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Preface

The Agency for Hedlthcare Research and Quality (AHRQ), through its Evidence-Based
Practice Centers (EPCs), sponsors the devel opment of evidence reports and technol ogy
assessments to assist public- and private-sector organizations in their efforts to improve the
quality of health care in the United States. This report, Effectiveness of Antimicrobial Adjunctsto
Scaling and Root-Planing Therapy for Periodontitis, was requested and funded by the National
Ingtitute of Dental and Craniofacial Research. The reports and assessments provide organizations
with comprehensive, science-based information on common, costly medical conditions and new
health care technologies. The EPCs systematically review the relevant scientific literature on
topics assigned to them by AHRQ and conduct additional analyses when appropriate prior to
developing their reports and assessments.

To bring the broadest range of experts into the development of evidence reports and health
technology assessments, AHRQ encourages the EPCs to form partnerships and enter into
collaborations with other medical and research organizations. The EPCs work with these partner
organizations to ensure that the evidence reports and technology assessments they produce will
become building blocks for health care quality improvement projects throughout the Nation. The
reports undergo peer review prior to their release.

AHRQ expects that the EPC evidence reports and technology assessments will inform
individual health plans, providers, and purchasers as well as the health care system as a whole by
providing important information to help improve health care quality.

We welcome written comments on this evidence report. They may be sent to: Director,
Center for Outcomes and Evidence, Agency for Healthcare Research and Quality, 540 Gaither
Road, Rockville, MD 20850.

Carolyn M. Clancy, M.D. Jean Slutsky, P.A., M.SP.H.
Director Acting Director, Center for Outcomes and
Agency for Healthcare Research and Quality Evidence

Agency for Healthcare Research and Quality

Lawrence Tabak, D.D.S,, Ph.D.
Director
National Institute of Dental and Craniofacial Research

The authors of this report are responsible for its content. Statements in the report should
not be construed as endorsement by the Agency for Healthcare Research and Quality or
the U.S. Department of Health and Human Services of a particular drug, device, test,
treatment, or other clinical service.
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Structured Abstract

This systematic review concerns chronic periodontitis (bacterial infections of the soft tissue and
bone supporting the teeth), which affects many adults in the United States, some severely enough
to threaten loss of teeth. The key quegtion is whether, in adults with chronic periodontitis, scaling
and root planing (SRP) accompanied by an adjunctive antimicrobia agent when compared to
SRP alone improves outcomes that persist over time. Adjunctive antimicrobials include
systemic and/or locally applied tetracycline, minocycline, metronidazole, metronidazole plus
amoxicillin, chlorhexidine, a grouping of other antibiotics, and a grouping of other
antimicrobials. Primary outcomes are reductionsin probing depth (PD), gainsin clinical
attachment level (CAL), and decreases in selected pathogens, especialy spirochetes.

Search Strategy. The RTI-UNC Evidence-based Practice Center did a series of MEDLINE
searches covering 1966 through December 2002 and an BEMBA SE search through February 2002
to identify published primary research on this key question; we conducted hand searches of
relevant leading journals and used literature identified by clinical experts that the searches did
not identify.

Selection Criteria. Weincluded clinical trials published in English that (a) involved adults with
chronic periodontitis but no serious comorbidities, (b) tested one or more chemical antimicrobial
agents as an adjunct to SRP alone (or with a placebo), (c) had a concurrent control group that
received the same SRP as the treatment group, (d) reported outcomes for specified, fixed time
periods, and (e) if multiple antimicrobials were tested, reported outcomes for each agent

separately.

Data Collection and Analysis. From a pool of nearly 11,000 articles, we retained 599 for
independent dual reviews; we retained 70 of these articles, although we used some more than
once because they involved more than one antimicrobial arm. A single abstractor abstracted data
that were then entered into evidence tables; at |east one author independently confirmed datain
the evidence tables against origina articles and verified data in text and text tables.

We did descriptive and qualitative syntheses of this evidence, focusing on the PD, CAL, and
microbiological outcomes, mainly percentage change in spirochetes, reported for the longest
time period of each trial. We conducted several meta-analyses of PD and CAL effect sizeswhen
we had necessary data on at |least three studies at 6-month follow-up (plus or minus 3 months).

Main Results. Findings differed markedly by antimicrobial and mode of delivery. While this
literature has numerous limitations, locally administered adjunctive drugs appear to be more
efficacious than systemic drugs; most positive results occurred for tetracycline, minocycline,
metronidazole, and chlorhexidine. Adjunctive therapies generally reduced PD levels; differences
between treatment and SRP-only groups in the baseline-to- follow-up changes typically favored
treatment groups but usually only modestly (e.g., from about 0.1 mm to nearly 0.5 mm) even
when the differences between groups were statistically significant. Effects for CAL gains were
smaller and statistical significance less common.
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Conclusions. Some antimicrobials show promise as adjunctive therapies to SRP for treating
non-aggressive chronic periodontitis in patients without other comorbid conditions such as
diabetes or immune deficiency, but the marginal improvements in PD and CAL are afraction of
the improvements from SRP alone. Thus, whether such improvements, even if statistically
significant, are clinically meaningful remains a question. A substantial agenda of future research
to address that and other issues (e.g., costs, patient-oriented outcomes) remains.
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Effectiveness of Antimicrobial Adjuncts to Scaling
and Root-Planing Therapy for Periodontitis

Summary

Objectives

Periodontal diseases are bacterial infections that
occur at or below the gum line. In contrast to
gingivitis, which affects only the gums,
periodontitis (severe periodontal disease) may
involve the soft tissue and bone supporting the
teeth. An estimated 70 percent of the adult U.S.
population is affected by these infections. This
includes 20-30 percent who have periodontitis
that threatens the loss of teeth. Approximately
$5 billion is spent on treatment of periodontal
diseases each year. This report deals with the
treatment of chronic periodontitis in adults.

The key question is whether scaling and root
planing (SRP) accompanied by an antimicrobial
agent, as a supplemental or adjunct treatment,
results in improved outcomes that persist over
time in adults with chronic periodontitis when
compared with SRP alone (or SRP and placebo).
The primary outcomes of interest in this report
are reductions in probing depth (PD) and gains
in clinical attachment level (CAL). Of secondary
interest are reductions in selected disease-causing
bacteria, particularly reduction in the percentage
of spirochetes present in dental plaque or in fluid
from the gingival crevice.

Methodology

Search Strategy

The research team performed automated
searches of MEDLINE™ and EMBASE™ to
identify published primary research that
contained evidence related to the key question.
The authors tailored the searches to the key
question. They did not seek out unpublished
research, but hand-searched the last 12 months of

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES e Public Health Service

the three most relevant journals, to be sure to
include recent articles that might not have been
indexed in time for the searches. Using key
words, the authors limited the MEDLINE
searches by dental condition (periodontitis),
treatments (scaling, root planing, use of specific
antimicrobial drugs), and study designs
(controlled clinical trials) of interest. EMBASE
was searched by condition and study design.

Selection Criteria

Only research articles published in English
involving human subjects, and whose study
design was a controlled clinical trial, were
included in the review. The trials all had to test
one or more chemical antimicrobial agents as an
adjunct to SRP. To be included, the study needed
to have a concurrent control group that received
the same type of SRP as did the treatment group.
Generally, if multiple antimicrobials were being
tested, the study had to report outcomes for each
agent separately. An exception was made for one
commonly used drug combination (metronida-
zole and amoxicillin). Outcomes had to be
reported for specified, fixed time periods.

The authors included only studies in which
their samples were described as persons with
chronic (or adult) periodontitis; thus, studies of
forms of the disease described as aggressive, early
onset, juvenile, and refractory were excluded.
Also excluded were studies of people with
diabetes, smokers, and those infected with
HIV/AIDS, because of behavioral or comorbid
factors that can complicate treatment. Despite
the authors’ effort to standardize the type of
disease studied, the samples of subjects remained
diverse, including persons never before treated for
periodontitis, those on maintenance regimens,
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and subjects with active disease. In addition, the patient
samples typically were described as covering a range of disease
severity, such as moderate to severe periodontitis.

Data Collection and Analysis

The researchers performed independent, dual reviews of
titles or abstracts on a total of 599 articles that were found
using automated searches of MEDLINE and EMBASE and
through hand-searches of reviews and recent journals. These
searches were used to identify potentially useful articles that
were obtained and abstracted. Data from these abstracted
articles was included in evidence tables separately by the type of
antimicrobial agent used and whether the agent was delivered
systemically or locally.

A single reviewer read the relevant portions of each article to
establish its eligibility for inclusion in the report. Another
reviewer independently assessed the excluded articles to assure
that they were properly removed from full review and
abstraction. Individual abstractors extracted data from the
tables and text of included articles, and the report’s authors
independently confirmed the abstracted data as they prepared
the evidence and text tables, and analyzed the results. Articles
excluded after the start of data abstraction were reviewed by a
second reviewer, as described above, for confirmation of the
exclusion decision.

This process reduced the total number of included articles to
67. Suggestions made during peer review of the draft report
led to the inclusion of an additional three studies, for a total of
70 articles. Several studies had multiple intervention arms, so
that a single study could contribute to the evidence on more
than one adjunct therapy. Analysis of these studies consisted of
a descriptive synthesis—primarily of changes in PD, CAL, and
microbiological composition. When necessary data was
available from at least three studies, the authors also conducted
a meta-analysis to provide a quantitative synthesis and overall
estimates of the adjunct’s effectiveness.

Findings

The authors conducted separate analyses of the following
agents as adjuncts to SRP: tetracycline, minocycline,
metronidazole, the combination of metronidazole and
amoxicillin, and chlorhexidine. For tetracycline, minocycline,
and metronidazole, they did separate analyses for systemically
and locally delivered adjunct treatments. Local treatment
delivery methods included irrigants, gels, ointments,
microcapsules, and impregnated strips, chips, and fibers.

The authors also analyzed agents that appeared in the
literature as part of only one or two identified eligible studies.
These were grouped together, either as other antibiotics
(doxycycline, azithromycin, spiramycin, and ofloxacin), or as
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other antimicrobials (fluorides, hydrogen peroxide, povidone
iodine, triclosan, and tetrapotassium peroxydiphosphate).

Tetracycline. For systemic tetracycline (five studies), there
was a greater reduction in PD with adjunct treatment than
using SRP alone, but no individual difference reached statistical
significance. The meta-analysis produced an estimated overall
difference of 0.15 mm in PD reductions, favoring the use of
SRP with systemic tetracycline over SRP alone, but this
difference also did not reach statistical significance. One of the
four studies that measured CAL gain produced a statistically
significant reduction of 0.31 mm, favoring the use of the
adjunct with SRP over SRP alone.

The weight of the available evidence supports the
effectiveness of locally applied tetracycline as an adjunctive
therapy. Of the 16 studies of locally applied tetracycline
preparations, four demonstrated statistically significant PD
reductions ranging from 0.41 mm to 0.93 mm, favoring the
experimental group. The overall estimated PD reduction—
0.47 mm—was statistically significant, favoring the adjunct
treatment. Only two studies in this group showed a statistically
significant gain in CAL, 0.15 mm and 0.48 mm, respectively;
the overall effect size from the meta-analysis was a statistically
significant 0.24 mm CAL gain.

Minocycline. Neither of the two studies of systemic
minocycline used as an adjunct to SRP provided any
statistically significant evidence for its use in reducing PD or
increasing gains in CAL.

The eight studies of locally applied minocycline are more
supportive of its use as an adjunct to SRP. Four studies
reported statistically significant reductions in PD. These
ranged from 0.30 mm to 1.10 mm, with this latter amount
reported for persons whose initial probing depth was 7 mm or
greater. The mean effect size from the meta-analysis was a
statistically significant 0.49 mm reduction in PD, favoring use
of local minocycline. A very similar result was reported for
CAL gain, with three studies showing statistically significant
gains in CAL of 0.39 mm to 0.80 mm. The mean effect size
from the meta-analysis was a statistically significant 0.46 mm
gain in CAL and favored the use of the adjunct.

Metronidazole. Only two of the seven studies of systemic
metronidazole used as an adjunct to SRP reported statistically
significant reductions in PD over SRP alone. They ranged
from 0.47 mm to 1.64 mm and represented subpopulations
with initial probing depths of 4 mm to 6 mm and more than 6
mm, respectively. Two studies also reported statistically
significant gains in CAL with the adjunctive use of systemic
metronidazole, ranging from 0.47 mm to 1.19 mm, again in
persons with relatively deep initial PD.

Four of the 11 studies of SRP plus locally delivered
metronidazole yielded statistically significant reductions in PD
ranging from 0.18 mm to 0.80 mm. The overall effect size



estimated from the meta-analysis was 0.32 mm favoring local
metronidazole as an adjunct to SRP; this effect was found to be
statistically significant. Two studies reported statistically
significant CAL gains of 0.40 mm and 0.66 mm, again
favoring the adjunctive use of local metronidazole. The mean
effect size estimated from the meta-analysis was only 0.12 mm,
favoring adjunctive local metronidazole, but it is statistically
significant.

Metronidazole and Amoxicillin Combination. Only one
of the four studies of this systemically administered drug
combination plus SRP reported a statistically significant greater
PD reduction than SRP alone (0.7 mm). One of the four
studies of CAL gain reported a statistically significant
improvement over SRP alone, but the exact amount of the
difference was not reported.

Chlorhexidine. Of the 17 studies of locally administered
chlorhexidine included in the review, most had small numbers
of subjects but larger numbers of sites or pockets as the unit of
analysis. Despite this, only two of these trials (both using
chlorhexidine chips) produced statistically significant PD
reductions. The reductions favoring the use of chlorhexidine as
an adjunct to SRP ranged from 0.26 mm to 0.33 mm.
Conversely, one large trial showed a statistically significant net
PD reduction of 0.46 mm favoring the control group. The
statistically significant overall effect size from the meta-analysis
was 0.24 mm, reflecting the moderating effect of the contrary
results from the larger trial reporting greater PD reduction with
SRP alone.

Gains in CAL with the use of chlorhexidine as an adjunct
were generally lower than were the reductions in PD. Three
studies had statistically significant results ranging from 0.16
mm to 0.28 mm, favoring chlorhexidine use. The statistically
significant mean effect size estimated from the meta-analysis
was 0.16 mm.

Other Antibiotics. The seven trials in the group of other
systemic antibiotics (doxycycline, spiramycin, the combination
of spiramycin and metronidazole, azithromycin, amoxicillin
and clavulanic acid, and amoxicillin plus chlorhexidine) were
quite varied in size, duration, and other variables. The authors
were not able to combine these trials into a meta-analysis.
Three of the studies reported statistically significant results for
PD reduction, ranging from 0.47 mm (for spiramycin) to 0.87
mm (for azithromycin, among patients with initial PD levels of
6 mm or greater). Two studies reported statistically significant
results for CAL gains; only one gave specific data, a gain of 1.3
mm with doxycycline. Given the diversity of these therapeutic
agents, means of therapy, and overall study designs, the authors
believe that caution is warranted in interpreting these studies as
convincing evidence of effectiveness, especially in the light of
the generally negative results for other, more commonly studied
systemic antibiotics.

Only two trials dealt with other local antibiotics (doxycycline
gel and ofloxacin inserts), and only the one with doxycycline
provided data showing a 0.44 mm PD reduction and a 0.37
mm CAL gain, both statistically significant. These results are
promising, as they come from a relatively large trial, but the
strength of the evidence should be interpreted conservatively
when compared to that represented by the multiple studies of
the more commonly used local adjunct therapies.

Other Antimicrobials. It is not possible to say much about
the group of five studies (one with two experimental arms)
grouped together as other antimicrobials (amine fluoride gel,
stannous fluoride gel, triclosan gel and dentifrice, hydrogen
peroxide, povidone—iodine, and tetrapotassium
perioxydiphosophate), all of which are locally delivered. As
regards PD reduction, one of the six trials reported a
statistically significant 0.8 mm net reduction at 52 weeks,
favoring hydrogen peroxide used as an adjunct to SRP;
however, for CAL gains, no study had statistically significant
improvements favoring the treatment group. In light of the
level of improvements from adjunct use of some locally
administered antibiotics, the PD findings for hydrogen
peroxide may seem promising, but they are from only a single,
small study.

Conclusions

Although the findings differ for each antimicrobial and
mode of delivery, the authors make some important overall
observations relating to the key question. First, relative to the
PD reductions achieved from the baseline measurement to the
study end-point measurement, the difference in measurements
between the treatment and control groups typically favored the
treatment group, but was relatively modest. With respect to
CAL gains, the picture was similar, but the effects are smaller
and statistical significance was less common.

Of the antimicrobials investigated, studies of locally applied
tetracycline and minocycline—and locally delivered
chlorhexidine—have fairly consistent results in moderately large
studies that often reach statistical significance; improvements
observed in these studies typically average in the neighborhood
of 0.3 mm to 0.6 mm. The other agents and delivery modes
produced less consistent outcomes and fewer outcomes that
reached statistical significance; the majority of studies showed
small, statistically nonsignificant PD improvements. CAL
outcomes were not as positive as those for PD. The question
remains, the authors note, whether such improvements are
clinically meaningful.
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The full evidence report from which this summary was
derived was prepared for the Agency for Healthcare Research
and Quality by the RTT-University of North Carolina at
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Chapter 1. Introduction

Periodontal Disease and Periodontitis

Periodontal diseases are bacterial infections that occur at or below the gum line; they
include both gingivitis and periodontitis. The former affects only the gingival tissue, while the
latter not only affects the gingivae but also the bone supporting the teeth. This systematic review
concerns chronic periodontitis, which itself is typically described as mild, moderate, or advanced
on the basis of gingival inflammation, pocket formation, loss of gingival attachment, bone
resorption, and number of teeth involved.> According to the Surgeon General’s report on oral
health, most adults are affected by these infections; a decade ago, nearly 36 million persons ages
35 through 79 had some form of periodontitis.>® Of persons ages 45 to 54 (one of the two most
affected age groups), 14 percent have severe periodontitis.** Prevalence rates and severity of
periodontitis are higher among males than females and among blacks and Mexican Americans
than whites.*

Expenditures on dental services were estimated in 1998 to be amost $54 billion; they were
expected to exceed $60 billion in 2000.* Of this dental bill, perhaps nearly $5 billion is now
spent on periodontal services (in 1999, an estimated $4.4 billion was spent on periodontal
procedures alone).! As documented in the Surgeon General’ s report, periodontal diseases can be
associated with avariety of other serious health conditions (e.g., diabetes, cardiovascular disease,
stroke); the diseases themselves and the need to seek dental or periodontal care can have impacts
on numerous quality-of-life indicators (e.g., socia interaction, limitations in usual daily
activities, psychological status and sleep, and diet and nutrition) that reflect patient-oriented
concerns.

For the past 100 years, many investigations have attempted to define the etiologic agents of
these diseases.® The microbiology of periodontal infections is quite complicated, and numerous
bacterial agents have been implicated in their etiology. Perhaps as much as 50 percent of the
subgingival flora of chronic periodontitis has not yet been characterized (Gary Armitage, DDS,
Personal Communication, May 7, 2003). Nonetheless, small groups of specific bacterial species
are now considered to be important in the initiation or progression (or both) of periodontitis;®
often mentioned are Bacteroides forsythus, Porphyromonas gingivalis, Treponema denticola,
and Actinobacillus actinomycetemcomitans.”®

Scaling and root planning (SRP) is generally the first treatment employed for periodontitis.
It is considered a nonsurgical procedure for which local anesthesia is often given to numb the
infected gingiva (gums) around the teeth to be subgingivally scaled and planed. Scaling may be
performed with hand instruments alone or with the aid of an ultrasonic scaler. It isdone to clean
teeth thoroughly below the gum line, removing bacterial plague, calculus (tartar), debris, necrotic
tissue, and pus from pockets that form around infected teeth. Root planing involves cleaning and
smoothing the root surface of an infected tooth after scaling so that the gingival tissue can heal
close to the root, shrinking the tissue and reducing the depth of the pocket that had formed. SRP
isintended to reduce the bacterial 1oad, shrink swollen and inflamed gingiva, and recondition the
subgingival ecology, making it biologically compatible with optimal healing and reattachment of
epithelium to the root surface.

Two commonly used clinical measures of periodontal disease progression and restoration of
oral health are probing depth (PD, sometimes referred to as probing pocket depth) and clinical
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attachment level (CAL). These measures are made with specially marked periodontal probes
held parallel to the tooth and inserted under the free gingival margin and gently “walked” to the
base of the sulcus (i.e., pocket). The probes are typically marked with rings or bands that
measure distance in millimeters. The PD is generally measured as the distance from the base of
the sulcus to the top of the free gingival margin. The CAL is often measured as the difference
between the PD and the distance from the free gingival margin and a natural fixed anatomical
marker on the tooth called the cemento-enamel junction (CEJ). Asthe name implies, the CEJis
where the cementum and enamel on the tooth are joined. Specially fabricated stents are also
used as an dternative to a fixed anatomical landmark to measure changesin CAL.

Concerted clinical effort at SRP isaimed at reducing the becterial 1oad and thus reduce the
subsequent risk of periodontitis (Figure 1, Line segment A-B). The recognition that specific
bacteria rather than nonspecific “plague” are the etiologic vector for periodontitis has led to the
development of antimicrobial treatment approaches for reducing or eliminating these bacteria
and the infections (Figure 1, Line segment A-C). Antimicrobia agents could both reduce the
bacterial 10oad and shift the bacterial ecology from “disease promoting” to “health promoting.” 1f
mechanical therapy and antimicrobial therapy are both effective, then the combination of the two
could potentially be even more effective (Figure 1, Line segment B-D), lowering both the risk of
further disease and reducing the bacterial load to further promote periodontal health. This
systematic review examines the evidence for this combined approach to therapy for periodontitis.

Specifically, we examine the evidence, for adults with chronic periodontitis, as to whether
SRP accompanied by an adjunctive artimicrobial agent, compared to SRP aone, improves
outcomes that persist over time. The primary outcomes of interest in this report are PD
reductions, CAL gains, and secondarily, reductions in selected pathogens. The clinical rationale
for this question relates to developments in controlling periodontal infections.

Controlling Periodontal Infections

The juxtaposition of three developments makes concerted efforts to control periodontal
infections more realistic today than in the past. The first mgor advance was the devel opment of
molecular diagnostic tools that can rapidly and inexpensively examine large numbers of plague
samples and identify specific microbial species. A second advance was the recognition that
specific microbial complexes occur together in plague. The third was the development of new
tools to reduce the supra- and subgingival bacteria, such as chlorhexidine mouthwash, triclosan
dentifrice, electronic toothbrushes, and systemic and local drug delivery systems. From data
derived from these three scientific avenues, three strategies have been proposed for reducing the
risk of periodontal diseases. Each attempts to intercept the disease process at critical pointsin its
devel opment.

1. Reduce supragingival plague. Supragingival plague reduction by home care and
professional cleaning is the most universally practiced periodontal treatment available; it is
considered essential in the treatment of periodontal diseases.

2. Control pathogen transmission Introduction of an antibacterial mouthwash and
toothpaste may insulate sites from infected pathogen reservoirs elsewhere in the mouth. Hujoel
et al. tested rinsing once per week and observed a 45 percent reduction in tooth loss after
1 year.!® Quirynen et a.** and De Soete et al.,'? examining one-stage, full-mouth disinfection,
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observed a parallel significant reduction in periodontal pathogens and improvement in clinical
health following chlorhexidine rinses.

3. Disinfect pathogen reservoirs. Many investigators have recognized disease reservoirs as
seeding sources for intraoral spread of disease and as an important consideration in determining
therapeutic outcome.*® Of the infection sourcesin the oral cavity, untreated sites elsewhere in
the mouth represent the most obvious potential source of re-infection. At least three mechanisms
are used to address this threat: SRP; local drug delivery; and systemic antibiotics.

RP. SRP has been used effectively in periodontal therapy for more than 1,000 years.**®

The concept that eliminating periodontal pockets that support pathogen growth decreases the risk
of periodontal disease is generally accepted. Some clinical studies indicate that most patients
with periodontal disease can be maintained by regular SRP aone.***° By itsalf, SRP produces a
very modest transient reduction in bacteria; they can return to pretreatment levels within 2
weeks. 2?1 When total bacterial load changes, a subset of bacteria associated with periodontitis
is also depressed, including P. gingivalis, B. forsythus, and T. denticola.??> The microbial impact,
however, appears to be short lived with sites re-infecting after 3 months. This suggests that a
more effective initial therapy might reduce the labor of continued maintenance and also further
reduce the disease risk.

Local drug delivery. Severa local antibacteria agents have been tested for intra-pocket
delivery. These include doxycycline gel, metronidazole gel, chlorhexidine chips, minocycline
microspheres, and tetracycline fibers. All these agents, either alone or in combination with SRP,
appear to reduce pocket depth?® and may also alter oral bacteria.

Systemic antibiotics. A host of systemic antibacterial agents has been tested: amoxicillin,
metronidazole, metronidazole plus amoxicillin, azithromycin, clindamycin, and ciprofloxacin.
The studies, some considered in recent systematic reviews examining these antibacterial agents,
either aone or in conjunction with mechanical therapy, suggest that antibacterial therapy alone
may, in some cases, be as effective as SRP therapy.>*

Origins of this Evidence Report

Thisisthe fourth in a series of systematic reviews of dental topics prepared for the Agency
on Healthcare Research and Quality (AHRQ) with the support and collaboration of the National
Institute of Dental and Craniofacial Research (NIDCR) (for Acknowledgments, see Appendix
A). Thefirst was areview of denta caries diagnosis and management that cut across the entire
population and stages of life.?> The second report, rather than focusing on a specific dental
disease condition or a particular treatment approach for the general population, dealt with severa
aspects of the treatment of a specia population subgroup — persons infected with human
immunodeficiency virus (HIV) and those living with acquired immune deficiency syndrome
(AIDS).?° The third report reviewed the cardiovascular effects of the use of epinephrine—an
ingredient of dental anesthesia and retraction cord inserted around teeth to reduce bleeding —in
hypertensive dental patients.?’

The specific clinical question to be addressed in this evidence report emerged from a
working group meeting that NIDCR convened on the National Institutes of Health campus on
April 2,2001. Thisinvited group of eight experts from the field of periodontics represented the
range of experience, activity, and perspective within the discipline, including academia, public
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health, clinical practice, and research. In selecting the area of periodontal disease, NIDCR
sought to include in its array of evidence reports the next largest domain of the profession’s
clinical activities after dental caries, for which we had already prepared areport. In bringing
together the working group, NIDCR was opening the topic selection process to the needs and
sensitivities of the field.

A set of six questions emerged from the working group meeting. Two involved diagnostic
issues; one related to distinguishing aggressive from chronic periodontitis, and the other to
assessing the validity of methods to predict periodontal destruction. Four gquestions addressed
disease management or treatment issues. These included assessments of the effectiveness of
SRP compared to other treatments, the nature of professional maintenance needed after
periodontal therapy, how risk factors modify the outcomes of periodontal therapy, and whether
predictable therapies exist for regenerating supporting tissue lost to periodontal disease. For a
variety of reasons, the group rated the question of the effectiveness of SRP therapy for chronic
periodontitis as the top issue for the NIDCR to consider in the evidence report.

The project team subsequently refined and clarified the question through discussions with
the NIDCR staff and later through communication with the Technical Expert Advisory Group
(TEAG) assembled for this particular topic area. The original question on effectiveness of SRP
was too broad to be covered in a single evidence report, as it would have involved too much
literature and required more time and resources than were available. The consensus decision,
therefore, was to focus on the primary comparison of interest: 1n adults with chronic
periodontitis, does SRP therapy in conjunction with the use of chemical antimicrobia agents,
when compared to SRP aone, improve clinical outcomes that persist over time?

Among many possible indicators of improved clinical outcomes, we chose to use reported
measures of PD reduction, gain in CAL, and pathogen reduction, with no accompanying increase
in adverse events. To answer the key question, the project team systematically identified,
critically appraised, and synthesized the evidence emanating from published primary human
clinical trials research that produced data to allow examination of this question.

The question reflects two fairly common concerns in dentistry. First, practicing dentists
may not be aware of the available research with respect to the effectiveness over time of
therapies adjunctive to SRP for persons with chronic periodontitis. Second, the research may not
be as comprehensive or definitive as it should be. Thus, all judged this particular focus to be of
clinical, research, and practical significance.

Technical Expert Advisory Group

AHRQ guidelines require identification of atechnical expert advisory group (TEAG) for
evidence reports, in this case in the specialized area of managing periodontal diseases. Our
TEAGs advance AHRQ' s broader goals of (&) creating and maintaining science partnerships and
public-private partnerships and (b) meeting the needs of an array of potential consumers and
users of its products. Thus, a TEAG is both an additional resource and a sounding board
throughout the project.

The TEAG for this systematic review comprised six individuas who are acknowledged
technical or clinical expertsin thisarea (Table 1). One member specifically represented the
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American Academy of Periodontology (AAP) and another the American Dental Association
(ADA), both potentia user groups.

To ensure scientifically robust work, we asked the TEAG to provide reactions to work in
progress and to advise on substantive issues or possibly overlooked areas of research. TEAG
members participated in e-mail communications

to discuss the key clinical questions, initial drafts of causal pathways, and proposed

inclusion and exclusion criteriafor research articles;

to provide comments concerning the article abstraction forms, the content proposed for

inclusion in the evidence tables, and the final versions of the key clinical question; and
- to discuss the proposed content of the evidence tables and the completeness of the
search.

Because of their extensive knowledge of the literature and ongoing research in this
specialized area of dentistry dealing with treatment of chronic periodontitis, as well as their
active involvement in the associated professional societies, we also asked TEAG members to
participate in the peer review process by commenting on the draft evidence report, and four did
0.

Organization of this Report

The remainder of this evidence report is organized in the following manner. Chapter 2
provides details about our literature search and review methodology. Specifically included are
the analytical framework for our key clinical question and our approach to conducting the
systematic review, applying the inclusion/exclusion criteria, abstracting data from articles,
maintaining quality control, and similar details. Chapter 3 presents the results of our analyses.
Chapter 4 gives our concluding discussion, and Chapter 5 notes weaknesses and gaps we found
in the research and offers recommendations for a research agenda related to the question
addressed on the added effectiveness of therapies adjunctive to SRP in treating chronic
periodontitis. Chapter 6 provides the references cited in the body of the evidence report.

Chapter 7 contains the evidence tables and supporting information. Finally, the complete
bibliography of literature considered and used in developing the evidence report (including all
articles reviewed in the literature search and all references cited in Chapters 1 to 5) appearsin
Chapter 8. The three appendices provide acknowledgments (Appendix A), our data abstraction
form (Appendix B), and the quality review checklist (Appendix C).
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Chapter 2. Methods

Overview

This chapter documents the procedures that the RTI-University of North Carolina at Chapel
Hill Evidence-based Practice Center (RTI-UNC EPC) used to develop a comprehensive evidence
report on the effectiveness over time of adjunctive therapies used in addition to scaling and root
planing (SRP) in treating adults with chronic periodontitis. To set the framework for the review,
we discuss first the key question that we address and the related underlying causal pathway for
this topic. A detailed description of the literature search process follows; it includes descriptions
of the Medical Subject Headings (MeSH terms) used in the principal search, other search
sources, the inclusion and exclusion criteria, and the application of these criteria to the results of
the searches. We note steps for reviewing studies that met the inclusion and exclusion criteria,
abstracting data onto data abstraction forms, creating evidence tables, writing a draft report for
external peer review, and revising the draft following peer review. We aso discuss quality
issues, in particular, the RTI-UNC EPC’s quality control procedures for determining eligibility
for inclusion, carrying out data abstraction, checking evidence and text tables against articles,
and grading the quality of individua studies.

Key Question and Casual Pathway

The overarching key question is: How does the effectiveness of SRP therapy by itself for
the treatment of chronic periodontitis compare to SRP accompanied by adjunctive therapy at
varying lengths of time after treatment? Figure 2, the basic causal pathway for this key question,
indicates the characteristics of the patient population, the nature of the SRP services, the range of
adjunctive therapies considered, the possible outcomes of interest, and the various time framesin
which outcomes might be measured.

We constrained the review to chronic periodontitis among adults and excluded studies
pertaining solely to more aggressive forms of periodontal disease. Thus, we did not examine
studies relating to treatment of periodontitis that is described as refractory, localized, juvenile,
aggressive, related to human immunodeficiency virus or acquired immune deficiency syndrome
(HIV/AIDS), or related to diabetes; neither did we consider studies that included a mix of
periodontal diseases but that did not present separate analyses of the chronic form of the disease.

Ultimately, we focused on the following adjunctive therapies, which in some cases include
both systemic and local delivery modalities:

Tetracycline

Minocycline

Metronidazole

Metronidazole in combination with amoxicillin

Chlorhexidine

Other antibiotics (e.g., spiramycin, doxycycline, azithromycin, Augmentin), and

Other antimicrobials (e.g., povidone iodine, hydrogen peroxide, fluoride).

The key question defines the population of interest as adults receiving SRP for chronic

periodontitis. The principal audience for this review comprises dental practitioners and
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researchers, especially in periodontology; however, we believe the issues may be of interest to
physicians, and so we did not, in the searches, exclude studies done in medical care settings.

Of al the potential outcome measures in this literature, we had to constrain those for this
systematic review to a very small number. Asdiscussed in Chapter 1, after discussion with
clinical experts asssisting the team and the Technical Expert Advisory Group, we focused our
analyses on two clinical measures: probing depth (PD, measured in millimeters of reduction)
and clinical attachment level (CAL, measured in millimeters of gain). Even with this narrow
focus, the nature of these measures can vary significantly across studies (i.e., across dental
examiners) on the basis of several factors. the level of gingival inflammation at the time of
measurement, diameter of the probe tip, probing force, and angulation of the probe,?® often these
factors reflect the nature of the original or graduate training of the examiners, but in any case
they raise the level of incomparability across studies to some unknown degree. We also targeted
one microbiological measure - presence or percentage reduction in spirochetes - for the
qualitative analyses, but we did not try to use this for the meta-analyses, as it was even less often
reported than either PD or CAL.

We reported the longest period of follow-up for entering information into evidence tables;
when data were provided only by subgroups (e.g., subgroups defined by different levels of PD at
baseline), we attempted to retain al that information in evidence tables or, if the volume of
information was too large, to highlight data from the subgroups with the worst baseline
periodontal disease severity. In some cases, articles otherwise of interest did not report on these
measures in any direct way but may have given other empirical evidence, and when such
information showed a statistically significant net difference between the treatment and control
groups (i.e., adifference of the differences between baseline and the end point), we tried to
reflect that in discussing results.

Literature Search and Analysis Strategy

Literature Searches

To comprehend fully the scope of chronic periodontitis research, we had to design and
implement several different search approaches. We searched for articleson clinical trial research
on periodontitis that gave particular attention to SRP. We also searched for specific antibiotics
and other chemical antimicrobials to see if those terms produced new articles or only ones we
had already found. To find relevant articles on all aspects of periodontitis, we searched
MEDLINE for papers published from 1966 through the second week of February 2002. This
search is fully documented with the terms (MeSH and key words) and the counts of articles
identified at each step of the search processin Table 2. Table 3 provides additional
specifications of our inclusion and exclusion criteria.

Our initial MEDLINE search identified 10,670 articles (Table 3). After limiting to trials
and human studies, 2,987 articles remained (Step 6). We further searched for “dental scaling”
and “root planing” trias, yielding 836 articles, then searched for the specific drugs listed in
Table 2. We had atotal of 517 articles for consideration (Step 14); the 203 drug citations (Step
26) are a subset of the 517. This search was updated in November 2002, yielding 41 additional
articles (step 29 of Table 2). In addition, we ran a somewhat different MEDLINE search in
December 2002 starting with the term periodontal disease (instead of periodontitis); this search
(line 30 of Table 2) yielded several dozen ostensibly new articles, but because periodontal
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disease includes gingivitis, virtually all proved to be irrelevant to our topic, and we added only
two new items. The supplemental EMBASE search (Table 3) identified 68 articles, of which 36
were new. We identified three additional studies through references. Finally, external peer
reviewers brought three additional studies (from the international literature) to our attention. In
all, we examined atotal of 599 articles (cited in the Bibliography [Chapter 8]).

Inclusion/Exclusion Criteria

Table 4 specifies the mgjor criteria that we applied to research studies for deciding on their
inclusion or exclusion. We applied some in our searches, but opted to cast the net broadly and
mainly exclude articles through review of titles and abstracts or the articles themselves. From an
earlier preliminary search, we found a considerable number of trialsin MEDLINE that appeared
to be applicable to our question. For that reason, we searched only for reports of primary
research described as trials and those with common characteristics of trials such as blinding and
randomization. Although we included review articles that reported on similar types of research
(to check references for additional articles), we did not incorporate them directly in this report.
We excluded letters, commentaries, editorials, clinical case reports, and practice or treatment
guidelines from our searches. Finaly, we included only human populations in our search and
did not review animal studies.

In our manual review of the articles identified and obtained, one of the senior investigators
made an initial decision about inclusion for abstraction and another senior investigator reviewed
that decision. In addition, the criteria for inclusion/exclusion were printed on the abstraction
form so that abstractors could, if necessary, call for another senior review of eligibility. We
determined whether the adjunctive therapy was antimicrobial and chemical at this point; we
dropped articles about use of lasers (used presumably to destroy microbes but not a chemical or
antimicrobial agent), and those about anti-inflammatory agents (clearly a chemical agent but not
antimicrobial). Very late in the process, we also excluded articles reporting on sub-antimicrobial
doses of doxycycline, clearly an antibiotic but, at such doses, not intended as an antimicrobial
agent.

Many of the studies we identified in our search were not investigations directly relevant to
our key question. Many were studying whether a chemical antimicrobial was as effective as SRP
in treating periodontitis. However, severa studies had a combined (SRP and antimicrobial)
treatment group in addition to an SRP-only or SRP-with-placebo treatment group, an
antimicrobial-only treatment group, and a no-treatment control group. If the investigators
reported comparisons and outcomes of the combined treatment and SRP-only groups for
measures we focused on for this report, we included the study. Further exclusions involved
studies in which (a) the SRP provided to the group receiving the adjunctive therapy was not the
same as that given to the SRP-only group, (b) the periodontitis being treated was not of the
chronic (or adult) type but rather a more aggressive variety (e.g., juvenile, early onset,
refractory), and (c) the population with the periodontitis had a complicating comorbidity (e.g.,
HIV/AIDS or diabetes) or arisk factor (e.g., smoking).

We included articles in languages other than English in our searches because often the titles
and abstracts are trandated into English; this allowed us to assess whether we were missing
potentially important areas of work. If the full articles were not in English, however, we did rot
include them in the review. This approach may have caused us to omit some materials in other
languages, but our previous systematic reviews have shown that relevant studies done outside of
English speaking nations that would otherwise have met our inclusion criteria would likely have
been published in an English-language journal. Thus, we do not think that restricting the full
review on this key question to English language documents introduced any serious bias.
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Title, Abstract, and Article Review

To narrow the literature identified through the search to studies with evidence that bore
directly on the key question, two senior analysts independently reviewed titles and abstracts
obtained in the initial searches. The reviewers were not blinded in any way to authors, journals,
or affiliations. After some discussion of the inclusion/exclusion criteria, they retained research
studies believed to be focused on the key question.

Of the 517 titles and abstracts independently examined at the first stage, bothsenior
analysts agreed to retain 107 for further review. When they disagreed at this stage, they
obtained the full article for review unless it was a foreign article or areview; this step led us to
retain an additional 70 citations. Thus, we retained atotal of 177 articles to be fully reviewed
and possibly abstracted. In addition, we obtained six seemingly relevant review articles. The 36
articles from the EMBA SE search and the 43 additional titles and abstracts identified through
MEDLINE in November and December 2002 received the same type of review. Of the total 599
articles reviewed, we retained 67 studies to carry through to full article review, abstraction, and
inclusion in this report. Finaly, as noted, we added three studies that were brought to our
attention during the peer review in May 2003.

Data Abstraction

For al retained articles, we obtained hard copies of the full articles. Meanwhile the project
team developed a draft data abstraction form and tested it on a small number of articles. We
trained abstractors on the initial forms, but the complexities and poor presentation of some of this
literature dictated that we revise the abstraction form somewhat to make the process easier.
Abstractors were then given an updated training session on the final abstraction form (Appendix
B). Ultimately, data items included study identification information, design, descriptions of the
sampling and characteristics of the treatment and control groups, description of the adjunctive
interventions, reported outcomes and statistics, and other information or comments needed to
characterize the study adequately. During this period, the project director, EPC Co-Director, and
other EPC staff developed atentative list of evidence tables, created draft evidence tables with
provisional column headings, and established conventions for the order of entry of articlesinto
those tables.

Two senior investigators trained the five main data abstractors, al with master’s degreesin
public health or another relevant master’s degree. Training consisted of a thorough review of the
key question, the inclusion/exclusion criteria, and the abstraction form, as well as a walk-through
review of up to three articles and independent reviews of two others. We compared the
independently abstracted articles to abstracts by the scientific director, noted variations, and
provided additional training as needed.

We performed only single abstractions. The EPC’s document preparation specialist then
entered data from all completed data abstraction forms into the draft evidence tables. For quality
control, early in the abstraction process the project director reviewed a small sample of each
abstractor’ s completed data abstraction forms against the full articles; in addition, the BPC’s
administrator proofread all evidence table entries against the original articles so that needed
corrections could be made immediately. Because of the number and size of the evidence tables
for this substantial set of articles, we created numerous “text tables’ for Chapter 3 that would
summarize critical outcome information in asimpler format for users of the report. These tables
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also helped us streamline collection of the data needed for the meta-analyses. The EPC
administrator also proofread these text tables against both evidence tables and articles, to ensure
absolute consistency.

Meta-Analysis

The studies in this evidence report were exclusively clinica trials, albeit many were small
and underpowered as individual studies. Investigators often reported the two clinical outcome
measures of interest - probing depth (PD) and clinical attachment level (CAL) - inwaysthat
would allow us to express effect sizes in the same way (as millimeters of change). These
conditions permitted us to consider performing a series of meta-analyses for studies of at least
some of the adjunctive therapies, so that we could quantitatively summarize the work and
calculate an overall effect size measure.

We had atotal of 70 studiesthat were candidates for inclusion in one of the meta-analyses.
Of those, 29 studies, five with multiple arms, met the criteria that we established for inclusion in
the meta-analysis:

The study had to provide a measure of the treatment effect at 6 months post-baseline,
athough we allowed for a 3-month window on either side of the 6-month point. Thus,
we included studies reporting results from 3 to 9 months (i.e., 12 to 39 weeks). For
some articles, the true endpoint of the study fell within this range and they were
included; for studies lasting longer than 9 months, the authors had to have reported
results from some point within thisrange; and studies shorter than 3 months were
automatically excluded.

Included studies had to indicate treastment effect by either PD change (i.e., reduction)
CAL change (i.e., gain), or both.

Included studies had to indicate the between-group difference in means (the treatment
effect), the standard error or the 95 percent confidence interval of the treatment effect,
and the sample size for each study group. Studies could aso be included if they
provided enough information to allow us to calculate these numbers, such as the within-
group differences and their standard deviations or standard errors. Some studies gave
the difference between the mean differences of the two study groups (i.e., the effect size
of the adjunctive treatment), but often we had to calculate the overall effect size from
the mean differences between the baseline to follow-up means for the experimental
treatment group and the control group. Similarly, we often had to estimate the standard
error of the difference of the mean differences.

To proceed with a meta-analysis of a given therapy, we required that at least three
studies related to one of the clinical outcomes meet the above criteria. The studies of
systemic minocycline, systemic metronidazole, and combined metronidazole and
amoxicillin failed to meet this requirement.
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Comparisons

Regardless of the number of treatment groups and variations in multiple control groups, we
narrowed our definition of “treatment” to refer to those groups that received SRP plus one of the
following adjunctive therapies that had at |east three eligible studies:

Tetracycline used in systemic therapy and in local applications including fibers, gels,
pastes, rinses, solutions, and strips;

Minocycline used in local applications as a gel, ointment, or microencapsul ated;
Metronidazole, local applications of metronidazole gel; and
Chlorhexidine used as a local application (e.g., chips, gels, strips, irrigants, and rinses).
Control groups received SRP alone, and no adjunctive drug therapy, other than placebos.
Outcomes

We chose to examine two clinical outcomes that map to our qualitative analyses: PD
reduction and CAL gain. For each therapy we analyzed the extent to which the treatment led to a
difference in the mean PD reduction or a difference in the mean CAL gain when compared to
SRP alone. Our outcomeis, therefore, the difference of a difference (the difference between the
baseline and end- point between the treatment and control groups) or a net betweengroup
difference.

Preparing Study Data for Meta-Analysis

We used the RevMan 4.2 software package to conduct the meta-analysis.?® RevManisa
software tool designed to manage the entire systematic review process, we used it here
exclusively for the meta-analyses. We entered the following information for each study: (a)
study ID (author citation) and year; and (b) study design information in the study characteristics
table, including methods, participants, interventions, outcomes, and arating of the allocation
concealment or blinding. In the “comparison tables’ section, we set up the comparisons (five for
PD and four for CAL), listed the outcomes of interest with each comparison, and added the
relevant studies to each comparison-outcome node.

Analysis

Analysis was based on the general inverse variance method of estimation available in
RevMan. This method calculates a pooled, or overal, effect for each outcome, atest of
significance for the treatment effect across al studies (a Z statistic), and a measure of
heterogeneity. The heterogeneity statistic is a rough indicator of whether all included studies are
indeed comparable (null hypothesisis that treatment effect does not differ among trials). The
heterogeneity statistic is also used to calculate an I? statistic, which indicates, approximately, the
proportion of total variation in the study estimates that can be attributed to heterogeneity rather
than sampling error.?® The method of esimation can handle situations in which effect is
specified as fixed or random; we modeled both but have reported only fixed effects for our
analysis, as the results were quite similar.
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Eight studies did not provide required information on certain aspectsof their results.
Typically this meant that, to include them, we had to calculate or estimate standard errors
ourselves.3" Rather than risk dramatically overestimating the “real” standard error, possibly by
as much as 100 percent or more, and unfairly reduce the likelihood of finding statistical
significance, we used a set of statistical procedures incorporated in SAS macros™ to estimate the
standard errors of the difference of differences to include in the meta-analysis.

Quality Rating of Articles

To grade the quality of individual studies (articles), asis expected for AHRQ systematic
reviews,> we developed a quality rating checklist for articles that dealt with internal vaidity,
externa validity, and analytic dimensions (Appendix C). The 13 itemsin the checklist relate
mostly to study design elements. We customized items on the checklist to fit the question and
literature, but many of the component items were taken directly from, or represent slight
modifications of, existing rating scales used by the RTI-UNC EPC, reflecting suggestions from
work done by this EPC. **%° CONSORT criteria also figured prominently in our thinking
because the studies were trias of various kinds.**

We pretested draft forms on several articles and eliminated or reworded some items. We
gave scores to articles by summing the number of items on the quality rating form checked as
“yes’ and dividing by 13, the number of items. The EPC Administrator and Project Director
independently assigned quality grades to all studies using the final form (Appendix C). We
entered both quality scores (essentially two percentages) into the evidence tables. Although not
formally validated, our rating scheme adopts the basic strategy of quality grading and provides a
relative basis by which we and others can assess the overall strength of the research available to
address our key question. We do not employ the quality score as away of reviewing articles for
inclusion in the evidence report or the meta-analysis. This approach is in accord with what
recent research has found: no reliable relationship between overall quality rating measures and
estimates of treatment effects in trials.*?

Development of the Evidence Report

Following completion of evidence and/or text tables, we sent them to main authors of the
report, together with a general outline of the results chapter of the report. The authors had
previously agreed to present mainly qualitative syntheses of the information in the tables, with
primary attention to PD and CAL findings and data on spirochetes when available; they would
call out information on specific articles only when those studies offered clinically significant
findings or insights into the key question. Authors writing from either text or evidence tables
were also asked to check data in the tables against articles whenever any table entry was unclear
or inconsistent across tables. The authors returned their sections to the project director and EPC
Co-Director, who developed an overall synthesis of the resultsand the discussion chapter. In
addition, the project director and other members of the project team developed the research
agenda chapter, drawing on the limitations and gaps in the existing literature and on promising
leads from the studies reviewed.

We submitted the draft evidence report for external peer review in mid-April 2003 (see
Appendix A). Upon receipt of reviews, the EPC staff compiled them into a peer reviewer
matrix, discussed many issues with AHRQ and NIDCR staff, and then revised the report as
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appropriate, documenting in detail the disposition of all significant clinical, analytic, or policy-
relevant changes. We expanded the meta-analyses somewhat to include more studies where we
were able to use the SAS macros to produce more estimates of standard errors than we had been
able to do before peer review. As noted, we also added several recent articles mentioned by peer
reviewers that met our inclusion criteria but had not appeared in any MEDLINE or EMBASE
searches. The revised version of the report was submitted to AHRQ and NIDCR for further
review before it was put into absolute final form.
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Chapter 3. Results

Overview

This chapter presents the findings for the key question in this evidence report concerning
the added effectiveness of therapy adjunctive to scaling and root planing (SRP) in the treatment
of chronic periodontitis over time. The key outcomes are reductions in probing depth (PD),
gains in clinical attachment level (CAL), and secondarily, microbial changes, chiefly reductions
in the percentage of spirochetes present in crevicular fluid or plaque samples.

We present results in separate sections according to the specific agents used adjunctively
and to the mode of delivery (either systemic or local) and when more than just one or two articles
addressed a particular agent or combination of agents. The agents we report on in separate
sections include tetracycline, minocycline, metronidazole, the combination of metronidazole and
amoxicillin, and chlorhexidine. We grouped studies of azithromycin, spiramycin, amoxicillin
clavenate, and doxycycline, which did not have enough studies to treat separately, into a sixth
section called other antibiotics. Finally, we present a seventh section for other kinds of
antimicrobial agents such as povidone iodine, hydrogen peroxide, and fluorides. Chapter 7 has
the full evidence tables for each main category of treatment; brief summary tables appear at the
end of this chapter.

Description of the Evidence

We reviewed 599 published clinical trials for possible inclusion in this evidence report.
The final number of unduplicated studies included was 70. We tried to include as many trials as
possible; thus, we retained some that did not report actual data on the comparisons of interest but
that did make statements about statistical tests of those comparisons. Numerous studies
examined the effectiveness of more than a single antimicrobial agent; thus, we have dealt with
more comparisons between treatment and control groups than studies per se.

In all, we included 16 different adjunctive antimicrobial agents in this review. They include
tetracycline, minocycline, metronidazole, amoxicillin, chlorhexidine, spiramycin, doxycycline,
sodium bicarbonate and hydrogen peroxide, stannous fluoride, amine fluoride, triclosan,
povidone iodine, azithromycin, tetrapotassium peroxydiphosphate, amoxicillin and clavulanic
acid, and ofloxacin. These agents were tested as either systemic or local interventions (or both)
and involved a variety of modes of delivery — capsule, gel, rinse, irrigant, paste, fiber, chip, and
strip.

All test and control teeth received SRP. SRP was delivered all at once (e.g., two visits
within 24 hours), one quadrant at a time at intervals of 2 weeks, on only selected teeth or all
teeth, by hand or by hand and ultrasonic scaler, and with or without anesthesia. The extent of
SRP varied from study to study, but so far as we can tell it was performed the same way within
the test and control groups in a given study.
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Limitations of the Evidence

As we indicated earlier, all primary studies in this report were controlled trials of some
kind, mostly described as randomized, and often described as double or fully blinded. Thus, they
represent in some ways a very high level of investigational activity about the added effectiveness
over time of adjunctive antimicrobial therapies relative to SRP alone. In addition, we have to the
best of our ability eliminated studies that involved patients with conditions (e.g., diabetes, HIV)
or risk factors or behaviors (e.g., smoking) that are known to affect the prognosis of chronic
periodontitis or with forms of periodontitis diseases not described as chronic or adult (e.g.,
juvenile, early onset, refractory). In this way, we attempted to ensure that the disease being
treated and the associated risk factors in the studies are similar. Nonetheless, the studies we
included were quite different along many important dimensions, and that fact has made drawing
solid conclusions particularly difficult.

For only five agents — tetracycline, minocycline, metronidazole, the combination of
metronidazole and amoxicillin, and chlorhexidine — did more than two studies qualify for
inclusion in the main analyses. Moreover, even these particular drugs were often used in
different doses, incorporated into different treatment regimens, and delivered via different
modalities. We observed particularly great variation in delivery mode for local drug
applications: microspheres, chips, fibers, and strips, gels, rinses, irrigants, ointments, and pastes.

Study periods differed greatly from just a few weeks to several years. Often, investigators
either did not report intermediate points or gave only partial results for those points. As the
ultimate time points did not correspond across studies, neither did intermediate results.

Outcomes measured varied enormously across the studies. Some focused exclusively on
microbiological measurements; others focused exclusively on clinical measures. In both
situations we encountered many more measures than we could reasonably analyze, and even the
studies we ultimately included did not report on all key outcomes. Among the clinical measures
reported were gingival indices, plaque indices, periodontal disease indices, bleeding indices,
measures of periodontal PD and CAL, and a variety of microbial counts.

As discussed in Chapters 1 and 2, we narrowed the focus of our report to the two clinical
measures — PD and CAL - that we believed are of practical importance to clinicians and that
studies tended to measure in reasonably similar ways. To reflect microbiological measures, we
included the one that was apparently the most frequently reported: percentage of spirochetes.
Even though these outcomes were nominally the same, the way they were measured varied
across studies. For example, some measurements of attachment level used the cemento-enamel
junction as the fixed reference point, whereas others employed some other marker. In addition,
different kinds of probes were used. As the variable of interest is change over time (PD
reduction; CAL gain), however, these particular variations would not necessarily pose critical
analytic problems.

Subjects in the studies differed in important ways too. Some had received prior periodontal
treatment, as they were recruited through periodontal patient registries. Because there was no
indication that the same sites were being treated again for active disease and because the term
refractory was not mentioned, we retained the articles on the assumption that these were new
sites or routine maintenance of formerly active sites. By contrast, for other subjects the
investigational treatment was explicitly stated as their first for periodontal disease. Rarely was
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any demographic information reported on study samples beyond the mean age, or the age range,
and sex of subjects. Often such information was for the entire sample and not for each treatment

group.

Another variation in the measurements was when they were taken, e.g., before or after SRP.
In some cases we could not determine the timing.

The greatest variation occurred in how investigators reported their results. Many studies in
this review had not originally been intended to address the question that we wanted to answer,
but they had findings seemingly relevant to the question. Many were investigations of whether
some form of antimicrobial agent performed as well as SRP alone, and we would have excluded
these articles. In some cases, these studies had a SRP-only treatment group and a treatment
group that included SRP plus the antimicrobial; when we saw those study groups, we would
include the article and then use only the data from those two groups in our analysis.

Investigators often reported testing the change in PD or CAL from baseline to the endpoint
for treatment and control or comparison groups and whether those within-group differences were
statistically significant. By contrast, they often did not report whether any differences between
the changes from baseline to the end of the study for these groups was significant. Although
sometimes investigators gave the data needed to do that statistical test, such as a mean and a
measure of variance (either standard deviation or standard error), often they did not. This was
especially a challenge for split-mouth designs, for which observations in groups are not
independent and an estimate of the covariance is needed to estimate correctly the confidence
intervals around the difference in changes for the two groups.

Determining whether teeth, sites around teeth, or persons were the unit of analysis was
often difficult, as investigators may have included only one tooth per mouth, one tooth per
quadrant in split-mouth designs, or multiple teeth. Often the criterion for inclusion in the study
was the presence of multiple qualifying teeth (by virtue of PD or bleeding, for instance) and all
were included, but sometimes the number of teeth included for study was fewer than “all” or
indeed only one. With respect to initial or baseline PD, inclusion requirements in these trials
differed (e.g., from greater than 4 mm to greater than or equal to 7 mm), thereby presenting
different clinical entities for study. It was also difficult, if not impossible, to distinguish when
investigators calculated means across all the teeth or across means of multiple teeth in a single
mouth, thereby making the group mean a mean of means across people rather than a mean across
teeth.

Some investigators reported results only by depth of initial pocket rather for the entire
group of subjects. This posed a problem for this review because the grouping of initial pockets
often differed from study to study. Usually not enough information was provided to enable us
either to aggregate or to split the data to make them more comparable to other studies.

In the presence of a variety of terms used to describe what we reasonably could consider to
represent the equivalent of SRP — subgingival scaling and mechanical debridement — rarely could
we find enough detail on the extensiveness or thoroughness of the procedure to assess
comparability across studies. Some investigators noted the number of sessions and their spacing,
average total time spent per subject, time spent per tooth, or time spent per quadrant performing
the SRP. Only occasionally did researchers note whether they had used hand instruments,
ultrasonic scalers, or both. Some articles mentioned use of an anesthetic in the SRP, but this was
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not routine. Studies differed in whether the entire mouth received SRP, or only study teeth, or a
particular jaw or quadrant. Terms such as “thorough,” “meticulous,” “rigorous,” and “careful”
were only rarely used to describe the SRP. Yet another source of variation may have been the
use of dental hygienists in some studies but not others, although we did not document this
variable in evidence tables. Overall, if we detected, within a given study, that the SRP differed
between the treatment group and our designated control group, we excluded it.

Some studies reported attrition from the original study groups; some gave the number of
subjects finishing the trial. In general, then, few research teams presented an intent-to-treat
analysis. As one would expect, the longer the study period, the greater the loss to follow-up, and
we were not always certain of the comparability of final treatment and control/comparison
groups. In presenting numbers of subjects in this chapter, we use counts of completers insofar as
possible.

Finally, sorting publications to eliminate duplicate studies (so as not to give multiple studies
using the same data extra weight in the evidence pool) was difficult for several reasons. Authors
often did not clearly acknowledge earlier or less complete versions in their later or more
complete studies. We found several cases of articles published with early data that were
published later in the completed study. Also, in some cases of multi-site studies, sites published
their own results separately or conducted later follow-ups with their patients. For evidence
tables, where one “row” constitutes a study, we combine data and give the multiple citations
unless those citations give precisely the same information, in which case we cited the more
recent or the more comprehensive publication. In the text, we cite the publication in which the
data in question actually appeared.

Organization of this Chapter

The remainder of this chapter takes up the major anti-infectives — tetracycline, minocycline,
metronidazole, metronidazole with amoxicillin, and chlorhexidine — and then the two groups of
other antibiotics and other microbials. We present first our narrative synthesis of the evidence,
accompanied by summary tables (at the end of the chapter) giving PD and CAL data. The
qualitative results describe the studies, present PD and CAL data, and give spirochete data when
available; we also present additional results for studies that may not have measured PD or CAL
in typical ways but do provide insights into the likely effect of drugs adjunctive to SRP. The
descriptive analysis focuses on results for the full length of every included study, which ranged
from a few weeks to several years.

We conducted meta-analyses when more than two similar studies involved the same
antimicrobial and mode of delivery. They focused on the two clinical measures (PD reductions
and CAL gains) and were limited to studies with results reported at or around 6 months (plus or
minus 3 months) after the initiation of the treatment. Meta-analytic results follow the qualitative
discussions within the drug-specific sections. They are presented in Forrest plots (figures at the
end of this chapter), which report the mean effect and its 95 percent confidence interval (Cl) for
each study in the meta-analysis and an overall mean effect and its 95 percent CI calculated across
all of the studies. We explain included and excluded studies and, when possible, put those
results in a broader context of the confidence intervals and the impact of SRP alone.
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Tetracycline
Systemic Tetracycline
Qualitative and Descriptive Results

Five clinical trials appearing between 1978 and 2001 of systemic tetracycline, a broad-
spectrum antibiotic of long standing that is effective against a wide array of bacteria, met the
inclusion criteria (Table 5 and Evidence Table 1a). Four trials were randomized;**“® the most
recently reported trial was not.*’ Taken together, the studies comprised 190 subjects who
completed the studies, 81 on tetracycline regimens with SRP and 109 receiving SRP alone or
with placebo. Subjects in the trials differed in periodontal disease experience. Three studies
included subjects with advanced or severe periodontitis, one included “relatively young
individuals” with severe disease,* and the fifth included only subjects who had demonstrated
active disease with attachment loss equal to or greater than 2.5 mm at one or more sites in a
pretrial monitoring period.*

The studies differed in the selection of sites used to characterize a subject’s response to
therapy. One study included only two sites per subject, both interproximal sites with PDs of 7
mm or more.** A second study based analyses on patients with at least three pairs of
contralateral teeth with PDs of 5 mm or greater.*® A third study included six measurement sites
for all teeth present except third molars;* a fourth included two teeth per subject with 6 mm or
greater PDs;* and the fifth study did not report the basis for the selection of sites.*’

SRP procedures differed across these studies. In one trial, the investigators used modified
Widman flap surgery for all sites determined to be active in the pre-intervention period and for
all sites with PDs of 4 mm or greater;*® SRP was repeated at 3, 6, and 9 months. Another study
provided repeated SRP during the observation period at 15 and 22 weeks.*® In the other studies,
SRP was provided once, at baseline, and no other details were noted.

The experimental regimen varied across the five trials. The standard dose was 250 mg,
with a frequency of either three or four times per day for different treatment periods lasting 14
days,*® 21 days,*” and 30 days.*® One regimen repeated an initial 14-day dosing pattern at the
beginning of the sixth week;* a fifth approach continued past 14 days to the end of the study
(day 350) with a single 250 mg dose per day.* Finally, the trials varied in longest follow-up
period: 24 weeks to 52 weeks. Three trials reported results from interim periods.

For four studies reporting overall PD measurements, experimental subjects had 0.8 mm,*
0.3 mm,*” 0.29 mm,*® and 0.2 mm* greater mean reductions in the experimental group; of these,
three were not significant and one** was not tested. A fifth study reported PD reduction by
original PD values, and the largest PD reduction was 0.19 (not significant) for those with initial
PDs of 7 mm or greater.*® No interim measures differed significantly between experimental and
control groups.

Five studies examined CAL gains, but only three reported data on CAL gains. One trial
found a 0.31 mm net gain at 52 weeks (P < 0.001) for the experimental group.*’ In the other two
trials reporting CAL values, one noted a 0.3 mm net improvement** and the other reported gains
from 0.04 mm to 0.49 mm (depending on initial PD value), but all were not significant.® No
interim measure for these studies was reported as being significantly different between groups.
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Of the two studies that did not report data, one did state that difference in CAL gain between the
groups was not significant.*

Three trials analyzed the proportion of spirochetes in the oral microflora. One trial found
that significant differences favoring the experimental group at 2 and 8 weeks had disappeared by
week 24.”> Another team reported a larger proportional change in the experimental group (48
percent to O percent) than in the control group (37 percent to 8 percent), but they did not test the
difference statistically.** A third study found similar overall change in both groups (34.8 percent
or 36.3 percent to 6.3 percent or 6.5 percent), with the experimental groups showing a larger
decline to 0 percent (not tested) at an interim examination.* Finally, one trial examined oral
microflora but did not separate results for the tetracycline groups from results for another
experimental group assessing amoxicillin clavenate.*® The percentage of sites colonized with
several putative pathogens decreased significantly for both group combined.

Quantitative Analysis of Systemic Tetracycline Effects

Probing Depth. Of the five studies reporting on PD reduction reviewed above, we included
three in the meta-analysis of PD effect size (Figure 3).*** Both excluded studies had study
periods greater than 9 months.***’

The estimate of overall effect size for PD is 0.15 mm (95 percent ClI, -0.29 mm to 0.58
mm). Effect sizes of the two studies favoring use of adjunctive local tetracycline range from
0.20 to 0.90. The third study demonstrated a greater reduction in PD for SRP alone (-0.05
mm).* Based on their 95 percent Cls, none of these PD effect sizes differed significantly from
zero. Because of its appreciably smaller standard error of the difference and larger sample size,
the Al-Joburi et al. study contributed more weight to the meta-analysis results.”> Given the
mixed direction of the differences and small study samples, the nonsignificant overall effect size
in this meta-analysis is not surprising.

Clinical Attachment Level. Only two of the four studies examining gain in CAL reviewed
above had data and ran for the appropriate length of time.***> As explained earlier, we thus did
no meta-analysis for CAL gain resulting from adjunctive use of systemic tetracycline.

Local Tetracycline

Qualitative and Descriptive Results

Sixteen clinical trials, published between 1985 and 2002, met the inclusion criteria (Table 6
and Evidence Table 1b). All but three used randomized designs. In 10 studies, the examiner(s)
were not aware of treatment assignment, and in 13, placebos were not used. Most of the trials
assessed the effects of the intervention on sites with at least 5 mm PDs; four studies either
included patients with shallower PDs (as small as 3 mm)***3° or did not report site selection
criteria.”® Three studies assessed only sites with class 11 furcation involvements.*>**? One
study required demonstration of active disease immediately before inclusion.>
Five trials reported site-based analyses,**2°**° one used teeth, and the rest used the subject
as the unit of analysis, with one tooth or site per quadrant per subject being most commonly
assessed.
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The extensiveness and methods used for the SRP varied, ranging from ultrasonic scaling
during one visit to multiple visits over 4 to 7 hours for hand scaling. Tetracycline intervention
vehicles included fibers, irrigation, collagen film, ointment, gel, and strips. In one study arm,
tetracycline was combined with citric acid;* in all others, tetracycline was used alone. In one
irrigation study, tetracycline was administered every 2 weeks for 22 weeks.*! Effects were
assessed over durations as short as 4 weeks and as long as 52 weeks. All but one of the studies
that reported statistically significant differences had used tetracycline fibers.

Of these 16 studies, 12 reported PD data sufficient to determine the net reduction (i.e., the
difference between the experimental and control groups’ baseline to follow-up differences). Of
these 12 studies, four found statistically significantly greater PD reductions associated with the
experimental group. The differences were 0.93 mm at 12 weeks (combined with citric acid gel,
P < 0.05),% 0.73 mm at 6 months (P < 0.01),>” 0.67 mm at 26 weeks (P = 0.008),>* and 0.41 mm
at 7 weeks (P = 0.047).> In eight studies in which differences were either not tested or not
significant, reductions in the experimental group were greater than those in the control group;
some of these were of a magnitude similar to the statistically significant differences: 1.04 mm;>
0.7 mm;>? 0.6 mm;** 0.4 mm and 0.5 mm with irrigation and fibers, respectively;>® 0.43 mm and
0.87 mm with one and multiple strips, respectively;>® 0.4 mm;* 0.4 mm;® and 0.27 mm without
citric acid.*®* One study found a nonsignificant 0.43 mm difference favoring the control group.*
The four remaining studies reported nonsignificant differences but did not give the magnitude or
direction of those differences.*®***1** |nterim results also showed statistically significant greater
reduction in PD associated with the experimental arm in two studies.>*>* In one of these,® the
significant difference was not maintained at the final assessment.

Sixteen studies reported results of some kind for CAL gain, some for two different patient
groups or treatments. Of these, two reported significantly greater CAL gains associated with
local tetracycline treatment compared to SRP alone: 0.48 mm at 26 weeks (P < 0.05)*" and 0.15
mm at 26 weeks (P < 0.05).>* Nine studies reported nonsignificant or untested differences
favoring the experimental group: 1.8 mm,*® 1.0 mm,** 0.73 mm (with citric acid),*® 0.44 mm and
0.48 mm for a single and multiple strips, respectively,® 0.34 mm and 0.33 for groups with initial
PD values of greater than 3 mm and greater than 6 mm, respectively,® 0.3 mm,* 0.2 mm,* and
0.14 mm (gel).® Three studies reported nonsignificant differences favoring the control group:
0.23 mm,* 0.2 mm for tetracycline irrigation,™ and 0.1 mm.* Finally, three studies reported
nonsignificant differences but did not report the magnitude or direction of those
differences.****° No reported interim results were significantly different between the
experimental and control groups.

Finally, five studies examined microbiological outcomes,**¥4%2%* byt none reported
significant differences in these outcomes at final assessments. An interim (3-month) assessment
in one study found a significantly greater reduction in the proportion of P. gingivalis in the
experimental group.*

In general, the studies that reported side effects noted some irritation associated with the

application of the experimental therapy and, less frequently, candidiasis. These conditions
resolved when therapy ended.
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Quantitative Analysis of Local Tetracycline Effects

Probing Depth. Of the 16 studies reporting on PD reduction reviewed above, we included
six in the meta-analysis of PD effect size (Figure 4).3333%3573% One study included two
different adjunctive local tetracycline treatments — one without and the other with citric acid
added to the tetracycline®® — so the meta-analysis had seven entries. Of the 10 studies excluded,
five had study periods of less than 3 months,**°%°*°° and four provided no data from which to
calculate effect size measures or variances.*®#%***® We excluded the final study because a test
for heterogeneity showed that it was at too great variance with the other studies, suggesting that
it represented a different intervention.*®

The estimate of overall effect size for PD is 0.47 mm (95 percent Cl, 0.22 mm to 0.72 mm).
Effect sizes of included studies favoring use of adjunctive local tetracycline range from 0.27 to
0.93. All but one of the study effect sizes represented results that demonstrate greater PD
reduction using adjunctive local tetracycline with SRP than using SRP alone. One study
demonstrated a greater reduction in PD for SRP alone (-0.43).>° Based on the 95 percent Cls, the
PD effect sizes of only two studies differed significantly from zero.***" Two studies with
appreciably smaller®’ or larger® standard errors of difference between means contributed
relatively more and less weight, respectively, to the meta-analysis results.

The statistically significant PD result supports the added effectiveness of locally applied
tetracycline as an adjunct to SRP in the treatment of chronic periodontitis in adults. It does not
address, however, whether a mean change of 0.47 mm is clinically meaningful. In contrast to
this less than half a millimeter difference between using and not using some form of local
tetracycline as an adjunct to SRP, the effects of SRP alone on reduction in PD in these studies
ranged from 0.71 mm to 2.30 mm for the same periods of time.

Clinical Attachment Level. Of the 16 studies examining gain in CAL reviewed above, we
were able to include nine in this meta-analysis (Figure 5).3:33>48:3357-59 T\yq stydies included
two different adjunctive local tetracycline treatments: citric acid in one gel group and none in
the other,**and single and multiple tetracycline strips.”® Thus, the final meta-analysis had 11
entries. Among the seven excluded studies, five had study periods of less than 3 months, %24

and two had no way for us to calculate CAL effect size measures or variances.***!

The estimate of overall effect size for CAL is 0.24 mm (95 percent CI, 0.07 mm to 0.42
mm). Effect sizes of included studies favoring use of adjunctive local tetracycline ranged from
0.01 mm to 1.00 mm. All but two of the study effect sizes represented greater CAL gain using
adjunctive local tetracycline with SRP than using SRP alone. Of these two, one demonstrated a
greater reduction in CAL for SRP alone (-0.23 mm),> and one favored neither study group.*®

Based on the estimated 95 percent Cls, only two studies had CAL effect sizes that differed
significantly from zero.**** One study had an appreciably smaller® standard error of difference
between means and another had a standard error that was appreciably larger®* than the others, so
they contributed considerably more or less weight, respectively, to the meta-analysis results.

The statistically significant CAL result supports the added effectiveness of locally applied

tetracycline as an adjunct to SRP in the treatment of chronic periodontitis in adults, but whether a
mean gain of 0.24 mm is clinically meaningful remains unclear. In contrast to this 0.24 mm
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difference, the effects of SRP alone on gain in CAL in these studies ranged from -0.13 mm to
1.61 mm for the same periods of time.

Minocycline
Systemic Minocycline

Qualitative and Descriptive Results. Two studies of systemic minocycline met inclusion
criteria (Table 7 and Evidence Table 2a).°%% The 1982 trial by Ciancio et al. was a randomized,
placebo-controlled, double-blinded trial,®* whereas the 1996 Atilla et al. study did not report
study blinding but noted that it was neither placebo controlled nor randomized. These were
small trials of patients with moderate to severe periodontitis, comprising in all 47 subjects who
completed the trials, 23 on minocycline regimens with SRP and 24 with SRP only. The studies
differed in numerous ways: dosage and duration of minocycline (200 mg a day for 7 days®™
versus 100 mg a day for 4 days®); focus on probing depth (4 mm to 5 mm versus 6 mm or
higher®?); nature and periodicity of SRP; and outcomes assessed (the only overlap being PD).

With respect to PD levels, Ciancio et al. assessed outcomes at baseline and at 7, 14, 35, 49,
and 70 days but only reported “no significant changes in any study group during the
experimental period.”® The Atilla et al. study reported PD differences according to the initial
PD.%?> Among subjects with initial PD of 4 mm to 5 mm, those receiving systemic minocycline
experienced 0.06 mm less reduction than those receiving SRP only (not significant). By
contrast, among patients with initial PD of 6 mm or greater, those receiving adjunctive
minocycline experienced 0.49 mm greater reduction than controls (not significant); nonetheless,
the authors commented that systemic minocycline might be a useful adjunct to nonsurgical SRP
“in the presence of deep pockets, especially for reinfected cases.”

Neither study reported CAL data. One reported that patients receiving both SRP and
minocycline had notable, long-lasting changes in subgingival microbiologic findings (e.g., cell
counts of spirochetes).” Owing to the small size of these trials, their nonsigifncant findings on
PD (and no data on CAL), and other differences, we did not do any meta-analysis.

Local Minocycline

Qualitative and Descriptive Results. We included eight studies of local applications of
minocycline, all appearing between 1993 and 2002 (Table 8 and Evidence Table 2b).3%°36368
All were randomized:; five were placebo-controlled;**®*® and all but one®” were reported to be
double-blind studies. Taken together, the eight trials involved 760 subjects who completed the
trials; of these 396 received adjunctive minocycline (237 in the Williams et al. trial alone®®) and
379 received only SRP (230 in the Williams et al. trial). The Williams et al. trial is described as
an intention-to-treat design and is a multi-center trial.

Subjects were variously described as having moderate to severe chronic (or advanced)
periodontitis. Specifics about site criteria for inclusion, such as minimum number of teeth or
sites, minimum PD levels, or bleeding, differed across the studies.

Four trials reported SRP details: subjects were hand-scaled in both van Steenberghe et al.
studies (for a maximum of 15 minutes per quadrant in the 1999 study),?*®® and in the other
studies, subjects had both hand and ultrasonic SRP for 90 minutes.®”®® The trials differed in
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many respects (when details were reported); for example, assessment times and duration of
measurement included seven times (baseline through 15 months®), five times (baseline through
9 months®®), for two studies three times (baseline through 6 months>*®” and baseline through 12
weeks®?), and for one study four times (baseline through 6 months).®® Moreover, the
experimental regimen also differed across the trials. Two studies used gels (2 percent at baseline
and at 2 and 4 weeks***3); two other studies used ointments (2 percent at baseline and at various
weekly or monthly points thereafter;**> one study used 1 mg of minocycline as a single
application at baseline;** one used 1 mg of 2-percent minocycline microspheres in a 3-mg
polymer gel (at baseline and months 3 and 6%); and two used single applications of 1-mg
microencapsulated minocycline.®”%

With respect to PD effects, four trials reported a greater effect of adjunctive local
minocycline — i.e., more reduction among experimental than control groups that was statistically
significant for at least some patients. Experimental subjects experienced 1.0 mm more reduction
at 12 weeks (for those with 7 mm or greater initial PD, P = 0.0001),% 0.77 mm and 1.10 mm
more reduction at 65 weeks (respectively, for subjects with 5 mm or greater and 7 mm or greater
initial PD, P < 0.0001 in both cases),®® 0.7 mm at 26 weeks (P < 0.05),%” 0.32 mm at 39 weeks (P
< 0.001) and 0.3 mm at 12 weeks (for those with initial PDs of 5 mm or greater, P = 0.0018).%®
The remaining trials showed net PD reductions favoring the local minocycline groups for which
significance was not reported or the test was not significant: 0.39 mm,> 0.34 mm,** and 28
mm.® The last study did not report data but did indicate the difference between the groups was
not significant.** In the largest trial lasting 9 months, the investigators reported that the
percentage of sites with PD reductions of 1 mm or greater, or 2 mm or greater, was higher in the
treatment group by, respectively, 10 percent and 11.6 percent; both values reflected a statistically
significant difference (P < 0.001) from those for patients receiving SRP and placebo.®®

Of the six trials that reported actual CAL data, three reported significantly greater net gains
in CAL for the minocycline treatment groups: 0.8 mm at 26 weeks (P = 0.04),%” 0.49 mm at 65
weeks (patients with baseline pockets of 5 mm or greater, P < 0.0001), and 0.43 mm at 65 weeks
(baseline pockets of 7 mm or greater, P < 0.0001),°® and 0.39 mm at 12 weeks (P < 0.05).%
Others reported no or nonsignificant differences in gains favoring the minocycline groups: 0.48
mm,® 0.4 for patients with initial PDs of 7 mm or greater,”® 0.36 mm,>® and 0.0 mm for patients
with initial PD of 5 mm or greater.® Of the two remaining trials that did not report data on CAL
gains,sone indicated that the between group difference was not significant® and the other did not
say.

None of these trials reported on percentage changes in spirochetes. One trial reported that
concentrations of P. gingivalis and P. intermedia were lower following a minocycline ointment
treatment than following SRP with placebo ointment at 2, 4, 6, and 12 weeks post-treatment, as
was the concentration of A. actinomycetemcomitans at weeks 6 and 12.%® The van Steenberghe
team then later reported significant differences in several microbiological outcomes (e.g., P.
gingivalis, P. intermedia, C. rectus, T. denticola, E. corrodens, F. nucleatum, and A.
actinomycetemcomitans) at various follow-up points from month 1 to month 15 between patients
receiving adjunctive minocycline ointment and nonsurgical SRP treatment alone.®> There were
significantly greater reductions in the P. gingivalis, T. denticola, and C. rectus counts from
baseline,® but for the other microbial outcomes the changes were not significant. The Jones
team used DNA probes for microbiological assessments of A. actinomycetemcomitans, P.
gingivalis, P. intermedia, E. corrodens, and C. rectus.** The P. gingivalis prevalence was
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completely nondetectable at 1 month and had a 60 percent reduction at 6 months for the
treatment group. The SRP-alone group reductions were never significant from baseline.

Attrition was not well reported in these studies. Authors reported a wide array of adverse
effects (among both treatment and control groups), some relatively serious and some not. They
included dental infection, abscesses, gingivitis, gingival edema, stomatitis, root sensitivity, tooth
sensitivity, dental pain, local irritation, headache, diarrhea, and other “minor” clinical reactions
(e.g., redness).

Quantitative Analysis of Local Minocycline Effects. Six of the eight studies examining
the effect on PD of locally applied minocycline reviewed above were included in the meta-
analysis (Figure 6).32°3%%® Reasons for excluding the other two studies were that one had no
data for us to calculate an effect size measure® and the other had too great variance with the rest
of the studies according to a test of heterogeneity, suggesting that it represented a different
intervention.®

The estimate of overall effect size for PD is 0.49 mm (95 percent Cl, 0.40 mm to 0.58 mm).
Effect sizes of included studies favoring use of adjunctive local minocycline range from 0.28 to
0.70. Despite the fact that all of the study effect sizes represent greater PD reduction using
adjunctive local minocycline with SRP than using SRP alone, based on the 95 percent Cls, the
PD effect sizes of only two of those studies differed significantly from zero.®>*® Those same two
studies had appreciably smaller standard errors of difference between means and larger study
samples, and consequently they contributed almost all of the weight to the meta-analysis results.

The statistically significant PD result supports the added effectiveness of locally applied
minocycline as an adjunct to SRP in the treatment of chronic periodontitis in adults. It does not
address, however, whether a mean change of 0.49 mm is clinically meaningful. One context for
judging the import of this half-millimeter difference is that the effects of SRP alone on reduction
in PD in these studies range from 0.71 mm to 2.30 mm for the same periods of time.

Of the eight studies examining the effect on CAL of locally applied minocycline reviewed
above, we included five in the meta-analysis (Figure 7).32°3%567%8 "Of the three excluded studies,
two had no way for us to calculate CAL effect sizes,**°® and one had a test for heterogeneity of
variancgg suggesting that that study represented a different intervention than that of the other
studies.

The estimate of overall effect size for CAL is 0.46 mm (95 percent Cl, 0.32 mm to 0.60
mm). Effect sizes of included studies favoring use of adjunctive local minocycline range from
0.04 mm to 0.80 mm. All these effect size estimates represent greater CAL gains using
adjunctive local minocycline with SRP than using SRP alone, but based on the 95 percent Cls,
the CAL effect sizes of only one of those studies differed significantly from zero.®® That study
had an appreciably smaller standard error of difference between means and a larger study sample
and consequently contributed almost all of the weight to the meta-analysis results.

The statistically significant CAL result supports the added effectiveness of locally applied
minocycline as an adjunct to SRP in the treatment of chronic periodontitis in adults. As with the
PD results, which were of about the same magnitude, the clinical ramifications of a change of
this size remains unclear in the context of CAL reductions in these studies for SRP alone of -
0.13 mm to 1.61 mm.
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Metronidazole

This section concerns the adjunctive use of metronidazole, an antiprotozoa agent with
bacteriocidal effects on anaerobic species such as spirochetes, when used either systemically or
locally in conjunction with SRP in patients with periodontitis. We present qualitative and
descriptive results for both systemic and local metronidazole and a meta-analysis of eligible
studies for local metronidazole. Metronidazole used in combination with amoxicillin is
presented in the following section.

Systemic Metronidazole

Qualitative and Descriptive Results. Eight studies, published between 1984 and 2002,
used systemic metronidazole as the sole antibiotic in conjunction with SRP and otherwise met
our inclusion criteria (Table 9 and Evidence Table 3a).°*"® Six trials were randomized, placebo-
controlled, and double-blind trials.®*™ Two trials were randomized but not placebo-
controlled,” " one was blinded only for examiners,”® and the other did not report blinding.”

In all, these trials had 305 completers, of whom 153 were treatment subjects. Subjects had
adult periodontal disease characterized as moderate to severe (or advanced). All control subjects
received SRP with or without a placebo; experimental subjects received SRP with metronidazole
alone.

The trials differed markedly in both therapeutic regimens and outcomes. As to dose,
frequency, and duration of the antibiotic: three studies used 200 mg three times a day, one trial
for 5 days’* and two for 7 days;’*"® one team, in three trials, used 250 mg three times a day for 7
days;** "™ another group used the same dosage but repeated SRP;" finally, one study used 400
mg three times a day for 7 days.” The studies lasted from 6 weeks to 156 weeks. The trial
outcome measures also varied considerably: average mm PD reduction per subject or per site;
average mm CAL gain per subject or per site; various microbial measures; the percentage of sites
per patient gaining, losing, or not changing PD or CAL; the percentage without disease; the

number of sites with a given level of disease; and the percentage of sites needing surgery.

With respect to PD differences, only one of the trials failed to report any PD data although
it did report a significant difference between the groups favoring the metronidazole treatment.”
Of the others, two studies from the same group reported statistically significant net PD
reductions favoring the metronidazole group. For patients with initial PD levels of 4 mm to 6
mm, the earliest study reported 0.14 mm gain at 30 weeks (not significant) and the latest study,
0.47 mm at 104 weeks (P < 0.01); for subjects with initial PD values greater than 6 mm or 7 mm
and higher, the figures were, respectively, 1.64 mm (P < 0.03) and 1.05 (P < 0.01).*™ Other
studies reported net gains of 0.6 mm,” 0.41 mm,” 0.41 mm for patients with initial PDs of 7 mm
or higher,” and 0.05 mm,"? but either these values were not significant or significance was not
reported. The 1991 Loesche et al. study reported a greater PD reduction of 0.06 mm in the
control group at 52 weeks, though the results were not statistically significant.”> One trial only
presented percent change of original PD.”

Six of the eight trials reported CAL results.**’®"*"® The studies from the Loesche et al.
teams reported the following net gains favoring the metronidazole groups:**"*™ for those with
initial PDs of 4 mm to 6 mm, 0.47 (P < 0.01), 0.10 mm (not significant), and 0.13 (not
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significant), and for those with initial PDs of either greater than 6 mm or 7 mm and higher, 1.19
(P =0.05), 0.32 (not significant) and 0.66 (not significant). Two other trials reported net gains of
0.41 mm (test not reported)” and 0.16 mm (not significant).”® The sixth study did not report data
on the gain in CAL but did indicate that it was not significant.”

Five investigations reported on microbial results (specifically spirochetes).®®"7*7® For
example, the proportions of spirochetes dropped from baseline to the final observation from 59.1
to 22.0 for the test group and from 60.0 to 34.8 for controls, with the difference between groups
approaching significance (P = 0.06).”* Similar findings were reported for the 1991 and 1984
studies from this research team.®®”* Palmer et al. also reported reductions in percentages of
spirochetes between baseline and 8-week and then 24-week follow-up for both experimental and
control patients, but the 24-week findings (from 47.1 percent to 25.8 percent for the
metronidazole group and from 47.2 percent to 25.6 percent in the SRP-only group) reflected no
significant difference between the two study groups. Finally, Soder et al. reported that the total
number of microorganisms counted at the follow-up visits did not differ significantly between
the metronidazole and placebo groups.”

Other results covered numerous heterogeneous outcomes. For example, at 6 weeks the
percentage of teeth per patient needing surgery was lower for the treatment than the control
group.” At 24 weeks, the percentages of sites with PDs of 4 mm or greater and the percentages
of sites improved per patient were greater for experimentals than controls.”® Two studies
examining a total of 18 experimental subjects in terms of the percentage of deep sites suggested
that metronidazole in conjunction with SRP is less effective than scaling alone at 156 weeks'*
and 260 weeks."

Finally, three trials reported some adverse effects.®®’>™* They included severe diarrhea,
gastric discomfort, and, less seriously, “metallic taste.”

Local Metronidazole

Qualitative and Descriptive Results. In all, we identified 11 clinical trials appearing
between 1986 and 2000 that used local metronidazole in conjunction with SRP and that met the
inclusion criteria (Table 10 and Evidence Table 3b).28:343637537580 qne tria] was a randomized,
placebo-controlled, double-blind design;’’ most of the studies were randomized, not placebo-
controlled, and single-blind designs.?¢3¢°3767880 The stydies lasted over a range of 6 weeks to
39 weeks (9 months). Overall, the completing number of subjects (treatment and control groups)
was 368; units of analyses included subjects, sites, and surfaces.

All subjects had adult or chronic periodontal disease ranging from “mild to moderate” to
“moderate to severe,” but most authors did not comment on severity. Most research teams used
a 25 percent gel of metronidazole as the intervention therapy, each with reapplications after 1
week or more often.?8:34:3653.7576.7880 thar groups used a variety of dosages and modes, such as
0.05 percent solution used with jet irrigation subgingivally’” and 20 percent ethylcellulose film.*’
Control subjects or sites received SRP with or without a placebo; the experimental subjects
received SRP with metronidazole alone.

For the PD outcomes, all 11 studies gave some results. Three reported data showing a
statistically significant difference in the net PD reduction that favored the treatment group: 0.8
mm at 13 weeks (P < 0.03),%° 0.5 mm at 39 weeks (P < 0.001),” and 0.18 mm at 37 weeks (P <
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0.05).%® One additional study reported that the net difference between treatment and control
groups was significant at 12 weeks (P < 0.01) but did not report the difference.”” Four trials
reported net PD reductions in favor of metronidazole that were not statistically significant: 0.9
mm,%" 0.78 mm,” 0.22 mm,* for “defect sites” at 26 weeks,>* and one study did not report the
data.”® Two studies reported nonsignificant net PD reductions favoring the control groups —
0.12 mm? and 0.1 mm for “nondefect sites™* — and one reported no net difference at all.”

Eight of these 11 studies provided information on CAL gains. Only two studies reported
significant net gains for the treatment groups: 0.66 mm at 6 weeks (P < 0.01)"® and 0.4 mm at 39
weeks (P < 0.001).” Several other studies reported nonsignificant CAL gains favoring local
metronidazole groups: 0.17 mm,”® 0.07 mm,*® 0.03 mm, *" 0.004 mm,>* and 0.7 mm and 0.0 mm
for defect and nondefect sites.** One study reported a nonsignificant greater net gain in the
attachment level for the control group of 0.04 mm.”®

As to changes in the presence of spirochetes, one trial showed that treatment lessened the
percentage of spirochetes in both treatment and control groups. At 8 weeks of follow-up, the
change was significantly less in the locally delivered metronidazole group, but at 24 weeks the
differences were not significant.”

Generally, none of these studies reported adverse events. One group noted that about half
of the patients receiving metronidazole as a gel reported a bitter taste.*

Quantitative Analysis of Local Metronidazole Results. Seven of the 11 studies
examining the effect on PD of locally applied metronidazole reviewed above were included in
the meta-analysis (Figure 8).3+%037237850 T\yq studies were not included because they lacked
data allowing us to calculate PD effect size measures,”®"’one was too short,” and the final one
did not provide data on variation.?®

The estimate of overall effect size for PD is 0.32 mm (95 percent CI, 0.20 mm to 0.44 mm).
Effect sizes of included studies favoring use of adjunctive local metronidazole range from 0.18
mm to 0.90 mm. All but one of the study effect sizes represented results that demonstrate greater
PD reduction using adjunctive local metronidazole with SRP than using SRP alone. The one
exception found a zero difference between the treatment and control groups.”® Based on the 95
percent Cls, the PD effect sizes of four studies differed significantly from zero.>**"*% The two
studies with appreciably smaller standard errors of difference between means contributed
relatively more weight to the meta-analysis results.>®"

The statistically significant PD result supports the added effectiveness of locally applied
metronidazole as an adjunct to SRP in the treatment of chronic periodontitis in adults. It does
not address, however, whether a mean change of 0.32 mm is clinically meaningful. In contrast to
this approximately one-third of a millimeter difference between using and not using some form
of local metronidazole as an adjunct to SRP, the effects of SRP alone on reduction in PD in these
studies ranged from 0.71 mm to 2.50 mm for the same periods of time.

Of the eight studies examining CAL effects of local metronidazole, we used seven in the
meta-analysis (Figure 9).343037:376.7879 Tha excluded study was too short.”

The estimate of overall effect size for CAL is 0.12 mm (95 percent CI, 0.01 mm to 0.24
mm). Effect sizes of included studies favoring use of adjunctive local metronidazole range from
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0.07 mm to 0.70 mm. Five of the study effect sizes suggest greater gain in CAL using adjunctive
local metronidazole with SRP than using SRP alone. One of the exceptions found a zero
difference between the treatment and control groups;>® the other was an effect size favoring SRP
alone.” Based on the 95 percent Cls, the CAL effect sizes of 0.4 mm and 0.7 mm in two studies
differed significantly from zero.**"® The two studies with appreciably smaller standard errors of
the diffg%lce between means again contributed relatively more weight to the meta-analysis
results.”

As with PD effects of locally applied metronidazole, the statistically significant CAL result
supports its added effectiveness as an adjunct to SRP, but the clinical importance of a mean
change of 0.12 mm is open to question. By contrast, the effects of SRP alone on CAL gains in
the same time periods ranged from 0.20 mm to 1.60 mm.

Metronidazole and Amoxicillin

We identified four studies that combined systemic metronidazole with amoxicillin as an
adjunctive intervention to SRP (Table 11 and Evidence Table 4).”%8% All were randomized
trials; three were placebo-controlled; ®#% two were double-blind, one was single blind,®* and
one did not report on blinding.®* In all studies, patients received SRP (usually under local
anesthesia). In total, 133 patients completed the trials (64 in treatment groups and 69 in control

groups).

The combined antibiotic regimens differed in dosage, frequency, and duration. Three
studies used the combination of 250 mg of metronidazole and 375 mg amoxicillin three times a
day for 7 days,®® 8 days,® and two times a day for 2 weeks;®* one used 200 mg metronidazole
and 250 mg amoxicillin three times a day for 7 days.”

Two trials gave data on mean PD outcomes. The net PD reduction favoring the treatment
groups were 0.7 mm at 13 weeks (P < 0.05)® and 0.5 mm at 104 weeks (significance not
reported).® In the remaining trials, data were not reported, although one noted that the net
difference for initial probing depths of 6 mm or greater was significant favoring the treatment
(P < 0.001)."°

Similarly, two studies reported data on CAL gains: a net gain of 0.3 mm at 104 weeks
where significance was not reported®™ and one of 0.4 mm at 24 weeks (not significant).®® Of the
two studies not giving CAL data, one said the net difference was significant (P < 0.05) for
probing depths greater than 6 mm’® and one said it was not significant.®?

None of the studies examined spirochetes, but all four reported on other microbiological
outcomes.’®®% One team found that the treatment eliminated A. actinomycetemcomitans, P.
gingivalis and P. intermedia at 8 weeks (significance not reported).®* For subjects with A.
actinomycetemcomitans microbes, another team found that a significantly higher incidence of
CAL gain of 2 mm or more was achieved in the experimental group over control (P < 0.05), but
the opposite was true for subjects with P. gingivalis, who had a loss of attachment (P < 0.05) at
52 weeks.®” A third team reported significant differences for the treatment versus control for
microbiological outcomes (A. actinomycetemcomitans, P. gingivalis, P. intermedia and others)
only at 1 month and not for the final assessment at 6 months.” Finally, the remaining team
found significant differences between the experimental and placebo groups in the decreased
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number of subjects who were positive for other microbiological outcomes (P value not
reported).®

Some of these trials also reported positive findings for other measures. In one study, for
example, at 12 weeks the percentage of deep sites per patient and mean deep and shallow site
attachment levels were all improved for the treatment group compared to controls.®® In another,
at 26 weeks the percentage of sites for those with initial PD 6 mm or greater dropped from 15.9
percent to 1.3 percent for the treatment group; figures for the full placebo-control group were
19.3 percent and 12.4 percent, for a net difference favoring the dual antibiotic group of 7.7
percentage points (reported as statistically significant);’® similar findings were reported for sites
with 3 mm or less PD initially. CAL findings indicated that patients in the combination
antibiotic group had significant improvements—i.e., decreased percentage of sites with high
attachment losses and increased percentage of sites with low attachment losses—compared with
levels for the placebo group. Finally, some research teams reported greater elimination or
suppression of some periodontal pathogens (e.g., A. actinomycetemcomitans).®*#2

Various adverse effects were reported in these trials. They fell mainly into the category of
gastrointestinal problems (e.g., diarrhea),** with two cases of skin rash and one case of nausea
after alcohol use.®

Chlorhexidine

In all, we included 17 studies of chlorhexidine, a topical, iodine-free disinfectant
(antiseptic) with broadly effective antimicrobial properties, applied locally to either the gingivae
or the mouth in general through several modalities (Table 12 and Evidence Table 5). These
included rinses, mouthwashes, irrigation, and application or introduction of chips or gels in
various ways.

Below we discuss the nine studies, published between 1985 and 1994, that included
chlorhexidine applied solely as a rinse or through irrigation.®>3>*778488 Those are followed by
seven studies involving direct applications via chips or gels (without additional chlorhexidine
rinse or irrigation)>*®**and then by one trial that involved complex one-stage “full-mouth
disinfection” within 24 hours, comprising gel, rinse, spray, and/or irrigation in combination.*

Of these 17 studies, 15 are described as randomized and 10 as placebo-controlled; seven are
double-blind; an additional five are single-blind studies (chiefly of examiners). All patients had
periodontitis described variously as mild, moderate, severe, or advanced (or severity was not
reported). In all, the total number of patients completing these studies was 767, but many
analyses were done on sites, surfaces, or pockets.

Two trials were large and multi-site investigations (one of 419 subjects [211 treatment and
208 control]®* and one of 94 subjects [401 treatment pockets and 412 control pockets]*®); one
was medium-sized (60 subjects):® and the remainder were small (no more than 24 completers,
but most were in the 10-subject range).

The approaches to experimental treatments varied considerably in terms of timing,
frequency, and relationship to SRP; some trials included Bass brushing as part of the test
approach. However, dosage of irrigated chlorhexidine was variable (ranging from 0.02 percent
to 2.0 percent); some trials using chips identified it as Perio-Chip® (2.5 mg chlorhexidine); and
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gels tended to be either 0.2 percent or 1 percent chlorhexidine. Control subjects tended to
receive SRP alone or with some form of saline or water irrigation.

Similarly, the trials measured a wide array of clinical and microbiological outcomes at quite
heterogeneous follow-up periods. Of the trials that reported on PD changes, some reported data
in terms of the percentage of sites with smaller depths after treatment, rather than actual depths
in millimeters; few studies reported on CAL in millimeters; and virtually no studies reported on
spirochetes. Only a small number of research teams looked for or commented on adverse events,
but as chlorhexidine is considered easily tolerated, this may not be surprising.

Irrigation and Mouthwash

We determined that ten trials of chlorhexidine irrigation and/or mouthwash with SRP
versus SRP alone, all published between 1985 and 1994, met our inclusion criteria (Table
12).303L347784-88 f these, seven used split-mouth designs. These studies ran from 4 weeks to 52
weeks.

With respect to PD, four studies reported net reductions favoring the chlorhexidine solution
groups, but none was significant: 1.0 mm,* 0.3 mm,* and 0.1 mm.%>®" Three other studies
provided no tabulated or quantitative data but reported that the differences in the change from
baseline to follow-up between the treatment and control groups were not significant.>*’"%* One
team noted that the percentage of sites with PD reductions was significantly greater for a
chlorhexidine-irrigation group than for a water-irrigation group at 2 and 4 weeks.?® One of the
trials reported a nonsignificant net reduction in PD of 0.1 mm favoring the SRP-only group.®

Six chlorhexidine irrigation trials provided data on CAL gains.**3**8%" Net CAL gains
favoring the treatment group (none statistically significant) were 0.9 mm,?* 0.2 mm,*® and 0.1
mm.%#" One study reported nonsignificant net CAL gains favoring the control group by 0.1
mm.% Finally, one team remarked only that CAL did not differ significantly between groups.>*

With respect to microbial outcomes, three teams reported on percentages of spirochetes at
baseline and at last follow-up.*>*"#" Patients in the chlorhexidine treatment groups all
experienced decreases in the percentages of spirochetes; the largest decrease was from 32
percent to 2 percent.’ Nonetheless, at the end of the studies, the net reductions in proportions of
spirochetes for the chlorhexidine groups relative to the control groups were not significant;
irrigation with chlorhexidine did not appear to have more than limited microbiological effect
compared to SRP alone.

In short, the results of these trials suggest that, with respect to PD and CAL, using local

irrigation with chlorhexidine as an adjunct to SRP confers virtually no material benefit over SRP
alone.
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Direct Gingival Applications

Chlorhexidine Chips. Five trials appearing between 1997 and 2002 tested a chip
application of chlorhexidine as an adjunct to SRP against either SRP alone or SRP with a
placebo chip (Table 12).°>% These were 2.5 mg chips inserted into pockets of varying depths at
baseline and at various points after that; the trials lasted from 26 to 39 weeks.

With respect to PD, two trials reported statistically significant net improvements for the
treatment group: 0.33 mm at 26 weeks (P = 0.05)*? and 0.26 mm at 39 weeks (P < 0.0056).%*
Another study cited a 0.2 mm improvement in favor of the control group but did not report
significance,” and a fourth gave no data but reported a nonsignificant difference.*® Finally, the
fifth study reported a 0.46 mm net PD reduction favoring the SRP-only group (P < 0.001).%

Three of the chip trials cited net CAL gains favoring the chlorhexidine chip groups: 0.28
mm at 26 weeks (P = 0.048),%? 0.20 mm at 39 weeks (P < 0.012),** and 0.16 mm at 26 weeks (P
< 0.05).%° Of the other two studies, one did not report all final data in millimeters but
commented that the changes were not significant™ and the other showed only a nonsignificant
0.4 mm net PD reduction favoring the control group.*

No chip trial reported on percentages of spirochetes. One research team reported toothache,
upper respiratory tract infection, and headache as adverse events but noted that such side effects
generally happened with similar frequency for the treatment and control groups except for
toothache (e.g., pain, tenderness, and sensitivity similar), which was significantly higher in the
chlorhexidine group (P = 0.042)."

Chlorhexidine Gels. Two trials used chlorhexidine gel as an adjunct to SRP and tested
this modality against SRP alone or SRP with placebo gel (Table 12).°®° One study did not give
tabulated data on PD reductions but the net difference was noted as not significant;* in the other,
the 0.25 mm net reduction (not significant) favored the control group.>® One trial noted only a
nonsignificant 0.34 mm CAL gain favoring the control group.>® The one trial that addressed
percentages of spirochetes showed a decrease over time for the treatment group, but no
significant net benefit emerged for the treatment group at the conclusion of the study.®® Neither
study reported on adverse effects.
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Chlorhexidine Combination Treatment. The one study that employed an all within-24
hours full mouth disinfection also employed multiple forms of chlorhexidine.* These included
chlorhexidine gel for brushing, subgingival chlorhexidine irrigation, and chlorhexidine rinse and
spray, the latter twice a day for 60 days. In this study, net PD reductions favoring the control
group of 0.1 mm (single-root teeth) and 0.5 mm (multi-root teeth) were not significant. The
same was true for CAL gains of 0.3 mm (single-root teeth) and 0.3 mm (multi-root teeth) that
favored the control group.

Quantitative Analysis of Local Chlorhexidine Effects. Of the 17 studies examining the
effect on PD of locally applied chlorhexidine reviewed above, we retained eight in the meta-
analysis (Figure 10).3031°99092949 ¢ the nine excluded studies, one had a study period of less
than 3 months,>* two were longer than 9 months with no intermediate data reported,®*®’ and six
did not report data that could be used to calculate a PD effect size.’”8*86:88.89.93

The estimate of overall effect size for PD is 0.24 mm (95 percent Cl, 0.13 mm to 0.35 mm).
Effect sizes favoring use of adjunctive local chlorhexidine range from 0.14 to 1.00 mm. Five of
these effect sizes reflected greater PD reduction using adjunctive local chlorhexidine with SRP
than using SRP alone; the other three studies had PD effect sizes of from -0.10 mm
to -0.25 mm that favored SRP alone.*®°*%® Based on the 95 percent Cls, the PD effect sizes of
only three studies differed significantly from zero; all favored SRP with local
chlorhexidine.****** The two studies with appreciably smaller standard errors of difference
between means contributed considerably more weight to the meta-analysis results.***

The statistically significant PD result supports the added effectiveness of locally applied
chlorhexidine as an adjunct to SRP in the treatment of chronic periodontitis in adults. As with
other adjunctive therapies with a mean changes in this range (0.24 mm), however, whether they
are consequential clinically remains debatable, given that the effects of SRP alone on reduction
in PD in these chlorhexidine studies ranged from 0.70 mm to 3.00 mm for the same periods of
time.

Of the 13 studies examining the CAL effects of locally applied chlorhexidine reviewed
above, we included seven in the meta-analysis (Figure 11).%0399-929 Among the six excluded
studies, one had a study period of less than 3 months,>* two had study periods longer than 9
months with no intermediate data reported,®®’ and three did not report data that could be used to
calculate a CAL effect size.?%%%

The estimate of overall effect size for gain in CAL is 0.16 mm (95 percent ClI, 0.04 mm to
0.28 mm). Effect sizes of included studies favoring use of adjunctive local chlorhexidine range
from 0.16 mm to 0.90 mm. Two of the study effect sizes, ranging from 0.34 to 0.40, represented
results that demonstrate greater CAL gains using SRP alone.”*® Based on the 95 percent Cls,
the CAL effect sizes differed significantly from zero for only two studies.*>** The two studies
with appreciably smaller standard errors of differences between means and larger sample sizes
contributed relatively more weight to the meta-analysis results.®*®*

The statistically significant CAL result supports the added effectiveness of locally applied
chlorhexidine as an adjunct to SRP, but the clinical significance of a mean change of 0.16 mm is
also debatable. The effects of SRP alone on CAL gains in these chlorhexidine studies ranged
from 0.31 mm to 1.40 mm for the same periods of time.

47



Other Antibiotics
Systemic Antibiotics

Seven clinical trials of other antibiotics, all given as systemic agents, met the inclusion
criteria (Table 13 and Evidence Table 6a).”**"%%% Twg studies used spiramycin alone as the
adjunctive therapy.*®" The others used different agents for the adjunctive systemic therapies: a
combination of spiramycin and metronidazole,” doxycycline (a synthetic derivative of
tetracycline),” azithromycin (an antibiotic related to erythromycin),® amoxicillin with
clavulanic acid,*® and amoxicillin with a placebo and chlorhexidine rinse.”® All were
randomized, placebo-controlled trials; all but one was a double-blind trial.*®

Taken together, the trials comprised 359 completing subjects, 204 on antibiotic regimens
with SRP (just under half from the Bain et al. trial®’), and 199 receiving SRP with placebo.
Subjects in the trials differed in terms of their periodontal disease experience or severity from
severe or advanced periodontitis to moderate. One study included subjects with at least two
sextants with scores on the Community Periodontal Index of Treatment Needs (CPITN) of 4.%
All studies used the subject as the unit of analyses.

All studies reported details of the SRP procedures. In two studies, SRP was started at
baseline appointment and completed in two sessions of 3 hours each, performed within 1 week of
each other by one operator.*>*® In another, SRP was started at baseline and performed in 3 to 5
hours during the 2 weeks of drug therapy; this involved seven operators in different centers.”” In
another study, 152 teeth received one session of SRP performed under local anesthesia using
ultrasonic and hand instruments.”® Finally, in the most recent study, SRP was performed by one
hygienist using hand instruments.*

Experimental regimens differed widely across these trials. Two studies had the standard
dose of 500 mg of spiramycin, twice a day for 14 days;**°" another had a combination dose of
750,000 U of spiramycin and 125 mg of metronidazole twice a day for 14 days.”® Other
regimens included: 200 mg of doxycycline the first day followed by 100 mg per day for 6
weeks;® 500 mg azithromycin capsules once a day for 3 days at week 2 after the final session of
SRP;* 250 mg amoxicillin with clavulanic acid three times per day for 30 days*® and the other
had 250 mg amoxicillin with a placebo three times a day for 7 days along with a chlorhexidine
rinse.”® Studies ranged in length from 22 to 43 weeks.

Only five studies reported PD data.*>***"*® While the remaining two studies did not report
data, they did report that the difference between the groups was not significant.”>% In the
doxycycline trial, the experimental group was significantly different from the placebo group only
at weeks 3 and 6; at 12 and 24 weeks, the two groups did not differ significantly, with the 0.6
mm nonsignificant difference at 24 weeks favoring the placebo group.®® One spiramycin study
found significant differences in PD reduction favoring the drug group at 2 weeks into the study;
at 24 weeks, the net reduction favoring the group receiving spiramycin was 0.47 mm (P =
0.0075).%" Another spiramycin study showed greater reductions in PD favoring the experimental
group in only the least severe class (probing PD < 3 mm) of 0.42 mm at 24 weeks but the
difference was not significant. For the other severity groups, the results favored the placebo
groups—~0.40 mm in those with PD 4 mm to 6 mm and 0.28 mm in those with PD > 7 mm—and
neither was significant.”® In the azithromycin study, the mean values of subjects’ average PDs
differed between the azithromycin and the SRP-only groups at baseline; thus, the investigators
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used analysis of covariance to render the experimental and control groups equivalent at baseline.
The study results showed greater reductions in PD favoring the experimental group in each of
three severity classes (probing depths of 1 mm to 3 mm, 4 mm and 5 mm, and 6 mm or greater)
at various measurement points. At 22 weeks, the net reductions in PD for patients with the most
advanced pggriodontitis was 0.87 mm (P < 0.05) and for these in the intermediate group, 0.52 mm
(P <0.01).

Six trials measured CAL.*#6709%% The doxycycline trial showed a 1.3 mm gain in CAL at
24 weeks (P < 0.05).® The three spiramycin studies had mixed results. In one (used with
metronidazole), the experimental group exhibited a significantly (P < 0.05) greater gain in
attachment level than did the control group but provided no data;*® another reported a
nonsignificant 0.29 mm gain in CAL for the experimental group.”’ In the third, at 24 weeks a
gain of 0.92 mm favoring the treatment group was not significant (for those with least severity),
and results favored control groups (although also not significant) for those with greater
severity.* The amoxicillin and clavulanic acid trial reported only a nonsignificant difference at
the end of the trial,*® and in the other amoxicillin trial no data or significance test were given.”

Two trials performed microbiological examinations on the studies’ subjects and found a
significant decline in the spirochetes level. In one, the proportion of spirochetes among
experimental subjects receiving spiramycin decreased from 28 percent at baseline to 3 percent at
24 weeks; the respective values for the placebo group were 30 percent and 11 percent (P <
0.05).* In the other, the proportion of spirochetes declined significantly among experimentals
relative to controls at 14 days and thereafter; at 6 months, the proportions were 3 percent for
experimental subjects and 15 percent for controls (P < 0.05).%

Most of these studies did not report adverse events or effects of the experimental
intervention (or reported that they did not observe any). Adverse reactions mentioned, which
occurred infrequently, included nausea, diarrhea, gastrointestinal upset, and abdominal pain.

Local Antibiotics

Two clinical trials of local antibiotics as the adjunctive therapy met the inclusion criteria
(Table 14; Evidence Table 6b). One trial used local ofloxacin (a broad-spectrum antibiotic); %
the other used doxycycline gel.’®* Both were randomized, placebo-controlled studies; one was a

multi-center, double-blind trial 1%

In all, 135 subjects completed the two trials. All subjects in both studies received SRP, and
each subject had one site treated with the local antibiotic regimens with SRP and a different site
treated with placebo.

These two trials differed in several dimensions. With respect to periodontal disease
experience, one study included subjects with chronic periodontitis diagnosed by showing on
affected teeth more than 30 percent bone loss by radiographs.*®® The other study included
subjects suffering from moderate to severe periodontitis with at least 3 single-rooted teeth either
with PD depth of 5 mm and bleeding on probing or with PD of 6 mm or more.'*

Details of the experimental regimens and SRP procedures regimens also differed. In the
doxycycline trial, investigators used a subgingival application of a newly developed,
biodegradable 15-percent doxycycline gel (DOXI); subgingival SRP was performed with hand
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instruments at all test and respective neighboring teeth under local anesthesia, and then
mechanical debridement of one test tooth was limited to 10 minutes.’* In the other study,
investigators used a controlled-release, film-shaped insert of ofloxacin that was applied once a
week from baseline through 35 days; supragingival SRP was done for the first 2 weeks and root
planning and subgingival scaling for 4 weeks after that.*®

Only the doxycycline trial reported on clinical measures.'®* At 26 weeks both net PD
reduction (0.44 mm, P = 0.0066) and CAL gain (0.37 mm, P = 0.038) favored the experimental
group over the control group.*® Interim measures were said to show improvement compared to
baseline but statistical significance was not reported. The ofloxacin trial analyzed the proportion
of spirochetes over a 4-week period.*® Two weeks after supragingival scaling period, the
difference between the experimental and the placebo groups favored the former (9.5 percent
versus 20.2 percent, P < 0.05); however, as the SRP treatment changed to mechanical
subgingival debridement, proportions of spirochetes dropped for all groups, and differences
between treatment and placebo groups were no longer statistically significant through the
remainder of the study. Only the doxycycline study reported any adverse effects (swelling at one
treatment tooth).

Other Antimicrobials

Five clinical trials of adjunctive use of antimicrobials other than antibiotics, published
between 1987 and 2001, all used locally, met our inclusion criteria (Table 15 and Evidence Table
7).8589.202104 They included (alone or in various combinations or forms): povidone-iodine
solution, tetrapotassium peroxydiphosphate, hydrogen peroxide, triclosan, amine fluoride and
stannous fluoride. Three were randomized, placebo-controlled, double-blind trials; one was
randomized, placebo-controlled and single-blind; and one was described only as placebo-
controlled. The duration of the studies ranged from 2 months to 13 years.

Although experimental regimens were applied subgingivally in all studies, none of these
studies used exactly the same antimicrobial agent; the treatment regimens, including the SRP
approaches, varied considerably too and included the following:

e irrigation with hydrogen peroxide 3 times a week, with SRP started at week 32 with six
visits during a period of, on average, 6 weeks to complete;®®

e application of 1.25 percent amine fluoride gel on one site (tooth) or application of
4 percent stannous fluoride gel on another site, with both treatments applied three times
within 10 minutes and selected pockets subjected at baseline to mechanical
debridement with hand or ultrasonic instruments;®

e application of supragingival gel and dentifrice, both containing triclosan, twice a day
for two time periods, each lasting for 14 days with 1 week of wash-out period between
them, as well as subgingival gel application at days 0 and 7 in each time period, with
the assigned quadrant anaesthetized and teeth exposed to meticulous SRP until root
surfaces were hard and smooth;%

e use of 0.1 percent of iodofor solution (a water solution of povidone-iodine) as a cooling
liquid for an ultrasonic device to provide nonsurgical therapy, with nonsurgical supra-
and subgingival SRP under local anesthesia using ultrasonic device for 1 hour for four
to six sessions (intervals between sessions never exceeding 1 week);'* and,

e subgingival irrigation of a 7-percent solution of tetrapotassium peroxydiphosphate
twice a day for 8 weeks before SRP was done; SRP was performed through thorough
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subgingival scaling by hand (which took place at week 32 of the study, so week 32 was
considered the baseline of the reported clinical results).'*

Taken together, the trials included 236 subjects and 326 sites (148 sites on antimicrobial
regimens with SRP, and 178 sites on control regimens). Subjects in the studies experienced a
full spectrum of periodontitis: moderate periodontitis; > moderate to severe;®** only severe
periodontitis;®® and advanced destructive periodontitis.'**

The studies differed markedly in the selection of sites used to characterize a subject’s
response to therapy, but generally all studies involved patients with PDs in the range of 5 mm to
10 mm. One study based analyses on two pairs of contralateral sites with at least 5 mm PD that
bled on probing at baseline.!®> A second study selected for each experimental group one
interdental pocket of 7 mm to 9 mm that affected a single-rooted tooth.2® A third study included
subjects with a minimum of eight nonmolar teeth, at least two of which in each dentate quadrant
had PDs of 6 mm or more;'®* another study selected two or three interproximal sites in each jaw
quadrant on the basis of the presence of PDs of 6 mm or more.®?® Finally, another study included
subjects with PDs of 5 mm to 10 mm.'%

All teams used net reduction in PD as a clinical outcome.®>#°1%1% The hydrogen peroxide
study reported net PD reduction of 0.8 mm at 52 weeks (P < 0.05);®® two other trials reported
nonsignificant reductions of 0.65 mm (tetrapotassium peroxydiphosphate solution'®®) and 0.6
mm (povidine-iodine'®) after 8 weeks among persons at baseline with 4 mm to 7 mm probing
depths. In the triclosan study, the 0.1 mm reduction favored the control groups;'® the fluorides
study %léd not report data but only that the results were not significant but favored the treatment
group.

Three trials reported results for CAL — two in terms of actual gains or losses in
attachment®* and one in terms of less of a loss of attachment.®® The hydrogen-peroxide trial
reported a CAL gain of 0.1 mm for the treatment group (not significant).®® It also reported the
percentage distribution of sites that demonstrated a gain of more than 1 mm of clinical
attachment level at the end of the phase that included both SRP and hydrogen-peroxide
treatment; for both hydrogen-peroxide and control groups, 40 percent of sites showed an
attachment gain of that magnitude (for no difference between the groups). In the tetrapotassium
peroxydiphosphate trial, the net difference in attachment level between test and control groups at
the end of 8 weeks was 0.25 mm (a nonsignificant finding).’®® Finally, in the longest study (of
povidine-iodine), the control group had a greater attachment gain after 13 years of 0.597 mm
(significance not reported).'®

Three trials examined microbiological outcomes including spirochetes.®*%%1% None of
these studies showed that the treatment groups differed significantly from the control or placebo
groups at the end of their respective observation periods. In the triclosan trial,*® the mean
percentages dropped by day 14 to about 13 percent for both groups (from 46 percent among test
patients and 37 percent among controls). In the tetrapotassium peroxydiphosphate study, the
drop in percentage of spirochetes for both treatment and control groups was reported to be
statistically significant between baseline and 8 weeks, but the net difference between groups was
noted as not significant.!®® Finally, for fluoride gel treatment, the percentages of spirochetes was
reported to have dropped significantly for both treatment groups (amine fluoride and stannous
fluoride) and placebo between baseline and 36 weeks, but the differences between groups at the
end were not significant.®®
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By and large, these trials did not report on adverse events or effects. The tetrapotassium
peroxydiphosphate trial noted mucosal irritation.'*
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Table 5. Main Features and Findings on Probing Depth and Clinical Attachment Level: Trials of Systemic

Tetracycline

Number
Randomization Completing Treatment Group Treatment Group
Placebo Treatment PD Reduction (mm) CAL Gain (mm)
Author, Year Blinded Duration Control Dosage and Mode Level of Significance Level of Significance
Listgarten et R 25weeks N: 12 subjects 250 mg tetracycline +0.20, NS Data NR, NR
al., 1978% NP T: 6 subjects 4xday, days O to 14
NR C: 6 subjects and days 42 to 56
Lindhe et al., R 50 weeks N: 14 subjects 250 mg tetracycline +0.8, NR +0.3, NR
1983* PL T: 7 subjects 4xday, days O to 14
DB C: 7 subjects and 250 mg 1xday
days 15 to 350
Al-Joburietal.,, R 24 weeks N: 51 subjects 250 mg tetracycline Initial PD < 3 mm: Initial PD < 3 mm:
1989* PL T: 27 subjects 4xday, days Oto 14 +0.12, NS +0.49, NS
DB C 24 subjects
Initial PD 4-6 mm: Initial PD 4-6 mm:
-0.05, NS +0.04, NS
Initial PD =2 7 mm: Initial PD = 7 mm:
+0.19, NS +0.45, NS
Haffajee etal., R 43 weeks N: 24 subjects 250 mg tetracycline +0.29, NS Data NR, NS
1995 PL (10 T: 13 subjects 3xday, days 0to
DB months) C: 11 subjects 30, plus 0.12%
chlorhexidine rinse
for same 30 days
Ramberg et al., Non-R 52 weeks N: 89 subjects 250 mg tetracycline +0.3, NS +0.31,
2001" NP T: 28 subjects 4xday, days O to 21 P <0.001
NR C: 61 subjects and 0.2%

chlorhexidine rinse
2xday

R, randomized; Non-R, nonrandomized; PL, placebo-controlled; NP, no placebo; DB, double-blind; SB, single blind; NR, not reported; N/A, not applicable

because not one of the clinical measures used; NS, not significant.
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Table 6. Main Features and Findings on Probing Depth and Clinical Attachment Level: Trials of Local Tetracycline

Number
Randomization Completing Treatment Group Treatment Group
Placebo Treatment PD Reduction (mm) CAL Gain (mm)
Author, Year Blinded Duration Control Dosage and Mode Level of Significance  Level of Significance
Goodsonet R 52 weeks N: 10 subjects 25% tetracycline Data NR, NR Initial PD > 3 mm:
al., 1985 NP T:  9teeth fibers for 10 days +0.34, NS
SB C: 9 teeth
Initial PD > 6 mm:
+0.33, NS
MacAlpine et Non-R 24 weeks  N: 11 subjects 50 mg/ml tetracycline +0.4, NR +0.3, NS
al., 1985°"  PL T: 16 sites irrigation every 2
NR C: 16 sites weeks for 22 weeks
Nylund and  Non-R 52 weeks N: 20 subjects 50 mg/mltetracycline Data NR, NS Data NR, NS
Egelberg, PL T: 20 subjects irrigation once every
1990°* NR C: 20 subjects 2 weeks for 3 months
Minabe etal., R 8 weeks N: 16 subjects Tetracycline +0.7, NS Data NR, NS
1991% NP T: 10 sites immobilized collagen
NR C: 8 sites film, 4 consecutive
weekly
administrations
Unsaletal., R 12 weeks N: 15 subjects 40% tetracyclinein  -0.43, NS -0.23, NS
1994 NP T: 7 subjects white petroleum,
NR C: 8 subjects single application
Jeong etal., R 12 weeks N: 16 subjects T1: 5% tetracycline T1:+0.27, NS T1:+0.14, NS
19947 NP T1: 16 subjects in gel, 1 application
NR T2: 16 subjects T2: 5% tetracycline T2: +0.93, T2: +0.73, NS
C: 16 subjects with citric acid in gel, P <0.05
1 application
Newmanet R 26 weeks N: 105 subjects 12.1 cm of +0.73,P <0.01 +0.48, P < 0.05
al., 1994 NP (6 months) T: 105 subjects tetracycline fiber for
SB C: 105 subjects 10 days
Shiloah and R 4 weeks N: 7 subjects 5% aqueous Data NR, NS Data NR, NS
Patters 1994** PL T: 12 sites tetracycline, 1
SB C: 12 sites application
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Table 6. Main Features and Findings on Probing Depth and Clinical Attachment Level: Trials of Local Tetracycline

(continued)

Number
Randomization Completing Treatment Group Treatment Group
Placebo Treatment PD Reduction (mm) CAL Gain (mm)
Author, Year Blinded Duration Control Dosage and Mode Level of Significance Level of Significance
Driskoetal., R 52 weeks N: 116 subjects 17 mg tetracycline Data NR, NS Data NR, NS
1995% NP T: 116 subjects fibers for 10 days
SB C: 116 subjects
Darhous et al., Non-R 8 weeks N: 7 subjects 100 mg/ml +1.04, NR +1.8, NR
1995%° NP T: 7subjects tetracycline
NR C: 7 subjects irrigation, 5
minutes, 1
application
Trombelli et R 8 weeks N: 12 subjects T1: 100 mg/ml T1:. +0.4,P=0.011 T1: -0.2,NS
al., 1996 NP (60 days) T1: 20 sites tetracycline
SB T2: 24 sites irrigation, 4
C: 19sites minutes, 1 T2: +0.5,P=0.011 T2: +0.4,NS
application
T2: 25%
tetracycline fibers
for 10 days
Lie et al., R 26 weeks N: 18 subjects 3% tetracycline Defect sites:* Defect sites:*
1998 NP T: 18 subjects ointment after +0.6, NS +1.0, NS
DB C: 18 subjects each SRP
session, 1 week Nondefect sites:* Nondefect sites:*
apart -0.3, NS +0.2, NS
Tonettietal.,, R 26 weeks  N: 123 subjects 25% tetracycline  +0.4, NS -0.1, NS
1998% NP T: 63 subjects fibers for 10+3
SB C: 60 subjects days
Yalcin et al., R 7 weeks N: 17 subjects Slow-release +0.41, P = 0.047 +0.20, NS
1999% NP T: 221sites tetracycline fibers
SB C: 191 sites for 10 days
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Table 6. Main Features and Findings on Probing Depth and Clinical Attachment Level: Trials of Local Tetracycline
(continued)

Number

Randomization Completing Treatment Group Treatment Group

Placebo Treatment PD Reduction (mm) CAL Gain (mm)
Author, Year Blinded Duration Control Dosage and Mode Level of Significance Level of Significance
Kinane and R 26 weeks N: 39 subjects 25% tetracycline  +0.67, P = 0.008 +0.15, P < 0.05
Radvar, NP (6 months) T: 19 subjects fibers for 10 days
1999 SB C: 20 subjects
Friesenetal., R 26 weeks N: 24 subjects 13.5mg T1:+0.43, NR T1: +0.44, NS
2002 NP (6 months) T1: 24 subjects tetracycline strips

SB T2: 24 subjects for 7 to 10 days T2: +0.87, NR T2: +0.48, NS

C: 24 subjects T1: single strip
T2: multiple strips

R, randomized; Non-R, nonrandomized; PL, placebo-controlled; NP, no placebo; DB, double-blind; SB, single blind; NB, not blinded; NR, not reported; N/A,
not applicable because not one of the clinical measures used; NS, not significant.

*Defect and nondefect sites refer to, respectively, the mean of measurements from the buccal and lingual side versus measurements for all remaining parts of the
tooth.
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Table 7. Main Features and Findings on Probing Depth and Clinical Attachment Level: Trials of Systemic Minocycline

Number
Randomization Completing Treatment Group Treatment Group
Placebo Treatment Dosage and PD Reduction (mm) CAL Gain (mm)
Author, Year Blinded Duration Control Mode Level of Significance Level of Significance
Ciancio et al., R 10 weeks N: 26 subjects 200 mg Data NR, NS N/A
1982 PL T: 13 subjects minocycline
DB C: 13 subjects per day for 7
days
Atilla et al., 1996°°  Non-R 6 weeks N: 21 subjects 100 mg Initial PD 4-5 mm: N/A
NP T1: 5(PD4-5mm) minocycline -0.06, NS
NR Cl: 6 (PD4-5mm) per day for
T2: 5(PD=6 mm) 14 days Initial PD = 6 mm:
C2:. 5(PD =6 mm) +0.49, NS

R, randomized; Non-R, nonrandomized; PL, placebo-controlled; NP, no placebo; DB, double-blind; NR, not reported; N/A, not applicable because not one of the
clinical measures used; NS, not significant.
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Table 8. Main Features and Findings on Probing Depth and Clinical Attachment Level: Trials of Local Minocycline

Number
Randomization Completing Treatment Group Treatment Group
Placebo Treatment PD Reduction (mm) CAL Gain (mm)
Author, Year  Blinded Duration Control Dosage and Mode Level of Significance Level of Significance
van R 12 weeks N: 81 subjects 2% minocycline Initial PD =2 5 mm: Initial PD =2 5 mm: 0.0,
Steenber%he et PL T: 42 subjects ointment applied at +0.3, P = 0.0018 NS
al., 1993° DB C: 39 subjects baseline and weeks
2,4,and 6 Initial PD = 7 mm: Initial PD =7 mm:
+1.0, P =0.0001 +0.40, NS
Jones, et al., R 26 N: 17 subjects 1mg Data NR, NS Data NR, NR
1994% PL weeks T: 11 subjects microencapsulated
DB (6 C: 6 subjects minocycline
months) injected into =5 mm
pockets, single
application
Graca et al., R 12 N: 26 subjects 2% minocycline gel +0.34, NS +0.39, P <0.05
1997 PL weeks T: 13subjects applied at baseline
DB C: 13 subjects andweeks 2 and 4
Kinane and R 26 N: 39 subjects 2% minocycline gel +0.39, NS +0.36, NS
Radvar, 1999 NP weeks T: 20subjects applied at baseline
DB (6 C: 19 subjects andweeks 2 and 4
months)
van R 65 N: 93 subjects 2% minocycline Initial PD = 5 mm: Initial PD =5 mm: +0.49,
Steenber%he et PL weeks T: 46 subjects ointment applied at +0.77, P < 0.0001 P <0.0001
al., 1999° DB (15 C: 47 subjects  baseline week 2,
months) and months 1, 3, 6, Initial PD =7 mm: Initial PD 27 mm: +0.43,
9, and 12 +1.10, P < 0.0001 P <0.0001
Wiliams etal., R 39 N: 467 subjects 2% minocycline +0.32, P <0.001 Data NR, NR
2001°° PL weeks T: 237 subjects microspheres in
DB 9 C: 230 subjects polymer gel applied
months) at baseline and

months 3 and 6
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Table 8. Main Features and Findings on Probing Depth and Clinical Attachment Level: Trials of Local Minocycline
(continued)

Number
Randomization Completing Treatment Group Treatment Group
Placebo Treatment PD Reduction (mm) CAL Gain (mm)
Author, Year  Blinded Duration Control Dosage and Mode Level of Significance  Level of Significance
Henderson et R 26 weeks N: 15 subjects 1mg +0.7, P <0.05 +0.8, P=0.04
al., 2002%’ NP (6 months) T: 15subjects  microencapsulated
SB C: 15 subjects  minocycline, single
application
Van D8yke etal, R 26 weeks N: 22 subjects 1 mg +0.28, NS +0.48, NS
2002° NP (6 months) T: 12 subjects  microencapsulated
DB C: 10 subjects  minocycline, single
application

R, randomized; Non-R, nonrandomized; PL, placebo-controlled; NP, no placebo; DB, double-blind; SB, single blind; NR, not reported; N/A, not applicable
because not one of the clinical measures used; NS, not significant.
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Table 9. Main Features and Findings on Probing Depth and Clinical Attachment Level: Trials of Systemic Metronidazole

Number
Randomization Completing Treatment Group Treatment Group
Placebo Treatment PD Reduction (mm) CAL Gain (mm)
Author, Year Blinded Duration Control Dosage and Mode Level of Significance Level of Significance
Loescheetal., R 30 weeks N: 14 subjects 250 mg Initial PD 4-6 mm: Initial PD 4-6 mm:
1984 PL T: 7 subjects metronidazole +0.14, NS +0.10, NS
DB C:. 7 subjects 3xday for 7 days
Initial PD = 7 mm: Initial PD = 7 mm:
+1.64, P <0.03 +1.19, P =0.05
Joyston- R 156 weeks N: 28 subjects 1% chlorhexidine +0.41, NS N/A
Bechal etal., PL (8years) T: 15 subjects gel for first 10
1986 DB C: 13 subjects weeks, then 200
mg metronidazole:
1 at evening of 3"
visit + 3xday for 5
days; repeated 4
weeks later
Soder et al., R 26 weeks N: 92 subjects 400 mg +0.05, NR N/A
1990 PL (6 months) T: 46 subjects metronidazole
DB C:. 46 subjects 3xday for 7 days
Loescheetal., R 52 weeks N: 39 subjects 250 mg Initial PD < 3 mm: Initial PD < 3 mm:
19917 PL T: 18 subjects metronidazole -0.07, NS +0.10, NS
DB C: 21subjects 3xday for 7 days

Initial PD 4-6 mm:
-0.06, NS

Initial PD = 7 mm:
+0.41, NS

Initial PD 4-6 mm:
+0.13, NS

Initial PD = 7 mm:
+0.32, NS
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Table 9. Main Features and Findings on Probing Depth and Clinical Attachment Level: Trials of Systemic Metronidazole

(continued)

Number
Randomization Completing Treatment Group Treatment Group
Placebo Treatment PD Reduction (mm) CAL Gain (mm)
Author, Year Blinded Duration Control Dosage and Mode Level of Significance Level of Significance
Loescheetal.,, R 104 weeks N: 33 subjects 250 mg Initial PD < 3 mm: Initial PD < 3 mm:
1992" PL (2years) T: 15 subjects metronidazole -0.15, P = 0.08 +0.37, P = 0.07
DB C: 18 subjects 3xday for 7 days
Initial PD 4-6 mm: Initial PD 4-6 mm:
+0.47,P <0.01 +0.47,P <0.01
Initial PD > 7 mm: Initial PD > 7 mm:
+1.05, P <0.01 +0.66, NS
Noyanetal., R 6 weeks N: 10 subjects 250 mg +0.60, NR +0.41, NR
19977 NP T: 5 subjects metronidazole
NR C: 5 subjects 3xday for 7 days,
then SRP again
Palmeretal.,, R 24 weeks N: 58 subjects 200 mg -0.06, NS +0.16, NS
1998"° NP T: 31 subjects metronidazole
SB C. 27 subjects 3xday for 7 days
Rooney etal., R 26 weeks N: 31 subjects 200 mg Initial PD = 6 mm: Initial PD = 6 mm:
2002"° PL T: 16 subjects metronidazole plus Data NR, P < 0.05 Data NR, NS
DB C: 15 subjects placebo 3xday for 7

days; plus 0.2%
chlorhexidine
irrigation

R, randomized; ; PL, placebo-controlled; NP, no placebo; DB, double-blind; SB, single blind; NR, not reported; N/A, not applicable because not one of the

clinical measures used; NS, not significant.
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Table 10. Main Features and Findings on Probing Depth and Clinical Attachment Level: Trials of Local Metronidazole

Number
Randomization Completing Treatment Group Treatment Group
Placebo Treatment PD Reduction (mm) CAL Gain (mm)
Author, Year Blinded Duration Control Dosage and Mode Level of Significance Level of Significance
Aziz-Gandour and R 12 weeks N: 16 subjects 0.05% Data NR; P < 0.01 N/A
Newman 1986 PL T: 210 surfaces  metronidazole
DB C: 118 surfaces irrigation for 28 days
Moran et al., R 12 weeks N: 33 pockets Acrylic strips +0.9, NS +0.3, NS
1990% NP T: 15 pockets impregnated with
DB C: 18 pockets metronidazole
Noyan et al., R 6 weeks N: 10 subjects 25% metronidazole +0.78, NS +0.66, P <0.01
19977 NP T: G5subjects  gel applied on days
NR C: 5subjects Oand 7
Awartani and R 14 weeks N: 12 subjects 25% metronidazole -0.12, NS N/A
Zulgarnain 1998% NP T: 360 sites gel applied on days
SB C: 378 sites Oand 7
Lie et al., 1998 R 26 weeks N: 18 subjects 25% sustained Defect sites:* Defect sites:*
NP (6 months) T: 18 subjects release +0.5, NS +0.7, NS
DB C: 18 subjects metronidazole gel
after SRP sessions Nondefect sites:* Nondefect sites:*
on days 0 and 7 -0.1, NS 0.0, NS
Palmer et al, R 24 weeks N: 53 subjects 25% metronidazole Data NR, NS -0.04, NS
19987 NP T: 26subjects  gel subgingival
SB C: 27 subjects application on days
0and 7
Kinane and R 26 weeks N: 36 subjects 25% metronidazole +0.22, NS +0.004, NS
Radvar, 1999 NP (6 months) T: 19 subjects  gel 2xday applied
SB C: 20 subjects on day 0 and 7
Riep etal., 1999”° R 13weeks  N: 29 subjects  25% metronidazole 0.0, NS +0.17, NS
NP (3months) T: 29 subjects gel applied 5 times
SB C: 29 subjects over 10 days
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Table 10. Main Features and Findings on Probing Depth and Clinical Attachment Level: Trials of Local Metronidazole

Number
Randomization Completing Treatment Group Treatment Group
Placebo Treatment PD Reduction (mm) CAL Gain (mm)
Author, Year Blinded Duration Control Dosage and Mode Level of Significance Level of Significance
Al Mubarak etal., R 13 weeks N: 14 subjects 25% +0.8, P <0.03 N/A
2000%° NP (90 days) T: 14 subjects  metronidazole gel
SB C. 14 subjects applied on days 0
and 7
Griffiths et al., R 39 weeks N: 88 subjects 25% +0.5, P <0.001 +0.4, P <0.001
2000 NP (9 months) T: 1,770 sites metronidazole gel
SB C: 1,780 sites 1xweek for 3
weeks
Stelzel and Flores- R 37 weeks N: 59 subjects 25% +0.18, P < 0.05 +0.07, NS
de-Jacoby, 2000*® NP (9 months) T: 59 subjects  metronidazole gel
SB C: 59 subjects applied 2xday on
days 0 and 7

R, randomized; ; PL, placebo-controlled; NP, no placebo; DB, double-blind; SB, single blind; NR, not reported; N/A, not applicable because not one of the
clinical measures used; NS, not significant.

*Defect and nondefect sites refer to, respectively, the mean of measurements from the buccal and lingual side versus measurements for all remaining parts of the
tooth.
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Table 11. Main Features and Findings on Probing Depth and Clinical Attachment Level: Trials of Systemic Metronidazole
plus Amoxicillin

Number
Randomization Completing Treatment Group Treatment Group
Placebo Treatment Dosage and PD Reduction (mm) CAL Gain (mm)
Author, Year Blinded Duration Control Mode Level of Significance Level of Significance
Berglundh et R 104 weeks N: 16 subjects 250 mg +0.5, NR +0.3, NR
al., 1998 PL T: 8 subjects metronidazole
NR C: 8 subjects 3xday plus 375
mg amoxicillin
2xday for 2 weeks
Flemmig, R 52 weeks N: 38 subjects 250 mg Data NR, NS Data NR, NS
Milian, et al., NP T: 18 subjects metronidazole
1998% SB C: 20 subjects plus 375 mg
amoxicillin 3xday
plus 0.06%
chlorhexidine
irrigation 1xday for
8 days
Winkel et al., R 24 weeks N: 49 subjects 250 mg +0.7, P <0.05 +0.4, NS
2001% PL T: 23 subjects metronidazole
DB C: 26 subjects plus 375 mg
amoxicillin 3xday
for 7 days
Rooney etal., R 26 weeks N: 30 subjects 200 mg Initial PD = 6 mm: Initial PD = 6 mm:
2002" PL T: 15 subjects metronidazole DataNR, P<0.001  DataNR, P <0.05
DB C: 15 subjects plus 250 mg

amoxicillin 3xday
for 7 days; plus
0.2%
chlorhexidine
irrigation

R, randomized; PL, placebo-controlled; NP, no placebo; DB, double-blind; SB, single blind; NR, not reported; N/A, not applicable because not one of the
clinical measures used; NS, not significant.

64



Table 12. Main Features and Findings on Probing Depth and Clinical Attachment Level: Trials of Local Chlorhexidine

Number
Randomization Completing Treatment Group Treatment Group
Placebo Treatment Dosage and PD Reduction (mm) CAL Gain (mm)
Author, Year Blinded Duration  Control Mode Level of Significance Level of Significance
Braatz et al., R 24 weeks N: 14 subjects Irrigation with 2%  +0.3, NS +0.2, NS
1985% PL T: 54 sites chlorhexidine
NR C: b2 sites solution daily for
24 weeks
MacAlpine R 24 weeks N: 11 subjects Irrigation with 2%  +1.0, NS +0.9, NS
1985 PL T: 16 sites chlorhexidine
NR C: 16 sites solution every 2
weeks for 24
weeks
Aziz-Gandour R 12 weeks N: 12 subjects Irrigation with Data NR, NS N/A
and Newman, PL T:. 147 surfaces 0.02%
1986’ DB C: 118 surfaces chlorhexidine
solution 1xday for
28 days
Watts and R 12 weeks N: 11 subjects Irrigation with Data NR, NS N/A
Newman, PL T:. 128 sites 0.02%
1986* DB C: 134 sites chlorhexidine
solution 1xday for
28 days
Wennstromet R 52 weeks N: 10 subjects Irrigation with +0.1, NR -0.1, NS
al., 1987% PL T: 28 subjects 0.2%
SB C: 24 subjects chlorhexidine
solution 3xweek
Southard etal., R 15 weeks N: 8 subjects Irrigation with 2% -0.1, NS +0.1, NS
1989°%° NP T: 8 subjects chlorhexidine
DB C: 8subjects solution at day 0
then 1xweek for 3
weeks
Taggartetal., NR 10 weeks N: 10 subjects Irrigation with +0.1, NS +0.1, NS
1990%" PL T: 10 subjects 0.02%
NR C: 10 subjects chlorhexidine
solution
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Table 12. Main Features and Findings on Probing Depth and Clinical Attachment Level: Trials of Local Chlorhexidine
(continued)

Number
Randomization Completing Treatment Group Treatment Group
Placebo Treatment Dosage and PD Reduction (mm)  CAL Gain (mm)
Author, Year Blinded Duration Control Mode Level of Significance Level of Significance
Reynolds et R 4 weeks N: 60 subjects Irrigation with 0.12% Data NR, NR N/A
al., 1992% PL (28 days) T: 90 sites chlorhexidine
DB C: 90 sites solution, 1 time
Shiloah and R 4 weeks N: 7 subjects Irrigation with 0.12% Data NR, NS Data NR, NS
Patters, 1994>* PL T: 12 sites chlorhexidine
SB C: 12 sites solution, 1 time
Oosterwaalet R 36 weeks N: 10 subjects 0.2% chlorhexidine Data NR, NS N/A
al., 1991% PL T: 10 subjects gel applied 3x within
DB C. 10 subjects 10 minutes after SRP
Unsal et al., R 12 weeks N: 15 subjects 1% chlorhexidine gel -0.25, NS -0.34, NS
1994°° NP T: 7 subjects applied once
NR C:. 8 subjects
Soskolne etal., R 26 weeks N: 94 subjects 2.5 mg chlorhexidine +0.46, P < 0.001 +0.16, P < 0.05
1997%° NP (6 months) T: 94 subjects chip inserted into
DB C: 94 subjects pockets 5-8 mm at
day 0 and 3 months
Jeffcoatetal.,, R 39 weeks N: 419 subjects 2.5 mg chlorhexidine +0.26, P < 0.00056 +0.20, P <0.012
1998% PL (9 months) T: 211 subjects  chip inserted into
DB C: 208 subjects pockets at baseline
and months 3 and 6
Heasman et R 26 weeks N: 24 subjects 2.5 mg controlled +0.33, P = 0.05 +0.28, P = 0.048
al., 2001% NP (6 months) T: 24 subjects release chlorhexidine
SB C:. 24 subjects chip
Azmak etal., R 26 weeks N: 20 subjects 2.5 mg chlorhexidine Data NR, NS Data NR, NS
2002% NP (6 months) T: 20 subjects chip in pockets
SB C:. 20 subjects
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Table 12. Main Features and Findings on Probing Depth and Clinical Attachment Level: Trials of Local Chlorhexidine
(continued)

Number
Randomization Completing Treatment Group Treatment Group
Placebo Treatment Dosage and PD Reduction (mm) CAL Gain (mm)
Author, Year Blinded Duration  Control Mode Level of Significance Level of Significance
Grisi et al., R 39 weeks N: 19 subjects 2.5 mg chlorhexidine -0.2, NS -0.4, NS
2002% NP (9 months) T: 10 subjects chip at day 0, 3 and 6
SB C: 9 subjects months
Quirynen et al., Non-R 35weeks N: 24 subjects Combination of 1% Single-root: -0.1, Initial PD =27 mm:
2000% NP (8 months) T: 12 subjects chlorhexidine gel for NS Single-root:
NR C: 12 subjects brushing and Multi-root: -0.5, NS  -0.3, NS
subgingival irrigation Multi-root: -0.3,
+ 0.2% chlorhexidine NS
rinse + spray within
24 hours, then 0.2% Initial PD <7 mm
rinse and spray 2xday Data NR, NR
for 60 days

R, randomized; Non-R, nonrandomized; PL, placebo-controlled; NP, no placebo; DB, double-blind; SB, single blind; NR, not reported; N/A, not applicable
because not one of the clinical measures used; NS, not significant.
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Table 13. Main Features and Findings on Probing Depth and Clinical Attachment Level: Trials of Other Systemic

Antibiotics
Number
Randomization Completing Treatment Group Treatment Group
Placebo Treatment Dosage and PD Reduction (mm) CAL Gain (mm)
Author, Year Blinded Duration Control Mode Level of Significance Level of Significance
Chin Queeet R 26 weeks  N: 50 subjects 3 tablets (750,000 Data NR, NS Data NR,
al., 1987% PL (6 months) T: 26 subjects IU of spiramycin P <0.05
DB C: 24 subjects and 125 mg of
metronidazole),
2xday for 14 days
Al-Joburi etal., R 24 weeks  N: 52 subjects 500 mg spiramycin Initial PD < 3 mm: Initial PD < 3 mm:
1989* PL T: 28 subjects 2xday for 14 days  +0.42, NS +0.92, NS
DB C. 24 subjects
Initial PD 4-6 mm: Initial PD 4-6 mm:
-0.40, NS -0.22, NS
Initial PD = 7 mm: Initial PD = 7 mm:
-0.28, NS -0.08, NS
Bain et al., R 24 weeks  N: 189 subjects 1,500,000 IU of +0.47, P < 0.0075 +0.29, NS
1994 PL T: 93 subjects spiramycin “500”
DB C: 96 subjects capsules, 2xday for
14 days
Haffajee etal., R 43 weeks  N: 21 subjects 250 mg amoxicillin - +0.29, NS Data NR, NS
1995 PL (10 T: 10 subjects with clavulanic acid
DB months) C:. 11 subjects 3xday for 30 days
Ng and R 24 weeks  N: 16 subjects 200 mg -0.6, NS +1.3, P <0.05
Bissada, PL T: 8 subjects doxycycline on day
1998% SB C: 8subjects 1 then 100 mg

1xday for 6 weeks
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Table 13. Main Features and Findings on Probing Depth and Clinical Attachment Level: Trials of Other Systemic
Antibiotics (continued)

Number
Randomization Completing Treatment Group Treatment Group
Placebo Treatment Dosage and PD Reduction (mm) CAL Gain (mm)
Author, Year Blinded Duration Control Mode Level of Significance Level of Significance
Rooney etal., R 26 weeks  N: 31 subjects 250 mg amoxicillin  Initial PD = 6 mm: Initial PD = 6 mm:
2002 PL (6 months) T: 16 subjects and placebo Data NR, P < 0.05 Data NR, NR
DB C: 15 subjects (calcium lactate
tablets 3xday for 7
days, plus 0.2%
chlorhexidine rinse
Smith et al., R 22 weeks  N: 44 subjects 500 mg Initial PD 1-3 mm: N/A
2002 PL T: 23 subjects azithromycin 1xday +0.14, NS
DB C. 21 subjects for 3 days at week

2 Initial PD 4-5 mm:
+0.52, P <0.01

Initial PD = 6 mm:
+0.87, P < 0.05

R, randomized; PL, placebo-controlled; DB, double-blind; SB, single blind; ; NR, not reported; N/A, not applicable because not one of the clinical measures

used; NS, not significant.
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Table 14. Main Features and Findings on Probing Depth and Clinical Attachment Level: Trials of Other Local

Antibiotics
Number
Randomization Completing Treatment Group Treatment Group
Placebo Treatment PD Reduction (mm)  CAL Gain (mm)
Author, Year  Blinded Duration Control Dosage and Mode Level of Significance Level of Significance
Kimuraetal., R 4 weeks N: 27 subjects Controlled-release N/A N/A
1991'° PL T: 27 subjects ofloxacin insert
NR C: 27 subjects applied 1x week
for 2 weeks, then
SRP again and
inserts applied
1xweek for next 3
weeks
Eickholz etal.,, R 26 weeks N: 108 subjects 15% doxycycline  +0.44, P = 0.0066 +0.37, P =0.038
2002'% PL (6 months) T: 108 subjects gel, 1 subgingival
DB C: 108 subjects application

R, randomized; ; PL, placebo-controlled; ; DB, double-blind; NR, not reported; N/A, not applicable because not one of the clinical measures; NS, not significant
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Table 15. Main Features and Findings on Probing Depth and Clinical Attachment Level: Trials of Other Antimicrobials

Number
Randomization Completing Treatment Group Treatment Group
Placebo Treatment Dosage and PD Reduction (mm) CAL Gain (mm)
Author, Year Blinded Duration Control Mode Level of Significance Level of Significance
Wennstromet R 52 weeks N: 10 subjects 3% hydrogen +0.8, P <0.05 +0.1, NS
al., 1987% PL T: 10 subjects peroxide irrigation
SB C: 10 subjects 3xweek for 2
weeks
Listgarten et R 8 weeks N: 40 subjects 7% tetrapotassium +0.65, NS +0.25, NS
al., 1989'% PL T: 20 subjects peroxydiphosphate
DB C: 20 subjects irrigation 2xday for
8 weeks
Oosterwaal et R 36 weeks N: 10 subjects T1:1.25% amine T1:Data NR, NS T1: N/A
al., 1991% PL T: 10 subjects fluoride gel 3x
DB C: 10 subjects within 10 minutes
T2: 4% stannous  T2: Data NR, NS T2: N/A
fluoride gel 3x
within 10 minutes
Furuichietal.,, R 2 weeks N: 16 subjects 0.6% triclosan gel -0.1, NS N/A
1997 PL T: 32sites +0.3% triclosan
DB C: 32sites dentifrice 2xday for
2 weeks, repeated
again after 1 week
washout period
Roslin% etal., NR 676 weeks N: 150 subjects 0.1% povidone +0.6, NR -0.59, NR
2001"° PL (13years) T: 58 subjects iodine solution
NR C: 92 subjects

R, randomized; PL, placebo-controlled; DB, double-blind; SB, single blind; NR, not reported; N/A, not applicable because not one of the clinical measures used,;
NS, not significant.
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Figure 3. Meta-analysis of Systemic Tetracycline and SRP vs. SRP Alone: Probing Depth

Treatment Control Difference in Means (mm) Weight Difference in Means (mm)
Study N N 95% Cl % [95% CI]
Listgarten et al., 1978 *3 6 6 —_—t 14.94  0.20[-0.93, 1.33]
Lindhe et al., 198344 7 7 +— 16.81 0.90[-0.17,1.97]
Al-Joburi et al., 1989*4° 24 27 68.25 -0.05[-0.58, 0.48]
Total (95% ClI) 37 40 100.00 0.15[-0.29, 0.58]
Test for heterogeneity: Chi2 = 2.46, df = 2 (P = 0.29), I12=18.6%
Test for overall effect: Z = 0.66 (P = 0.51)

-2 0 2

Favors Control Favors Treatment

*Only subjects with initial PD = 4 mm to < 6 mm.
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Figure 4. Meta-analysis of Local Tetracycline and SRP versus SRP Alone: Probing Depth

Treatment Control Difference in Means (mm) Weight Difference in Means (mm)
Study N N 95% ClI % [95% CI]
MacAlpine et al., 19853 11 11 B e — 2.29 0.40 [-1.25, 2.05]
Jeong et al., 1994*33 16 16 — 12.39 0.93[0.22, 1.64]
Jeong et al., 19943 16 16 —E— 13.03 0.27[-0.42, 0.96]
Kinane and Radvar, 199953 19 20 —=— 13.03 0.67[-0.02, 1.36]
Lie et al., 1998% 18 18 — 14.63 0.60 [-0.05, 1.25]
Unsal et al., 1994%° 7 8 —a 16.77 -0.43[-1.04, 0.18]
Newman et al., 19947 105 105 —= 27.87 0.73[0.26, 1.20]
Total (95% Cl) 192 194 ¢ 100.00 0.47[0.22,0.72]
Test for heterogeneity: Chi2 = 11.88, df =6 (P = 0.06), 12 =49.5%
Test for overall effect: Z = 3.65 (P = 0.0003)
2 0 2

*Tetracycline gel with citric acid used as treatment.

Favors Control ~ Favors Treatment
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Figure 5. Meta-analysis of Local Tetracycline and SRP versus SRP Alone: Clinical
Attachment Level

Treatment Control Difference in Means (mm)  Weight Difference in Means (mm)
Study N N 95% Cl % [95% CI]
MacAlpine et al., 19853 11 11 _— 1.09 0.30 [-1.35, 1.95]
Jeong et al., 1994*33 16 16 —s— 6.07 0.73[0.03, 1.43]
Jeong et al., 199433 16 16 — 6.17 0.14 [-0.55, 0.83]
Lie et al., 199834 18 18 — 6.89 1.00 [0.34, 1.66]
Friesen et al., 200258 24 24 = 7.10 0.44 [-0.21, 1.09]
Unsal et al., 19945° 7 8 —s— 7.70 -0.23[-0.85, 0.39]
Newman et al., 199457 105 105 +—=— 9.20 0.48 [-0.09, 1.05]
Friesen et al., 20021 58 24 24 1= 9.59 0.48 [-0.08, 1.04]
Kinane and Radvar, 19995 19 20 9.79 0.15 [-0.40, 0.70]
Goodson et al., 198548 8 8 % 11.44 0.01 [-0.50, 0.52]
Tonetti et al., 1998°%° 63 60 24.97 0.00 [-0.34, 0.34]
Total (95% CI) 311 310 . 100.00 0.24[0.07, 0.42]
Test for heterogeneity: Chiz = 13.82, df = 10 (P = 0.18), 2 =27.7%
Test for overall effect: Z = 2.78 (P = 0.005)

-2 0 2
Favors Control ~ Favors Treatment

*Tetracycline gel with citric acid used as treatment.
"Multiple tetracycline strips used as treatment.
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Figure 6. Meta-analysis of Local Minocycline and SRP versus SRP Alone: Probing Depth

Treatment Control Difference in Means (mm) Weight  Difference in Means (mm)
Study N N 95% CI % [95% ClI]

Henderson et al., 200257 15 15 _— 0.34 0.70[-0.87, 2.27]
Van Dyke et al., 20028 12 10 —_— 1.30 0.28 [-0.52, 1.08]
Graca et al., 19972 13 13 —t— 141 0.34 [-0.43, 1.11]
Kinane and Radvar, 19995 21 20 = 1.82 0.39 [-0.29, 1.07]
Williams et al., 200166 249 249 8 34.24 0.32[0.16, 0.48]
van Steenberghe et al.,1999% 43 46 B 60.88 0.60[0.48, 0.72]

Total (95% CI) 353 353 ’ 100.00 0.49 [0.40, 0.58]

Test for heterogeneity: Chi2z = 8.43, df =5 (P = 0.13), 2= 40.7%

Test for overall effect: Z = 10.53 (P < 0.00001)

-2

o
N

Favors Control Favors Treatment
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Figure 7. Meta-analysis of Local Minocycline and SRP versus SRP Alone: Clinical
Attachment Level

Treatment Control Difference in Means (mm) Weight Difference in Means (mm)
Study N N 95% Cl % [95% CI]
Henderson et al., 200257 15 15 —_— 1.04 0.80 [-0.61, 2.21]
Van Dyke et al., 200268 12 10 = 2.79 0.48 [-0.38, 1.34]
Graca et al., 199732 13 13 —1— 3.37 0.39[-0.39, 1.17]
Kinane and Radvar, 199953 21 20 —— 8.50 0.04 [-0.46, 0.53]
van Steenberghe et al.,1999% 43 46 B 84.30 0.50 [0.34, 0.66]
Total (95% ClI) 104 104 0 100.00 0.46 [0.32, 0.60]
Test for heterogeneity: Chiz = 3.34, df = 4 (P = 0.50), 12= 0%
Test for overall effect: Z = 6.25 (P < 0.00001)

-2 0 2

Favors Control ~ Favors Treatment
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Figure 8. Meta-analysis of Local Metronidazole and SRP versus SRP Alone: Probing

Depth
Treatment Control Difference in Means (mm) Weight Difference in Means (mm)
Study N N 95% ClI % [95% CI]
Al-Mubarek et al., 20008° 14 14 —— 2.98 0.80[0.09, 1.51]
Moran et al., 199037 15 18 — 3.12 0.90[0.21, 1.59]
Lie et al., 19983 18 18 —= 3.46 0.50[-0.16, 1.16]
Riep et al., 199978 29 29 3.50 0.00 [-0.65, 0.65]
Stelzel and Flores-de-Jacoby, 200036 59 59 11.53 0.18[-0.18, 0.54]
Griffiths et al., 20007° 88 88 = 23.83 0.50 [0.25, 0.75]
Kinane and Radvar, 199953 19 20 51.58 0.22 [0.05, 0.39]
Total (95% CI) 242 248 . 100.00 0.32[0.20, 0.44]

Test for heterogeneity: Chiz2 = 9.58, df = 6 (P = 0.14), 2= 37.4%
Test for overall effect: Z = 5.15 (P < 0.00001)

-2 0 2
Favors Control Favors Treatment
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Figure 9. Meta-analysis of Local Metronidazole and SRP versus SRP Alone: Clinical
Attachment Level

Treatment Control  Difference in Means (mm)  Weight Difference in Means (mm)
Study N N 95% ClI % [95% CI]
Moran et al., 19903 15 18 —t— 2.75 0.30 [-0.39, 0.99]
Lie et al., 199834 18 18 —— 2.96 0.70 [0.04, 1.36]
Riep et al., 199978 29 29 — 3.79 0.20 [-0.38, 0.78]
Palmer et al., 199876 26 27 — 8.68 -0.04 [-0.43, 0.35]
Stelzel and Flores-de-Jacoby, 200036 59 59 —— 9.95 0.07 [-0.29, 0.43]
Griffiths et al., 20007° 88 88 - 20.55 0.40 [0.15, 0.65]
Kinane and Radvar, 199953 19 20 51.32 0.00 [-0.15, 0.16]
Total (95% ClI) 254 259 I 100.00 0.12[0.01, 0.24]
Test for heterogeneity: Chiz = 10.86, df = 6 (P = 0.09), |2 = 44.8%
Test for overall effect: Z = 2.14 (P = 0.03)

-2 0 2
Favors Control  Favors Treatment
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Figure 10. Meta-analysis of Local Chlorhexidine and SRP versus SRP Alone: Probing

Depth
Treatment Control  Difference in Means (mm) Weight Difference in Means (mm)
Study N N 95% ClI % [95% CI]
Quirynen et al., 2000 5 12 12 — 0.39 -0.10 [-1.85, 1.65]
Unsal et al., 1994%° 7 8 R 1.01 -0.25 [-1.34, 0.84]
Grisi et al., 2002% 10 9 —_— 1.50 -0.20 [-1.09, 0.69]
Braatz et al., 1985% 14 14 —— 2.18 0.30 [-0.44, 1.04]
MacAlpine et al., 19853 11 11 —_— 2.43 1.00[0.30, 1.70]
Heasman et al., 2001% 24 24 +=— 4.98 0.33[-0.16, 0.82]
Soskolne et al., 1997%° 94 94 = 23.96 0.46 [0.24, 0.68]
Jeffcoat et al., 1998 213 211 = 63.54 0.14[0.00, 0.28]
Total (95% CI) 385 383 . 100.00 0.24 [0.13, 0.35]
Test for heterogeneity: Chi2 = 12.29, df = 7 (P = 0.09), I2 = 43.0%
Test for overall effect: Z = 4.31 (P < 0.0001)
-2 0

Favors Control
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Figure 11. Meta-analysis of Local Chlorhexidine and SRP versus SRP Alone: Clinical
Attachment Level

Treatment  Control Difference in Means (mm)  Weight  Difference in Means (mm)
Study N N 95% ClI % [95% Cl]
Unsal et al., 1994 7 8 —_— 1.70 -0.34 [-1.26, 0.58]
Braatz et al., 1985%° 14 14 — 2.60 0.20 [-0.54, 0.94]
MacAlpine et al., 19853 11 11 B — 2.83 0.90 [0.19, 1.61]
Grisi et al., 2002% 10 9 — 2.96 -0.40 [-1.10, 0.30]
Heasman et al., 2001% 24 24 “+=— 6.48 0.28 [-0.19, 0.75]
Soskolne et al., 1997% 94 94 25.09 0.16 [-0.08, 0.40]
Jeffcoat et al., 1998% 213 211 58.34 0.16 [0.00, 0.32]
Total (95% ClI) 373 371 100.00 0.16 [0.04, 0.28]

Test for heterogeneity: Chi2 = 8.04, df =6 (P = 0.24), 12 =25.3%
Test for overall effect: Z =2.70 (P = 0.007)

2 0 2

Favors Control Favors Treatment
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Fourth, combining PD and CAL results suggests that local minocycline might be the most
promising adjunctive therapy (meta-analysis estimates of 0.49 mm for PD reduction and 0.46
mm for CAL gain), followed by local tetracycline (estimates of 0.47 mm for PD reduction and
0.24 mm for CAL gain). Local metronidazole and chlorhexidine results are well below these
levels.

Fifth, in the absence of statistical significance, or when the evidence base is very small in
terms of overall numbers of studies, the question of whether the evidence for adjunctive
treatment is meaningful in a clinical sense does not need to be addressed, except to say the
available evidence does not support its use. On the basis of the literature reviewed in this report,
some experts might reach this conclusion for systemic tetracycline, systemic minocycline,
systemic metronidazole, metronidazole with amoxicillin, and the various other systemic or local
antibiotics and antimicrobials; others might disagree.

Sixth, by and large, harms from these adjunctive therapies are relatively minor. We take
note, however, of concerns about bacterial resistance from overuse of systemic antibiotics, and
we would urge that the positive findings reported here be interpreted in terms of whether the PD
or CAL improvements justify that risk (for the individual patient but, perhaps more importantly,
over the population).

Seventh, other important factors — supportive and follow-up care as well as self-care — may
well affect the long-term periodontal status of patients as much if not more than use of these
adjuncts to SRP, perhaps especially for patients with relatively early or moderate periodontitis.
We did not review any body of literature directly on this point, but some results of trials that we
did review suggested that added effectiveness of adjunctive treatment was greater in
circumstances of more severe periodontitis where supportive or self-care may be less well
executed. These situations may include patients with refractory periodontitis or who have deep
pockets, defects or furcation involvement, or circumstances in which modified Widman flap
surgery is not done (which would enable proper debridement of otherwise hard-to-reach areas).
Routine use of appropriate (i.e., efficacious) adjunctive therapies might arguably be reserved for
patients such as these.

Eighth, we cannot say from the trials reviewed here now how long the added effects of
adjunctive treatment last (regardless of whether we would conclude they are either statistically or
clinically significant). The endpoints for these studies varied tremendously, and even trying to
narrow the field for the meta-analysis to trials lasting 6 months required us to allow in results
from trials lasting 3 months to 9 months. What seems to occur in these studies is that if the
adjunctive treatment is to have a more positive clinical effect (e.g., reduce PD or increase CAL)
than SRP alone, then that effect seems to appear within a few weeks (1 to 2 months). However,
with time, the difference in effect between SRP alone and SRP with adjunctive therapy narrows.
Nonetheless, at all time periods, the SRP with adjunctive therapy seems to be more effective than
SRP only, even if the net differences are quite small and not statistically significant.

Finally, putting all these results into the context of the results of SRP alone is imperative.
SRP alone seems to produce significant improvements in mean PD reductions or CAL gains in
the range of 1.5 mm to 2 mm or more, clearly making it the standard for nonsurgical (and
nonpharmacologic) treatment of chronic periodontitis. The improvements produced by
adjunctive antimicrobials beyond those levels — i.e., approximately one-quarter to one-third of
the impact of SRP alone — pose a difficult “value” question for clinicians and patients alike that
goes quite beyond the question of what adjunctive antibiotics to use. For example, one can
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The reporting practices may be the easiest to correct in the future (even though analysis and
reporting of the data from these types of studies seem to have improved in recent years). Several
authoritative statements from international groups provide clear instructions on appropriate ways
to report on systematic reviews (QUORUM?%), randomized controlled trials (CONSORT%),
and observational studies (MOOSE™"). Authors and journal editors alike should take heed of
these guidelines as a critical step in improving this literature overall.

Other guidance can come from the growing movement to grade the quality of individua
articles that are included in reviews such as this one to begin with  Among the critical work now
available is alengthy report on systems to grade the quality of studies (i.e., articles) and rate the
strength of evidence from the RTI-University of North Carolina Evidence-based Practice
Center*® and related methods of the US Preventive Services Task Force!%®

Study design issues, such as randomization, allocation concealment, blinding, and similar
elements, must be given more careful consideration. Randomization should be a standard for all
tridsin thisarea. Use of placebo controls, and not simply variation in treatment arms, will be
another useful step for trials attempting to establish the efficacy of a given medication. Every
effort should be made to blind (mask) all parties (subjects, treatment providers, and outcome
examiners) to the group (treatment arm[s], control) to which the patients belong. Thisis
necessary to reduce the possibility of bias, which past research suggests typically exaggerates the
effect of the treatment over what is experienced in the control group. In keeping with the
reporting standards noted above, investigators should report clearly on randomization, control
groups, and level of blinding achieved in their studies.

In addition, the study sample should be large enough to have adequate power to detect a
statistically significant and clinically desired difference. Many of the studies we reviewed had
apparently reasonable effect sizes, but they were based on small samples with large variances
and could not have reached statistical significance. The problem here may be two-fold: the size
of the original samples and the possibility of attrition (especially for studies with very long
follow-up periods) such that samples at completion of the study became too small to provide
adequate power for the analyses. This latter issue may pose particular challenges for
investigators who propose to carry out intention-to-treat analyses but have instead to rely on final
data only on completers.

Study reports often were unclear as to the underlying denominators for results, sometimes
reporting on persons enrolled but then presenting data on some other unit. Thus, researchers
should make it clear what the unit of analysisis— persons, teeth, sites, or pockets — and on what
basis their means and measures of variance have been calculated. Specifically, investigators
should ensure that their reports specify the number of units on which the mean for each group
has been calculated and the variance (either standard deviation or standard error). Without this
or comparable information, they or others cannot easily include the results in meta-analyses.

In addition, when using split-mouth designs, analytic techniques that take into account the
nesting of observations within subjects need to be used, and when tests of statistical significance
between groups are performed on multiple groups, techniques that adjust for the true significance
level need to be used and reported. It remains to be demonstrated whether split- mouth designs of
local therapies can adequately control the contamination or spill-over effect to be able to measure
the true difference between the test and control groups.
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Researchersin this area need to establish what measures are most meaningful for reporting
treatment effects. Reaching some consensus on core outcomes for studies would help immensely
for future systematic reviews on these topics, because the sheer number of possible outcomes
complicated our work. With the inputs from our technical expert panel and representatives of the
sponsors of this review, we selected PD reduction and CAL gain as the targeted clinical
outcomes for several reasons. They appeared fairly frequently and consistently in the literature
over the period covered by our review. They are also meaningful measures for clinicians, who
can take such measures themselves to monitor the effects of treatment on their own patients. In
the more recent literature, however, we saw a move away from reporting outcomes in terms of
these metrics to outcomes that are somewhat less easy to understand or to measure objectively
and reliably. Among them are variables such as percentage changes in prognosis, shifts from
one category of treatment to another (extraction or surgery to maintenance), and other measures
involving time (e.g., period of noninfection, time to recurrence). Moreover, investigators would
find that easily used and understood statistical techniques are more readily available for analysis
of metric data than for the analysis of percentages. A consistent, agreed- upon set of “critical”
outcome measures would foster better comparisons across research projects and with past
research. If the field moves to some of these newer outcome variables, attention will need to be
given to standardizing how they are defined and reported and developing ways to convey
absolute results and variances.

Some observers have noted that this literature contains little about measurement error and
how it might affect reported results. Among the concerns are ambiguities about the level of
training of those doing the SRP, the extensiveness and thoroughness of the SRP, the level of
training and standardization of persons collecting the clinical measures, inaccuracies in
measuring PD or CAL (or level of pre-existing inflammation), reliability of measurements across
multiple examiners, and similar factors subject to variability in assessment and reporting.
Moreover, time devoted to SRP, which is now the best proxy for the thoroughness of SRP, isa
relatively imprecise measure and does not, in any case, ensure that SRP treatment was
comparable across studies, patients, teeth, surfaces, or sites. Among the suggestions for
overcoming some of these problems, at least in research venues, is the use of fiber optic devices
that permit visual inspection of root surfaces and determination of the thoroughness of
subgingival calculus removal and the level of cleanliness and smoothness of the root surface.
The idea is that teeth (or surfaces, etc.) would be considered dligible for entry into atrial only
after they had met some basic standard of SRP success. Whether moving to such a direct
measure of SRP performance in place of time spent on SRP would yield more reliable and valid
results, given the presumed additional costs to the research project, isitself an empirical
guestion.

Finally, investigators need to be clearer as to the underlying diagnoses for their subjects.
This point concerns two sources of ambiguity for those involved with devel oping the evidence
based on these questions. The first problem is the mix of terms different research teams used for
what was apparently the same disease: sometimes periodontal disease, sometimes periodontitis,
with several different adjectives (adult, chronic, severe, moderate, mild) used, sometimes alone
and sometimes in combination. We made every effort to focus this review on chronic
periodontitis in adults (and in particular to eliminate studies in which patients could have had
refractory or aggressive periodontitis), but on occasion we needed to draw an inference as to
whether chronic periodontitis was indeed the disorder in question. Greater standardization of
disease descriptors and their definitions, at least for use by the research community, would be
helpful.
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The second issue concerned whether subjects were being treated for periodontitis for the
first time or were being retreated for chronic periodontitis. This confusion reflected in part the
unpredictable use of descriptors such as recurrent, persistent, or refractory; athough refractory
may have a generaly well- understood meaning within the periodontal and dental research
community, recurrent and persistent have less agreed-upon definitions or connotations. The
current literature generally did not make clear whether persons receiving retreatment had
unsuccessful earlier treatment or were simply being retreated after successful treatment at some
time in the past (i.e., were on some form of maintenance schedule). If researchers are including
“maintenance” patientsin their trials, they should explain this decison. More generaly,
investigators need to be certain that they are including only the types of patients for whom
positive results from the particular study would be applicable in everyday practice.
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