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Oral prophylaxis and its effects on

halitosis-associated and inflammatory

parameters in patients with chronic

periodontitis

Abstract: Objective: A controlled clinical trial was conducted to

evaluate the effects of oral prophylaxis on halitosis-associated,

immunological and microbiological parameters. Methods: Thirty

subjects were included in this controlled clinical trial (patients with

generalized chronic periodontitis and controls without clinical

attachment loss; each n = 15). Before oral prophylaxis and 14 days

after (including tongue cleaning) volatile sulphur compounds (VSC),

organoleptic scores and a tongue coating index were evaluated. The

levels of IL-1b, IL-8, IL-10 and MMP-8 were measured in GCF, and

also major periodontal pathogens were detected. Data were

statistically analysed using ANOVA and paired t-test. Results:

Supragingival plaque and calculus removal with combined tongue

cleaning was able to reduce significantly (P < 0.05) the VSC values in

both groups (no significant differences between both groups). Two

weeks after periodontal debridement, the VSC values were observed

in the periodontitis group, but not in the control group, similar to the

baseline values. The difference between the groups was statistically

significant (P < 0.05). Only a repeated prophylaxis session in the

periodontitis group was able to reduce VSC values significantly in

comparison with baseline (P < 0.05). Organoleptic scores (10 and

30 cm) were significantly different (P < 0.05) between both groups

before and after the treatment. Periodontal pathogens and host-

derived markers were not significantly affected by a single

prophylaxis session. Conclusions: Oral prophylaxis may result in a

significant decrease in VSC values. However, in periodontal diseases,

a more complex treatment seems to be necessary.

Key words: interleukins; oral prophylaxis; periodontal pathogens;

periodontitis; volatile sulphur compounds

Introduction

Patients with periodontal diseases frequently suffer from pathological

malodour caused mainly by volatile sulphur compounds (VSC), which are

primarily hydrogen sulphide (H2S), methyl mercaptan (CH3SH) and

dimethyl sulphide ((CH3)2S). These compounds are caused by the prote-

olytic degradation of sulphur-containing substrates, for example food deb-

ris, blood or epithelial cells (1, 2). Epidemiological studies in Asia

demonstrated that pathological VSC values may be caused by tongue

coating or periodontal diseases (3, 4). In Europe, a representative study

from Switzerland indicated that one-third of the subjects had oral
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malodour that was associated with high VSC values and ton-

gue coating (5). Tongue coating was also identified as influenc-

ing factor regarding the VSC values in a Brazilian population

(6). A survey among the US dentists showed that 41% of them

saw six or more patients a week with malodour breath (7).

A recent study from Turkey reported that halitosis occurred at

higher rates among males than among females in a study pop-

ulation of 268 dental students (8).

Causes of oral malodour usually originated from the oral cav-

ity (>85%) (9). In these cases, it originates from the posterior

dorsum of tongue and/or periodontal diseases, situations where

food and bacterial biofilms can accumulate and anaerobic eco-

systems can develop (10). Microbiological analyses showed

that periodontal pathogenic bacteria, for example anaerobic

gram-negatives, can contribute to increased VSC production

(CH3SH) in the oral cavity (11). Porphyromonas gingivalis,

Prevotella intermedia and Treponema denticola are able to pro-

duce high VSC levels (12). For this reason, it was supposed

that VSC levels in the breathing air may be correlated with

the extent of periodontal destruction (13, 14). However, not all

patients suffering from gingivitis or periodontitis have oral

malodour (2).

The tongue is one of the most important anatomical struc-

tures in the mouth harbouring one of the most complex micro-

biological niches. With its papillary structure and the fissures

on the dorsum, the tongue offers a large surface for the accu-

mulation of oral debris and microorganisms (15). Several peri-

odontal pathogens were detected on the dorsum of the tongue,

for example P. gingivalis (16) and P. intermedia (17).

The purpose of this study was to evaluate the effects of

oral prophylaxis, as one of the corner stones of anti-infective

periodontal treatment (18), (i) on halitosis-associated

parameters and (ii) on immunological and microbiological

parameters.

Materials and methods

Subject recruitment

Thirty subjects (subjects with generalized severe chronic peri-

odontitis or periodontally healthy controls, respectively, each

n = 15) were cumulatively recruited from patients of the

Center of Dental Medicine, Jena University Hospital,

Germany, from April until September 2011. Treatment and

follow-up visits were performed between October 2011 and

April 2012.

The definition of chronic periodontitis was based on the

classification system of the ‘International Workshop for a Clas-

sification System of Periodontal diseases and Conditions’ from

1999 (19).

Individuals with generalized severe chronic periodontitis

were included when they demonstrated probing pocket depths

≥5 mm at more than 30% of sites and when they were at an

age of ≥35 years. Periodontally healthy subjects with no evi-

dence of periodontal disease (all probing depths ≤3 mm, clini-

cal attachment loss = 0 mm) were recruited as controls.

The participants of this study had no obvious complaints of

oral malodour.

Subjects with significant systemic diseases (e.g. diabetes

mellitus, cancer or coronary heart disease), subjects who took

antibiotic therapy within the last 6 months and pregnant or

lactating females were excluded. Further diseases in the naso-

pharyngeal zone and the daily use of a tongue scraper were

exclusion criteria. Only non-smokers with no history of smok-

ing were included in the study.

Ethical approval was obtained from local ethics committee

of the University of Jena (3076-03/11). The procedures were

in accordance with the ethical standards with the Helsinki

Declaration of 1975, as revised in 1983. Written informed con-

sent was obtained from each subject prior to participation.

Study design

The study was designed as controlled clinical trial. The

change in VSC levels was defined as primary outcome parame-

ter, while immunological and microbiological parameters were

secondary outcome measures. An a-priori sample size calcula-

tion was made (G*Power, free statistical software; Heinrich-

Heine-University, Dusseldorf, Germany) based on the results

obtained from a pilot study (10 subjects who were not

included in the main study). A sample size of n = 14 in each

group should reach a statistical power of 90%.

Clinical parameters, volatile sulphur compounds, organolep-

tic parameters, tongue coating, microbiological and immuno-

logical parameters were determined at baseline (t0). After a

full-mouth professional tooth cleaning (t1), the volatile sulphur

compounds were detected again. Both groups, the subjects suf-

fering from periodontitis (n = 15) and the controls (n = 15),

were treated in the same manner. Supragingival calculus was

removed using a piezoelectric ultrasonic scaler (P4 Scaler tip,

Vector�; Duerr Dental AG, Bietigheim-Bissingen, Germany),

followed by interdental and proximal manual instrumentation

(Scaler #2; Hu-Friedy Co., Chicago, IL, USA). Tooth floss was

applied to clean interproximally beneath contact areas (GABA

GmbH, L€orrach, Germany), and scaled tooth surfaces were

polished (Prophy Cup; Hager Werken GmbH & Co KG, Duis-

burg, Germany).

Afterwards, all subjects received oral hygiene instructions

and were instructed how to use a tongue scraper (one drop

only, Berlin, Germany) for personal usage at home (2 times

per day). They were asked to clean their tongue with 15 pull-

ings from the posterior part to the front by demonstrating the

procedure in front of a mirror.

Following the professional full-mouth tooth cleaning (t1),

the tongue was cleaned. Immediately after tongue cleaning

(t2), the volatile sulphur compounds were measured again.

Two weeks later (t3), VSC, organoleptic parameters, tongue

coating, inflammatory and microbiological data were repeatedly

determined. In the periodontitis group, the treatment was

repeated in the same manner as described above, and after

14 days (in sum 28 days after baseline evaluation), the VSC

values were measured again (t4).
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The flow of participants through each stage of the study and

a timeline of all measurement time points (t0–t4) are shown in

Fig. 1. There were no deviations from the study protocol.

Clinical data

Probing depths (PD) were measured using a periodontal probe

(PCP UNC-15; Hu-Friedy Co.) at six sites per tooth. Plaque

index (PI) (20) and bleeding on probing (BoP) (21) were

recorded as the percentage of surfaces demonstrating plaque

or bleedings.

One examiner (AG) recorded the clinical data and collected

the GCF samples at baseline (t0) and 2 weeks after interven-

tion (t3).

Collection of GCF samples

Gingival crevicular fluid (GCF) samples from each subject

were collected in the periodontitis group from the deepest

periodontal pocket in each quadrant and from the mesiobuccal

site of each first molar in the control group (22). Periodontal

pathogenic bacteria and inflammatory parameters were deter-

mined in these pooled samples.

The sample sites were isolated with cotton rolls and gently

air-dried. Afterwards, supragingival plaque was carefully

removed. Paper strips (Dentognostics GmbH, Jena, Germany)

were then inserted into the periodontal pocket (periodontitis

group) or into the gingival sulcus (controls) for 20 s. Subse-

quently, the paper strips were put in a screw top plastic vial

for freezing at �20°C (22).

Inflammatory parameters

For the host-derived biomarkers interleukin-1 beta (IL-1b),
IL-8, IL-10 and matrix metalloproteinase-8 (MMP-8), the

GCF samples were stored at �80°C until assayed. A day

before analysis, samples were eluted at 4°C overnight into

700 ll phosphate-buffered saline containing proteinase inhibi-

tors (Sigma-Aldrich, St Louis, MO, USA). After being centri-

fuged at 400 g for 4 min, the paper strips were removed and

100 ll aliquots of the supernatant were added. The concen-

trations of total MMP-8 and IL-1b, IL-8, IL-10 were deter-

mined using commercially available enzyme-linked

immunosorbent assay kits (R&D Systems Europe Ltd,

Abingdon, UK) according to the manufacturer’s instructions.

The detection levels of the kits ranged from 1 pg/site for

Fig. 1. Flow of participants through each stage of the study and timeline of measurement time points (t0–t4). Only patients with chronic periodonti-

tis were examined at t4.
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IL-1b to 50 pg/site for MMP-8. Each 100 ll of the eluate

was used.

Detection of selected bacterial species associated with
periodontitis

The semiquantitative loads of selected periodontal pathogens

(Aggregatibacter actinomycetemcomitans, P. gingivalis, Tannerella

forsythia, T. denticola) were determined by using the micro-

Ident� (Hain Lifescience, Nehren, Germany) as described

recently (23). In brief, DNA was extracted by using a DNA

extraction system (High Pure PCR Template Preparation Kit;

Roche, Mannheim, Germany) according to the recommenda-

tions of the manufacturer. PCR amplification was carried out

in a reaction volume of 25 ll consisting of 2.5 ll of template

DNA and 22.5 ll of reaction mixture containing 17.5 ll of pri-
mer–nucleotide mix (microIDent� and microIDent�plus,

respectively), 2.5 ll of 10 9 PCR buffer, 2.5 ll of 25 mM

MgCl2 and 1 U Taq polymerase (MBI Fermentas, Vilnius,

Lithuania). PCR cycling was carried out in a Mastercycler

(Eppendorf, Hamburg, Germany). The cycling conditions

comprised an initial denaturation step at 95°C for 5 min., 10

cycles at 95°C for 30 s and at 60°C for 2 min, 20 cycles at

95°C for 10 s, at 55°C for 30 s and at 72°C for 30 s and a final

extension step at 72°C for 10 min. For the subsequent reverse

hybridization, the biotinylated amplicons were denatured and

incubated at 45°C with hybridization buffer and strips coated

with two control lines and five species-specific probes. After

the PCR products had bound to their respective comple-

mentary probe, a highly specific washing step removed any

unspecifically bound DNA. Streptavidin-conjugated alkaline

phosphatase was added, the samples were washed, and hybrid-

ization products were visualized by adding a substrate for alka-

line phosphatase. Finally, the counts were determined

semiquantitatively: no band, ≤104, 105, ≥106.

VSC measurement

In this study, a portable Halimeter� (Interscan Corp.,

Chatsworth, CA, USA) was used to detect the volatile sulphur

compounds. Prior to each measurement, the apparatus had to

be calibrated to zero on ambient air.

Patients received instruction to refrain from smoking, chew-

ing gum, performing oral hygiene (tooth brushing, interdental

and tongue cleaning) and eating 2 h before the evaluation of

VSC.

The patient was asked to close the mouth for 3 min. After

this period, the end of a straw was inserted into patient’s

mouth placed near the dorsal region of the tongue. The lips

should be almost closed, and breathing through the nose

should be preferred. After 30 s, the Halimeter� showed the

maximum peak value of VSC in parts per billion. This proce-

dure was recapitulated three times, and the results were aver-

aged out. It was taken care that the measurement was taken

approximately at the same time of day to avoid variability dur-

ing the day.

Organoleptic assessment

For this measurement, the patients were asked to close their

mouth for 1 min. Afterwards, they were asked to exhale slowly

through the mouth by keeping approximately 10 cm, 30 cm

and 1 m distances to the nose (24).

Tongue coating (Winkel tongue coating index, WTCI)

The dorsum of the tongue was divided into six areas (three in

the anterior and three in the posterior part). In these areas, the

coating was assessed using a scale of 0–2: 0 = no coating,

1 = slight coating and 2 = heavy coating.

Data analysis

Statistical data analysis was performed using a statistical soft-

ware program (SPSS, version 19.0; IBM Corporation, New York,

NY, USA). Individual mean values and standard deviations

(SD) were calculated. The subject was the statistical unit.

Normal distribution of the clinical data was verified by

Kolmogorov–Smirnov and Shapiro–Wilk tests. Differences in

VSC between the times of measurements were analysed using

analysis of variance (ANOVA) with univariate repeated measure-

ments. A P-value of (<0.05) was considered to be statistically

significant. Differences within the groups were analysed using

a paired t-test.

The changes in microbiological, inflammatory, organoleptic

parameters and tongue coating between baseline and 2 weeks

after treatment were analysed within the groups using

Wilcoxon test because of no normal distribution. Moreover,

Mann–Whitney U-test was used for the determination of sig-

nificant differences between the groups at the baseline mea-

surement and at the measurement after 2 weeks. Correlations

were investigated using Spearman’s test.

Results

Demographic and clinical parameters are presented in

Table 1. Oral prophylaxis was able to reduce the plaque index

significantly in both groups (P < 0.05), but shows only limited

effect within 2 weeks on probing depth and bleeding.

Volatile sulphur compounds

Statistically significant differences in the volatile sulphur com-

pounds of both groups were observed between baseline (t0),

after professional tooth cleaning (t1), after tongue cleaning (t2)

and after 2 weeks tongue cleaning at home (t3) (P < 0.05).

Oral prophylaxis decreased the VSC levels significantly

(Table 2).

VSC values were correlated with organoleptic test scores at

baseline (t0) and 2 weeks after treatment (t3), as well as with

the tongue coating index (WTCI) at (t3). At baseline (t0): VSC

versus 10 cm distance (R = 0.47, P = 0. 01). After 2 weeks

(t3): VSC versus 10 cm (R = 0.45, P = 0.01) and VS versus
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30 cm (R = 0.43, P = 0.01) and VSC versus tongue coating

score (WTCI) (R = 0.38; P = 0.04). Probing depths were also

positively correlated with the VSC values (R = 0.39, P = 0.04).

Tongue coating

In both groups, it was observed that the posterior part of the

tongue was more coated than the anterior one. As shown in

Fig. 2, there was a significant improvement in consequence of

an oral prophylaxis session, which includes tooth and tongue

cleaning procedures (control group – sextants A, B, C; peri-

odontitis group – sextants B, C, E) (P < 0.05). Differences

between both groups were not significant (P > 0.05).

Organoleptic measurement

Regarding the organoleptic levels (Fig. 3), a significant

improvement (P < 0.05) was detected in both groups (control

group – distance of 10 cm, and periodontitis group – distances

of 10 and 30 cm). At baseline, organoleptic values were corre-

lated with the tongue coating score (10 cm – R = 0.37;

P = 0.04).

Inflammatory parameters and periodontal pathogens

The levels of the anti-inflammatory cytokine IL-10 were lower

in the periodontitis group compared to periodontally healthy

subjects at baseline and 2 weeks after treatment (Table 3).

Oral prophylaxis reduced the levels of MMP-8 and IL-8 in the

control group (P < 0.05). After oral prophylaxis, the levels of

MMP-8 and IL 1-b were lower in the GCF of periodontally

healthy subjects compared to patients with periodontitis

(P < 0.05).

In the periodontitis group, significantly higher counts of

P. gingivalis, T. denticola and T. forsythia were found at baseline

(P < 0.05). Oral prophylaxis decreased only the counts of

T. forsythia in the periodontitis group (P < 0.05). Nevertheless,

the counts of T. forsythia were still higher in the periodontitis

group than in periodontally healthy controls 2 weeks after

starting intensive oral prophylaxis (Table 3).

Discussion

The removal of plaque, calculus and stains from the exposed

and unexposed surfaces of the tooth by scaling and polishing

is a preventive procedure for the control of local irrational fac-

tors (25). It provides the basis for the prevention of periodon-

tal diseases (26) and is part of the disease control phase in the

treatment for chronic and aggressive periodontitis, as well as

an element of the supportive treatment phase (18).

The findings of the present study demonstrate that oral

prophylaxis was able to alter halitosis-associated parameters.

Supra- and subgingival plaque and calculus removal with

combined tongue cleaning reduced the volatile sulphur com-

pounds in patients with periodontitis and periodontally

healthy controls. However, patients suffering from periodontal

diseases demonstrated 2 weeks after oral prophylaxis compa-

rable VSC levels to those measured before treatment. Only

when the oral prophylaxis session was repeated in the peri-

odontitis group, the VSC values were significantly reduced

and reached the values comparable to the controls. However,

it seems to be likely that this may be a short-term effect,

and if a more complex treatment (scaling and root planing) is

focused on arresting the inflammation, the VSC values will

follow.

Previous results indicate that patients with periodontal dis-

eases were at a higher risk of halitosis detection than individuals

with healthy periodontium (27). In patients with periodontitis,

the intensity of malodour is greater than in healthy subjects

(28). These findings were weak in the present study as it also

was reported by other authors (2,6). However, VSC levels were

positively correlated with the pocket depth.

Table 1. Demographic and clinical data

Control
n = 15

Periodontitis
n = 15

Age (mean; range) (years) 26 (23–39) 52 (25–70)
Gender (f:m) 11: 4 7: 8

Baseline (t0) After 2 weeks (t3) Baseline (t0) After 2 weeks (t3)
PD (mean � SD) (mm) 1.50 � 0.51 1.38 � 0.47 3.91 � 0.66** 3.40 � 0.86**
PI (mean � SD) (%) 60.31 � 19.92 35.34 � 12.46* 87.86 � 10.45** 45.24 � 12.68*,**
BoP (mean � SD) (%) 21.50 � 24.15 15.80 � 12.38 75.07 � 29.85** 62.80 � 15.48**

*Significantly different from baseline (P < 0.05; ANOVA).
**Significantly different between control and periodontitis group (P < 0.05; t-test).

Table 2. VSC values (in ppb)

VSC in ppb Control Periodontitis

Baseline (t0) 76.5 � 29.7 77.7 � 23.0
After tooth cleaning (t1) 51.8 � 28.3* 47.6 � 24.3*
After tongue cleaning (t2) 48.4 � 27.2* 45.7 � 24.3*
14 days post-prophylaxis (t3) 45.8 � 16.4* 76.9 � 34.4**
28 days post-prophylaxis (t4) – 47.0 � 23.0*

*Significantly different from baseline (P < 0.05; ANOVA).
**Significantly different between control and periodontitis group
(P < 0.05; t-test).
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The treatment of malodour is primary directed towards

treating oral/dental diseases, reducing the accumulation of food

debris and the development of biofilm, and malodour-produc-

ing oral bacteria by improving oral hygiene and reducing the

tongue coating (10). Apatzidou et al. reported that the posterior

tongue odour might be an important source of odorous

compounds, regardless of periodontal conditions. This can be

confirmed by the results of the present study. The reduction

in posterior tongue coating was associated with decreased VSC

values, especially in the control group. Several studies identi-

fied a significant correlation between VSC and tongue coating

scores (6, 29, 30). The anatomical situation of this area with its

Fig. 2. Tongue coating index before and

2 weeks after oral prophylaxis. Most coating

was detected in both groups (C – controls,

P – periodontitis) in the posterior tongue

region (a, b and c). After oral prophylaxis

including tongue cleaning, the coating was

significantly reduced (#P < 0.05 in comparison

with baseline; ANOVA).

C P PCPCPC C P C P

1 2 3 4

10 cm 30 cm 1 m 10 cm 30 cm 1 m

Baseline (t0) After 2 weeks (t3)

*** # *#

62 29 100 8688 43

38 36

21

14 12 14

43

14

100 100 10043

36

21 21

93

7

79
Fig. 3. The organoleptic scores were

significantly higher in the periodontics group

(P) in comparison with healthy controls

(*P < 0.05; t-test), but were reduced after

treatment (#P < 0.05 in comparison with

baseline; ANOVA).
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fissures and crypts establishes an ideal basis for bacterial spe-

cies that are able to produce VSC and other toxins (31).

Among the cosmetic problem of bad breath, VSC are tissue

toxic even in extremely low concentrations and may cause

periodontal tissue damage (32, 33). Mechanical approaches

such as tongue brushing or scraping to clean the dorsum of the

tongue can reduce breath odour and tongue coating (34).

A further focus of this study was to investigate the effect of

oral prophylaxis and how or if microbiological and immunolog-

ical parameters were affected. Often GCF of patients suffering

from periodontitis was collected after hygiene phase before

scaling and root planing were performed to avoid the contami-

nation of the sample with blood (35). The results of the pres-

ent study showed that the differentiation between healthy and

diseased periodontal situations using immunological and

microbiological parameters obtained from GCF samples was

possible before (t0) and after oral prophylaxis (t3).

The host response to infections caused by periodontal path-

ogenic bacteria is characterized by infiltration of the tissue by

neutrophils, macrophages and lymphocytes and by the genera-

tion of high concentrations locally of cytokines, eicosanoids

and other destructive mediators such as the matrix metallopro-

teinases (MMPs) (36). MMP-8 (collagenase-2) is increased due

to the inflammatory process in periodontitis (37, 38). Increased

levels of MMP-8 in case of periodontitis were described in

several studies (39–41) and were also observed in the present

survey. Additionally, the MMP-8 value increased in periodon-

titis group after the prophylaxis session that may be the result

of a stronger inflammatory response.

Cytokines function in complex networks involving both pro-

and anti-inflammatory effects (36). IL-1b is mainly a pro-

inflammatory cytokine that stimulates the expression of many

genes associated with inflammation (42) and is an important

mediator of connective tissue destruction of the gingiva and

the periodontal ligament, as well as of resorption of the alveo-

lar bone (43). Besides its function as chemokine, IL-8 has a

pro-inflammatory function, activates neutrophils (44) and

induces the release of granule enzymes from PMNs (45).

IL-10 has an anti-inflammatory role and inhibits the activity of

Th1, Th2 and NK cells as well as macrophages (36).

Increased levels of expression and synthesis of IL-1, TNF-a,
IL-6 and IL-8 have been detected in periodontal tissues (46).

The results of this study showed that IL-10 level was signifi-

cantly higher in periodontally healthy controls. On the other

hand, IL-1b and IL-8 levels were higher in periodontitis. This

is in line with recent findings that IL-1b, IL-8 and MMP-8 are

detectable in higher (47) and IL-10 can be found in lower lev-

els (48) in patients with periodontitis.

There is evidence that even the subgingival ecosystem may

be influenced by repeated professional supragingival plaque

removal (49, 50). However, a single prophylaxis treatment is

not able to alter the subgingival biofilm for longer time period

in patients who suffer from periodontitis. The re-colonization

of the subgingival environment occurs via the down-growth of

supragingival plaque and the re-growth of the subgingivally

remaining bacteria (51).

Scaling and polishing lead in patients with gingivitis or peri-

odontitis to a reduction in plaque level and gingival inflamma-

tion (52). Oral hygiene instructions, in addition to a professional

oral prophylaxis (53) and self-performed mechanical plaque

removal (54), are able to increase this effect. In chronic peri-

odontitis, a single prophylaxis session did not influence signifi-

cantly the bacterial composition of the subgingival biofilm and

was not able to suppress VSC values, even over a short-term

period. In patients with periodontitis, a more complex, multi-

stage treatment is necessary (18).

Conclusions

Within the limitations of this study, the results demonstrated

that oral prophylaxis is able to affect halitosis-associated

parameters, such as the amount of volatile sulphur compounds

or organoleptic scores, and showed limited effects on microbial

and immunological parameters.

However, a simple prophylaxis session is only effective to

reach a short-term decrease in VSC in periodontitis, and a

Table 3. Inflammatory and microbiological parameters

Baseline (t0) 2 weeks post-(t3)

Control Periodontitis Control Periodontitis

MMP-8 (mean � SD) (pg/site) 2328.0 � 339.8 2741.0 � 351.8 1621.5 � 324.7* 3527.1 � 336.1**
IL-1b (mean � SD) (pg/site) 8.2 � 5.8 24.2 � 6.2 6.9 � 5.3 33.3 � 5.7**
IL-8 (mean � SD) (pg/site) 24.0 � 8.7 41.1 � 9.3 14.81 � 6.2* 33.09 � 6.7
IL-10 (mean � SD) (pg/site) 29.5 � 3.2 8.1 � 3.4** 25.7 � 3.3 4.9 � 3.5**
A. actinom. (positive/≥106 (%/%) 0/0 (0/0) 1/1 (7;7) 0/0 (0/0) 1/1 (7/7)
Porphyromonas gingivalis (positive/≥106 (%/%)) 0/0 (0/0) 7/4 (47/27)** 0/0 (0/0) 7/6 (47/40)**
T. forsythia (positive/≥106 (%/%)) 0/0 (0/0) 9/7 (60/47)** 0/0 (0/0) 8/3 (53/20)**
Treponema denticola (positive/≥106 (%/%)) 0/0 (0/0) 9/6 (60/40)** 0/0 (0/0) 6/2 (40/13)*, **
Prevotella intermedia (positive/≥106 (%/%) 0/0 (0/0) 2/1 (13/7) 0/0 (0/0) 1/1 (7/7)

A.a., A. actinomycetemcomitans; P.g., Porphyromonas gingivalis; T.f., T. forsythia; T.d., Treponema denticola; P.i., Prevotella intermedia); IL-
1ß (detection level of 5 pg/site); IL-10 (detection level of 10 pg/site); IL-8 (detection level of 10 pg/site).
*Significantly different from baseline (P < 0.05; Wilcoxon test).
**Significantly different between control and periodontitis group (P < 0.05; Mann–Whitney U-test).
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repeated treatment and further anti-infective procedures seem

to be necessary.

A differentiation between diseased and healthy periodontal

situations regarding inflammatory parameters in gingival cre-

vicular fluid is possible before and after oral prophylaxis.

Clinical relevance

Scientific rationale for the study

Oral malodour is mainly caused by tongue coating and/or peri-

odontal diseases. Periodontopathogens are able to produce vol-

atile sulphur compounds (VSC).

Principal findings

In chronic periodontitis, a single prophylaxis session did not

influence significantly the bacterial composition of the subgin-

gival biofilm and was not able to suppress VSC values, even

over a short-term period.

Practical implication

Full-mouth tooth cleaning, flossing, polishing and tongue clean-

ing not only prevent caries or periodontal diseases, but can also

reduce the symptoms of halitosis in healthy subjects. In chronic

periodontitis, a more complex treatment is necessary.
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