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Key facts 
Dental caries and ffuoride 

Periodontal disease 
The perrodoncal diseases are caused by bacterial plaque. although 
sysremic disorders can modrfy the response of the periodontal cis- 
sues co bacterral coxins and enzymes In essence, the diseases are a 
result of a” rnceraccion between the bacterial products and the 
hosr’s tmmune and cnflammarocy responses. Pectodoncal disease IS 
broadly classified as: gingivrcrs, where rnflammacocy changes ace 
confined co the grngrval conneccrve crssue, and pertodoncrcts. 
whrch rnvolves loss of connective-crssue arcachmenc co the coot 
surface. aprcal migrarron of the juncrronal eprcheltum, pocket for- 
macro”. and/or grngival recession and bone loss. The common 
form of perrodoncrris IS the chconrc adult type Karer types 
include prepubercal. juvenrle, and raprdly progressrve perrodonrr- 
cis. These condicrons are now collectively referred co as early-onset 
periodoncicrs A further form of pecrodoncicis IS now recognized 
and known as cefracrory pertodoncrtis As the name suggests. chrs 
type ofperrodoncal drsease does nor respond ro convencionat creac- 
menu and appears ro be assocraced wirh a specthc mrcroflora 
Refractory perrodoncrcrs can only be dragnosed rerrospecrively 
and frequently requtres syscemrc anrrmrcrobtal therapy to resolve 
the tond~ctor~ 

Pathogenesis of periodontal disease 
There 11 ovecwhelmtng evrdence rlcar pecmdontal diseases ace 
caused by bdcrecral plaque ftowever. several addrcronal “recha- 
nrscns may concrrbute touracds the degradJrron of rhe grngrval and 
perrodonral conneccrve rrrrues 

Arctvaclon of the trorr’s ctnmune cells (maccophages as welt as 

T and B lymphocycest by plaque COXI~S and enzymes can cause the 
release of a varrecy of cellular and biochemical mediators. Some of 
these mediacocs have the pocenrral co cause degcadacro” of 
gingival and pecrodoncal connective tissue and alveolar bone 
resorpcron. The exact mechanism of plaque-induced peciodonrat 
descruccion IS unceccain. Incerleukin-I, pcoscaglandins of the E 
secres. and cumour necrosis faccoc released from macrophages and 
polymorphonuciear ieucocyres can all modulare tissue descruc- 
cion. In cum. these mediacon accivace mecalloproceinases (i e. cot 
lagenaser) chat degrade the connective c&sue maccix. 

Longrcudrnal studies in aduics have shown char periodoncat 
descruccion is episodic and is characterized by bucscs of accrvicy, 
followed by periods of qurescence. Such bursts may be synchro- 
nous or occur ac random rimes. There IS unceccaincy over the site 
spec~ficrcy of such bunts and the iniciacing faccon. Certain bacce- 
rial species, the so-called periodoncopachogens (see lacer), are asso- 
ciaced with active disease. In-vifru studies confirm the 
pachogenicrcy-of these bacteria and the ability of their enzymes 
and coxrns co destroy the periodontal crssues. However. ic remains 
ro be confirmed whether these bacteria are rhe iniciacors or the 
consequence of the burst of accivicy Ic could also be argued char 
bucscs ace related co a localrzed failure of the host’s response A” 
obvious cause for such a failure is a change in ancigenic challenge 
arising from the subgingivat miccofloca. 

The pachogenesis of permdoncal drsease remains a” area of 
intensive research. Perhaps the only fact chat can be scaced with 
confidence IS char rhc disease is caused by the accumulation of 
baccecial plaque. The subsequent interaction between bacreria 
and their products with the host’s immune and inflammatory 
responses probably leads co crssue breakdown and the progression 
of the drsease A thorough underscandtng of the disease process is 
mandatory since chrs ~111 lead co more appropriate methods of 

co”crol 

Dental plaque 
Dental plaque is a bacterial aggregation on the ceech oc ocher solid 
sccuccuces in the mouth. Ic is an uncalcified, sofr material which IS 
so tenaciously adherent co the coach surface chat ir resists rcrnoval 
by sahvary flow or a gentle spray of water across its surface. The 
dense baccerral masses are enveloped in a matrix rhac origrnaccs 
eichec from rhe hosr (salivary glycoproterns), or from the bactecra 
rhemselves (extracellular polysaccharrdest 

Composition of plaque 

Approximately 70% of rhe volume of plaque is bactectal cells 
The cesc rs made up of extracellular polysaccharrdes rhac act as a 
matrix for the cellular component The carbohydrates Include 
dexcran. whtch rs a Pcedomrnantiy at &linked variety ofgluca” 
(a polymer of glucose). and mucan. whrch is a predomrnancly 

al-J-linked gtucan These glucsnr are produced prrmarily by 
Srreproc~cur rn~r,z~nr and Ac~rnomyrer spectes during tnicral plaque 
forrnacrocr 

In addrcron to the baccerta and matrix. plaque COCICU~S ~*lalf 



ers of epirhelial cells and whlce blood cells probably dertved 
rrevicular fluid. 

evelopment of plaque 
och surface is vigorously cleaned of all soft deposits. then a 
ure. discincr from dental plaque, begins co form within only 
minuc~. This so-called pellicle is an amorphous layer, O-l- 
:hick. composed of salivary glycopcoceins char have become 
vely adsorbed on to rhe tooth surface. The adsorbed mole- 
,f glycoprocein may penecrace the enamel surface and rhis 
Id co difficulty in completely cemovlng the pellicle (and 
luencly plaque) from the coach by normal brushing. The 
lies of glycoprocem eventually undergo a biochemical 
frmarion co produce a highly insoluble s&ace coating chat 
,ase on which supragingival plaque formation occut~ 

hrsr baccecia to colonize rhe pelltcle are Strcprococr~r ~anglrir 
rcptococcvr his, followed by Adinomycer species. As rhe 
I of plaque continues. rhe number of baccecia increases 
by funher adsorption from saliva and by mulriplicacion of 

:ceria which have already colonized rhe reech There are 
:enr qualicacive changes in its bacterial composition. The 
cionr of Gram-negarive cocci and Gram-positive and 
negative cods increase gradually and the percentage of 
msicive COCCI IS reduced. 

ncous and fusiform bacrerra ace seen in 24.day-old 
,Id they eventually grow in co replace the coccal forms. 
cion of the plaque matrix increases the proportion of 
tegacive organisms co Gram-posirive organisms, and the 

ocy charactertscics of the bacteria become predomlnanrly 
ic. These changes in mecabollsm usually coincide wcth the 
features of gingivitis 
‘n inflammation develops in the marginal gingtvai tissues. 
come oedemacous and swollen. The primacy source of 
:s of the microbial flora changes as the increased flow of 
ar fluid concinuousiy bathes the subgingival bacreria. The 
>ical porrion of the previously supragingival plaque 
; protected in the clinically deepened gingival sulcus, and 
w be regarded as a subgingival deposir. The growth of 
ival plaque is enhanced by the downgrowch of bacteria 
kecs from the supcagingival location. This occurs partly 
movement of discrete colonies of pioneer bacteria by 
xis of moccle forms, and pcedominancly by the-niigcarion 
inuous layer of plaque. The enviromnenc changes ro fur- 
lance the colonirarion and gcowch of Gram-negarive 
c bacteria The subginglvai plaque is protected from the 
:leansing mechanisms of the oral cavlcy. A more loosely 
: bacterial layer can exist on the surface of the plaque 

ontencs of a periodontal pocket ace nocv clghcly referred 
Im-a bcologically derived flurd char concatns a XL- 

JL either ceils or bacrecia. The malor consctcuencs of thts 
re the Gram-negative bacteria of the subgingival plaque. 
I maSs of the biof;lm is derived from gmgival crevicular 

Petiadoalal d%easc 
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Huid. Ocher consticuencs include immunoglobulins, PMNs 
and ocher white blood cells. epicheltal squames, and various 
pcoceolycic enzymes. The subgingival biohlm has a dynamic cow- 
posirion and its phyrtcochemical properties have an impctanc 
influence on local drug deitvecy char is sometimes used in rhe 
rceacmenc of periodontal diseases. 

Mechanisms of bactecial adherence to tooth surfaces 

The bacteria rhar tnrcrally colonize the peliicie or toorh surface 
must possess a specific mechanism by which rhey adhere either co 
glycoprocein or co the hydroxyapacice. Many oral bacteria have 
ulcrastcuccucal appendages or fimbrae radiaring from their sur- 

face. tc is likely rhac such scruccures are imporcanc in the process 
of early bacrerial arrachmenc. The fimbcae have dtscinct leccin- 
like properties, which may beable co recognize specific sites with- 
in the peilicle or hydroxyapartte. One example is the ability of 
Strepttxxcur mutunr co recognize p-gaiacroside residues of salivacy 
glycopcoceins in rhe pelhcle. Similarly, baccerral co-aggcegacion 
can occur involving surface leccins on one micro-organism and 
carbohydrace-concaining receptors on another cell Such mecha- 
nisms would be responsible for the obsecvacton chat several differ- 
ent types of bacteria ace seen on a tooth surface after only a few 
days of absraining from tooth cleaning 

Anocher mechanism of bacterial adherence involves rhe 
enzyme glycosyl rcansfecase (G7T). which converts dtecacy sucrose 
co glucan polymecs. GTF binds strongly to saliva-coared 
hydroxyapatice and may be able to bind bacteria dlcecciy CO the 
surface. Alcecnacively, indirect mechanisms may involve GTF 
lnceraccions wirh al-3 glucose chains produced by the adsorbed 
enzyme on cell surfaces. This would explain why bacterial adher- 
ence co coorh surfaces is not rmpcoved by premade or commercial 
ly avatlable’giucans, as the active GTF enzyme is only available 
durmg bacterial production of gluc;ln molecules. 

Other factors such as elecrcoscaric or elecccodynamic forces can 
influence bacterial-roach and baccerial-baccerial adherence, but 
evidence suggests ic is rhe lecrin-cacbohydcare incecacrion char 15 
of primacy importance for bacterial adhesion co the tooth surface 

and rhe subsequent developmenr of plaque. 

The management of periodontal diseases 
Periodontal dtseases can be pcevenced byeirher inhibccing the for- 
mation of plaque on the moth surface, or by completely removing 
plaque before inflammatory changes occur in the periodontal ris- 
sues. Complece plaque removal by mechanical means may be pas- 
sible in well-mocivared individuals, bur mosr people leave piaque 
on some pact of the coach surface after brushing. It can be argued, 
of course. chat a completely plaque-free dencicion and absolute 
periodontal heal& are not just unattainable, bur are unnecessary 
for many of rhe popularion. tfowever, in certain types of panicu- 
iarly desrmccrve forms of periodontal disease (for example in rhe 
early +nsec periodontal conditions), even very chin, undececcable 
films of plaque may predtspose to excessive periodoncai destruc- 
tion in a short pectod In such cases, high scandacds of plaque 

! 
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control are essential rf roach loss in lacer life is co be avoided. 
Furthermore. ceccain phyrtcally or menrally handicapped paciencs 
are unable either co clean their reech e&cively or co arrend a den- 
rise regularly. These paciencs may also suffer from cxcensive 
pe&doncal disease. 

A need exisrs for means of plaque conrrol as adjuncts or alter- 
narives co rhe rime-honoured mechanical methods (Tables 12.1 
and 12.2). There has been considerable research inro developing 
plaque inhibitory agents and ancicalculus agenrs chat can be used 
in the management of periodontal disease. In addition. the role of 
bacterial plaque in rhe pachogenesis ofperiodonral disease is well 
esrablished, and there is increasing evidence chat speci6c bacteria 
may be more direcrly involved in the aeriology of the early-onset 
periodonral conditions (Table 12.3). Thus the development of 

._ . 
rpec16c anclmrcrobtd agenrs directed cowards such bacteria is an 
imporranc advance in the managemenr of this rype of periodontal 
disease. 

Prosraglandins of rhe E series are imporranc mediacon of the 
tissue destrucrlon and bone loss seen in periodontal disease. 
Various scudles have shown char non-sceroidal anti-inflammarory 

Table 12.1 Clars~ficacion of anriplaque agents 

Bisbig”anidcs. e.g. chlochexidme digluconacc. alcxtdmc 
Qurccmacy ammom”m compounds. e.g. cccylpyridinium chloride. 

ben=rhooium chloride. henzalkonium chloride. domiphen bronude 
F’yrimidmc dcrtvaclvcs. e.g. hexecidine 
Bispycldine detivaclves. e g. occcnidine hydrochlorcde 

Pbmolic c-ompundr 

Liscerinc (chymol 0 06%. eucalypcol 0.09%. merhyl sal~cylare 0 OG%, 
methanol 0 04%) 

Tciclosan 

Herbal c.urat~ 
Sanguinactnc 

Hay maal d:r 
Zinc chloride and cctcace 
Srannous fluoride 
Copper sulfate 

El-CZyWCtf 

Mucinase 
MUCUUX 
Dcxrl-anasc 
Amyloglucosidaselglucose oxid- 

Anionic rurfdnnnrr 
Ammoalcohols. e g occapcnol, decaplnol 

Plax 

SodlUrn dodecyl sulfate 

sodrum lauryl sulfate 

drugs (NSAIDs) may help SCOP bone loss and connecrive rissue 
breakdown (see larec). 

Properties and aims of antiplaque agents 
The principles ofchemical plaque control are based on terrain crI- 
ceria. Chemical agents should inhibit rhe microbial colonization 
of tooth surfaces and prevent rhe subsequent development of 
plaque. They should also eliminate or reduce the pachogenicicy of 
already exisring plaques. and prevenr calculus formarion. 

A 1argFfiumber of compounds, including enzyme prepara- 
rions, ancibiocics. ancisepcics. and surface-acrtve substances, have 
been evaluated as anriplaque agents (see Table 12.1). The ideal 
propeniei of an anciplaque agent are listed in Table 12.2 above 
No substance currently &ifils all these crireria. 

First- and second generation agents 

hnriplaque compounds have been categorized primarily accocd- 
ing co their ancimiccobial ef6cacy and relative subsranciviry. The 
rerm subscancivicy cefecs CO the abtlity of a compound co be 
adsorbed on ro a surface (or binding sire) and rhen subsequently 
released from char surface over a pertod of rime. When rhe com- 

pound is bound, ic is in an inactive form. 
First-generation compounds mclude anribiorics, phenols, qua 

rernary ammonium compounds, and sanguinarine. They can 
reduce plaque scores by about 20-50%. and their efficacy LS 
limired by cheic Poor recencion in the oral caviry. 

Second-genecacion agents ace more effecrively cecained by 
oral tissues and their slow-release properties reduce plaque 
scores by 70-90%. The bisbiguanides are examples. Usmg 
first-generarton agents 44 rimes daily produces a similar 
effecr to using the second-genecacion compounds once or twice a 

day. 

Enzymes 
Various enzymes have been used as anriplaque agents (see Table 
I 2. I), on the basis of the theory chat they would break down the 
matrix of already formed plaque and calculus. Furrhermore, it was 
supposed char terrain proceolycic enzymes would be bactericidal 

Table 12.2 Ideal propeccies of antiplaque agenrs 

I Eliminare parhogenlc bacreria only 

2 Prevent the dcvelopmenc of restsram bacccria 
3. Exhibrc subscanclvrcy 
4 Be safe co chc oral tissues II. the concentrations and dosages 

recommended 
5 Signrficantly reduce plaque and gmglvirlr 
6 Inhlbic the calc~f~cac~on of plaque co calculus 
7 No< rrain teeth or alrer cascc 
8 Have no adverse effects on the reeth or dental matcr~al~ 

9 Be easy co use 
IO Be mexp-cens,ve 



Me 12.3 Parhogens which have &en ass&aced with diffeferenc co plaque organisms and SO act as ‘disinfecrancs‘ when applied 
rorms of periodontal disease topically m  the oral cavtcy 

Associarcd micro-organisms 

Localized juvenile 

periodoncicis 

Rapidly progressive 
xriodoncicis 

EulpXlSCd 
~enec-aIizcd juvenile 
m-iodonticis) 

cidonral absccn 

ute ncccocizing 

mtivc gmgcvicis 
WC) 

Enzymes char have been used CO desrroy plaque include muci- 
tXLSCS. excraccs from dried pancreas (concarning cryprin, 

chymorrypsin. carboxypprtdase. amylase, lipare. and nuctea.~), 
dexrranase. and mucanare. These have been incocporared into 
chewing gum and mochpasres. However. although in-vrrr~ 
findings showed promise, clinical trials produced indifferent 
cesulcs and a high incidence of unwanted effecrs. These enzymes 

are thus of Irccle value rn the conccol of peciodoncal disease. 
A more effective enzymatic sysrem for reducing plaque growth 

is based upon the pcoduccion of an inccinsic salivary inhibiroc by 
a se&s of humoraal facrocs and biochemical pathways. This system 
is known as the laccopecoxidase-hypothiocyanire sysrem, and is 
the basis for the pharmacodynamics of the commercially available 
dentifrice Zendium (Oral-B Laboca~ories). 

Certain oral bacrecia are known co produce hydrogen Peroxide 
by the oxidation of rhe glycolycic enzyme NADH, oxidase. 
Normally, hydrogen peroxide is used co oxidize anocher NADH, 
molecule, or is inacclvaced by the enzyme caralase. However, 
when the Level of hydrogen peroxtde is increased ic assists 
Iaccoperoxidase in the oxidation of rhtocyanace co produce rhe 
hypochiocyanice ion (OSCN-1, which is the hypochalice of 
Chiocyanogen. Hypochiocyanice ions interfere wirh cellular 
oxidation-reduction mechanisms, by upsetting the NADH,- 
NADPH, balance. Iaccopecoxidase and rhiocyanare are essenrial 
co this reaction, and are both normal constituents of saliva. 

The optimal level of hydrogen peroxide required foe 
hypochtocyanire production IS achieved by a furchec enzyme 
system involving amyloglucosidase and glucose oxidase. Borh are 
consrituencs of Zendlum coochpasce (Fig 12. I )- 

In clrnrcal trials, rhis coochpasce has been shown to 

inhibit plaque formarion when compared with either placebo 
pastes containing no enzymes or ocher commercially available 

pSCCi. 

Antibiotio as antiplaque agents 

fie bacrerial nature of dencal plaque and its primary role in the 
aeriology of peciodoncal disease has scimulaced a considerabIe 
amount of research into rhe use of ancibiorics co c'y CO conrcol the 
disease. Agenrs char have been evaluared include penicillrn. vaI\- 
comycin, eryyrhromycin. and kanamycin. fn all instances the drugs 
are used ropically. However. since the mid-1970s. inceresc in this 
approach has waned. The porencial problems of bacrerial cesis- 
cance. disrucbances in rhe gur and oral flora, and the tncceased 
risks ofhypersenslclvlcy reactions are of more clinical signihcance 
rhan rhe anciptaque effecrs of these drugs Furthermore, rhere are 
now many alrernarive anriplaque agenrs available for use instead 

of anctbroclcs 
Airhough rhe ropicat use of anrlbiocacs has now cease<J. die 

sysremic use of rhese drugs is of benefit in the managemenr of 
cercarn ryper of periodontal disease. This application is dIscussed 

larer. 
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Fig. 12.1 Mechanism of Zendium in the laccoperoxidase- 
hypothiocyanice sysrem. 

Phenols 

The phenols ace a group of antiseptic compounds that have been 
used in medicine for over 100 years. Pcepararions of phenols and 
their derivatives have had widespread applicarion as disinfectants 
and antiseptics (see Chaprec 10). Most phenols exert a non-specific 
antibacterial action, which is dependent on the ability of rhe non- 
ionized form of the drug co penetrate the lipid component of the 
cell walls of Gram-negative organisms. The resulring sUuccural 

damage affects the permeability control of the organisms. In addi- 
tion, several metabolic processes chat depend on enzymes in rhe 
cell membrane ace also disc-up&. Phenolic compounds also 
exhibit anti-inflammarory properties. This may result from cheer 
ability co inhibit neucrophil chemocaxis. neutrophil superoxide 
ion generation, and pcoscaglandin syncherase producrion. 

Phenols have been incocporaced into mouchrinses for topical 
use as antimiccobiallancisepcic agents co inhibit plaque forma- 
tion. Listerine is an over-the-counter phenol pceparacion that con- 
rains chymol (0.06%). eucalypcol (0.09%). methyl sahcylace 
(0.06%). and methanol (0.04%), -. I e tn a hydroalcoholic vehicle. 

The anciplaque acrlvlties of Listerine are well esrabbshed 
When compared co rhe vehicle or co water alone. Llsrerine was 
found co reduce borh the wet and dry weights of plaque by mote 
rhan 50% after 9 months’ use. Ic also reduced the protein content 

of plaque by abouc 60% and tcs rox~try by 75%. lhls suggercs 
char rhe acrive agents III Llscecine affect the pthogeniclry of 
plaque by reducing ~cs overall endoroxln accivicy 

rRlaosAN 

This compound IS a non-conic btsphenol wich a broad spectrum of 
acrivlcy against both Cram-porcccve and Cram-negative bacrerta 
as well as.fi~ngi. The compound exhlblcs poor subscanrcvtcy and 
can be focmulaced Into a mouchrinse or a roochpasce. The mecha- 
nism of Triclosan‘s anrlbacceccal effect is uncercacn Due co tcs 
hydcophobie and Iipophrhc nature. I( adsorbs on co the lipid pot- 
rion of the bacterial cell membrane AC low concencracions. 
Trlclosan interferes wirh vital cransporc mechanisms wirhin the 
bacteria. .When used alone. Triclosan possesses a moderate plaque- 
inhibitocy eifecc. Thus accivicy ts enhanced when rhe compound is 
combined wirh zinc cirmce or incocporaced into a co-polymer of 
merhoxyechylene and maletc actd. These coqbinacions are used 
extensively in proprietary coothpasces. The co-polymer increases 
the subscanccvrry bf Tciclosan and acts as a ceServotr. The combi- 
nation of Triciosan and zinc circare does nor appear co be assoclac- 
ed with the development of resiscanc srrains. and long-term use 
has no adverse effects on the oral flora No orhec unwanrrd effects 
have been have been reporred with the long-term use of- rhesrt 
combinations. 

The clinical benehcs of Tciclosan and zinc clccace are small, hur 
measurable. The impact of these compounds on rhe periodontal 
health of the population remains co be determined. 

Key fads 
Phenols 

Quaternary ammonium compounds 

Quarernary ammoruum compounds are cac~onic ancrreprics and 
surface-acctng agenrs The basic chcmlcal scruccure II a central 
nitrogen acom linked co four alkyl groups by covalent bonds An 
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Frovalent bond connects the anion co the nitrogen acorn (Fig 
1). The molecules have a net poslcive charge and reacr wlrh rhe 

egacively charged, cell-membrane phosphates. disrupting its 
t-uccure and so increasing permeabiliry. Quacernary ammomum 
Impounds rend to be more effecrive againsr Gram-positive rhan 
cam-negative micro-organisms. This may suggest char these 
:encs would be more beneficial as anriplaque agencs when used 
;ainsr early developing plaque. which conrains predominantly 
ram-posirive bacreria. Indeed, these compounds are used exren- 
vely as prebrushing rinses. rhar is they are rinsed around rhe 
louth before coochbrushing. Prebrushing rinses are choughc co 
lsrupc plaque and thus facilicace its removal by mechanical 
,eans. Quacernary ammonium compounds used as antiplaque 
:eocs include benzechonium chloride, benzalkonium chloride, 
Id cecylpyridinium chloride. 

Many clinical rrials support the effecriveness of quacernary 
nmonium compounds as anciplaque agenrs. However. compari- 
n with chlorhexidine prepararions (see larer), suggests their clin- 
al usefLlness is somewhat limired. The oral recenrion of quater- 
uy ammonium compounds is abour twice that of chlorhexidine, 

0 c 
OH 

(i) phenols (ii) Quatemecy ammonium 
compounds 

NHCN-HCNCe(CH,);PR(C-NHCN-HN 

(iii) Chlorheridine 

(Iv) Neridine 

CH,-CH;CN, 

:- 12.2 Srmcrures of anrcplaque agencs 

when assessed by rtlelr release IMO water rinses However, the 
absorpclon of quarernary ammomum compounds into saliva is 
much more rapid FKCO~S tn sa1tv.1 could tnfluence the r&rive 
absorption of chest: compounds lo ~frru. calcium ions dlsptace 
cerylpyrldinlum chlorldr from carboxyl groups ac lower con- 
cenrrartons rhan chore needed CO dtsplace chlorhexidlne. 
Funhermore. the doubly charged chlorhexidme may bond more 
effecclvely co oral sires than the monovalent quaternary 
ammontum compounds. Such differences in physicochemical 
Propercles may accounr for ctlr parer efticacy of&se compounds. 

Quaternary ammomum compounds are nor wlrhouc unwanted 
effects and these tnrlude a burntng sensation of rhe oral mucosa. 
browmsh dtscoloraclon of rhe teeth and tongue, and a recurrenc 
aphrhour-rype ulceration. 

Key facts 
Quaternary ammonium compouclds (QACs) 

Bisbiguanides 

The bisblguantde compounds. which Include chlorhexldme glu- 
conace and alexidlne, are the mosr effecrive antiplaque agents cur- 
renrty in use. Blsbiguanides are rhe primary second-generation 
antiplaque agenrs and exhlbic considerable subscanciviry, and they 
also have very broad ancibaccerial properties 

CHCORHEXIOINE IXUKONAE 

Chlorhexidine is a carionic chlorophenyl blsblguanide (Fig 12.2) 

wirh outstanding bacrerioscactc properrces. I( was synchestred by 
ICI in 1954 after exrensive invescigartons of the biological 
properties of polydiguanide compounds. 

Chlorhexidine is a well-tolerated and long-lasring antisepclc 

which is nor neurratlzed by soaps. body fluids. oc ocher orgamc 
compounds. Other medical uses of chlorhexldlne are discussed in 
Chapter 10. lcs applicacton as an anrlplaque agenr was first pro- 
posed in 1969, and ~c is now available as a 0 2% or 0.12% aque- 
ous soluc~on. as a roothpaste gel (0 T-l%). and a local dehvery 
device (a gelatin ctttp--the Perlochlp) for placemenr into 
perrodontat pockets after root surface dcbrldemenr 

PHARMACOKINETICS of CHCORHLX~OINC When chlortrexldlne is used as 
an anciplaque mouthrInse. 1~s mo4e oi accmn s purely copccat 
The drug does nor penetrare through oral ct~~rhehum. and lf 
some solurlon IS Inadvertently rwatlowed, the drug binds co rhe 
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mucosal surfaces of the alunenrary cracr. These cells are desqua- 
mated and rogecher with any unbound chlorhexidine are 
excrered tn the faeces. The small amount ofchlorhexidine that 
may be absorbed is metabolized in the liver. 

8AffERKuIAL AcllON OF CllLoRllEUDlNE The action of chlorhexidrne in 
killing bacterial cells depends inirially on the drug having 
access to the cell walls. This is faciliraced by elecrroscaric forces 
between the negatively charged cells and the net positively 
charged, chlorhexidine molecules. Having gained access to the 
cell membrane, chlorhexidine disorientaces irs lipoprotein SCNC- 

cure, desccoying the osmotic barrier of the bacreria. Cell perme- 
ability increases and intracellular components such as potassium 
ions leak rhrough the damaged membrane. 

A secondary action of chlorhexidine is co cause incraceIIuIac 
coagulation, which effectively slows down rhe rare of cell-concenc 
leakage. This cycoplasmic coagularion is responsible for the 
bacrericidal effect of chlorhexidine and is direcrly dependent on 
rhe concencraarion of the drug. 

EFFECT OF CHCORHEXIOINE ON ORAL LWCTER~A The short-term use of 
chlorhexidine causes a striking reduction in the number of oral 
micro-organisms. In the absence of ocher oral hygiene measures, 
chlorhexidine has been shown co reduce rhe number of bacteria 
in saliva by 83% after only 24 hours. A maximum reduction of 
95% occurred afrer around 5 days. After this the numbers of 
bacteria gradually increased. but an overall &u&on of 
7680% was maintained ac 40 days. Cessation of chlochexidine 
mouth rinses results in a rapid recucn of normal salivary 
bacreriai counts. 

Some baccecia are more susceptible co chlorhexidine than orh- 
a-s. Staphykoccr spp., Strep. muam, Strep. lalivarfr, and E. coii are 
susceptible co chlorhexidine ac a low minimum inhibitory con- 

cenrrarion (MIC), whereas terrain Gram-negarive cocci resem- 
bling Vcil~onello spp. are the Ieasc susceptible. 

The long-term use of any antimicrobial agenc can be 
assoclaced with increased microbial resistance and reduced sens- 
rivtcy. Long-term scud& of chlorhexidine are inconclusive in this 
respect. Ir has been suggested that the prolonged use of 
chlorhexidlne rends co be more bactericidal cowards strains of rhe 
more cesiscanc bacteria in the oral flora. In effecr. therefore, there 
is no change from susceptible organisms co resiscanr ones, so the 
effect on long-term plaque inhibition is negligible. 

RETENTION OF CHLOORHEXIOINE IN THE ORAL CAW Chlorhexldine is the 
mosr effecrcve antiplaque agent. This is primarily due, not co irs 
abdicy co desrroy micro-organisms, but rather co the specific 
pharmacodynamics associated with the recencion of the drug in 
the oral cavtry. 

Afrer rinsing wirh IO mL of a 0.2% aqueous solurion of 
chiorhexidine for I minute. approximately 30% of rhe drug is 
reralned in the mouth The drug is believed co bind elecrroscaci- 
tally co acidtc protein groups such as phosphares. sulfares. and 
carboryl Ions whrch exlsc extensively on the oral rlssues C&mm 
ions tn sahva are able co dtsplace chlorhexldtne from rhe carboxyl 

bindrng sires. This dlsplacemenc is comparatively slow and may 
help co explain rhe prolonged bacrerioscartc effect of rhe dmg in 
the mourh. Further. chlorhexidine can displace calctum ions rhar 
are bound co the sulfa& glycoproreins of bacrerial plaque. These 
6ndings suggest rhree posstble mechanisms for the inhlbirton of 
plaque by chlorhexidine: 

The blocking of acidic groups of salivary glycoprocetns will 
reduce rheir adsorption to hydroxyapacice and rhe formation 
of rhe acquired pellicle. 

The Zllcy of bacceris ro bind ro tooth surfaces may be 
reduced by rhe adsorption of chlorhexidine co the excracel- 
lular polysaccharides of bacrerial capsules or gIycocaIyces. 

Chlorhexidine may compete wlch calcium ions for acldtc 
agglucinacion faccocs in plaque. 

Laborarory srudies have also shown that chlorhexidlne can 
bind co hydroxyapacite. However. the condirlons under which 
this occurs are nor usually comparable co chose rn wwx Thus. tr IS 
now considered that the affmiry OF chlorhexldine for rhe acidic 
proreins in pellicle, plaque, and calculus and on the surfaces of 
bacteria and oral mucosa is of greater clinical significance than ir\ 
affiniry for hydroxyaparire. 

FACTORS AITE~~ING THE RETENTION OF ~XLORHEXIOINE A number of fac- 
corz have been demonscrated co a&r the binding capacity and 
plaque-inhibitory effect of chlorhexidine in viva. rifcer an oral 
rinse, the concencrarion of the drug m saliva falls rapidly and 
logarirhmically during the f&c 48 hours, although the drug 
may sctll be dececced after 24 hours. The proporrion of 
chlorhexidine retained depends drreccly on both the concentra- 
cion and the volume of the rinse solution. Approximately half of 
rhe chlorhexidine retained during a a-second rinse will have 
bonded co recepcoc molecules in the first 13 seconds. 

The pH in the oral caviry significantly affects both the bending 
and the release of chlorhexidine. Reducing the pH of rhe rinsing 
solution from 6.4 co 3 grearly reduces drug recencton. The mech- 
anism probably involves a reduction in rhe available negarivcly 
charged receptor sires for chlorhexidine when the envIconmenr 
becomes more acidic. Increasing the pH. however, does not appear 
ro affecr recention. Reducing the pH of rhe oral caviry by using 
acidic after-rinses also reduces recencion of the drug and rhc rub 
sequent plaque-inhlbicion. Free calcrum ions also reduce rhe oral 
binding of chlorhexidtne and increase its release from protetn 
binding sites. The mechanrsm is likely co cnvolve direct cornpert 
cion becween rhe Ions and the drug for available carboxyl groups 
on oral rissues. This findmg has an imporcanr implication wlrh 
respect co the use of chlorhexidine mouthrinses and rhe uw of 
coochpasres. Most proprietary toothpasres contatn calcium salts .G 
filler agenrs Thus tf chlorhexidine is used soon a&&r roorhbrush 
ing, rhere will be a high conceorrarion of calcium ions present tn 
the mouth This will affecr the btndtng of chlorhexidlne and 
reduce ~rs substanrtviry Paclenrs should be advised ro WK 
chlorhexidtne ac Ieasc 30 minures after roorhbmshmg co avoId an 



Periodontal d&use 
I 

189 

:racrion berween rhe calcnnn ions in roorhpasre anti the 
.durhwash. 

NWAMEO EEECTS of otoRHO(totNE Chlorhexidine has been used 
IC 30 years and its unwanted effecrs are of a local narure. Many 
lciencs find its initial rasre unpleasant and repeated use o&en 
mduces a disrurbance in cbsce, which may lasr for several 
NICS. Occasional cases of desquamaccve lesions of the oral 
tucosa and parotid swelltng have been reporred. but rhe inci- 
:nce is Lowe The main unwanted effecr of chlorhexidine mouth 
ash or gel is a brown sraining of rhe reech. Three possible 
echanisms may all conrribuce to rhis problem: 

Non -mzymafic- browning reactionr (Maillard r~~tionr): 
Carbohydrates and amino acids can act as subsrrares for rhe 
Malllard reaction. These food substances undergo a series of 
condensation and polymerization cea&ons leading co the 
formation of brown-pigmented substances known as 
melanoids. Melanoid pmducrion is cacalysed by a high pH 
and chlorheridine. The glycoprorein of rhe acquired pellicle 
covering the roorh surface may serve as a subsrrace for the 
Maillard ceaccron. 

Forma&n of pi-ted meld1 ruff;der. The glycoprocein mole- 
cules of rhe coach pellicle conrain many disulfide bridges 
When the glycoprocein is denatured. the disultide brzdges 
cplir yielding free sulfydryl groups, which reacr with ferric 

’ srannous ions in the dier co form brown or yellow meral- 
lit sulfides. Chlorhexidine cauies denarurarion of the 
pellicle glycoprorein. and Chis may concrrbuce cowards the 
sraining pocenrial. 

Rtw~~ron &I~LYRX cbhlorkxrdint and ftiorr in the diet: Many fac- 
COG may be involved in rhe reacrion berween chlorhexidine 
and consriruencs of the dier co produce srammg. It- has been 
shown rhar aldehydes and kerones ceacr wirh chlorhexidine 
CO form coloured producrs and char these pmducrs would 
acrach CO a roach surface. Sraining from chlorhexidine is 
accenruared if rhere is a heavy consumption of tea, coffee, 
and red wine, these all contain tannin, which denatures the 
pellicle glycoprocein. Red wine also contains ahigh amount 
of iron. 

Regular use of chlorhexidine causes chickening of the pellicle, 
providrng a larger than usual surface area for srain absorption. 
e rhickened pellicle also predisposes rewards-supragingivaI 
CUIUS formarion and rhls may counCeracC the benefir of 
orhexidine. 
The efficacy of chlorhexrdme appears ro be less in the presence 
blood. The compound binds ro various proteins found in blood 
i rhe bound substance is inacrive. There are obvious implica- 
ns wirh the use of chlorhcxidcne in rhe subgingivat environ- 
nr where the ricsues are inflamed and blood may be prexnc 

Ise of chlorhexrdine In these clrcumscances wrll be more 
.-&al once rhe tntlammarion IS broughr under control 
In-mfro scud& have also shown char chlorhexidine is cyrocoxic 

co gingrval hbroblasrs and inhibirs rheir abiliry co bind ro surface 
such as drnrrne. This ftndtng could have an lmpacr upon rhe heal- 
trig of penodoncal defecrs afrer regenerarcve procedures. 

ALEXIDINE AN0 OMER BIS8tGUANlOES 

r\lexldane (2-erhylhexylbtsb~guan1de dihydrochloride) is srruc- 
turally relared CO chlorhexldine and has very similar properties. In 
alexidlne, rhe p-chlorophenyl groups ofchlorhexcdfne are replaced 
by alkyl rerminal groups (Fcg. 12.2). The antiplaque acriviry of 
alexldtne has been demonstraced followmg rhe use of0.033% and 
0.05% mourhwashes 

n number of orher alkyl blsbiguanides. tncludrng hexocica- 
dine, heprthexidine. hexidecidine, and hexhexidine. also have 
acriviry against oral micro-organisms comparable to char of 
chlorhextdlne. The acriviry appears co be related co the suuccuce 
of rhe molecules. For example, agenrs wirh branched terminal 
alkyl groups are more active againsr Actinomyccr spp than those 
wirh unbranched groups. Simdarly, increasing rhe lengrh of the 
merhylene bridge increases the acriviry agamsc species of 
Banem& and Furobarrerrum. 

From a cltnical vlewpoinc. the scCucCuce modlficarion of 
anciplaque agenrs co opccmize Cheer acciviry against specific barce- 
rial specks may prove a valuable field for t&Cure research. Such 
agents will become particularly useful if the precise roles of rhe 
peridoncoparhogens are clearly idencitied. 

Key facts 
Bisbiguanides 

Bispy+dines 

Ocrenldlne hydrochloride IS rhe main bispyridtne used as an 
anclplaque agent Twrce-daily rlnslng wirh a 0 1% solurron in a 
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glycerol base almost completely inhtbicr plaque focmacion. As 
with chlochexcdcne. scaimng of the ceerh and occasional epichelial 
desquamacion are the main unwanted effeccr assoclaced with 
ocrenidtne. 

Metallic salts 

The salts of ceccain heavy metals can inhlbic rhe gcowch of dencal 
plaque and calculus formarion. Salts of zinc and tin have received 
mast accention and a number of commercial toochpasces now 
include these compounds in their focmuiarton. 

ZINC SALTS 
Zinc cicnce is the main zinc safe used for its anciplaque and anci- 
calculus activity. Toochpasces conraining up co 4% zinc ciccace 
significantly inhibit plaque growth. The anriplaque acctvicy of 

zinc salts appears co be a direct inhibitory action against sccepco- 
cocci. These micro-organisms ace the ficsc co colonize the coach 
surface and are thus imponanc in plaque focmacion. 

TIN SALTS 
The ability of tin ions CO inhibit plaque formation has been scud- 
ied. primarily using scannous fluoride mouchcinses. Daily rinsing 
with a 0.1% scannous fluoride solution slgnlhcancly reduces bac- 
cecial accumulation on the ceech. 

The action of srannous ions is media& through cheic ability 
co bind co [ipoteichoic acid on the surface ofGram-positive bacce- 
cia. The surface net charge of the organism is checefoce reversed 
and the adsocpclon of the cells on co ceerh is consequently 
reduced. Furthermore, the effectiveness of a scannous fluoride 
solution in reducing bacterial adhesion is related co the scabilicy 
of the srannous ions in aqueous solution and the race ac which 
t-hey ace taken up and cecained by specific baccecia. The accumu- 
lacion of tin in baccecla may alcec their metabolism and ocher 
physicochemical characteristics. 

Key fads 
Mefalfic salts 

Herbal extracts 

Sanguinacine is the marn herbal excracc used for its anciplaque 
acctviry lc 15 a benzophenachcidlne alkaloid derived from rhe 
plant Sangurnarra ra&rir Ic is scruccucally related co the alka- 
lolds found m the plant Fagarn zntifhoxploider-in Third World 

counccies chls plant is chewed as a method for cleaning teeth. 
Sanguinacine. in KS quacecnacy iminium form. has ancimiccobial 
pcopeccies chat have led CO ~CS intcoducrion as an anclplaque agent. 
In-vrrro analysts of minimum inhiblcocy concenrcacion (MIC) 
values of sanguinarme has determined char, in the cange of 1 co 
IGpgmL-‘. the drug can inhibit the growth of a wide range of 
oral baccecia: 

In addicton co its ancimiccobial pcopeccies. a further imporcanc 
feature of sangutnarine is its cecencion in dencal plaque when used 
as a mouthrinse. The levels in plaque can exceed the MIC values 
for up co 2 hours afcec rinsing. 

Sanguinacine has been incorporated into mouchcinses and 
toochpascm and 0.03% is the most fcequencly rested concencra- 
rlon. Few un~anred effects ace associated, but many paciencs find 
the caste unacceptable. 

Surfactants 

Surfaccancs or ‘wecfing agents’ were inrcoduced as an alrecnacive 
method of plaque inhlbiclon. Agents wlch low surface tension and 
lipophitic-hydrophilic pcopeccies can inrerfere with plaque 
growth by preventing bacrerial adhesion co both the pelllcle and 
wlchin rhe plaque mass. Thus a plaque inhtbicocy e&cc occun 
wichouc affeccmg rhe ecological balance of the oral flora. A num- 
ber of ancimiccobial agents. including chlochexidine, possess suc- 
faccanc pmpercies. This secrion, however, is concerned primarily 
with pcoducrs whose effects ace mediared mainly rhcough their 
weccing abilities. Examples include the aminoalcohols and the 
propciecary mouthwash Plax. 

h4lNOMCOHOLS 

The subsciruced ammoalcohols have comparatively low anclbacce- 
cial pcopercies. They also have a lower surface tension rhan the 
coach surface and so rhe low ancimiccobial effect may be compen- 
sated by a high local concenccacion on the enamel surface. Early 
studies have shown char a 1% occapinol solution causes complece 
plaque inhibition for between 3 and 12 days. Occapinol also pce- 
vented funher plaque growth and wvas able co pactly dissolve the 
plaque char had already formed on teeth. Similar efficacy has also 
been demonstraced with 1% decapinol. 

The unwanted effects of aminoalcohols include a slight local 
anaeschecic effecr on soft tissues, a slightly bictec taste, and light 
brown sraining of the teeth, foccunacely this is easily removed 
wtch a coochbrush. 

PIax is a commercial mouchcinse with surfactanc pmpccies. The 
cinse comprises a combination of anionic and ionic sucfacrancs, 
inctudmg sodtum laucyl sulfate, polysocbare 20, rricloun 0.3%. 
and a co-polymer of mechoxyerhylene and maleic acid. These 
ingcedlencs act on already formed plaque co loosen and remove the 
deposits. The manufaccucecs recommend tc is used before dally 
coochbcushlng lc musr be emphasized chat. although Plax may be 
a useful ad~uncc co toorhbcushing, ic is nor a substitute for dally 
mechanical plaque removal 



.pplication of an tiplaque agents 
The efficacy of any anriplaque agenc depends not only on irs 
acrtvicy but also on rhe length of concacc time berween tooth sur- 
face and agent. Furrhermore, ir is essenctal char the agenc gains 
access co rhe specific sites on the ceerh where rhe maximum 
antiplaque effects will be achieved In healrh. these sires are prt- 
manly inrerproximally and ac the gingival margins. Where there 
is periodontal disease, subgingival apphcacron is required. 

The most frequently used modes of applicarton foe anriplaque 
agents are mouthrinses and coorhpasces The ma&n problem with 
both these methods is the relative shorr comacc rime between the 

active agents and the ceech. Consequently. the welt-proven success 
of chlorhexidine as a plaque inhibitor is relaced co its subscan- 
c&icy cachet than co any unique acrion upon rhe oral flora. 

Mourhcinses are unable co penecrace subgingivally and so 
where periodontal packers extsc, direct subgingival irrigation ts 
required. Tbothpasces may, co some extent. be applied directly 
into pockets using a crevicular brushing rechnique. However, ic is 
doubtful that such methods can rarisfacrocily introduce 
anciplaque agenrs co rhe barer of deep periodontal pockets. 

Some of rhe plaque mhtbitory agents listed in this secrion ace 
used as prebrushing rinses, char is rhey are used lust before cooch- 
brushing or ocher mechanical methods of plaque control. The 
manufacrurers of rhese prebrushing mouthrinses advocate chat 
such an application will ‘loosen’ plaque and perhaps facilicace its 

loval. Ac the same rime. the ancibacrerial acrions of rhe 
mourhrinses may help co reduce rhe parhogeniclcy of the 
bacrerial plaque. Whilst some pacienrs may find a cosmeCc< 
xnefic from using prebrushing rinses, there is little evidence co 
iupporc rhelr efficacy in rhe application suggested. Furrhermore, 
:here is the very real risk rflac pariencs may rely solely on sucfl 
nouthrinres as their only means of plaque control. This will 
zercainly be derrimencal co their dencal and periodontal health. 

lnrerproximal applicarions of chlorhexidine can be made by 
Ising rhe gel preparation rogerfler with Boss. woodsclcks, or 
nterproxunal brushes. In accempcs co increase rheir concacc rime 
uich the moth surface, drugs have been incorporaced into chew- 
ng gum, lozenges, and periodontal dressings. Furrher, a number 
tf so-called slow-release devices have been used cp increase the 
engch of rime rhe drugs spend in the gingtval crevice or peri- 
dental packer. Anriplaque agents have been incorporated into 
pieces of dialysis cubing. hollow cellulose acecace fibres. acrylic 
trips. and erhyl cellulose films co prolong delivery rime 
:linically and mtcrobiologically, the effecrs of such sysrems have 
*en promising. 

Wicalcufus agents 
)enrat calc~tus is an eccopic mlnerallred scruccure char arises as a 
CSU~~ of rhe calclhcation of bacterial plaque. Many roochpasces 

lln acrlve irlgredlencs char atrcmpc co reduce calculus forma- 
. _.( These are referred co commercratly as ranar-conrrot roortr- 
ass(es. The acrave mgredlenrs of such preparactons are. 

soluble pyrophosphaces; 

zinc salts (chbride and cicrare); 

dlphosphonares; 

Triclosan wirh cirher a polymer system or zinc cicrace. 

The acclve mgrediencs have several mechamsms of action char 
can lead co a reduction in calculus formation. There include active 
recenrlon wirhin saliva and plaque, an inhibirion of the phase 
rransformacions within developing calculus. and an inhibitory 
effect on the accumulative factors affecting the care of 
supraglngival plaque mineralizarion. 

The efficacy of commercially available ancirarrar roochpasces in 
reducing supragingival calculus formation has been demonsrraced 
in both short- and long-term smdies. Whether rhis reduction in 
calculus formacion has any clinical significance with respect co 
periodontal healrh remains co be derermined 

Antimicrobials in the management of 
periodontal diseases 
Antimicrobials are typically used in medicine co eliminate i&c- 
rlons caused by foreign parhogenic micro-organisms (see Chaprer 
I I). The microbtal aeriology of inflammatory periodontal diseases 
bar provided the basis for the incroduccion of ancimiccobials in 
the management of rhese diseases. This section will assess the 
ability of specific anrimicrobiat agents co reduce the 
parhogenicicy of the subgingival microfloq, and af&cc the clinical 
signs of disease. 

Rationale for the use of antimicrobials in 

periodontal diseases 

There is liccte doubt rhac specific micro-organisms are closely 
assocrared with some forms ofperiodonral disease (see Table 12.3). 
Decween 6 and 12 microbial species may be responsible for most 
cases of periodonriris. or be causative in active episodes of the dis- 
eaSe process. Unlike the majoricy ofgeneral infections, all the sus- 
petted periodonral pathogens are indigenous co the oral Flora 
Consequenrly, long-term and total elimination with anrimicrw 
bials will be very difficult co achieve. On cessation of rhe drug, 
repopulation of rhe indigenous bacteria will occuc. Antimicrobial 
agents should only be considered as an adjunct co conventional 
periodonral therapy. 

Nevertheless, in terrain forms of periodonciris, the loss of con- 
nective rissue atcachmenc is rapid. Extremely virulenr Gram- 
negarive orgamsms populare the deep pockets and can actually 
invade the gingival connective tissue. Under these circumstances. 
antimicrobials provide a useful adjunct co root planing; this. by 
icsetf, may nor remove all subgingival deposits and certainly 
would nac affect any invading organisms which had already pene- 
crated rhe soft rissues. The microo-organisms listed in Table 12.3 
are sensirive co a number ofancimicrobials, especially rhe cerracy- 
clones and merronldazole, hence these drugs are excensivcly used 
in rhe management of periodonral disease. 
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Routes of administration 

The aim of using an ancimiccobial is co achieve a concenccation of 
the drug in the periodontal environmenr sufficient either co kill or 
arrest the growth of pathogenic microorganisms. The mosr effec- 
rive and reliable method is systemic administcarlon. which 
enables the drug co bache the subgingival flora by passing into the 
crevicular fluid. Indeed. certain drugs such as cerracyc-line have 

.been found co concencrace in ccevicular fluid a~ higher levels than 
chose found in serum following oral administration. The drug can 
then bind co the roorh surfaces, from where IC is released m active 
form. 

In an acrempc co minimize the risks of adverse reactions, 
ancimiccobials have been applied topically CO periodontal pockets 
by techniques such as subgingival irrigation, acryhc srrips, gels, 
and 6brcs filled wich drug. Such methods pecmir lower doses of 
ancimicrobials co be administered than for oral dosing, although 
the excenc co which the drugs penecrace the pockets is less 
predictable. Furthermore. the insertion and removal of mulctple 
acrylic scrips and t’ibres is rime<onsuming and this may preclude 
their widespread clinical use. Ic is now accepted chat the use of 
local anrimicrobial delivery into a peciodoncal pocket is an 
ad juncc co root surface debcidemenc and not an alcemacive co such 
trearmenr. Moreover, debridemenc will also serve co disrupt rhe 
subgingival biofilm and permir berrec concacc between the 
antimicrobial agent and rhe subgtngival flora. With some of 
the subgingival ancimicrobials. ic is recommended char they be 
administered up co a week after coon planing. This allows for res- 
olucion of the inflammarory response and a concomicanc reduction 
in rhe flow of gingival cceviculac fluid. Both changes wrll reduce 
drug clearance from the pocket and prevent the delivery device 
from blcxking the natural drainage from the pectodoncal defect. 

Tetracyclines 

The reccacyclines comprhse a group of closely relared 
baccerioscaric antibiotics rhac provide a broad spectrum of 
acrivicy against both Gram-posictve and Gram-negarlve micro- 
organisms. Tecracyclines are effeccrve against many anaerobic and 
facultacive anaerobic bacteria, which is a particularly imporcanc 
considecacion when rhey ace used in rhe management of peri- 
odoncal diseases. Tetcacyclines are also active against most 
spirochaeces. The general pharmacology of these drugs is dis- 
cussed m Chapcec I I 

JErfuKyalNEs ANO PERIO~ON~M OISEA%S 
Cases of moderately severe and advanced periodontal dtsease are 
usually created with oral hygiene insccuccion, scaling, and coot 
surface debridemenr. Thrr usually results In a reduction in plaque 
scores and gingival inflammacton. a decrease in periodontal 
pockets, and the escablishmenc of a pecmdoncal microbial flora 
compatible with rhe maintenance of pecmdoncal health In such 
cases, the adluncrive use of teccacycllne checapy is nor indicared 
because or is unlikely co achieve any shorr-rerm or long-Luring 
cllnical effecrs nor provided by mechanical debridemenr alone. 

clmical impcovemenc afier routine therapy and the periodontal 
flora will continue CO be a mixcure of spicochaetes and Gram-neg- 
arive anaerobic rods. These refractory cases of periodonricis can 
benefit from a x-week course of systemic tetracycline therapy 
of I g daily. 

The effects of Cecracycline therapy on the subgingival flora 
associared &ch periodonctcis have been well documented. A 2. 
week course of 1 g cecracycline daily produces a shift from an 
essentially complex Gram-negative flora co one which is 
essenriallyGram-positive and associared with healthy tissues 
Bacrerial resistance amongsr rhe indigenous flora is not uncom- 
mon. both before and following cerracycline’therapy. Species 01 

Slreprococct~r and Aninomycer have been found EO be resistant. 
However, the association between these bacreria and gingival 
health may negate the imporrance of rhis resistance. In refractory 
cases of periodoncicis. a short course of systemic cerracycltne 
will reduce spirochaeces and Gram-negarive rods co low or 

undereccable level;. 
Tetracycline is of considerable value in the creacmenc of rhe 

early-onset periodontal conditions. The prime pathogen in this 
unusual descruccive form of periodonraI disease is Actinohzdur 

~~&~omyce~emc~i~anr (A.a). This is very susceptible co tetracycline 
A.a. is difficulr co eliminate by mechanical debridemenc alone, 
presumably because of its ability to invade the gingival conncc- 
rive rissue. Systemic adminiscracion of ceccacycline l g daily for 
3-6 weeks in conjunction with supragingival plaque conrrol can 
halt the progression of juvenile peciodonciris. However, ic is more 
usual co give a Z-week course of cecracycline as an adjuncr co sur- 
gical management. 

In addition co the antimicrobial effects of tecracyclmes. a fur 
rhec mechanism has been proposed co explain their efficacy in the 
management of periodontal diseases. In laboratory experiments 
and clinical trials on patients with diabetes. ic has been shown 
char tetracycline, doxycycline. and minocycline can all suppress 
the acrivicy of collagenases. especially chose decrved from PMNs 
(also referred to as MMP-8). Collagenases ace also produced by 
fibroblascs which maincain collagen and gingival connecrive tis- 
sue homeoscasis. Mammalian collagenases are calciumdependenr 
enzymes and, as recracyclines bind co calcium ions. this may be 
the mechanism of inhibition. The conversion of cerracycline ro a 
non-ancimiccobial analogue, de-dimerhyIaminotecrcycline. doei 
nor reduce the anricollagenolyric action of the drug. This suggests 
char this accton is independenr of anctmicrobial accivicy. A further 
mechanism may be associated wirh the ablllry of the cecracycltnes 
co scavenge oxygen radicals (e g hydroxyl groups or hypochlorous 
acid) produced by PMNs. These oxygen radicals acttvare larenc 
collagenases. and their inhtblclon may cesulc m fucrher anclpcote- 
olycic effects such as macclvacion of a-l proceinase mhibitoc and 
neurrophtl elascase. These anripcoreolycic properties of the terra- 
cyclones may contribute co rhe general ancl -mflammacory cff~cs 
accclbured ro these drugs. and also their abiliry CO inhtbfr bone 
rC5Orprion. 

Occasionally. a case of chronic adulr penodoncicis will show no A fur&r imprranc properry of the rerracyclmes in the 



.nanagemenc of periodontal dtseases $5 rheir abllary co enhance 
hbroblasr attachment ro roar surfaces. Thts wtll factlrrace 
regenerarlve procedures rhac actempc ro create new periodontal 
actachmenr. 

LocAL OEUMRY 

A number of slow-release devices have been used co facitccace the 
local delivery of cecracycllnes (and other anctmlcrobtals) into 
periodontal sires Monollrhtc, ethylene vtnyt acecace fibres have 
been found co be rhe morr efficacious tn achgeving prolonged 
dellvery of the drug from the encore length of the fibres. 
Furthermore. the concencracionr of cerracycltnes achieved in 
crevlcular fluid by controlled local dehvery are up co 100 times 
chose obrained followcng syrcemic dosing (15OOpgmL-’ vs. 15 
pg mL-‘). Thus. the chances of complete suppression of bacterial 
growth (and/or collagenase acrlvicy) are increased. Local applica- 
tion of fibces impregnated wtth tetracycline (Accisice) has been 
shown co be as effective as coot surface debridemenc in reducing 
bleeding on probing and probtng packer depth. However, rhe 
fihre may be difficult co apply and be retained within the pocket. 

Mtnocyctine has also been tncorporaced mco a local delivery 
system (Dencomycln gel) Thcs gel IS used as an adjunct co root 
surface debridemenc and IS applred three co four rimes over an 8- 
week per&. The gel is easy ro apply and appears co be more effec- 
ctve cn the creacmenc of deep periodontal pockets. 

..ty facts 
Jetracycliaer in periodontal disease 
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Jletronidazole 

derronrdazole IS a mrrotmldarole char has a broad spectrum of 
c~ivccy agatnsc prororoa and anaerobIc bacterta. The antimicro- 
.- ’ acctvtcy of thlr drug agalnsr anaerobcc COCCI. and anaerobic 

.I-negarcve and Gram-postrive bacilli has led ro its excenstve 
ue In the managemenr of permdonrat dtseases. Its general phar- 
?acology IS dtscrlsred tn Chapter t I 

MEraONIOALOCE ~t40 PER~~~~AL onEAsEs 
The raclonale for the use of mecroniduote in the creacmenr of 
permdoncal drseases and ocher oral infecrions has revolved around 
the drug’s rpeciticiry for anaerobes and the apparenr inability of 
susceptible organisms ro devefop resistance. However. rhe plasma 
(or creviculac fluid) levels of mecconidazole required for the drug 
co be et&rive against the matocicy of anaerobes have not been 
clearly escahlished. Plasma levels of GpgmL-’ are adequare co 
deal with most anaerobic infections. and these levels can be 
achieved by a regimen of 200 mg three times a day. However, 
anocher srudy showed char a concencrarion of 8&mL-’ was 
inhibitory co more than 90% of bacreria in subgingival plaque. 
Crevicular flutd levels of 1 SpgmL-’ would be necessary for 
maximal inhibition. Such levels may be achieved following rhe 
adminisrrarion of mecronidazole 400 mg rwice a day. 

Many studies have shown chat mecronidazole has a clinical, 
hiscoparhological. and microbiological benefit co rhe periodontal 
tissues. This benetic is enhanced when drug therapy is combined 
with conventional treacmenc. Mecronidazole has been shown co be 
parrtcularly useful in rhe management of advanced cases of peri- 
odontal desccucrion. and in the management of rhe earty-onser 
periodontal conditions. 

bCAL OElMSY Of METRONlOALOCE 

A commercially available local merronidazole preparation (Elyzol) 
is now available for dicecr applicarion into a periodontal pocket. 
The product concains 23% merronidazole in a delivery vehicle 
containing glyceryl mono-oleace and sesame oil. Efficacy studies 
suggest rhar two applications of the gel (I week aparr) ace as effec- 
rive as conventional non-surgical management in reducing prob- 
ing depths and bleeding on probing. Furrhermoce. the clinical 
benefit of such local drug delivery was evideoc up to 18 months 
after rrearmenc. In this instance, the local application of 
merronidazole is being used as an alcernarive co conventional 
therapy, nor as an adiuncc. 

METRONIOAZOLE ANO ACUE ULCERAIM NECROIUWG GIUG~ (ANUG) 
Merronidazole is the creacment of choice for ANUG. Gingival 
ulcerarion, bleeding, pain, and halirosis usually resolve rapidly 
within about 48-72 hours of scarring merronidazole rrearmenc 
(200mg, three rimes a day). These clinical changes are accotnp. 
nied by the rapid disappearance of rhe spirochaete-fusobacreria 
complex. which is a feacuce of this acure disease. However, ic is 
essential char once the acute phase of rhe disease has been con- 
crotled, mechanical debcidemenr should be carried out immedi- 
ately. Failure co do so will resulr in the recurrence of infErion. 

Key fads 
Metronidarole ia periodoatal disease 
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Combination antimicrobial therapy 
There is increasing evidence char a combination of 375 mg amox- 
icillin (amoxycillin) and 250 mg mecronidazole. thcee times a day 
for a week, is of value in the management of refractory and other 
rapidly progressive forms of periodonricis. This combination cher- 
apy has also been shown co be effective in creating refcaccory cases 
of localized juvenile peciodonciris where patients still harboured 
Adnayccr ~inomyccr~miranr after crearmenc wtch a sysremic 
ceuacycline. Before such a combinaclon of antimicrobrals is pre- 
scribed, ic is essential chat the periodontal diagnosis IS corcecc. 
and that some acrempc has been made CO identify the micro- 
organisms and rheic sensicivicy. 

NSAIDs in the management of periodontal diseases 
NSAIDs are a heterogeneous group of compounds whose anal- 
gesic, anti-intlammacory, and antipyretic properties are due co the 
inhibirion of eicosanoid synthesis (see Chapters 4 and 6). The 
eicosanoids are importanr mediators of inflammacton in per&on- 
tal dlseare, and proscaglandins of the E series are porenc scimula- 
tors of osreoclasrs This larcer activity IS one of the facron con- 
tribucing cowards bone loss, a major feature of periodontal 
disease Funhec evidence that proscaglandins may be imporcanc 
in the p-athogenesis of periodontal disease came from cross-sec- 
tional scud& on patients on long-term NSAID therapy These 
pacienrs had less alveolar bone loss and gingival inflammation 
than age-matched. otherwise healthy controls. 

Others studies have shown chat topical and systemic Aurbipro- 
fen have a marked inhibicoty e&cc on the development of gingi- 
val inAammacron rn the expecimencal gingivitis model. Syscemtc 
flurbipcofen (>O mg twice daily for 2 months) has been evaluated 
on pactents with refractory periodontlcts. The race of bone loss 
was considerably reduced and some sites actually gained bone 
Long-term syscemtc Burbiprofen (3 years) reduced bone loss for 
12-18 months of trearmenr IIGs benehc does not extend beyond 
2 years. although rhts may be due ro lack of compliance by 
pactencs caking the Hurblprofen chenpy, or IO a true loss of the 
effect of llurbtprofen such chat ocher parhways of bone resorpcton 
became a( clve 

The precise mechanism of rhe acrion of NSAIDs m prevenrlng 
p+~mdoncal bone loss needs co be established. Subsequently. the 

dose. frequency of dostng. and rhe most suitable merhod of 
admintscrarlon of the drug cw be derermlned. Ic would be unre- 
altsric ro cxpecr patrenrs wlch prlodontal disease to undertake 
regular and prolonged r);rtemlc NSAID cherspy. espectally as 
permdonral dcsease IS not outwardly disabling. However. cf rela- 
tively small, bur acr~ve. amounts of an NSAID such as flurbipro- 
fen could be incorporated tnto a gel or coochpassre for topical 
appltcdtion. then comphance would be better 

Scudles of NSAlDs and perlodonclcls over the next few years 
should pro&e new methods for preventing and controlling the 
onset and progresslon of a disease which IS currently the major 
cause of moth loss in adults 

Key facfs 
NSAlDs in periodontal diseases 

Oxygen-releasing agents 
Hydrogen peroxide and sodium peroxyborare (Docasan) are the 
main oxygen-releasing agents used in rhe treacmenc of periodon- 
cal disease. Both are restrtcced rn rhe treacmenr of acute necrorIz- 
mg ulceraccve gtngivlrrs. whtch IS rhoughc co be caused by anaer- 
obic bacteria Ic is doubtful tf the oxygen released has a significant 
acrton on the mecaboitsm of anaerobic organisms during the short 
period of exposure Thts painful glngival condtcion is more 
approprlacely created wcth mecrontdazole 

Conclusion 
There 1s lirtle doubt that anrcplaclue agents and ancimicrobtals arv 
of signtficanr value m rhe management of periodontal discases 
The anrcplaque agent ofcholce IS chlorhexldtne This agent can be 
applted m a varlecy of ways. Subgtngcval ltrtgarton or ocher means 
ofdrrecc placemenr of the drug ~nro rhe periodonral pocket 1s a 
useful adluncc co tonvenc~onal pertodontal rreatmenc. Rinsing the 
mouth wlrh a 0 2% rolur~on ts of value after perrodonral surgery 
and in the management of oral rnucosal leslonr such as aphch 
ous ulcerarton and stnmartr*r see-ond.\ry IO radlocherapy and 
chemotherapy 

Terracycl~nr IS of pco~en hcneirr as an adluncr co surgery in rhe 
treatment of luvenlle per~odonrlr~r Ic 1s also useful in c.ases of 



fraccory and rapidly progcesstve periodoncicis. A 24week 
wrse IS usually advocared. Teccacycline concenccaces in the 
evicular fluid and inhibtcs collagenase. These two pcopercies 
ake ic of parciculac value in the management of peciodoncal 
seasc 

lentine sensitivity 
sinful symptoms arising from exposed dencine are a common 
Iding in the adult popularion. with an incidence of 117. 
:posure ofdentrne can arise from eichec the removal of enamel or 
nudacion of rhe root surface. toss ofenamel occucs in acccicion, 
>sion. toorhbcush abrasion, or caries. Several faccoors can cause 
nudacion of the coot surface in&ding gingival recession with 
zceasrng age, chronic peciodorical disease, peciodonral surgery. 
zorrecc coochbcushiog, and rcauma. 
Dencine sensicrviry (erroneously termed hypecsensiciviry) IS 

araccecized by pain, elicited by various stimuli, char disappears 
Ien the stimulus is removed. Some people ace sensirive co cold 
tne; others co couch. sweet, or sour foods; and some co a combi- 
cion ofany of these srimuli. The pain may be so severe char rhey 
d earing difficult. 

leories of dentine sensitivity 
‘7ely how excecnal stimuli are cransmicced through dencine co 
LS nor esrablished and, alchough evidence suggests char den- 

.e is tnnecvared. rhe excenc of this innervation is uncecrain. 
ere are chcee rheocies ofdencine sensiciviry: 

rhe dencinal cecepcor mechanism; 

the hydrodynamic mechanism; and 

the modulaclon of nerve Impulses by polypepcides. 

ntinal receptor mechanirm 

is theory suggests chat the odoncoblasr has-a sensory function, 
haps serving as a transducer between external stimuli and the 
trby pulpal necve plexus. Cerrainly, when there is disruprion of 
)ncoblascs, the dencine becomes very sensitive. However. pain- 
lucing substances. such as potassium chloride, 5-hydcoxycrypc- 
ine, and histamine. have failed co evoke pain when applied co 
losed dencine. This 6nding would question the nocicepcive role 
he odoncoblasc. 

jrodynamic mechanism 
-- 

IS is the most widely accepted cheoc-y. Dencinal cub&s contain 
d. SO a blast of air. oc hoc and cold stimuli will cause a rapid 
vemenc of this fluid within the tubules. This movement will 
se deformaclon of both the odontoblascic process and adjacent 
ve 6btes Necve defocmacion causes pain. 

dulation of nerve impulses by pofypeptides 

tissue concalns a number of polypeprrdes char can act as 
uiacors of neural cransmisrion. These include substance P and 
dykinin, which may alcec the permeabiliry of the odoncoblasc 

cell membrane (depolacizacion). Such depolarization could make 
the pulp more sensitive co various excecnal stimuli. Thus, sub- 
stance P and bcadykinin may act as modulacocs of nerve impulses 
in the pulp. 

Desensitizing agents 
[deally. a desensitizing agent should: 

l be non-ircicanc co the pulp; 

l be relatively painless on application; 

* be easily applied; 

l have a rapid onset of action; 

l be permanently effective; 

l not stain the ceech; 

l be consiscencly effective. 

Many agents have been used co cceac dencine sensitivity, and some 
are discussed below. 

Sodium fluoride 

This is conveniently applied as a paste, for example Lukomsky’s 
paste. which concains equal pacts by weight of sodium fluoride, 
kaolin, and glycerin. The pasre is burnished into the previously 
dried sensitive area. and left on for about 3 minutes before the 
parienc is allowed co rinse. Occasconaily, application may cause a 
marked but ccansicory pain. Fluorrde from the sodium salt will be 
taken up by the dencine rhus making ic more resiscanc co acid 
decalcification. The fluoride may also lead co an increase in SK- 
ondacy dencine formation, thus blocking dencinal tubules. 
Sodium fluoride either in pastes. gels, or mouthwashes has co be 
applted frequently for maximum effecrlveness. 

Stannous fluoride 

This also reduces dencine sensitivity. In solution it undergoes 
spontaneous hydrolysis and oxidation. so it is applied in rhe 
form of a gel mixed with cacboxymechylcellulose or glycerine. 
Stannous fluoride acts as an enzyme poison and may inacrivare 
enzymaric acrivicy in the odoncoblascic process. Like sodium 
fluoride, scannous fluoride induces mineralization within the 
dencinal tubules, thus creating a calcific barrier on the dencine 

surface. 

Sodium monofluorophosphate 

This tluoride salt is widely used in coochpasces, but is of uncec- 
cain efficacy as a desensitizing agent. Ir is suggested that 
monofluocophosphare IS hydcolysed by hydcoxyapacice on the suc- 
face of enamel and dentine. The hydrolysis releases fluoride ions, 
whtch ace then incocporaced into the laccice work of the apacice 
ccyscal. 

Calcium hydroxide 

Although this compound occludes dencmal rubules. its use as a 
dtsenscrizing agent is uncercarn, probably because of irs Poor 
adhesion co exposed deocine. 


