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The effect of chlorhexidine denti-
frice or gel versus chlorhexidine
mouthwash on plaque, gingivitis,
bleeding and tooth discoloration:
a systematic review

Abstract: Objective: To systematically review and evaluate the
available scientific evidence on the effectiveness of chlorhexidine
dentifrice or gel (CHX DF/gel) compared to chlorhexidine mouthwash
(CHX MW) on plague, bleeding, gingival inflammation and tooth
discoloration scores. Material and methods: PubMed-MEDLINE,
Cochrane-CENTRAL and EMBASE databases were searched to
identify appropriate studies. Results: Independent screening of the
2256 unique titles and abstracts resulted in five publications that met
the eligibility criteria. Considerable heterogeneity was found between
the studies. Three of the five studies showed a positive effect on
plaque scores in favour of the CHX MW. With respect to gingival
index and bleeding scores, no significant differences were found.
Chlorhexidine mouthwash, however, showed a significantly more tooth
discoloration than the CHX DF/gel. A meta-analysis of the effect on
‘de novo’ plague formation of CHX DF/gel versus CHX MW resulted in
a difference in means of 0.27 [95% CI: 0.14; 0.39] (P < 0.0001).
Conclusion: Chlorhexidine gel can be successfully formulated and will
inhibit plaque growth to some degree, but not to the same extent, as
a CHX MW. When CHX DF/gel is used in a non-brushing model, it is
significantly less effective in plaque inhibition compared to CHX MW.
Based on one study when CHX gel was applied with a finger after
brushing, it is significantly more effective on plaque scores and the
gingival index. The only brushing study also with a long follow-up
showed that there is no significant difference between CHX DF and
CHX MW. However, as a corollary, significantly more tooth
discoloration was observed with the CHX MW. Altogether, the data
show that when daily oral hygiene cannot be performed, CHX MW is
the first product of choice.

Key words: bleeding; chlorhexidine; dentifrice; gel; gingivitis;
mouthwash; oral hygiene; plague; systematic review; tooth
discoloration

Introduction

Dental plaque is a multispecies biofilm of microorganisms that grows on
hard and adjacent soft tissues in the oral cavity. It has a well-established
role as an aetiological factor in chronic gingivitis and periodontitis (1-3).
As such, plaque control through daily oral hygiene is key to the
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prevention of these conditions (4). The most reliable methods
currently used for plaque removal are tooth brushing and,
when indicated, interdental cleaning (5).

In conjunction with mechanical plaque control, chemothera-
peutic agents have the potential to inhibit plaque growth,
reduce gingivitis and improve oral health beyond tooth brush-
ing alone (6). Of the chemical plaque control agents, chlorhex-
idine (CHX) is the most studied and effective antimicrobial
agent in oral care (7). Recently, a systematic review of the
existing scientific literature established that, in patients with
gingivitis, CHX mouthwash (MW), as an adjunct to mechani-
cal oral hygiene, provided significant reductions in plaque and
gingivitis scores (8). The corollary was a significant increase in
tooth discoloration. In another systematic review, it was con-
cluded that tooth brushing with a CHX-containing dentifrice
(DF) was effective in the control of plaque and gingivitis but
again that tooth surface discoloration was an apparent side
effect (9). To our knowledge, no head-to-head comparison of
CHX DF or gel with CHX MW has been made in a system-
atic manner. Therefore, the aim of this systematic review was
to summarize and evaluate the available evidence on the
effectiveness of CHX DF or gel (CHX DF/gel) compared with
CHX MW when used as intervention products in one and the
same investigation on plaque, gingivitis and tooth discoloration
scores.

Materials and methods

This systematic review was conducted in accordance with the
guidelines of Transparent Reporting of Systematic reviews and
Meta-Analyses (10, 11).

Focused question

What is the effect of CHX DF/gel compared to CHX MW in
patients with gingivitis on plaque, bleeding, gingival inflamma-
tion and tooth discoloration scores?

Search strategy

Three Internet sources were used to search for appropriate
papers satisfying the study purpose: the National Library of
Medicine, Washington, D.C. (MEDLINE-PubMed), the
Cochrane Central Register of Controlled Trials (CENTRAL)
and EMBASE (Excerpta Medical Database by Elsevier). All
databases were searched for studies conducted up to Septem-
ber 2013. The search was designed to include any published
study that evaluated the effect of CHX DF/gel and CHX MW
within the same experiment for details see Box 1. All refer-
ence lists of the selected studies were hand-searched for addi-
tional papers that could meet the eligibility criteria of this
study. Case reports, letters and narrative/historical reviews
were not included in the search. Papers without abstracts but
with titles suggesting that they were related to the objectives
of this review were also selected so that the full text could be
screened for eligibility.
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Box 1. Search terms used for PubMed-MEDLINE, Cochrane-
CENTRAL and EMBASE. The search strategy {<[Agent] AND
[vehicle]> AND <[outcome/disease]>} was customized
appropriately for each of the additional databases used taking
into account differences in controlled vocabulary and syntax
rules.

The following terms were used in the search strategy:

Active ingredients: {<(chlorhexidine [MeSH] OR chlorhexidine OR
chlorhexidine phosphanilate OR chlorhexidine di-gluconate OR chlorhexi-
dine gluconate OR zinc-chlorhexidine OR chlorhexidine gluconate lido-
caine hydrochloride OR CHX OR CHX formulations [textwords])

AND

Vehicle: (Mouthwashes OR Toothpaste OR Dentifrices [MeSH] OR
Mouthwashes OR Mouthwash OR mouthwash* OR mouthrinses OR
mouthrinse OR gel OR Toothpaste OR Toothpastes OR Dentifrices OR
Dentifrice [textwords])>

AND

Outcome: <Search gingivitis [MeSH] OR gingivitis OR gingivit* OR gin-
gival pocket OR gingival bleeding OR gingival inflammation OR gingival
diseas* OR gingival index OR gingival hemorrhage OR bleeding on
probing OR bleeding-on-probing OR papillary bleeding index OR bleed-
ing index OR sulcus bleeding index OR plague removal OR plaque index
OR dental plague OR plague OR removal OR interdental plaque OR
interproximal plague OR dental deposit* OR stain OR discoloration OR
pseudo pocket OR pseudopocket OR periodontal index OR oral tissue
OR calculus OR tartar [textwords]>}

The asterisk (*) was used as a truncation symbol.

Screening and selection

The papers were screened independently by two reviewers
(SCS and GAW), first by title and abstract. If the eligibility
aspects were present in the title, the paper was selected. If
none of the eligibility aspects were mentioned in the title, the
abstract was read in detail to screen for suitability. After selec-
tion, full-text papers were read in detail by two reviewers
(DES and SCS). Those papers that fulfilled all selection crite-
ria were processed for data extraction. Disagreements were
resolved by discussion. If disagreement persisted, the judge-
ment of a third reviewer (GAW) was decisive. Two reviewers
(DES and SCS) hand-searched the reference lists of all
included studies for additional articles.
The eligibility criteria were:

® Randomized controlled trials (RCT's) or controlled clinical
trials (CC'T's).

® Studies conducted in human adults >18 years old in
good general health without dental implants or (partial) den-
tures.

® [ntervention: chlorhexidine dentifrice or gel (CHX DF/gel).
® Comparison: chlorhexidine mouthwash (CHX MW).

® CHX DF/gel and CHX mouthwash compared in the same
experiment.

® ‘Topical supragingival use of the CHX DF or gel.

® Evaluation parameters: plaque, gingivitis, bleeding and
tooth discoloration scores.

® Manuscripts written in the English or Dutch language.



Assessment of heterogeneity

The heterogeneity across studies was detailed according to the
following factors:

® Study design, evaluation period, oral prophylaxis and indus-
try funding.

® Participant characteristics.

® (Chlorhexidine: brand, dosage and regimen.

Quality assessment

Two reviewers (DES and SCS) scored the methodological
qualities of the included studies. This was assessed according
to the method which has been described in detail by Ke-
ukenmeester ¢z al. (12,13). For the criteria listed, see Appen-
dix S1.

Statistical analyses

Data extraction

From the collection of papers that met the inclusion criteria,
data were extracted with regard to the effectiveness of CHX
DF/gel versus CHX MW by two reviewers (DES and SCS).
Mean values and standard deviations (SDs) of baseline, end
and incremental scores on the parameters of interest were
extracted from the text (DES and SCS). For studies that pre-
sented intermediate assessments, the baseline and final evalua-
tions were used for this review. Also, the within-group
statistical analyses and between-study groups were obtained if
presented.

Data analysis

Only baseline data and end-trial assessments were available.
Where possible, a meta-analysis was performed and the dif-
ference in means (DiffM) was calculated using the Review
Manager 5.1 software (RevMan version 5.1 for Windows,
Kopenhagen, Denmark; Copenhagen: The Nordic Cochrane
Centre, The Cochrane Collaboration, 2011). Difference in
means values between test and control at both baseline and
end was calculated using a fixed-effects model. Heterogene-
ity was tested by chi-square test and the /* statistic. When a
study had multiple CHX DF/gel treatment arms, data from
the CHX MW group were used in more than one compari-
son, the number of subjects (#) in this group was divided by
the number of comparisons. Only two studies could be
included for this quantitative analysis of the total body of
evidence. Therefore additionally, data were also summarized
using vote counting in a descriptive manner.

Grading the ‘body of evidence’

The Grading of Recommendations Assessment, Development
and Evaluation (GRADE) system as proposed by the GRADE
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working group was used to grade the evidence emerging from
this review (14, 15). Two reviewers (DES and GAW) rated the
quality of the evidence as well as the strength of the recom-
mendations according to the following aspects: risk of bias of
the individual studies; consistency and precision among the
study outcomes; directness of the study results; and detection
of publication bias. Any disagreement between the two
reviewers was resolved after additional discussion.

Results
Summary of included studies

The search resulted after removing the duplicates in 2256
papers (for details, see Fig. 1). The screening of titles and
abstracts initially resulted in 12 full-text articles. Seven papers
were excluded because of insufficient data presentation on the
clinical parameters. The reasons for exclusion are specified in
Appendix S2. No additional papers emerged from hand-search-
ing of the reference lists. Consequently, five studies were
identified as eligible for inclusion in this review according to
defined criteria for study design, participants, intervention and
outcome. These five trials, all experimental clinical studies,
were processed for data extraction.

Assessment of quality and heterogeneity

Considerable heterogeneity was observed in the five included
clinical trials regarding study design, participants, evaluation
period, oral prophylaxis, intervention regimen, outcome vari-
ables and results. Information regarding the study characteris-
tics including study population (number, gender and age of
participants) interventions and regimens is displayed in
Table 1. In this review, different indices and their modifica-
tions are used. Three studies (III, IV and V) used a non-brush-
ing design. Two studies used a brushing design (I and II); in
study I, the CHX DF was used as a dentifrice during brush-
ing, while in study II the participants performed brushing with
their normal toothpaste and applied additionally the CHX gel
with a finger thoroughly in the oral cavity.

Study design, evaluation period, oral prophylaxis and industry
funding

All studies excluded patients with systemic disorders that
might interfere with the outcome of the study, such as diabe-
tes mellitus, known allergies or haematological disorders (II) or
the use of antibiotics during the trial or 3 months prior to com-
mencing (IITI). None of the studies considered smoking as an
exclusion. Study duration differed among studies: 3 days (IV,
V), 6 weeks (II), 6 months (I) and 5 days per leg of each regi-
men within the cross-over design done by Addy 1989 (III). In
most studies, oral prophylaxis was performed at the start of
each experiment (I, III, IV, V), except for one (II). Not one of
the studies presented information regarding industrial funding.
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Fig. 1. Search, selection and analysis process.
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Study quality and risk of bias assessment

Quality assessment values, including external, internal and sta-
tistical validity, are presented in Appendix S1. Based on a
summary of these criteria, the estimated potential risk of bias
is low in four of the five studies (I, III, IV and V) and moder-
ate for one study (II).

Study outcomes

Comparison baseline — end (results within groups)

Appendix S3 A-D shows the results from the data extraction.
Statistically significant improvements between baseline and end
data were not part of the report in any of the selected studies.

Comparison between groups

Table 2 shows the individual outcomes of the studies with
respect to differences between the CHX DF/gel and the CHX
MW. The non-brushing studies all showed a significant differ-
ence in plaque scores in the favour of the CHX MW over the
various CHX DF/gel formulations (I11, IV, V). With the excep-
tion of the 1% CHX DF/gel product there was no statistical
significant difference with the 0.2% CHX MW product used
in V. The only study assessing bleeding scores (I) showed no
significant difference between the CHX DF/gel and CHX
MW. Only study II with a 6-week duration showed a signifi-
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cant difference in favour of the CHX DF/gel on both plaque
and gingivitis scores. 'T'he 6-month brushing study (I) did not
reveal a significant difference in plaque and gingivitis scores;
moreover, this was the only study that showed data on tooth
discoloration where significantly more staining was found for
the use of the CHX MW compared to the CHX DF/gel.

Meta-analysis

From the collective data of the studies, a meta-analysis only
appeared possible on ‘#te novo’ plaque accumulation studies
after 3 days of non-brushing (IV, V). Figure 2 shows a signifi-
cant effect in favour of the CHX MW (DiffM 0.27
(P <0.0001), 95% CI: [0.14;0.39]) as compared to the CHX
DF/gel. Test for heterogeneity was not significant (P = 0.21).

Grading the ‘body of evidence’

Table 3 shows a summary of the various aspects which were
used to rate the quality of evidence and strength of recom-
mendations according to GRADE (14, 15). Tooth discoloration
and bleeding scores were not weighted because there was only
one publication providing information on both these aspects.
Because the data are on average fairly consistent, including
studies that had a ‘low-to-moderate estimated risk of bias’,
overall results are generalizable as daily oral care products, but
the data are imprecise with the possibility of a publication
bias. Taken as a whole, the strength of the recommendation
emerging from this systematic review is therefore considered
to be ‘moderate’ for plaque scores and low for the gingival
index outcome.

Discussion

The bisbiguanide antiseptic CHX is the most thoroughly
investigated antiplaque substance. It has been clinically tested
and successfully used in dentistry for various clinical applica-
tions for more than 40 years (16). It has excellent plaque
inhibitory properties with an immediate antibacterial effect as
well as a prolonged bacteriostatic effect on the oral flora (17).
Clinical studies ranging from 3-month up to 2-year duration
with CHX-containing mouth rinses have demonstrated signifi-
cant reductions in plaque and gingivitis (8). Long-term clinical
studies have also confirmed the excellent safety profile of
CHX formulations (18).

The observed plaque inhibitory action of CHX has yet to
be superseded (19, 20). Encouraging results from experimental
CHX-containing dentifrices have been obtained (21, 22). It
has also been apparent, however, that the activity of a CHX
MW is difficult to equal (23). The antimicrobial and antipl-
aque properties of CHX may be compromised by components
contained in any formulation including anionic detergents,
some dentifrice abrasives, calcium ions and sodium monoflu-
orophosphate, all of which may reduce the availability of CHX
in a DF. This is why most of the earlier studies showed no
efficacy for CHX DFs mainly because the CHX had been
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Table 2. A descriptive summary of statistical significance between the intervention and the comparison

Tooth
Author(s) Intervention Concentration Plaque  Gingival Bleeding discoloration Concentration
Method # (%) scores  index scores scores Comparison (%)
Brushing
Used with a (h CHX DF + placebo-MW 0.4 (0] (0] + CHX MW + DF  0.12
toothbrush
Finger application  (Il) CHX gel 0.2 + u] [u] CHX MW 0.2
Non-brushing (1) CHX DF/betaine 0.5 o o o CHX MW 0.2
CHX DF/miranol 0.5 o o o CHX MW 0.2
CHX DF/Tween 0.5 o o m] CHX MW 0.2
CHX DF/Emphos 0.5 o =} o CHX MW 0.2
CHX DF/Emphos + MFP 0.5 o o [u] CHX MW 0.2
(V) CHX DF gel 0.12 o o o CHX MW 0.12
(V) CHX DF gel 0.12 o =} = CHX MW 0.2
CHX gel 1 o o o CHX MW 0.2
For abbreviations, see Table 1: +, significant difference in favour of intervention group; —, significant difference in favour of comparison

group; O, no significant difference; o, no data available.

inactivated in the formulation. It is therefore not possible to
extrapolate results from the use of active ingredients in a sim-
ple mouthwash formulation to effects achievable with complex
vehicles such as toothpastes (23).

CHX dose, delivery and activity

Discussing the findings of this systematic review and the
results of the individual studies revealed that it is necessary
to consider factors relevant to the plaque inhibitory action of
CHX. In an extensive narrative review of the literature
pertaining to CHX, it was established that when delivered
as a rinse, plaque inhibition is dose dependent (24). More-
over, it was concluded that the plaque inhibitory effect of
CHX is derived from the antiseptic adsorbed to the tooth
surface and not from the originally hypothesized slow release
from an oral reservoir. This explains why small doses of
CHX applied directly to the teeth, for example from a
spray, provide a similar plaque inhibitory effect as compared
to much larger doses from mouth rinses (25). Extrapolating
this further, it becomes apparent that the mode of CHX

Plaque index (Quigley & Hein index)

Authors WMD (fixed) 95% CI

delivery is important to ensure contact of the antiseptic with
all tooth surfaces as is the activity of CHX within any
formulation.

Considering the delivery method, a previous systematic
review found that brushing with a CHX gel compared to a reg-
ular dentifrice was not effective against plaque and gingivitis,
but when the CHX is incorporated in a DF, it can be effective
(9). Brushing produced evidence showing poor distribution of
CHX from the gel over tooth surfaces and much better results
have been reported when the CHX gel was delivered in trays
(for review, see 24). This is consistent with the comparable
findings for the 1% CHX gel in trays and 0.2% CHX MW
used in the study of Slot ez /. (26). The lack of similar find-
ings for the 0.12% CHX DF/gel delivered in trays compared
to the 1% CHX gel in trays and 0.2% CHX MW in this study
(26) could be the CHX dosage. A similar conclusion, concern-
ing dosage, could be drawn for the related study (27), where
the same 0.12% CHX DF/gel was less effective than a 0.12%
CHX MW.

T'wo hypotheses go against dose as the only explanation for
the results of these two studies. When estimating the dose of

Slot et al. 2007

Slot et al. 2010 (0,12%)

Slot et al. 2010 (1%) 1

OVERALL

— -
—l—

-0.5 -0.25 0 0.25
favours CHX DF/gel

WMD 0.27 (0.14 ; 0.39) P<0.0001
Test for heterogeneity p=0.21, = 36%
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)
0.5
favours CHX MW

Fig. 2. Meta-analysis on plaque scores for
non-brushing studies.
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Table 3. GRADE evidence profile, for the impact of CHX MW compared to CHX DF/gel on plaque, clinical parameters of gingival
inflammation and tooth discoloration from the presented systematic review

Publication Strength of
Risk of bias Consistency Directness Precision bias recommendation
Plaque scores Low to moderate Moderate Partly generalizable Imprecise Possible Moderate
Gingival index Low to moderate Inconsistent Indirect Imprecise Possible Low

CHX MW, chlorhexidine mouthwash; CHX DF/gel, chlorhexidine dentifrice or gel.

CHX from the DF/gel at 7-9 mg, which was approximately
half that of the 0.12% MW (27) and one-eighth that of the 1%
CHX gel (26), such a dose applied directly to the teeth is still
high on the CHX dose-response curve for plaque inhibition
and certainly higher than employed in studies using 0.2%
CHX sprays (for review, sce 24). However, the 0.12% CHX
DF/gel in both studies (26, 27) did not provide a significant
difference compared to a conventional fluoride toothpaste.
Taking both study results into account, the data suggest that
the CHX DF/gel was partially or totally inactive in respect of
CHX. A similar argument can be employed in respect of the
findings of the Addy ¢z a/.’s (23) study to explain the findings
of the reduced plaque inhibitory effects of the CHX DF/gel
formulations compared to CHX MW. A similar argument can
be found in the discussion section of the published paper.
Essentially, the authors pointed out that the various CHX DF/
gel formulations were used at a dose of 15 mg twice per day,
which was well within the effective range for CHX delivered
as a MW. This together with the finding of greater plaque
inhibition than the placebo DF but no difference from the tri-
closan zinc citrate DF suggests a significant inactivation of
CHX in the various CHX DIF/gel formulations used in this
study III (23).

The two brushing studies on plaque and gingivitis (I, II) are
more difficult to discuss in respect of the action of the experi-
mental CHX DF/gel formulations used. Both studies used test
formulations in a ‘normal tooth brushing’ model in which
additionally the Hawthorne effect of improved mechanical
cleaning can be expected (for review, see 24). The improved
mechanical oral hygiene narrows the margin to demonstrate
benefits derived from chemical adjuncts such as CHX. In
study I, a Hawthorne effect was apparent as plaque and gingi-
vitis scores decreased in both the CHX groups and the control
group. To further interpret the results however, one has to
make two assumptions as to the use of the various formula-
tions because exact details were not specified. Firstly, the
amount of DF used on the brush was similar to that reported
for ‘usual’ tooth brushers, namely 1-1.2 g. Secondly, the CHX
MW product in the positive control group was used as recom-
mended by the manufacturer, namely 15 ml rinsed for 30 s. If
these assumptions are correct, the CHX DF/gel would deliver
a dose of 4-5 mg of CHX and the MW 18 mg of CHX. While
this is a large difference in dose, one has to remember that
the CHX DF/gel was delivered directly to the teeth but the
MW was used throughout the mouth. Combined with an
expected Hawthorne effect, this could explain the findings for
the CHX DF/gel similar to the CHX MW on plaque and

gingivitis, particularly because both were significantly more
effective than the control group of DF with a placebo rinse.
Unfortunately, it does not explain the increased tooth staining
in favour of the CHX MW over the CHX DF/gel; CHX activ-
ity in the latter does not appear in question as staining was
greater than in the control group.

Study II is perhaps more difficult to interpret. Nevertheless,
as with study [, a Hawthorne effect was apparent with
improvements in plaque and gingivitis in all groups including
the control group. Surprisingly however, the 0.2% CHX DF/
gel was significantly more adjunctive to tooth brushing with
toothpaste than 0.2% CHX MW despite the fact that the gel
delivered 2 mg CHX throughout the mouth on a finger
compared to 20 mg CHX from the rinse product. Possible
inactivity of the CHX MW is not out of the question and has
been reported for a well-known European mouth rinse (for
review, see 24), although this is unlikely to have been the
complete explanation as the CHX MW group was significantly
better than control. The observed efficacy of the CHX gel was
suggested to be the result of the mucoadhesive property of
the carbopol, which was used as a gelling agent. Carbopol has
the property to stay in the oral cavity for an extended period,
thereby permitting drug release for a prolonged duration (28,
29). This is unlikely to explain the findings because the sub-
stantivity of CHX from MW is in itself more than 12 h, and as
stated, the mechanism of action is from CHX adsorbed to
teeth and not derived from a slow-release mechanism (for
review, see 24). The tray application used in study IV and
study V is a research model to test the potential of CHX gel
or dentifrice without the mechanical interference of a tooth-
brush. Finger application as performed by study II is not a
representative  oral hygiene intervention. This item is
addressed in the methodological quality and risk of bias scores
(Appendix S1). However, it is not taken into account for esti-
mating the authors’ estimated risk of bias.

Series of papers

The present review is the last one out of a series of four studies
addressing the efficacy of CHX dentifrice or gel. The first inves-
tigation evaluated a 0.12% CHX DF/gel product (27) marketed
for long term, according to the manufacturer’s instruction to be
used twice daily, on a toothbrush. The study showed that within
the limitations of the 3-day non-brushing design, application of
0.12% CHX dentifrice gel in a prefab fluoride tray was not
significantly different from a similar application of a regular
fluoride DF on plaque accumulation. Use of a 0.12% CHX MW,
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however, proved to be significantly more effective than that of
the 0.12% CHX DF/gel (27). In the Netherlands, a 1% CHX gel
is available, intended according to the manufacturer’s instruc-
tion for short-term use up to a maximum of 15 days. A second
study (26) using a fluoride tray for application comparing the
previous 0.12% CHX DF/gel, a 1% CHX gel, a 0.2% CHX MW
and a regular fluoride toothpaste also in a 3-day non-brushing
design showed a significantly greater plaque inhibition by the
1% gel and the 0.2% CHX MW than by the 0.12% CHX DF/gel
and no significant difference between the 1% gel and 0.2%
CHX MW products. Again, the 0.12% CHX DF/gel was not sig-
nificantly different from the fluoride toothpaste against plaque.
Slot ez al. (9) recently performed a systematic review to evaluate
the effect of tooth brushing with a CHX DF or gel on clinical
parameters of plaque, gingivitis and tooth staining. From the
collective evidence, it was concluded that tooth brushing with a
CHX gel did not provide a significant effect on plaque scores
and gingival inflammation. The evidence for brushing with a
CHX DF, however, indicated that a DF formulation can be
effective with regard to the control of plaque and gingivitis. As
expected, the known side effect of tooth staining with these
CHX products was observed, and the authors of the review
repeated concerns over the negative impact that this may have
in patient compliance with their use (9). The present review has
shown that compared to CHX MW, the CHX DF/gel or CHX
DF is less effective with regard to plaque scores and no
difference in bleeding scores or the gingival index data was
observed. Recently with respect to CHX MW, a systematic
review was performed. It was concluded that in patients with
gingivitis, CHX MW together with oral hygiene versus placebo-
or control MW provides significant reductions in plaque and
gingivitis scores, but also as a corollary significant increase in
staining scores (8). The present systematic review comparing
CHX DF/gel to CHX MW also found an increased tooth surface
discoloration with the CHX MW in the reports of the selected

papers.

Side effects

Reversible local side effects such as staining of teeth, fillings,
the tongue, impaired taste sensation (30), increased formation
of supragingival calculus and occasionally mucous membrane
irritation and desquamation (31) are associated with the pro-
longed use of CHX mouth rinse. To a varying degree, all
these factors may adversely affect patient compliance. There-
fore, it would be ideal to incorporate CHX in a dentifrice for-
mulation, thus combining mechanical cleaning (and hence
reducing its side effects), fluoride delivery, antiplaque benefit
and resulting antigingivitis benefit with no added discomfort
for patients (23). Irrespective of which type of vehicle is used,
the extrinsic staining effect remains problematic. To reduce
this tendency, a number of strategies could be suggested:
reduce the overall oral dosage of the gel, use the product just
before retiring to bed and use a whitening dentifrice (32). The
use of the whitening paste has been shown to reduce CHX-
induced staining and may be expected to have a beneficial
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effect (33). The findings of a study by Claydon ¢z @/. (32) high-
lighted the significant problem of staining seen with the use of
CHX products. But even when used at reduced dosage as the
last effort before bedtime and when used in conjunction with
the whitening dentifrice, 30% of the participants still found
the staining unacceptable (32).

Limitations

® One limitation is patient blinding, because both CHX
experimental groups used different products with their own
application method. And whether a brushing or a non-brushing
model is used blinding is not feasible.

® The ADA requirements for a seal of acceptance Chemo-
therapeutic Products for Control of Gingivitis require a study
period of 6 months to evaluate both the efficacy and safety of
chemical agents as well as patients’ compliance (34). Only one
study on CHX dentifrice extended up to 6 months (study 1)
and did not show a significant effect in favour of any product.
® This summary of the evidence is primarily established by
vote counting, which does not take into account the variation
in scoring indices used. Vote counting procedures probably
constitute the most common quantitative technique used in
the reviewing of research. Such a technique is appealing
because it is easy to use, requires a minimal amount of statisti-
cal data from each study to be integrated and permits the
merging of analyses from different studies. However, vote
counting does not include differences between methods
applied within the studies and does not account for differences
in the sample size or the actual strengths of the values (12).

® Because there were fewer than four studies, fixed-effects
analysis was used, as the estimate of between-study variance is
poor for analyses with low numbers of studies (35).

Conclusion

"T'his review has shown that CHX gel can be successfully formu-
lated and will inhibit plaque growth to some degree, but not to
the same extent, as a CHX MW. When CHX DF/gel is used in
a non-brushing model, it is significantly less effective in plaque
inhibition compared to CHX MW. Based on one study when
CHX gel was applied with a finger after brushing, it was signifi-
cantly more effective on plaque scores and the gingival index.
The only other long-term brushing study also with a long fol-
low-up showed that there is no significant difference between
CHX DF and CHX MW. However, as a corollary, significantly
more tooth discoloration was observed with the CHX MW. Alto-
gether, the data show that when daily oral hygiene cannot be
performed, CHX MW is the first product of choice.

Clinical relevance
Scientific rationale for the study

Plaque control is essential for the prevention of gingivitis.
Chlorhexidine (CHX) may be a useful adjunct to oral hygiene



when individuals are unable to achieve satisfactory plaque con-
trol by mechanical methods alone.

Principle findings

Chlorhexidine MW was significantly more effective on plaque
scores than CHX DF/gel. Use of the CHX MW resulted in sig-
nificantly more tooth discoloration than that of the CHX DF/gel.

Practical implications

Chlorhexidine contributes to plaque reduction and improve-
ment of gingival health. CHX MW is a valuable preventive
intervention in dentistry for short- to medium-term use in
cases where mechanical plaque control is difficult or impossi-
ble. There is limited evidence to support the use of CHX DF
with tooth brushing. Finger application with CHX gel seems
promising. However, the side effect and tooth discoloration is
an obstacle to the generalized use of CHX products and
potentially can have a negative impact on patients’ compliance
limiting the usefulness in daily practice.
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