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Abstract
Aim
To establish the added effect of a chemotherapeutic cooling solution in an ultrasonic device
on clinical parameters of periodontal inflammation following non-surgical periodontal
therapy.

Methods
The MEDLINE-PubMed, Cochrane-CENTRAL, and the EMBASE databases were searched.
Probing pocket depth (PPD) and clinical attachment level (CAL) and their changes were
selected as outcome variables. Subgroup analyses were performed according to the following active ingredients: essential oils (EO), povidone–iodine (PVP), and chlorhexidine
(CHX).

Results
Screening of 100 unique papers resulted in 14 eligible publications, including 16 comparisons. The meta-analysis (MA) showed that when the ultrasonic cooling solution had adjuvant chemotherapeutic properties, the difference of means (DiffM) for end value PPD-0.12
(95% CI: -0.42; 0.18) and for CAL the DiffM+-0.13 (95% CI: -0.39; 0.14). None of these were statistically significant, and the findings were supported by the overall descriptive analysis.

Conclusion
The collective evidence indicates that overall, no additional effects were observed. There is
a ‘very weak’ recommendation based on the sub-analysis showing that in conjunction with
PVP, a very small gain in CAL may be expected. For the use of CHX or EO, the added effect
can be considered to be ‘zero.’ Therefore, the strength and direction of the recommendation emerging from this review is against their use.
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Introduction
Periodontitis is an inflammatory disease involving the supporting tissues of the teeth that
results in progressive destruction of the periodontal ligament and alveolar bone with pathological pocket formation, recession, or both. The goals of periodontal therapy are to
preserve, improve, and maintain the natural dentition. The majority of patients can retain
their dentition over their lifetime with appropriate treatment, reasonable dental plaque
control, and continuing maintenance care (1). Considering all evidence, the cornerstone
of management of chronic periodontitis remains non- surgical periodontal treatment (2).
Scaling and root planing (subgingival debridement) are essential components of successful periodontal therapy. The collective evidence from numerous trials reveals consistent
clinical improvement in patients with chronic periodontitis. Subgingival debridement is
an effective treatment for reducing probing pocket depth (PPD) and improving the clinical attachment level (CAL) (3). This therapy includes manual, sonic and/or ultrasonic instrumentation in conjunction with supragingival plaque control (4). Ultrasonic scalers
are operated with a water flow that serves several purposes including (in case of magnetostrictive scalers) cooling of the generator’s magnetic core material that drives the scaler
probe oscillations. During use, cooling water is passed over the tip to reduce frictional heating (5). A documented benefit of the flowing water is the inception of biophysical forces –
namely cavitation and micro-streaming (6). The vibrations generate cavitation within the
water, which could assist in the cleaning process. The water also provides cooling at the
treatment site, where too little water can potentially lead to rapid heating due to friction
between the probe and the tooth (5). Water further clears the treated site of material, removing it during the instrumentation, aiding the operator’s visibility, and potentially speeding up the procedure. To optimize full-mouth debridement, conceptually, utilization of
an antimicrobial agent to enhance bacterial suppression might be beneficial for reducing
PPD and improving CAL (7). At present, the use of chemotherapeutic agents in combination with ultrasonic devices during non-surgical periodontal therapy and its subsequent
treatment effect has not been evaluated in a systematic manner.
Therefore, the aim of this study was to establish the effect of chemotherapeutic cooling solutions added to ultrasonic devices on clinical parameters of periodontal inflammation.

Methods
This systematic review was prepared as described in accordance with the Cochrane handbook for systematic reviews of intervention and the Transparent Reporting of Systematic
Reviews and Meta-analyses (PRISMA-statement), which provides guidance for the preparations and the guidelines of the PRISMA-statement (8). The protocol detailing the review
method was developed a priori, following an initial discussion between the members of the
research team.
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Focused question
What is the effect of a chemotherapeutic cooling solution added to ultrasonic devices during non-surgical periodontal therapy compared to water or a control solution on the clinical parameters of periodontal inflammation?

Search strategy
A structured search strategy was designed to retrieve all relevant studies that evaluated
the effectiveness on clinical periodontitis parameters of adding chemotherapeutic agents
as cooling solution to an ultrasonic device during non-surgical periodontal therapy compared to placebo, water, or saline. The National Library of Medicine, Washington, DC
(MEDLINE-PubMed), the Cochrane Central Register of Controlled Trials (CENTRAL), and
EMBASE (Excerpt a Medical Database by Elsevier) were searched from their initiation to
August 2015 for appropriate papers that answered the focused question. The reference
lists of the included studies were hand-searched to identify additional potentially relevant
studies. For details regarding the search terms used, see Box 1.

Screening and selection
Titles and abstracts from the studies obtained by the searches were independently screened
by two reviewers (MvdS and DES) to select studies that potentially met the inclusion criteria. No language restrictions were imposed. Based on the title and abstract, the full-text
versions of potentially relevant papers were obtained. These were categorized as definitely eligible, definitely not eligible, or questionable. Disagreements concerning eligibility
were resolved by consensus or if disagreement persisted, by arbitration through a third
reviewer (GAW). The papers that fulfilled all of the inclusion criteria were processed for
data extraction.

Box 1
Search terms used for Pub Med-MEDLINE, Cochrane-CENTRAL and EMBASE. The search strategy was
customized according to the database being searched.
The following strategy was used in the search:
{ <treatment> AND <disease> }
{<treatment>
<[(text words) coolant OR irrigation]
AND
[(MeSH terms) Ultrasonic OR (text words) ultrasound OR ultrasonic OR ultrasonics]>
AND
<disease>
<(MeSH terms) Periodontal diseases OR (text words) Periodontitis OR periodontal disease OR periodontal
diseas*>}
The asterisk (*) was used as a truncation symbol.
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The inclusion criteria were as follows:
• Randomized controlled clinical trials (RCTs) or controlled clinical trials.
• Conducted in humans:
o ≥18 years of age.
o In good general health (no systemic disorder).
o Diagnosed with periodontitis.
o Received non-surgical treatment by use of an ultrasonic device (US).
• Intervention: chemotherapeutic agents added as cooling solution to an US.
• Comparison: placebo, saline or water as cooling solution in an US.
• Outcome parameters evaluated: Primary outcome: PPD, CAL and bleeding score (BS).
Secondary outcome: plaque index score (PI), gingival index score (GI), and the gingival
recession (GR).

Assessment of heterogeneity
The factors used to evaluate the heterogeneity of the outcomes of the different studies
were as follows:
• Study design and evaluation period.
• Subjects’ characteristics.
• Study groups.
• Side effects and industry funding.

Quality assessment
Two reviewers (MvdS and EvsdS) independently scored the individual methodological
quality of the included studies using the checklist presented in Appendix S1. A study was
classified as having a ‘low risk of bias’ when random allocation, defined inclusion/exclusion criteria, blinding to patient and examiner, balanced experimental groups, identical
treatment between groups (except for the intervention), and reporting of follow-up were
present. Studies that met six of these seven criteria were considered to have a potentially
moderate risk of bias. If two or more of these seven criteria were absent, the study was
considered to have a high risk of bias (9).

Data extraction
The characteristics of the population, intervention, comparison and outcomes were extracted independently from all studies by two reviewers (MvdS and EvdS) using a specially designed data extraction form. Disagreements between the reviewers were resolved
through discussion and consensus. If a disagreement persisted, the judgment of a third
reviewer (DES) was decisive. Some of the studies provided standard error (SE) of the mean.
Where needed and possible, the authors calculated standard deviation based on the sample size (SE = SD/√N). For those papers that provided insufficient data to be included in the
analysis, the first or corresponding author was contacted to request additional data.

Data analysis
As a summary, a descriptive data presentation was used for all studies. Subsequently, wheChapter 8
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re feasible, a meta-analysis (MA) was performed for the various outcome parameters. Subgroup analyses were conducted according to the different chemotherapeutic agents to explore possible effect size differences. In studies that had multiple treatment arms in which
data from the control group were compared with data from more than one other group, the
number of subjects (n) in the control group was divided by the number of comparisons.
The difference of means (DiffM) between the test and control groups was calculated using
a ‘random or fixed effects’ model where appropriate [Review Manager (REVMAN) (Computer program), version 5.2, for Windows; The Nordic Cochrane Centre, The Cochrane Collaboration, Copenhagen, Denmark]. If there were ≤ four studies a ‘fixed-effect’ analysis was
performed (10). The heterogeneity was tested by the chi-square test and the I2 statistic. If
possible, testing for publication bias was performed as proposed by Egger et al. (1997) (11).

Grading the ‘body of evidence’
The Grading of Recommendations Assessment, Development and Evaluation (GRADE)
was used to rank the evidence (12). Two reviewers (DES and GAW) rated the quality of the
evidence and the strength and direction (13) of the recommendations according to the following aspects: risk of bias, consistency of results, directness of evidence, precision and publication bias, and magnitude of the effect. Any disagreement between the two reviewers
was resolved after additional discussion.

Results
Search and selection results
Figure 1 describes the flow of the search process. A total of 100 unique papers were identified, from which 13 full-text articles were obtained (14-27) and screened to confirm eligibility. The manual searching of the reference lists of the selected papers provided two
additional suitable publications (18,19). Two studies provided data on the same experiment
(21,28). Consequently, 14 eligible experiments were included in this systematic review describing 16 comparisons.

Assessment of heterogeneity
Some heterogeneity was observed in the 14 experiments with respect to study design (splitmouth design and parallel design) and evaluation period. Various ultrasonic device types
and cooling solution were used among the selected studies. Povidone–iodine (PVP) was the
most frequently used chemotherapeutic agent included in nine experiments, chlorhexidine (CHX) was assessed as a cooling solution in five studies, and essential oils (EO) in three.
For comparison, water, saline, or placebo solution was used. Information regarding the
study outline and characteristics is shown in detail in Table 1. All studies included participants in good general health. Regarding periodontal health, various criteria and diagnoses were used as parameters for inclusion. Half of the studies did not include smokers
(19-21,24,25,27) while two studies did report including smokers (23,26), and the other papers did not provide details on smoking habits. Information on procedures such as use
154
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of anaesthesia, duration of instrumentation, subsequent use of rubber cups for polishing,
follow-up supportive periodontal care, instructions regarding oral hygiene products, and
additional (temporary) use of chemical mouthwash was sparsely reported in the included
studies. Further details on heterogeneity aspects are described in Appendix S3.

Side effects and industry funding
The included papers did not report any adverse events or side effects. The majority of the
experiments used commercially available chemotherapeutic agents (PVP, CHX, and EO)
as a coolant solution for the ultrasonic devices. Seven studies did not provide any information regarding study funding; the other seven reported being supported by a university or a non-profit grant organization (16,18,19,23,24,26,27). In addition, two studies were
sponsored by companies, GABA international AG (Guarnelli et al. 2008) (23) and Colgate
Technology Center (Rosling et al. 2001) (18), whereas ICI supplied the CHX solution used
for Chapple et al. (1993) (16).

Methodological quality assessment
Estimates of the potential risk of bias and methodological quality of the included studies
were based on a checklist as presented in Appendix S1. A summary of the proposed criteria indicates the estimated potential risk of bias to be ‘high’ in four studies, ‘moderate’ in
seven studies, and ‘low’ in two.

Study outcomes results
Appendix S4 presents the results of the data extraction. Data regarding PPD, CAL, bleeding
upon pocket probing (BOP), GI, GR, and PI could be retrieved. The Baseline and end data are
presented together with data and statistical analysis related to the changes within groups.
Additionally, modifications of some clinical indices are reported. None of the included studies evaluated all of the clinical parameters of interest. Table 2 descriptively summarizes
statistically significant differences between using chemotherapeutics as a coolant or a control solution. None of the 16 comparisons showed a statistically significant improvement in
favour of a chemotherapeutic for any of the parameters.

Meta-analysis
Table 3 summarizes the detailed outcomes of the MA performed on the primary data of
interest. Regarding overall PPD, CAL, and BS, there was no significant difference (P < 0.05)
at any time point (baseline or end) or with respect to the changes. Sub-analyses according
to the different cooling solutions (PVP, CHX, and EO) did reveal PVP a significant difference
for PVP compared to control solutions in the incremental CAL data (P = 0.03). Appendix S5
shows the original forest plots of the MA. Testing for publication bias could not be performed because fewer than 10 studies were included in the MA, which would result in insufficient statistical power (11,10).
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Pub Med-MEDLINE
84

Excluded by title
and abstract
89

Excluded after full text reading
(appendix S2) 8

EMBASE
10

Unique title
& abstract
100

Final Selection
Papers
11

Total Comparisons
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Included from other sources
0
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for full-text
reading
21

Final Experiments
14
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Cochrane-CENTRAL
42

Papers reporting the same
experiment 2
Leonhardt et al. 2006
Leonhardt et al. 2007

Included

Eligibility

Screening

Idnetification

Figure 1 Flow chart of the search and selection process.

Chlorhexidine
5

Essential Oils
2
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Included after hand searching
reference list
2
Koshy et al. 2005
Rosling et al. 2001

Studies with more than one
comparison
2
Chapple et al. 1993
Al-Saeed et al. 2008

Iodine solutions
9

Evidence profile
Table 4 shows a summary of the various factors used to rate the quality of evidence and
strength of recommendations according to GRADE (12). Taken together, the strength of the
recommendation emerging from this systematic review should be considered ‘absent’ with
respect to the use of CHX and EO and ‘very weak’ with respect to the use of PVP. For details
concerning grading the body of evidence, see Table 4.

Discussion
According to the American Academy of Periodontology (7), the issue as to whether irrigation with chemotherapeutic agents in conjunction with root planing produces a synergistic
effect is controversial. Previously, in a systematic review, the additional effect of PVP–iodine as an adjunct to scaling and root planing in the treatment of chronic periodontitis was
evaluated. The authors concluded that the adjunctive use may increase PPD reduction, although the clinical significance, considered to be, is small to moderate (29). However, two
out of the seven included papers did not use the PVP–iodine as a coolant solution or alternatively only assessed sites with furcation involvement. Considering the focused question
of the present review, these papers were not deemed to be suitable. An earlier review by
Greenstein (1999) (30), which addressed all concepts of PVP–iodine for periodontal therapy, found some evidence to indicate that delivery via an ultrasonic device achieves better results in deep pockets than ultrasonic debridement with water irrigant. However, no
other chemotherapeutic agents were evaluated by these authors. The available evidence
emerging from the present systematic review shows that, in general, chemotherapeutic
agents in the ultrasonic cooling solution do not provide an additional treatment effect following non-surgical periodontal debridement. Only the sub-analysis of the incremental data
between baseline and end scores for changes in CAL showed a significant effect in favour
of PVP. However, a weighted mean 0.23 mm gain in CAL, although statistically significant,
likely has little clinical relevance (13). Therefore, cooling with water can be regarded as the
standard procedure. A general problem in the area of research on subgingival debridement is that, in combination with oral hygiene instruction, this particular procedure has
been shown to be a very effective treatment modality. Therefore, it appears to be difficult
to show any adjunctive effect of the local delivery of therapeutic agents. After reviewing
the literature, Wennström (1992) (31) concluded that in patients maintaining good oral hygiene, subgingival irrigation used either as a single mode of treatment or as an adjunct to
thorough mechanical debridement does not have any significant therapeutic effect. Timmerman et al. (1996 (32) demonstrated that even with subgingivally applied antibiotics, it
was not possible to improve the effect of non-surgical periodontal treatment.

Interpretation of effect size
Recently, a panel of experts convened by the American Dental Association (ADA) Council on Scientific Affairs published an evidence-based clinical practice guideline on the
non-surgical treatment of chronic periodontitis. This paper also contains a clinical releChapter 8
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Table 1 Overview of included the studies processed for data extraction.
Author/publication
year

Design
Follow up
#participants(end)

Participants characteristics

Treatment group
Ultrasonic device

Taggart et al.
(1990) (14)

RCT
Splith mouth
Parallel
10 weeks
10(9)

Moderately advanced periodontitis
3♂/7♀
Mean age:?
Age range: 28-51

CHX 0.02%
Corsodyl, ICI Macclesfield diluted 1:10 with water
Water
Cavitron, Dentsply

Reynolds et al.
(1991) (15)

RCT
Double blind
Parallel
28 days
60(?)

Early to moderate adult
periodontitis
28♂/32♀
Mean age: ?
Age range: 28-58

CHX 0.12%
Water (sterile)
Cavimedtm200; Dentsply International, Inc., York, PA USA

Chapple et al.
(1993) (16)

RCT
Single blind
Split mouth
6 months
17(14)

CHX 0.2%
Corsdyl, ICI, AldelyEdge, UK.
Water
Scaler with insertCavimed 200, Dentsly Corp, York PA USA

Generalized incipient periodontitis
and/or generalized moderate
periodontitis
14♂/16♀
Mean age:?
Age range: 27-59

ProSol PDX Dentsply
Sodium bicarbonate, sodium lauryl sulphate,
polysorbate 80, disodium ethylenediaminetetraacetic acid,
Water. alcohol, flavours, colorants
Water
Cavi-Med 200 Periosonic Unit Dentsply

Iodofor 0.1% water solution of povidone-iodine
Water, tap
Ultrasonic device Odontoson® Copenhagen, Denmark

223(150)

Advanced destructive periodontitis
in a maintenance
82♂/68♀◊
Mean age: 44
Age range: ?

Forabosco et al.
(2005) (20)

RCT
Parallel
120 days
40(?)

Adult periodontitis
25♂/35♀
Mean age: ?
Age range: 35-65

Iodised solution 10%
NaCL2
Odontoson M® instrument

Koshy et al.
(2005) (19)

RCT
Parallel
Single blind
6 months
24(?)

Moderate advanced chronic
periodontitis
13♂/23♀
Mean age: 50◊
Age range: 34-66

Povidone iodine 1% Popiyodon Gargle®, Yoshida,
Tokyo, Japan
Water, distilled
Piezon® Master 400, EMS, Nyon, Switzerland

Leonhardt et al.
(2006) (21)

RCT
Splith mouth
Single blind
6 months
20(20)

Advanced periodontitis
8♂/12♀
Mean age: 54
Age range: 39-68

Povidone-iodine 0.5%
Sterile saline solution
Odontogain®; XO-CARE A/S, Denmark

Zanatta et al.
(2006) (22)

RCT
Single blind
Parallel
3 months
30(27)

Moderate advanced chronic
periodontitis
27♂/18♀
Mean age: 41.5◊
Age range: 27-72

Povidone-iodine 0.5%
NaCl 0.9%
Ultrasonic instrument

Anderson et al.
(1995) (17)

RCT
Parallel
Double blind
2 weeks

Moderate advanced adult
periodontitis/chronic adult
periodontitis
8♂/9♀
Mean age: ?
Age range: 25-65

CHX 0.2%
Corsodyl, ICI, AldelyEdge, UK.
Water
Traditional US scaler
Cavitron IIA, Dentsly Corp, York PA USA

30(?)

Rosling et al.
(2001) (18)
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Original authors conclusion

A single episode of scaling and root planing using an ultrasonic scaler combined with good supragingival plaque control
resulted in a marked resolution of the clinical signs of periodontal disease. CHX was shown to have a slight adjunctive
effect in reducing the probing pocket depth when used as the coolant in conjunction with ultrasonic instrumentation,
during the treatment of chronic periodontitis.

Subgingival irrigation with CHX during ultrasonic scaling provides differential clinical benefits that are site-dependent.

The use of a chemical irrigant during the relatively short period of professional instrumentation does not produce any
additional significant reduction in traditional clinical measures of chronic periodontitis.

The irrigating solution removed more calculus during scaling, although the tissue response was no difference than that
achieved with water. According to the operator’s response, the experimental irrigating solution seemed to make calculus
removal an easier procedure. The experimental solution is safe to use, based on tissue tolerance and compatibility. The
manufacturer’s claim of ease of calculus removal seems justified and was supported by the present results.

Increasing the intensity of antimicrobial control provides a short term clinical benefit which can be maintained, or
even enhanced, in long term studies such as the one described in the present investigation. The data also suggest that
the addition of an antibacterial agent such as PVP-iodine may be a cost effective measure to decrease progression of
periodontal disease during basic therapy and maintenance.

There are no significant differences between the effectiveness of scaling and root planning with manual instruments and
with Odontoson M® The 10% iodised solution used as antiseptic with Odontoson M® carries out a greater improvement of
all clinical parameters studies and it’s for subgingival irrigation is suggested.

Both showed significant improvement in clinical parameters. Full-mouth treatments resulted in similar improvements in
full-mouth mean plaque percentage, PPD and CAL as conventional therapy. The full-mouth groups demonstrated greater
reduction in BoP % and number of pockets >5mm.

Ultrasonic debridement is effective in infection control of patients with severe chronic periodontitis. PVP-iodine does not
add any clinical benefit to the ultrasonic debridement alone under these circumstances.

This study provides no evidence that PVP-iodine is effective as an adjunct for one-stage periodontal debridement.
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Table 1 (Continued)

Guarnelli et al.
(2008) (23)

RCT
Double blind
Parallel
12 weeks
21(19)

Generalized aggressive
periodontitis
5♂/14♀
Mean age: 37◊
Age range: 28-41

CHX 0.2%, 1:10 saline
GABA International AG, Münchenstein, Switzerland
Placebo
Piezosteril 5®, Castellinisp.a. Castel Maggiore, BO, Italy

Al-Saeed & Babay
(2009) (24)

RCT
Splith mouth
Parallel
3 months
16(13)

Chronic periodontitis
8♂/5♀
Mean age: 42.92
Age range:30-55

Povidone-iodine 1%
Povidone-iodine 1% and hydrogen peroxide 3.0%
Saline (0.9% sodium chloride)
Piezon master 400® plus

Feng et al.
(2011) (25)

RCT
Doubleblind
Parallel
6 months
64(59)

Chronic periodontitis
22♂/42♀
Mean age: 50.3
Age range: ?

EO: Listerine Cool
Mint, Johnson & Johnson, Guarulhos,
São Paulo, Brazil
Sorbitol solution 15%, ethanol 21%,
sodium saccharin 0.05%, mint flavouring, green dye
Ultrasonic subgingival instrumentation Profi III Ceramic,
Dabi Atlante, Ribeirão Preto, São Paulo, Brazil

Cosyn et al.
(2012) (26)

RCT
Single blind
Parallel
3months
35(29)

Chronic periodontitis
19♂/16♀
Mean age: 47◊
Age range: 30-70

EO: Listerine® Cool mint Antiseptic Mouthwash;
Johnson & Johnson, New Brunswick, NJ, USA
Water
EMS® Piezon Master 600; EMS, Nyon, Switzerland

do Vale et al.
(2016) (27)

RCT
Single blind
Parallel
6 months
34(28)

Generalized aggressive
periodontitis
7♂/21♀◊
Mean age: 28,59◊
Age range: ?

Povidone-iodine 10%
Riodeine – Indústria Farmacêutica Rioquímica Ltda,
São José do Rio Preto, SP, Brazil
Saline 0.9%
Cavitron Select – Dentsply International Inc.,
Long Island City, NY, USA) with
25 K FSI®-SLI®-10S-Dentsply International Inc.

RCT: Randomized Controlled Trial, CCT: Control Clinical Trial, CHX: Chlorhexidine, EO: Essential Oils, PPD: Probing
Pocket Depth, CAL: Clinical Attachment Level, GR: Gingival Recession, BoP: Bleeding on Probing, PVP: Povidoneiodine, NaCL: Sodium chloride, ♂: Male, ♀: Female, ?: Unknown/not-provided
◊ = calculated by the authors of this review based on the presented data in the selected paper

vance scale for the interpretation of mean changes in CAL (13). The authors defined that
statistically significant changes in CAL of 0–0.2 mm can be judged as ‘zero’ effect from a
clinical perspective. Changes >0.2–0.4 mm are considered a ‘small’ effect, >0.4–0.6 mm as
‘moderate’, and >0.6 mm as a ‘substantial’ effect. The significant incremental DiffM for gain
in CAL with PVP was 0.23 mm (P = 0.03) and is interpreted by the authors of the present
review as a ‘very small’ effect.

Coolant
The purpose of the water coolant is to reduce frictional heat at the contact point between
the tip of the ultrasonic instrument and the tooth surface. Despite the small area of contact
and the large acoustic mismatch between the steel scaling tip and dental tissue, some ultrasound energy is still transmitted into the tooth. The absorption of this acoustic energy
alone can elevate the temperature of the tooth (33). If heat reaches the pulp during dental
procedures, it can lead to vascular injury and tissue necrosis. Therefore, to avoid damage
to pulpal tissues from ultrasonic scaling, a coolant is added (34). It has been shown that
160
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The adjunctive professional use of CHX formulations to ultrasonic seems to produce no additional effects over ultrasonic
mechanical instrumentation one during supportive therapy.

There were no added benefits of using a mixture of PVP-iodine and hydrogen peroxide or PVP-iodine as disinfectants
during ultrasonic scaling and root planing in the treatment of chronic periodontitis.

The adjunctive use of EO may promote significant CAL gain and PPD reduction in deep residual pockets.

Essential oil solutions do not offer a clinical benefit over water when used as a coolant during ultrasonic root debridement
for the treatment of chronic periodontitis.

The two groups presented reduction on bleeding scores and had statistically significant PPD reductions, CAL gains and GR.
No inter-groups differences in clinical parameters were observed.

the water supply setting of a device does not necessarily reflect the amount of water that
is actually supplied (33). The amount of water is also dependent on the type of tip that is
being used. In addition, to avoid a temperature increase in the root canal system, magnetostrictive generator-driven ultrasonic systems need approximately twice the amount of
water as piezoelectric generator-driven ultrasonic systems (34). Seven of the studies included in this review used a magnetostrictive unit; six used a piezoelectric device; and for
one, the device was not identified. None of the included studies mentioned coolant settings.
A sub-analysis showed that the type of device used had no impact on the outcome of this
review.

Coolant penetration
When used in a normal manner, the ultrasonic tip is inserted to the base of the periodontal
defect to disrupt the micro flora, debride the root surface, and provide subgingival lavage.
Nosal et al. (1991) (35) showed that the liquid coolant component of an ultrasonic unit is
related to the extent of the tip’s penetration into the periodontal pocket, thereby providing
Chapter 8
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Table 2 A descriptive summary of statistical significance levels of the adjunctive use of chemotherapeutics in the
cooling solutions of ultrasonic devices during non-surgical periodontal therapy on the parameters of interest.
Author, year

Intervention

PPD

CAL

BS

GI

PI

GR

Control

Taggart et al.
(1990) (14)

CHX

o

o

o

-

o

o

W

Reynolds et al.
(1991) (15)

CHX

o

-

-

o

o

-

W

CM-CHX

-

?

o

-

o

-

W

US-CHX

-

?

o

-

o

-

W

Guarnelli et al.
(2008) (23)

CHX

o

-

-

o

o

-

Placebo

Feng et al.
(2011) (25)

EO

o

o

o

-

o

o

SS

Cosyn et al.
(2012) (26)

EO

o

o

o

-

o

-

W

Koshy et al.
(2005) (19)

PVP

o

o

o

-

o

-

W

Leonhardt et al.
(2006) (21)

PVP

o

?

?

-

?

-

S

Zanatta, et al.
(2006) (22)

PVP

o

o

o

-

o

o

NaCL2

PVP

o

o

o

-

o

o

PVP-HP

o

o

o

-

o

o

do Vale et al.
(2015) (27)

PVP

o

o

o

-

o

-

S

Anderson et al.
(1995) (17)

PS

o

o

o

o

o

-

W

Rosling et al.
(2001) (18)

IO

o

o

o

-

o

-

W

Forabosco et al.
(2005) (20)

IS

o

?

?

-

-

-

NaCL2

Chapple et al.
(1993) (16)

Al-Saeed &
Babay
(2008) (24)

S

CHX: Chlorhexidine, CM: Scaler with insert, US: Traditional Scaler, EO: Essential Oils, PVP: Povidone-iodine, HP:
Hydrogen peroxide, W: Water, S: Saline, S: ProSol, SS: Sorbitol , Solution, IO: Iodofor, IS: Iodised solution, NaCL:
Sodium chloride, o: No significant difference, -: No data available, ?: Unknown/not-provided

coolant all the way down to the tip of the instrument. A limited dispersion of the liquid
beyond the path of the ultrasonic tip was observed. This would indicate that the effect of
chemotherapeutic agents with this delivery system is dependent upon the thoroughness of
the instrumentation. Areas that are inaccessible to the ultrasonic tip will also be inaccessible to a chemotherapeutic agent delivered by this system (35). None of the studies described in detail how the instrumentation was performed.
162

Chapter 8

Study design
The included studies used different treatment protocols (see Table 1 and Appendix S1),
both parallel and split-mouth. The split-mouth model is a popular design in oral health research and was used in four (14,16,21,24) out of the 14 selected studies. The attractiveness
of this specific design is that it removes much of the inter-individual variability from estimates of the treatment effect, allowing for smaller sample sizes that, in turn, offer efficiency (36). A potential problem is that a biased estimate of treatment efficacy due to carry-over
effects will negatively impact any differences between the treatments (36). Theoretically,
this could play a role when chemotherapeutics are added as cooling solution to ultrasonic
devices. The treatment of one quadrant may contaminate the other quadrants. Of the included studies, Leonhardt et al. (2006) (21) specifically describes that the quadrant with the
additional use of chemotherapeutics was treated in another appointment as the quadrant
without. The other three studies (14,16,24) appreciate and discuss the limitations of the
split-mouth model. A high volume evacuator and saliva ejector were used to remove the excess solution and thereby avoid contamination (24). Chapple et al. (1993) (16) and Taggart et
al. (1990) (14) argue that the ‘leaking’ effect of chemotherapeutics from one site to another,
although theoretically possible, is unlikely based on the observation that mouth rinsing
fails to achieve any significant penetration into a periodontal pocket (37). Chemicals such
as CHX will not penetrate subgingivally unless directly introduced (38) and the effect of
such contamination upon attachment gain would thus be negligible.

Bacteraemia
It has been described in the literature that bacteria can transiently enter the bloodstream
as a result of ultrasonic instrumentation, thereby causing bacteraemia. There is evidence that dental procedures such as scaling may be responsible for this (39). The incidence
of viable bacteria in the blood stream postoperatively was found to be higher following
the use of ultrasonics compared to manual instrumentation (40). Using culture methods,
the incidence of bacteraemia following ultrasonic scaling was estimated to be 13%, whereas with PCR analysis, this was 23% (41). The difference in bacteraemia incidence after scaling with sterile water compared to scaling with tap water was not found to be significant
(42,43) using surrogate parameters for bacteraemia, found increased circulating levels
of lipopolysaccharides 5 min. after instrumentation, which were not affected using 0.02%
CHX as an irrigant as opposed to water. Bacteraemia after subgingival instrumentation
with concomitant PVP– iodine was reduced but not eliminated according to Sahrmann et
al. (2015) (44). PVP–iodine might therefore be recommended for patients at high risk of
endocarditis. However, preventive antibiotic treatment should not be omitted.

PVP–iodine allergy
Povidone–iodine (PVP–I) has replaced other iodine compounds such as iodoform and iodine tincture, which are considered to be strong irritants and/or contact allergens (45).
Iodine by itself is a trace element present throughout the body and is essential for the production of thyroid hormones. It is not possible to have a true allergy to elemental iodine.
The term ‘iodine allergy’ is used frequently and usually refers to a history of an allergic
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Measurement
moment

Included
studies
# comparisons

Model

Overall

#8
#9

Random

PVP

#3
#4

EO

Difference
Baseline
End
Difference

Test for heterogeneity
P-value

I2 value (%)

P-value

0.00

(-0.15;0.15)

0.97

0%

0.89

Random

0.10

(-0.13;0.33)

0.39

0%

0.78

#3
#3

Fixed

-0.09

(-0.34;0.16)

0.48

0%

0.70

CHX

#2
#2

Fixed

-0.04

(-0.47;0.39)

0.85

1%

0.31

Overall

#8
#9

Random

-0.12

(-0.42;0.18)

0.44

73%

0.0002 *

PVP

#3
#4

Random

0.20

(-0.02;0.42)

0.07

0%

0.69

EO

#2
#2

Fixed

-0.11

(-0.33;0.11)

32

55%

0.13

CHX

#2
#2

Fixed

0.04

(-0.41;0.49)

0.86

0%

0.70

Overall

#7
#8

Random

-0.07

(-0.30;0.15)

0.52

44%

0.08

PVP

#4
#5

Random

-0.20

(-0.42;0.01)

0.06

0%

0.54

EO

#2
#2

Fixed

0.12

(-0.11;0.34)

0.30

79%

0.03

Overall

#6
#7

Random

-0.11

(-0.34;0.12)

0.36

0%

0.73

PVP

#3
#4

Random

-0.09

(-0.46;0.28)

0.62

0%

0.59

EO

#2
#2

Fixed

-0.16

(-0.49;0.17)

0.34

27%

0.24

Overall

#6
#7

Random

-0.13

(-0.39;0.14)

0.35

4%

0.40

PVP

#3
#4

Random

0.13

(-0.25;0.52)

0.50

0%

0.98

EO

#2
#2

Fixed

-0.22

(-0.63;0.20)

0.31

38%

0.20

Overall

#8
# 10

Random

-0.11

(-0.26;0.04)

0.14

0%

0.86

PVP

#4
#5

Random

-0.23

(-0.43;-0.02)

0.03

0%

0.72

CHX

#2
#3

Fixed

-0.01

(-0.45;0.42)

0.95

0%

0.94

EO

#2
#2

Fixed

0.02

(-0.23;0.27)

0.87

0%

0.81

CAL
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Test overall
MD
95% CI

End

PPD

Baseline

Table 3 Meta-analysis for the baseline, end and incremental data evaluating the adjunctive efficacy of
chemotherapeutics in the cooling solution of ultrasonic devices during non-surgical periodontal therapy on the
clinical parameters of gingival inflammation.

Chapter 8

Baseline

EO

#3
#3

Fixed

-0.30

(-8.24;7.64)

0.92

17%

0.30

End

EO

#3
#3

Fixed

-3.79

(-9.01;1.44)

0.16

0%

0.70

Difference

BoP

Table 3 (Continued)

EO

#2
#2

Fixed

-3.79

(-10.69;3.11)

0.28

0%

0.62

* = Statistical significant difference

Table 4 Summary of Findings table on body of the estimated evidence profile (12) and appraisal of the strength
of the recommendation regarding the adjunctive use of chemotherapeutics in the cooling solutions of ultrasonic
devices during non-surgical periodontal therapy on the parameters of interest.
Determinants of the Quality

PVP

CHX

EO

Study design

CCT/ RCT

RCT

RCT

# experiments n=14
# comparisons n=16

8
9

4
5

2
2

Risk of bias

Low to high

Low to high

Moderate to high

Consistency

Consistent

Consistent

Consistent

Directness

Generalizable

Generalizable

Generalizable

Precision

Rather precise

Rather precise

Rather precise

Reporting bias

Possible

Possible

Possible

Magnitude of the effect (13)

Very small

Zero

Zero

Strength of the recommendation based on
the quality and body of evidence

High

Moderate

Moderate

Direction of recommendation

Very weak

Absent

Absent

RCT: Randomized Controlled Trial, CCT: Control Clinical Trial, CHX: Chlorhexidine, EO: Essential Oils,
PVP: Povidone-iodine

reaction to iodinated radiological contrast media (46). Any reactions to substances containing iodine are probably caused by other parts of the molecule. PVP is a complex of polyvinylpyrrolidone (povi-done, PVP) with iodine. PVP may cause allergic contact or irritant
dermatitis. Although this is a rare phenomenon, there are several case reports of generalized urticarial and even anaphylactic shock (47). To the best of our knowledge, there are no
case reports that have described adverse events due to the use of PVP in combination with
ultrasonic non-surgical periodontal therapy.
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Limitations
In some of the meta-analyses performed, there was obvious heterogeneity in the clinical
outcome of the selected studies. In case the testing for heterogeneity was significant, the
reader should exercise caution in using DiffM as the exact measure of the effect.

Conclusion
The collective evidence emerging from this systematic review regarding the addition of
chemical ingredients to ultrasonic cooling solution following non-surgical periodontal debridement indicates that overall, this does not provide an additional effect. There is a ‘very
weak’ recommendation based on the sub-analysis showing that, for PVP, a very small level
of CAL gain may be expected. For the use of CHX or EO, the added effect can be considered
‘zero.’ Therefore, the strength and direction of the recommendation emerging from this
review is against their use.

Acknowledgements
The authors acknowledge the following authors for their responses, time, and effort searching for additional data: Dr. M. Al-Saeed, Prof. I Chapple, Prof. M. Casati, Prof. J. Cosyn, Dr.
J. Derks, Prof. A. Forabosco, Dr. M. Guarnelli, Dr. G. Koshy, Dr. C. Panutti, Prof. D. Walmsley,
Prof. L. Trombelli, Prof R. Cafesse, Prof P. Ramberg, and Dr. J. Taggart. Special thanks to
our colleagues Thérèse Elkerbout and Nienke Hennequin-Hoenderdos for their support
in continuing this important work.

Authors contributions
Conception or design of the study: MVDS, GAW, DES
Analysis and/or interpretation of the data: MVDS, EVDS, GAW, DES
Drafted the manuscript: MVDS, EVDS
Critically revised the manuscript: GAW, DES
All authors gave their final approval and agreed to be accountable for all aspects of the work

Supporting information
Additional supporting information may be found after the references of this article, on
page 170.

166

Chapter 8

References

graphical test. British Medical Journal 315, 629–634.

* Studies selected for this review

12. Guyatt, C. H., Oxman, A. D., Kunz, R., Jaesch- kle,

1. American Academy of Periodontology (AAP) (2011)

R., Helfand, M., Liberati, A., Schünemann, H. J. &

Comprehensive periodontal therapy: a statement by

GRADE Working Group. (2008) Incorporating

the American Academy of Periodontology. Journal of

considerations of resources use into grading

Periodontology 82, 943–949.

recommendations. British Medical Journal 7654,

2. Drisko, C. L. (2014) Periodontal debridement: still the
treatment of choice. The Journal of Evidence-Based

1170–1173.
13. S
 miley, C. J., Tracy, S. L., Abt, E., Michalowicz, B.

Dental Practice 14, 33–41.

S., John, M. T., Gunsolley, J., Cobb, C. M., Rossman,

3. Van der Weijden, G. A. & Timmerman, M. F. (2002)

J., Harrel, S. K., Forrest, J. L., Hujoel, P. P., Noraian,

A systematic review on the clinical efficacy of

K. W., Greenwell, H., Frantsve-Hawley, J., Estrich,

subgingival debridement in the treatment of chronic

C. & Hujoel, P. P. (2015) Evidence-based clinical

periodontitis. Journal of Clinical Periodontology 29,

practice guideline on the nonsurgical treatment of

55–71.

chronic periodontitis by means of scaling and root

4. Cobb, C. M. (2002) Clinical significance of non-

planing with or without adjuncts. The Journal of the

surgical periodontal therapy: an evidence-based

American Dental Association 146, 525–535.

perspective of scaling and root planing. Journal of

14. *Taggart, J. A., Palmer, R. M. & Wilson, R. F. (1990)

Clinical Periodontology 29, 6–16.

A clinical and microbiological comparison of the

5. Lea, S. C., Landini, G. & Walmsley, A. D. (2004)

effects of water and 0.02% chlorhexidine as coolants

Thermal imaging of ultrasonic scaler tips during

during ultrasonic scaling and root planing. Journal

tooth instrumentation. Journal of Clinical

of Clinical Periodontology 17, 32–37.

Periodontology 31, 370–375.

15. *Reynolds, M. A., Lavigne, C. K., Minah, G. E. &

6. Walmsley, A. D., Lea, S. C., Landini, G. & Moses, A.

Suzuki, J. B. (1991) Clinical effects of simultaneous

J. (2008) Advances in power driven pocket/root

ultrasonic scaling and subgingival irrigation with

instrumentation. Journal of Clinical Periodontology

chlorhexidine. Journal of Clinical Periodontology

35, 22–28.

19, 595–600.

7. American Academy of Periodontology (AAP) (2005)

16. *Chapple, I. L., Walmsley, A. D., Saxby, M. S. &

The role of supra- and subgingival irrigation in

Moscrop, H. (1993) Effect of subgingival irrigation

the treatment of periodontal diseases. Journal of

with chlorhexidine during ultrasonic scaling.

Periodontology 76, 2015–2027.

Journal of Periodontology 63, 812–816.

8. Moher, D., Liberati, A., Tetzlaff, J. & Altman, D. G.

17. *Anderson, G. B., Plotzke, A. E., Morrison, E. C. &

(2009) Preferred reporting items for systematic

Caffesse, R. G. (1995) Effectiveness of an irrigating

reviews and meta-analyses: the PRISMA statement.

solution utilized during ultrasonic scaling.

Journal of Clinical Epidemiology 62, 1006–1012.

Quintessence International 26, 849–58.

9. Van der Weijden, F., Dell’Acqua, F. & Slot, D. E.

18. *Rosling, B., Hellström, M. K., Ramberg, P.,

(2009) Alveolar bone dimensional changes of post-

Socransky, S. S. & Lindhe, J. (2001) The use of PVP-

extraction sockets in humans: a systematic review.

iodine as an adjunct to non-surgical treatment

Journal of Clinical Periodontology 36, 1048–1058.

of chronic periodontitis. Journal of Clinical

10. Higgins, J. P. T. & Green, S. (2012) CCHB Cochrane

Periodontology 28, 1023–1031.

Handbook for Systematic Reviews of Interventions.

19. *Koshy, G., Kawashima, Y., Kiji, M., Nitta, H., Umeda,

Available at http://cochranehandbook.org/.

M., Nagasawa, T. & Ishikawa, I. (2005) Effects of

11. Egger, M., Smith, G. D., Schneider, M. & Minder, C.

single-visit full-mouth ultrasonic debridement

(1997) Bias in meta-analysis detected by a simple,

versus quadrant-wise ultrasonic debridement.

Chapter 8

167

Journal of Clinical Periodontology 32, 734–743.

clinical trial. Clinical Oral Investigations 20,

20. *Forabosco, A., Spinato, S., Grandi, T. & Prini, M.

141–150.

(2006) A comparative study between different

28. Leonhardt, A., Bergström, C., Krok, L. &

techniques in non-surgical periodontal treatment.

Cardaropoli, G. (2007) Microbiological effect of the

Minerva Stomatologica 55, 289–296.

use of an ultrasonic device and iodine irrigation in

21. *Leonhardt, A., Bergström, C., Krok, L. &

patients with severe chronic periodontal disease:

Cardaropoli, G. (2006) Healing following ultrasonic

a randomized controlled clinical study. Acta

debridement and PVP-iodine in individuals with

Odontologica Scandinavica 65, 52–59.

severe chronic periodontal disease: a randomized,

29. Sahrmann, P., Puhan, M. A., Attin, T. & Schmidlin,

controlled clinical study. Acta Odontologica

P. R. (2010) Systematic review on the effect of

Scandinavica 64, 262–266.

rinsing with povidone-iodine during nonsurgical

22. *Zanatta, G. M., Bittencourt, S., Nociti, F. H. Jr,

periodontal therapy. Journal of Periodontal

Sallum, E. A., Sallum, A. W. & Casati, M. Z. (2006)

Research 45, 153–164.

Periodontal debridement with povidone-iodine

30. G
 reenstein, G. (1999) Povidone-iodine’s effects and

in periodontal treatment: short-term clinical

role in the management of periodontal diseases: a

and biochemical observations. Journal of

review. Journal of Periodontology 70, 1397–1405.

Periodontology 77, 498–505.

31. Wennström, J. L. (1992) Subgingival irrigation

23. *Guarnelli, M. E., Franceschetti, G., Manfrini,

systems for the control of oral infections.

R. & Trombelli, L. (2008) Adjunctive effect of

International Dental Journal 42, 281–285.

chlorhexidine in ultrasonic instrumentation of

32. Timmerman, M. F., Weijden, G. V. D., Steenbergen,

aggressive periodontitis patients: a pilot study.

T. V., Mantel, M. S., Graaff, J. D. & Velden, U. V.

Journal of Clinical Periodontology 35, 333–341.

D. (1996) Evaluation of the long-term efficacy

24. *Al-Saeed, M. Y. & Babay, N. (2009) The use of

and safety of locally-applied minocycline in

povidone–iodine and hydrogen peroxide mixture

adult periodontitis patients. Journal of Clinical

as an adjunct to non-surgical treatment of slight to
moderate chronic periodontitis. The Saudi Dental

Periodontology 23, 707–716.
33. K
 oster, T. J., Timmerman, M. F., Feilzer, A. J.,Van der

Journal 21, 127–133.

Velden, U. & Van der Weijden, F. A. (2009) Water

25. *Feng, H. S., Bernardo, C. C., Sonoda, L. L., Hayashi,

coolant supply in relation to different ultrasonic

F., Romito, G. A., De Lima, L. A. P. A., Lotufo, R. F.

scaler systems, tips and cool- ant settings. Journal

M. & Pannuti, C. M. (2011) Subgingival ultrasonic

of Clinical Periodontology 36, 127–131.

instrumentation of residual pockets irrigated

34. Van der Velden, U., Koster, T. J. G., Feilzer, A.

with essential oils: a randomized controlled trial.

J., Timmerman, M. F. & Van der Weijden, G. A.

Journal of Clinical Periodontology 38, 637–643.

(2015) In vitro evaluation of temperature changes

26. *Cosyn, J., Miremadi, S. R., Sabzevar, M. M. & De

in the root canal induced by ultrasonic scalers.

Bruyn, H. (2013) Clinical effects of an essential oil

International Journal of Dental Hygiene 13,

solution used as a coolant during ultrasonic root

132–137.

debridement. International Journal of Dental

35. Nosal, G., Scheidt, M. J., O’Neal, R. & Van Dyke,

Hygiene 11, 62–68.

T. E. (1991) The penetration of lavage solution

27. *do Vale, H. F., Casarin, R. C. V., Taiete, T.,

into the periodontal pocket during ultrasonic

Ambrosano, G. M. B., Ruiz, K. G. S., Nociti, F. H.

instrumentation. Journal of Periodontology 62,

Jr, Sallum, E. A. & Casati, M. Z. (2016) Full-mouth
ultrasonic debridement associated with povidone

554–557.
36. Lesaffre, E., Philstrom, B., Needleman, I. &

iodine rinsing in GAgP treatment: a randomised
168

Worthington, H. (2009) The design and analysis

Chapter 8

of split-mouth studies: what statisticians and

Emergency Medicine 39, 701–707.

clinicians should know. Statistics in Medicine 28,

47. Waran, K. & Munsick, R. (1995) Anaphylaxis from

3470–3482.

povidone-iodine. The Lancet 345, 1506.

37. Pitcher, G. R., Newman, H. N. & Strahan, J. D. (1980)
Access to subgingival plaque by disclosing agents
using mouth rinsing and direct irrigation. Journal
of Clinical Periodontology 7, 300–308.
38. Wennström, J. & Lindhe, J. (1986) The effect of
mouth rinsing on parameters characterizing
human periodontal disease. Journal of Clinical
Periodontology 13, 86–93.
39. Lockhart, PB. (2000) The risk for endocarditis in
dental practice. Periodontol 2000 23, 127–35.
40. Bandt, C. L., Korn, N. A. & Schaffer, E. M.
(1964) Bacteremias from ultrasonic and hand
instrumentation. Journal of Periodontology 35,
214–215.
41. Kinane, D. F., Riggio, M. P., Walker, K. F., MacKenzie,
D. & Shearer, B. (2005) Bacteremia following
periodontal procedures. Journal of Clinical
Periodontology 32, 708–713.
42. Reinhardt, R. A., Bolton, R. W. & Hlava, G.
(1982) Effect of non-sterile versus sterile water
irrigation with ultrasonic scaling on postoperative
bacteremias. Journal of Periodontology 53, 96–100.
43. Lee, M. K., Ide, M., Coward, P. Y. & Wilson, R. F.
(2008) Effect of ultrasonic debridement using a
chlorhexidine irrigant on circulating levels of
lipopolysaccharides and inter- leukin-6. Journal of
Clinical Periodontology 35, 415–419.
44. Sahrmann, P., Manz, A., Attin, T., Zbinden, R. &
Schmidlin, P. R. (2015) Effect of application of a
PVP-iodine solution before and during subgingival
ultrasonic instrumentation on post-treatment
bacteremia: a randomized single-centre placebocontrolled clinical trial. Journal of Clinical
Periodontology 42, 632–639.
45. Lachapelle, J. M. (2014) A comparison of the irritant
and allergenic properties of antiseptics. European
Journal of Dermatology 24, 3–9.
46. Schabelman, E. & Witting, M. (2010) The
relationship of radiocontrast, iodine, and seafood
allergies: a medical myth exposed. The Journal of

Chapter 8

169

Appendix S1 Methodological quality and potential risk of bias scores of the individual studies that were included for
this review.
Chapple
et al.
(1993) (14)

Cosyn
et al.
(2012) (5)

Reynolds
et al.
(1991) (21)

Guarnelli
et al.
(2008) (9)

do Vale
et al.
(2015) (7)

Al-Saeed &
Babay
(2009) (2)

Random allocation *

+

+

+

+

+

+

Allocation concealment

NR

NR

NR

+

+

NR

Blinded to practioner

NR

+

NR

NR

NR

NR

Blinded to patient *

NR

NR

+

+

NR

+

Blinded to examiner *

+

+

+

+

+

-

Blinding during statistical analysis

NR

-

-

-

NR

NR

Balanced experimental groups *

+

+

+

+

+

+

Reported loss to follow up *

+

+

NR

+

+

+

# (%) of drop-outs

3(18%◊)

6(17%◊)

NR

2(10%◊)

6(18%◊)

3(19%◊)

Treatment identical, except for
intervention *

+

+

+

+

+

+

Representative population group

+

+

+

+

+

+

Eligibility criteria defined *

+

+

+

+

+

+

Research model used

Splith mouth

Parallel

Parallel

Parallel

Parallel

Parallel

Sample size calculation and power

NR

+

+

+

+

NR

Point estimates presented for the
primary outcome

+

+◆

-

+◆

+◆

+◆

Measures of variability presented for
the primary outcome

+

+◆

-

+◆

+◆

+◆

Unit of analysis

Quadrant

Full mouth

Full mouth

Full mouth

Full mouth

Quadrant

Include an per protocol analysis

+

+

-

+

+

+

Include an intention- to-treat analysis

-

-

+

-

-

-

Correction for multiple comparisons

NR

NR

NR

NR

NR

NR

Validated measurement

+

+

+

+

+

+

Calibration examiner

NR

+

NR

NR

+

+

Reproducibility data shown

NR

+

?

NR

+

?

M

M

M

L

M

M

Study

Clinical aspects

Statistical validity

External validity

Internal validity

Quality criteria

Authors estimated risk of bias

+: Yes, -: No, *: Reporting criteria for estimation the potential risk of bias, NR: Not reported, ?: Not specified/
unclear, ◆: Provided by the original author, ◊: Calculated by the authors of this review based on the presented data
in the selected paper, L: Low, M: Moderate, H: High
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Feng
et al.
(2011) (8)

Rosling
et al.
(2001) (24)

Zanatta
et al.
(2006) (32)

Koshy
et al.
(2005) (11)

Anderson
et al.
(1995) (3)

Taggart
et al.
(1990) (27)

Forabosco
et al.
(2005) (9)

Leonhardt
et al.
(2006) (13)

+

NR

+

+

+

+

+

+

+

NR

NR

+

NR

NR

NR

+

NR

NR

NR

NR

+

NR

NR

NR

+

NR

NR

NR

+

NR

NR

NR

+

-

+

+

+

NR

+

+

NR

NR

NR

NR

NR

NR

NR

NR

+

-

+

+

+

+

+

NR

+

+

+

+

NR

+

NR

+

5(8%◊)

73(33%◊)

5(11%◊)

0(0%◊)

NR

1(10%◊)

NR

0(0%◊)

+

+

+

-

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

Parallel

Parallel

Parallel

Parallel

Parallel

Parallel

Parallel

Parallel

+

NR

NR

+

NR

NR

NR

+

+◆

+

+

+

-

+◆

+◆

+

+◆

+

+

+

-

+◆

+◆

+

Full mouth

Full mouth

Quadrant

Full mouth

Full mouth

Splith mouth

Full mouth

Splith mouth

+

+

+

+

NR

-

NR

+

-

-

-

-

NR

+

NR

-

NR

NR

NR

NR

NR

NR

NR

NR

+

+

+

+

+

+

+

+

+

+

+

+

+

NR

NR

NR

+

?

NR

+

+

+

NR

NR

L

H

M

H

M

H

H

H
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Appendix S2 Papers excluded after full text reading with details for rejection.
Excluded

No appropriate comparison

Wennström et al. (2005) (31)
Tomasi et al. (2006) (28)
Rosling et al. (1986) (23)

Irrigant not used as coolant

Rosling et al.(1983) (22)
Hoang et al.(2003) (10)

Only assessed in sites with furcation involvement

Del Peloso Ribeiro et al. (2006) (6)
Yilmaz & Bayindir (2012) (30)

No effect on clinical parameters outcome

Lee et al. (2008) (12)

Appendix S3 Details with respect to heterogeneity of the studies that were included.

Study design and evaluation period
In total 13 of the included studies were RCTs and one was a CCT. The evaluation periods
varied from two weeks till 13 years (24). The procedures for allocation concealment and
masking (blinding) of the examiner were described in the most studies, for details see appendix S1.

Subject characteristics and smoking habits
All studies included participants in good general health. Regarding periodontal health,
the following definitions, criteria and diagnoses were used for inclusion:
• Adult periodontitis (9)
• Advanced periodontitis (13)
• Advanced destructive periodontitis in a maintenance (24)
• Chronic periodontitis (2,5,8)
• Early to moderate adult periodontitis (21)
• Generalized aggressive periodontitis (7,9)
• Generalized incipient periodontitis and/or generalized moderate periodontitis (3)
• Moderately advanced periodontitis (27)
• Moderate advanced chronic periodontitis (11,32)
• Moderate advantage adult periodontitis/chronic adult periodontitis (4)

Study groups
PVP was used as chemotherapeutic cooling solution for ultrasonic devices in nine experiments. The following details were provided:
• Iodised solution 10% (9)
• Iodofor 0.1% water solution of povidone iodine (24)
• ProSol (3)
• Povidone iodine 0.5% (13,32)
• Povidone iodine 1% (2,11)
• Povidone iodine 10% (7)
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CHX was used as chemotherapeutic ingredient cooling solution for ultrasonic devices in
five experiments. The following details were provided:
• CHX 0.02% (27)
• CHX 0.2% (4,9)
• CHX 0.12 (21)
EO was used as chemotherapeutic ingredient cooling solution for ultrasonic devices in
three experiments. The following details were provided:
• Listerine® (5)
• Listerine® cool (8)

Bleeding modifications
Criteria as described in the following papers were used:
• Bleeding on Probing (5,8,9,11,13,22)
• Loë (1967) (3)
• Mühlemann & Son (1971) (5,7,32)
• Ainamo & Bay (1975) (4)
• Sidi & Ashley (1984) (27)
• Polson & Caton (1985) (2)

Gingival index
The following clinical indices for plaque and their modifications were used:
• Loë & Silness (1963) (9,21)
• Loë (1967) (3)

Plaque scores
Their modifications were used:
• Quigley & Hein (1962) (5)
• Silness & Loë (1964) (2,21,27)
• Loë (1967) (3)
• Turesky et al. (1970) (9)
• Ainamo & Bay (1975) (4,7,32)
• O’Leary et al. (1972) (8)
• Unknown (11,22)

Various
In Guarnelli et al. (2008) (9) patients were instructed to take analgesic pills (sodium dipyrone 500mg) after the treatment. The participants in Koshy et al. (2005) (11) were advised
to rinse with 15 ml of 0.05% CHX mouthwash twice a day for 1 month and to practice tongue
brushing in order to delay recolonization from other intra-oral niches during the initial
healing period. Taggart et al. (1990) (27) used the upper jaw quadrants for the test and control procedures. Central incisors were not included. The lower jaw is not assessed in this
study.
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Appendix S4 Mean (SD) scores for the different intervention groups with various indices and their modifications.
Within-group analyses are presented.
S4A: Probing Pocket Depth(PPD), S4B: Clinical Attachment Level(CAL), S4C: Bleeding upon Probing(BOP), S4D:
Gingival Index(GI), S4E: Plaque Index scores(PI), S4F: Gingival Recession(GR).

Appendix 4A
# PPD

Taggart et al.
(1990) (27)

Reynolds et al.
(1991) (21)

Anderson et al.
(1995) (3)

Rosling et al.
(2001) (24)

Forabosco et al.
(2005) (9)

Koshy et al.
(2005) (11)

Leonhardt et al.
(2006) (13)

Zanatta et al.
(2006) (32)

Al-Saeed & Babay
(2009) (2)

Guarnelli et al.
(2008) (9)

Feng et al.
(2011) (8)

Cosyn et al.
(2012) (5)

do Vale et al.
(2015) (7)

Group

Baseline

End

Difference

Significant
within groups

CHX

3.5 (0.6)

2.6 (0.3)

0.9 ◊

Yes

W

3.4 (0.5)

2.6 (0.7)

0.8 ◊

Yes

CHX

▲

▲

?

Yes

W

▲

▲

?

Yes

PS

▲

▲

?

?

W

▲

▲

?

?

IO

3.9 (0.9)

▲

?

Yes

W

3.7 (0.9)

▲

?

Yes

IS

5.88 (0.81) ◆

3.43 (0.83) ◆

2.45 ◊

?

NaCl2

5.92 (0.88) ◆

4.70 (0.88) ◆

1.22 ◊

?

PVP

4.09 (0.89)

2.36 ◊

1.73 (0.6)

Yes

W

4.01 (0.62)

2.27 ◊

1.74 (0.5)

Yes

PVP

0

47.4

-47.4 ◊

?

S

0

57.9

-57.9 ◊

?

PVP

5.71 (0.62)

3.18 (0.51)

2.53 (0.50)

Yes

NaCl

5.52 (0.58)

2.95 (0.33)

2.58 (0.60)

Yes

PVP-HP

2.86 (1.3)

2.00 (0.88)

0.866 (1.16) ◆

Yes

PVP

2.77 (1.24)

2.03 (0.98) ◆

0.742 (1.18) ◆

Yes

S

3.07 (1.43)

2.10 (0.93)

0.968 (1.06) ◆

Yes

CHX

5.69 (0.82) ◆

4.53 (0.94) ◆

1.17 (0.28) ◆

Yes

Placebo

6.08 (0.97) ◆

4.30 (1.43) ◆

1.78 (2.09) ◆

Yes

EO

5.90 (0.62)

4.35 (0.86)

1.55 (0.60)

Yes

SS

5.95 (0.64)

4.77 (0.94)

1.18 (0.65)

Yes

EO

3.69 (0.48)

2.80 (0.34)

0.90 (0.34) ◆

Yes

W

3.84 (0.59)

2.82 (0.35)

1.02 (0.50) ◆

Yes

PVP

6.12 (0.33)

4.51 (0.49)

1.61 (0.39) ◆

No

S

6.24 (0.43)

4.19 (0.65)

2.05 (0.53) ◆

No

CHX: Chlorhexidine, EO: Essential Oils, PVP: Povidone-iodine, HP: Hydrogen peroxide, W: Water, S: Saline,
PS: ProSol, SS:Sorbitol Solution, IO: Iodofor, IS: Iodised solution, NaCL: Sodium chloride, ▲: Insufficient data
presentation, ◊ = Calculated by the authors of this review based on the presented data in the selected paper,
◆ = Provided by the original author, ? = Unknown/not
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Appendix 4B
#CAL

Taggart et al.
(1990) (27)

Chapple et al.
(1993) (4)

Anderson et al.
(1995) (3)

Rosling et al.
(2001) (24)

Forabosco et al.
(2005) (9)

Koshy et al.
(2005) (11)

Leonhardt et al.
(2006) (13)

Zanatta et al.
(2006) (32)

Al-Saeed &Babay
(2009) (2)

Feng et al.
(2011) (8)

Cosyn et al.
(2012) (5)

do Vale et al.
(2015) (7)

Group

Baseline

End

Difference

Significant
within groups

CHX n330

?

?

0.50 (1.1) ◆

?

W n330

?

?

0.4 (0.8) ◆

?

CM-CHX

4.2 (2.25) ◊

4.9 ◊

0.7 (0.75) ◊

Yes

CM-W

4.0 (2.62) ◊

4.8 ◊

0.8 (1.12) ◊

Yes

US-CHX

4.1 (2.62) ◊

5.0 ◊

0.9 (0.75) ◊

Yes

US-W

4.2 (3.74) ◊

5.1 ◊

0.9 (1.12) ◊

Yes

PS

?

▲

▲

?

W

?

▲

▲

?

IO

▲

▲

?

No

W

▲

▲

?

No

IS

5.95 (1.01) ◆

4.46 (1.04) ◆

1.49 ◊

?

NaCl2

5.98 (1.04) ◆

5.13 (1.11) ◆

0.85 ◊

?

PVP

?

?

1.07 (0.4)

?

W

?

?

1.2 (0.3)

?

PVP

?

0.7 (1.2)

?

?

S

?

0.6 (0.9)

?

?

PVP

6.12 (0.65)

4.18 (0.91)

1.94 (0.70)

Yes

NaCl

5.94 (0.75)

3.95 (0.74)

1.99 (0.92)

Yes

PVP-HP

6.74 (1.56)

6.19(1.40) ◆

0.547 (1.34) ◆

Yes

PVP

6.70 (1.57)

6.22 (1.46) ◆

0.477 (1.26) ◆

Yes

S

7.04 (1.61)

6.17 (1.39) ◆

0.825 (1.20) ◆

Yes

EO

6.39 (0.79)

5.31 (0.98)

1.08 (0.65)

Yes

SS

6.73 (0.95)

5.79 (1.27)

0.94 (0.63)

Yes

EO

4.40 (0.71)

3.92 (0.88)

0.49 (0.32) ◆

Yes

W

4.34 (0.65)

3.86 (0.75)

0.48 (0.47) ◆

Yes

PVP

8.36 (0.79)

7.63 (0.95)

0.73 (0.42) ◆

Yes

S

8.71 (0.91)

7.53 (0.79)

1.18 (0.62) ◆

Yes

Abbreviations see table 4A
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Appendix 4C
# BS

Index %

Group

Baseline

End

Difference

Significant
within groups

Zanatta et al.
(2006) (22)

Mühlemann &
Son (1971) (16)
BoP

PVP

▲

▲

?

Yes

NaCl

▲

▲

?

Yes

Löe
(1967) (15)
BoP

PS

18 ◊

8.5 ◊

9.5 ◊

?

W

13.34 ◊

6.67 ◊

6.6 ◊

?

EO

73.68 (23.57)

31.78 (25.32)

41.90 (26.12)

Yes

SS

80.00 (34.29)

30.76 (28.54)

49.24 (28.19)

Yes

PVP

74.68 (15.4)

18.28 ◊

56.4 (13.5)

Yes

W

76.58 (14.1)

14.68 ◊

61.9 (13.1)

Yes

IO

69 (31)

▲

?

Yes

W

66 (34)

▲

?

Yes

IS

80 ◆

19 ◆

61 ◊

?

NaCl2

83 ◆

35 ◆

48 ◊

?

EO

56 (21)

23 (8)

33 (16) ◆

Yes

W

60(19)

28 (10)

32 (20) ◆

Yes

PVP

88.2 (12.8)

30.6 (26.5)

57.6 ◊

?

S

80.3 (27.1)

31.9 (28.2)

48.4 ◊

?

CHX

50.7 (16.6)

11.2 (8.3)

39.5 ◊

?

W

51.6 (16.4)

18.4 (17.0)

33.2 ◊

?

PVP

43.98 (18.97)

18.16 (4.92) ◆

25.81 (20.68) ◆

Yes

S

40.93 (23.06)

17.94 (4.83) ◆

22.98 (24.04) ◆

Yes

PVP-HP

68.5

29.5

39 ◊

Yes

PVP

65.8

31.5

34.3 ◊

Yes

S

72.6

32.6

40 ◊

Yes

CM-CHX

58 (101.01) ◊

28.0 (27.69) ◊

30 ◊

Yes

CM-W

56 (74.83) ◊

37.1 (29.56) ◊

18.9 ◊

Yes

US-CHX

58 (93.54) ◊

25.6 (22.45) ◊

32.4 ◊

Yes

US-W

52 (93.54) ◊

20.3 (20.58) ◊

31.7 ◊

Yes

Anderson et al.
(1995) (3)

Feng et al.
(2011) (8)

BoP

Koshy et al.
(2005) (11)

BoP

Rosling et al.
(2001) (23)

BoP

Forabosco et al.
(2005) (9)

BoP

Cosyn et al.
(2012) (5)

BoP

Leonhardt et al.
(2006) (13)

BoP

Taggart et al.
(1990) (27)

Sidi & Ashley
(1984) (25)
BoP

do Vale et al.
(2015) (7)

Mühlemann &
Son (1971) (16)

Al-Saeed
&Babay
(2009) (2)

Chapple et al.
(1993) (4)

Polson & Caton
(1985) (19)

Ainamo & Bay
(1975) (1)

Abbreviations see table 4A
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Appendix 4D
# GI

Index

Reynolds et al.
(1991) (21)

Löe & Silness
(1963) (14)

Guarnelli et al.
(2008) (9)

Löe & Silness
(1963) (14)

Anderson et al.
(1995) (3)

Löe
(1967) (5)

Cosyn et al.
(2012) (5)

Muhlemann &
Son (1971)
SBI (16)

Group

Baseline

End

Difference

Significant
within groups

CHX

▲

▲

?

Yes

W

▲

▲

?

Yes

CHX

0.87 (0.34) ◆

0.26 (0.24) ◆

0.61 (0.32) ◆

Yes

Placebo

1.28 (0.46) ◆

0.49 (0.49) ◆

0.79 (0.27) ◆

Yes

PS

?

?

?

?

W

?

?

?

?

EO

0.77 (0.43)

0.16 (0.12)

0.63 (0.41) ◆

Yes

W

0.76 (0.43)

0.21 (0.18)

0.54 (0.38) ◆

Yes

Abbreviations see table 4A

Appendix 4F
# GR

Taggart et al.
(1990) (27)

Zanatta et al.
(2006) (32)

Al-Saeed & Babay
(2009) (2)

Feng et al.
(2011) (8)

Group

Baseline

End

Difference

Significant
within groups

CHX
n330

?

0.4(0.8) ◆

?

?

W
n330

?

0.4 (0.8) ◆

?

?

PVP

0.41 (0.47)

1.00 (0.69)

0.59 (0.37)

Yes

NaCl

0.40 (0.37)

0.95 (0.66)

0.55 (0.45)

Yes

PVP-HP

0.38 (0.82)

0.70 (1.06) ◆

-0.321 (0.84) ◆

Yes

PVP

0.43 (0.91)

0.69 (1.14) ◆

-0.261 (0.72) ◆

Yes

S

0.47 (0.95)

0.62 (1.09) ◆

-0.143 (0.78) ◆

Yes

EO

0.49 (0.72)

0.96 (0.81)

-0.47 (0.72)

Yes

SS

0.78 (0.80)

1.02 (0.77)

-0.24 (0.69)

Yes

Abbreviations see table 4A
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Appendix 4E
# PI

Index %

Reynolds et al.
(1991) (21)

Silness & Löe
(1964) (14)

Al-Saeed &
Babay
(2009) (2)

Silness & Löe
(1964) (14)

Taggart et al.
(1990) (27)

Silness & Löe
(1964) (14)

Anderson et al.
(1995) (3)

Löe
(1967) (15)

Cosyn et al.
(2012) (5)

Quigley & Hein
(1962) (20)

Guarnelli et al.
(2008) (9)

Turesky et al.
(1970) (29)

Zanatta et al.
(2006) (22)

Ainamo & Bay
(1975) (1)

do Vale et al.
(2015) (7)

Ainamo & Bay
(1975) (1)

Chapple et al.
(1993) (4)

Ainamo & Bay
(1975) (1)

Feng et al.
(2011) (8)

O’Leary et al.
(1972) (18)

Koshy et al.
(2005) (11)

?

Rosling et al.
(2001) (22)

?

Leonhardt et al.
(2006) (13)

?

Group

Baseline

End

Difference

Significant
within groups

CHX

▲

▲

?

Yes

W

▲

▲

?

Yes

PVP-HP

1.22 (0.78)

0.61 (0.67)

0.61 ◊

Yes

PVP

1.00 (0.75)

0.58 (0.62)

0.42 ◊

Yes

S

1.18 (0.82)

0.63 (0.64)

0.55 ◊

Yes

CHX

12.0 (9.4)

11.7 (14.0)

0.3 ◊

No

W

12.2 (8.6)

11.3 (11.0)

0.9 ◊

No

PS

?

?

?

?

W

?

?

?

?

EO

2.04 (0.55)

1.26 (0.32)

0.76 (0.41) ◆

Yes

W

2.08 (0.72)

1.23 (0.43)

0.84 (0.44) ◆

Yes

CHX

1.87 (0.33) ◆

1.08 (0.54) ◆

0.79 (0.44) ◆

Yes

Placebo

2.24 (0.47) ◆

1.48 (0.76) ◆

0.77 (0.53) ◆

Yes

PVP

▲

▲

?

Yes

NaCl

▲

▲

?

Yes

PVP

28.06 (8.89)

17.81 (4.93) ◆

10.25 (9.44) ◆

Yes

S

29.12 (11.19)

20.36 (7.11) ◆

8.76 (11.27) ◆

Yes

CM-CHX

71 (63.61) ◊

32.5 (11.97) ◊

38.5 ◊

Yes

CM-W

80 (44.90) ◊

17.2 (12.72) ◊

62.8 ◊

Yes

US-CHX

70 (86.06) ◊

26.6 (16.64) ◊

43.4 ◊

Yes

US-W

79 (48.64) ◊

23.0 (17.59) ◊

56 ◊

Yes

EO

28.95 (28.47)

20.32 (18.42)

8.63 (7.57)

No

SS

29.34 (26.18)

26.12 (25.67)

3.22 (5.29)

No

PVP

23.28 (14.6)

8.62 ◊

14.66 (12.8)

Yes

W

21.18 (16.2)

7.64 ◊

13.54 (13.2)

Yes

IO

30 (33)

▲

?

Yes

W

30 (29)

▲

?

Yes

PVP

78.6 (13.8)

9.2 (23.9)

69.4 ◊

Yes

S

78.6 (15.3)

2.6 (7.9)

78 ◊

Yes

Abbreviations see table 4A

178

Chapter 8 - Appendices

Appendix S5
Forrest Plots of the meta-analysis for the primary parameters of interest. Presented for the
baseline, end and incremental scores. Using a fixed and/or random model where appropriate. S5A: Probing Pocket Depth(PPD), S5B: Clinical Attachment Level(CAL), S5C: Bleeding
upon Probing(BOP).
A chi-square test resulting in a p < 0.1 was considered an indication of significant statistical heterogeneity. As an approximate guide for assessing the magnitude of inconsistency
across studies, an I2 statistic of 0–40% was interpreted potentially not be important, and
for a statistic above 40%, a moderate to considerable heterogeneity may be present.

S5A: Baseline scores PPD
Random model:

Fixed model:

Chapter 8 - Appendices

179

End scores PPD
Random model:

Fixed model:
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Incremental scores PPD
Random model:

Fixed model:
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S5B: Baseline scores CAL
Random model:

Fixed model:
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End scores CAL
Random model:

Fixed model:
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Incremental scores CAL
Random model:

Fixed model:
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S5C: Baseline scores BOP
Fixed model:

End scores BOP
Fixed model:
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Incremental scores BOP
Fixed model:
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Appendix S6

techniques in non-surgical periodontal treatment.

References used in the appendices.

Minerva Stomatologica 55, 289-296.
9. * Guarnelli, M. E., Franceschetti, G., Manfrini,

1. Ainamo, J., & Bay, I. (1975). Problems and proposals

R., & Trombelli, L. (2008). Adjunctive effect of

for recording gingivitis and plaque. International

chlorhexidine in ultrasonic instrumentation of

Dental Journal 25, 229-235.

aggressive periodontitis patients: a pilot study.

2. * Al-Saeed, M. Y., & Babay, N. (2009). The use of
povidone–iodine and hydrogen peroxide mixture

Journal of Clinical Periodontology 35, 333-341.
10. H
 oang, T., Jorgensen, M. G., Keim, R. G., Pattison, A.

as an adjunct to non-surgical treatment of slight to

M., & Slots, J. (2003). Povidone‐iodine as a

moderate chronic periodontitis. The Saudi Dental

periodontal pocket disinfectant. Journal of

Journal 21, 127-133.

Periodontal Research 38, 311-317.

3. * Anderson, G. B., Plotzke, A. E., Morrison, E. C., &
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