in the long-term maintenance of a
non-pathogenic bacterial flora in periodontal patients. In fact, it is clear that, although it
is possible to maintain an acceptable plaque index only with a sonic toothbrush and inter-
dental brushes, oral irrigators have allowed patients to maintain non-pathogenic bacterial
flora in the oral cavities of patients who have not stopped using it.
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sis, P.C.; investigation, P.E.; Data curation, P.C.; writing original draft preparation, G.C.; writing—
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