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Key facts
Dental caries and flvoride

Periodontal disease

The periodontal diseases are caused by bactenial plaque, alchough
systemic disorders can modify the tespoase of the periodoacal tis-
sues o bacterial toxias and enzymes In essence, che diseases ace a
resule of an tateraction between the bacterial products and che
hosc’s immuae and waflammacory respoases. Periodoacal disease
broadly classified as: gingivitis, whece inflammacory chaages ace
confined o che ginguval connecuve assue; and peciodancics,
which involves loss of connective-tussue atcachmenc to che root
surface, apical migracion of che juncuional epichelium, pockec foc-
macton, and/oc gingival recession and boae loss. The commoa
form of periodonucis 1s the chronic adulc cype Racer cypes
include prepubercal, juvenile, and rapidly progeessive peciodona-
tis. These conditions are now collectively refecred 1o as eacly-onsec
petiodonaias A fucther focm of peciodoatics s now recogaized
and known as refractocy pertodonaitis As che name suggescs, chis
type of periodoncal disease does not cespond to conveacional creac-
aeac and appears 0 be associaced wich a spectfic microfloaa
Refractocy peniodoncitis can only be diagnosed revcospectively
and frequeatdly requires systemic ananucrobial checapy to resolve

the condition

Pathogenesis of periodontal disease

There s overwhelmuing evidence chac peciodoaral diseases ace
caused by bactecial plaque However, several addicronal mecha-
nsms may contiibure towards che degradaaion of the gingival and
peniodoncal connecuive tssues

Accvaton of che host's immuae cells (macrophages as well as

T and B lymphocytes) by plaque roxins and enzymes can cause the
release of a variecy of cellular aad biochemical mediators. Some of
these mediacors have che pocennal (o cause degradacion of
gingival and periodoacal connective cissue and alveolac boae
cesocprion. The exace mechaaism of plaque-induced peciodoacal
descauction 1s uncerraia. lacerleukin-1, proscaglandias of the E
series, and tumour necrosis faccor released fram macrophages and
polymorphonuclear leucocytes can all modulate tissue descruc-
tion. la cuen, these mediators activace meaalloproceinases (i e. col -
lagenases) chac degrade che connective tissue macrix.
Loagicudinal scudies 1n adules have showa thac periodoatal
destruccion is episodic and is characterized by burses of acavicy,
followed by periods of quiesceace. Such bucsts may be synchro-
nous or occur ac candom cimes. There is uncercainey over che sice
specificity of such bucsts and che iniciacing faccoes. Cercain bacee-
rial species, che so-called periodoncopachogens (see lacer), ace asso-
che
pachogenicity of these bactecia and the ability of cheir enzymes

ciated wich acuve disease. [n-vitra studies canfiem
aad toxias to desceoy the periodoncal cssues. However, tc remaias
10 be confirmed whether chese bactecia are che initacors or the
consequence of the burst of activity [t could also be acgued chac
bussts arce related o a localized fatluce of the host's response Ao
obvious cause foc such a faituce is a change in antigenic challenge
arising from che subgiagival microflora.

The pathogeaesis of periodoncal disease remains an area of
ingensive research. Pethaps the only fact chac can be staced wich
confidence (s thac the disease 1s caused by the accumulacion of
baccerial plaque. The subsequeac interaction between bacteria
and cheir products wich che host’s immune and inflammacocy
tesponses probably leads to tissue breakdown and the progression
of the disease A thorough understanding of the disease process is
maadacory since this will {ead co more appropriate mechods of

coacrol

Dental plaque

Deacal plaque 1s a bacrerial aggregation oa the ceeth oc ochec solid
sceuctures in the mouth. [c ts an uncalcified, sofc macerial which s
so tenaciously adherenc co the tooch sucface chac it resists removal
by salivacy flow or 2 geade spray of wacer across its surface. The
dense bacteral masses are enveloped 1n a2 macrix thac otiginaces
etther from che host (salivary glycoproteins), or from che bacteria

themselves {excracellulae polysaccharides).

Composition of plaque
Approximacely 70% of the volume of plaque 1s baccerial cells
The rest s made up of extracellular polysaccharnides chac acc as a
macrix foc che cellular component The cacbohydraces include
dextran, which s 2 predomtnaady at ~6-linked variety of glucan
{(a palymer of glucose), and mucan, which (s a predomman(ly
ol -3-linked glucan These glucans ace produced prumarily by
Streptococcus mutans and Actznomyces species during niual plaque
formacion

I addicion to che bacteria aad macrix, plaque concains small



ers of epichelial cells and white blood cells probably decived
sreviculac fluid.

evelopment of plaque
och surface is vigorously cleaned of all sofc deposics, then a
ute, discince from deacal plaque, begias o form wichin oaly
miautes. This so-called pellicle is 2an amorphous layer, 0.{-
‘hick, composed of salivacy glycoproteins chat have become
vely adsorbed oa w0 the woch surface. The adsorbed mole-
of glycoprocein may penetrate the enamel sucface and chis
id o difficulty in completely temoving che pellicle (and
wently plaque) from the tooth by nocmal brushing. The
iles of glycoprotein eveatually uadergo a brochemical
cmation to produce a highly tasoluble surface coating thac
yase on which supragingival plaque formatioa occuss.
first bacteria to colonize the pellicle ace Streprococcus sanguis
reptococcus mitis, followed by Acinomyces species. As che
1 of plaque coatinues, the numbec of bacteria increases
by furcher adsorption from saliva and by mulcaiplication of
zteria which have alceady colonized che teech There ate
renc qualictacive changes in its baccerial composition. The
tions of Gram-negacive cocci and Gram-posicive and
negative rods increase gradually and the percencage of
»ositive coccr 1s reduced.
acous and fasiform bacteria are seen in 2—4-day-old
—ad chey evencually grow in to replace the coccal focms.
tion of the plaque martrix increases the proporcion of
tegative ocganisms 0 Gram-posicive organisas, and che
ory characteristics of the bacteria become predominancly
1c. These changes tn metabolism usually coincide wich che
feacuces of gingivicis
ninflammacion develops in che marginal giaguval cissues,
come oedemacous and swollen. The primary source of
s of the microbial flora changes as che increased flow of
ar fluid conuinuously baches the subgingival bacteria. The
dical porcion of the previously supcagingival plaque
i procected in che clinically deepeaed gingival sulcus, and
w be regarded as a subgingival deposic. The growth of
tval plaque is enhanced by the downgrowth of bacteria
kecs from the supragingival locacion. This occuss pardly
movement of discrete coloaies of pioneer bacteria by
xis of mocde focms, and predominaacly by the mageation
1auous layer of plaque. The environment changes to fur-
1ance che colonization and growch of Gram-negative
¢ bacteria The subgingival plaque 1s protected from the
deansing mechanisms of che oral cavity. A more loosely

- baccenial layer can exisc on che surface of che plaque

onteacs of a pertodontal pocket are now nightly refecced

Im-—a biologically derived fluid thac concaias a sus-
o eucher cells or bacteria. The major coasacueats of chis
re the Gram-negacive bacteria of che subgingival plaque.

I mass of che biofilm is derived {rom gingival crevicular

Peciodoatal disease

fluid. Ocher coanstitueacs wclude immunoglobulins, PMNs
and ochec white blood cells, epichelial squames, and various
proceolytic enzymes. The subgingival biofilm has a dynamic com-
position and ics physicochemical peoperties have an importanc
1afluence oa local drug delivery chat is sometimes used ia che
treacment of periodonal diseases.

Mechanisms of bactenial adherence to tooth surfaces

The bacteria thac wicially coloaize che pellicle oc wooth sudface
must possess a specific mechanism by which chey adhece eicher co
glycoprotein or to the hydroxyapacice. Many oral bacteria have
ulcrastructural appendages or fimbeae cadiacing from cheie sur-
face. Ic ts likely chac such structuces ace impoctanc in the process
of early bacterial attachmenc. The fimbeae have discince lectin-
like propecties, which may be able to recogaize specific sites with-
i che pellicle or hydroxyapacite. One example is the ability of
Streptococcus mutans o recognize [}-galactoside cesidues of salivacy
glycoprateias ia the pellicle. Similarly, baccerial co-aggregation
caa occuc involving sucface lectins on oae micro-oganism and
carbohydrate-containing receprocs on anocher cell Such mecha-
nisms would be cespoasible for che observacion chac several diffec-
ent cypes of bacceria are seen on a tooch sucface after only a few
days of abscaining from cooch cleaning

Anothec mechanism of bacterial adherence involves the
enzyme glycosyl cransferase (GTF), which coavercs dietacy sucrose
to glucan polymers. GTF binds strongly to saliva-coaced
hydroxyapacite and may be able o bind bactecia dicectly to che
sucface. Alternacively, indirect mechanisms may iavolve GTF
interactions wich al-3 glucose chains produced by che adsocbed
enzyme on cell surfaces. This would explain why bacrerial adhec-
ence ta cooch sucfaces is not improved by premade oc commercial -
ly avallable.glucans, as cthe active GTFE enzyme is only available
ducing bacrerial production of glucaa molecules.

Ocher factacs such as electrostatic or eleccrodynaemic forces can
influence bactecial tooch and bacterial-baceerial adheceace, buc
evidence suggescs it is che fecun-carbohydrace interaction chac s
of paimacy imporcance for bacterial adhesion to che och sucface
and che subsequeac development of plaque.

The management of periodontal diseases

Periodoatal diseases can be prevented by eicher inhibiciag che foc-
macion of plague on che tooth surface, or by complecely removing
plaque befoce inflammarory changes occur in the peciodonaal tis-
sues. Complece plaque removal by mechanical meaans may be pos-
sible in well-mocivaced individuals, buc most people leave plaque
on some part of the tooth surface after baushing. It can be acgued,
of course, chac 1 completely plaque-free dencition and absolute
periodontal healch ace noc jusc unaccainable, buc are unaecessacy
for maay of che populacion. However, in certaia types of particu-
larly destcucave focms of periodontal disease (for example 1n the
eacly -onser periodoncal conditions), even very thin, undececcable
films of plaque may predispose to excessive petiodoacal descruc-
con in a shore period. {n such cases, high standards of plaque
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12 Pharmacological cantrol of dental caries and peciodontal disease

coatrol are essential if cooch loss in lacer life is to be avoided.
Fucchermore, cercain physically oc mencally handicapped pacieacs
are unable eichec o clean cheir teech effectively oc to attead a dean-
tisc cegulacly. These paciencs may also suffer from excensive
periodontal disease.

A need exises for means of plaque concrol as adjunces oc aleer-
natives o che cime-honouced mechanical mechods (Tables 12.1
and 12.2). There has beea coasiderable reseacch iaco developing
plaque inhibitocy agencs and ancicalculus agencs chac can be used
in che managemeac of periodonral disease. {n addicion, che role of
bacterial plaque ia the pachogeaesis of periodoacal discase is well
established, and there is increasing evidence chac specific bacteria
may be more direcdy involved in che acetiology of che early-oasec
periodoncal conditioas (Table 12.3). Thus che development of
specific ancimicrobial agencs ditected towards such baceeria is an
impoctaac advaace in the managemenc of chis type of periodoacal
disease.

Prostaglandins of che E series ace impoctane mediators of che
cissue destcuction and boae loss seen ta peciodoacal disease.
Various studses have showa chat noa-steroidal anci-iaflammacory

Table 12.1 Classtficacion of aaciplaque ageacs

Cationic surfactants

Bisbiguanides, e.g. chlochexidine digluconace, alexidine

Quaternary ammonium compounds, ¢.g. cetylpyridinium chloude,
beazachonium chlocide, beazalkoaium chloride, domiphen broaude

Pyrimidiae denvaaives, e.g- hexeadiae

Bispyadine detivatves, e g. octenidine hydrochlocide

Phenolic compaunds

Listecine (chymol 0 06%, eucalypcol 0.09%, methyl salicylate 0 06%,
mechanol 0 04%)

Triclosan

Herbal extracts

Sanguinacine

Heavy metal saltc

Ziac ctdocide and cittate
Scannous fluoaide
Copper sulface

Enzymes

Mucinase

Muranase

Dexceanase
Aamyloglucosidase/glucose oxidase

Anionic surfactants

Amuaoalcobols, e g octapnol, decapinol
Plax

Sodium dodecyl suiface

Sodium faucyl sulface

drugs (NSAIDs) may help scop bone loss and coaneccive cissue
beeakdown (see fater).

Properties and aims of antiplaque agents

The priaciples of chemtcal plaque coacrol are based oa certain crt-
ceria. Chemical agears should inhibic the microbial coloaization
of tooch sucfaces and prevenc che subsequenc development of
plaque._ They should also eliminace or reduce che pachogenicicy of
already existing plaques, and preveac calculus formacion.

A larg€ humber of compounds, inctuding enzyme prepaca-
tioas, ancibiotics, anciseptics, and sucface-active subscances, have
been evaluated as andiplaque ageats (see Table 12.1). The ideal
properties of an antiplaque ageac are listed ia Table 12.2 above
No substaace curcendy fulfils all chese critecia.

First- and second generation agents

Aaciplaque compouads have been cacegocized primacily accocd-
ing to theic ancimicrobial efficacy and relacive substancivicy. The
tecm substancivity cefers to che ability of 2 compound to be
adsocbed oa to a surface (oc bindiag sice) and chea subsequendly
teleased from chat surface over a period of cime. Whea the com-
pound is bouad, it s in an tnactive form.

First-generacion compounds include ancibiodics, phenols, qua
ternary ammonium compounds, and sanguinarine. They can
reduce plaque scores by abouc 20-50%, and cheic efficacy o
limiced by theic poor retencion in che ocal caviry.

Second-generation agencs are moce effectively cecained by
oral cissues aad their slow-release properties reduce plaque
scores by 70-90%. The bisbiguanides are examples. Using
ficsc-generation ageats 4—6 tmes daily produces a similac
effecc to using che second-generation compounds oace or twice a

day.

Enzymes

Various enzymes have been used as anciplaque ageacs (see Table
12.1), oa che basis of the cheory thac chey would beeak down the
matrix of alceady formed plaque and calculus. Furthermore, 1t was
supposed thac certain proceolytic eazymes would be baccericidal

Table 12.2 ldeal propecties of antiplaque agents

Eliminate pachogenic bacteria only
Preveac che development of resescanc bactenia

Exhibic subsaantivicy

Il

Be safe to the oral ussues at che concenccacions and dosages
cecormmeaded

Sigaibcantly teduce plaque and giagivius

{nhibic the calcificacon of plaque co calculus

Noc staia teech oc altec caste

Have 0o adverse effeccs oa che teech or deacal maceaials

Be easy o use

O O NN

Be inexpensive

Based oa Bral and Browascein 1988



ible 12.3 Pachogens which have been associated wich different
torms of peciodoacal disease

Disease Associtated micro-ocganisms

Localized juvenile
periodondicis

Aainabacdlus actinomycetemcomitans,
Prevotella intermedia,
Capracytophaga spp.,

Eikenella corrodens,

Fusobacterium spp.,
Peprosereptococcus micvos,

Selenomonas spp.

Spitochaeces (Treponema spp.)

Aainobacillus actinemycesemcomitans,
Prevatella intermedia,

Rapidly progressive
seciodoncitis

Early-oaset/
reaccalized juveaile

Eubacteriam spp.,
Fusobacterixm spp.,
eriodoncicis) Peptastreptococcus micros,
Selenomonas,

Spirochaetes (Treponema spp.).
Wolinella recta

dulc petiodoatitss  Aarnobacillus actinomycesemcomitans,
Bacteraides, foriythus,

Eibenella corrodens,

Fusobacterium spp.,

Pepeastreptococcus micros.,
Selenomanas,

Spirochaetes (Treponema spp.},
Whlinella recta

Prevotella tntermedia

efractocy Acainabacdlus actinomysetemcomitans,

Porphyromonas gingrvalis, intermediss, and forsythus,
Eikenella corrodens,

Futebacterium spp., -

‘uodonuius

Peptostreptococcus mucros,
Spirochactes (Trepenoma spp.),
Walinells recta,
Candida spp.
tiodoacal abscess  Porphyromonas gingivalis and
Prevatella intermedia,
Peptostreptocaccus micros,

Staphylocaccus spp ,

Candida spp.
ute aecrotizing Porphyromonar gingroalis and
erative graguvitis  Prevotella tntermedia,

NUG) Spicochaetes (Treponema spp.}

¢ Slots and Rams 1991

Periodontal disease

to plaque organisms and so act as “disinfectants” when applied
topically i che ocal cavaey

Enzymes chat have been used to destroy plaque iaclude muci-
nases, extraces from dued pancreas {contaning  ceypsia,
chymotcypsia, cacboxypepadase, amylase, lipase, and nuclease),
dexcranase, and mucanase. These have been incocporaced inco
chewing gum and coochpastes. However, although in-viero
findings showed promise, clinical crials produced indifferent
cesules and a high iacidence of unwanced effeces. These enzymes
are chus of lictle value a che coacrol of periodoacal disease.

A more effective enzymadic syscem foc reducing plaque growch
is based upon the production of aa incrinsic salivary inhibitoc by
a sectes of humoral factors and biochemical pachways. This system
1s known as che lactaperoxidase-hypochiocyanite system, aad is
the basis for che pharmacodynamics of the commercially available
dendifrice Zendium (Oral-B Labocatocies).

Certain oral bacteria are known to produce hydrogen peroxide
by che oxidacion of the glycolytic enzyme NADH, oxidase.
Nocmally, hydrogen peroxide ts used to oxidize anocther NADH,
molecule, oc is inaccivated by che enzyme catalase. However,
when the level of hydrogen pecoxide is increased ic assiscs
factoperoxidase in the oxidation of thiecyanate to produce the
hypochiocyanite ion (OSCN7), which is the hypochalice of
thiocyanogea. Hypothiocyanite ioas iacedfece with cellulac
oxidacion—reduction mechanisms, by upsetting che NADH,—
NADPH, balance. Lacroperoxidase and chiocyanate are essencial
o this reactioq, aad ace both normal conscicueacs of saliva.

The optimal level of hydrogen peroxide required for
hypothiocyanite production s achieved by a furcher enzyme
system involviag amyloglucostdase and glucose axidase. Boch are
coasticueacs of Zendium toochpasce (Fig 12.1).

fn clinical crials, chis coochpasce has been shown to
inhibit plaque formation when compared with eichec placebo
pastes coacaining no enzymes oc ocher commercially available
pastes.

Antibiotics as antiplaque agents
The bacterial nacure of dental plaque and its primary role wn the
aetiology of periodonral discase has scimulated a considerable
amounc of research inco the use of ancibiotics to try o conecol che
disease. Agencs thac have been evaluated include peaicillin, van-
comycin, erychromycia, and kanamycin. fa all inscances che deugs
are used ropically. However, since che mud-1970s, incerest in chis
approach has waned. The potential problems of bacterial resis-
tance, disturbances in the guc and ocal floca, and che tacreased
tisks of hyperseasitivity reaccions are of mote clinical significance
thaa che aaciplaque effects of these drugs Furthermore, there are
aow many alternacive zatiplaque agencs available for use iastead
of anubioucs

Alchough che topical use of anubioucs has now ceased, che
systemic use of these drugs is of benefic in che management of
cercain cypes of peciodontal disease. This applicacon is discussed

lacer.
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Amyloglucasidase and
glucose oxidase presentin
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Bactedal metabolism
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wath redox

mechanism

Fig. 12.1 Mechanism of Zendium ta che lacroperoxidase—~
hypothiocyaaice system.

Phenols
The phenols ace a group of antiseptic compounds chac have been
used in mediciae for over 100 years. Preparations of phenols and
cheic derivacives have had widespread applicacioa as disinfectants
and aaciseptics (see Chapcer 10). Most phenols exert a non-specific
ancibacteerial accion, which is dependeac on the ability of the noa-
ionized form of che drug to peneccace the lipid component of the
cell walls of Gram-aegacive ocganisms. The resulting structucal
damage affeccs che permeability conerol of the orgaaisms. fa addi-
tion, several metabolic processes thac depend oa eazymes in the
cell membrane ace also discupted. Phenalic compounds also
exhibic anti-inflammarocy propeccies. This may resulc from cher
abilicy to inhibic neucrophil chemoraxis, neutrophil superoxide
ion generacion, aad prostaglandin syacherase production.
Phenols have been incorporated into mouthrinses foc ropical
use as ancimiccobialfaacisepeic agents to inhibic plaque forma-
tioa. Listerine is an over-the-counter phenol preparation thac con-
tains thymol (0.06%), eucalypeol (0.09%), mechyl salicylace
{0.06%), and methanol (0.04%), 1.e. in a hydroalcoholic vehicle.
The anciplaque acuvicies of Liscerine ace well established
Whea compared o the vehicle or to wacer alone, Listerine was
found 1o reduce boch the wet and dey weighes of plaque by moce
thaa 50% after 9 monchs’ use. e also ceduced the peorein coneenc

of plaque by abouc 60% and s toxicity by 795%. Ths suggescs
thac the active ageacs 1 Liscecine affece che pachogeaicicy of
plaque by ceducing its overall endotoxia acciviey

TricLosan
This compound 15 2 non-1oaic bisphenol wich a beoad spectaum of
activicy agaiast boch Gram-posive and Gram-aegacive bacceria
as well as fungt. The compound exhibits pooc substanuvity and
can be focmulated 1nc0 2 mouthcinse oc a toochpasce. The mecha-
ntsm of Triclosan’s ancibaccecial effece s uncercata Due to (s
hydrophobie and lipophulic nacure, 1t adsocbs on o the lipid poc-
tioa of che bacterial cell membrane Ar low conceacrations,
Trclosan incecferes with vical transpoce mechaassms within che
bacteria. When used aloae, Triclosaa possesses a moderate plaque-
inhibicory effece. This accivity s enhanced when the compound is
combined with zinc citrace or incocpocated 1aco a co-polymer of
mechoxyethyleae and malewc acid. These combinacdioas are used
extensively in propriecary woachpasces. The co-polymer increases
the subscancivicy of Triclosan aad acts as a ceservore. The combu-
nacion of Triclosan aad zinc citrate does not appear to be associac-
ed with che development of resistanc scrains, and loag-cecm use
has no adverse effects on the oral flora No ocher unwaaced effects
have beea have been repocted wich che long-tecm use of rthese
combinacions.

The clinical benefics of Teclosan and ziac crecate are small, buc
measurable. The impact of chese compounds on the periodoacal
healch of the populacion remaias to be decermined.

Key tacts
Phenols

Quatemary ammonium comgpounds

Quaternary ammonium compounds are CatoNIC anusepucs and
surface-acuag agents. The basic chemical scruccuce s a cencral
nicrogen acom linked o fouc alkyl groups by cavalenc boads An



trovaleac bond conacces che anion to che nicrogen atom (Fig

2). The molecules have a net posicive charge and react wich the
egacively chacged, cell-membraae phosphaces, discupcing ics
fucture and so increasing permeabiltcy. Quaceraary ammonium
»mpouads cend to be more effective against Gram-positive than
am-negacive micro-ocganisms. This may suggesc chac chese
reacs would be more beneficial as anciplaque agencs whea used
rainsc early developing plaque, which contaias peedominaady
ram-positive bacceda. Tadeed, these compouads ace used extea-
vely as prebrushing rinses, thac is chey are cinsed acouad che
wuth beface toochbrushing. Prebeushing rinses ace choughe to
istupe plaque and chus facilitace its removal by mechaaical
eans. Quaternaty ammonium compounds used as antiplaque
reacs include benzechonium chloride, benzalkoaium chlocide,
W cetylpyridinium chlocide.

Maaqy clinical ccials suppoce the effecciveness of quacernary
nmonium compounds as anciplaque agears. However, compari-
n wich chlochexidine prepacacioas (see lacer), suggests their clin-
al usefulaess is somewhac limited. The oral recencion of quater-
ity ammonium compounds is about twice chac of chlorhexidiae,
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1. 12.2 Scruccuces of anuplaque ageacs.
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when assessed by cheic release inco wacer cinses. However, che
absocpuon of quaternary ammonum compouads inco saliva is
much more capid Facrors w saliva could influence che relacive
absorprion of these compounds {7 virro, calcium ions displace
cetylpyandinium chloade from cacboxyl groups ac lower con-
ceatrations chan chose needed o displace chlochexidiae.
Furthermore, che doubly charged chlochexidine may boad more
effectively o oral sites chan che monovaleat quacernary
ammonwum compouads. Such differences a physicochemical
properaes may account for che poorer efficacy of chese compouads.

Quacernacy ammontum compounds ace noc wichouc unwanced
effeccs and chese waclude a bucning sensacion of che oral mucosa,
brownish discaloration of the teeth and congue, and a cecurrent
aphchous-type ulceracion.

Key facts
Quaternary ammonium compounds (QACs)

Bisbiguanides

The bisbiguaaide compouads, which include chlorhexidine glu-
conace and alexidine, are che mosc effecuve antplaque agencs cur-
rencly in use. Bisbiguanides are the primary second-genetation
aatiplaque agents and extubic considerable substancivity, and chey
also have very broad ancibacterial properaies.

CHULORHEXIOINE DIGLUCONATE

Chlorhexidiae is a cationic chlorophenyl bisbiguanide (Fig 12.2)
with outstanding bacreriostatic properues. {t was synchesized by
ICL in 1954 afcer exteasive tnvestigations of the biological
properties of polydiguanide compounds.

Chlochexidine is a well-tolerated and long-lasting antisepaic
which is not aeucralized by soaps, body fluids, ot ocher organic
compounds. Other medical uses of chlothexidine ace discussed in
Chapeer 10. Ics application as an anciplaque agent was firsc peo-
posed in 1969, and 1c is now available as 2 0.2% or 0.12% aque-
ous solution, as a toochpaste gel (0 5-19%), and a local delivery
device (a gelacin chup—che Periochip) for placement into

petiodonral pockecs after rooc sucface debadement

PHARMACOKINETICS OF CHLORHEXIDINE When chlochexidine is used as
an anciplaque mourthninse, 1ts mode of action 1s purely copical
The drug does not penetrate chrough ol epichelium, and of

some solucion s tnadvercendly swallowed, the deug binds o che
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mucosal sucfaces of che alinencacy crace. These cells are desqua-
rmaced and cogether wich any uabound chlochexidine ace
excreted in che faeces. The small amauac of chlochexidine chat
may be absorbed is mecabotized in che liver.

BacteriainaL ACTIoN OfF cHLoaHEXoNE The acdon of chlochexidiae in
killing baccerial cells depeads inicially oa the deug haviag
access to che cell walls. This is facilicated by electrostacic focces
becween che negacively chacged cells and the nec posicively
chacged, chlochexidine molecules. Having gained access to che
cell membrane, chlochexidiae disoriencates ics lipopcoceia scruc-
ture, destroying che osmadic barrier of the bacteria. Cell perme-
abilicy increases and tatracellular componencs such as pocassium
toas leak chrough the damaged membraae.

A secondary action of chlochexidine is to cause iaccacellulac
coaguladion, which effeccively stows down the rate of cell-contenc
leakage. This cytoplasmic coagulacion is respoasible foc che
baccericidal effect of chlochexidine and is dicecely depeadent on
the concentracioa of the drug.

EFFECT OF CHLORHEXIDINE ON ORAL BACTERIA The shorc-term use of
chlorhexidine causes a scriking reduction in the number of ocal
micro-organisms. In che absence of other oral hygiene measuces,
chlochexidiae has been shown to reduce the number of bacceria
ia saliva by 85% after oaly 24 hours. A maximum reduction of
95% occurred after around 5 days. Afcer chis che numbercs of
bacteria gradually increased, but an overall reductioa of
70-80% was maintained ac 40 days. Cessacion of chlochexidine
moutch rinses results in a rapid cetucn of nocmal salivacy
baccecial councs.

Some bacteria are more susceptible to chlochexidine chan och-
ess. Staphylococcs spp., Strep. mutans, Strep. salivaris, aad E. cols ate
susceptible o chlochexidine ac a low mnimum nhibitocy con-
ceacration (MIC), wheceas cercain Gram-negacive cocci resem-
bliag Vedlonella spp. are the leasc susceptible.

The long-term use of any aatimiccobial agent can be
associated with increased microbual tesistance and reduced sensi-
tivicy. Loag-term scudies of chlochexidiae age tacoaclusive in chis
tespect. [t has been suggested that the proloaged use of
chlochexidiae tends to be more bactericidal cowards straias of the
mace resiscant bacteria in the oral flora. Ia effece, cherefoce, chere
is no change from suscepcible acgaaisms to resistant ones, so the
eftecc on loag-term plaque inhibition is negligible.

RETENTION OF CHLORHEXIDINE IN THE ORAL caviTY Chlochexidine s che
most effective anciplaque ageac. This s pcimarily due, noc co ics
abulicy co destroy micro-ocganisms, buc racher co che specific
pharmacodynamics assoctaced wich the cetention of the drug ia
che orcal cavicy.

Aftec rinsing with 10 mL of a 0.2% aqueous solution of
chlochexidine for { minuce, approximacely 30% of che drug is
retained 1 che mouch The drug is believed o bind electrostaci-
cally ca acidic protein geoups such as phosphaces, sulfaces, and
carboxyt 10as which exist excensively on che ogal ussues Calcium

tons 1a saliva are able to displace chlochexidine from che carboxyl

binding sites. This displacemenc is comparacively slow and may
help ta explain che prolonged baccerioscacic effect of che daug ia
the mouch. Furcher, chlochexidiae can displace calcium ioas chac
ace bound to che sulfaced glycoproceins of baccerial plaque. These
findings suggesc chree possible mechaaisms foc che inhibituoa of
plaque by chlochexidine:

1. The blocking of acidic groups of salivary glycoproceins will
reduce their adsorpcion to hydroxyapacice aad che focmacion
of the acquired pellicle.

2. The abilicy of bacteria o bind to woch sucfaces may be
reduced by che adsorption of chlorhexidine co che excracel-
tular polysacchacides of bacterial capsules ac glycocalyces.

3. Chk;rhexidinc may compete wich calcium ioas foc aadic
agglucinacion factocs in plaque.

Labocatocy studies have also shown chac chlorhexidine can
bind to hydroxyapatuite. However, the coadicions under which
chis occuss are noc usually compacable o chose 17 vivo. Thus, € 1s
now considered thac che affinicy of chlochexidine for che acidic
proteias in pellicle, plaque, and calculus and on the sucfaces of
bacceria and oral mucosa ts of greacer clinical significance chaa ics
affinicy foc hydroxyapacice.

FACTORS AFFECTING THE RETENTION OF CHLORHEXIDINE A aumber of fac-
tocs have been demonstrated o affect the binding capacity and
plaque-inhibitocy effecc of chlochexidine ¢ vivo. After an oral
rinse, the caaceacration of the drug 1a saliva falls capidly and
togarichmically during che firsc 4-8 hours, alchough che drug
may scill be decected afrer 24 hours. The propoction of
chlorhexidine retatned depends directly on boch che concencra-
dioa and the volume of che rinse solution. Appcroximately half of
the chlochexidine recained during a 60-second cinse will have
boaded to receproc molecules in the ficse 15 seconds.

The pH in che ocal cavity significantly affects boch che banding
and che celease of chlochexidine. Reduciag che pH of the rinsing
solucion from 6.4 w0 3 greatly reduces derug reteacion. The mech-
anism probably tavolves a reduction in the avaidable negaaively
charged recepror sices for chlochexidine whea the envicoament
becomes more acidic. fncreasing the pH, however, does noc appeac
to affecc ceteation. Reducing the pH of the oral cavicy by using
acidic afcec-cinses also reduces cecencion of the deug and che sub
sequent plaque-iahibition. Free calcium toas also reduce che owal
biadiag of chlochexidine and increase ics release from procern
binding sices. The mechanism is likely ta involve dicect compen
tion becween che 10ns and the drug for available carboxyl groups
on ocal tissues. This finding has an importanc tmplication with
cespect ta che use of chlorhexidine mouchanses and che use of
toochpasces. Most proprietary toochpastes coatata calcium sales as
fillec agencs Thus f chlochexidine is used soou after coochbeush
ing, there will be a2 high conceacration of calctum ioas preseac
the mouch This will affect the binding of chlochexidine and
reduce 1ts substancivicy Paciencs should be advised o use
chiochexidine ac least 30 minuces after toothbrustung o avodd an



taction between the calcium ions in toothpaste and che
wuchwash.

NWANTED EFFECTS OF CHLORHEXOINE Chlochexidine has been used

it 30 years and its uawaared effects ace of a local nacure. Maay
wciencs find ics iaicial caste unpleasaac and repeated use often
;oduces a discurbance in tasce, which may lasc for several

surs. Occasional cases of desquamaave lesioas of che oral

wcosa and parodid swelling have been reported, buc che iaci-
:ace is low. The main unwaated effece of chlochexidine mouch-
ash or gel s a browa stainiag of the teeth. Theee possible
echaaisms may all concribuce to this problem:

Non-enzymatic browning reactions (Matllard reactions):
Carbohydraces and amiao acids caa ace as substeates for the
Mauillard reaction. These food substances undecgo a series of
condensatioa and polymerization ceactions leading to the
formaction of browa-pigmenced substances knowa as
melanoids. Melanoid productioa s caralysed by a high pH
and chlochexidine. The glycoprotein of cthe acquired pellicle
covering the tooth surface may serve as a substrace foc che
Maillacd ceaccion.

Formation of pigmented metal sulfides. The glycoprotein mole-
cules of che cooch pellicle concain maay disulfide bridges
Whea the glycaprocein is denatuced, che disulfide badges
<plic yielding free sulfydeyl groups, which react wich fercic

*scannous joas in the diec to form browa oc yellow mecal-
tic sulfides. Chlochexidine causes denacuration of che
pellicle glycoprotein, and chis may conceibuce cowacds che
staining potenrial.

Reaction between chlorhexidine and factors in the diet: Maay fac-
tors may be involved ia che ceaction between chlochexidine
and coastituencs of che diec to produce staining. Ic has been
shown that aldehydes and kecones reace wich chlochexidine
to form coloured products and chac chese products would
actach co a tooth surface. Statning from chlochexidine s
accencuated if chece is a heavy consumptioa of tea, coffee,
and red wine, these all concaia tanain, which denacuces che
pellicle glycopcotein. Red wine also coacains a high amount
of iton.

Regular use of chlorhexidine causes chickening of che pellicle,
providing a larger chan usual sucface area for scain absorpeion.
e thickened pellicle also predisposes towards supragingival
culus formacion and this may counceract the benefic of
othexidine.
The efficacy of chlothexidine appears to be less in the presence
blood. The compound binds to various proteins found in blood
I che bouad subscance is inactive. There are obvious implica-
as with che use of chlochexidine in the subgiagival eavicon-
nc where che tssues ace inflamed and blood may be presenc
se of chlochexidine 1a chese circumscances will be more
.-acial oace che inflammacion 1s broughc under coacrol
In-vitre scudies have also shown thac chlorhexidine is cytaroxic

Periodontal diseqse

o giagival fibcoblasts and inhibits theic abiticy co bind to surfaces
such as dentne. This finding could have an impact upon the heal-
1ag of periodancal defects afcer cegeneracive procedures.

ALEXIDINE AND OTHER BISBIGUANIDES

Alexidine (2-echylbexylbisbiguaaide dihydrochlocide) is struc-
cucally celaced co chlochexidine aad has very similar propecties. [a
alexidine, che p-chlocopheny! groups of chlochexidine ace replaced
by alkyl cecmunal groups (Fig. 12.2). The antplaque accivicy of
alexidine has been demoastrated followiag che use of 0.035% and
0.05% mouchwashes

A number of ocher alky! bisbiguanides, including hexocitu-
dine, hepaihexidine, hexidecidine, aad hexhexidine, also have
accivity agaiast ocal micro-orgaaisms comparable to chac of
chlochexidiae. The accivicy appeacs ta be related co che structure
of the molecules. For example, ageacts with branched terminal
alkyt groups are morce active against Adtinomyces spp than chose
wich unbraached groups. Simdacly, increasing che lengch of che
methylene brdge increases the acuvity againsc species of
Barterordes and Fusobacterium.

From a clinwcal viewpoing, the scructute modificacion of
anciplaque agents co opumize their activity agaiase specific bacee-
tial species may prove a valuable field for future reseacch. Such
ageacs will become particulacly useful if che precise roles of che
peridoncopachogens are cleacly idencified.

Key facts
Bishiguanides

Bispyridines
Occenidine hydrochloride 1s che main bispycidine used as aa

anuplaque ageac Twice-daily rinsiag wich 2 0 1% solucion ia a
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glycerol base almost complecely inhibics plaque focmatioa. As
wich chlorhexidiae, scatatag of che ceech aad occasional epichelial
desquamacioa are che mawa uawanced effeces associated wich

octenidine.

Metallic salts

The sales of cecraia heavy metals can inhubic che groweh of dencal
plaque and calculus formacioa. Sales of ziac and tia have cecetved
mast actencion and 2 aumber of commercial toochpasces now

include these compounds in their formulation.

IINC sALTS

Zinc cicrace is che main ziac safc used foc its andiplaque 2ad ana-
calculus accivicy. Toochpasces containiag up o 4% zinc ciccate
sigaificancly inhibic plaque growch. The anuplaque activicy of
ziac salts appears 0 be a direce inhibitocy action agaiase sceepro-
cocci. These micro-ocganisms ace the ficse to coloaize the tooch
surface and are thus imporeaac ia plaque formacioa.

T saLts

The abilicy of tia ions to iahibic plaque formation has beea scud-
ied, primacily using stannous fluoride mouthrinses. Daily ansing
with a 0.1% stannous fluoride solution sigaihicancly ceduces bac-
terial accumulacion oa che teech.

The action of stannous ioas is mediated chraugh cheic abilicy
to biad co lipoteichoic acid on che surface of Geam-positive bacce-
ria. The surface net chacge of che organism is cherefore reversed
and che adsorpuon of che cells on to teech is coansequently
reduced. Fucchermore, che effectiveness of a scanaous fluocide
solucion tn reducing bacterial adhesion is related co the stabilicy
of the scannous ions in aqueous solution aad che race ac which
they ace taken up aad cecataed by specific baccecia. The accumu-
lacion of cin in bactenia may alter cheic merabolism and ocher
physicochemical characeeristics.

Key facts
Metallic salts

Herbal extracts

Sanguinanne is the main herbal extrace used for ics anciplaque
acuvity [c 15 a benzophenachcidine alkaloid derived from che
planc Sanguinartia canadensis Ic is sceucturally celated co che alka-
louds found 1 che plane Fagara zanthoxyloides—in Third World

counccies thes plaac ts chewed as 2 mechod for cleaning teeth.
Sanguinaciae, 1a s quateraacy iminium focm, has antimicrobial
properties chac have led to ics introduction as an anuplaque agenc.
{n-vstro aqalysis of miatmum iahibicacy concentracion (MIC)
values of sanguinacine has decermined tha, in che cange of 1 o
16pgmL", the deug caa ichibic the growch of a wide caage of
oral bacceria.

La addicion co ics andimicrobial properties, a fuccher imporcanc
feature of sanguinarine is ics recencion in dental plaque when used
as 2 mouchcmse. The levels in plaque can exceed the MIC values
for up to 2 houcs after cinsing.

Saaguinacine has been incarporated inco mouthrinses and
toochpastes and 0.03% is the most frequencly cested concencra-
uoa. Few unwaaced effects are associated, buc maay patiencs find
the taste unaccepeable.

Surfactants

Suctaccancs oc ‘wetding ageacs’ were incroduced as an alternacive
method of plaque intubition. Agents wich low surface rension and
lipophilic-hydrophilic properties can interfece with plaque
growch by prevencing bacterial adhesion to boch che pellicle and
wichin the plaque mass. Thus a plaque inhibicocy effect occues
withour affecting the ecological balance of che ocal flora. A aum-
ber of antimicrobial agencs, including chlochexidine, possess suc-
factanc peoperties. This secrion, however, is concerned pamarily
wich produces whose effects are mediaced maialy chrough cheir
wetting abilicies. Examples include che aminoalcohols and che
propciectary mouchwash Plax.

Anminoarcatots

The substicuted aminoalcohols have comparatively low aaabacte-
rial properties. They also have a lower sucface cension than the
cooch surface and so che low antimicrobial effect may be compen-
sated by a high local concentracion on the enamel sudface. Early
studies have shown chac a 1% octapinol solution causes complete
plaque inhibicion for between 3 and 12 days. Octapinol also pre-
venced fucther plaque growch and was able co pactly dissolve che
plaque chac had alceady focmed oa teech. Sumilar efficacy has also
been demoastraced wich 1% decapinol.

The unwanced effeces of aminoalcohols include a slighe local
anaesthetic effect on soft tissues, a slightly biceer taste, and light
brown scaining of che teeth, fortunacely chis is easily remaoved
wich a coothbrush.

Puax

Plax is a commercial mouchrinse wich surfactanc peopercies. The
rinse comprises a combination of anionic and ionic surfacrancs,
including sodwm lauyt sulface, polysocbate 20, uiclosan 0.3%,
and a co-polymer of mechoxyechylene and maleic acid. These
ingeedieacs act on alceady formed plaque o loosen and remove che
deposits. The manufactucers recommend it is used before daily
toochbeushing [c must be emphasized chac, alchough Plax may be
a useful adjunce to toachbeushing, it is not a subsdtute for daily

mechaaccal plaque removal



pplication of antiplaque agents

The efficacy of any antiplaque agent depends noc only oa ics
acuvity but also on the length of contact time becween woth suc-
face and ageac. Fucthermore, 1t is essencial chat che agent ‘g‘ains
access o the specific sites on che ceech where the maximum
antiplaque effects will be achieved. {a healch, chese sites ate pri-
macily incerproximatly and ac che gingival macgias. Where chece
is pecicdoncal disease, subgingival applicacion is requiced.

The most frequently used modes of applicacion foc anciplaque
agencs are mouthciases and toochpastes The maia peoblem wich
both chese mechads s che relacive shoa coatact cime between che
active ageacs aad che teech. Coasequeacly, the well-proven success
of chlochexidine as 2 plaque inhibicoc is related w ics subscan-
awvicy racher chan co any unique actioa upoa che oral floca.

Mouchrinses ace unable to peneccace subgiagivally aad so
where periodoacal pockets exsst, dicect subgiagival iccigacion 1s
required. Toothpastes may, to some excen, be applied dicectdly
inw pockerts using a creviculac beushing techaique. However, it is

doubcful
andiplaque agencs to che bases of deep periodoncal pockets.

thac such mechods can sacsfactocily inccoduce

Some of the plaque nhibicory agencs listed in this section ace
used as pcebrushiag rinses, chac is chey are used jusc before tooch-
brushing oc ocher mechanical methods of plaque concrol. The
manufacturers of chese prebrushing mouchrinses advocace chac
such an applicacion will “loosen’ plaque and perhaps facilicace ics

wval. Ac che same cime, che ancibaceerial actions of che
mouchrinses may help to reduce the pachogenicicy of che
bacterial plaque. Whilsc some patiears may find a cosmetic
senchic from using prebrushing rinses, there is lictle evidence to
suppore therr efficacy in the application suggesced. Furchermore,
‘here is che very real risk thac patients may rely solely oa such
mouchrinses as theic only means of plaque coacrol. This will
sertainly be detrimencal o cheir dental and peciodoacal healch.

Interproximal applicacions of chlochexidine can be made by
ssing che gel preparacion togecher wich floss, woodstcks, o
nterpeoximal brushes. In accemprs to increase cheic coacace time
with che cooch surface, drugs have been incorporaced inco chew-
ng gum, lozeages, and periodoacal deessings. Furcher, a numbec
f so-called slow-celease devices have been used w increase che
eageh of cime che drugs spend in the gingival crevice ot peri-
doacal pocket. Aaciplaque agencs have been incorporated inco
neces of dialysis cubing, hollow cellulose acetace fibres, acrylic

tups, and ethyl cellulose flms to prolong delivery time
“linically and microbiolagically, che effeccs of such syscems have
xeen promising.

\nticalculus agents

dental calculus is an ecropic mineralized scruccuce chac acises as a
esult of the calcification of bacrerial plaque. Many toochpasces

un acuve ingredients thac accempe to reduce calculus forma-
.-« These are referred 0 commercially as cartac-concrol toach-

astes. The acuve ingredients of such preparations ace.

Peciodontal disease

« soluble pyrophosphates;

« znc salcs (chlocide aad cicrace);

+ diphosphonates;

* Triclosan wich cicher a polymer syscem or zinc cicrace.

The acuve ingredients have several mechaaisms of accion chac
can lead to a reduction in calculus focmadion. These include active
retention wichin saliva aad plaque, an inhibicion of cthe phase
cransformacioas wichin developing calculus, and an inhibicocy
effecc oa che accumulacive factors affeccing the rate of
supragtagival plaque minecalizatioan.

The efhcacy of commercially available ancitartar toochpasces in
ceducing supragiagival calculus focmacion has been demonstraced
in boch short- and long-tecm studies. Whether chis reductioa in
calculus formacion has any clinical significance with cespece to
peciodoacal health remains to be determined.

Antimicrobials in the management of
periodontal diseases

Ancdimicrobials ace typically used in medicine to eliminace infec-
ttons caused by foceign pachogenic micro-organisms (see Chapeer
11). The microbral aetiology of inflammacocy periodoncal diseases
has provided the basis for the inccoduction of andimiccobials in
the managemenc of chese diseases. This section will assess che
the
pathogenicicy of che subgingival microfloca, and affece the clinical

abilicy of spectfic antimicrobial agents to reduce

signs of disease.

Rationale for the use of antimicrabials in

periodontal diseases

There is lictle doubt that specific micro-ocganisms are closely
assoctated wich some focms of periodoneal disease (see Table 12.3).
Becween 6 and 12 microbial species may be responsible foc mosc
cases of periodontitis, ot be causative in active episodes of the dis-
ease process. Unlike che majocity of genecal iafections, all the sus-
pected periodoatal pachogens ace indigenous to the oral floca
Consequencly, long-term and total elimination wich aatimicro-
bials will be very difficule co achieve. On cessacion of che drug,
repopulacioa of che indigenous bacteria will occur. Ancimicrobial
agents should only be considered as an adjunct to coaveacional
periodoacal checapy.

Nevectheless, in certain focms of periodontitis, the loss of con-
neccive tissue attachmenc is capid. Extremely viculeat Gram-
negacive orgarusms populate che deep pockets and can actually
invade che giagival connective tissue. Under chese ciccumscaaces,
ancimicrobials provide a useful adjuact to oot planing; this, by
icself, may noc cemove all subgingival deposits and certainly
would noc affece any invading organisms which had alceady peac-
craced che soft tissues. The micro-oeganisas listed in Table 12.3
are sensitive o a number of antimicrobials, especially the cecracy-
clines and metrontdazole, hence these drugs are extensively used

w the maaagemenc of periodoncal disease.
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Routes of administration

The aim of usiag an ancimiccobial is o achieve a concentracion of
the deug in the periodoatal environment sufficienc eicher to kill oc
arresc che growch of pachogenic micro-ocganisms. The mose effec-
tive and celiable method is syscemic admiaiscracion, which
caables che drug to bache che subgiagival floca by passiag tnco che
ctevicular fluid. Iadeed, cerrain drugs such as cecracycline have

“been found to coacencrace ta crevicular fluid ac higher levels cthan

those found ia secum following oral admiaiscracion. The drug can
chen bind co the toach surfaces, from where ¢ is celeased 1n accive
focm.

In an accempe to minimize the tisks of adverse reactions,
ancimicrobials have been applied topically o periodoacal pockecs
by techniques such as subgingival irrigation, aceylic suips, gels,
and fibees filled wich drug. Such mechods pecmic lower doses of
antimicrobials to be admuiaistered than for oral dosing, although
the excenc o which the deugs penecrace che pockees s less
predictable. Furchermore, the insertion and removal of mulaple
acrylic strips and fibres is time-consuming and this may preclude
their widespread clinical use. [t is now accepred chat che use of
local antimicrobial delivery inco a peciodontal pocker is an
adjuact to rooc surface debridement and noc an alcernacive o such
treatment. Moreover, debridement will also secve co discupe the
subgiagival biofilm and permit better contace between che
antimicrobial agenc and che subgiagival flora. Wich some of
the subgiagival ancimicrobials, ic is recommeaded thac chey be
administered up to a week aftec tooc planing. This allows for res-
olucion of the inflammatory respoase and a concomicane reduccion
in che flow of gingival crevicular fluid. Boch chaages will reduce
drug clearaace from the pockec and preveac che delivery device
from blockiag the nacural drainage from the peciodoncal defece.

Tetracyclines
The

bacteriostatic antibiorics that provide a broad spectcum of

teccacyclines comprse a  group of closely related
acuvity agaiast boch Gram-posiave aad Gram-negative micro-
orgaaisms. Tetcacyclines are effective against maay anaerobic and
facultative anaerobic bacteria, which is a parciculacly important
constderacion when chey are used in che managemenc of peri-
odontal diseases. Tetracyclines are also active against most
spicachaeces. The geaecal pharmacology of chese drugs s dis-

cussed 1n Chapter 11

TETRACYCLINES AND PERIOQONTAL DISEASES

Cases of moderately severe and advanced periodoantal disease are
usually tceated with oral hygiene tascrucrion, scaling, and coot
sueface debcidemenc. This usually tesules in 2 ceduction in plaque
scotes and gingival nflammacion, a decrease a periodoncal
pockets, and che establishmeac of a periodoncal microbial floca
compatble with the maiatenance of peciodoncal healch {a such
cases, che adjunctve use of tecracycline checapy s noc indicated
because 1 is unlikely o achicve any shocc-term oc long-lasting
clinical effects noc provided by mechaaical debridemeanc alone.
Occasionally, a case of chronic adulc periodoacitis will show no

clinical 1mprovemenc after coucine cherapy and the pectiodoncal
flora will coadinue to be 2 muxeure of spirochaetes and Gam-neg-
acive anaerobic rods. These tefractory cases of periodoaticis can
beaehic from a 2-week course of syscemic cetracycline cherapy
of 1 g dady.

The efteces of cetracycline cherapy oa che subgiagival flaca
associaced wich peciodoncitis have been well documenced. A 2-
week coucse of 1 g tetracycline daily produces a shifc from an
essencially complex Gram-negative flora tw one which is
essencially Gram-positive and assoctated wich healchy cissues.
Bacterial resistance amongse the indigenous flora is noc uncom-
moa, boch before and followiag tetmcyclinc,(hernpy. Species of
Streptococcius and Actinomycer have beea found to be resiscaac.
However, che association between chese bacceria aad gingival
healch may negate che impoctance of this cesistaace. la cefractory
cases of peciodoaticis, a shoct course of systemic cetracycline
will reduce spirochaetes and Gram-negacive rods co low or
undetecrable levels.

Teccacycline s of coastderable value in che treacment of che
carly-onsec periodoncal coadicions. The prime pachogen ia chis
unusual destructive form of peciodoacal disease is Adtinobacillus
actinomycesemcomitans (A.a). This is very susceptible to tetracycline
A.a. is difficule w0 eliminace by mechanical debridement aloae,
presumably because of its abilicy to iavade che gingival coanec-
tive tissue. Systemic admianisccacion of cecracycline | g daily foc
3—6 weeks in conjunction wich supragingival plaque coacrol can
halc che progression of juveaile periodoacitis. However, it is mace
usual co give a 2-week course of cecracycline as aa adjunce to suc-
gical managemeat.

In addition to the anumicrobial effects of cetracyclines, a fur-
ther mechanism has beea proposed to explain their efficacy in che
management of periodoncal diseases. In laboracory experiments
aad clinical crials ea patiencs wich diabeces, ic has been shown
thac cecracycline, doxycycline, and minocycline caa all suppress
che accivity of collagenases, especially chose decived from PMNs
(also ceferced to as MMP-8). Collagenases ace also produced by
fibroblascs which maiacain collagen and gingival connective tis-
sue homeostasis. Mammaliaa collagenases are calcium-dependent
enzymes aad, as tetcacyclines bind ¢o calcium ioas, this may be
the mechanism of inhibition. The conversion of tecracycline t a
non-antimicrobial analogue, de-dimethylaminotercacycline, does
noc¢ reduce the anticollagenolytic action of che deug. This suggeses
chac chis action is independent of antimicrobial accivicy. A fucchec
mechanism may be associated with che abilicy of che tecracyclines
co scavenge axygen radicals (e g hydroxyl groups oc hypochlocous
acid) produced by PMNs. These oxygen radicals actuvace lacenc
collageaases, and theic tahibicen may tesulc in fuccher anaproce-
olytic effects such as inacavacion of -1 proceinase inhibitor and
aeutcophil elastase. These antiproteolycic properties of che tecra-
cyclines may coacribuce o the general anc -iaflammacocy effects
attribuced co chese deugs, and also cheir abilicy co 1ahibic bone
fesorpLion.

A further impoccant propecty of che cetracyclines 1n the



.nanagemenc of periodonral diseases ss their ability o enhance
fibroblase attachmenc o oot sucfaces. This will facilirace
regenecatve proceduces that accempe o create new periodoncal

actachmenc.

Locat peuveRry
A aumber of slow-release devices have been used o facilitate che
local delivery of cetracyclines (and ocher anamiccobials) into
petiodoqcal sites Monolichic, echylene vinyl acetace fibres have
been found to be cthe most efficacious in achieving prolonged
delivery of che drug from che enuce lengeh of che fibces.
Fucchermore, the conceaccations of retracyclines achieved in
crevicular fluid by concrolled local delivery are up o 100 times
those obcained followiag systemic dosing {(1500g mL! vs. 15
ftg mL-!). Thus, che chaaces of complete suppression of bacterial
growch (and/oc collagenase activity) are increased. Local applica-
tion of fibres impregnated wich tetracycline (Actisice) has been
shown o be as effeccive as rooc sudace debridemenc in reducing
bleeding on probing and probiag pocker depch. However, the
fibce may be difficulc 0 apply and be recained within the pocket.
Minocycline has also been 1acorpocated tato a local delivery
system (Dentomycin gel) Thus gel 1s used as an adjunct o root
sucface debcidement and s applied chree to four times over an 8-
week period. The gel is easy to apply and appears to be more effec-
tive 1 the cceatment of deep periodontal pockers.

.2y facts
Tetracyclines in periodontal disease
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Aetronidazole

Aecroaidazole 1s 2 atccormidazole chac has a broad spectrum of

ctivity agatnse prorozoa and anaerobic bacteria. The anumicro-

¢ acavity of chis deug aganse anaecobic cocet, and anaerobic

a-negauve aad Gram-positive bacills has led o ics excensive

se 1n che managemenc of perrodoncal diseases. {cs general phac-
1acology 1s discussed 1w Chapeer 11

Periodontal disease

METRONIDAZOLE ANO PERIODONTAL DISEASES

The racionale for the use of mecroaidazole ia the crearmenc of
periodondal diseases and other oral infections has cevolved around
the drug’s specificicy for anaerobes and the apparenc inabilicy of
suscepcible organisms o develop resistance. However, the plasma
(oc creviculac fluid) levels of metronidazole required for che drug
to be effeccive against che majority of anaerobes have noc been
cleacly escablished. Plasma levels of Gjtg mL"! ace adequace to
deal wich most anaerobic infections, and chese levels can be
achieved by a regimen of 200 mg theee times a day. However,
anocher study showed chac a concentcacion of 8gmlL™" was
nhibitocy to moce thaa 90% of bacteria in subgingival plaque.
Crevicutar flud levels of 15gmL™" would be aecessary for
maximal iahibicion. Such levels may be achieved following che
administracion of mecronidazole 400 mg cwice a day.

Maay scudies have showa that metronidazole has a clinical,
histopathological, and microbiological benefic co che petiodoatal
uissues. This benefic is enhanced whea drug therapy is combined
wich conventional tceatment. Metroanidazole has beea shown to be
parciculacly useful in the management of advanced cases of pert-
odoacal destruction, and in the management of che eacly-onsec
periodoacal condicions.

LOCAL DEUVERY OF METRONIDAZGLE

A commercially available local metronidazole prepacacioa (Elyzol)
is now available for dicect applicacion into a periodontal packet.
The produce contains 25% mesronidazole in a delivery vehicle
conuzining glyceryl mono-oleate and sesame oil. Efficacy scudies
suggest chac cwo applications of the gel (1 week aparr) are as effec-
tive as conventional noa-surgical managemenc ia reductng prob-
ing depchs aad bleeding on probing. Furthetmore, che clinical
benefit of such local drug delivery was evident up o 18 moachs
afcec cceatmenc. o chis inscance, the local application of
metconidazole is being used as an alcernative co conventioanal
therapy, not as an adjuacc.

METRONIDAZOLE AND ACUTE ULCERATIVE NECRQTUING GinGevTts (ANUG)

Metronidazole is the treacment of choice for ANUG. Giagival
ulceration, bleeding, pain, and halitosis usually resolve rapidly
within about 48-72 hours of starting metronidazole treacment
(200 mg, theee times a day). These clinical changes are accompa-
nied by the rapid disappearance of the spirochaete—~fusobacteria
complex, which is a featuce of this acuce disease. However, 1c is
essential that once the acuce phase of che disease has been con-
crolled, mechanical debridement should be cartied out immedi-
ately. Failure 1o do so will resulc in che recuccence of infection.

Key facts
Metronidazole in periodaatal disease
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Combination antimicrobial therapy

There (s inceeasing evideace chat a combiaacion of 375 mg amox-
ictllin amoxycillin) aad 250 mg metronidazole, chree times a day
for a week, is of value ia che management of refractory and ocher
capidly progressive focms of peciodoacicis. This combinacion cher-
apy has also been shown co be effective in treating refraccory cases
of localized juvenile periodoancitis where paciencs sull hacboured
Actinomyces actinomycetemcomitans after treatment with a systemic
cetracycline. Before such a combinaaon of antimicrobuals is pre-
scrtbed, ic is essencial chat che peciodontat diagnosis s correct,
and chat some attempt has been made to idencify the micro-
organisms and cheir seasicivicy.

NSAIDs in the management of periodontal diseases

NSAIDs are 2 heterogeneous group of compounds whose anal-
gesic, aaci-inflammacocy, and antipyrecic properties ace due co che
inhibtton of eicosanoid syachesis (see Chapters 4 and 6). The
eicosanoids are important mediacorcs of inflammacioa in periodon-
tal disease, and proscaglandias of che E series are potent stimula-
tocs of osteoclases This laccer activity 1s one of the factors coa-
tribucing towards boae loss, a major feacuce of periodoancal
disease. Fucther evidence chat proscaglandins may be imporcanc
in the pachogenesis of periodoncal disease came from cross-sec-
tional scudies on pacients on long-tecrn NSAID cherapy These
patiencs had less alveolac bone loss and gingival inflammacion
chan age- matched, ocherwise healchy concrols.

Ochers studies have showa chac topical and systemic flucbipro-
fen have a macked inhibitacy effect oa the developmenc of gingi-
val iaflammacion 1a the experimental gingivicis model. Systemic
flucbiprofen (50 mg cwice daily for 2 moachs) has been evaluated
oa paciears wich refraccory periodoatitis. The race of bone loss
was considerably reduced and some sites actually gained bone.
Long-cecmn syscenuc flucbiprofen (3 years) reduced bone loss forc
12-18 moachs of treatmenc This benefic does not excend beyond
2 years, alchough chius may be due o lack of compliance by
pauents taking che flurbiprofen cherapy, or to a true loss of the
effect of flurbiprofen such chac other pachways of bone resorprion
became acave.

The precise mechanism of the action of NSAIDs 1a prevenung
peniodontal bone loss needs to be established. Subsequently, the

dose, frequeacy of dosing, aad the mosc suitable mechod of
admiasstration of che drug caa be decermiaed. [t would be uace-
altsaic o expect paueacs wich peciodoacal disease to undeccake
regulac and prolonged systecic NSAID cherapy, especially as
penodoaral disease s noc oucwardly disabling. However, 1f cela-
avely small, buc actve, amouacs of an NSAID such as flucbipro-
fen could be incocporaced 1ato a gel oc coochpasce for copical
applicacion, chen compliance would be better

Scudies of NSAIDs aad periodontcis aver the nexc few years
should provrde aew methods for preveating and concrolling che
oasec and progression of a disease which 1s curreacly che majoc
cause of cooch toss in adules

Key facts
NSAIDs in periadontal diseases
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Oxygen-releasing agents

Hydrogea peroxide and sodium peroxyborate (Bocasaa) are che
main oxygen-releasing ageacs used ia che treatment of periodon-
tal disease. Boch are rescaicted to che creacmeat of acute necrouz-
ing ulceracive gingivius, which 1s choughe co be caused by anaec-
obic bactecia [c (s doubcful «f che oxygen released has a significanc
acuon on che meabolism of anaecobic ocganisms during che shoct
period of exposure This painful gingival condicion is more
appropracely treated with mecroardazole

Conclusion

There 15 liccle doube thac ancplaque agencs and antimicrobals ace
of sigaificanc value 1 the managemeac of periodonral diseases
The antplaque agenc of chorce 1s chlorthexidine This agenc can be
applied 1 a vaciery of ways. Subgngval irtigacion or other meaas
of direct placement of che drug 1nco the periodoatal pocket 15 2
useful adjunce co convenuonal periodondal treacmenc. Rinsing che
mouth with 2 0 2% solution s of value after periodontal surgery
and 1n the management of oral mucosal {esions such as aphch-
ous ulceration and stomartiass secondary to radiotherapy and
chemorchertapy

Tetracycline 15 of prosen benefit as an adjunct to surgery ia che

treatment of juvenile penodonuus o s also useful in cases of



tcactory and capidly progressive periodoncicis. A 2-4-week
wrse s usually advocaced. Tetracycline concentrates in che
evicular fluid and inhibues collagenase. These two peoperties
ake it of pacticulac value in the managemenc of periodoancal
sease.

ientine sensttivity

uaful symproms arising from exposed dentine ace a2 common
ding i the adulc populatica, with an iacidence of 1/7.
;posure of deatine caa acise from eicher che removal of enamet or
audacion of the oot sucface. Loss of enamel occurcs in atecicion,
asioq, coocthbrush abeasioq, oc caries. Several factors caa cause
nudation of che root sucface including gingival recession with
zreasing age, chronic periodontal disease, periodontal surgery,
“ocrect toothbrushiag, and crauma.

Dentine sensitvicy (erroncously termed hypecsensitivity) 1s
aracterized by pain, eliciced by various scimult, thae disappeacs
ien che scimulus is removed. Some people arce seasicive co cold
me; ochers to touch, sweet, or sour foods; aad some to a combi-
tioa of aay of chese scimuli. The paia may be so severe thac they
d eacing difficulc.

1eories of dentine sensitivity

“sely how external stimuli are cransmitted cheough dendine o
_ s not established and, although evidence suggests that den-
€ is inaervaced, the excent of this inaervacion is uncercain.
ece ace chree cheories of dentine sensicivicy:

the dentinal receproc mechanism;
the hydrodynamic mechaatsm; aad

the modulacion of nerve tmpulses by polypepeides.

ntinal receptor mechanism

1s cheory suggests that the odoatoblast hasa sensory function,
haps serving as a transducer between external scimuli and the
uby pulpal nerve plexus. Certainly, when there is disrupcion of
meoblascs, che deacine becomes very seasitive. However, pain-
lucing substances, such as pocassium chloride, 5-hydroxyerype-
ine, aad histamine, have failed to evoke pain when applied to

wsed deatine. This finding would question che nociceptive role
he odoncoblasc.

Jrodynamic mechanism

s ts che most widely accepred theory. Deatinal cubules coatain
d, so 2 blast of air, or hoc and cold scimuli will cause a rapid
vemenct of this fluid wichia che cubules. This movement will
se defocmacion of both the odoacoblastic process and adjacenc
ve fibres. Nerve deformacion causes paia.

dulation of nerve impulses by polypeptides
ussue concains 2 number of polypeptides chac can acc as

utacocs of neucal cransmission. These include substance P aad

dykiain, which may alcer the pecmeabilicy of che odoacoblase

Dentine seasitivity

cell membraae (depolacization). Such depolacization could make
the pulp more sensicive o vacious excernal scemult. Thus, sub-
staace P aad bradykinia may act as modulacocs of nerve impulses
ia che pulp.

Desensitizing agents

{deally, a desensiczing agenc should:

+ be non-icritant co che pulp;

+ be relacively painless on application;
+ be easily applied;

¢ have a raptd onsec of accioq;

¢ be pecmanendy effeccive;

* qot staia che teech;

« be consiscently effeccive.

Many agents have beea used co treat dencine sensitivity, and some
are discussed below.

Sodium fluoride

This is convenieatly applied as a pasce, for example Lukomsky's
pasce, which contains equal paces by weighe of sodium fluocide,
kaolin, and glycetia. The paste is bucnished inco the previously
dried sensitive area, and lefc on foc about 3 miauces before che
patient is allowed co rinse. Occastonally, application may cause a
macked buc craasitocy pain. Fluoaide from the sodium sale will be
taken up by the dencine thus making it mace cesiscant o acid
decalcificacion. The fluoride may also lead o aa iacrease ia sec-
ondary dentine formation, thus blocking deatinal cubules.
Sodium fluocide etcher in pastes, gels, or mouthwashes has to be
applied frequencly for maximum effecaiveness.

Stannous fluorde

This also reduces dendne seasitivicy. In soludion ic undecgoes
spantaneous hydrolysis and oxidacion, so it is applied in the
focm of a gel mixed with carboxymethylcellulose oc glycerine.
Stanaous fluoride acts as an enzyme poison and may inactivace
enzymaric activity ia the odoncoblastic process. Like sodium
fluocide, scannous fluocide induces mineralizatioa wichin che
dencinal cubules, thus creating 2 calcific bacriec on che deatine

surface.

Sodium monofluorophosphate

Thus Auoride salc is widely used in toothpasces, but is of uacer-
tain efficacy as a2 desensitizing agent. Ic 1s suggesced chac
monofluorophosphace is hydrolysed by hydroxyapatice oa the sur-
face of enamel and dentine. The hydrolysis releases fluocide ioas,
which arce then incorporaced inco the lactice wock of the apatite
crystal.

Calcium hydroxide
Alchough this compound occludes denunal cubules, ics use as a

deseaswcizing ageacr is uncectain, peobably because of its poor

adhesion ta exposed deaciae.




