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Abstract 
Bacterial plaque represents the main causing factor for the periodontal impairment. The etiological 

treatment includes measures of scaling and root planing but, in certain cases, these measures prove to 

be insufficient. Often, incorporation of an appropriate chemotherapeutic agent in conjunction with 

mechanical instrumentation provides an additional antimicrobial effect offering increased opportunity 

to control disease. The aim of this review is to provide an insight on the main locally delivered 

chemotherapeutic agents. 
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Introduction 

A wealth of evidence obtained over 

the past 30 years or so clearly indicates 

that most destructive periodontal diseases 

occur due to the presence of pathogenic 

microorganisms that colonize the 

subgingival biofilm. A number of these 

microorganisms have been identified as 

individual species or inhabitants of 

bacterial complexes. Their presence is 

considered a significant risk factor for 

additional disease activity as well as a 

potential indicator for therapy. There is 

also evidence that suppression or 

eradication of these microorganisms 

results in an improvement in periodontal 

health and perhaps even systemic health. 

Mechanical removal of subgingival 

plaque is effective both in reducing total 

bacterial load and in disrupting the 

biofilm. This is an absolutely essential step 

in any form of nonsurgical periodontal 

therapy and is often sufficient to control 

the progress of periodontal disease in a 

majority of patients. However, for some 

patients, mechanical instrumentation of the 

infected area is not sufficient to control 

disease progression. Failure to obtain a 

favorable response may be due to 

inadequacy of the host’s immune response, 

the ability of the pathogen(s) to escape, 

either by invading gingival tissue or 

finding shelter in an unreachable site, 

limited access, instrument availability, 

operator skill, or a host of other possible 

factors. Often, incorporation of an 

appropriate chemotherapeutic agent in 

conjunction with mechanical 

instrumentation provides an additional 

antimicrobial effect offering increased 

opportunity to control disease.  

An anti-infective agent is a 

chemotherapeutic agent that acts by 

reducing the number of bacteria present. 

An antibiotic is a naturally occurring, 

semisynthetic, or synthetic type of anti-

infective agent that destroys or inhibits the 

growth of selective microorganisms, 

generally at low concentrations. An 

antiseptic is a chemical antimicrobial 

agent applied topically or subgingivally to 

mucous membranes, wounds, or intact 

dermal surfaces to destroy microorganisms 

and inhibit their reproduction or 

metabolism. In dentistry, antiseptics are 

widely used as the active ingredient in 

antiplaque oral rinses and dentifrices. 

Disinfectants, a subcategory of antiseptics, 
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are antimicrobial agents that are generally 

applied to inanimate surfaces to destroy 

microorganisms [1]. 

Anti-infective agents can be 

administered locally or orally. When 

administered orally, many of these agents 

can be found in gingival crevicular fluid 

(GCF). With either approach, their 

purpose is to reduce the number of 

bacteria present in the diseased periodontal 

pocket. Systemic administration of 

antibiotics may be a necessary adjunct in 

controlling bacterial infection because 

bacteria can invade periodontal tissues, 

making mechanical therapy alone 

sometimes ineffective. Local 

administration of anti-infective agents, 

generally directly in the pocket, has the 

potential to provide greater concentrations 

directly to the infected area and reduce 

possible systemic side effects. 

 

 Local delivery of tetracycline 

Within the past decade, several 

locally applied controlled delivery 

products have been approved by the 

United States Food and Drug 

Administration for the treatment of 

periodontitis. The concept that local 

delivery of an antibiotic into the 

periodontal pocket achieves a greater, 

more potent concentration of drug than 

available with systemic delivery is very 

appealing. The amount of drug delivered 

often creates sulcular medication 

concentrations exceeding the equivalent of 

1 mg ⁄ml (1,000 lg ⁄ml). This level is 

considered bactericidal for the majority of 

bacteria that exhibit resistance to 

systemically delivered concentrations. 

Equally important, local delivery of an 

antibiotic exhibits a negligible impact on 

the microflora residing in other regions of 

the body. The periodontal pocket is a 

unique infection site. It is readily 

accessible to the clinician and can be 

individually monitored to determine 

treatment response. 

Microbiologically, the concept of 

treating only those sites that are deemed to 

be in need of treatment by mechanically 

removing subgingival plaque, then 

subsequently applying a locally delivered 

antimicrobial, appears ideal. In theory, 

mechanical debridement serves to disrupt 

and displace the biofilm.  

Locally administered antibiotics, at 

concentrations much greater than can be 

achieved systemically, aid in site-specific 

elimination of residual bacteria. 

Tetracycline, doxycycline, and 

minocycline have been individually 

incorporated into local continuous delivery 

devices and made commercially available 

to the practitioner. However, the clinical 

practitioner has been slow to accept these 

devices. The learning curve required to 

become proficient in the use of the 

materials and the time required to treat 

multiple periodontal sites have certainly 

contributed to this. However, it seems that 

the major factor has been the lack of 

sufficient clinical response. Both 

tetracycline, 12.7 mg tetracycline-HCl in 

an ethylene ⁄vinyl acetate copolymer fiber 

(Actisite), and doxycycline, 10% 

doxycycline hyclate in a gel delivery 

system (Atridox) (Figure 1), have been 

subjected to extensive testing [2]. 
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Fig. 1 Placement of 10% Doxycycline gel (Atridox) 

 

Both systems, in a number of 

clinical trials, have been demonstrated to 

give statistically significant improvements 

in clinical (attachment level and probing 

pocket depth) and microbial parameters 

over those obtained with mechanical 

debridement alone [3]. However, some 

practitioners question whether these 

statistically significant changes are 

predictable and accurately measurable 

over time, whether the results can be 

generalized to their individual patient 

population, and their exact clinical 

significance. It is perhaps unfortunate that 

most of the clinical trials were with 

nonaggressive periodontitis (chronic adult 

periodontitis) subjects. These subjects 

often respond so well to scaling and root 

planning that it is difficult to demonstrate 

additional significant clinical improvement 

when a locally delivered antibiotic is used. 

Minocycline, the most 

lipophilic of the tetracyclines, has also 

been incorporated into a local delivery 

device consisting of minocycline-HCl 

microspheres (Arestin) (Figure 2). 

Although clinical trials have not been as 

extensive as with the other two, a 

multicenter trial reported significant 

improvement in probing pocket depth in 

subjects treated with minocycline and SRP 

compared to SRP plus vehicle or SRP 

alone [4]. 

 

 
Fig.2 Placement of minocycline microspheres (Arestin) 

 

Overall, continuous release 

local antibiotic delivery systems have not 

been the panacea to periodontitis that was 

expected. However, this is not to say that 

these do not have a place in periodontal 

therapy. Intuitively, these systems seem 

ideal for the treatment of recurring and ⁄or 

refractory periodontitis, the treatment of 

individual sites that fail to respond 

satisfactorily to conventional therapy, and 

the treatment of periodontitis patients with 

underlying immunosuppressive systemic 

diseases such as diabetes.  

 

Local delivery of metronidazole 

Given metronidazole spectrum 

of activity against most 

periodontopathogenic bacteria, its 
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incorporation into a vehicle for local 

delivery seems natural. Localized delivery 

of metronidazole to specific, diseased sites 

would allow minimal amounts of drug to 

achieve high concentrations, alleviating 

many adverse reactions and unpleasant 

side-effects associated with systemic 

administration [5]. Several systems 

providing various mechanisms for local 

delivery of metronidazole into periodontal 

pockets have been tested. However, the 

majority were never made commercially 

available. An exception to the above is 

Elyzol. Elyzol is a 25% metronidazole 

dental gel consisting of metronidazole 

benzoate in a mixture of mono- and 

triglycerides. The formulation is delivered 

as a liquid to the periodontal pocket using 

a syringe device and changes immediately 

to a gel upon contact with the gingival 

fluid. Metronidazole benzoate gradually 

disintegrates into metronidazole and 

delivers high concentrations of the drug to 

the periodontal pocket for approximately 

24 h after placement [6]. Normally, two 

applications of the dental gel administered 

1 week apart are recommended. 

Several studies have 

investigated the efficacy of metronidazole 

gel in conjunction with and without SRP. 

Use of gel alone was reported to yield 

results similar to those obtained with SRP 

for reduction of bleeding upon probing and 

pocket depth [7]. Both treatments resulted 

in a significant reduction in spirochetes 

and in black-pigmenting anaerobes. 

Concurrent use of metronidazole dental 

gel and SRP did not demonstrate 

significant clinical improvements over 

SRP alone. It is difficult to ascertain 

whether local delivery of metronidazole as 

an adjunct to SRP conveys a significant 

clinical advantage over SRP alone. There 

are, perhaps, some explanations as to why 

greater clinical benefits were not realized. 

One may be that metronidazole dental gel 

releases metronidazole in more of a burst, 

i.e. greater concentrations are achieved 

during the first 24 h following placement, 

rather than a methodical, continuous level 

of drug delivery over days. Therefore, the 

drug may not be available for a sufficient 

period of time. Secondly, the documented 

studies primarily evaluated patients with 

chronic periodontitis (nonaggressive 

periodontitis). Historically, these patients 

respond so well to SRP alone that it is 

difficult to objectively measure, compare, 

and isolate any additional improvement 

gained from incorporation of an adjunctive 

antibiotic [8]. This latter is an unfortunate 

shortcoming of many clinical trials 

seeking to determine whether adjunctive 

antibiotics convey added benefits. The vast 

majority of chronic periodontitis patients 

neither need nor benefit from adjunctive 

antibiotic therapy. 

 

Other antimicrobials 

Antimicrobials other than 

antibiotics have been used with varying 

success in the treatment of various 

periodontal disease syndromes. Limited 

success, or more often the lack of success, 

is primarily attributed to a combination of 

two factors. First, the route of 

antimicrobial administration, with the 

exception of systemic antibiotics, is almost 

always topical due to potential toxicity. 

Second, the anatomy of the diseased site, a 

periodontal pocket, is unique. Several 

factors influence the effectiveness of an 

antimicrobial in eliminating, reducing, or 

controlling diseases with a periodontal 

pocket.  

The antimicrobial must 

successfully reach the target 

microorganisms within the subgingival 

plaque. It must achieve a concentration 

sufficient to inhibit target microorganisms. 

and this concentration must be maintained 

at a minimally sustained level for a 

sufficient period of time [9].  

Antimicrobial success at attaining 

all of these goals has proven difficult. The 

periodontal pocket is bathed in gingival 

crevice fluid, derived from serum. During 

systemic delivery, an agent is carried into 
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the pocket via the gingival crevice fluid. 

During topical application or local 

delivery of an agent, gingival crevice fluid 

flow may dilute or completely wash the 

agent out of the periodontal pocket.  

Inflamed periodontal pockets 

exhibiting probing depths of 5–6 mm have 

been shown to have a gingival crevice 

fluid outflow equal to or greater than 20 ll 

⁄h. This is equivalent to a pocket volume 

turnover of around 40 times per hour. 

Gingival crevice fluid movement makes 

pocket penetration of antimicrobial agents 

from oral health products such as 

mouthrinses or toothpastes 

(e.g.chlorhexidine, essential oils, triclosan, 

etc.) highly improbable. However, these 

agents often provide excellent prevention 

of supragingival plaque accumulation, and 

serve important roles in individualized oral 

hygiene programs [10]. Studies by 

Axelsson et al. [11] have demonstrated the 

importance of adequate oral hygiene on 

long-term maintenance of periodontal 

health following periodontal treatment.  

However, antimicrobials and 

antiseptics incorporated into mouthrinses 

and dentifrices have little if any effect on 

existing subgingival plaque because of 

their inability to penetrate into the 

periodontal pocket and achieve or 

maintain chemotherapeutic concentrations. 

A number of chemotherapeutic agents 

have employed oral irrigation as an 

alternative delivery system for accessing 

the periodontal pocket. This approach has 

achieved limited success. Again, the 

washout effect from gingival crevice fluid 

flow together with the protective nature of 

subgingival biofilm probably accounts for 

the difficulty in demonstrating significant 

long-term beneficial effects following 

irrigation delivery of chemotherapeutic 

agents.  

As previously discussed, 

microorganisms in the subgingival biofilm 

are several orders of magnitude more 

resistant to antimicrobials than are 

planktonic grown bacteria. To obtain 

maximum effectiveness, an antimicrobial 

should attain and maintain adequate 

concentration within the pocket 

environment for a sufficient period of 

time. Due to the constant outflow of 

gingival crevice fluid, the expected half-

life of an antimicrobial in the periodontal 

pocket, unless it is incorporated in a 

continuous release device, is around 1 min. 

 

Chlorhexidine 

Chlorhexidine has often been 

employed as an adjunct to mechanical 

debridement due to its broad-spectrum 

antimicrobial activity, substantivity in the 

oral cavity and ease of use during oral 

irrigation or gel placement. However, only 

minor clinical benefits have been obtained 

and the antimicrobial effects on the 

subgingival microflora were shown to be 

negligible.  

A biodegradable chlorhexidine 

containing gelatin chip (PerioChip) has 

received Food & Drug Administration 

approval in the United States for use as an 

adjunct to SRP. The gelatin chip is placed 

directly into the periodontal pocket, 

releasing 2.5 mg of chlorhexidine over a 

period of 7–10 days (Figure 3). 

Chlorhexidine levels, within the pocket, 

reach an average concentration equivalent 

to 125 lg of chlorhexidine per ml of 

gingival crevice fluid.  

The results of a multicenter 

clinical trial reported that the chip’s use 

resulted in a significant improvement in 

probing pocket depth relative to SRP alone 

but that no significant differences were 

noted in change in clinical attachment 

level. Reductions in levels of P. gingivalis, 

P. intermedia, T. forsythia, and C. rectus 

were reported relative to SRP [12]

. 
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Fig.3 Placement of chlorhexinie gluconate chip (PerioChip) 

 

Povidone-iodine 

Povidone-iodine (PVP-iodine) 

is a bactericidal antiseptic whose 

mechanism of action includes oxidation of 

amino, thiol, and hydroxy moieties of 

amino acids and nucleotides. PVP-iodine 

also interacts with the unsaturated fatty 

acids associated with bacterial cell walls 

and membranes. Because it adversely 

affects multiple bacterial sites, the effect 

of PVP-iodine occurs relatively quickly, 

decreasing the need for extended exposure 

time. Several studies have evaluated 

additive effects of PVP-iodine irrigation as 

an adjunct to SRP, and have demonstrated 

some positive improvements in clinical 

indices and microbial parameters.  

 

Stannous fluoride 

Compared with scaling and 

root planing alone, no supplementary 

microbial benefits have been reported after 

additional single or multiple pocket 

irrigations with stannous fluoride (SnF2) 

[13]. Repeated professional subgingival 

irrigation (6 times in 18 weeks) with 

0.25% AmF and 0.25% SnF2 may result in 

a temporary suppression of black-

pigmented bacteria that could not be 

obtained with saline rinsing [14]. A 

subgingival application of 1.64% SnF2 in 

untreated pockets showed a temporary and 

small reduction of 0.5 log for black-

pigmented species and spirochetes, which 

was only slightly better than after the use 

of a saline solution. 

 

Hydrogen peroxide 

Neither repeated professional 

nor self-performed subgingival application 

of 3% hydrogen peroxide can induce 

additional microbial shifts compared with 

saline irrigation, at least when applied in 

combination with thorough subgingival 

debridement. Biweekly professional 

subgingival irrigation of deep pockets after 

root planing, however, resulted in a 

temporary suppression of A. 

actinomycetemcomitans. 

 

Self-applied daily subgingival irrigation 

The above-mentioned transient 

antimicrobial effect after a single 

professional irrigation with an antiseptic 

can be prolonged via daily self-applied 

irrigation. Effective drugs, at the clinical 

level, are chlorhexidine and to a lesser 

extent hydrogen peroxide. Daily 

administration of povidone-iodine is not 

recommended because of the risk of 

adverse thyroid reactions after long-term 

use. In order to reach the bottom of the 

pocket, a subgingival application (3 mm 

below gingival margin for deep pockets) 

of the drug (such as via a syringe) is 

necessary [15]. Since home irrigation 

regimens provide little or no improvement 

in the absence of mechanical root 

debridement, these approaches are best 

used as adjuncts to professionally 

delivered periodontal therapy. 

 

Minocycline 

Minocycline-HCl, 

bacteriostatic at normal therapeutic doses, 

was initially marketed as a 25% powder, 
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microencapsulated in a biodegradable 

polymer (poly(glycolide-co-DL-lactide)) 

for subgingival application. A single 

application as an adjunct to root planing 

results in an additional reduction in the 

proportion of spirochetes and motile 

organisms as well as in the number of 

black-pigmented species [16], which may 

be responsible for a slightly improved 

clinical outcome. 

Minocycline has subsequently 

been incorporated in an ointment (2% 

minocycline-HCl in a matrix of 

hydroxyethyl-cellulose, 

aminoalkylmethacrylate, triacetine and 

glycerine), yielding sustained release with 

antibacterial activity in pockets for up to 

21 hours. The clinical and microbial 

benefits of minocycline ointment, after 

repeated subgingival application and in 

combination with thorough subgingival 

root planing, have been tested in several 

studies.  

A multicenter study on patients 

with habitual oral hygiene efforts [17] 

revealed limited but significant additional 

microbial benefits (more reduction of P. 

gingivalis, P. intermedia and A. 

actinomycetemcomitans) accompanied by 

additional clinical improvements 

(additional pocket reduction of 0.3 mm for 

pockets ≥5 mm and 0.9 mm for pockets ≥7 

mm).  

 

Doxycycline polymer 

A controlled-delivery device 

(reservoir for up to 7 days) with an 8.5% 

concentration of doxycycline 

(biodegradable poly(glycolide-co-DL-

lactide)) is commercially available. At 

present, however, no studies are available 

showing additional microbial benefits of 

the subgingival application of this drug in 

combination with root planning. Clinical 

studies in which doxycycline was tested as 

an alternative to root planing or to well-

controlled oral hygiene showed 

comparable improvements for both 

monotherapies [18]. There is a need for 

controlled studies in which the 

doxycycline polymer is used in 

combination with root planing, since the 

above-mentioned monotherapy seems less 

acceptable, because comparable or even 

better improvements can be obtained by 

mechanical debridement alone without the 

adverse effects of the Doxycycline 

monotherapy (especially the risk for 

bacterial resistance). 

 

Adverse reactions with locally applied 

antibiotics 

Topical application of 

antibiotics has several advantages 

compared with their systemic use (Table 

1). Systemic antibiotic therapy might 

result in a series of adverse effects such as 

hypersensitivity, nausea, diarrhea, 

gastrointestinal intolerance, candidasis, 

interaction with oral contraceptives, 

antabuse effect, rashes and unpleasant 

taste [19].  

 

Table 1. Systemic antibiotherapy versus local antibiotherapy 
Results  Systemic delivery Local delivery 

Distribution  Large distribution Reduced efficiency range 

Concentration  Different levels in different organs 

and systems 

High dosage in situ, low level in the rest of the 

sites 

Therapeutic 

potential 

Can reach a larger variety of 

distribution for microorganisms 

Can exert a better local action 

Issues  Systemic adverse effects Re-infection by untreated sites 

Clinical limits Requires a good patient compliance Limited infection in the treated site 

Diagnosis issues Identification of pathogens, drug 

selection 

Model of lesion and pathogen distribution, 

identification of the sites which need to be treated 
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Locally applied antibiotic therapy 

also overcomes the uncertain compliance 

of the patient. However, local delivery of 

antimicrobial agents may require the same 

caution as the systemic use of drugs. First 

of all, patients with a known allergy to a 

drug will show reaction also after local 

application, since part of the locally 

applied drug will be absorbed by the 

human body and may even show 

significant serum levels.  

Moreover, there is still a possibility 

of a transient selection, subgingivally, of 

resistant bacterial strains following local 

delivery, however, which seem to 

disappear after 3 to 6 months. Finally, one 

should realize that, as after any type of 

periodontal therapy, optimal supragingival 

plaque control is essential for the 

achievement of clinical improvement even 

after local application of antibiotics.  

In general, application of 

subgingival antibiotics should be 

postponed until meticulous plaque control 

is achieved. 

 

Conclusions 

Local delivered chemotherapeutic 

agents represent an important tool in the 

medical efforts to treat or prevent the 

recurrence of periodontal tissues 

breakdown. Their main advantages versus 

the systemic antibiotherapy support their 

usage, either in the dental office or at the 

patient’s home. Nevertheless, the decision 

whether to use this approach needs to be 

carefully considered in each particular 

case. 
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