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1 | INTRODUCTION

Periodontitis is defined as the progressive destruction of the tooth-
supporting apparatus.! Clinically, the disease causes increased peri-
odontal pockets with inflammation, bleeding on probing, clinical
attachment loss, and, radiographically, alveolar bone loss. Untreated,
periodontitis causes tooth loss.

Periodontitis poses a significant threat to public health due to

the following factors:

e It is one of the most common diseases in humans. The Global
Burden of Disease 2010 study found an 11.2% global age-
standardized prevalence (1990-2010) of severe periodonti-
tis, making it the sixth most prevalent condition in the world,?
whereas the 2015 study estimated 7.4%.% Besides severe forms of
periodontitis, the prevalence of any type of periodontitis in adult
populations can be around 50%.4

e |t can cause tooth loss and disability, alter chewing function
and esthetics, cause social inequity, and lower quality-of-life
indicators.’

e |t has been associated with different systemic diseases, such as

diabetes,®’ and cardiovascular diseases.®”?

e |t has been associated with increased medical expenditure.10

Periodontitis is caused by bacteria in supra- and subgingival den-
tal plaque biofilms. Dental biofilms can become “dysbiotic,”** which

dysregulates the host immune-inflammatory response, increasing
dysbiosis and destroying periodontal tissues.*? Philip Marsh pro-
posed the “ecological” plaque hypothesis, which uses dysbiosis to
explain the etiology of periodontal diseases: In health, host and mi-
crobiota are in balance, but they are out of balance in disease, caus-
ing dysbiosis.*®

For the treatment of periodontitis, the European Federation of

1415 recommend

Periodontology S3-level clinical practice guidelines
a step-by-step approach. Interventions in step 1 include professional
and patient-based control of supragingival biofilms, together with
risk factor control. Step 2 involves subgingival instrumentation with
or without concomitant therapy.!* Steps 1 and 2 may be successful
in preventing further periodontal attachment loss in most initial and
moderate cases. The final and crucial step is supportive periodontal
care, which focuses on preventing disease progression.

Subgingival instrumentation, usually rendered as scaling and
root planing, has been shown to have a significant clinical impact.16
However, this nonspecific periodontal treatment is not adequate
for all sites/patients.””*” Moreover, one of the features of grade
C periodontitis is the “lack of expected response to standard bac-
terial control therapies.”>?° This, along with the well-known lim-
itations of subgingival instrumentation (deep pockets, furcation
lesions, vertical defects, dentin hypersensitivity, gingival recession,
inexperienced operators, etc), has historically led to the search for
alternative or adjuvant therapeutic procedures.??® To overcome
those limitations, different treatment strategies (such as full-mouth
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disinfection), alternative instrumentation methods (eg, lasers, anti-
microbial photodynamic therapy), or adjunctive therapies (like an-
timicrobials, probiotics, anti-inflammatory drugs, and antioxidant
micronutrients) have been proposed and tested.?*

Among the adjunctive therapies, the most widely evaluated and
commonly used are topically, locally, or systemically applied antimi-
crobial agents.

Chlorhexidine mouthwash is the most common topically ap-
plied antimicrobial. When used with subgingival instrumentation,
this chemical agent enhances clinical outcomes.?® The European
Federation of Periodontology clinical practice guideline indicates
that its use may be considered adjunctive in step 2 of the treatment
of periodontitis.**

Topically or locally delivered antimicrobial agents have ad-
vantages over systemic delivery if they have a sustained-release
system: lower total dosage, fewer side effects, improved compli-
ance, and reduced risk of bacterial tolerance to medications.?®
However, it also represents additional costs. Several studies and
a few systematic reviews have examined the effects of local anti-
microbials delivered in fibers, gels, chips, or microspheres, mostly
in untreated patients but also in treated sites and patients with
poor response or recurrent disease. Some of these studies ratio
have shown significant additional benefits with the use of cer-
tain agents or devices, but their clinical value and cost-benefit
ratio have been controversial.?’ In the systematic review for the
European Federation of Periodontology clinical practice guideline
for stages I-lll periodontitis,28 50 randomized controlled trials re-
ported in 59 papers with a minimum follow-up of 6 months were
identified, and statistically significant benefits were observed
for the different locally applied antimicrobials. After 6-9 months,
the additional clinical benefits in probing depth reductions and
clinical attachment loss changes were estimated (weighted mean
difference) at 0.36 mm (95% confidence interval: 0.26-0.47) and
0.26 mm (95% confidence interval: 0.12-0.40), respectively. The
European Federation of Periodontology clinical practice guideline
suggested that subgingivally applied antiseptics (chlorhexidine)
and antibiotics (doxycycline or minocycline) with sustained release
may be considered adjuncts to subgingival instrumentation.'*

This review will focus on systemically delivered antimicrobials.
Thus, this narrative review will address how systemically delivered
antimicrobials have been used to treat periodontitis and the extent
to which European research has been involved.

2 | RATIONALE FOR THE USE OF
ANTIMICROBIALS IN THE MANAGEMENT
OF PERIODONTAL DISEASES

Since bacteria are essential to the onset and progression of peri-
odontal diseases,*® chemical or biological antimicrobial agents have
long been recommended for their treatment.?’ However, the ra-

tionale for their use depends on the objective (prevent or treat), the

disease (acute or chronic), and the delivery format or route of admin-

istration (local or systemic).

2.1 | Objective of the use of antimicrobials

Antimicrobials can be used in steps 2 and 3 of periodontitis treat-
ment, and in primary and secondary prevention. However, the tim-
ing of the prescription can affect the antimicrobial type and delivery
format or route.

Antimicrobials that are used for prevention are usually anti-
septics that are delivered via toothpaste and mouthwash and are
designed for long term use. They may prevent dental biofilm for-

1.3° These agents

mation when used with mechanical biofilm contro
may be useful in the primary and secondary prevention of gingivitis
and periodontitis. Gingival indices are the main outcomes of ran-
domized controlled trials assessing the efficacy of antimicrobials, so
the studies focus on gingivitis.>! However, the most relevant impact
of their use would be the primary prevention of periodontitis and
prevention of disease progression during supportive periodontal
care.? According to the European Federation of Periodontology
clinical practice guideline for the treatment of periodontitis in stages
I-111,* the suggested antiseptic agents are chlorhexidine, triclosan
with copolymer, stannous fluoride with sodium hexametaphosphate
in dentifrices, and chlorhexidine, essential oils, and cetylpyridinium
chloride in mouth rinses.3°33

Antimicrobials used in therapy are usually antibiotics, targeting
bacteria in subgingival biofilms. This area can be reached directly,
through the pocket entrance, with locally delivered antibiot-
ics, or by following a systemic route with systemically delivered
antibiotics.

Locally delivered antimicrobials need a release system that en-
sures a 24-h dosage.26 Nonabsorbable fibers and absorbable gels are
used for this. Chlorhexidine, metronidazole, tetracycline hydrochlo-
ride, doxycycline, and minocycline have been used for subgingival
delivery. Some of these products have demonstrated statistically
significant benefits over placebo,?® but three main issues have lim-

ited their use:

e Generalized periodontitis may not be treatable locally with anti-
microbials. Thus, the indication is limited to localized lesions in re-
maining pockets after therapy or localized recurrent active sites.

e Despite the rationale for finding suitable indications for locally
delivered antimicrobials, few studies have focused on those in-
dications, making it difficult to make strong recommendations or
perform an adequate cost/benefit ratio.

e Locally delivered antimicrobial agents are expensive and with
limited in availability in different countries, general recommenda-

tions are difficult to implement.

Systemically delivered antimicrobials are mainly used in thera-

peutical approaches, and antibiotics are used exclusively. Systemic
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antibiotics can also be used in periodontics for prophylactical pur-
poses, such as the prevention of infective endocarditis,®* but that

discussion is not within the scope of the present review.

2.2 | Nature of the disease

The course of periodontitis can be either acute or chronic. This deter-
mines whether to treat the disease with antimicrobials. Periodontal
abscesses and necrotizing periodontal diseases are acute periodon-
tal infections.3> Systemic antimicrobial therapy can be used in both
cases:>¢

e Incision, drainage, and debridement is the primary treatment for
periodontal abscesses. If drainage is impossible due to the ab-
scess's size or location, the patient's medical condition requires
antibiotic prophylaxis; or if the periodontal condition is severe
and includes fever and malaise, adjunct systemic antimicrobial
therapy may be considered.

e In patients with temporarily or moderately compromised immune
systems, superficial cleaning with a sonic/ultrasonic device, ch-
lorhexidine mouthrinse, and limited mechanical hygiene is the
first line of treatment for necrotizing periodontal diseases. If the
disease is severe, feverish, and resistant to mechanical treatment
and local antiseptics, adjunct systemic antimicrobial therapy may

be considered.

In acute periodontal infections, systemic antimicrobial agents
are prescribed with loading doses and lower dosages than in chronic
conditions.®” The prescription should be short term, with the aim of
resolving symptoms or signs and controlling tissue destruction. This

requires daily disease resolution control.

3 | EVALUATION OF SYSTEMIC
ANTIBIOTICS IN THE TREATMENT OF
PERIODONTAL DISEASES: HISTORICAL
PERSPECTIVE AND EUROPEAN
CONTRIBUTIONS

3.1 | From the 1960s to the 1980s: The pioneer
studies

The use of antimicrobial agents in the management of periodontal
diseases was suggested very early: After discovering the optical mi-
croscope, Antonie van Leeuwenhoek in the 17th-18th centuries ad-
vised rinsing with morning urine to reduce gingival inflammation.%®
In the early 1900s, some pioneers suggested using antimicrobials
before mechanical or surgical treatments,” and even systemically*°
to reduce the risk of systemic disorders.

In the 1960s, different studies demonstrated that oral intake of
antimicrobial agents provided acceptable drug levels in crevicular
fluid*! and saliva,*? allowing these drugs to be used in the treatment

ooy ) AR

of oral infections. This insight, combined with the emerging “specific

plaque hypothesis”*34°

provided initial scientific basis for the use of
systemic periodontal antimicrobial therapy. Systemic periodontal an-
timicrobial therapy began to be scientifically evaluated, focusing on
three main possible benefits: (a) to control bacterial deposits ingressed
into periodontal tissues or residing in difficult access areas by mechan-
ical means; (b) to reduce the need for periodontal surgery; and (c) to
improve treatment results in terms of new attachment and/or peri-
odontal regeneration.46 Successful systemic periodontal antimicrobial
therapy was also expected to produce a more predictable treatment
outcome, especially in cases of “refractory” periodontitis; that is, cases
with ongoing disease activity despite standard treatment rendered.
Since then, a large body of evidence has shown the clinical ef-
ficacy of systemic periodontal antimicrobial therapy. This was the
basis for the first European Federation of Periodontology S3-level
clinical practice guideline, which includes recommendations for using
chemical adjuvants for the treatment of stage I-Ill periodontitis.

3.1.1 | Tetracyclines

Tetracycline hydrochloride was the first drug to demonstrate thera-
peutic crevicular fluid levels.** Crevicular fluid concentration was
2-10 times higher than in blood.*” In the late 1970s, it was mainly
tested as an adjunct to mechanical periodontal treatment,?243%® but
also in long-term use at 250 mg per day.*”>° Tetracycline hydrochlo-
ride was considered a good option, since periodontal diseases were
included in the list of oral or dental conditions in which tetracyclines

could be useful,?!

and also due to its antimicrobial properties and
mild side effects. Additionally, tetracycline hydrochloride inhibited
host tissue collagenolytic enzymes and reduced collagen destruc-
tion in periodontitis.’>? In nonresponding sites, tetracycline hydro-
chloride was used based on the nonspecific plaque hypothesis,53 to
reduce anaerobes and provide additional clinical benefits.>*
However, controlled clinical trials failed to show significant and
predictable clinical benefits of tetracycline hydrochloride as an ad-
junct to mechanical periodontal therapy.??4348 |n addition, tetracy-

1755 \were associated with mild

clines increased bacterial resistance,
but frequent side effects, which combined with problems with com-
pliance with a four times a day regimen, lead to a decrease in the use
of tetracycline hydrochloride for periodontitis.

Doxycycline and minocycline, tetracycline derivatives, have
been the subject of multiple trials. Patient compliance benefits from
once-daily dosing. Minocycline and doxycycline showed promising
results in the 1990s, making them “the antibiotics most likely to be
of value in the United States for the treatment of certain other forms
of periodontitis.”*¢

In the 1970s and the 1980s, two views on the role of bacteria in
periodontal diseases were popular: the nonspecific plaque hypoth-
esis and the specific plaque hypothesis.** The latter gained credit
when a strong association was found between localized juvenile
periodontitis and detection of Aggregatibacter actinomycetemcom-
itans.*>>¢ A.actinomycetemcomitans persistence after mechanical
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instrumentation or surgery was linked to periodontal breakdown by
several researchers.”” %! This observation led to the emergence of
clinical periodontal microbiology in several European countries and
became the basis for the rational use of systemic periodontal anti-
microbial treatment.%?

Although the initial explanation for subgingival instrumenta-
tion's limited efficacy was the pathogen's possible tissue invasion,
the results after surgery cast doubt on this explanation. The first
suggested strategy was to include systemic tetracycline in the treat-
ment protocols for localized juvenile periodontitis.zz’(’o’63 However,
25% of treated patients relapsed, regardless of the professional peri-
odontal maintenance protocol,’® and systemic tetracycline did not
prevent further periodontal attachment destruction.®®

These observations initiated the use of doxycycline.®#%°
Metronidazole, which was also effective against periodontal anaer-
obes, was also evaluated in combination with mechanical treatment
in A.actinomycetemcomitans-associated periodontitis.®® The results
showed that this antibiotic provided more predictable results in lo-

calized juvenile periodontitis patients than did tetracyclines.

3.1.2 | Metronidazole

In 1959, metronidazole, a nitroimidazole, was commercially available to
treat protozoal infections (trichomoniasis, amebiasis). Shinn,®” in 1962,
reported in the Lancet that metronidazole helped seven Necrotizing
gingivitis patients. Other necrotizing gingivitis studies confirmed

these findings.68 It was found that metronidazole was bactericidal

mainly against anaerobes, including spirochaetes and gram-negative
and gram-positive bacterial species. Since these bacteria were identi-
fied in the subgingival plaque in different forms of periodontal dis-
eases, including necrotizing forms, the interest in metronidazole led to
the publication of a number of clinical studies in the 1980s.

The first clinical trials of metronidazole for periodontal diseases
were conducted in the United Kingdom,éz"38 Finland,%® Sweden,®’
and the United States.”® An important contribution was the series of

studies by Walter J. Loesche and coworkers,”%72

at the University of
Michigan, demonstrating the clinical and microbiological effects of
metronidazole in the treatment of “adult” periodontitis using scien-
tifically sound double-blind protocols. They showed that metronida-
zole improved posttreatment clinical parameters like probing depth
and clinical attachment loss better than mechanical treatment alone.
Systemic metronidazole, added to scaling and root planing, reduced
the number of teeth requiring periodontal surgery.73 These studies
have helped to rationalize the use of metronidazole for periodontitis.
This research group also examined dosage, compliance, and medica-
tion course length. In one of Dr Loesche's last clinical publications, he
reported on the 6-year follow-up of 34 patients who received sys-
temic metronidazole and subgingival instrumentation. The number
of teeth recommended for surgery before periodontal treatment
decreased from 9.4 to 1.5. Half of those subjects maintained clinical
benefits for 6.4years without surgery.74 Dr Loesche's concepts were
elegantly presented and defended,** comparing the nonspecific and
specific plague hypotheses, as presented in Figure 1.

In Switzerland in the 1980s, ornidazole, a nitroimidazole, per-

formed similarly to metronidazole.”®

Nonspecific Plaque Hypothesis Specific Plaque Hypothesis
Extraction of “hopeless teeth” SUCCESSFUL Diagnosis of infection
Subgingival instrumentation CLINICAL Subgingival instrumentation
OUTCOMES . A .
| SUCCESS? | | YES |:> Systemic antimicrobials
<j YEs | | Success? |
Access surgery
Systemic antimicrobials Access surgery OR
| SUCCESS? | | YES |:> Local antimicrobials
<j YES | | Success? |
| Adjunctive systemic antibiotics |
SUCCESS? YES |:>
| | | Ay | Tooth extraction |
m Supportive
. Care
| Tooth extraction |

FIGURE 1 Treatment sequence and concept, based on the “specific plaque hypothesis” or the “nonspecific plaque hypothesis”, according
to Walter Loesche. Terminology and format have been adapted and modified from Loesche.**
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Metronidazole combined with spiramycin was tested as an ad-

junct to mechanical periodontal therapy in Canada.”

3.1.3 | Penicillins

The most commonly used antimicrobials in medicine and dentistry
are penicillins. They are indicated for the management of periodon-
tal diseases, specifically to treat acute conditions.”” However, owing
to their importance in managing serious, life-threatening conditions,
they were not considered a reasonable option in the treatment of
periodontitis in the 1980s,* explaining why amoxicillin alone was
not frequently evaluated as an adjunct to subgingival instrumenta-
tion. However, and after promising invitro results, amoxicillin and

17,78

clavulanate were tested in the 1990s in the United States and

in Europe.”’

3.1.4 | Macrolides

Macrolides are frequently used as antimicrobials in medicine and
dentistry. Erythromycin, the best-known antibiotic in this group,80
was deemed inappropriate periodontics due to its antimicrobial
profile and very low concentration in crevicular fluid.8* Conversely,
spiramycin and azithromycin have been studied in periodontal ther-
apy®%® for different reasons, explained below.

Spiramycin was an interesting drug, since its concentration in sa-
liva was higher than its serum concentration,®> which made the drug
a potential agent for the treatment of oral infections. However, spira-
mycin, like erythromycin, only kills gram-positive bacteria, so its anti-
microbial profile was poor. It was not accepted in the United States,
which limited research. Two Canadian randomized controlled trials in
the late 1980s and early 199058283 suggested clinical benefits, which
were confirmed in one of the first systematic reviews on the topic.86
Following those two studies, the first European Workshop, based on
systematic reviews, identified metronidazole, alone or in combination
with amoxicillin, and spiramycin as the most relevant agents.®”

Azithromycin has good pharmacokinetics and broad antimicro-
bial activity against periodontal bacteria. In the early 1990s, Finnish
studies suggested bactericidal effects against Porphyromonas gingi-
valis®® and A. actinomycetemcomitans,®’ which were later confirmed
by others.?® Italian researchers found high concentrations in in-
flamed tissues.”® Azithromycin was first tested adjunctively in peri-
odontitis therapy in a 1996 London clinical trial,”? and it was later
tested in the treatment of periodontal abscesses,®* with comparable

results to amoxicillin and clavulanate.
3.1.5 | Other systemic antimicrobials
Clindamycin, a lincosamide, has been tested as an adjunct to sub-

gingival instrumentation for the same reasons as metronidazole,

with the added benefit of achieving high bone tissue concentrations.

ooy ) AR

It requires six-hourly dosing, making compliance more difficult.
Clindamycin, like other antibiotics like p-lactams, can cause pseu-
domembranous colitis. Its effects on “refractory” periodontitis, in
the United States,'”?® and on “rapidly progressive” periodontitis, in
Germany, have been studied.”

Ciprofloxacin and ofloxacin, quinolones, have been studied post-
surgically, either in conventional periodontal therapy (in Germany)”®
or after membranes or other regenerative technologies, and in com-
bination with metronidazole and/or doxycycline.%’97 Moxifloxacin,
another quinolone, has shown good activity against a panel of peri-
odontal pathogens in vitro?® and in a clinical study in aggressive peri-
odontitis patients.”’

3.2 | The 1990s: Europe takes the lead
3.2.1 | Research in Europe in the 1960s-1980s

Some of the most relevant studies in the initial scientific devel-
opment of the use of systemic antimicrobials in the treatment
of periodontitis were conducted in the United States. However,
Europe and European researchers helped to develop this research
area and produced interesting publications. In the gingivitis ex-
perimental model, Harald Lée's group tested topical vancomycin
in the 1960s. Jan Lindhe and colleagues evaluated systemic tetra-
cyclines for long-term use®® and localized juvenile periodontitis.®°
Also, systemic metronidazole's clinical impact was examined.®’
Lars Heijl led Goteborg researchers in studying metronidazole,
vancomycin, and clindamycin in Beagle dogs in the late 1970s and
early 1980s.

Since the 1990s, researchers in Scandinavia, Switzerland, the
UK, and the Netherlands have studied the effects of systemic anti-
microbials on periodontics.

Leena Saxén and coworkers®* tested doxycycline and met-
ronidazole at the University of Helsinki, using microbiological
evaluation as a treatment outcome. The application of systemic
antimicrobial agents also included microbiological data, partic-
ularly the subgingival detection of A.actinomycetemcomitans.®®
Metronidazole, being bactericidal, initially provided clinical results
that were insufficient, with different suggested explanations, such
as the fact that the drug did not easily penetrate the bacterial wall
of A.actinomycetemcomitans or that salivary and crevicular levels
were not optimal.%°

The University of Helsinki conducted the first invitro azithromy-
cin studies against periodontal pathogens.gg'89 The first randomized
controlled trial on the adjunctive use of azithromycin in periodontitis
therapy was conducted in the United Kingdom.??

101,102 1y plished a famous case series in

Renvert and coworkers
Sweden on the effects of subgingival instrumentation and periodon-
tal surgery on A.actinomycetemcomitans detection. Those studies
did not evaluate systemic antimicrobials, but they supported their
use in treating A.actinomycetemcomitans periodontitis. In a random-

ized controlled trial in Stockholm, Sweden, complete healing was
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observed in 30% of metronidazole patients, compared with 9% in
the control group.1%®

Andrea Mombelli et al”®

did research at Bern University on the
use of systemic antimicrobials and microbiology in periodontal
and peri-implant diseases, including testing systemic ornidazole in
1989.

Groups in the United Kingdom pioneered first in observing
metronidazole's periodontal effects in the 1960s,%” and later in
performing the first clinical study on azithromycin in periodontitis

therapy.92

3.2.2 | Research in Europe in the 1990s: Amoxicillin
plus metronidazole

Much of the initial research on systemic periodontal antibiotic
therapy was focused on the detection and suppression of bacte-
rial markers, such as A.actinomycetemcomitans, or strict anaero-
bic bacterial species, such as spirochetes and black-pigmented
Bacteroides species, currently including P.gingivalis and Prevotella
intermedia. One challenge in periodontics in the 1990s was the
suppression of A.actinomycetemcomitans below detection levels in
susceptible patients. These included not only localized juvenile peri-
odontitis patients but also subjects with “rapidly progressive peri-
odontitis” and “refractory” periodontitis with detectable subgingival
A.act.“inomycetemcomitans.lo4

The Academic Centrefor Dentistry Amsterdam,inthe Netherlands,
under the direction of the microbiologist A.J. van Winkelhoff, became
an important research center for studies on the use of adjunctive an-
timicrobial therapy in the treatment of periodontitis. Following the
concepts of the specific plaque hypothesis,** the association found
between localized juvenile periodontitis and A.actinomycetemcomi-

57,101,102 the use

tans,> and the limited impact of mechanical therapy,
of adjunctive antimicrobials was strongly advocated in the treatment
of A.actinomycetemcomitans-associated periodontitis. However, sys-
temic tetracyclines, including doxycycline and minocycline, appeared
unpredictable in their suppression of A.actinomycetemcomitans, re-
sulting in significant recurrent disease activity in treated patients.
This was then explained by the bacteriostatic nature of tetracyclines.
Metronidazole, a bactericidal drug, performed better initially.®

Since periodontal monotherapies with systemic antibiotics as
adjuncts to mechanical instrumentation had limited effect on sub-
gingival A.actinomycetemcomitans, a new approach was needed. In
1989, van Winkelhoff et al®® presented a case series of patients,
including 11 localized juvenile periodontitis and 11 rapidly pro-
gressing periodontitis subjects, all subgingivally culture-positive for
A.actinomycetemcomitans. After mechanical subgingival instrumen-
tation, followed by 7 days of systemic amoxicillin and metronida-
zole, A. actinomycetemcomitans was eliminated in all but one patient.
All patients showed clinical improvements (excluding one with se-
vere diarrhea), resulting in lower probing depths and bleeding on

probing. After 9-11months, all 16 patients were culture-negative

for A.actinomycetemcomitans and showed further clinical improve-
ment.'%> This observation initiated further research, including stud-
ies on the nature of interactions between A. actinomycetemcomitans
and the drugs. Pavici¢ and coworkers'®®1%? found that metronida-
zole and amoxicillin act synergistically against A.actinomycetem-
comitans: in the presence of amoxicillin, metronidazole's hydroxy
metabolite could better penetrate the bacterial cell, enhancing its
bactericidal effects and providing its synergistic effects. This syn-
ergy resulted in the killing of A.actinomycetemcomitans at levels far
below the minimum bactericidal concentrations of both antibiotics.
This explained subgingival A. actinomycetemcomitans suppression in
almost all treated patients (see clinical studies), and the combina-
tion of amoxicillin and metronidazole was referred to later as “the
van Winkelhoff cocktail.”

Clinical studies were conducted after invitro research
on the combination of metronidazole and amoxicillin against

A.actinomycetemcomitans:

e In 1992, 118 A.actinomycetemcomitans periodontitis patients
treated with subgingival instrumentation and amoxicillin (375 mg)
and metronidazole (250mg) thrice daily for 7days were culture-
negative 3-9 months later.1*°

e |n 1994, a case series of 48 patients with A.actinomycetemcom-
itans periodontitis treated with the same protocol reported no
detectable subgingival A.actinomycetemcomitans in 47 patients.
Tonsillar, salivary, and mucosal samples were culture-negative
2years after active periodontal treatment.!** Excellent clinical
results accompanied these microbiological findings.

e |n 1998, a similar study on 22 patients, followed for 35 weeks, fo-
cused on the impact of mechanical periodontal treatment, includ-
ing the use of metronidazole and amoxicillin, on other periodontal
pathogens, like P.gingivalis, Tannerella forsythia, or P.intermedia,
although the patients were selected based on the presence of
A.actinomycetemcomitans.**?

e The first randomized controlled trial of this group, assessing amox-
icillin plus metronidazole, was published in 2001 and included 49
patients with generalized severe periodontitis. The presence of
A.actinomycetemcomitans was not an inclusion criterion. The test
group showed statistically significant clinical benefits, and base-

line P.gingivalis carriers responded better.!*3

Although the Academic Centre for Dentistry Amsterdam
group's main contribution was the proposal and evaluation of the
combination of amoxicillin and metronidazole, they also provided
important information on the microbiological outcomes of peri-
odontal therapy and searched for specific adjunctive antimicrobials
for microbiologically specific types of periodontitis, such as P.gin-
givalis or T.forsythia periodontitis. Though metronidazole alone
seems to work for P.gingivalis periodontitis,**® it is unclear which
antimicrobial may target T.forsythia.'** The Academic Centre for
Dentistry Amsterdam group also tested amoxicillin plus clavulanate

in a 12-month randomized controlled trial with generalized adult
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periodontitis patients and found no additional clinical or microbio-
logical added benefits.”’?

The summary of 15years of research is captured in a very ele-
gantly written narrative review, published in 2005.5% The existence
of periodontitis as “true infections” associated with “exogenous
pathogens” is the basis for the use of specific antimicrobial thera-
pies targeting those exogenous pathogens. The best examples are
A.actinomycetemcomitans, which can be managed with amoxicillin
and metronidazole, and P.gingivalis, which showed very reasonable
outcomes after treatment with metronidazole alone. Moreover,
they suggested that microbiological diagnosis, if capable of de-
tecting these pathogens, could help in tailoring specific treatments
(Figure 2) and reduce the risk of “unsuccessful” outcomes, following

the term used by Loesche (Figure 1).

3.2.3 | Research in Europe in the 1990s:
Other studies

Amsterdam was an important but not the only place in Europe where
relevant studies were produced and published. To evaluate the im-
portance of Europe in the field, the studies selected by the system-
atic review on systemic antibiotics prepared for the 4th European
Workshop in Periodontology86 are used as reference: randomized
controlled trials or controlled clinical trials, with at least 6 months’
duration, published from the 1970s until the 21st century. The fol-

lowing findings are relevant (Table 1):

Flow of microbial testing and the use of antibiotics

Early onset

Initial periodontal therapy

Microbial testing <:__

Ineffective

{

Retreatment

It s

oral hygiene

Effective

Repeat

microbial
testing

Maintenance care

| |:> Recurrence ||

FIGURE 2 Treatment sequence, based on the concept of “true”
infections and “exogenous” pathogens, according to A. J. van
Winkelhoff and Edwin Winkel. Adapted and modified from van
Winkelhoff & Winkel.®?
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o Before 1980, two papers on tetracycline reported on the same
patient sample 1>116

e From 1980 to 1990, 10 papers were included: four from Canada,
oneon spiramycin,82 one on spiramycin/metronidazole,”® and two
on doxycycline, but on the same patient sample;'*”!8 three from
Sweden, one on tetracycline®® and two on metronidazole;*%1%

two from the United Kingdom on metronidazole, although report-

ing on the same patient sample;*1%12°

and one from the United
States, on metronidazole.'?! Overall, four studies were conducted
in Europe and four in North America.

e From 1991 to 2001, 11 articles were considered: three from
the United States, one on doxycycline'?? and two on clindamy-

cin or amoxicillin and clavulanate in “refractory” cases;"?®

one
from Canada, on spiramycin;2® two papers came from the United
Kingdom, testing metronidazole, but reporting on the same pa-
tient sample;'%1?* two from Scandinavia, one from Sweden on

125

amoxicillin plus metronidazole™” and another from Finland on

metronidazole or tetracycline;® two in Germany, one testing

126 and the other comparing dox-

amoxicillin plus metronidazole
ycycline, clindamycin, and metronidazole in “rapidly progressive”
periodontitis;94 one additional study came from the Netherlands,
on amoxicillin and clavulanate.”” Overall, four studies were con-

ducted in North America and six in Europe.

Interestingly, by the turn of the century, Europe was taking the
lead in the field: other drugs than tetracyclines and metronidazole
were evaluated; microbiological outcomes were considered rele-
vant, and specific forms of diseases were targeted in the studies,
either clinically characterized (“aggressive” forms of disease, “refrac-
tory” periodontitis) or microbiologically defined (ie, presence of spe-
cific pathogens, proportions of spirochetes, proportions of resistant

species).

3.3 | The 21st century: The impact of the
workshops

3.3.1 | European and world workshops in the
20th century

In the last decades of the 20th century, the American Academy of
Periodontology pioneered the organization of “workshops,”*?” which
they called “world” workshops for unknown reasons, where experts
discussed the available evidence and their own clinical experience,
provided guidance to clinicians, requested additional research, or
developed classifications, diagnostics, or treatment approaches. The
third workshop, held in Princeton, New Jersey, on July 23-27, 1989,
provided a new classification scheme.?®

Two of the European participants of this “world” workshop,
Niklaus Lang and Thorkild Karring, considered Europe ready to or-
ganize “European” workshops and founded the European Academy
of Periodontology, which, together with the European Federation
of Periodontology, organized the First European Workshop
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TABLE 1 Studies selected by the systematic review on systemic antibiotics, prepared for the Fourth European Workshop in

Periodontology.®¢

Publication
year Reference Author, year Country Study duration Drugs tested
1979 115116 Helldén et al (1979), Listgarten ~ Sweden 25weeks Tetracycline
et al (1978)
1983 0 Lindhe et al (1983) Sweden 50weeks Tetracycline
1983 69 Lindhe et al (1983) Sweden 50weeks Metronidazole
1984, 1986 A Joyston-Bechal et al (1984, UK 22 weeks, 3years Metronidazole
1986)
1984 121 Loesche et al (1984) USA 15-30weeks Metronidazole
1987 % Quee et al (1987) Canada 6months Spiramycin
1989 82 Al-Joburi et al (1989) Canada 24 weeks Tetracycline, spiramycin
1990, 1991 AL McCulloch et al (1990), Canada 7months Doxycycline
Kulkarni et al (1991)
1990 103 Soder et al (1990) Sweden 6months Metronidazole
1993 &8 Saxén & Asikainen (1993) Finland 6months Tetracycline, metronidazole
1993 v Walker et al (1993) USA 24 months Amoxicillin/clavulanate,
clindamycin
1994 & Bain et al (1994) Canada 24 weeks Spiramycin
1994 93 Magnusson et al (1994) USA 2years Amoxicillin/clavulanate,
clindamycin
1998 i Flemmig et al (1998) Germany 12mo Amoxicillin/metronidazole
1998 125 Berglundh et al (1998) Sweden 24 months Amoxicillin/metronidazole
1998, 1999 L22228 Palmer et al (1998, 1999) United Kingdom 24 weeks Metronidazole
1998 122 Ng and Bissada (1998) United States 24 weeks Doxycycline
1999 2 Winkel et al (1999) Netherlands 12 months Amoxicillin/clavulanate
2001 94 Sigusch et al (2001) Germany 24 months Clindamycin, doxycycline,
metronidazole
2000 228 Caton et al (2000) United States 9 months Low-dose doxycycline
2001 225 Golub et al (2001) United States 36 weeks Low-dose doxycycline

on Periodontology, at the Charter House in Ittingen (Thurgau,
Switzerland), on February 1-4, 1993. Etiology, pathogenesis, classifi-
cation, and diagnosis were covered at that workshop.'?’ For subse-
qguent workshops, the European Federation of Periodontology and
the European Academy of Periodontology, or Workshop Committee,
chaired by Professor Lang, organized the European Workshops. For
years, European and “world” workshops ran concurrently.

In 1996, the Second European Workshop on Periodontology
focused on the use of molecular biology in the diagnosis, preven-
tion, and management of periodontal diseases, % whereas the 1996
“World” Workshop in Periodontics was subtitled “Improved Clinical
Decision Making Using the Evidence-Based Approach".131 This
workshop covered a wide range of topics and is well remembered
because there the term “periodontal medicine” was suggested for
the first time.1%?

In 1999, the Third European Workshop on Periodontology con-
ducted an evaluation of the field of implant therapy using a critical
lens.'®® The American Academy of Periodontology organized the
International Workshop for a Classification of Periodontal Diseases
and Conditions, which developed the 1999 classification.***

The foundation for each of these 20th-century workshops was
a set of meticulously written position papers that surveyed the rele-
vant literature and were subjected to the scrutiny of their respective
authors. During the group meetings, these articles were debated,
revised, and, in the end, adopted to serve as the foundation for sub-
sequent discussions. At the end of the meeting, the group consensus
reports were discussed in plenary sessions to develop concluding
remarks for the profession. But, with the turn of the century, a huge
change would affect the 21st-century workshops as systematic re-
views became popular, and this would have a clear impact on how
workshops were designed and conducted and on how consensus

was developed and reached.

3.3.2 | European workshops in the 21st century:
The first workshop based on systematic reviews
(2002)

The Fourth European Workshop on Periodontology®®® was a major
game changer in the field of periodontology/periodontics, since it
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covered periodontal practice for the first time on the basis of so-
called “systematic reviews.” This new approach to analyzing the body
of work was taken in an attempt to achieve an unbiased approach to
the analysis of the available scientific literature, and therefore, the
highest level of scientific proof. The systematic reviews prepared
for the workshops aimed to incorporate the most compelling evi-
dence, which was typically derived from randomized controlled tri-
als, which evaluated therapeutic or other management approaches.
However, such randomized controlled trials were and are not always
available in many disciplines of medicine, including periodontology.
Consequently, the systematic reviews sometimes had to be based on
a lower level of evidence, such as prospective or even retrospective
cohort studies; case series were usually excluded from the system-
atic reviews. As a result systematic reviews were unable to answer
all of the questions that a clinician might face in clinical practice. On
the other hand, the process of doing a systematic review did, at least,
provide an objective approach to extremely significant components
of daily practice. With this in mind, the European Federation of
Periodontology began the process of establishing a stable founda-
tion for periodontal practice, and in 2002 all the consensus reports
of the sessions focused on the clinical and scientific implications of
the “status of the science of periodontology” in 2002.1%°

Whilst there were two very relevant narrative reviews'3¢*%7

53138 5n the use

and some systematic reviews with meta-analyses
of systemic antimicrobials in periodontitis patients in the scientific
literature before the Fourth European Workshop on Periodontology,
no evidence-based conclusions or recommendations could be drawn
from them. Therefore, Herrera and co-workers' review,®® prepared
for the 4th European Workshop in Periodontology. It examined the
clinical effects of adding systemic antimicrobials to subgingival in-
strumentation (most commonly, scaling and root planing), versus
scaling and root planing alone or with a placebo in the treatment
of “chronic” or “aggressive” periodontitis, according to the 1999
classification.

This review included only 6-month randomized controlled tri-
als and controlled clinical trials. Owing to their short duration,
none of the trials included reported tooth survival or loss, the pri-
mary endpoint for periodontal treatment efficacy. Instead, proxy
variables—particularly clinical attachment loss and probing depth
changes—were chosen as the primary outcomes.'® The review used
these two outcome indicators to compare systemic antimicrobials
to scaling and root planing in treating periodontitis. Secondary out-
come variables included bleeding on probing, gingival inflammation,
plaque levels, tooth loss, new clinical attachment loss, and adverse
pharmacologic and microbiological effects.

Because randomization, allocation concealment, and blinding
were not well described, and because the 25 studies included re-
vealed substantial heterogeneity in design, patient demographics,
follow-up, antimicrobial type, and doses, pooling results was dif-
ficult, making it difficult to reach conclusions for clinical practice.
These constraints limited the meta-analyses to five. Based on the
findings of all the studies that were selected, scaling and root plan-
ing in combination with systemic antimicrobials showed improved

ooy ) AR

clinical attachment loss and periodontal probing depth changes, par-
ticularly in deep pockets (clinical attachment loss range: 0.2-0.6 mm;
probing depth range: 0.2-0.8 mm). The meta-analysis showed that
2,
weighted mean difference 0.40mm, 95% confidence interval 0.1-

spiramycin decreased probing depth in deep pockets (N gies=
0.7 mm), whereas amoxicillin with metronidazole increased clinical

attachment loss in deep pockets (n =2, weighted mean differ-

studies
ence 0.45mm, 95% confidence interval: 0.2-0.7 mm). Metronidazole
also tended to show improved clinical attachment loss change in
deep pockets. In general, the test groups outperformed the control
groups for all periodontitis types and antimicrobials.

There was some evidence to show that the effectiveness of
antimicrobials may be greater for severe or aggressive forms of
periodontitis; however, this was not conclusive. The researchers
concluded that systemic antibacterial adjunctive treatment may
benefit patients with deep pockets, “progressive” or “active” disease,
and specific microbiological profiles. There was evidence of poten-
tial side effects, most of which were mild to moderate and gastroin-
testinal. Additionally, most drugs' microbiological side effects were
untested.

The workshop concluded that, based on the limitations of the
systematic review and meta-analyses, it was difficult to make any
general clinical recommendations regarding the use of systemic an-
timicrobials as adjuncts to SRP in the treatment of periodontitis.®”
It was suggested that, owing to their side effects and antimicrobial
resistance, systemic antimicrobials should not be routinely used.
Systemic antimicrobials may improve clinical outcomes for people
with deep pockets, “active” sites, “aggressive” periodontitis, or cer-
tain microbiological profiles, especially when pockets are deep.

The workshop consensus report made three suggestions for fu-

ture research:

e To reduce bias, randomized controlled trials need proper random-
ization, allocation concealment, and a placebo. They should last
at least 6 months, and ideally a year. Disease and microbiologi-
cal profiles must be established, and study populations must be
properly selected. Systemic antimicrobial therapy discontinuation
rates should be accurately recorded. Additionally, how skilled the
operators are, whether anesthesia and what equipment was used,
and how long each session lasted must be detailed. Supragingival
biofilm control should be monitored and reported. Antimicrobial
selection, dosage, duration, and compliance must be assessed.

e Clinical and microbiological side effects must be considered when
using systemic antimicrobials based on risk/benefit.

e Long-term research should include tooth survival and clinical at-
tachment loss. Pathogen decrease or elimination should be mea-
sured microbiologically.

As explained, this systematic review was published in 2002. One
year later, systematic reviews were prepared for the 2003 American
Academy of Periodontology World Workshop on Contemporary
Science in Clinical Periodontics on host modulation, anti-infective
agents, and tissue engineering.!*® One of them, authored by
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systematically explored the impact of “systemic
anti-infective periodontal therapy.” Although the approach and
methodology were less strict than the European review, allowing
for more studies but at a higher risk of bias and performing meta-
analyses with substantial heterogeneity among the studies, the con-

clusions were similar to those achieved 1year earlier.

3.3.3 | European workshops in the 21st century:
Advances in etiology and pathogenesis (2005)

After the 2002 success, the European Federation of Periodontology
dedicated the Fifth European Workshop on Periodontology to dis-
cussing new research in etiology, pathogenesis, and analytical epi-
demiology that leads to preventive strategies.142 It also addressed
public health and patient-centered benefits. Unlike the Fourth
European Workshop on Periodontology, the fifth workshop's top-
ics could not be covered solely by systematic reviews, so traditional
reviews were also accepted, evaluated, and revised. Two of these
reviews were important for treating periodontitis with systemic
antimicrobials.

Philip Marsh's review'*®

examined dental plaque's biological
significance as a biofilm and its microbial populations. Biofilm-
structured bacteria have increased antibiotic resistance due to their
different structural organization and gene expression. Most biofilms
host multiple species, leading to physical, metabolic, and molecular
interactions. These interactions give bacteria more growth habitats,
metabolic diversity and efficiency, and tolerance to environmental
stress, antimicrobials, and host defenses. Thus, both the biofilm and
microbial interactions between bacteria increase biofilm resistance
and tolerance. This increased tolerance to antimicrobial agents also
includes those found in toothpastes and mouthwashes.***14> For
instance, when Streptococcus sobrinus was grown as a biofilm, ch-
lorhexidine and amine fluoride had biofilm inhibitory concentrations
300 and 75 times higher, respectively, than the minimal bactericidal
concentration (MBC) of planktonic cells.**¢ Similarly, 10-50 times
the minimal inhibitory concentration of chlorhexidine was required
to eradicate Streptococcus sanguinis biofilms within 24 h.}4” The age
of the biofilm was also found to play a significant role: 72-h S.san-
guinis biofilms were more chlorhexidine resistant than 24-h ones.**®
Confocal microscopy of in situ-established natural biofilms showed
that chlorhexidine affected only the exterior layers of cells in 24-
and 48-h plaque biofilms,**? suggesting quenching at the biofilm sur-
face or a lack of penetration.

Oral bacterial biofilms resist antibiotics like amoxicillin, doxycy-
cline, minocycline, and metronidazole better than planktonic cells
do.1%9152 However, resistance depends on the organism, model
system, and inhibitor. For instance, biofilms of P.gingivalis tolerated
160 times the metronidazole minimal inhibitory concentration for
planktonic cells.*>® However, monospecies biofilms of A. actinomyce-
temcomitans or P.gingivalis treated with moxifloxacin did not show a

similar increase in resistance.’®*

These discoveries have significant implications for periodontal
practice, including decreased susceptibility to antimicrobial agents
and pathogenic synergism.155

A second narrative review, prepared for the Fifth European
Workshop by van Winkelhoff and Boutaga,'® also impacted the
use of systemic antimicrobials in the treatment of periodontitis. It
focused on periodontal pathogen transmission, which has profound
implications for the “true infection” and “exogenous pathogens”
concepts.

In 2005, it was accepted that periodontitis tends to run in fam-
ilies. Pathogenic bacterial species, genetic susceptibility, behav-
ioral traits, and environmental factors were thought to cause this.
Communicable diseases are contagious infections. Not all patho-
genic bacteria or diseases are communicable. For example, S. sangui-
nis infective endocarditis is a noncommunicable disease. Bacterial
transmission prevention is crucial to the prevention of communica-
ble diseases in a population. Thus, bacterial transmission research
benefits public health. Diseases caused by a single microbial spe-
cies (like whooping cough and rabies) or a small group of closely re-
lated species require transmission studies (such as malaria-causing
Plasmodium species). The issue of transmission is particularly compli-
cated in multifactorial diseases that are linked to a complex microbi-
ota, such as infectious bowel diseases (Crohn and ulcerative colitis),
vaginitis, and periodontal diseases.

Van Winkelhoff and Boutaga®®® investigated periodontal micro-
organisms' horizontal and vertical transfer. They concluded that most
subgingival bacterial species are local to the oral and in 2002 cavity
and that periodontitis caused by these bacteria might be viewed
as an opportunistic infection. Since A.actinomycetemcomitans and
P.gingivalis are rarely found in periodontal health in Western popula-
tions, periodontitis brought on by these bacteria might be viewed as
an external, opportunistic infection.

A.actinomycetemcomitans, but not P. gingivalis, transmits ver-
tically for localized juvenile periodontitis. Most studies found that
A.actinomycetemcomitans-colonized children have one or two par-
ents with the same genotype. These findings suggested that par-
ents are the source of transmission. There are an infinite number of
genotypes, so finding identical genotypes in family members may be
a coincidence. A.actinomycetemcomitans vertical transmission was
estimated at 30%-60% based on identical genotypes in children and
parents. P.gingivalis may be transmitted only occasionally vertically
by genotyping parent-child isolates.

According to research, spouses can horizontally transmit A.ac-
tinomycetemcomitans and P.gingivalis at 14%-60% and 30%-75%,
respectively. The possibility of sibling transmission of A.actinomy-
cetemcomitans cannot be ruled out. Periodontal pathogens can per-
manently colonize a person depending on the frequency of contact,
number of organisms, oral health, local microbiota, immunological,
and genetic factors. There is some weak evidence that living with a
partner with periodontitis affects your periodontal health, but more
data are needed to prove this and evaluate strategies for preventing

the colonization of A.actinomycetemcomitans and P.gingivalis. One
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potential strategy for the prevention of A.actinomycetemcomitans-
associated periodontitis was the screening for and inhibition of
transmission of specific virulent clones. However, P.gingivalis is
typically found in adult patients, and its transmission appears to be
mostly limited to adults. Thus, periodontal treatment that eliminates
or significantly suppresses the pathogen in patients with good oral
hygiene may prevent the horizontal spread of P. gingivalis.

The Fifth European Workshop on Periodontology concluded
that family members could transmit periodontal pathogens, but the
clinical effects were unclear.’®® Transmission prevention was also

untested.

3.3.4 | European workshops in the 21st century:
How systemic antimicrobials should be used (2008)

At the Sixth European Workshop on Periodontology (2008), on
contemporary periodontics, five working sessions discussed and
debated innovations in periodontal practice, including “antimicrobial
therapy in periodontitis,” periodontal tissue engineering and regen-
eration, critical issues in bone regeneration, peri-implant infections,
and periodontal diseases and health. Herrera et al**” performed a
systematic review of systemic antimicrobials for periodontitis treat-
ment. It addressed three clinical issues.

The first issue was whether systemic antimicrobials can affect
dental biofilms without previous mechanical disruption. As men-
tioned before, Marsh*® found that dental plaque behaves like a bio-
film, indicating higher antimicrobial resistance. Mature biofilms also
resist antimicrobials better. Herrera et al*®” systematically evaluated
systemic antimicrobials as a monotherapy for periodontitis. They
concluded that systemic antimicrobials as a monotherapy were not
supported by the research reviewed, so they should not be advo-
cated. Antimicrobials should only be used with mechanical instru-
mentation, and only in certain people and conditions owing to their
risks.

The second issue was whether nonsurgical or surgical subgin-
gival biofilm instrumentation affects the clinical outcomes of ad-
junctive antimicrobial therapy. Herrera and colleagues' previous
systematic review®® showed that systemic antimicrobials should be
used adjunctively to subgingival instrumentation, but there was still
debate on when to use them. The 2008 review by Herrera et al**’
found that there was not enough evidence to prescribe them after
surgery and that there was no medical need for prophylactic anti-
biotics in periodontal surgery. Various earlier reviews suggested
adding adjunct antimicrobials to the surgical protocol for subgingival
microbial management to improve outcomes. However, a lack of re-
search made this approach questionable.

The third issue was whether adjunctive antimicrobial therapy ef-
ficiency depends on subgingival biofilm debridement quality and the
order of instrumentation and antimicrobial use. Indirect evidence
suggests that debridement quality and antimicrobial prescription

timing may affect clinical results. Thus, it was hypothesized that

 perocartaogy 2000 SUINSERR

clinical outcomes would improve if the operator was more skilled,
the instrumentation was done over a short period of time, and the
antimicrobial was given right away. It was suggested that antimicro-
bials would be more effective if the biofilm was disturbed and had
not yet reorganized.

Despite answering the questions, the studies were diverse,
and other factors like antimicrobial dose, plaque control, and
so on may have affected the findings. Based on this review, the
workshop concluded that systemic antimicrobials should only
be used in certain patients/conditions (eg, those with aggressive
periodontitis, severe or progressing forms) owing to their side ef-
fects.?®® These side effects include systemic and microbiological
side effects and bacterial resistance issues. Thus, the prescription
requires individual assessment. To obtain the best results, the an-
timicrobial should be given under the safest and most effective
conditions. Thus, systemic antimicrobials should be used with me-
chanical instrumentation in periodontal therapy. There was little
evidence to determine the best supplementary instrumentation
method (nonsurgical versus surgical). In addition, systemic antimi-
crobials with periodontal surgery were not supported by evidence.
No evidence supported a specific approach for using adjunctive
systemic antimicrobials with nonsurgical mechanical instrumen-
tation. Indirect data suggested that antimicrobial intake should
start the day instrumentation is finished, which should be done
in a short period of time (ideally less than a week) and with an
appropriate quality.

The workshop also suggested future research:

e Comparing systemic antimicrobials after scaling and root plan-
ing and periodontal surgery in well-designed randomized con-
trolled trials. This should include determining the best phase of
periodontal treatment for systemic antimicrobials: nonsurgical,
cause-related, reevaluation, or surgical.

e Comparing antimicrobial intake after full-mouth instrumentation
within 12-24h with usual procedures in well-designed random-
ized controlled trials.

e Determining which periodontitis patients and clinical situations
benefit most from systemic antimicrobial therapy, the most effec-
tive antimicrobials, doses, and route of administration.

e Randomized controlled trials should assess adverse effects, espe-
cially microbiological ones.

3.3.5 | European workshops in the 21st century:
European workshops moved to Spain

The Sixth European Workshop was the last with Professor Lang as
chair of the Workshop Committee. Mariano Sanz was selected to
continue holding the torch, and he decided to move the venue of the
workshops from Switzerland to a small palace village in the northern
slopes of the mountains north of Madrid: Real Sitio de San lldefonso,

also known as La Granja, in Segovia province, Spain. The first
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workshop in La Granja was the Seventh European Workshop on
“The biology of periodontal and peri-implant diseases”, in November
2010.%*? From 2010 onwards, European workshops were organized
on a yearly basis, except in 2015, and on two occasions together
with the American Academy of Periodontology (in 2012, dealing
with the association of periodontitis and systemic diseases, and in
2017, for the development of the 2018 classification). However, it
was not until the 16th European Workshop, the first workshop or-
ganized to produce a clinical practice guideline, that systemic antimi-
crobials regained attention.

The impact of the 2002, 2005, and 2008 European workshops
was crucial for the advancement of this topic. However, many ran-
domized controlled trials and systematic reviews were published in

parallel.

3.4 | The 21st century: The impact of randomized
clinical trials

Many European randomized controlled trials, sometimes in collabo-
ration with other countries, have made significant contributions to
the field since 2000, following the 2002, 2005, and 2008 European
workshops' research recommendations.

Similar to Section 3.2.3, this section considers randomized con-
trolled trials from the systematic review presented at the 2019
European Workshop160 (Table 2). The inclusion criteria were more
stringent than the 2002 European Workshop,8 requiring exclusively
placebo-controlled, parallel studies of at least 6 months: 34 articles
were included, reporting on 28 different studies. As three were

published before 2002 and have already been presented,8%3125

TABLE 2 Studies selected by the systematic review on systemic antibiotics, prepared for the 16th European Workshop in

Periodontology.'®°

Publication Study duration

year References® Author, year Country (months) Drugs tested

1989 82 Al-Joburi et al (1989) Canada 6 Spiramycin

1994 83 Bain et al (1994) Canada 6 Spiramycin

1998 125 Berglundh et al (1998) Sweden 24 Amoxicillin/metronidazole

2002 161 Rooney et al (2002) United Kingdom 6 Amoxicillin/metronidazole,
amoxicillin, metronidazole

2005 162 Guerrero et al (2005) United Kingdom 6 Amoxicillin/metronidazole

2008 226 Haas et al (2008) Brazil 12 Azithromycin

2009 164 Cionca et al (2009) Switzerland 6 Amoxicillin/metronidazole

2010 227 Mestnik et al (2010) Brazil 12 Amoxicillin/metronidazole

2010 169 Oteo et al (2010) Spain 6 Azithromycin

2011 eC Basegmez et al (2011) Turkey 6 Minocycline

2011 228 Heller et al (2011) Brazil 12 Amoxicillin/metronidazole

2011 228 Pradeep and Kathariya India 9 Clarithromycin

(2011)

2011 230 Sampaio et al (2011) Brazil 12 Azithromycin

2012 163 Aimetti et al (2012) Italy 6 Amoxicillin/metronidazole

2012 231 Casarin et al (2012) Brazil 6 Amoxicillin/metronidazole

2012 WA Emingil et al (2012) Turkey 6 Azithromycin

2012 282 Feres et al (2012) Brazil 12 Amoxicillin/metronidazole,
metronidazole

2012 172 Han et al (2012) Turkey 6 Azithromycin

2012 233 Pradeep et al (2012) India 6 Ornidazole

2013 2% Preus et al (2013) Norway 60 Metronidazole

2015 235 Ardila et al (2015) Colombia 6 Moxifloxacin

2015 236 Harks et al (2015) Germany 24 Amoxicillin/metronidazole

2016 167 Cosgarea et al (2016) Romania 12 Amoxicillin/metronidazole

2016 287 Martande et al (2016) India 12 Azithromycin

2016 238 Taiete et al (2016) Brazil 6 Amoxicillin/metronidazole

2017 289 Andere et al (2017) Brazil 6 Clarithromycin

2017 240 Borges et al (2017) Brazil 12 Amoxicillin/metronidazole

2018 21 Morales et al (2018) Chile 9 Azithromycin

If more than one reference, only the first publication of the series is quoted.
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the present analysis will focus on the remaining 25 studies. Europe
was the “world center” of research in this field up until 2005, but
since then, and especially since 2008, Brazil has taken over with nine
randomized controlled trials. Two more came from South America
(Colombia and Chile) and three from India. The remaining 11 studies
were performed in Europe. Surprisingly, both the United States and
Canada disappeared from the list. Within Europe, Turkey took the
lead (three studies), followed by the United Kingdom (two), with one
study each being performed in Italy, Germany, Norway, Romania,

Spain, and Switzerland.

3.4.1 | The United Kingdom studies on
amoxicillin and metronidazole

The first two randomized controlled trials, published in the 21st
century, were performed in Bristol*®! and at the Eastman Dental
Institute in London.6?

Before 2002, several studies showed that adjunctive systemic
amoxicillin and metronidazole helped treat periodontal diseases.
However, these antimicrobials had never been compared individu-
ally or together. The Bristol trial examined the adjunctive benefits of
amoxicillin and metronidazole alone or combined. This four-arm trial
included patients with advanced chronic periodontitis. After quad-
rant scaling and root planing, all patients received either amoxicillin
(250mg) and metronidazole (200 mg), metronidazole alone, amoxicil-
lin alone, or a placebo three times a day for 7 days. All groups showed
improvement in clinical parameters. The amoxicillin plus metronida-
zole group had the greatest effects, and the placebo group had the
smallest. Metronidazole or amoxicillin alone were also better than a
placebo. Microbiological results showed that amoxicillin plus metro-
nidazole outperformed a placebo and metronidazole alone for total
aerobes and anaerobes after 1month. The antibiotic groups had
fewer P.intermedia than the placebo group. This study found that
amoxicillin and metronidazole enhanced scaling and root planing
treatment of advanced chronic periodontitis.*¢*

The most influential study of this decade was a 6-month London
study on amoxicillin and metronidazole in generalized aggressive
periodontitis.162 Forty-one participants received a 7-day course of
systemic amoxicillin plus metronidazole or a placebo as adjuncts
to nonsurgical periodontal treatment in this randomized, placebo-
controlled, clinical trial. Clinical and microbiological parameters were
measured. Amoxicillin plus metronidazole improved the primary out-
come variable more than a placebo did after 6 months. Since that
article was published, it has been assumed that amoxicillin plus met-
ronidazole has been almost mandatory for aggressive periodontitis,
with consequently empiric drug selection. A secondary analysis
almost 10years later!® found that the adjunctive antimicrobials in
the primary analysis were unaffected by the baseline microbiological
state. However, exploratory subgroup analyses showed that base-
line A.actinomycetemcomitans carriers had better clinical outcomes.

Thus, all patients benefited from the evaluated supplementary
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antibiotic regimen, but those with A. actinomycetemcomitans at base-

line may benefit more.

3.4.2 | Additional studies on amoxicillin and
metronidazole

Amoxicillin and metronidazole were given to chronic periodonti-
tis patients after full-mouth periodontal instrumentation within
48h, by Andrea Mombelli's group (Geneva, Switzerland),** in a
6-month randomized controlled trial. Twenty-five participants re-
ceived metronidazole and amoxicillin for 7 days; 26 received a pla-
cebo. Metronidazole and amoxicillin improved clinical outcomes at
6months. The test patients had fewer persistent pockets greater
than 4mm and bleeding on probing that required additional treat-
ment. Six months after full-mouth debridement and antibiotics, 0.4
(SD=0.8) pockets remained, compared with 3.0 (SD=4.3) in the
control group. The protective risk of antibiotics against more than
one pocket deeper than 4mm and bleeding on probing per individ-
ual after 6months was 8.85. These findings indicated that systemic
metronidazole and amoxicillin treatment significantly reduced the
need for additional treatment.

1*65 at the University of Torino, Italy, studied the

Aimetti et a
clinical and microbiological effects of systemic metronidazole and
amoxicillin combined with the one-stage full-mouth disinfection
protocol in patients with generalized aggressive periodontitis. The
test group received amoxicillin-metronidazole for 7 days, while the
control group received a placebo. In addition to clinical parameters,
polymerase chain reaction was used to test moderate- and deep-
pocket subgingival plaque samples for periodontopathogens. Both
regimens improved clinical and microbiological indicators, but the
test group had the most positive effects. The test group had better
probing depth reductions, clinical attachment loss gains, and A. acti-
nomycetemcomitans, Treponema denticola, and T. forsythia prevalence
than the control group.

In 2015, Harks et al*®® questioned whether systemic antibiotics
affect periodontitis progression based on several randomized con-
trolled trials showing clinical and microbiological benefits of met-
ronidazole and amoxicillin adjuvant use. In a German multicenter
randomized controlled trial of patients with moderate to severe
periodontitis, researchers examined the effects of empiric adjunc-
tive systemic amoxicillin and metronidazole for 7days on clinical
attachment loss and the long-term effects of adjunctive antibiotics
on periodontitis progression. After 27.5months, the main outcome
was the percentage of sites with further attachment loss of greater
than 1.3mm. Standardized treatment included mechanical instru-
mentation, antibiotics or a placebo, and 3-month maintenance. Both
treatments slowed periodontitis. However, empiric supplementary
systemic antibiotics reduced attachment loss slightly more, but
significantly compared with placebo. This suggests that therapists
should consider the patient's total periodontal disease risk before

prescribing adjunctive antibiotics.
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Owing to the concerns about antimicrobial resistance develop-
ment, several European clinical trials sought better treatment regi-
mens or alternatives to systemic antimicrobials to reduce resistance
development. Two clinical trials examined the clinical efficacy of
shortening systemic antibiotic treatment. The first study examined
the efficacy of 3- or 7-day systemic amoxicillin and metronidazole as
an adjunct to scaling and root planing in patients with severe chronic
periodontitis (one site with probing depth of at least 6 mm per quad-
rant) undergoing nonsurgical periodontal treatment. 417 A total of
102 patients were randomly divided into three equal-sized groups
and treated with either scaling and root planing within 24 h plus pla-
cebo (group A), scaling and root planing plus amoxicillin/metronida-
zole (both 500 mg, three times daily) for 3days (group B), or scaling
and root planing plus placebo (group C). Probing depth, clinical at-
tachment loss, bleeding on probing, full-mouth plaque, and gingival
bleeding index were measured. The main outcome variable was the
number of sites with probing depth of 6mm or more. All three treat-
ment procedures showed statistically significant improvements over
baseline for all clinical measures at 3, 6, and 12 months. At 6 months,
group B and group C had statistically significant reductions in the
mean number of sites with probing depth greater than 6 mm com-
pared with the placebo group. Only the 3-day antibiotic group had
significantly fewer sites with probing depth of at least 6mm at
12months. The three treatment groups reduced probing depth of at
least 6 mm sites similarly. At 12 months, significantly more patients
in both antibiotic groups had a lower risk of disease progression
(four sites or fewer with probing depth of at least 5mm) than the
placebo group. In severe chronic periodontitis patients, nonsurgical
periodontal therapy with systemic amoxicillin/metronidazole for 3
or 7days improved clinical outcomes more than nonsurgical therapy
alone, regardless of duration.

In a more recent study, not included in the 2020 systematic re-
view, the same group of researchers compared a 3-day systemic an-
tibiotic protocol, adjunctive to subgingival instrumentation, with a
7-day protocol in aggressive periodontitis (stage 11l/IV grade C).1¢®
Fifty systemically healthy patients were randomly assigned to group
A (subgingival instrumentation plus amoxicillin/metronidazole,
500mg of each, three times daily for 3days, followed by placebo
three times daily for 4 days) or group B (same protocol, but 500mg
of each drug three times daily for 7days). Clinical, microbiological,
and immunological parameters were assessed at baseline and 3
and 6 months, and patients reported outcomes 2weeks later. The
proportion of residual sites with probing depth of at least 6mm at
6months was the primary outcome variable. The 3-day antibiotic
regimen was noninferior to the 7-day antibiotic protocol for the
primary outcome variable. Both antibiotics had comparable clini-
cal benefits. Regardless of therapy, all periodontopathogens and
proinflammatory host-derived markers were significantly reduced.
These findings suggest that, in patients with stage Ill/IV, grade C
periodontitis, a 3-day systemic administration of amoxicillin and
metronidazole adjunctive to subgingival instrumentation may result
in noninferior clinical outcomes after 6 months with fewer adverse

events than a 7-day protocol.

3.4.3 | Studies on azithromycin and minocycline

Systemic azithromycin was added to scaling and root planing to
treat chronic periodontitis caused by P.gingivalis in Spain in 2010.1¢
P.gingivalis-periodontitis patients were randomized to test or placebo
groups. The experimental group received scaling and root planing and
500mg of azithromycin daily for 3days, while the control group received
scaling and root planing and a placebo. At baseline, 1, 3, and 6 months,
microbiological and clinical data were collected. Systemic azithromycin
was more effective than scaling and root planing plus placebo at reduc-
ing P.gingivalis detection in P.gingivalis-periodontitis patients.

In Istanbul, Turkey, Basegmez et al*’® examined the clinical and
immunologic effects of systemic minocycline on chronic periodon-
titis. Besides nonsurgical periodontal therapy, 20 patients received
systemic minocycline for 2weeks, and another 20 received a pla-
cebo. Clinical parameters and gingival crevicular fluid were collected
at baseline and the first, third, and sixth months. Both groups' mea-
surements improved significantly. Minocycline significantly reduced
probing depth, relative clinical attachment loss, matrix metallopro-
teinase-8, and prostaglandin E, levels at all times. They concluded
that minocycline improved periodontal therapy and host-modulated
inflammatory mediators.

Over a 6-month period at Ege University in Izmir, Turkey, azi-
thromycin was tested in combination with nonsurgical periodontal
therapy on clinical and microbiological parameters, as well as matrix
metalloproteinase-8 and tissue inhibitor of metalloproteinases-1 lev-
els in gingival crevicular fluid, in patients with generalized aggressive
periodontitis.”* This randomized controlled trial randomly assigned
aggressive periodontitis patients to azithromycin (500mg once
daily for 3days) or a placebo. Clinical parameters, gingival crevicu-
lar fluid samples, and microbiological samples were collected from
single-rooted teeth with probing depth greater than 6 mm. Clinical,
microbiological, and gingival crevicular fluid matrix metalloprotein-
ase-8 levels improved over 6 months. After 1 month the azithromycin
group had more deep pockets resolved than the placebo group did.
At 6 months, neither group differed. They concluded that, in patients
with generalized aggressive periodontitis, adjunctive azithromycin
did not improve clinical, microbiological, or gingival crevicular fluid
biological markers compared with nonsurgical periodontal treatment.

Simultaneously, the group released the results of a similar study
involving severe generalized periodontitis patients.'’? The design re-
sembled that of the previously described study.'’* In this trial, both
the azithromycin and placebo groups improved clinical indicators
similarly and statistically significantly. A.actinomycetemcomitans,
P.gingivalis, T.forsythia, P.intermedia, and total bacteria decreased
significantly over the 6-month period in both groups, whereas
Fusobacterium nucleatum was reduced significantly in all visits in
the azithromycin group and was lower than in the placebo group.
At posttreatment and 2-week visits, azithromycin and placebo re-
duced matrix metalloproteinase-8 levels significantly. These findings
showed that adjunctive azithromycin did not improve nonsurgical
periodontal treatment in patients with severe generalized chronic
periodontitis, similar to aggressive generalized periodontitis.
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3.4.4 | Along-term study on metronidazole

In Oslo, Norway, Preus et al®** tested the hypothesis that traditional
scaling and root planing or same-day full-mouth-disinfection with or
without metronidazole had the same 5-year clinical outcome. After
a 3-month oral hygiene phase, 184 periodontitis patients were ran-
domly assigned to one of four treatment regimens: full-mouth disin-
fection plus metronidazole or placebo, scaling and root planing plus
metronidazole or placebo. A biannual supportive periodontal care
followed active therapy. A total of 161 patients recorded clinical at-
tachment loss, probing depth, bleeding on probing, and plaque over
5years. Full-mouth disinfection decreased the highest clinical attach-
ment loss recording by 0.12 mm, whereas metronidazole increased it
by 0.17 mm (not statistically significant). The highest probing depth
readings were 0.00mm and 0.05mm, respectively. Although single-
level analyses showed statistically significant differences, they could
not be confirmed by other analyses and were too small to recom-
mend metronidazole for severe periodontitis treatment owing to its

risk of adverse effects on patients and the environment.

4 | EVALUATION OF SYSTEMIC
ANTIBIOTICS IN THE TREATMENT OF
PERIODONTAL DISEASES: CONTEMPORARY
PERSPECTIVES

4.1 | The impact of systematic reviews

Since the turn of the millennium, European researchers have pub-
lished a variety of systematic reviews, with or without meta-analysis,
on the adjunctive effects of systemic antimicrobials in periodontitis
treatment. Some of the ones published in the last 10years are quoted
here 160173197 Although there are more published reviews than pri-
mary research, it would be impractical to characterize all of them. It
is essential to recognize that systematic reviews and meta-analyses
are becoming increasingly important in the context of health care.
Strong research can help health-care decision-makers follow
best practices and eliminate variations in care. However, incorpo-
rating research into clinical practice is time-consuming, so clinicians
need easy access to evidence.?®? In an ideal world, clinical deci-
sions should be based on the latest evidence. Health-care profes-
sionals would have to read too many articles each day to keep up
with the growing number of health research publications. Systematic
reviews aim to solve this problem. They synthesize research to in-
form and aid this process.“’g'zoo’201 This improves evidence access.
Clinical practice guidelines are often based on systematic re-
views.?”? However, despite theirimportance, there is currently no evi-
dence that scientifically shows the true impact of systematic reviews
on daily clinical practice. Funding agencies can require a systematic
review as a prerequisite for conducting additional research in order
to establish that there is a need for it, and health-care policymakers
do use systematic reviews to direct health care.?°? For example, in
Belgium, the Federale Overheidsdienst Service Public Fédéral public
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health organization used systematic reviews and meta-analysis to
develop evidence-based practice guidelines for a more effective
dentist antibiotic polit:y.203 Belgian outpatient antibiotic prescribing
ranked eighth in Europe in 2018. Dentists prescribed 6% of these
antibiotics. The Belgian Health Care Knowledge Centre, an indepen-
dent research center that provides scientific advice on topics related
to health care, published a report in 2019 proposing a more effective
antibiotic policy.?%* Public authorities, universities, professional as-
sociations, and others request the topics for the Belgian Health Care
Knowledge Centre and, one of these was a dentist's evidence-based
practice guideline. This guideline aims to reduce variability between
dental practices and improve patient-dentist communication, such as
explaining when antibiotics are not appropriate. Belgian Health Care
Knowledge Centre researchers collaborated with a multidisciplinary
group of clinicians and Belgian dental faculty to develop this guide-
line.2%® Dentists, national and international scientific and profes-
sional associations, and government agencies like the Rijksinstituut
voor Ziekte- en Invaliditeitsverzekering, the Medicine Agency, and
the Belgian Antibiotic Policy Coordination Committee are imple-
menting the guidelines (Belgian Commission for the Coordination
of Antibiotics Policy). Another example is the European Federation
of Periodontology S3-level evidence-based treatment guideline for
stages I-11l periodontitis implementation in Taiwan?°® and China.?%¢

However, the clinician must understand the structure and char-
acteristics of systematic reviews and meta-analyses to accurately
and clinically apply their findings.'”? Systematic reviews use explicit
methods to limit bias, to draw trustworthy and accurate conclusions,
to easily deliver the information needed to health-care providers,
researchers, and policymakers, to help reduce the time it takes to
implement research findings, to improve results generalizability and
consistency, and to improve accuracy.207 Like any other type of re-
search, the value of a systematic review depends on what was done,
what was found, and how well the findings were reported. Systematic
reviews, like other publications, have varying reporting quality, mak-
ing it hard for readers to assess their pros and cons.?°? Systematic
reviews and meta-analyses are the most reliable methods for answer-
ing a research question, but they have their drawbacks. Location and
selection of studies, heterogeneity, loss of important outcomes, in-
appropriate subgroup analyses, conflict with new experimental data,

and duplication of publication are some of these limitations.'??

4.2 | Theimpact of the European Federation of
Periodontology clinical practice guideline

421 | The systematic review on systemic
antimicrobials

The 16th European Workshop on Periodontology (2019) aimed to
develop an S3-level clinical practice guideline for stages I-1ll peri-
odontitis. The European Federation of Periodontology prepared this
clinical practice guideline following the methodological guidelines
of the Association of Scientific Medical Societies in Germany and
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the Grading of Recommendations Assessment, Development, and
Evaluation. The rigorous and transparent process included synthe-
sis of relevant research in 15 specifically commissioned systematic
reviews, evaluation of the quality and strength of the evidence,
formulation of specific recommendations, and consensus by lead-
ing experts and a wide range of stakeholders. The clinical practice
guideline used a preestablished stepwise approach to treat peri-
odontitis (stages I, II, and Ill), which is gradual and includes a variety
of therapies.

Teughels et al'®® reviewed the adjunctive effect of systematic
antimicrobials in periodontal therapy. This review included only
placebo-controlled, parallel, double-blind studies with at least
6months of follow-up and analyzed antimicrobials separately to
overcome some of the limitations of previous reviews. Most of them
only examined mean changes in full-mouth probing depth, clinical
attachment loss, and bleeding on probing, which may hide the most
clinically significant effects of systemic antimicrobials in deeper
sites. Full-mouth probing depth, clinical attachment loss, and bleed-
ing on probing often have small differences, making clinical decision-
making difficult. The review included data on full-mouth probing
depth decrease, clinical attachment loss gain, initial moderately deep
and deep pockets, pocket closure percentage, and residual pockets.
The latter two outcomes were not included in previous systematic
reviews or meta-analyses. Twenty-eight randomized controlled trials
(34 papers) were included, in which antimicrobials were used as ad-
juncts to subgingival instrumentation for up to 6 months and 1-year
posttreatment. The meta-analysis of 24 randomized controlled trials
showed that systemic antimicrobials in the active phase of periodon-
tal therapy increased full-mouth probing depth reduction (weighted
mean difference 0.448 mm, primary outcome variable) and clinical
attachment loss gain (weighted mean difference 0.348 mm, sec-
ondary outcome variable) at 6 months, compared with the control
groups. Their benefits lasted at least 1year (probing depth: weighted
mean difference 0.485 mm; clinical attachment loss: weighted mean
difference 0.285mm, P<0.05). However, most trials had a 6-month
follow-up, which hampered this analysis.

Since evidence quality varied across antimicrobials, their effects
were assessed separately. Overall, metronidazole plus amoxicillin
was the most effective treatment. Adjunctive metronidazole plus
amoxicillin outperformed debridement alone in all clinical outcomes,
including probing depth reduction and clinical attachment loss gain
in the full mouth and initially moderately deep and deep pockets,
percentage of pocket closure (from probing depth of at least 4 mm to
periodontal probing depth of at least 3mm), frequency of 4, 5, 6, and
7 mm pockets, and sites with bleeding on probing.

The evidence supporting the advantages of the adjunctive use
of metronidazole and azithromycin was rated as moderate, although
the results for metronidazole were more reliable. Despite the fact
that only two studies with a low risk of bias evaluated metronida-
zole, the results were consistent in demonstrating the benefits of
this antimicrobial in reducing mean PD in the full mouth (at 1 year),
in moderately deep and deep sites (at 6 months and 1 year), and in
improving the percentage of pocket closure at 6 months and 1 year

of follow-up. In contrast, the seven studies on azithromycin yielded
mixed results. The overall clinical impact showed a statistically sig-
nificant increase in full-mouth clinical attachment loss in favor of
azithromycin at 6 months, but the studies' findings varied greatly on
this parameter. The clinical impact on full-mouth clinical attachment
loss was sustained at 1year, and azithromycin significantly lowered
probing depth in initially deep pockets. The few 1-year studies were
inconsistent: for full-mouth clinical attachment loss, two of the three
trials with data showed little or no benefit for this antibiotic (0.02
or 0.15 mm), whereas a single study with a high risk of bias had the
greatest impact (1.0 mm).

Clarithromycin, minocycline, and moxifloxacin had limited evi-
dence. These antimicrobials had no additional benefits at 6 months,
and 12-month data were unavailable.

Within the limitations of this systematic review, systemic anti-
microbials, specifically metronidazole plus amoxicillin, as adjuncts
to subgingival instrumentation, result in statistically significant
greater probing depth reductions, higher percentages of pocket
closure, lower frequencies of pockets equal or deeper than 4, 5, 6,
and 7mm, clinical attachment loss gains, and bleeding on probing
reductions. The additional PD reduction and CAL gain elicited by
metronidazole plus amoxicillin, and to a lesser extent by metroni-
dazole and azithromycin, are more pronounced in that are initially
deep than moderately deep. These clinical effects are maintained
up to 12 months after their use. There is currently no evidence
above 2 years of follow-up for the benefits of systemic antimicro-
bials as adjuncts to SRP. There were also no indications that the
effect of systemic antimicrobials is different between aggressive
and chronic periodontitis patients. Among the different types
of systemic antimicrobials, the use of metronidazole plus amoxi-
cillin was associated with the largest frequency of side effects.
Metronidazole and azithromycin had a significant impact on some
outcome measures, but smaller than metronidazole plus amoxicillin

in terms of magnitude.

4.2.2 | Theclinical practice guideline

As mentioned, the European Federation of Periodontology devel-
oped an S3-level clinical practice guideline for periodontitis (stages
I-1l) in 2020 based on strictly validated procedures, providing a
uniform and evidence-based approach.** The recommendations
stressed the importance of using scientific data to support clini-
cal decisions when treating periodontitis stages | to lll. Thus, its
main objective was to promote the best evidence and/or expert
consensus-based recommendations for periodontal care therapies.
These recommendations aim to improve European periodontal care,
reduce tooth loss from periodontitis, and improve systemic health
and quality of life. A recommendation on the use of systemic antibi-
otics with subgingival instrumentation was included in the guideline
(Figure 3): “Due to concerns about patient's health and the impact
of systemic antibiotic use on public health, its routine use as an ad-
junct to subgingival debridement in patients with periodontitis is not
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recommended.” Thus, despite the clinical benefits observed in the
systematic review, their use is strongly discouraged. This was based
on widespread concerns about antibiotic misuse and the emergence
of antibiotic resistance. The overall use of antimicrobials for the pa-
tient as a whole as well as for public health are taken into account
in benefit versus harm analyses. Systemic antibiotics have long-term

effects on the fecal microbiome, including antimicrobial resistance
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gene upregulation. Its systematic usage as a supplemental treat-
ment for subgingival instrumentation in patients with periodontitis
is therefore not advised due to concerns about the patient's health
and the effect of systemic antibiotic use on public health. However,
given the information at hand, its adjunctive usage for particular pa-
tient types may be taken into consideration (eg, generalized peri-

odontitis stage Il in young adults).

Flow of treatment of periodontitis according to EFP CPG

Step 1

AIM: Successful removal of supragingival + Risk factor control

TARGET: All periodontitis patients

s

Step 2
AIM: To control (reduce/eliminate) the subgingival biofilm and
calculus SUCCESSFUL
CLINICAL

TARGET: All periodontitis patients

| OUTCOMES

MAIN RECOMMENDATIONS 1

&

S

Subgingival Chemical
instrumentation adjuvants
Locally .
CHX mouth administered Systemic
rinses antimicrobials antibiotics*
SUCCESS? YES

No |
~~

Step 3

AIM: Treating nonresponding sites by regenerating or resecting

TARGET: Pockets >4 mm with BOP and/or deep pockets (>6 mm) at

reevaluation

FIGURE 3 Treatment sequence
according to the European Federation
of Periodontology (EFP) clinical practice
guideline (CPG) for the treatment of

MAIN RECOMMENDATIONS

&

X

periodontitis in stages I-111.1* BOP,
bleeding on probing; CHX, chlorhexidine.

Repeat subgingival instrumentation
with/without adjuvants*

N

Periodontal surgery

*The adjunctive use of specific systemic

Supportive

antibiotics may be considered for specific
patient categories (eg, generalized stage IlI

Periodontal

SUCCESS? YES Care (SPC)

periodontitis in young adults).
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Thus, the second part of the recommendation is open: “The ad-
junctive use of specific systemic antibiotics may be considered for
specific patient categories (e.g. generalized periodontitis stage IlI
in young adults).” For “specific systemic antibiotics,” systemically
administered antimicrobials as an adjuvant to subgingival debride-
ment improved outcomes statistically, but only a small subset of
antimicrobials did so. Metronidazole plus amoxicillin reduced prob-
ing depth better at 6 months (n, ;.. =8; weighted mean difference
0.43, 95% confidence interval 0.36-0.51). In the 12-month data
analysis, metronidazole plus amoxicillin (n, .= 7; weighted mean
difference 0.54, 95% confidence interval 0.33-0.74) and metronida-

zole (n =2; weighted mean difference 0.26, 95% confidence in-

studies
terval 0.13-0.38) had a significant adjunctive effect. Metronidazole
plus amoxicillin and metronidazole closed a statistically significant
percentage of pockets at 6 and 12months. Metronidazole plus
amoxicillin significantly increased clinical attachment loss gain and
decreased bleeding on probing at 6 and 12months. Moreover, met-
ronidazole plus amoxicillin had a greater effect on probing depth de-
crease and clinical attachment loss gain in initially deep pockets than
in moderately deep pockets. Systemic antibiotics as a supplement to
subgingival instrumentation over 12months were not studied. The
studies had low heterogeneity and bias risk and strong consistency.
Compared with subgingival instrumentation, probing depth reduc-
tion was 40%-50% greater. The metronidazole and amoxicillin com-
bination had the greatest clinical effects, but it also had the most

side effects.

5 | AND THE FUTURE?

Systemic antimicrobials used with subgingival instrumentation
have been discussed previously. They may improve clinical out-
comes for at least 1year, according to convincing, high-quality
evidence.'®® However, the use of antimicrobials, especially sys-
temic ones, is controversial, especially given the dramatic rise in
antimicrobial resistance and its extremely negative consequences.
Thus, exploring the future of systemic antibiotics in periodontitis
treatment requires weighing the pros and cons and identifying a

critical need.

5.1 | The negative consequences of using systemic
antimicrobials

Systemic antimicrobials, like all drugs, have side effects. They are the
main cause of antimicrobial resistance, so rational and limited use is
mandatory.

Unwanted or side effects are common consequences of systemic

160

antimicrobial intake. In a recent systematic review " of randomized

controlled trials, 25 of the studies included reported adverse events
and/or patient reported outcomes, and 21 reported some of the fol-

lowing events: “nausea/stomach upset/vomiting,” “diarrhea/gastro-

ENG »

intestinal disturbance,” “metallic taste,” “oral ulceration,” “dizziness,”

n o« » o«

“fever,” “headache,” “periodontal abscess,” “general unwellness (eg,
irritability),” and “allergic reactions.” The study groups using amoxi-
cillin and metronidazole had the highest frequency of those events
(0%-36.36%) compared with the placebo group (0%-20%).

Drugs vary in adverse event frequency and severity:2°® For
penicillins, they are usually mild and in frequent, except for some
hypersensitivity reactions; tetracyclines and macrolides are also
very safe, with some gastrointestinal problems; clindamycin and
metronidazole, although generally safe, have been associated with
antibiotic-associated colitis and other, less relevant, gastrointestinal
problems, as well as nausea, headache, anorexia, and vomiting, es-
pecially when combined with alcohol (known as the Antabuse-like
effect).?%? Peripheral neuropathies and some carcinogenic risks have
been suggested.?*°

Systemic antimicrobial intake generates resistant strains and
global antibiotic resistance. Alexander Fleming stated this in his
1945 Nobel Prize speech. Selective pressure from widespread and
unconscious use accelerates resistance development. Bacterial re-
sistance and the lack of new antimicrobial drugs are major public
health issues that could threaten global health.?™ To illustrate this,
a report requested by the European Centre for Disease Prevention
and Control made an estimation of the magnitude of the problem in
the European Union and in the European Economic Area:?*? in 2015,
671689 infections with antibiotic-resistant bacteria were estimated,
with 33110 attributable deaths and 874 541 disability-adjusted life-
years. The burden was highest in infants and older people, and it had
increased since 2007.

Systemic antimicrobial overuse and misuse lead to the devel-
opment of specific drug-resistant and multidrug-resistant bac-
teria.2*?13 |n populations with higher frequencies of systemic
antimicrobial exposure, periodontal pathogens have higher anti-
microbial resistance profiles.?!4?1® Based on the foregoing, sys-
temic antimicrobial prescriptions should be controlled and used
optimally. The “Proposals for EU Guidelines on the Prudent Use of

Antimicrobials in Humans”?

were created for this purpose. Among
the general recommendations made for all health professionals, the

following are listed:

e “Ensure that appropriate microbiological samples are taken be-
fore starting antimicrobial treatment.

e Avoid antimicrobial combinations unless there is a clear indication
outlined in the guidelines.

e Select an antimicrobial in accordance with relevant guidelines,
at an appropriate dose, for the shortest effective duration and
with appropriate route of administration (preferably oral if
possible).

e Select an antimicrobial with a spectrum of activity as narrow as
possible.”

Although, to date, there is no compelling evidence to support
the need for microbiological diagnosis testing to prescribe systemic
adjunctive antibiotics in periodontal treatment, more research in this
area should be conducted. Similarly, other systemic drugs should be
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investigated as alternatives to the combination of metronidazole and

the broad-spectrum amoxicillin.

5.2 | The need for systemic antimicrobials in the
treatment of periodontitis

As explained in the Section 1, systemic antimicrobials may help over-
come mechanical instrumentation therapy's limitations (deep pock-
ets, furcation lesions, vertical defects, inexperienced operators) and
drawbacks (dentin hypersensitivity, gingival recession).2821 These
may explain why some sites or patients do not respond well to me-
chanical periodontal treatment.' In addition, the 2018 classification
characterized grade C periodontitis patients with a “lack of expected
response to standard bacterial control therapies.“l'20

Thus, it is obvious that something extra may be needed in
some patients/sites, guiding research on alternative or adjuvant

2123 gych as different treatment strate-

therapeutic procedures,
gies (full-mouth disinfection), debridement approaches (lasers,
antimicrobial photodynamic therapy), or adjunctive therapies
(antimicrobials, probiotics, anti-inflammatory drugs, antioxidant
micronutrients).?*

The critical evaluation of the available research on new treat-

ment strategies,® alternative debridement approaches,??° adjunc-

tive nonantimicrobial,??* and antimicrobial therapieszg'i"’o

yields
few clinically useful recommendations, as only instrumentation
within 24h and antimicrobials were not discarded (either not
recommended or not suggested) by the European Federation of
Periodontology clinical practice guideline.14 Therefore, local and
systemic antimicrobials are the only options (qualified with may
be considered) in cases where something other than the standard
approach is needed (eg, grade C periodontitis, which has a charac-
teristic of “lack of expected response to standard bacterial control
therapies”).*

But Section 4.1 also suggests that we should stop using systemic
antimicrobials once we have alternatives. In the meantime, these
drugs should be used only when necessary for treatment success.
For that, advances in etiology, pathogenicity, and technology give
hope to finding the right patient, drug, and timing.

The advances in our knowledge of etiology and pathogenicity
may change our microbiological targets. As reviewed, those targets
were the whole subgingival microbiota (when using antimicrobials
empirically and following the “nonspecific plaque hypothesis”) or
specific periodontal pathogens like spirochetes, A.actinomycetem-
comitans, or P.gingivalis (when using microbiological sampling and
following the “specific plaque hypothesis” or “true infection” con-
cept). Today, the focus is on subgingival biofilm dysbiosis, but some
targets in the subgingival microbiome, such as “keystone” patho-
gens, have been clearly identified.??>2%3

Advanced technologies can improve knowledge and under-
standing and help develop personalized medicine approaches, which
are essential for identifying patients who will benefit most from an
adjunctive systemic antimicrobial and which one to use. Although
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unsupported by literature,*®*

microbiological sampling, culture, poly-
merase chain reaction, and deoxyribonucleic acid-deoxyribonucleic
acid checkerboard hybridization were used to guide treatment deci-
sions in the past, omic technologies, including microbiome analyses,

will guide individual periodontal therapy in the future.

6 | SUMMARY AND CONCLUSIONS

Antimicrobials were first suggested for periodontal diseases treat-
ment over 100years ago.2”*° However, a proper scientific evalua-
tion could only begin when it was convincingly shown that systemic
antimicrobial intake provided acceptable drug levels in crevicular
fluid®* or in saliva.*? In the late 1980s, it was suggested that their
use could be justified for three reasons: (a) controlling difficult bac-
terial targets, such as those that invade periodontal tissues or hard-
to-reach areas; (b) reducing the need for periodontal surgery; and
(c) improving treatment results in terms of new attachment and/or
periodontal regeneration.*¢

In this narrative review, European contributions to the evalu-
ation of the use of systemic periodontal antimicrobial therapy are
discussed. The first clinically significant European studies were pub-
lished in the 1970s and 1980s, following US pioneering research in
the 1960s and 1970s. In the 1990s, Europe led the field with many
important studies, including the evaluation of the combination of
metronidazole and amoxicillin. Europe is not leading the perfor-
mance of clinical trials in the 21st century, but its workshops and
clinical practice guidelines are highly relevant.

Historically, periodontitis was considered an infection, and spe-
cific pathogens were essential, so treatment approaches were de-
veloped and tested based on this view, and patients were selected
based on microbiological information. Europe reported the first dual
antibiotic therapy (suppression of A.actinomycetemcomitans using
amoxicillin and metronidazole), as in other fields of medicine (sup-
pression of Helicobacter pylori, treatment of tuberculosis, treatment
of sepsis due to brain or abdominal abscesses). A.actinomycetem-
comitans suppression was associated with significantly improved
clinical outcomes.

Thus, systemic antimicrobials used in periodontal therapy are
typically antibiotics that specifically (or also nonspecifically) target
bacteria in subgingival biofilms. Among those, some antibiotics have
garnered more attention:

e Historically, tetracyclines were one of the first antibiotics to
show acceptable levels in crevicular fluid and were used to treat
periodontitis. However, controlled studies failed to demon-
strate significant and relevant advantages when used as a sup-
plement to periodontal therapy. A search for substitute agents
was required.

e Metronidazole was created to treat protozoal infections (tricho-
moniasis and amebiasis). With knowledge of the specific plaque
hypothesis in mind, its effect on spirochetes and gram-negative,
stringent anaerobes sparked curiosity. In the 1980s, this antibiotic
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was studied because these bacteria were found in the microbi-
ological profiles of several periodontal conditions, including
necrotizing forms. Walter Loesche and colleagues conducted ex-
periments to evaluate systemic metronidazole as an adjuvant to
subgingival instrumentation and address clinical issues like dos-
age, timing, and compliance.

e Owing to their relevance in the management of serious, life-
threatening illnesses, penicillins were deemed inappropriate for
the treatment of periodontitis. Macrolides, which target mostly
gram-positive bacteria, were also deemed inappropriate for the
treatment of periodontitis. Azithromycin was an exception owing
to its suggested specific action against P.gingivalis and A.actino-
mycetemcomitans, as well as its higher concentrations in inflam-
matory tissues.

e Several other drugs, like kanamycin, vancomycin, and clindamy-

cin, have also been evaluated.

Although the initial developments in this field were under-
taken in the United States, in the 1990s, Europe started to be the
most important region for the study of systemic antimicrobials,
for at least two decades, with numerous publications reporting
randomized controlled trials and systematic reviews. Among the
most important contributions, Van Winkelhoff and coworkers
evaluated the use of amoxicillin and metronidazole to specifically
target A.actinomycetemcomitans and supported this with in vitro
and in vivo studies.

Another contribution to European periodontology was the
European workshops on periodontology, organized and held on the
basis of a collection of meticulously written position papers. With
the turn of the century, however, the workshops of the 21st century
underwent a significant transformation, since systematic reviews of
periodontal practice gained popularity. The European Federation of
Periodontology initiated the foundation-building process for peri-
odontal practice. The systematic reviews prepared for the work-
shops attempted to include the strongest data, which was often
drawn from randomized controlled trials. At the fourth, fifth, and
sixth workshops, the adjunctive use of systemic antimicrobials was

considered. These workshops concluded that:

e Dental plaque is a microbial biofilm with increased resistance and
tolerance to antimicrobials. Not only the biofilm itself but also the
microbial interactions between different bacteria contribute to
the increased resistance and tolerance in biofilms.

e Transmission of periodontal infections between family members
has been demonstrated; however, the clinical ramifications are
not well understood.

e |t is difficult to offer broad therapeutic recommendations on the
adjunctive use of systemic antimicrobials with scaling and root
planing in the treatment of periodontitis.

e Owing to their adverse effects and the rise in antimicrobial resis-
tance, systemic antimicrobials should not be utilized routinely.

e In patients with active sites, aggressive forms of periodontitis,
severe and progressive forms of periodontitis, or with certain

microbiological profiles, systemic antimicrobials application may
sometimes be justified.

e Systemic antimicrobials must be delivered under conditions be-
lieved to be safest and most effective in order to achieve the most
desirable results. They should be used as adjuncts to mechanical
instrumentation, usually nonsurgically, intake should begin on the
day that debridement is completed, and debridement should be
performed in a short period of time (preferably less than a week)

and with an adequate level of quality.

In 2019, the 16th European Workshop on Periodontology
planned to develop a clinical practice guideline for the treatment of
stages I-lll periodontitis at the S3 level. The clinical advice stated
that “because of concerns regarding patient health and the effect
of systemic antibiotic use on public health, its routine use as an ad-
juvant to subgingival debridement in patients with periodontitis is
not indicated.”** Despite the therapeutic benefits reported in the
systematic review,*° a strong recommendation against the use of
these drugs was provided. This is due to growing concerns regard-
ing antibiotic abuse and the development of antibiotic resistance.
In benefit-to-harm evaluations, the overall use of antimicrobials for
the patient and for public health should be taken into account. The
second portion of the advice was open-ended: “The supplementary
use of particular systemic antibiotics may be considered for certain
patient categories (such as stage Ill periodontitis in young people).”**

It should be highlighted that the antimicrobial resistance profiles
of periodontal bacteria are greater in populations with higher fre-
quencies of exposure to systemic antimicrobials.?**%1¢ The signifi-
cance of this fact is that it is prompting calls for measures to control
systemic antibiotic prescriptions and, when prescriptions are neces-
sary, to use them under optimal settings.

As of now, local and systemic antimicrobials are the only avail-
able alternatives (qualified with a “may be considered” in the clini-
cal practice guideline) in the specific cases where something other
than the “standard” approach is required (for instance, in grade C
periodontitis, a characteristic is “lack of expected response to stan-
dard bacterial control therapies”). However, whenever alternatives
are available, it would be prudent to discontinue the use of antimi-
crobials, particularly those administered systemically. In the interim,
efforts should be made to limit the use of these medications to sit-
uations in which their usage is crucial to the effectiveness of the
treatment. For this reason, breakthroughs in the understanding of
etiology and pathogenicity, as well as the development of new tech-
nologies, provide extra promise for identifying the optimum patient,
medicine, and timing.

In conclusion, Europe and its researchers have significantly
contributed to the use of systemic antimicrobials in the treatment
of periodontitis. This was done not only by investigating different
types of systemic antimicrobials but also by seeking the most op-
timal settings for their use. On the other hand, European research-
ers are taking the lead in limiting the use of systemic antimicrobials
by exploring alternatives and guiding clinical practice by providing
guidelines.

85U017 SUOWIWOD 8AITE81D 3dedldde au Ag peusenob a e ssppiie YO ‘88N JO Se|nl 1oy Ariqi]8uljuO /8|1 UO (SUOTHPUOD-pUR-SLLIB)L0D A3 | 1M Afe1q1jpU1|UO//:SANY) SUOTIPUOD Pue SWie | 3U1 89S *[£202/90/7T] U0 Afiq1auliu (1M ‘Spue|eUN 8ueIyooD Aq Z6vZT PId/TTTT 0T/10p/L00 A8 | Aeiqiut|uoy//Sdny wo.y papeojumod ‘0 ‘2S20009T



HERRERA ET AL.

CONFLICT OF INTEREST STATEMENT
The authors declare no potential conflicts of interest with respect
to this study.

DATA AVAILABILITY STATEMENT
Data sharing is not applicable to this article as no new data were cre-

ated or analyzed in this study.

ORCID

David Herrera

https://orcid.org/0000-0002-5554-2777

REFERENCES

1.

10.

11.

Papapanou PN, Sanz M, Buduneli N, et al. Periodontitis: consensus
report of workgroup 2 of the 2017 world workshop on the classi-
fication of periodontal and peri-implant diseases and conditions.
J Clin Periodontol. 2018;45(Suppl 20):5162-S170. doi:10.1111/
jcpe.12946

Kassebaum NJ, Bernabe E, Dahiya M, Bhandari B, Murray CJ,
Marcenes W. Global burden of severe periodontitis in 1990-
2010: a systematic review and meta-regression. J Dent Res.
2014;93(11):1045-1053. doi:10.1177/0022034514552491
Kassebaum NJ, Smith AGC, Bernabe E, et al. Global, regional,
and national prevalence, incidence, and disability-adjusted
life years for oral conditions for 195 countries, 1990-2015:
a systematic analysis for the global burden of diseases, in-
juries, and risk factors. J Dent Res. 2017;96(4):380-387.
doi:10.1177/0022034517693566

Billings M, Holtfreter B, Papapanou PN, Mitnik GL, Kocher T, Dye
BA. Age-dependent distribution of periodontitis in two countries:
findings from NHANES 2009 to 2014 and SHIP-TREND 2008 to
2012. J Periodontol. 2018;89(Suppl 1):5140-S158. doi:10.1002/
JPER.17-0670

Tonetti MS, Jepsen S, Jin L, Otomo-Corgel J. Impact of the
global burden of periodontal diseases on health, nutrition and
wellbeing of mankind: a call for global action. J Clin Periodontol.
2017;44(5):456-462. doi:10.1111/jcpe.12732

Sanz M, Ceriello A, Buysschaert M, et al. Scientific evidence on
the links between periodontal diseases and diabetes: consensus
report and guidelines of the joint workshop on periodontal dis-
eases and diabetes by the International Diabetes Federation and
the European Federation of Periodontology. J Clin Periodontol.
2018;45(2):138-149. doi:10.1111/jcpe.12808

Sanz M, Ceriello A, Buysschaert M, et al. Scientific evidence
on the links between periodontal diseases and diabetes: con-
sensus report and guidelines of the joint workshop on peri-
odontal diseases and diabetes by the International Diabetes
Federation and the European Federation of Periodontology.
Diabetes Res Clin Pract. 2018;137:231-241. do0i:10.1016/j.
diabres.2017.12.001

Sanz M, Del Castillo AM, Jepsen S, et al. Periodontitis and car-
diovascular diseases. Consensus report. Glob Heart. 2020;15(1):1.
doi:10.5334/gh.400

Sanz M, Marco Del Castillo A, Jepsen S, et al. Periodontitis and
cardiovascular diseases: consensus report. J Clin Periodontol.
2020;47(3):268-288. doi:10.1111/jcpe.13189

Sato M, Iwasaki M, Yoshihara A, Miyazaki H. Association be-
tween periodontitis and medical expenditure in older adults: a 33-
month follow-up study. Geriatr Gerontol Int. 2016;16(7):856-864.
doi:10.1111/ggi. 12569

Meyle J, Chapple |. Molecular aspects of the pathogenesis of
periodontitis. Periodontol 2000. 2015;69(1):7-17. doi:10.1111/
prd.12104

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

 peracartangy 2000 SIS

Hajishengallis G, Lamont RJ. Polymicrobial communities in peri-
odontal disease: their quasi-organismal nature and dialogue with
the host. Periodontol 2000. 2021;86(1):210-230. doi:10.1111/
prd.12371

Belibasakis GN, Belstrom D, Eick S, Gursoy UK, Johansson A,
Kononen E. Periodontal microbiology and microbial etiology of
periodontal diseases: historical concepts and contemporary per-
spectives. Periodontol 2000. 2023. doi:10.1111/prd.12473. Online
ahead of print.

Sanz M, Herrera D, Kebschull M, et al. Treatment of stage I-lll
periodontitis—the EFP S3 level clinical practice guideline. J Clin
Periodontol. 2020;47(Suppl 22):4-60. doi:10.1111/jcpe.13290
Herrera D, Sanz M, Kebschull M, et al. Treatment of stage IV
periodontitis: the EFP S3 level clinical practice guideline. J Clin
Periodontol. 2022;49(Suppl 24):4-71. doi:10.1111/jcpe.13639
Suvan J, Leira Y, Moreno Sancho FM, Graziani F, Derks J, Tomasi
C. Subgingival instrumentation for treatment of periodontitis. A
systematic review. J Clin Periodontol. 2020;47(Suppl 22):155-175.
doi:10.1111/jcpe.13245

Walker CB, Gordon JM, Magnussen |, Clark WB. A role for anti-
biotics in the treatment of refractory periodontitis. J Periodontol.
1993;64(Suppl 8S):772-781. doi:10.1902/jop.1993.64.85.772
Badersten A, Nilveus R, Egelberg J. Effect of nonsurgical peri-
odontal therapy. V. Patterns of probing attachment loss in
non-responding sites. J Clin Periodontol. 1985;12(4):270-282.
doi:10.1111/j.1600-051x.1985.tb02293.x

Byrne SJ, Chang D, Adams GG, et al. Microbiome profiles of
non-responding and responding paired periodontitis sites within
the same participants following non-surgical treatment. J Oral
Microbiol. 2022;14(1):2043595. doi:10.1080/20002297.2022.204
3595

Tonetti MS, Greenwell H, Kornman KS. Staging and grading of
periodontitis: framework and proposal of a new classification and
case definition. J Clin Periodontol. 2018;45(Suppl 20):5149-S161.
doi:10.1111/jcpe.12945

Ciancio SG. Chemotherapeutics in periodontics. Dent Clin North
Am. 1980;24(4):813-826.

Slots J, Mashimo P, Levine MJ, Genco RJ. Periodontal therapy in
humans. I. Microbiological and clinical effects of a single course
of periodontal scaling and root planing, and of adjunctive tetra-
cycline therapy. J Periodontol. 1979;50(10):495-509. doi:10.1902/
jop.1979.50.10.495

Tanner AC, Haffer C, Bratthall GT, Visconti RA, Socransky SS. A
study of the bacteria associated with advancing periodontitis in
man. J Clin Periodontol. 1979;6(5):278-307. doi:10.1111/j.1600-
051x.1979.tb01931.x

Graziani F, Karapetsa D, Alonso B, Herrera D. Nonsurgical and
surgical treatment of periodontitis: how many options for one
disease? Periodontol 2000. 2017;75(1):152-188. doi:10.1111/
prd.12201

Noira Passos da Costa LF, da Silva Furtado Amaral C, da Silva
Barbirato D, Thomé Ledo AT, Fogacci MF. Chlorhexidine mouth-
wash as an adjunct to mechanical therapy in chronic periodontitis:
a meta-analysis. J Am Dent Assoc 2017;148(5):308-318. 10.1016/j.
adaj.2017.01.021

Rams TE, Slots J. Local delivery of antimicrobial agents in the peri-
odontal pocket. Periodontol 2000. 1996;10:139-159. doi:10.1111/
j.1600-0757.1996.tb00072.x

Herrera D, Matesanz P, Bascones-Martinez A, Sanz M. Local
and systemic antimicrobial therapy in periodontics. J Evid
Based Dent Pract. 2012;12(3 Suppl):50-60. doi:10.1016/
$1532-3382(12)70013-1

Herrera D, Matesanz P, Martin C, Oud V, Feres M, Teughels W.
Adjunctive effect of locally delivered antimicrobials in peri-
odontitis therapy. A systematic review and meta-analysis. J Clin
Periodontol. 2020;47:239-256. d0i:10.1111/jcpe.13230

85U017 SUOWIWOD 8AITE81D 3dedldde au Ag peusenob a e ssppiie YO ‘88N JO Se|nl 1oy Ariqi]8uljuO /8|1 UO (SUOTHPUOD-pUR-SLLIB)L0D A3 | 1M Afe1q1jpU1|UO//:SANY) SUOTIPUOD Pue SWie | 3U1 89S *[£202/90/7T] U0 Afiq1auliu (1M ‘Spue|eUN 8ueIyooD Aq Z6vZT PId/TTTT 0T/10p/L00 A8 | Aeiqiut|uoy//Sdny wo.y papeojumod ‘0 ‘2S20009T


https://orcid.org/0000-0002-5554-2777
https://orcid.org/0000-0002-5554-2777
https://doi.org//10.1111/jcpe.12946
https://doi.org//10.1111/jcpe.12946
https://doi.org//10.1177/0022034514552491
https://doi.org//10.1177/0022034517693566
https://doi.org//10.1002/JPER.17-0670
https://doi.org//10.1002/JPER.17-0670
https://doi.org//10.1111/jcpe.12732
https://doi.org//10.1111/jcpe.12808
https://doi.org//10.1016/j.diabres.2017.12.001
https://doi.org//10.1016/j.diabres.2017.12.001
https://doi.org//10.5334/gh.400
https://doi.org//10.1111/jcpe.13189
https://doi.org//10.1111/ggi.12569
https://doi.org//10.1111/prd.12104
https://doi.org//10.1111/prd.12104
https://doi.org//10.1111/prd.12371
https://doi.org//10.1111/prd.12371
https://doi.org//10.1111/prd.12473
https://doi.org//10.1111/jcpe.13290
https://doi.org//10.1111/jcpe.13639
https://doi.org//10.1111/jcpe.13245
https://doi.org//10.1902/jop.1993.64.8s.772
https://doi.org//10.1111/j.1600-051x.1985.tb02293.x
https://doi.org//10.1080/20002297.2022.2043595
https://doi.org//10.1080/20002297.2022.2043595
https://doi.org//10.1111/jcpe.12945
https://doi.org//10.1902/jop.1979.50.10.495
https://doi.org//10.1902/jop.1979.50.10.495
https://doi.org//10.1111/j.1600-051x.1979.tb01931.x
https://doi.org//10.1111/j.1600-051x.1979.tb01931.x
https://doi.org//10.1111/prd.12201
https://doi.org//10.1111/prd.12201
https://doi.org//10.1016/j.adaj.2017.01.021
https://doi.org//10.1016/j.adaj.2017.01.021
https://doi.org//10.1111/j.1600-0757.1996.tb00072.x
https://doi.org//10.1111/j.1600-0757.1996.tb00072.x
https://doi.org//10.1016/S1532-3382(12)70013-1
https://doi.org//10.1016/S1532-3382(12)70013-1
https://doi.org//10.1111/jcpe.13230

22
—I—W] |BaA'%& Periodontology 2000

29.

30.
31.
32.

33.

34.
35.
36.

37.
38.
39.
40.
41.

42.

43.

44.

45.

46.

47.

48.

HERRERA ET AL.

Ostrander FD. Vitamins, sulfonamides and antibiotics in periodon-
tal therapy. J Am Dent Assoc. 1948;37(3):279-288.

Serrano J, Escribano M, Roldan S, Martin C, Herrera D. Efficacy
of adjunctive anti-plaque chemical agents in managing gingi-
vitis: a systematic review and meta-analysis. J Clin Periodontol.
2015;42(Suppl 16):5106-5138. doi:10.1111/jcpe.12331

Figuero E, Herrera D, Tobias A, et al. Efficacy of adjunctive anti-
plaque chemical agents in managing gingivitis: a systematic review
and network meta-analyses. J Clin Periodontol. 2019;46(7):723-
739.doi:10.1111/jcpe. 13127

Figuero E, Roldan S, Serrano J, Escribano M, Martin C, Preshaw
PM. Efficacy of adjunctive therapies in patients with gingi-
val inflammation: a systematic review and meta-analysis. J Clin
Periodontol. 2020;47(Suppl 22):125-143. doi:10.1111/jcpe.13244
Escribano M, Figuero E, Martin C, et al. Efficacy of adjunctive
anti-plaque chemical agents: a systematic review and network
meta-analyses of the Turesky modification of the Quigley and
Hein plaque index. J Clin Periodontol. 2016;43(12):1059-1073.
doi:10.1111/jcpe.12616

Hatz CR, Cremona M, Liu CC, Schmidlin PR, Conen A. Antibiotic
prophylaxis with amoxicillin to prevent infective endocarditis in
periodontitis patients reconsidered: a narrative review. Swiss Med
Wkly. 2021;151:w30078. doi:10.4414/smw.2021.w30078
Herrera D, Retamal-Valdes B, Alonso B, Feres M. Acute peri-
odontal lesions (periodontal abscesses and necrotizing periodon-
tal diseases) and endo-periodontal lesions. J Clin Periodontol.
2018;45(Suppl 20):578-594. doi:10.1111/jcpe.12941

Herrera D, Feres M. Treatment of acute periodontal and endo-
periodontal lesions. In: Lang NP, Berglundh T, Giannobile WV, Sanz
M, eds. Lindhe's Clinical Periodontology and Implant Dentistry. 7th
ed. Wiley-Blackwell; 2021:733-748.

Herrera D, Alonso B, de Arriba L, Santa Cruz |, Serrano C, Sanz M.
Acute periodontal lesions. Periodontol 2000. 2014;65(1):149-177.
doi:10.1111/prd.12022

Smit P, Heniger J. Antoni van Leeuwenhoek (1632-1723)
and the discovery of bacteria. Antonie Van Leeuwenhoek.
1975;41(3):219-228.

Krogh HW. Reduction of the gingival flora preceding opera-
tion. J Am Dent Assoc. 1932;19(4):659-665. doi:10.14219/jada.
archive.1932.0092

Wright BL, White PG. The treatment of pyorrhea alveolaris and
its secondary systemic infections by deep muscular injections of
mercury. Med Rec. 1915;87(11):424-426.

Bader HI, Goldhaber P. The passage of intravenously administered
tetracycline in the gingival sulcus of dogs. J Oral Ther Pharmacol.
1966;2(5):324-329.

Borzelleca JF, Cherrick HM. The excretion of drugs in saliva.
Antibiotics. J Oral Ther Pharmacol. 1965;2(3):180-187.

Listgarten MA, Helldén L. Relative distribution of bacteria at clin-
ically healthy and periodontally diseased sites in humans. J Clin
Periodontol. 1978;5(2):115-132.

Loesche WJ. Chemotherapy of dental plaque infections. Oral Sci
Rev. 1976;9:65-107.

Slots J. The predominant cultivable microflora of advanced peri-
odontitis. Scand J Dent Res. 1977;85(2):114-121. doi:10.1111/
j.1600-0722.1977.tb00541.x

Carranza FA. Glickman's Clinical Periodontology. 7th ed. W. B.
Saunders Company; 1990.

Gordon JM, Walker CB, Murphy JC, Goodson JM, Socransky SS.
Concentration of tetracycline in human gingival fluid after single
doses. J Clin Periodontol. 1981;8(2):117-121. doi:10.1111/j.1600-
051x.1981.tb02351.x

Scopp W, Froum SJ, Sullivan M, Kazandjian G, Wank D, Fine A.
Tetracycline: a clinical study to determine its effectiveness as long-
term adjuvant. J Periodontol. 1980;51(6):328-330. doi:10.1902/
jop.1980.51.6.328

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Kornman KS, Karl EH. The effect of long-term low-dose tetra-
cycline therapy on the subgingival microflora in refractory adult
periodontitis. J Periodontol. 1982;53(10):604-610. doi:10.1902/
jop.1982.53.10.604

Lindhe J, Liljenberg B, Adielsson B. Effect of long-term tetracy-
cline therapy on human periodontal disease. J Clin Periodontol.
1983;10(6):590-601.

Golub LM, Lee HM, Lehrer G, et al. Minocycline reduces gingi-
val collagenolytic activity during diabetes. Preliminary observa-
tions and a proposed new mechanism of action. J Periodontal Res.
1983;18(5):516-526. doi:10.1111/j.1600-0765.1983.tb00388.x
Golub LM, Wolff M, Lee HM, et al. Further evidence that tetra-
cyclines inhibit collagenase activity in human crevicular fluid and
from other mammalian sources. J Periodontal Res. 1985;20(1):12-
23.doi:10.1111/j.1600-0765.1985.tb00405.x

Hayes C, Antczak-Bouckoms A, Burdick E. Quality assessment
and meta-analysis of systemic tetracycline use in chronic adult
periodontitis. J Clin Periodontol. 1992;19(3):164-168. doi:10.1111/
j.1600-051x.1992.tb00633.x

Adams DF. Diagnosis and treatment of refractory periodontitis.
Curr Opin Dent. 1992;2:33-38.

Walker CB, Gordon JM, Socransky SS. Antibiotic susceptibil-
ity testing of subgingival plaque samples. J Clin Periodontol.
1983;10(4):422-432. doi:10.1111/j.1600-051x.1983.tb01291.x
Slots J. The predominant cultivable organisms in juvenile peri-
odontitis. Scand J Dent Res. 1976;84(1):1-10. doi:10.1111/
j.1600-0722.1976.tb00454.x

Christersson LA, Slots J, Rosling BG, Genco RJ. Microbiological
and clinical effects of surgical treatment of localized juvenile
periodontitis. J Clin Periodontol. 1985;12(6):465-476. doi:10.1111/
j.1600-051x.1985.tb01382.x

Christersson LA, Albini B, Zambon JJ, Wikesjo UM, Genco RJ.
Tissue localization of Actinobacillus actinomycetemcomitans in
human periodontitis. I. Light, immunofluorescence and elec-
tron microscopic studies. J Periodontol. 1987;58(8):529-539.
doi:10.1902/jop.1987.58.8.529

Christersson LA, Wikesjo UM, Albini B, Zambon JJ, Genco RJ.
Tissue localization of Actinobacillus actinomycetemcomitans in
human periodontitis. 1. Correlation between immunofluores-
cence and culture techniques. J Periodontol. 1987;58(8):540-545.
doi:10.1902/jop.1987.58.8.540

Lindhe J, Lilienberg B. Treatment of localized juvenile periodonti-
tis. Results after 5years. J Clin Periodontol. 1984;11(6):399-410.
Mandell RL, Tripodi LS, Savitt E, Goodson JM, Socransky SS. The
effect of treatment on Actinobacillus actinomycetemcomitans in
localized juvenile periodontitis. J Periodontol. 1986;57(2):94-99.
doi:10.1902/jop.1986.57.2.94

van Winkelhoff AJ, Winkel EG. Microbiological diagnostics in peri-
odontics: biological significance and clinical validity. Periodontol
2000. 2005;39:40-52. doi:10.1111/j.1600-0757.2005.00116.x
Slots J, Rosling BG. Suppression of the periodontopathic micro-
flora in localized juvenile periodontitis by systemic tetracycline.
J Clin Periodontol. 1983;10(5):465-486. doi:10.1111/j.1600-
051x.1983.th02179.x

Asikainen S, Jousimies-Somer H, Kanervo A, Saxén L. The imme-
diate efficacy of adjunctive doxycycline in treatment of localized
juvenile periodontitis. Arch Oral Biol. 1990;35(Suppl):2315-234S.
doi:10.1016/0003-9969(90)90165-7

Saxén L, Asikainen S, Kanervo A, Kari K, Jousimies-
Somer H. The long-term efficacy of systemic dox-
ycycline  medication in the treatment of localized
juvenile periodontitis. Arch Oral Biol. 1990;35(Suppl):2275-229S.
doi:10.1016/0003-9969(90)90164-6

Saxén L, Asikainen S. Metronidazole in the treatment of local-
ized juvenile periodontitis. J Clin Periodontol. 1993;20(3):166-171.
doi:10.1111/j.1600-051x.1993.tb00339.x

85U017 SUOWIWOD 8AITE81D 3dedldde au Ag peusenob a e ssppiie YO ‘88N JO Se|nl 1oy Ariqi]8uljuO /8|1 UO (SUOTHPUOD-pUR-SLLIB)L0D A3 | 1M Afe1q1jpU1|UO//:SANY) SUOTIPUOD Pue SWie | 3U1 89S *[£202/90/7T] U0 Afiq1auliu (1M ‘Spue|eUN 8ueIyooD Aq Z6vZT PId/TTTT 0T/10p/L00 A8 | Aeiqiut|uoy//Sdny wo.y papeojumod ‘0 ‘2S20009T


https://doi.org//10.1111/jcpe.12331
https://doi.org//10.1111/jcpe.13127
https://doi.org//10.1111/jcpe.13244
https://doi.org//10.1111/jcpe.12616
https://doi.org//10.4414/smw.2021.w30078
https://doi.org//10.1111/jcpe.12941
https://doi.org//10.1111/prd.12022
https://doi.org//10.14219/jada.archive.1932.0092
https://doi.org//10.14219/jada.archive.1932.0092
https://doi.org//10.1111/j.1600-0722.1977.tb00541.x
https://doi.org//10.1111/j.1600-0722.1977.tb00541.x
https://doi.org//10.1111/j.1600-051x.1981.tb02351.x
https://doi.org//10.1111/j.1600-051x.1981.tb02351.x
https://doi.org//10.1902/jop.1980.51.6.328
https://doi.org//10.1902/jop.1980.51.6.328
https://doi.org//10.1902/jop.1982.53.10.604
https://doi.org//10.1902/jop.1982.53.10.604
https://doi.org//10.1111/j.1600-0765.1983.tb00388.x
https://doi.org//10.1111/j.1600-0765.1985.tb00405.x
https://doi.org//10.1111/j.1600-051x.1992.tb00633.x
https://doi.org//10.1111/j.1600-051x.1992.tb00633.x
https://doi.org//10.1111/j.1600-051x.1983.tb01291.x
https://doi.org//10.1111/j.1600-0722.1976.tb00454.x
https://doi.org//10.1111/j.1600-0722.1976.tb00454.x
https://doi.org//10.1111/j.1600-051x.1985.tb01382.x
https://doi.org//10.1111/j.1600-051x.1985.tb01382.x
https://doi.org//10.1902/jop.1987.58.8.529
https://doi.org//10.1902/jop.1987.58.8.540
https://doi.org//10.1902/jop.1986.57.2.94
https://doi.org//10.1111/j.1600-0757.2005.00116.x
https://doi.org//10.1111/j.1600-051x.1983.tb02179.x
https://doi.org//10.1111/j.1600-051x.1983.tb02179.x
https://doi.org//10.1016/0003-9969(90)90165-7
https://doi.org//10.1016/0003-9969(90)90164-6
https://doi.org//10.1111/j.1600-051x.1993.tb00339.x

HERRERA ET AL.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

Shinn DLS. Metronidazole in acute ulcerative gingivitis. Lancet.
1962;279(7240):1191. doi:10.1016/S0140-6736(62)92243-2
Davies AH, McFadzean JA, Squires S. Treatment of Vincent's sto-
matitis with metronidazole. Br Med J. 1964;1(5391):1149-1150.
doi:10.1136/bmj.1.5391.1149

Lindhe J, Lilienberg B, Adielson B, Borjesson |. Use of metronida-
zole as a probe in the study of human periodontal disease. J Clin
Periodontol. 1983;10(1):100-112.

Lekovic V, Kenney EB, Carranza FA Jr, Endres B. The effect of
metronidazole on human periodontal disease. A clinical and bac-
teriological study. J Periodontol. 1983;54(8):476-480. doi:10.1902/
jop.1983.54.8.476

Banas JA. Walter Loesche—a maverick in translational re-
search in dentistry. J Dent Res. 2009;88(12):1092-1095.
doi:10.1177/0022034509351511

Ellen RP, Lopatin DE. Walter J Loesche. J Dent Res. 2013;92(2):105-
106. doi:10.1177/0022034512471342

Loesche WJ, Giordano JR, Hujoel P, Schwarcz J, Smith BA.
Metronidazole in periodontitis: reduced need for surgery. J Clin
Periodontol. 1992;19(2):103-112. doi:10.1111/j.1600-051x.1992.
tb00448.x

Loesche WJ, Giordano JR, Soehren S, Kaciroti N. The nonsurgi-
cal treatment of patients with periodontal disease: results after
6.4years. Gen Dent. 2005;53(4):298-306. quiz 307.

Mombelli A, Gusberti FA, Lang NP. Treatment of recurrent peri-
odontal disease by root planing and ornidazole (Tiberal). Clinical
and microbiological findings. J Clin Periodontol. 1989;16(1):38-45.
doi:10.1111/j.1600-051x.1989.tb01610.x

Quee TC, Chan EC, Clark C, et al. The role of adjunctive Rodogyl
therapy in the treatment of advanced periodontal disease.
A longitudinal clinical and microbiologic study. J Periodontol.
1987;58(9):594-601. doi:10.1902/jop.1987.58.9.594

Parameter on acute periodontal diseases. J Periodontol. 2000;71(5
Suppl):863-866. doi:10.1902/jop.2000.71.5-5.863

Matisko MW, Bissada NF. Short-term sequential administra-
tion of amoxicillin/clavulanate potassium and doxycycline in the
treatment of recurrent/progressive periodontitis. J Periodontol.
1993;64(6):553-558. doi:10.1902/jop.1993.64.6.553

Winkel EG, van Winkelhoff AJ, Barendregt DS, van der Weijden
GA, Timmerman MF, van der Velden U. Clinical and microbiological
effects of initial periodontal therapy in conjunction with amoxicil-
lin and clavulanic acid in patients with adult periodontitis. A ran-
domised double-blind, placebo-controlled study. J Clin Periodontol.
1999;26(7):461-468. doi:10.1034/j.1600-051x.1999.260708.x
Dinos GP. The macrolide antibiotic renaissance. Br J Pharmacol.
2017;174(18):2967-2983. d0i:10.1111/bph.13936

Pappas JD, Walker C. Gingival crevicular fluid levels of erythro-
mycin and the in vitro effect on periodontal bacteria. J Dent Res.
1987;66:154 (Abstract #382).

Al-Joburi W, Quee TC, Lautar C, et al. Effects of adjunctive treat-
mentof periodontitis with tetracyclineand spiramycin.J Periodontol.
1989;60(10):533-539. doi:10.1902/jop.1989.60.10.533

Bain CA, Beagrie GS, Bourgoin J, et al. The effects of spiramycin
and/or scaling on advanced periodontitis in humans. J Can Dent
Assoc. 1994;60(3):209 212-7.

Herrera D, Roldan S, O'Connor A, Sanz M. The periodontal ab-
scess (ll). Short-term clinical and microbiological efficacy of 2 sys-
temic antibiotic regimes. J Clin Periodontol. 2000;27(6):395-404.
doi:10.1034/j.1600-051x.2000.027006395.x

Rotzetter PA, Le Liboux A, Pichard E, Cimasoni G. Kinetics of
spiramycin/metronidazole (Rodogyl) in human gingival crevicu-
lar fluid, saliva and blood. J Clin Periodontol. 1994;21(9):595-600.
doi:10.1111/j.1600-051x.1994.tb00749.x

Herrera D, Sanz M, Jepsen S, Needleman |, Roldan S. A systematic
review on the effect of systemic antimicrobials as an adjunct to

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

 perocartangy 2000 SUIISRS

scaling and root planing in periodontitis patients. J Clin Periodontol.
2002;29(Suppl 3):136-159. discussion 160-2.

Lindhe J, Palmer R. Group C summary. J Clin Periodontol.
2002;29(s3):160-162. doi:10.1034/j.1600-051X.29.s3.18.x
Pajukanta R. In vitro antimicrobial susceptibility of Porphyromonas
gingivalis to azithromycin, a novel macrolide. Oral Microbiol
Immunol.  1993;8(5):325-326.  doi:10.1111/j.1399-302x.1993.
tb00583.x

Pajukanta R, Asikainen S, Saarela M, Alaluusua S, Jousimies-
Somer H. In vitro activity of azithromycin compared with that
of erythromycin against Actinobacillus actinomycetemcomitans.
Antimicrob Agents Chemother. 1992;36(6):1241-1243. doi:10.1128/
AAC.36.6.1241

Veloo AC, Seme K, Raangs E, et al. Antibiotic susceptibility profiles
of oral pathogens. Int J Antimicrob Agents. 2012;40(5):450-454.
doi:10.1016/j.ijantimicag.2012.07.004

Malizia T, Tejada MR, Ghelardi E, et al. Periodontal tissue dispo-
sition of azithromycin. J Periodontol. 1997;68(12):1206-1209.
doi:10.1902/j0p.1997.68.12.1206

Sefton AM, Maskell JP, Beighton D, et al. Azithromycin in the
treatment of periodontal disease. Effect on microbial flora. J
Clin  Periodontol. 1996;23(11):998-1003. do0i:10.1111/j.1600-
051x.1996.tb00527.x

Magnusson |, Low SB, McArthur WP, et al. Treatment of sub-
jects with refractory periodontal disease. J Clin Periodontol.
1994;21(9):628-637. d0i:10.1111/j.1600-051x.1994.tb00755.x
Sigusch B, Beier M, Klinger G, Pfister W, Glockmann E. A 2-step
non-surgical procedure and systemic antibiotics in the treatment
of rapidly progressive periodontitis. J Periodontol. 2001;72(3):275-
283. doi:10.1902/jop.2001.72.3.275

Kleinfelder JW, Mueller RF, Lange DE. Fluoroquinolones in the
treatment of Actinobacillus actinomycetemcomitans-associated
periodontitis. J Periodontol. 2000;71(2):202-208. doi:10.1902/
jop.2000.71.2.202

Smith MacDonald E, Nowzari H, Contreras A, Flynn J, Morrison J,
Slots J. Clinical and microbiological evaluation of a bioabsorbable
and a nonresorbable barrier membrane in the treatment of peri-
odontal intraosseous lesions. J Periodontol. 1998;69(4):445-453.
doi:10.1902/jop.1998.69.4.445

Vest TM, Greenwell H, Drisko C, et al. The effect of postsurgical
antibiotics and a bioabsorbable membrane on regenerative heal-
ing in Class Il furcation defects. J Periodontol. 1999;70(8):878-887.
doi:10.1902/j0p.1999.70.8.878

van Winkelhoff AJ, Rurenga P, Singdji Z, Scoop GG, Wekema GJ.
Susceptibility of periodontal pathogens to moxifloxacin: an in vitro
study. Int J Antimicrob Agents. 2016;48(5):570-572. doi:10.1016/j.
ijantimicag.2016.07.017

Guzeldemir-Akcakanat E, Gurgan CA. Systemic moxifloxacin vs
amoxicillin/metronidazole adjunct to non-surgical treatment in
generalized aggressive periodontitis. Med Oral Patol Oral Cir Bucal.
2015;20(4):e441-e449. doi:10.4317/medoral.20552

Van Oosten MA, Notten FJ, Mikx FH. Metronidazole concentra-
tions in human plasma, saliva, and gingival crevice fluid after a sin-
gle dose. J Dent Res. 1986;65(12):1420-1423. doi:10.1177/002203
45860650120801

Renvert S, Wikstrom M, Dahlen G, Slots J, Egelberg J. Effect of root
debridement on the elimination of Actinobacillus actinomycetem-
comitans and Bacteroides gingivalis from periodontal pockets. J Clin
Periodontol. 1990;17(6):345-350. doi:10.1111/j.1600-051x.1990.
tb00029.x

Renvert S, Wikstrom M, Dahlen G, Slots J, Egelberg J. On the in-
ability of root debridement and periodontal surgery to eliminate
Actinobacillus actinomycetemcomitans from periodontal pock-
ets. J Clin Periodontol. 1990;17(6):351-355. doi:10.1111/j.1600-
051x.1990.tb00030.x

85U017 SUOWIWOD 8AITE81D 3dedldde au Ag peusenob a e ssppiie YO ‘88N JO Se|nl 1oy Ariqi]8uljuO /8|1 UO (SUOTHPUOD-pUR-SLLIB)L0D A3 | 1M Afe1q1jpU1|UO//:SANY) SUOTIPUOD Pue SWie | 3U1 89S *[£202/90/7T] U0 Afiq1auliu (1M ‘Spue|eUN 8ueIyooD Aq Z6vZT PId/TTTT 0T/10p/L00 A8 | Aeiqiut|uoy//Sdny wo.y papeojumod ‘0 ‘2S20009T


https://doi.org//10.1016/S0140-6736(62)92243-2
https://doi.org//10.1136/bmj.1.5391.1149
https://doi.org//10.1902/jop.1983.54.8.476
https://doi.org//10.1902/jop.1983.54.8.476
https://doi.org//10.1177/0022034509351511
https://doi.org//10.1177/0022034512471342
https://doi.org//10.1111/j.1600-051x.1992.tb00448.x
https://doi.org//10.1111/j.1600-051x.1992.tb00448.x
https://doi.org//10.1111/j.1600-051x.1989.tb01610.x
https://doi.org//10.1902/jop.1987.58.9.594
https://doi.org//10.1902/jop.2000.71.5-S.863
https://doi.org//10.1902/jop.1993.64.6.553
https://doi.org//10.1034/j.1600-051x.1999.260708.x
https://doi.org//10.1111/bph.13936
https://doi.org//10.1902/jop.1989.60.10.533
https://doi.org//10.1034/j.1600-051x.2000.027006395.x
https://doi.org//10.1111/j.1600-051x.1994.tb00749.x
https://doi.org//10.1034/j.1600-051X.29.s3.18.x
https://doi.org//10.1111/j.1399-302x.1993.tb00583.x
https://doi.org//10.1111/j.1399-302x.1993.tb00583.x
https://doi.org//10.1128/AAC.36.6.1241
https://doi.org//10.1128/AAC.36.6.1241
https://doi.org//10.1016/j.ijantimicag.2012.07.004
https://doi.org//10.1902/jop.1997.68.12.1206
https://doi.org//10.1111/j.1600-051x.1996.tb00527.x
https://doi.org//10.1111/j.1600-051x.1996.tb00527.x
https://doi.org//10.1111/j.1600-051x.1994.tb00755.x
https://doi.org//10.1902/jop.2001.72.3.275
https://doi.org//10.1902/jop.2000.71.2.202
https://doi.org//10.1902/jop.2000.71.2.202
https://doi.org//10.1902/jop.1998.69.4.445
https://doi.org//10.1902/jop.1999.70.8.878
https://doi.org//10.1016/j.ijantimicag.2016.07.017
https://doi.org//10.1016/j.ijantimicag.2016.07.017
https://doi.org//10.4317/medoral.20552
https://doi.org//10.1177/00220345860650120801
https://doi.org//10.1177/00220345860650120801
https://doi.org//10.1111/j.1600-051x.1990.tb00029.x
https://doi.org//10.1111/j.1600-051x.1990.tb00029.x
https://doi.org//10.1111/j.1600-051x.1990.tb00030.x
https://doi.org//10.1111/j.1600-051x.1990.tb00030.x

24
—I—W] |BaA'%& Periodontology 2000

103.

104.

105.
106.

107.

108.

109.
110.

111.

112.

113.

114.

115.

116.

117.

HERRERA ET AL.

Soder PO, Frithiof L, Wikner S, et al. The effect of systemic met-
ronidazole after non-surgical treatment in moderate and advanced
periodontitis in young adults. J Periodontol. 1990;61(5):281-288.
doi:10.1902/jop.1990.61.5.281

Rodenburg JP, van Winkelhoff AJ, Winkel EG, Goene RJ, Abbas
F, de Graff J. Occurrence of Bacteroides gingivalis, Bacteroides
intermedius and Actinobacillus actinomycetemcomitans in se-
vere periodontitis in relation to age and treatment history.
J Clin Periodontol. 1990;17(6):392-399. doi:10.1111/j.1600-
051x.1990.tb00036.x

van Winkelhoff AJ, Rodenburg JP, Goené RJ, Abbas F, Winkel
EG, de Graaff J. Metronidazole plus amoxycillin in the treatment
of Actinobacillus actinomycetemcomitans associated periodonti-
tis. J Clin Periodontol. 1989;16(2):128-131. doi:10.1111/j.1600-
051x.1989.tb01626.x

Pavici¢ MJ, van Winkelhoff AJ, de Graaff J. Synergistic effects
between amoxicillin, metronidazole, and the hydroxymetabolite
of metronidazole against Actinobacillus actinomycetemcomitans.
Antimicrob Agents Chemother. 1991;35(5):961-966. doi:10.1128/
AAC.35.5.961

Pavici¢ MJ, van Winkelhoff AJ, de Graaff J. In vitro suscepti-
bilities of Actinobacillus actinomycetemcomitans to a number
of antimicrobial combinations. Antimicrob Agents Chemother.
1992;36(12):2634-2638. doi:10.1128/aac.36.12.2634

Pavici¢ MJ, van Winkelhoff AJ, Pavicic-Temming YA, de Graaff
J. Amoxycillin causes an enhanced uptake of metronidazole in
Actinobacillus actinomycetemcomitans: a mechanism of synergy.
J Antimicrob Chemother. 1994;34(6):1047-1050. do0i:10.1093/
jac/34.6.1047

Pavici¢ MJ, van Winkelhoff AJ, Pavivic-Temming YA, de Graaff
J. Metronidazole susceptibility factors in Actinobacillus actino-
mycetemcomitans. J Antimicrob Chemother. 1995;35(2):263-269.
doi:10.1093/jac/35.2.263

van Winkelhoff AJ, Tijhof CJ, de Graaff J. Microbiological and
clinical results of metronidazole plus amoxicillin therapy in
Actinobacillus actinomycetemcomitans-associated periodontitis. J
Periodontol. 1992;63(1):52-57. d0i:10.1902/jop.1992.63.1.52
Pavici¢ MJ, van Winkelhoff AJ, Douqué NH, Steures RW, de Graaff
J. Microbiological and clinical effects of metronidazole and amoxi-
cillinin Actinobacillus actinomycetemcomitans-associated periodon-
titis. A 2-year evaluation. J Clin Periodontol. 1994;21(2):107-112.
doi:10.1111/j.1600-051x.1994.tb00287.x

Winkel EG, van Winkelhoff AJ, van der Velden U. Additional clin-
ical and microbiological effects of amoxicillin and metronidazole
after initial periodontal therapy. J Clin Periodontol. 1998;25(11 Pt
1):857-864.

Winkel EG, Van Winkelhoff AJ, Timmerman MF, Van der Velden
U, Van der Weijden GA. Amoxicillin plus metronidazole in
the treatment of adult periodontitis patients. A double-blind
placebo-controlled study. J Clin Periodontol. 2001;28(4):296-305.
doi:10.1034/j.1600-051x.2001.028004296.x

Winkel EG, Van Winkelhoff AJ, Timmerman MF, Vangsted T, Van
der Velden U. Effects of metronidazole in patients with "refractory"”
periodontitis associated with Bacteroides forsythus. J Clin Periodontol.
1997;24(8):573-579. doi:10.1111/j.1600-051x.1997.tb00231.x
Helldén LB, Listgarten MA, Lindhe J. The effect of tetracycline
and/or scaling on human periodontal disease. J Clin Periodontol.
1979;6(4):222-230.

Listgarten MA, Lindhe J, Hellden L. Effect of tetracycline and/or
scaling on human periodontal disease. Clinical, microbiological,
and histological observations. J Clin Periodontol. 1978;5(4):246-
271. doi:10.1111/j.1600-051x.1978.tb01918.x

Kulkarni GV, Lee WK, Aitken S, Birek P, McCulloch CA. A ran-
domized, placebo-controlled trial of doxycycline: effect on the
microflora of recurrent periodontitis lesions in high risk patients. J
Periodontol. 1991;62(3):197-202. doi:10.1902/jop.1991.62.3.197

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

McCulloch CA, Birek P, Overall C, Aitken S, Lee W, Kulkarni
G. Randomized controlled trial of doxycycline in preven-
tion of recurrent periodontitis in high-risk patients: antimi-
crobial activity and collagenase inhibition. J Clin Periodontol.
1990;17(9):616-622.

Joyston-Bechal S, Smales FC, Duckworth R. Effect of metronida-
zole on chronic periodontal disease in subjects using a topically
applied chlorhexidine gel. J Clin Periodontol. 1984;11(1):53-62.
doi:10.1111/j.1600-051x.1984.tb01308.x

Joyston-Bechal S, Smales FC, Duckworth R. A follow-up study
3years after metronidazole therapy for chronic periodontal dis-
ease. J Clin Periodontol. 1986;13(10):944-949. do0i:10.1111/j.1600-
051x.1986.th01432.x

Loesche WJ, Syed SA, Morrison EC, Kerry GA, Higgins T, Stoll J.
Metronidazole in periodontitis. I. Clinical and bacteriological re-
sults after 15 to 30weeks. J Periodontol. 1984;55(6):325-335.
doi:10.1902/jop.1984.55.6.325

Ng VW, Bissada NF. Clinical evaluation of systemic doxycycline
and ibuprofen administration as an adjunctive treatment for adult
periodontitis. J Periodontol. 1998;69(7):772-776. doi:10.1902/
jop.1998.69.7.772

Palmer RM, Matthews JP, Wilson RF. Adjunctive systemic and
locally delivered metronidazole in the treatment of periodonti-
tis: a controlled clinical study. Br Dent J. 1998;184(11):548-552.
doi:10.1038/sj.bdj.4809695

Palmer RM, Matthews JP, Wilson RF. Non-surgical periodontal
treatment with and without adjunctive metronidazole in smok-
ers and non-smokers. J Clin Periodontol. 1999;26(3):158-163.
doi:10.1034/j.1600-051x.1999.260305.x

Berglundh T, Krok L, Liljenberg B, Westfelt E, Serino G, Lindhe
J. The use of metronidazole and amoxicillin in the treatment of
advanced periodontal disease. A prospective, controlled clinical
trial. J Clin Periodontol. 1998;25(5):354-362. d0i:10.1111/j.1600-
051x.1998.tb02455.x

Flemmig TF, Milian E, Karch H, Klaiber B. Differential clinical treat-
ment outcome after systemic metronidazole and amoxicillin in
patients harboring Actinobacillus actinomycetemcomitans and/or
Porphyromonas gingivalis. J Clin Periodontol. 1998;25(5):380-387.
doi:10.1111/j.1600-051x.1998.tb02459.x

Ramfjord SP, Kerr DA, Ash MM, eds. Proceedings of the World
Workshop in Periodontics. American Academy of Periodontology
and University of Michigan; 1966.

Nevins M, Becker W, Kornman K, eds. Proceedings of the World
Workshop in Clinical Periodontics, Princeton, New Jersey, July 23-27,
1989. American Academy of Periodontology; 1989.

Lang NP, Karring T. Proceedings of the 1st European Workshop on
Periodontology, Charter House at Ittingen, Thurgau, Switzerland,
February 1-4, 1993. Quintessence; 1994.

Lang NP, Karring T, Lindhe J. Proceedings of the 2nd European
Workshop on periodontology. Chemicals in Periodontics. Charter
House at Ittingen, Thurgau, Switzerland, February 3-6, 1996.
Quintessence; 1997.

Newman MG. Improved clinical decision making using the
evidence-based approach. Ann Periodontol. 1996;1(1):i-ix.
doi:10.1902/annals.1996.1.1.i

Offenbacher S. Periodontal diseases: pathogenesis. Ann
Periodontol. 1996;1(1):821-878. doi:10.1902/annals.1996.1.1.821
Lang NP, Karring T, Lindhe J. Proceedings of the 3rd European
Workshop on Periodontology. Implant Dentistry. Charter House
at Ittingen, Thurgau, Switzerland, January 30-February 3, 1999.
Quintessenz; 1999.

Armitage GC. Development of a classification system for peri-
odontal diseases and conditions. Ann Periodontol. 1999;4(1):1-6.
doi:10.1902/annals.1999.4.1.1

Lang NP, Karring T, Lindhe J, Kinane DF, Sanz M, Tonetti
MS. Periodontal practice. Fourth European workshop on

85U017 SUOWIWOD 8AITE81D 3dedldde au Ag peusenob a e ssppiie YO ‘88N JO Se|nl 1oy Ariqi]8uljuO /8|1 UO (SUOTHPUOD-pUR-SLLIB)L0D A3 | 1M Afe1q1jpU1|UO//:SANY) SUOTIPUOD Pue SWie | 3U1 89S *[£202/90/7T] U0 Afiq1auliu (1M ‘Spue|eUN 8ueIyooD Aq Z6vZT PId/TTTT 0T/10p/L00 A8 | Aeiqiut|uoy//Sdny wo.y papeojumod ‘0 ‘2S20009T


https://doi.org//10.1902/jop.1990.61.5.281
https://doi.org//10.1111/j.1600-051x.1990.tb00036.x
https://doi.org//10.1111/j.1600-051x.1990.tb00036.x
https://doi.org//10.1111/j.1600-051x.1989.tb01626.x
https://doi.org//10.1111/j.1600-051x.1989.tb01626.x
https://doi.org//10.1128/AAC.35.5.961
https://doi.org//10.1128/AAC.35.5.961
https://doi.org//10.1128/aac.36.12.2634
https://doi.org//10.1093/jac/34.6.1047
https://doi.org//10.1093/jac/34.6.1047
https://doi.org//10.1093/jac/35.2.263
https://doi.org//10.1902/jop.1992.63.1.52
https://doi.org//10.1111/j.1600-051x.1994.tb00287.x
https://doi.org//10.1034/j.1600-051x.2001.028004296.x
https://doi.org//10.1111/j.1600-051x.1997.tb00231.x
https://doi.org//10.1111/j.1600-051x.1978.tb01918.x
https://doi.org//10.1902/jop.1991.62.3.197
https://doi.org//10.1111/j.1600-051x.1984.tb01308.x
https://doi.org//10.1111/j.1600-051x.1986.tb01432.x
https://doi.org//10.1111/j.1600-051x.1986.tb01432.x
https://doi.org//10.1902/jop.1984.55.6.325
https://doi.org//10.1902/jop.1998.69.7.772
https://doi.org//10.1902/jop.1998.69.7.772
https://doi.org//10.1038/sj.bdj.4809695
https://doi.org//10.1034/j.1600-051x.1999.260305.x
https://doi.org//10.1111/j.1600-051x.1998.tb02455.x
https://doi.org//10.1111/j.1600-051x.1998.tb02455.x
https://doi.org//10.1111/j.1600-051x.1998.tb02459.x
https://doi.org//10.1902/annals.1996.1.1.i
https://doi.org//10.1902/annals.1996.1.1.821
https://doi.org//10.1902/annals.1999.4.1.1

HERRERA ET AL.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

periodontology. Charterhouse at Ittingen, Thurgau, Switzerland.
February 2-4, 2002. J Clin Periodontol. 2002;29(Suppl 3):1-233.
Drisko CH. Non-surgical pocket therapy: pharmacothera-
peutics. Ann Periodontol. 1996;1(1):491-566. do0i:10.1902/
annals.1996.1.1.491

van Winkelhoff AJ, Rams TE, Slots J. Systemic antibiotic therapy
in periodontics. Periodontol 2000. 1996;10:45-78. doi:10.1111/
j.1600-0757.1996.tb00068.x

Elter JR, Lawrence HP, Offenbacher S, Beck JD. Meta-analysis
of the effect of systemic metronidazole as an adjunct to scal-
ing and root planing for adult periodontitis. J Periodontal Res.
1997;32(6):487-496. doi:10.1111/j.1600-0765.1997.tb00564.x
American Academy of Periodontology. Consensus report. Non-
surgical pocket therapy: mechanical, pharmacotherapeutics, and
dental occlusion. Ann Periodontol. 1996;1(1):581-588. doi:10.1902/
annals.1996.1.1.581

American Academy of Periodontology. Host modulation, anti-
infective agents, and tissue engineering. Proceedings of the 2003
workshop on contemporary science in clinical periodontics. Oak
Brook, lllinois, July 26-29, 2003. Ann Periodontol. 2003;8(1):1-352.
doi:10.1902/annals.2003.8.1.i

Haffajee AD, Socransky SS, Gunsolley JC. Systemic anti-infective
periodontal therapy. A systematic review. Ann Periodontol.
2003;8(1):115-181. doi:10.1902/annals.2003.8.1.115

Lang NP, Karring T, Kinane DF, Lindhe J, Sanz M, Tonetti
MS. Fifth European workshop on periodontology: eti-
ology and pathogenesis leading to preventive concepts.
Charterhouse at Ittingen, Thurgau, Switzerland, 5-9
February 2005. J Clin Periodontol. 2005;32(Suppl 6):1-328.
doi:10.1111/j.1600-051X.2005.00824.x

Marsh PD. Dental plaque: biological significance of a biofilm and
community life-style. J Clin Periodontol. 2005;32(Suppl! 6):7-15.
doi:10.1111/j.1600-051X.2005.00790.x

Marsh PD, Bradshaw DJ. Microbiological effects of new agents
in dentifrices for plaque control. Int Dent J. 1993;43(4 Suppl
1):399-406.

Kinniment SL, Wimpenny JW, Adams D, Marsh PD. The effect
of chlorhexidine on defined, mixed culture oral biofilms grown
in a novel model system. J Appl Bacteriol. 1996;81(2):120-125.
doi:10.1111/j.1365-2672.1996.tb04488.x

Shani S, Friedman M, Steinberg D. The anticariogenic ef-
fect of amine fluorides on Streptococcus sobrinus and gluco-
syltransferase in biofilms. Caries Res. 2000;34(3):260-267.
doi:10.1159/000016600

Larsen T, Fiehn NE. Resistance of Streptococcus sanguis biofilms to
antimicrobial agents. APMIS. 1996;104(4):280-284.

Millward TA, Wilson M. The effect of chlorhexidine on Streptococcus
sanguis biofilms. Microbios. 1989;58(236-237):155-164.
Zaura-Arite E, van Marle J, ten Cate JM. Conofocal microscopy study
of undisturbed and chlorhexidine-treated dental biofilm. J Dent Res.
2001;80(5):1436-1440. doi:10.1177/00220345010800051001
Larsen T. Susceptibility of Porphyromonas gingivalis in biofilms to
amoxicillin, doxycycline and metronidazole. Oral Microbiol Immunol.
2002;17(5):267-271. doi:10.1034/j.1399-302x.2002.170501.x
Socransky SS, Haffajee AD. Dental biofilms: difficult
therapeutic  targets.  Periodontol  2000. 2002;28:12-55.
doi:10.1034/j.1600-0757.2002.280102.x

Noiri Y, Okami Y, Narimatsu M, Takahashi Y, Kawahara T, Ebisu
S. Effects of chlorhexidine, minocycline, and metronidazole on
Porphyromonas gingivalis strain 381 in biofilms. J Periodontol.
2003;74(11):1647-1651. doi:10.1902/jop.2003.74.11.1647
Wright TL, Ellen RP, Lacroix JM, Sinnadurai S, Mittelman MW.
Effects of metronidazole on Porphyromonas gingivalis bio-
films. J Periodontal Res. 1997;32(5):473-477. doi:10.1111/
j.1600-0765.1997.tb00560.x

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

 peracartanoy 2000 SIS

Eick S, Seltmann T, Pfister W. Efficacy of antibiotics to strains
of periodontopathogenic bacteria within a single species bio-
film—an in vitro study. J Clin Periodontol. 2004;31(5):376-383.
doi:10.1111/j.0303-6979.2004.00490.x

Sanz M, Quirynen M, European Workshop in Periodontology
Group A. Advances in the aetiology of periodontitis. Group
A consensus report of the 5th European workshop in peri-
odontology. J Clin Periodontol. 2005;32(Suppl  6):54-56.
doi:10.1111/j.1600-051X.2005.00827.x

Van Winkelhoff AJ, Boutaga K. Transmission of periodontal bacte-
ria and models of infection. J Clin Periodontol. 2005;32(Suppl 6):16-
27.doi:10.1111/j.1600-051X.2005.00805.x

Herrera D, Alonso B, Ledn R, Roldan S, Sanz M. Antimicrobial
therapy in periodontitis: the use of systemic antimicrobials against
the subgingival biofilm. J Clin Periodontol. 2008;35(8 Suppl):45-66.
doi:10.1111/j.1600-051X.2008.01260.x

Sanz M, Teughels W, Group A of European Workshop on
Periodontology. Innovations in non-surgical periodontal ther-
apy: consensus report of the sixth European workshop on
periodontology. J Clin PeriodontolSep 2008;35(8 Suppl):3-7.
10.1111/j.1600-051X.2008.01256.x

Sanz M, Lang NP, Kinane DF, Berglundh T, Chapple I, Tonetti
MS. Seventh European workshop on periodontology of the
European Academy of Periodontology at the Parador at la
Granja, Segovia, Spain. J Clin Periodontol. 2011;38(Suppl 11):1-2.
doi:10.1111/j.1600-051X.2010.01692.x

Teughels W, Feres M, Oud V, Martin C, Matesanz P, Herrera D.
Adjunctive effect of systemic antimicrobials in periodontitis ther-
apy. A systematic review and meta-analysis. J Clin Periodontol.
2020;47:257-281. doi:10.1111/jcpe.13264

Rooney J, Wade WG, Sprague SV, Newcombe RG, Addy M.
Adjunctive effects to non-surgical periodontal therapy of sys-
temic metronidazole and amoxycillin alone and combined. A pla-
cebo controlled study. J Clin Periodontol. 2002;29(4):342-350.
doi:10.1034/j.1600-051x.2002.290410.x

Guerrero A, Griffiths GS, Nibali L, et al. Adjunctive benefits of
systemic amoxicillin and metronidazole in non-surgical treatment
of generalized aggressive periodontitis: a randomized placebo-
controlled clinical trial. J Clin Periodontol. 2005;32(10):1096-1107.
doi:10.1111/j.1600-051X.2005.00814.x

Guerrero A, Nibali L, Lambertenghi R, et al. Impact of baseline mi-
crobiological status on clinical outcomes in generalized aggressive
periodontitis patients treated with or without adjunctive amoxicil-
lin and metronidazole: an exploratory analysis from a randomized
controlled clinical trial. J Clin Periodontol. 2014;41(11):1080-1089.
doi:10.1111/jcpe.12299

Cionca N, Giannopoulou C, Ugolotti G, Mombelli A. Amoxicillin
and metronidazole as an adjunct to full-mouth scaling and root
planing of chronic periodontitis. J Periodontol. 2009;80(3):364-
371. doi:10.1902/jop.2009.080540

Aimetti M, Romano F,Guzzi N, Carnevale G. Full-mouth disinfection
and systemic antimicrobial therapy in generalized aggressive peri-
odontitis: a randomized, placebo-controlled trial. J Clin Periodontol.
2012;39(3):284-294. d0i:10.1111/j.1600-051X.2011.01795.x
Cosgarea R, Heumann C, Juncar R, et al. One year results of a ran-
domized controlled clinical study evaluating the effects of non-
surgical periodontal therapy of chronic periodontitis in conjunction
with three or seven days systemic administration of amoxicillin/
metronidazole. PLoS One. 2017;12(6):e0179592. doi:10.1371/jour-
nal.pone.0179592

Cosgarea R, Juncar R, Heumann C, et al. Non-surgical periodontal
treatment in conjunction with 3 or 7 days systemic administration
of amoxicillin and metronidazole in severe chronic periodontitis
patients. A placebo-controlled randomized clinical study. J Clin
Periodontol. 2016;43(9):767-777. doi:10.1111/jcpe.12559

85U017 SUOWIWOD 8AITE81D 3dedldde au Ag peusenob a e ssppiie YO ‘88N JO Se|nl 1oy Ariqi]8uljuO /8|1 UO (SUOTHPUOD-pUR-SLLIB)L0D A3 | 1M Afe1q1jpU1|UO//:SANY) SUOTIPUOD Pue SWie | 3U1 89S *[£202/90/7T] U0 Afiq1auliu (1M ‘Spue|eUN 8ueIyooD Aq Z6vZT PId/TTTT 0T/10p/L00 A8 | Aeiqiut|uoy//Sdny wo.y papeojumod ‘0 ‘2S20009T


https://doi.org//10.1902/annals.1996.1.1.491
https://doi.org//10.1902/annals.1996.1.1.491
https://doi.org//10.1111/j.1600-0757.1996.tb00068.x
https://doi.org//10.1111/j.1600-0757.1996.tb00068.x
https://doi.org//10.1111/j.1600-0765.1997.tb00564.x
https://doi.org//10.1902/annals.1996.1.1.581
https://doi.org//10.1902/annals.1996.1.1.581
https://doi.org//10.1902/annals.2003.8.1.i
https://doi.org//10.1902/annals.2003.8.1.115
https://doi.org//10.1111/j.1600-051X.2005.00824.x
https://doi.org//10.1111/j.1600-051X.2005.00790.x
https://doi.org//10.1111/j.1365-2672.1996.tb04488.x
https://doi.org//10.1159/000016600
https://doi.org//10.1177/00220345010800051001
https://doi.org//10.1034/j.1399-302x.2002.170501.x
https://doi.org//10.1034/j.1600-0757.2002.280102.x
https://doi.org//10.1902/jop.2003.74.11.1647
https://doi.org//10.1111/j.1600-0765.1997.tb00560.x
https://doi.org//10.1111/j.1600-0765.1997.tb00560.x
https://doi.org//10.1111/j.0303-6979.2004.00490.x
https://doi.org//10.1111/j.1600-051X.2005.00827.x
https://doi.org//10.1111/j.1600-051X.2005.00805.x
https://doi.org//10.1111/j.1600-051X.2008.01260.x
https://doi.org//10.1111/j.1600-051X.2008.01256.x
https://doi.org//10.1111/j.1600-051X.2010.01692.x
https://doi.org//10.1111/jcpe.13264
https://doi.org//10.1034/j.1600-051x.2002.290410.x
https://doi.org//10.1111/j.1600-051X.2005.00814.x
https://doi.org//10.1111/jcpe.12299
https://doi.org//10.1902/jop.2009.080540
https://doi.org//10.1111/j.1600-051X.2011.01795.x
https://doi.org//10.1371/journal.pone.0179592
https://doi.org//10.1371/journal.pone.0179592
https://doi.org//10.1111/jcpe.12559

26
—I—W] |BaA'%& Periodontology 2000

168.

169.

170.

171.

172.
173.
174.
175.
176.
177.
178.
179.

180.
181.

182.

HERRERA ET AL.

Cosgarea R, Jepsen S, Heumann C, et al. Clinical, microbiologi-
cal, and immunological effects of 3- or 7-day systemic antibiotics
adjunctive to subgingival instrumentation in patients with ag-
gressive (stage lll/1V grade C) periodontitis: a randomized placebo-
controlled clinical trial. J Clin Periodontol. 2022;49(11):1106-1120.
doi:10.1111/jcpe.13676

Oteo A, Herrera D, Figuero E, O'Connor A, Gonzalez |, Sanz M.
Azithromycin as an adjunct to scaling and root planing in the
treatment of Porphyromonas gingivalis-associated periodon-
titis: a pilot study. J Clin Periodontol. 2010;37(11):1005-1015.
doi:10.1111/j.1600-051X.2010.01607.x

Basegmez C, Berber L, Yalcin F. Clinical and biochemical efficacy
of minocycline in nonsurgical periodontal therapy: a random-
ized controlled pilot study. J Clin Pharmacol. 2011;51(6):915-922.
doi:10.1177/0091270010373929

Emingil G, Han B, Ozdemir G, et al. Effect of azithromycin, as an
adjunct to nonsurgical periodontal treatment, on microbiological
parameters and gingival crevicular fluid biomarkers in generalized
aggressive periodontitis. J Periodontal Res. 2012;47(6):729-739.
doi:10.1111/j.1600-0765.2012.01488.x

Han B, Emingil G, Ozdemir G, et al. Azithromycin as an adjunc-
tive treatment of generalized severe chronic periodontitis: clini-
cal, microbiologic, and biochemical parameters. J Periodontol.
2012;83(12):1480-1491. doi:10.1902/jop.2012.110519

Cooper L, Stankiewicz N, Sneddon J, Seaton RA, Smith A.
Indications for the use of metronidazole in the treatment of non-
periodontal dental infections: a systematic review. JAC Antimicrob
Resist. 2022;4(4):dlac072. doi:10.1093/jacamr/dlac072

Leroy R, Bourgeois J, Verleye L, Toma S. Should systemic antibiot-
ics be prescribed in periodontal abscesses and pericoronitis? A sys-
tematic review of the literature. Eur J Oral Sci. 2022;130(4):€12884.
doi:10.1111/e0s.12884

Nibali L, Buti J, Barbato L, Cairo F, Graziani F, Jepsen S. Adjunctive
effect of systemic antibiotics in regenerative/reconstructive
periodontal surgery—a systematic review with meta-analysis.
Antibiotics (Basel). 2021;11(1):8. doi:10.3390/antibiotics11010008
Bashir NZ, Sharma P. Clarithromycin as an adjunct to periodon-
tal therapy: a systematic review and meta-analysis. Int J Dent Hyg.
2022;20(1):75-86. d0i:10.1111/idh.12498

Ai R, Nie M, Yang J, Deng D. Effects of antibiotics versus repeated
applications of photodynamic therapy as an adjunctive treat-
ment for periodontitis: a systematic review and meta-analysis.
Photobiomodul ~ Photomed Laser Surg. 2021;39(3):211-220.
doi:10.1089/photob.2020.4917

Sgolastra F, Petrucci A, Ciarrocchil, Masci C, Spadaro A. Adjunctive
systemic antimicrobials in the treatment of chronic periodontitis:
a systematic review and network meta-analysis. J Periodontal Res.
2021;56(2):236-248. doi:10.1111/jre.12821

Khattri S, Kumbargere Nagraj S, Arora A, et al. Adjunctive sys-
temic antimicrobials for the non-surgical treatment of peri-
odontitis. Cochrane Database Syst Rev. 2020;11(11):CD012568.
doi:10.1002/14651858.CD012568.pub2

Dilber E, Hagenfeld D, Ehmke B, Faggion CM Jr. A systematic
review on bacterial community changes after periodontal ther-
apy with and without systemic antibiotics: an analysis with a
wider lens. J Periodontal Res. 2020;55(6):785-800. doi:10.1111/
jre.12803

Kaufmann ME, Lenherr P, Walter C, Wiedemeier DB, Attin T,
Schmidlin PR. Systemically administered amoxicillin/ metronida-
zole versus azithromycin as adjuncts to subgingival instrumenta-
tion during non-surgical periodontal therapy. A systematic review.
Swiss Dent J. 2020;130(7-8):572-583.

Manhanini Souza EQ, Esgalha da Rocha T, Toro LF, Guiati 1Z,
Ervolino E, Garcia VG, Wainwright M, Theodoro LH Antimicrobial
photodynamic therapy compared to systemic antibiotic therapy
in non-surgical treatment of periodontitis: systematic review and

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

meta-analysis. Photodiagnosis Photodyn Ther 2020;31:101808.
10.1016/j.pdpdt.2020.101808

Pal A, Paul S, Perry R, Puryer J. Is the use of antimicrobial photody-
namic therapy or systemic antibiotics more effective in improving
periodontal health when used in conjunction with localised non-
surgical periodontal therapy? A systematic review. Dent J (Basel).
2019;7(4):108. doi:10.3390/dj7040108

Nibali L, Koidou VP, Hamborg T, Donos N. Empirical or microbio-
logically guided systemic antimicrobials as adjuncts to non-surgical
periodontal therapy? A systematic review. J Clin Periodontol.
2019;46(10):999-1012. doi:10.1111/jcpe.13164

Jagannathan N, Acharya A, Yi Farn O, Li KY, Nibali L, Pelekos G.
Disease severity, debridement approach and timing of drug modify
outcomes of adjunctive azithromycin in non-surgical management
of chronic periodontitis: a multivariate meta-analysis. BMC Oral
Health. 2019;19(1):65. doi:10.1186/s12903-019-0754-0
Renatus A, Herrmann J, Schonfelder A, Schwarzenberger F, Jentsch
H. Clinical efficacy of azithromycin as an adjunctive therapy to
non-surgical periodontal treatment of periodontitis: a systematic
review and meta-analysis. J Clin Diagn Res. 2016;10(7):ZE01-ZEQ7.
doi:10.7860/JCDR/2016/20176.8115

Dakic A, Boillot A, Colliot C, Carra MC, Czernichow S, Bouchard P.
Detection of Porphyromonas gingivalis and Aggregatibacter actino-
mycetemcomitans after systemic administration of amoxicillin plus
metronidazole as an adjunct to non-surgical periodontal therapy: a
systematic review and meta-analysis. Front Microbiol. 2016;7:1277.
doi:10.3389/fmich.2016.01277

Zandbergen D, Slot DE, Niederman R, Van der Weijden FA. The
concomitant administration of systemic amoxicillin and metroni-
dazole compared to scaling and root planing alone in treating peri-
odontitis: =a systematic review=. BMC Oral Health. 2016;16:27.
doi:10.1186/512903-015-0123-6

Smiley CJ, Tracy SL, Abt E, et al. Systematic review and meta-
analysis on the nonsurgical treatment of chronic periodon-
titis by means of scaling and root planing with or without
adjuncts. J Am Dent Assoc. 2015;146(7):508-24.e5. doi:10.1016/j.
adaj.2015.01.028

Buset SL, Zitzmann NU, Weiger R, Walter C. Non-surgical peri-
odontal therapy supplemented with systemically administered
azithromycin: a systematic review of RCTs. Clin Oral Investig.
2015;19(8):1763-1775. doi:10.1007/s00784-015-1499-z

Canas PG, Khouly I, Sanz J, Loomer PM. Effectiveness of systemic
antimicrobial therapy in combination with scaling and root planing
in the treatment of periodontitis: a systematic review. J Am Dent
Assoc. 2015;146(3):150-163. doi:10.1016/j.adaj.2014.12.015
Kolakovic M, Held U, Schmidlin PR, Sahrmann P. An estimate of
pocket closure and avoided needs of surgery after scaling and root
planing with systemic antibiotics: a systematic review. BMC Oral
Health. 2014;14:159. doi:10.1186/1472-6831-14-159

Keestra JA, Grosjean |, Coucke W, Quirynen M, Teughels W. Non-
surgical periodontal therapy with systemic antibiotics in patients
with untreated aggressive periodontitis: a systematic review and
meta-analysis. J Periodontal Res. 2015;50(6):689-706. doi:10.1111/
jre.12252

Keestra JA, Grosjean |, Coucke W, Quirynen M, Teughels W. Non-
surgical periodontal therapy with systemic antibiotics in patients
with untreated chronic periodontitis: a systematic review and
meta-analysis. J Periodontal Res. 2015;50(3):294-314. doi:10.1111/
jre.12221

Zandbergen D, Slot DE, Cobb CM, Van der Weijden FA. The
clinical effect of scaling and root planing and the concomitant
administration of systemic amoxicillin and metronidazole: a sys-
tematic review. J Periodontol. 2013;84(3):332-351. doi:10.1902/
jop.2012.120040

Sgolastra F, Gatto R, Petrucci A, Monaco A. Effectiveness of sys-
temic amoxicillin/metronidazole as adjunctive therapy to scaling

85U017 SUOWIWOD 8AITE81D 3dedldde au Ag peusenob a e ssppiie YO ‘88N JO Se|nl 1oy Ariqi]8uljuO /8|1 UO (SUOTHPUOD-pUR-SLLIB)L0D A3 | 1M Afe1q1jpU1|UO//:SANY) SUOTIPUOD Pue SWie | 3U1 89S *[£202/90/7T] U0 Afiq1auliu (1M ‘Spue|eUN 8ueIyooD Aq Z6vZT PId/TTTT 0T/10p/L00 A8 | Aeiqiut|uoy//Sdny wo.y papeojumod ‘0 ‘2S20009T


https://doi.org//10.1111/jcpe.13676
https://doi.org//10.1111/j.1600-051X.2010.01607.x
https://doi.org//10.1177/0091270010373929
https://doi.org//10.1111/j.1600-0765.2012.01488.x
https://doi.org//10.1902/jop.2012.110519
https://doi.org//10.1093/jacamr/dlac072
https://doi.org//10.1111/eos.12884
https://doi.org//10.3390/antibiotics11010008
https://doi.org//10.1111/idh.12498
https://doi.org//10.1089/photob.2020.4917
https://doi.org//10.1111/jre.12821
https://doi.org//10.1002/14651858.CD012568.pub2
https://doi.org//10.1111/jre.12803
https://doi.org//10.1111/jre.12803
https://doi.org//10.1016/j.pdpdt.2020.101808
https://doi.org//10.3390/dj7040108
https://doi.org//10.1111/jcpe.13164
https://doi.org//10.1186/s12903-019-0754-0
https://doi.org//10.7860/JCDR/2016/20176.8115
https://doi.org//10.3389/fmicb.2016.01277
https://doi.org//10.1186/s12903-015-0123-6
https://doi.org//10.1016/j.adaj.2015.01.028
https://doi.org//10.1016/j.adaj.2015.01.028
https://doi.org//10.1007/s00784-015-1499-z
https://doi.org//10.1016/j.adaj.2014.12.015
https://doi.org//10.1186/1472-6831-14-159
https://doi.org//10.1111/jre.12252
https://doi.org//10.1111/jre.12252
https://doi.org//10.1111/jre.12221
https://doi.org//10.1111/jre.12221
https://doi.org//10.1902/jop.2012.120040
https://doi.org//10.1902/jop.2012.120040

HERRERA ET AL.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

211.

212.

and root planing in the treatment of chronic periodontitis: a sys-
tematic review and meta-analysis. J Periodontol. 2012;83(10):1257-
1269. doi:10.1902/jop.2012.110625

Sgolastra F, Petrucci A, Gatto R, Monaco A. Effectiveness of sys-
temic amoxicillin/metronidazole as an adjunctive therapy to full-
mouth scaling and root planing in the treatment of aggressive
periodontitis: a systematic review and meta-analysis. J Periodontol.
2012;83(6):731-743. doi:10.1902/jop.2011.1104 32

Green S. Systematic reviews and meta-analysis. Singapore Med J.
2005;46(6):270-273. quiz 274.

Gopalakrishnan S, Ganeshkumar P. Systematic reviews and meta-
analysis: understanding the best evidence in primary health-
care. J Family Med Prim Care. 2013;2(1):9-14. doi:10.4103/224
9-4863.109934

Sackett DL, Rosenberg WM, Gray JA, Haynes RB, Richardson
WS. Evidence based medicine: what it is and what it isn't. BMJ.
1996;312(7023):71-72. d0i:10.1136/bm;j.312.7023.71

Ried K. Interpreting and understanding meta-analysis graphs—a
practical guide. Aust Fam Physician. 2006;35(8):635-638.

Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group.
Preferred reporting items for systematic reviews and meta-
analyses: the PRISMA statement. PLoS Med. 2009;6(7):e1000097.
doi:10.1371/journal.pmed.1000097

Leroy R, Bourgeois J, Verleye L, et al. Guideline on the prudent
prescription of antibiotics in the dental office—Short report. Good
Clinical Practice (GCP). 2021. KCE Reports 332C. https://kce.fgov.
be/sites/default/files/2021-11/KCE_332C_Antibiotics_in_den-
tal_office_Short%20report.pdf

Leroy R, Christiaens W, Maertens de Noordhout C, Hanquet
G. Proposals for a more effective antibiotic policy in Belgium—
Short report. 2019. KCE Reports 311. https://kce.fgov.be/sites/
default/files/2021-11/KCE_311C_Antibiotics_politics_Short_
Report.pdf

Chen JT, Wu IT, Huang RY, et al. Recommendations for treating
stage I-1ll periodontitis in the Taiwanese population: a consensus
report from the Taiwan Academy of Periodontology. J Formos Med
Assoc. 2021;120(12):2072-2088. doi:10.1016/j.jfma.2021.06.029
Chen B, Li YF, Chen RX, et al. Interpretation of the European
Federation of Periodontology S3 level clinical practice guide-
line for treatment of stage IV periodontitis. Zhonghua Kou
Qiang Yi Xue Za Zhi. 2022;57(12):1195-1201. doi:10.3760/
cma.j.cn112144-20220803-00437

Greenhalgh T. Papers that summarise other papers (system-
atic reviews and meta-analyses). BMJ. 1997;315(7109):672-675.
doi:10.1136/bmj.315.7109.672

Hersh EV, Moore PA. Adverse drug interactions
in dentistry. Periodontol 2000. 2008;46:109-142.
doi:10.1111/j.1600-0757.2008.00224.x

Mergenhagen KA, Wattengel BA, Skelly MK, Clark CM, Russo
TA. Fact versus fiction: a review of the evidence behind alco-
hol and antibiotic interactions. Antimicrob Agents Chemother.
2020;64(3):e02167-19. doi:10.1128/aac.02167-19

Adil M, Igbal W, Adnan F, et al. Association of metronidazole with
cancer: a potential risk factor or inconsistent deductions? Curr
Drug Metab. 2018;19(11):902-909. doi:10.2174/13892002196661
80329124130

WHO. Antimicrobial resistance: global report on surveillance.
World Health Organization. https://apps.who.int/iris/bitstream/
handle/10665/112647/WHO_HSE_PED_AIP_2014.2_eng.pdf;-
jsessionid=9DBE648829224D98A1D5AB70B67E4D4A?seque
nce=1

Cassini A, Hogberg LD, Plachouras D, et al. Attributable deaths
and disability-adjusted life-years caused by infections with
antibiotic-resistant bacteria in the EU and the European Economic
Area in 2015: a population-level modelling analysis. Lancet Infect
Dis. 2019;19(1):56-66. doi:10.1016/s1473-3099(18)30605-4

213.

214.

215.

216.

217.

218.

219.

220.

221.

222.

223.

224.

225.

226.

227.

228.

peracartaooy 2000 SIS

Elias C, Moja L, Mertz D, Loeb M, Forte G, Magrini N. Guideline
recommendations and antimicrobial resistance: the need
for a change. BMJ Open. 2017;7(7):e016264. doi:10.1136/
bmjopen-2017-016264

Herrera D, van Winkelhoff AJ, Dellemijn-Kippuw N, Winkel EG,
Sanz M. Beta-lactamase producing bacteria in the subgingival mi-
croflora of adult patients with periodontitis. A comparison between
Spain and the Netherlands. J Clin Periodontol. 2000;27(7):520-525.
doi:10.1034/j.1600-051x.2000.027007520.x

van Winkelhoff AJ, Herrera D, Oteo A, Sanz M. Antimicrobial pro-
files of periodontal pathogens isolated from periodontitis patients
in the Netherlands and Spain. J Clin Periodontol. 2005;32(8):893-
898.doi:10.1111/j.1600-051X.2005.00782.x

van Winkelhoff AJ, Herrera Gonzales D, Winkel EG,
Dellemijn-Kippuw N, Vandenbroucke-Grauls CM, Sanz M.
Antimicrobial resistance in the subgingival microflora in pa-
tients with adult periodontitis. A comparison between the
Netherlands and Spain. J Clin Periodontol. 2000;27(2):79-86.
doi:10.1034/j.1600-051x.2000.027002079.x

European Centre for Disease Prevention and Control. Proposals
for EU Guidelines on the Prudent Use of Antimicrobials in Humans.
ECDC, 2017.

Badersten A, Nilvéus R, Egelberg J. Effect of nonsurgical peri-
odontal therapy. |. Moderately advanced periodontitis. J Clin
Periodontol. 1981;8(1):57-72.

Haffajee AD, Cugini MA, Dibart S, Smith C, Kent RL, Socransky SS.
The effect of SRP on the clinical and microbiological parameters of
periodontal diseases. J Clin Periodontol. 1997;24(5):324-334.

Salvi GE, Stahli A, Schmidt JC, Ramseier CA, Sculean A, Walter
C. Adjunctive laser or antimicrobial photodynamic therapy to
non-surgical mechanical instrumentation in patients with un-
treated periodontitis: a systematic review and meta-analysis. J Clin
Periodontol. 2020;47(Suppl 22):176-198. doi:10.1111/jcpe.13236
Donos N, Calciolari E, Brusselaers N, Goldoni M, Bostanci
N, Belibasakis GN. The adjunctive use of host modulators in
non-surgical periodontal therapy. A systematic review of ran-
domized, placebo-controlled clinical studies. J Clin Periodontol.
2020;47(Suppl 22):199-238. doi:10.1111/jcpe.13232
Hajishengallis G, Darveau RP, Curtis MA. The keystone-pathogen
hypothesis. Nat Rev Microbiol. 2012;10(10):717-725. doi:10.1038/
nrmicro2873

Hajishengallis G, Lamont RJ. Beyond the red complex and into
more complexity: the polymicrobial synergy and dysbiosis
(PSD) model of periodontal disease etiology. Mol Oral Microbiol.
2012;27(6):409-419. d0i:10.1111/j.2041-1014.2012.00663.x
Caton JG, Ciancio SG, Blieden TM, et al. Treatment with subanti-
microbial dose doxycycline improves the efficacy of scaling and
root planing in patients with adult periodontitis. J Periodontol.
2000;71(4):521-532. doi:10.1902/jop.2000.71.4.521

Golub LM, McNamara TF, Ryan ME, et al. Adjunctive treat-
ment with subantimicrobial doses of doxycycline: effects
on gingival fluid collagenase activity and attachment loss in
adult periodontitis. J Clin Periodontol. 2001;28(2):146-156.
doi:10.1034/j.1600-051x.2001.028002146.x

Haas AN, de Castro GD, Moreno T, et al. Azithromycin as an ad-
junctive treatment of aggressive periodontitis: 12-months ran-
domized clinical trial. J Clin Periodontol. 2008;35(8):696-704.
doi:10.1111/j.1600-051X.2008.01254.x

Mestnik MJ, Feres M, Figueiredo LC, Duarte PM, Lira EA, Faveri
M. Short-term benefits of the adjunctive use of metronidazole plus
amoxicillin in the microbial profile and in the clinical parameters of
subjectswithgeneralizedaggressive periodontitis.J Clin Periodontol.
2010;37(4):353-365. d0i:10.1111/j.1600-051X.2010.01538.x

Heller D, Varela VM, Silva-Senem MX, Torres MC,
Feres-Filho EJ, Colombo AP. Impact of systemic an-
timicrobials  combined  with  anti-infective  mechanical

85U017 SUOWIWOD 8AITE81D 3dedldde au Ag peusenob a e ssppiie YO ‘88N JO Se|nl 1oy Ariqi]8uljuO /8|1 UO (SUOTHPUOD-pUR-SLLIB)L0D A3 | 1M Afe1q1jpU1|UO//:SANY) SUOTIPUOD Pue SWie | 3U1 89S *[£202/90/7T] U0 Afiq1auliu (1M ‘Spue|eUN 8ueIyooD Aq Z6vZT PId/TTTT 0T/10p/L00 A8 | Aeiqiut|uoy//Sdny wo.y papeojumod ‘0 ‘2S20009T


https://doi.org//10.1902/jop.2012.110625
https://doi.org//10.1902/jop.2011.110432
https://doi.org//10.4103/2249-4863.109934
https://doi.org//10.4103/2249-4863.109934
https://doi.org//10.1136/bmj.312.7023.71
https://doi.org//10.1371/journal.pmed.1000097
https://kce.fgov.be/sites/default/files/2021-11/KCE_332C_Antibiotics_in_dental_office_Short report.pdf
https://kce.fgov.be/sites/default/files/2021-11/KCE_332C_Antibiotics_in_dental_office_Short report.pdf
https://kce.fgov.be/sites/default/files/2021-11/KCE_332C_Antibiotics_in_dental_office_Short report.pdf
https://kce.fgov.be/sites/default/files/2021-11/KCE_311C_Antibiotics_politics_Short_Report.pdf
https://kce.fgov.be/sites/default/files/2021-11/KCE_311C_Antibiotics_politics_Short_Report.pdf
https://kce.fgov.be/sites/default/files/2021-11/KCE_311C_Antibiotics_politics_Short_Report.pdf
https://doi.org//10.1016/j.jfma.2021.06.029
https://doi.org//10.3760/cma.j.cn112144-20220803-00437
https://doi.org//10.3760/cma.j.cn112144-20220803-00437
https://doi.org//10.1136/bmj.315.7109.672
https://doi.org//10.1111/j.1600-0757.2008.00224.x
https://doi.org//10.1128/aac.02167-19
https://doi.org//10.2174/1389200219666180329124130
https://doi.org//10.2174/1389200219666180329124130
https://apps.who.int/iris/bitstream/handle/10665/112647/WHO_HSE_PED_AIP_2014.2_eng.pdf;jsessionid=9DBE648829224D98A1D5AB70B67E4D4A?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/112647/WHO_HSE_PED_AIP_2014.2_eng.pdf;jsessionid=9DBE648829224D98A1D5AB70B67E4D4A?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/112647/WHO_HSE_PED_AIP_2014.2_eng.pdf;jsessionid=9DBE648829224D98A1D5AB70B67E4D4A?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/112647/WHO_HSE_PED_AIP_2014.2_eng.pdf;jsessionid=9DBE648829224D98A1D5AB70B67E4D4A?sequence=1
https://doi.org//10.1016/s1473-3099(18)30605-4
https://doi.org//10.1136/bmjopen-2017-016264
https://doi.org//10.1136/bmjopen-2017-016264
https://doi.org//10.1034/j.1600-051x.2000.027007520.x
https://doi.org//10.1111/j.1600-051X.2005.00782.x
https://doi.org//10.1034/j.1600-051x.2000.027002079.x
https://doi.org//10.1111/jcpe.13236
https://doi.org//10.1111/jcpe.13232
https://doi.org//10.1038/nrmicro2873
https://doi.org//10.1038/nrmicro2873
https://doi.org//10.1111/j.2041-1014.2012.00663.x
https://doi.org//10.1902/jop.2000.71.4.521
https://doi.org//10.1034/j.1600-051x.2001.028002146.x
https://doi.org//10.1111/j.1600-051X.2008.01254.x
https://doi.org//10.1111/j.1600-051X.2010.01538.x

28
—I—W] |BaA'%& Periodontology 2000

229.

230.
231.
232.
233.
234.

235.

236.

HERRERA ET AL.

debridement on the microbiota of generalized aggressive peri-
odontitis: a 6-month RCT. J Clin Periodontol. 2011;38(4):355-364.
doi:10.1111/j.1600-051X.2011.01707.x

Pradeep AR, Kathariya R. Clarithromycin, as an adjunct to non
surgical periodontal therapy for chronic periodontitis: a double
blinded, placebo controlled, randomized clinical trial. Arch Oral Biol.
2011;56(10):1112-1119. doi:10.1016/j.archoralbio.2011.03.021
Sampaio E, Rocha M, Figueiredo LC, et al. Clinical and mi-
crobiological effects of azithromycin in the treatment of
generalized chronic periodontitis: a randomized placebo-
controlled clinical trial. J Clin Periodontol. 2011;38(9):838-846.
doi:10.1111/j.1600-051X.2011.01766.x

Casarin RC, Peloso Ribeiro ED, Sallum EA, Nociti FH, Goncalves RB,
Casati MZ. The combination of amoxicillin and metronidazole im-
proves clinical and microbiologic results of one-stage, full-mouth,
ultrasonic debridement in aggressive periodontitis treatment. J
Periodontol. 2012;83(8):988-998. doi:10.1902/jop.2012.110513
Feres M, Soares GM, Mendes JA, et al. Metronidazole alone or
with amoxicillin as adjuncts to non-surgical treatment of chronic
periodontitis: a 1-year double-blinded, placebo-controlled, ran-
domized clinical trial. J Clin Periodontol. 2012;39(12):1149-1158.
doi:10.1111/jcpe.12004

Pradeep AR, Kalra N, Priyanka N, Khaneja E, Naik SB, Singh SP.
Systemic ornidazole as an adjunct to non-surgical periodontal
therapy in the treatment of chronic periodontitis: a randomized,
double-masked, placebo-controlled clinical trial. J Periodontol.
2012;83(9):1149-1154. d0i:10.1902/jop.2012.110560

Preus HR, Gunleiksrud TM, Sandvik L, Gjermo P, Baelum V. A ran-
domized, double-masked clinical trial comparing four periodon-
titis treatment strategies: 1-year clinical results. J Periodontol.
2013;84(8):1075-1086. d0i:10.1902/jop.2012.120400

Ardila CM, Martelo-Cadavid JF, Boderth-Acosta G, Ariza-Garcés
AA, Guzman IC. Adjunctive moxifloxacin in the treatment of gen-
eralized aggressive periodontitis patients: clinical and microbio-
logical results of a randomized, triple-blind and placebo-controlled
clinical trial. J Clin Periodontol. 2015;42(2):160-168. doi:10.1111/
jcpe.12345

Harks |, Koch R, Eickholz P, et al. Is progression of peri-
odontitis relevantly influenced by systemic antibiotics? A

237.

238.

239.

240.

241.

clinical randomized trial. J Clin Periodontol. 2015;42(9):832-842.
doi:10.1111/jcpe.12441

Martande SS, Pradeep AR, Singh SP, et al. Clinical and microbio-
logical effects of systemic azithromycin in adjunct to nonsurgical
periodontal therapy in treatment of Aggregatibacter actinomy-
cetemcomitans associated periodontitis: a randomized placebo-
controlled clinical trial. J Investig Clin Dent. 2016;7(1):72-80.
doi:10.1111/jicd.12115

Taiete T, Casati MZ, Ribeiro EP, Sallum EA, Nociti Junior FH,
Casarin RC. Amoxicillin/metronidazole associated with nonsurgi-
cal therapy did not promote additional benefits in immunologic
parameters in generalized aggressive periodontitis: a random-
ized controlled clinical trial. Quintessence Int. 2016;47(4):281-292.
doi:10.3290/j.qi.a34723

Andere NM, Castro dos Santos NC, Araujo CF, et al. Clarithromycin
as an adjunct to one-stage full-mouth ultrasonic periodontal de-
bridement in generalized aggressive periodontitis: a randomized
controlled clinical trial. J Periodontol. 2017;88(12):1244-1252.
doi:10.1902/jop.2017.170165

Borges |, Faveri M, Figueiredo LC, et al. Different antibiotic proto-
cols in the treatment of severe chronic periodontitis: a 1-year ran-
domized trial. J Clin Periodontol. 2017;44(8):822-832. doi:10.1111/
jcpe. 12721

Morales A, Gandolfo A, Bravo J, et al. Microbiological and clini-
cal effects of probiotics and antibiotics on nonsurgical treatment
of chronic periodontitis: a randomized placebo- controlled trial
with 9-month follow-up. J Appl Oral Sci. 2018;26:e20170075.
doi:10.1590/1678-7757-2017-0075

How to cite this article: Herrera D, van Winkelhoff AJ,

Matesanz P, Lauwens K, Teughels W. Europe's contribution

to the evaluation of the use of systemic antimicrobials in the
treatment of periodontitis. Periodontol 2000. 2023;00:1-28.
doi:10.1111/prd.12492

85U017 SUOWIWOD 8AITE81D 3dedldde au Ag peusenob a e ssppiie YO ‘88N JO Se|nl 1oy Ariqi]8uljuO /8|1 UO (SUOTHPUOD-pUR-SLLIB)L0D A3 | 1M Afe1q1jpU1|UO//:SANY) SUOTIPUOD Pue SWie | 3U1 89S *[£202/90/7T] U0 Afiq1auliu (1M ‘Spue|eUN 8ueIyooD Aq Z6vZT PId/TTTT 0T/10p/L00 A8 | Aeiqiut|uoy//Sdny wo.y papeojumod ‘0 ‘2S20009T


https://doi.org//10.1111/j.1600-051X.2011.01707.x
https://doi.org//10.1016/j.archoralbio.2011.03.021
https://doi.org//10.1111/j.1600-051X.2011.01766.x
https://doi.org//10.1902/jop.2012.110513
https://doi.org//10.1111/jcpe.12004
https://doi.org//10.1902/jop.2012.110560
https://doi.org//10.1902/jop.2012.120400
https://doi.org//10.1111/jcpe.12345
https://doi.org//10.1111/jcpe.12345
https://doi.org//10.1111/jcpe.12441
https://doi.org//10.1111/jicd.12115
https://doi.org//10.3290/j.qi.a34723
https://doi.org//10.1902/jop.2017.170165
https://doi.org//10.1111/jcpe.12721
https://doi.org//10.1111/jcpe.12721
https://doi.org//10.1590/1678-7757-2017-0075
https://doi.org/10.1111/prd.12492

	Europe's contribution to the evaluation of the use of systemic antimicrobials in the treatment of periodontitis
	1|INTRODUCTION
	2|RATIONALE FOR THE USE OF ANTIMICROBIALS IN THE MANAGEMENT OF PERIODONTAL DISEASES
	2.1|Objective of the use of antimicrobials
	2.2|Nature of the disease

	3|EVALUATION OF SYSTEMIC ANTIBIOTICS IN THE TREATMENT OF PERIODONTAL DISEASES: HISTORICAL PERSPECTIVE AND EUROPEAN CONTRIBUTIONS
	3.1|From the 1960s to the 1980s: The pioneer studies
	3.1.1|Tetracyclines
	3.1.2|Metronidazole
	3.1.3|Penicillins
	3.1.4|Macrolides
	3.1.5|Other systemic antimicrobials

	3.2|The 1990s: Europe takes the lead
	3.2.1|Research in Europe in the 1960s-­1980s
	3.2.2|Research in Europe in the 1990s: Amoxicillin plus metronidazole
	3.2.3|Research in Europe in the 1990s: Other studies

	3.3|The 21st century: The impact of the workshops
	3.3.1|European and world workshops in the 20th century
	3.3.2|European workshops in the 21st century: The first workshop based on systematic reviews (2002)
	3.3.3|European workshops in the 21st century: Advances in etiology and pathogenesis (2005)
	3.3.4|European workshops in the 21st century: How systemic antimicrobials should be used (2008)
	3.3.5|European workshops in the 21st century: European workshops moved to Spain

	3.4|The 21st century: The impact of randomized clinical trials
	3.4.1|The United Kingdom studies on amoxicillin and metronidazole
	3.4.2|Additional studies on amoxicillin and metronidazole
	3.4.3|Studies on azithromycin and minocycline
	3.4.4|A long-­term study on metronidazole


	4|EVALUATION OF SYSTEMIC ANTIBIOTICS IN THE TREATMENT OF PERIODONTAL DISEASES: CONTEMPORARY PERSPECTIVES
	4.1|The impact of systematic reviews
	4.2|The impact of the European Federation of Periodontology clinical practice guideline
	4.2.1|The systematic review on systemic antimicrobials
	4.2.2|The clinical practice guideline


	5|AND THE FUTURE?
	5.1|The negative consequences of using systemic antimicrobials
	5.2|The need for systemic antimicrobials in the treatment of periodontitis

	6|SUMMARY AND CONCLUSIONS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


