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Introduction n 

Genera ll  introductio n 

Off the many thousand known bacterial species only a limited number has been 
associatedd with human diseases. A great deal of the known human bacterial 
pathogenss occurs in healthy subjects, whereas others are not indigenous to the 
humanhuman microflora. These exogenous pathogens are often strict pathogens i.e. 
colonisationn by these organisms results in pathological processes in most indi
viduals.. Bacterial diseases can occur at body sites that are normally sterile or at 
sitess that are colonised by a complex microbial flora. The skin, the vagina, the 
digestivee tract including the oral cavity and the upper respiratory tract are exa
mpless of mucosal surfaces that harbour large numbers of micro-organisms inclu
dingg viruses, bacteria, fungi and protozoa. Some bacterial diseases such as 
tuberculosiss are caused by a specific organism while many other infections are 
associatedd with a number of different pathogens. Mucosal infections are often 
associatedd with multiple pathogens and may be considered mixed infections. 
Mixedd infections can be caused by the resident microflora of the host or by inva
sionn of exogenous pathogens. In medicine systemic antimicrobial agents are 
usedd to support the human defense system in order to eliminate bacteria from 
invadedd sterile body sites, or to assist in restoring the normal microflora by either 
suppressingg endogenous pathogens or by eliminating exogenous bacteria. 

Thee ora l cavit y 

Onee unique feature of the oral cavity is the presence of teeth that represent hard, 
non-shadingg surfaces that allow for the colonizing of specific bacterial species 
whichh develop into a unique microbial flora: the dental plaque. Periodontal infections 
aree bacterial diseases that affect the soft and hard tissues surrounding the tooth. 
Inn gingivitis the infection is limited to the gingiva while in periodontitis the attachment 
apparatuss of the teeth is also involved. In both diseases the bacterial plaque is 
responsiblee for the infection. All humans will develop gingivitis when a critical 
bacteriall mass is formed that can no longer be controlled by the host defense 
system.. A substantial proportion of the human population is inclined to develop 
periodontitis.. Periodontitis is a disease that represents a major risk factor for 
toothh loss and it has been suggested that this chronic infection is linked to 
cardiovascularr diseases and pre-term low birthweight (Beck & Slade 1996; 
Offenbacherr 1996; Offenbacher et al. 1996). Periodontal lesions may be a focus 
too cause non-oral infections in both immuno-competent and immuno-compro-
misedd individuals (Van Winkelhoff & Slots 1999). Periodontal infection control is 
nott only essential to maintain a functioning dentition; it may also contribute to 
generall health. 
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Geneti cc  and environmenta l factor s 

Eachh individual acquires his or her own unique periodontal-, skin- and intestinal 
microfloraa (Holdeman et al. 1976; Moore & Moore 1994). It is not clear whether 
thee inter-individual differences in the composition of the microflora are controlled 
primarilyy by genetic or by environmental factors. A genetic component was 
indicatedd by the fact that the periodontal microflora in identical twins were more 
similarr than in fraternal twins (Moore et al. 1993). Genetic factors may also 
explainn the observation that the mere presence of certain periodontal pathogens 
doess not inevitably lead to development of periodontitis. This is in agreement 
withh the supposition that the majority of periodontal bacteria are commensal oral 
organisms,, although conflicting data exists on this matter. For example, in the 
studyy of Haffajee et al. (1998) the number of A actfnomycetemcom/fans-positive 
sitess was similar in healthy subjects and periodontitis patients. In addition, 
AA actinomycetemcomitans can be isolated from periodontal^ stable individuals 
(Mullerr et al. 1997). In contrast, Ashimoto et al. (1996) found >2 times higher pre
valencee of A actinomycetemcomitans in periodontitis than in adult gingivitis. 
AA longitudinal study in an Indonesian population revealed that the presence of 
A.A. actinomycetemcomitans was a risk marker for periodontal breakdown 
(Timmermann et al. 2000). 

Differencess in pathogenicity (AvNA) of individual bacterial strains (Laine & 
Vann Winkelhoff 1998; Mombelli et al. 1998; Van Steenbergen et al. 1987; 
Vann Winkelhoff et al. 1993) or prevalence of certain periodontal pathogens may 
alsoo be a determining factor for the disease to develop. Epidemiological studies 
havee shown that populations with a high prevalence of A. actinomycetemcomitans 
havee a high prevalence of localized juvenile periodontitis (Papapanou 1996; Slots 
&& Rams 1992). For instance, black people from Panama exhibit a relatively high 
occurrencee of localized juvenile periodontitis (7.7%) as well as a high prevalence 
off oral A. actinomycetemcomitans (60%)(Eisenmann et al. 1983). Although the 
bacteriall etiology for periodontitis is evident, it does not explain all the variability 
shownn in several epidemiological studies. Periodontitis is a multi-factorial disease 
inn which the periodontal microflora plays an essential role but seems not enough 
too explain the onset and progression of the disease. The host's susceptibility is 
alsoo a determining factor. 

Periodonta ll  therap y 

Treatmentt of periodontitis aims at controlling the periodontal infection, arresting 
furtherr attachment loss, survival of the maximum number of functioning teeth 
andd at ensuring an acceptable aesthetic result. Supra- and subgingival debridement 
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too remove plaque and calculus, instruction in effective oral hygiene measures 
andd periodontal surgery are essential therapeutic approaches in periodontal 
treatment.. The treatment of periodontitis can arrest further periodontal attachment 
losss in most individuals. However, not all patients respond equally well to these 
treatmentt protocols and approximately 15% of the patients may suffer from 
refractoryy periodontitis (Haffajee et al. 1988). In addition, maintenance patients 
mayy experience recurrent disease activity despite regular recall. In these cases, 
repeatedd professional tooth cleaning and reinforcement of the oral home-care 
regimee are instituted. Since bacteria are considered a primary cause of period
ontall infections, antibiotic therapy may assist in controlling the subgingival 
microfloraa in patients with periodontitis. Potent antimicrobial agents such as 
metronidazolee and tetracycline have been tested for their ability to enforce the 
conventionall periodontal treatment (Helldén et al. 1979; Lindhe et al. 1983; 
Listgartenn et al. 1978). Although additional clinical and microbiological effects 
weree established, the differences between root planing and plaque control alone 
andd mechanical treatment in conjunction with these antibiotics were considered 
nott clinically significant (Lindhe et al. 1983). In most early studies on the effects 
off systemic periodontal antibiotic therapy, it was assumed that adult patients 
withh periodontitis had a similar subgingival plaque composition. More recent 
investigationss have shown that this view is not correct and significant differences 
inn prevalence and levels of putative periodontal pathogens have been documented 
(Rodenburgg et al. 1990; Slots & Listgarten 1988; Zambon 1996). Of the many 
differentt bacterial species that can occur in the deepened pockets, only a 
limitedd number have been associated with progressive periodontitis (American 
Academyy of Periodontology 1996). These periodontal pathogens seem to occur 
inn clusters rather than as single pathogens (Socransky et al. 1988). 
Microbiologicall and clinical monitoring of treated patients with periodontitis have 
revealedd that persistence of certain microbial species is associated with minimal 
treatmentt response or recurrence of progressive disease. Slots and Rosling 
(1983)) observed an association between renewed periodontal attachment loss 
andd detectable A actinomycetemcomitans in patients with localised juvenile 
periodontitis.. Later, Christersson et al. (1985) and Kornman and Robertson 
(1985)) showed that optimal treatment outcome in localised juvenile periodontitis 
wass related to elimination of A. actinomycetemcomitans. Similar observations 
weree later reported in adult periodontitis in which a limited number of bacterial 
speciess were considered key pathogens (Bragd et al. 1987; Renvert et al. 1990; 
Takamatsuu et al. 1999). These observations have led to the conclusion that one 
treatmentt goal in periodontics is suppression of certain bacterial species. 
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Treatmen tt  implication s 

Mostt cases of periodontitis do not require systemic antimicrobial therapy to 
arrestt disease progression (Axelsson & Lindhe 1978; Axelsson & Lindhe 1981; 
Baderstenn et al. 1981; Badersten et al. 1987; Claffey et al. 1988) with the possible 
exceptionn of immuno-compromised patients (Murray 1994; Yalda et al. 1994). 
Itt has been documented that periodontal infections associated with A. actino-
mycetemcomitans,mycetemcomitans, Porphyromonas gingivalis and possibly Bacteroides forsythus 
requiree significant suppression, and if possible, complete subgingival elimination 
inn order to arrest periodontal breakdown in many patients (Socransky et al. 1999; 
Takamatsuu et al. 1999; Van Winkelhoff et al. 1996; Wennström et al. 1987). The 
conceptt of specific microbial components in periodontitis is the basis for the 
selectivee use of systemic antibiotic therapies in the treatment of severe periodontitis 
(Vann Winkelhoff & Winkel 1997) and it is the rationale for the studies described in 
thiss thesis. 

Systemi cc antibioti c therapie s 

Antibioticss that have been tested in patients with periodontitis include tetracyclines, 
metronidazole,, ornidazole, amoxicillin, erythromycin, spiramycin, clindamycin, 
cefiximm and ciprofloxacin (Van Winkelhoff et al. 1996). In a number of controlled 
clinicall trials, with a.o. tetracyclines and metronidazole, only small mean differences 
weree noted in the change of probing pocket depth and clinical attachment levels 
betweenn test and control patients. However, relatively large differences in therapy 
responsee were noted between individual patients (Helldén et al. 1979; Lindhe et al. 
1983;; Listgarten et al. 1978). These observations suggested no significant role of 
thesee antibiotics in the treatment of periodontitis in adult patients. However, 
patientss in these studies were not selected on the basis of susceptibility profiles 
off the subgingival microflora. Moreover, patients were not selected on the basis 
off documented disease activity i.e. the disease may have been in quiescence in 
aa number of patients. An alternative approach to test the effects of systemic anti
bioticss is to pre-select patients on the basis of microbiological composition of 
thee subgingival microflora and/or known disease activity as was done in some 
off the studies of this thesis. 
Basedd on previous studies (Goené et al. 1990; Pavicic et al. 1994; Van Winkelhoff 
ett al. 1989; Van Winkelhoff et al. 1992), in this thesis it has been tried to further 
substantiatee the clinical and microbiological effects of metronidazole and amoxi
cillinn as single therapeutic regimes as well as the combination of both drugs. 
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Metronidazol e e 

Metronidazolee is a member of the nitro-imidazole group of antibiotics. It is an 
antimicrobiall agent with a bactericidal activity against a wide range of anaerobic 
bacteriall species, a feature that makes this drug particularly suitable for the 
treatmentt of acute and chronic periodontal infections. Moreover, development of 
resistancee to metronidazole is relatively rare (Dubreuil et al. 1989; Tally et al. 
1984;; Van Winkelhoff et al. 1999). 
Metronidazolee has been tested in conjunction with scaling and root planing in 
differentt adult patient populations including mentally retarded patients (Clark et 
al.. 1983), maintenance patients with recurrent periodontitis (Gusberti et al. 1988) 
andd as an adjunct to periodontal surgery (Mahmood & Dolby 1987). In a series of 
studies,, Loesche et al. (1984,1991,1992) have described the clinical and micro
biologicall effects of adjunctive metronidazole in adult periodontitis patients. One 
salientt finding was a significant reduction in the number of teeth in need of 
periodontall surgery in the metronidazole group in comparison to placebo treated 
patients.. Elter et al. (1997) performed a meta-analysis of the effect of systemic 
metronidazolee as an adjunct to scaling and root planing in the treatment of adult 
periodontitis.. They concluded that adjunctive metronidazole may offer a benefit 
overr scaling and root planing alone, in pockets with a probing depth of 4 mm or 
greater. . 
Inn the study of Gusberti et al. (1988) only 5 maintenance patients with recurrent 
diseasee activity were involved but the data suggested that metronidazole clinically 
improvedd the periodontal condition for at least 9 months. Mombelli and co-workers 
(1989)) evaluated another member of the nitro-imidazole group, Ornidazole®. It 
wass used as an adjunct to root planing in the therapy of 10 patients suffering 
fromm recurrent periodontal disease. Eleven months after therapy, a significant 
decreasee of pocket probing depth, no further clinical attachment loss and a 
decreasee of the bleeding index was shown. The above-mentioned studies include 
onlyy patients with either adult periodontitis or adult patients with recurrent disease 
activity.. As far as we know, no study has been performed on the effects of 
metronidazolee in patients refractory to initial periodontal therapy. 

Amoxicilli n n 

Amoxicillin,, a Ö-lactam penicillin, has a broad antimicrobial spectrum that includes 
bothh strict anaerobes and facultative anaerobic bacterial species. In vitro, whole 
subgingivall plaque samples from periodontitis patients are extremely sensitive to 
amoxicillinn (Walker et al. 1983). Amoxicillin is susceptible to bacterial enzymes 
capablee of degrading /3-lactam antibiotics and /5-lactamase producing bacteria 
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occurr in deepened periodontal pockets in adult periodontitis patients (Walker et 
al.. 1987). Clavulanic acid, a compound with a similar chemical structure as 
amoxicillin,, is capable of inhibiting the degrading activity of the bacterial enzymes, 
therebyy protecting the amoxicillin against inactivation. Several authors have 
suggestedd that this combination of drugs is effective in periodontal infection 
control,, especially in refractory adult periodontitis (Haffajee et al. 1996; 
Magnussonn et al. 1994). However, this antimicrobial drug has not been tested in 
untreatedd adult periodontitis in a double-blind placebo-controlled study. 

Amoxicilli nn and metronidazol e 

Sincee the subgingival microflora in periodontitis consists of multiple periodontal 
pathogenss with different antimicrobial susceptibility profiles, the use of more 
thann one antibiotic may be a more predictable approach in periodontal therapy. 
Combinationn antibiotic therapy can broaden the antimicrobial range of the anti
bioticc therapy and thus prevent the emergence of bacterial resistance by using 
antibioticss with overlapping antimicrobial spectra. Moreover, one can lower the 
dosee of individual antibiotics by exploiting synergy between selected drugs 
againstt specific target organisms (Paviöic et al. 1991; Paviöic et al. 1994). 
Metronidazolee plus amoxicillin has been used successfully in the treatment of 
advancedd periodontitis, especially in A actinomycetemcomitans-associateó 
periodontall infections (Goené et al. 1990; Paviöic et al. 1994; Van Winkelhoff et 
al.. 1989; Van Winkelhoff et al. 1992). 

Aimm of thi s thesi s 

Thee purpose of this thesis was to further investigate, in adult periodontitis 
patients,, the microbiological and clinical effects of 1) metronidazole in patients 
refractoryy to initial periodontal therapy culture positive for Bacteroides forsythus, 
2)2) initial periodontal therapy followed by amoxicillin and clavulanic acid, 3) initial 
periodontall therapy followed by amoxicillin and metronidazole, 4) initial period
ontall therapy and the additional effects of amoxicillin plus metronidazole in 
patientss culture positive for Actinobacillus actinomycetemcomitans. In addition, 
thee occurrence of ö-lactamase producing periodontal bacteria was determined. 
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Abstrac t t 

Thee aim of the present study was to monitor the microbiological and clinical 
effectss of renewed supra- and subgingival debridement in conjunction with systemic 
metronidazolee therapy (500 mg TID for 7 days) in 27 "refractory" periodontitis 
patients,, culture positive for Bacteroides forsythus and negative for 
ActinobacillusActinobacillus actinomycetemcomitans. Clinical evaluation included assessment 
off plaque, bleeding upon probing, probing pocket depth and clinical attachment 
losss at the deepest, bleeding site in each quadrant. Microbiological evaluation 
wass carried out by anaerobic cultivation of subgingival plaque samples from the 
samee sites. Six months after renewed debridement and systemic metronidazole 
(RD+M),, a statistically significant improvement of all clinical parameters was 
observed,, except for the plaque index. After RD+M, S. forsythus was suppressed 
beloww detection level in 17 of the 27 patients, P. gingivalis in 9 out of 15 patients 
andd P. intermedia in 14 of the 21 patients. Before RD+M, 12 patients harboured 
simultaneouslyy B. forsythus, P. gingivalis as well as P. intermedia. Out of these, 
66 patients were culture negative for the 3 species after therapy and showed the 
greatestt reduction in pocket depth (3.1 mm) and gain of clinical attachment level 
{2.55 mm). In the treatment of refractory periodontitis, associated with patients 
culturee positive for B. forsythus and negative for A. actinomycetemcomitans, 
metronidazolee can significantly improve the clinical and microbiological parameters. 

Introductio n n 

Inn practice, dentists are confronted with patients that respond poorly to conven
tionall periodontal treatment as well as maintenance patients with recurrent disease 
activityy despite proper oral hygiene care. We use the word "refractory" when 
conventionall therapy does not result in a reasonable degree of healing. Factors 
responsiblee for refractory periodontitis may involve the composition of the sub
gingivall microflora (Haffajee et al. 1988), impaired host defence (Genco & 
Mergenhagenn 1979) and medical disorders (Schenkein & Van Dyke 1994), smoking 
(Haberr et al. 1993, Martinez-Canut et al. 1995, Preber & Bergström 1986, Preber 
ett al. 1995) and stress (Green et al. 1986). Up to 21 % of the periodontitis patients 
mayy suffer from refractory periodontitis (Haffajee et al. 1988). Treatment possibilities 
inn periodontal practice are restricted to oral hygiene measures, supra- and sub
gingivall debridement, periodontal surgery and use of antibiotics. Subjects refractory 
too periodontal therapy, are prime candidates for continued conventional periodontal 
treatmentt in conjunction with systemic antimicrobial therapy (Slots 1996). 
Althoughh the subgingival microflora in refractory periodontitis mainly consists of 
strictt anaerobic bacteria, the facultative Gram-negative Actinobacillus actinomy-
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cetemcomitanscetemcomitans has been considered as one of the prime organisms 
(Vann Winkelhoff et al. 1989, 1992,1996). 
Anotherr bacterium implicated in the etiology of refractory periodontitis is 
BacteroidesBacteroides forsythus, an anaerobic Gram-negative fusiform microorganism. In a 
seriess of studies by Socransky and co-workers, it was found that B. forsythus 
wass a predominant organism in patients with the highest percentage of sites, 
showingg loss of attachment after periodontal treatment (Dzink et al. 1988, 
Haffajeee et al. 1988, Socransky et al. 1988a,b, 1994). 
Forr the treatment of refractory periodontitis several antibiotics regimes have 
beenn advocated as adjuncts to mechanical periodontal therapy (Slots & Rams 
1990,, Van Winkelhoff et al. 1996). Studies by Van Winkelhoff et al. (1989, 1992) 
havee shown that A. actinomycetemcomitans-assoaateó refractory periodontitis 
cann be successfully treated by adjunctive systemic use of the combination of 
amoxicillinn and metronidazole. Other studies have documented the effects of 
metronidazolee and ornidazole in refractory and recurrent periodontitis (Gusberti 
ett al. 1988, Mombelli et al. 1989). However, in these studies the microbiological 
compositionn of the subgingival microflora was not a selection criterion. 
Thee aim of this investigation was to monitor the microbiological and clinical 
effectss of renewed debridement in conjunction with systemic metronidazole 
therapyy in " refractory " periodontitis patients, culture-negative for A actinomy-
cetemcomitanscetemcomitans but positive for B. forsythus. 

Material ss  and Method s 

Patients ''  grou p descriptio n 

Patientss in this study were selected from 2 private dental practices, both spe
cializedd in periodontics. All patients had a history of a routine initial periodontal 
therapyy (RIPT) consisting of oral hygiene instructions and scaling and root planing. 
Thiss treatment was carried out over a period of approximately 4 months and had 
amountedd > 6 h. On evaluation, 3 months after the RIPT was completed, little or 
noo pocket depth reduction and sustained high bleeding upon probing in comparison 
too values before RIPT were observed, despite improved oral hygiene. In this 
groupp of patients, diagnosed with refractory periodontitis, a subgingival plaque 
samplee was taken from the deepest bleeding pocket in each quadrant. The 
sampless of these 4 experimental sites were pooled. On the basis of the micro
biologicall results, 27 subjects were selected showing subgingival presence of 
B.B. forsythus without detectable A. actinomy'cetemcomitans. Throughout the 
studyy these 4 experimental sites were used for clinical and microbiological 
analysis. . 
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Thee mean age of the patients was 45 years and ranged from 29-64 years. The 
frequencyy distribution of probing pocket depth categories, based on 6 sites per 
tooth,, of the 27 untreated periodontitis patients before RIPT are summarized in 
Tablee 1. 

TableTable 1. Frequency of probing pocket depth (PD) categories of 27 untreated periodontitis patients. 

PD D 

«4 4 
5 5 
6-7 7 
3*8 8 

Meann % 

60.2 2 
17.0 0 
16.2 2 
6.6 6 

Range e 

6.2-88.7 7 
8.3-35.9 9 
0.7-54.3 3 
0.0-27.1 1 

Thee proportion of sites with a probing pocket depth > 6 mm was 22.8%. In retrospect, 
thee mean probing pocket depth of the 4 experimental sites before the routine initial 
treatmentt was 6.9  1.2 mm and amounted to 6.8  0.9 mm when entering the 
studyy and also the bleeding on probing score remained virtually unchanged 
(0.99  0.2 versus 0.9  0.1). These observations confirm that the RIPT treatment 
hass been ineffective in improving the periodontal condition which was the basis 
forr further periodontal treatment. 

Treatmen t t 

Whenn entering the study, patients were subjected to renewed supra- and sub
gingivall debridement for approximately 1 h after which they received a systemic 
metronidazolee therapy of 500 mg TID for 7 days. A regular recall program was 
initiated.. Six months later after renewed debridement plus metronidazole 
(RD+M),, again at the 4 experimental sites, a re-examination was carried out to 
monitorr the clinical and microbiological effects of RD+M therapy. 
Beforee and after RD+M the following clinical parameters were assessed at the 4 
experimentall sites. 

Clinica ll  measurement s 

1)) Plaque index (Pll) of Sillness & Löe (1964) was used. 
2)) Probing pocket depth (PD) were assessed using a Hu-Friedy PQW probe. 
3)) Bleeding on probing (Bl) was scored as 0, no bleeding; 1, minor bleeding; 

andd 2, immediate overt bleeding. 
4)) Clinical attachment level (CAL) was determined by subtraction of the 

distancee between the gingival margin and the cemento-enamel junction 
fromm the recorded probing depth. 
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Microbiologica ll  procedure s 

Afterr removal of supragingival plaque, a subgingival sample from the deepest 
bleedingg site was taken in each quadrant, using 2 sterile paper points per site. 
Alll paper points were pooled and collected in reduced transport fluid (RTF) (Syed 
&& Loesche 1972) and processed within 36 hours. Tenfold serial dilutions were 
preparedd in RTF and aliquots of 0.1 ml were plated onto 5% horse blood agar 
platess supplemented with haemin (5 mg/l) and menadione (1 mg/l) for isolation 
andd growth of obligately anaerobic bacteria, and on TSBV for selective isolation 
andd growth of A actinomycetemcomitans (Slots 1982). Blood agar plates were 
incubatedd anaerobically in 80% N2,10% H2 and 10% CO2 for up to 14 days and 
TSBVV plates were incubated in air + 5% CO2 for 5 days (Van Steenbergen et al. 
1986).. Blood agar plates were used for enumeration of dark-pigmented colonies 
andd B. forsythus. Representative dark-pigmented colonies were purified and 
identifiedd using standard techniques (Van Winkelhoff et al. 1985), including Gram-
stain,, hemagglutination of 3% sheep erythrocytes, fermentation of carbohy
drates,, production of indole from tryptophan and production of specific enzymes 
(Vann Winkelhoff et al. 1986). B. forsythus was identified on the basis of the typical 
colonyy morphology, Gram-stain and production of a trypsinlike enzyme (Braham 
&Moncla1992). . 

Statistica ll  analyse s 

Forr statistical analyses, the BMDP/PC90 package was used. For analyses of the 
clinicall data a patient level response variable was calculated for each parameter 
byy computing the mean value of the scores assessed at the 4 experimental sites 
att each assessment. Differences in clinical parameters before and after RD+M 
therapyy were analyzed using a Wilcoxon-test. To investigate effects of different 
microbiologicall treatment outcomes on the clinical response an analysis of 
variancee and covariance with repeated measures was used, entering clinical 
parameterss as dependent variables and plaque scores before and after RD+M as 
covariates.. This analysis demonstrated differences in treatment response apart 
fromm those dependent on differences in the change of plaque scores. 
Valuess of p < 0.05 were accepted as statistically significant. 

30 0 



Metronidazol ee and B. forsythus 

Result s s 

Thee mean clinical parameters of the 4 experimental sites before and after RD+M 
aree shown in Table 2. 

TableTable 2. Mean clinical parameters (standard deviation) at the 4 experimenta l sites , before and after 
renewedd debridement plus metronidazole therapy (RD+M) in 27 refractory periodontitis patients. 

P1I I 
BI I 
PD D 
CAL L 

Before e 
RD+M M 

0.55 (0.6) 
1.66 (0.5) 
6.8(1.0) ) 
7.77 (1.6) 

After r 
RD+M M 

0.33 (0.5) 
0.77 (0.4) 
5.33 (1.2) 
6.77 (1.6) 

Change e 

-0.2 2 
-0.9 9 
-1.5 5 
-1.0 0 

p-p- value 
Wilcoxon n 

0.07 7 
0.0001 1 
0.0001 1 
0.0002 2 

*p-\a\ue *p-\a\ue 
ANOVA A 

0.09 9 
0.0000 0 
0.001 1 
0.007 7 

PII:: plaque index; BI: bleeding index; PD: probing pocket depth; CAL: clinical attachment level. 
** p-values with plaque scores as a covariate. 

Withh the exception for the plaque index, a statistically significant improvement of 
alll clinical parameters was noted after the RD+M therapy. When the changes in 
clinicall parameters were statistically tested with supragingival plaque scores as 
aa co-variate, a significant change was still observed for the BI, PD and the CAL. 
Thee frequency distribution of probing pocket depth before and after RD+M therapy 
showedd a shift toward shallower pocket depth (Fig. 1). The % of pockets > 6 mm 
decreasedd from 80% before RD+M to 36% after RD+M. The same trend was 
observedd in relation with the frequency distribution of the attachment level meas
urementss (Fig. 2). 
Tablee 3 summarises the frequency of isolation of Bacteroides forsythus, 
PorphyromonasPorphyromonas gingivalis and Prevotella intermedia and the mean % and the 
mediann values before and after RD+M therapy. Before RD+M all 27 patients had 
detectablee subgingival B. forsythus. After RD+M in 17 patients B. forsythus was 
noo longer detectable, a reduction of 63% P. gingivalis was present in 15 of 27 
patients.. In 9 of the 15 subjects P. gingivalis was suppressed below detection 
level.. Of the 12 initially P. gingivalis negative patients, 5 had detectable levels of 
thiss bacterium after therapy (range 1.6%-15.9%). Out of these, 1 patient 
(P.(P. gingivalis = 10.5%) showed an increase (1.0 mm ) and 3 subjects a decrease 
inn pocket depth (mean 0.9 mm, range 0.5-1.3 mm). In 1 patient no change in PD 
wass observed. The 2 patients showing the highest levels of P. gingivalis 
(10.5%,, 15.9%) had the highest plaque scores of the entire study population after 
RD+MM therapy. 
Fourteenn of the 21 patients became negative for P. intermedia. Of the 6 patients 
initiallyy negative for P. intermedia, 3 patients became positive (range 0.1 %-3.4%). 
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Alll 3 patients had a decrease in mean PD > 1.0 mm. Of the 5 patients who had 
ann increase of the plaque score after RD+M, 4 became positive for P. gingivalis 
and/orr P. intermedia. 
Nonee of the patients had detectable levels of A. actinomycetemcomitans at any 
examination. . 
Iff a selection of patients was made on the basis of presence or absence of 
B.B. forsythus, P. gingivalis and P. intermedia before RD+M, the reduction of probing 
pockett depths and the gain of clinical attachment was most pronounced in subjects 
positivee for all 3 periodontal pathogens before RD+M (Table 4). In this group, a 
reductionn of pocket depth of 2.1 mm and a gain of clinical attachment of 1.4 mm 
wass observed. In patients initially positive for B. forsythus but without detectable 
P.. gingivalis and/or P. intermedia a less favourable clinical result was noted. 
Tablee 5 summarises a further analysis of the relationship between clinical parameters 
andd the presence of selected periodontal microorganisms. Three different 
groupss can be recognized on the basis of the combination of the microbiological 
dataa before and after RD+M therapy. Group 1 represents the patients in relation 
too the presence or absence of B. forsythus, irrespective of the results for 
P.P. gingivalis and P. intermedia. In group 1a, representing the patients positive for 
B.B. forsythus post-treatment (n=10), the only clinical change was reduction in 
bleedingg on probing. In 17 of 27 patients, B. forsythus was no longer detectable 
afterr RD+M therapy(group 1 b) which was paralleled by an improvement of all clinical 
parameters.. When the absence of P. gingivalis was taken into account, a mean 
reductionn in PD of 2.6 mm and mean gain of CAL of 2.1 mm was observed (group 2b). 
Thee maximum reduction in PD (mean 3.1 mm) and CAL (mean 2.5 mm) was 
observedd in group 3b which was marked by the presence of B. forsythus, 
P.P. gingivalis and P. intermedia before RD+M and the absence of these micro
organismss after RD+M. 

Discussio n n 

Thee results of this study have shown that renewed debridement followed by 
systemicc metronidazole can improve the clinical periodontal status of patients 
poorlyy responding to previous periodontal therapy. 
Inn general most studies evaluating the additional effect of metronidazole in the 
treatmentt of periodontal disease, involve patients with adult periodontitis. As far 
ass we are aware, only 2 studies have investigated the use of metronidazole in 
refractory/recurrentt periodontitis. Gusberti et al. (1988), who treated 5 refractory 
periodontitiss patients with 250 mg TID for 10 days and Mombelli et al. (1989), 
whoo used 500 mg ornidazole 2x daily for 10 days in 10 subjects with recurrent 
periodontitis,, obtained comparable clinical results as we observed in the present study. 
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Apparently,, in the present study a higher dose of metronidazole for a shorter 
periodd of time results in a similar treatment outcome. 
Thee question remains, whether renewed debridement without metronidazole 
wouldd have resulted in the same clinical improvement as we found in the present 
study.. It has been shown that the maximum clinical effect of mechanical debridement 
iss obtained within a period of 6 months and retreatment does not result in further 
clinicall improvement (Badersten et al. 1984, Claffey et al. 1988, 1991, 1994, 
1995).. Therefore, in this study we assume that it is unlikely that renewed debridement 
alonee is responsible for the improvement of the clinical condition. 
Itt is well-known that plaque control is of paramount importance in the treatment 
off periodontal disease. In the present study no significant plaque reduction was 
foundd when the analysis was carried out on all 27 subjects. However, a significant 
decreasee of plaque was observed in the 12 patients positive for all 3 periodontal 
pathogenss before renewed debridement plus metronidazole (Table 4). Our 
observationss do not elucidate the question whether supragingival plaque prevents 
suppressionn of B. forsythus, P. gingivals and P. intermedia or vice-versa, 
whetherr presence of subgingival B. forsythus, P. gingivalis and P. intermedia 
stimulatess supragingival plaque growth. Ramberg et al. (1995,1996) demonstrated 
thatt the rate of plaque formation adjacent to an inflamed gingiva was greater 
thann to a healthy gingival segment. In this respect it is interesting to note that 
44 of the 5 patients who showed an increase of the plaque score after RD+M, 
becamee positive for P. gingivalis and/or P. intermedia. It may be speculated that 
thee reduction of the inflammation due to the decrease of periodontal pathogens 
leadss to a decline of the crevicular fluid (Giedrys-Leeper 1985) and consequently 
aa reduction of de novo plaque formation (Hillam & Hull 1977). In order to enhance 
thee effect of systemic antibiotic therapies, every effort should be made to control 
thee supragingival plaque (Komman et al. 1994). Therefore, it may be justified to 
usee chlorhexidine mouth rinses and/or gels simultaneously with systemic 
metronidazolee (Joyston-Bechal et al. 1984). 
Thee finding that in spite of the treatment some patients became positive for 
P.P. gingivalis and P. intermedia can be explained in the following way. Most likely 
thee bacteria were already present before renewed debridement but were missed 
inn the microbiological evaluation due to the lack of reproducibility of the sampling 
proceduree (Dahlén et al. 1990) and/or presence of the target bacteria under 
detectionn level. After therapy, in some patients the numbers of bacteria may have 
increasedd due to higher levels of plaque post-therapy. 
Inn retrospect, the results of the present study show that the best clinical improvement, 
inn terms of reduction in pocket depth and gain of clinical attachment level, can 
bee expected in patients who were at the start of the study simultaneously infected 
withh B. forsythus, P. gingivalis and P. intermedia. This is in accordance with the 
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studyy of Haffajee et al.(1996) who also found a maximum clinical effect in 
patientss with multiple putative pathogens at baseline. However in the present 
study,, an even more pronounced effect was found in the patients who became 
negativee for the 3 species after therapy. Therefore it is plausible to state that 
suppressionn of B. forsythus, P. gingivalis and P. intermedia below detection level 
significantlyy contributes to the clinical outcome of the treatment. Our data support 
thee concept that the absence of these bacteria may be considered an endpoint 
off active periodontal treatment in susceptible individuals (Renvert et al. 1990) 
andd a reliable predictor of no further loss of attachment (Wennström et al. 1987, 
Ramss et al. 1996, Dahlén et al. 1996). 
Inn conclusion, in the treatment of" refractory " periodontitis by means of renewed 
debridementt plus systemic metronidazole, the most favourable clinical results 
cann be expected in patients positive for B. forsythus, P. gingivalis and P. intermedia 
beforee and negative for these species after therapy. 
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g-lactamasee and periodontitis 

Abstrac t t 

Inn 23 untreated adult periodontitis patients, the occurrence of Ö-lactamase pro
ducingg periodontal bacteria was determined. In addition to non-selective isola
tionn media, selective isolation and growth of ö-lactamase positive subgingival 
bacteriall species was carried out on blood agar plates supplemented with 
amoxicillinn and plates with amoxicillin + clavulanic acid. Porphyromonas gingiva-
lis,lis, Prevotella intermedia, Actinobacillus actinomycetemcomitans, 
PeptostreptococcusPeptostreptococcus micros, Fusobacterium nucleatum, Bacteroides forsythus 
andd Campylobacter rectus isolates from the non-selective medium were tested 
forr Ö-lactamase activity by a nitrocefin disk method (DrySlide®) and by a labora
toryy chromogenic nitrocefin-based test. Isolates from the amoxicillin plates that 
weree absent on the amoxicillin/clavulanic acid plates were identified and tested 
forr Ö-lactamase production. Based on the non-selective plates, 6 of 23 P. inter
mediamedia isolates, 2 of 19 B. forsythus isolates and 3 of 23 F. nucleatum isolates 
weree Ö-lactamase positive. The ö-lactamase positive species Prevotella loe-
scheii,scheii, Prevotella buccae, Prevotella buccalis and Actinomyces spp were reco
veredd from the selective amoxicillin plates. Ö-Lactamase positive subgingival 
speciess were recovered from 17 of 23 patients (74%) but usually comprised low 
proportionss of the subgingival microflora (range < 0.01-15%). Comparison of the 
DrySlide®® test and the nitrocefin-based laboratory test revealed full agreement of 
testt results. Ö-Lactamase activity in whole subgingival plaque was detected in 12 
patientt samples (52%). It was concluded that ö-lactamase activity in subgingival 
bacteriaa in adult periodontitis is a common feature. However, since the majority 
off the samples showed only low-level enzymatic activity, the clinical relevance of 
thiss observation with regard to therapy with unprotected enzyme-susceptible Ö-
lactamss is uncertain, though failure on the other hand, is difficult to rule out when 
aa mechanism of resistance is present. The majority of ö-lactamase positive 
strainss was found among species of the Prevotella genus. 

Introductio n n 

Onee mechanism of bacterial resistance to ö-lactam antibiotics is enzymatic inac-
tivationn of the antimicrobial agent (Neu 1992, Jacoby & Archer 1991). Production 
off Ö-lactamases is mediated via either chromosomes or plasmids. Ö-Lactamase 
productionn may be constitutive or inducible. Induction after ö-lactam exposure 
cann result in significant increases in enzyme production (Philips et al. 1993). One 
off the first reports on plasmid-mediated resistance to a ö-lactam antibiotic was 
inn 1974 and since then an increase in ö-lactam resistance has been noted. Ö-
Lactamasess in Gram-negative bacteria such as Pseudomonas aeruginosa, 
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EnterobacterEnterobacter cloacae, Serratia species and Haemophilus influenzae have been 
reportedd (Kliebe et al. 1985). The clinical consequence of resistance can be the
rapeuticc failure and relapse. 
Walkerr et al. (1987), testing whole subgingival plaque samples, found 6-lacta-
masee activity in 36% of all > 6 mm periodontal pockets in patients with adult 
periodontitis.. They also concluded that the subgingival concentration of the 
enzymee can be sufficiently high to degrade subgingival penicillin levels. 8-
Lactamasess have been detected in dark-pigmented Prevotella species, in 
HaemophilusHaemophilus and Capnocytophaga species in patients with adult periodontitis 
(Kinderr et al. 1986). Appelbaum et al. (1991) reported that the occurrence of 0-
lactamasee positive strains of Fusobacterium nucleatum from mainly non-oral 
sitess can be 21%. Inhibitors of 0-lactamases such as clavulanic acid can be 
combinedd with for instance amoxicillin resulting in a /^-lactamase resistant drug. 
Thiss combination has shown beneficial clinical effects in the treatment of active 
periodontitiss (Haffajee et al. 1995a+b) and refractory adult periodontitis (Collins 
ett al. 1993, Magnusson et al. 1994). 
Amoxicillin,, in combination with metronidazole has been used successfully in the 
treatmentt of severe Actinobacillus actinomycetemcomitans-assoc\ateó period
ontitiss (Van Winkelhoff et al. 1989, 1992, Pavicic et al. 1994). Others have advo
catedd the use of amoxicillin+clavulanic acid in combination with metronidazole 
(Kornmann et al. 1989). More information on the occurrence of penicillin-degra
dingg subgingival bacteria in adult periodontitis is needed for proper selection of 
potentiall antimicrobial therapies. 
Thee purpose of this study was to determine the occurrence of ^-lactamase acti
vityy in subgingival plaque from untreated periodontitis patients by testing purified 
bacteriall isolates as well as by testing of whole subgingival samples. 

Material ss  & Method s 

Patient s s 

Thee patients selected for this study fulfilled the following inclusion criteria 1) age 
>> 25 years, 2) > 3 teeth in each quadrant of the dentition, 3) > 1 site with a prob
ingg pocket depth > 5 mm which bled upon probing with radiographic evidence 
off alveolar bone loss, 4) no periodontal treatment history, 5) willing to participa
tee in the study based on a written informed consent. Exclusion criteria were 1) 
periodontall treatment history, 2) systemic or topical antimicrobial therapy within 
66 months prior to the study, 3) diabetes mellitus, 4) acute necrotizing ulcerative 
gingivitis/periodontitis. . 
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Samplin g g 

Inn each quadrant the deepest site showing bleeding upon probing was selected 
forr microbiological sampling. After careful removal of supragingival plaque depo
sitss and isolation of the sampling site with cotton rolls, two consecutive sterile 
paperr points (Fine, West Palm Beach, USA) were inserted to the bottom of the 
experimentall sites and left in place for at least 10 sec. Paper points from all four 
sitess were pooled in 2 ml of reduced transport fluid (Syed & Loesche 1972). 
Sampless were processed within 2 hours after collection. 

Microbiologica ll  procedure s 

Tenfoldd serial dilutions were prepared in sterile phosphate buffered saline. 
Appropriatee dilutions were plated onto non-selective 5% horse blood agar pla
tess (Oxoid no 2; Oxoid Ltd, Basingstoke, England) supplemented with haemin (5 
mg/l)) and menadione (1 mg/l, BA) and on trypticase soy-serum-bacitracin-van-
comycinn (TSBV) plates (Slots, 1980) for selective isolation and growth of A. acti-
nomycetemcomitans.nomycetemcomitans. For selective isolation of periodontal organisms relatively 
resistantt to amoxicillin based on ö-lactamases production, BA plates were sup
plementedd with 3 jL/g/ml amoxicillin or with 3 ug/m\ amoxicillin and 0.75 /jg/ml 
clavulanicc acid (SmithKline Beecham Pharmaceuticals, Herts, U.K.). 
TSBVV plates were incubated at C in air + 5% CO2 for 5 days. Non-selective 
andd selective blood agar plates were incubated at 37 C in 80% N2,10% H2 and 
10%% CO2 for up to three weeks. The number of colony forming units on the 
selectivee and non-selective blood agar plates were determined and converted to 
cfu/ml.. On the basis of these data, the percentage of organisms resistant to 
amoxicillinn and amoxicillin/clavulanic acid at the test concentrations of 3 and 
3/0.755 ug/m\, respectively, achieved in gingival crevicular fluid, were calculated 
(Slotss & Rams 1990). The % of A actinomycetemcomitans was calculated on the 
basiss of the number of cfu on TSBV plates. 
IdentificationIdentification of isolates. The presence and proportions of Porphyromonas ging
ivals,ivals, Prevotella intermedia, Fusobacterium nucleatum, Peptostreptococcus 
micros,micros, Bacteroides forsythus and Campylobacter rectus was determined on the 
non-selectivee BA plates. Colonies present on the BA + amoxicillin plate but 
absentt on the BA + amoxicillin/clavulanic acid were regarded as potential B-lac
tamasee positive bacterial species. These isolates were all purified and identified 
too species level. Identification of strictly anaerobic species was based on Gram-
reactionn and the reaction profile in the API 32A system (Biomerieux, La Balme 
Less Grottes, France). Additional tests for identification included detection of a 
trypsin-likee activity based on the degradation of benzoyl-DL-arginine-2-naphty-
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lamidee (Sigma, St Louis, USA) for the identification of P. gingivalis {Van 
Winkelhofff et al. 1988) and B. forsythus (Tanner et al. 1986). Identification of A 
actinomycetemcomitansactinomycetemcomitans was based on the characteristic colony morphology 
(star-likee inner structure) on the TSBV plate, and a positive catalase reaction 
uponn exposure to 3% H2O2. 
8-Lactamase8-Lactamase testing. /^-Lactamase activity of the selected periodontal pathogens 
andd bacteria growing on the BA + amoxicillin plates but not on the BA + amoxi-
cillin/clavulanicc acid plates was tested after purification and identification of the 
isolates.. Nitrocefin disks (DrySlide®, Difco Laboratories, Detroit, USA) were ino
culatedd with a small portion of growth from blood agar plates and observed for 
aa change in color from yellow to red. Disks which did not show color change wit
hinn 10 min. at room temperature were additionally incubated for 60 min. at . 
Inn addition, all isolates were tested with a rapid chromogenic nitrocefin-based 
laboratoryy test (Schoenknecht et al. 1985). In short, a nitrocefin solution was pre
paredd in phosphate buffer (pH 7.0) to a final concentration of 250, 500 and 1000 
fjg/mlfjg/ml Volumes of 100 u\ were mixed with 100 fj\ of a heavy bacterial suspension 
inn microdilution plates. Tests were read after 10 min. at room temperature and 
afterr 60 min. of incubation at C (Heimdahl et al. 1980). A test was considered 
positivee when the yellow color turned into orange. 

^-Lactamas ee activit y of whol e subgingiva l sample s 

Forr the detection of ö-lactamase activity in whole subgingival dental plaque 
samples,, the rapid chromogenic nitrocefin method was used. After processing 
thee samples for anaerobic cultivation, plaque samples were stored at - C until 
use.. After thawing at room temperature, samples were vortexed for 30 sec. and 
sonicatedd on ice 10 times for 2 sec. at an amplitude of 20 JLV. Aliquots of 100 u\ 
weree mixed with 100 /JI of a nitrocefin solution (1000 ^g/ml). Dilutions of pure 8-
lactamasee (500 units Ö-lactamase I and 50 units ö-lactamase II, E.C. 3.5.2.6., ICN 
Biomedicals,, Zoetermeer, The Netherlands) were tested in the nitrocefin test for 
comparison.. A 0-lactamase positive and a negative Staphylococcus aureus 
strainn were used as positive and negative controls in all assays. The reactions 
weree read after 10 min. of incubation at room temperature, after 60 min. of incu
bationn at C and after 24 hours at . 
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Result s s 

Thee occurrence and percentages of the selected periodontal bacteria on non
selectivee blood-agar plates in the 23 patients is summarized in Table 1. All 23 

TableTable 1. Prevalence and proportions of selected periodontal bacteria in 23 adult periodontitis patients 
andd the prevalence of fl-lactamase positive strains isolated from non-selective blood-agar plates. 

No.. positive 
patients s 
(«=23) ) 

Meann % of the 
subgingival l 
plaquee (SD) 

No.. /^-lactamase 
positivee strains 

P.P. gingivalis 
P.P. intermedia 
A.A. actinomycetemcomitans 
B.B. forsythus 
F.F. nucleatum 
P.P. micros 
C.C. rectus 

133 (57%) 
233 (100%) 
33 (13%) 

199 (83%) 
233 (100%) 
166 (70%) 
22 (9%) 

25.88 (14.4) 
4.33 (5.0) 

0.088 (0.09) 
8.88 (4.7) 
6.44 (5.0) 
5.33 (5.2) 
1.11 (0.2) 

0 0 
66 (26%) 
0 0 
2(11%) ) 
33 (13%) 
0 0 
0 0 

patientss had detectable P. intermedia and F nucieatum. The species with the 
highestt mean subgingival percentage was P. gingivalis (26%). Ö-Lactamase acti
vityy was detected in 6 of 23 (26%) P. intermedia isolates, in 2 of 19 (11 %) B. for
sythussythus isolates and in 3 of 23 (13%) F nucleatum isolates. None of the P. gingi
valisvalis and A. actinomycetemcomitans strains were fi-lactamase positive (Table 1). 
Tablee 2 summarizes the occurrence and mean percentages of Prevotella buccae, 
PrevotellaPrevotella buccalis and Prevotella loescheii that were isolated from blood agar 
platess supplemented with 3 ug/m\ amoxicillin and were absent on the amoxicil
linn plus clavulanic acid plates. All these isolates appeared positive for ö-lacta-

TableTable 2. Bacterial species with fl-lactamase activity from 23 adult periodontitis patients isolated from 
bloodd agar plates supplemented with 3 pg/ml amoxicillin. 

Species s 

P.P. intermedia 
F.F. nucleatum 
B.B. forsythus 
PrevotellaPrevotella buccae 
PrevotellaPrevotella buccalis 
PrevotellaPrevotella loescheii 
Unidentified̂  ^ 

No.. patients 
positivee (%) 

6(26) ) 
3(13) ) 
2(8) ) 
5(22) ) 
2(9) ) 
4(17) ) 
3(13) ) 

Meann %a) 

5.1 1 
5.8 8 

13.2 2 
0.07 7 

<0.01 1 
0.02 2 
0.74 4 

SD D 

4.2 2 
6.2 2 
1.4 4 

(0.07) ) 
(0.002) ) 
(0.04) ) 
(0.71) ) 

Range e 

0.7-12.8 8 
1.3-14.6 6 

11.8-14.6 6 
0.004-0.2 2 
0.005-0.0001 1 

0.0003-0.1 1 
0.006-1.7 7 

** Mean percentage of the subgingival anaerobically cultivable microflora in positive patients. 
b»» Strains were not identifyable. One strain was an unknown Clostridium spp., while the two other 
strainss resembled A. naeslundii. 
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mase.. From 2 patients, a /^-lactamase producing Actinomyces species was iso
lated.. None of these isolates could be identified to species level, but they 
resembledd A. naeslundii. One ö-lactamase positive isolate was identified as a 
ClostridiumClostridium spp. 
Thee mean number of colony forming units (cfu) on the non-selective blood agar 
platee was 11.1 x 107ml (SD 1.3 x 10s). The mean number of cfu on the BA plate 
withh 3 £/g/ml amoxicillin amounted 8.9 x 104/ml (SD 18 x 104) and was 1.6 x 104 

(SDD 1.5 x 104) on the BA with amoxicillin + clavulanic acid plate. In comparison 
too the total number of cfu on the non-selective BA-plates, the number of cfu on 
thee amoxicillin and the amoxicillin/clavulanic acid plates was reduced to < 
0.011 %. This indicates a high susceptibility towards amoxicillin with or without 
clavulanicc acid of the majority of the cultivable subgingival bacteria. 
Thee control test with pure ^-lactamase revealed that the minimum amount of 
enzymee to hydrolyze the nitrocefin within 10 min., 60 min. and 24 hours was 
0.215,, 0.027 and 0.0017 units/ml respectively. Table 3 shows the distribution of 
fi-lactamasefi-lactamase positive subgingival species among the 23 patients and the mini
mumm amount of Ö-lactamase detected in whole subgingival plaque samples. Of 
thee 23 patients investigated, 17 (74%) had one or more subgingival bacterial 
speciess with detectable ^-lactamase activity. There was no relationship between 
thee presence of /^-lactamase positive bacterial species and a positive test out
comee in whole plaque samples. 
Thee subgingival plaque samples did not show detectable /^-lactamase activity 
withinn 10 min., with exception of the sample from patient 9 (fl-lactamase positi
vee P. intermedia and F. nucleatum). Incubation of the subgingival plaque samp
less for 60 min. revealed 5 additional positive samples (< 0.215 > 0.027 units/ml). 
Afterr subsequent overnight incubation at , six more samples showed a color 
changee indicating low (< 0.054 > 0.0037 units/sample) 5-lactamase activity and 
bringingg the total of positive samples to 12/23 (52%). Striking was the absence 
off ö-lactamase activity in most samples with P. loescheii. 
Tablee 4 summarizes the results of the comparison between the commercially 
availablee test and the rapid chromogenic laboratory test. There was full agree
mentt between the results of the DrySlide® test and the rapid chromogenic labo
ratoryy test with exception of one strain of F. nucleatum which showed only a 
positivee reaction with the nitrocefin test at 250 /vg/ml. 
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TableTable 3. Distribution of ^-lactamase positive subgingival bacteria and the detection of ^-lactamase in 
wholee subgingival plaque samples. 

Patient t 
no. . 

1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 
9 9 

10 0 
11 1 
12 2 
13 3 
14 4 
15 5 
16 6 
17 7 
18 8 
19 9 
20 0 
21 1 
22 2 
23 3 

^-lactamasee positive 
species s 
P.P. intermedia, P. buccae 
P.P. buccalis 
F.F. nucleatum, Actinomyces spp. 
NI* * * 
B.B. loescheii 
P.P. buccae, Actinomyces spp. 
P.P. intermedia 
NI I 
P.P. intermedia, F. nucleatum 
P.P. buccae, F. nucleatum 
P.P. intermedia 
NI I 
NI I 
P.P. buccae 
NI I 
P.P. loescheii 
P.P. loescheii 
B.B. forsythus 
P.P. intermedia, P. buccalis, Actinomyces spp. 
P.P. buccae, P. loescheii 
B.B. forsythus 
NI I 
P.P. intermedia 

Minimumm activity (units/sample) 
inn whole subgingival 

plaquee samples 
ND* * 
0.054 4 
0.0034 4 
0.00347 7 
ND D 
ND D 
ND D 
ND D 

0.430 0 
0.0034 4 
0.054 4 
ND D 
ND D 

0.054 4 
0.0034 4 
ND D 
ND D 

0.054 4 
ND D 

0.0034 4 
ND D 

0.0034 4 
0.054 4 

NI**:: no ö-lactamase positive species isolated. 
ND*:: no 6-lactamase activity detected. 

TableTable 4. Comparison between the nitrocefin DrySlide® method and a chromogenic nitrocefin-based 
laboratoryy test. 

Bacteriall  species 

P.P. intermedia 
B.B. forsythus 
P.P. micros 
P.P. gingivalis 
P.P. buccae 
P.P. buccalis 
F.F. nucleatum 
P.P. loescheii 
A.A. actinomycetemcomitans 
Actinomyces Actinomyces 
ClostridiumClostridium spp. 

Noo strains 
tested d 

23 3 
19 9 
16 6 
13 3 
5 5 
2 2 

23 3 
4 4 
3 3 
2 2 
1 1 

DrySlide® ® 

6* * 
2 2 
0 0 
0 0 
5 5 
2 2 
3 3 
4 4 
0 0 
2 2 
1 1 

250 0 

6 6 
2 2 
0 0 
0 0 
5 5 
2 2 
3 3 
4 4 
0 0 
2 2 
1 1 

Nitrocefinn (jiVml) 

500 0 

6 6 
2 2 
0 0 
0 0 
5 5 
2 2 
2 2 
4 4 
0 0 
2 2 
1 1 

1000 0 

6 6 
2 2 
0 0 
0 0 
5 5 
2 2 
2 2 
4 4 
0 0 
2 2 
1 1 

** Number of strains positive for B-lactamase acitivity. 
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Discussio n n 

inn this study we investigated the ö-lactamase activity of whole subgingival pla
quee as well as the presence and proportions of subgingival Ö-lactamase produ
cingg bacteria in adult periodontitis patients. For the isolation and growth of sub
gingivall bacteria we used three different media: non-selective enriched BA pla
tes,, BA + amoxicillin and BA + amoxicillin/clavulanic acid. The rational for this 
methodd was that ö-lactamase positive bacteria would grow on the BA + amoxi
cillinn plates but not on the BA + amoxicillin/clavulanic acid plate, since clavula-
nicc acid neutralizes most of the ö-lactamase activity. We found this method to be 
effectivee in isolating ö-lactamase producing bacterial species from dental plaque 
samples. . 
Off the selected putative periodontal species, strains of P. intermedia, B. forsyt-
hushus and F. nucleatum were Ö-lactamase positive. 26% of the P. intermedia 
strainss was Ö-lactamase positive which is much lower than the 52% that has 
beenn reported earlier in strains from the USA (Appelbaum et al. 1991). The diffe
rencee may be explained by the fact that Appelbaum et al. (1991) have tested also 
non-orall P. intermedia strains; it may however also be related to previous antibi
oticc use (Heimdahl et al. 1981, Kinder et al. 1986). The same explanations may 
bee true for the low number of ö-lactamase positive F. nucleatum strains in the 
presentt study (13%). In comparison, Appelbaum et al. (1991) and Jacobs et al. 
(1990)) found a prevalence of 21 % and 23% respectively. 
Too our knowledge, this is the first report on ö-lactamase activity among B. for-
sythussythus strains. This observation may be of clinical relevance given the fact that 
mostt patients with destructive adult periodontal disease have subgingival B. for-
sythussythus (Haffajee & Socransky 1994). 
Inn the present study no Ö-lactamase acitivity among P. gingivalis strains was 
observed,, which confirms the findings of Pajukanta et al. (1993), who failed to 
showw Ö-lactamase activity among 104 P. gingivalis strains. However, these fin
dingss are in contrast to results by Jacobs et al. (1990) and Legg & Wilson (1990). 
WeWe have no explanation for these different observations and this matter should 
bee subject of future research. 
Inn the present study, we found that most ö-lactamase positive isolates were 
Gram-negativee rods with P. intermedia as the most frequently enzyme positive 
species.. This observation confirms the results of Kinder et al. (1986). The mean 
recoveryy of P. intermedia in our study was 4.3 % (range 0.7-21 %) of the anaero
bicc subgingival microflora. However, the proportions of the amoxicillin resistant 
P.. intermedia on the selective isolation medium was much lower, i.e. < 0, 1%. 
Thiss indicates that only part of the ö-lactamase-producing P. intermedia cells 
weree resistant to amoxicillin at the test concentration of 3 (jg/m\, which does not 
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guaranteee bacteriological success with amoxicillin or another unprotected Ö-lac-
tamase-susceptiblee ö-lactam. Ten of the 23 patients in this study had Ö-lacta-
masee positive Gram-negative species which are not considered periodontal 
pathogens,, i.e. P. loescheii, P. buccalis and P. buccae, but which nonetheless 
mightt protect recognized ö-lactamase-non-producing pathogens from being eli
minatedd by virtue of their potential to release /5-lactam-degrading enzymes into 
thee periodontal pockets. Proportions of these species did not exceed 0.1% of 
thee cultivable subgingival microflora. These species have been reported earlier 
ass ö-lactamase positive (Appelbaum et al. 1991, Jacobs et al. 1990). 
Inn total, 17 of 23 patients (74%) had one or more species with detectable enzy
mee production. However, the ö-lactamase activity of whole subgingival plaque 
sampless was low or was not detected, even when positive species were isola
ted.. Walker et al. (1987), detecting ö-lactamase in whole subgingival plaque 
samples,, found 64% of adult periodontitis patients to be positive, however no 
attemptt was made to relate this activity to specific periodontal bacterial species. 
Thee lack of correlation between the isolation of ö-lactamase positive species and 
thee outcome of the whole plaque ö-lactamase tests may be explained by a low 
sensitivityy of the ö-lactamase test and by the inability to isolate and grow all Ö-
lactamasee producing bacterial species. 6-Lactamase testing for clinical applica
tionn may be most reliably performed on purified isolates rather than on whole 
subgingivall plaque samples. 
Thee observation that the DrySlide® test for detection of ö-lactamase producing 
anaerobicc isolates showed excellent agreement with the laboratory-based nitro-
cefinn test can be relevant for clinical application. 
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Abstrac t t 

Thee aim of the present study was to investigate the clinical and microbiological 
effectss of initial periodontal therapy in conjunction with systemic amoxicillin plus 
clavulanicc acid in adult periodontitis patients using a double-blind, parallel-
group,, and placebo-controlled protocol. Twenty one patients with a clinical diag
nosiss of generalised adult periodontitis were recruited. Clinical measurements 
andd microbiological assessments were carried out at baseline, 3, and 12 months 
post-treatment.. Approximately 6 weeks after initial periodontal treatment (3-6 
hours),, patients were randomly assigned to receive coded study medication of 
5000 mg amoxicillin plus 125 mg clavulanic acid (Augmentin®) or placebo, every 8 
hourss for 10 days. Patients returned for follow-up visits 3, 6, 9, and 12 months 
afterr completion of the medication. The mean plaque index (PI) at baseline was 
1.11 for the placebo group and 0.9 for the test group. At 3 months, the PI had 
droppedd to 0.3 in both groups, and was maintained during the rest of the study. 
Thee changes in bleeding on probing (BOP) and gingival index (GI) in the course 
off the study were similar in both groups. The mean whole mouth probing pocket 
depthh (PPD) in the placebo group was 3.8 mm at baseline and 3.9 mm in the test 
group.. A mean reduction of 1.0 mm in the placebo group and 0.9 mm in the test 
groupp was observed during the first 3 months. No further reduction in PPD was 
noticedd during the study period in either group. There was no statistically signi
ficantt difference in the PPD reduction between the 2 groups. The change in cli
nicall attachment level (CAL) from baseline to 3 months amounted to 0.5 mm in 
bothh groups. Between 3 and 12 months, the CAL changed in neither group. In 
bothh groups, treatment resulted in a decrease in the number of spirochetes and 
motilee rods in positive patients, but no significant differences between either 
groupp were noted in any of the dark field microscopy observations. At baseline, 
11 patient in the placebo group and 2 patients in the test group were culture posi
tivee for Actinobacillus actinomycetemcomitans (Aa). After therapy, Aa was not 
detectablee in the placebo group and 1 patient remained positive in the test 
group.. In the placebo group, the number of patients positive for Porphyromonas 
gingivalisgingivalis (Pg) decreased from 7 to 2 after therapy. In the test group, the 4 
patientss positive for Pg at baseline remained positive after therapy. In both 
groups,, all subjects were positive for Prevotella intermedia (Pi) and 
FusobacteriumFusobacterium nucleatum (Fn) at baseline. At 12 months, all subjects had detec
tablee subgingival Fn. Nine out of the 11 placebo and 8 of the 10 test patients 
remainedd positive for Pi. There were no differences in detection frequency of 
PeptostreptococcusPeptostreptococcus micros (Pm) and Bacteroides forsythus (Bf) in both groups 
betweenn baseline, 3, and 12 months post-treatment. The findings demonstrated 
that,, in comparison to placebo, systemic amoxicillin plus clavulanic acid provi-
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dedd no additional clinical and microbiological effects in the treatment of adult 
periodontitiss patients. 

Introductio n n 

Mostt forms of periodontitis can successfully be treated by conventional period
ontall therapy, which includes, amongst others, mechanical removal of subging
ivall bacteria. However patients may respond poorly to this treatment. When this 
occurss in the presence of proper oral hygiene, these patients are referred to as 
patientss with refractory periodontitis. In these patients, additional systemic anti
bioticc treatment can enhance the effect of mechanical debridement (Slots 1996, 
Vann Winkelhoff et al.1996, Van Winkelhoff & Winkel 1997, Winkel et al. 1997). 
Duringg recent decades, a number of antibiotics have been used not only in 
refractoryy periodontitis patients but also in the conjunction with conventional tre
atmentt of adult periodontitis. The drugs more extensively investigated for syste
micc use include tetracycline, clindamycin, ciprofloxacin, metronidazole and 
amoxicillinn (Van Winkelhoff et al. 1996). In the case of amoxicillin, it has been 
usedd alone (Slots & Rams 1990, Van Oosten et al.1986) or in combination with 
metronidazolee (Berglundh et al. 1998, Flemmig et al. 1998, Paviöic et al. 1994, 
Vann Winkelhoff et al.1989, Winkel et al. 1998). 
Amoxicillinn is one of the most frequently prescribed antibiotics by periodontists 
inn the USA (Slots & Rams 1990). By coincidence, Van Oosten et al. (1986) found 
periodontall improvements and a change of the composition of the subgingival 
microfloraa after initial periodontal therapy in a patient treated for otitis media with 
systemicc amoxicillin. The effects of amoxicillin in the treatment of periodontitis 
havee not been very well documented. Amoxicillin has a wide range of activity 
againstt subgingival strict and facultative anaerobic bacterial species (Baker et al. 
1983,, Walker et al. 1985). Recently, Van Winkelhoff et al. (1997) showed that 
amoxicillinn in vitro was able to inhibit the growth of total subgingival plaque of 
adultt periodontitis patients by more than 95%. It has also been shown that the 
subgingivall microflora in adult periodontitis patients displays detectable /Hacta-
masee activity in the majority of the patients (Legg & Wilson 1990, Walker et al. 
1989,, Van Winkelhoff et al. 1997). These observations suggest a potential role of 
amoxicillinn in the treatment of periodontitis provided that the antibiotic is protec
tedd against fi-lactam degrading enzymes by clavulanic acid. This suggestion was 
supportedd by 2 recent placebo-controlled studies (Magnusson et al. 1994, 
Haffajeee et al. 1995). These studies showed an additional effect of amoxicillin 
pluss clavulanic acid (Augmentin®) in patients with evidence of recent disease 
activity. . 
Thee aim of the present study was to investigate the clinical and microbiological 
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effectss of initial periodontal treatment in conjunction with amoxicillin and clavul-
anicc acid in patients with untreated adult periodontitis. 

Materia ll  and Method s 

Stud yy populatio n 

Twentyy one patients who were referred to the Academic Centre for Dentistry 
Amsterdamm (ACTA) for diagnosis and treatment of periodontitis were selected. 
Inclusionn criteria to participate in this study were: (1) age 25 years or older, (2) > 
33 natural teeth in each quadrant, (3) clinical diagnosis of generalised adult 
periodontitis,, characterised by the presence of > 1 periodontal site with a prob
ingg pocket depth of > 5mm showing bleeding upon probing and radiographic 
evidencee of alveolar bone loss in each quadrant. Patients participated on the 
basiss of a written informed consent. Exclusion criteria to enter the study were 
hypersensitivityy towards ö-lactam agents, professional scaling and root planing 
orr surgical periodontal therapy in the past and systemic or topical antibiotic the
rapyy 6 months prior to the initiation of the study, pregnancy, lactating or planning 
aa pregnancy, systemic diseases such as diabetes or HIV, acute necrotising 
periodontitis,, and use of non-steroid anti-inflammatory drugs. 

Stud yy desig n 

Thiss investigation was a randomised, double-blind, placebo-controlled, parallel 
studyy with baseline and 3, 6, and 12 months post-treatment clinical measure
ments.. Microbiological assessments were carried out at baseline, 3 and 12 
monthss post-treatment (Table 1). After the baseline visit, patients returned for a 
full-mouthh initial periodontal treatment consisting of subgingival scaling and root 
planingg (S&R) and extensive oral hygiene instructions. S&R was carried out in 3 
too 6 sessions of 1 hour, under local anaesthesia on the patient's indication. At 
eachh of these sessions, oral hygiene was reinforced. Approximately 6 weeks 
afterr the last session of S&R, patients were re-appointed for a full mouth check
up,, at which S&R was administered at sites with a probing pocket depth of > 3 
mmm and sites showing bleeding on probing. In addition, oral hygiene was re
inforced.. On the same day, patients were randomly assigned to receive coded 
studyy medication of 500 mg amoxicillin plus 125 mg clavulanic acid (Augmenting 
orr placebo, every 8 hours for 10 days. To assess the compliance with the medi
cation,, patients were asked to record the time of study medication intake on a 
diaryy booklet. Patients were instructed to return all unused study medication at 
theirr 1 st follow-up visit. Approximately 2 weeks after the end of the medication, 
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patientss were phoned to check whether they had taken the medication and to eli
citt information about any adverse experience and/or changes in concomitant 
medication.. Patients returned for follow-up visit approx. 3, 6, 9, and 12 months 
afterr completion of the medication treatment phase. At these visits the oral 
hygienee was re-inforced. Furthermore S&R was administered at sites with a 
probingg pocket depth of > 3 mm and at sites showing bleeding on probing. 

Clinica ll  measurement s 

Onee investigator carried out all clinical measurements and was unaware of the 
medicationn provided. Probing pocket depth and clinical attachment level meas
urementss were performed using a constant force probe (Brodontic®, 
Ash/Dentsply®)) containing a 0.5 mm diameter tapered tip with Williams mm mar
kings,, at a probing force of 0.75 N (probing pressure 382 N/cm2). To avoid meas
urementt errors, the same probe was used for both pre- and post-treatment 
measurementss for each patient {Van der Zee et al. 1994). 
Thee plaque index, the gingival index and the bleeding index were recorded at 4 
sitess (mesio-, mid, disto-buccal and mid-lingual) per tooth. The probing pocket 
depthh and the clinical attachment level were assessed on 6 sites (mesio-, mid-, 
disto-buccal,, and mesio-, mid-, disto-lingual) per tooth. The following clinical 
variabless were assessed: (1) plaque index (PI), according to Silness & Löe (1964); 
(2)) modified gingival index (GI), according to Lobene et al. (1986); (3) probing 
pockett depth (PPD); sites that could not be measured reliably were excluded; (4) 
bleedingg on probing (BOP), recorded as absent (0) or present (1); (5) clinical 
attachmentt level (CAL) was measured from a reference point provided by a 
customm made acrylic stent. 

Samplin gg and bacteriologica l procedure s 

Att intake (Table 1), the deepest, bleeding pocket in each quadrant was selected 
forr microbiological evaluation (Mombelli et al. 1991, 1994, Muller et al. 1990). 
Microbiologicall analyses of the subgingival plaque were performed at baseline 
andd approximately 3 and 12 months after completion of the medication. 
Microbiologicall sampling was always carried out after the PI assessments. 
Supragingivall plaque at the selected site was carefully removed with a curette, 
afterr which the sample site was isolated with cotton rolls and gently air-dried. A 
subgingivall plaque sample was taken by 2 sterile paper points (Fine, UDM, West 
Palmm Beach, USA) that were consecutively inserted into the periodontal pocket 
andd removed after 10 seconds. Paper points from 4 sample sites were collected 
inn reduced transport fluid (RTF, Syed & Loesche 1972) supplemented with 10% 
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Filderss extract (Oxoid, UK) to preserve motility of motile micro-organisms (Petit 
ett al. 1991) and processed within 6 hours (Petit et al. 1991, Van Steenbergen et 
al.. 1993). Tenfold serial dilutions were prepared in RTF and aliquots of 0.1 ml 
weree plated onto 5% horse-blood agar plates (Oxoid no. 2, Basingstoke, 
England)) with haemin (5 mg/l) and menadione (1 mg/l) for isolation and growth of 
obligatelyy anaerobic bacteria, and on TSBV for selective isolation and growth of 
AA actinomycetemcomitans (Slots 1982). Blood agar plates were incubated 
anaerobicallyy in 80% N2,10% H2 and 10% CO2 for up to 14 days and TSBV pla
tess were incubated in air + 5% CO2 for 5 days (Van Steenbergen et al. 1986). 
Bloodd agar plates were used for enumeration of total bacterial counts, dark-pig-
mentedd colonies, Bacteroides forsythus, Fusobacterium nucleatum and 
PeptostreptococcusPeptostreptococcus micros. Representative dark-pigmented colonies were puri
fiedd and identified using standard techniques (Van Winkelhoff et al. 1985), inclu
dingg Gram-stain, hemagglutination of 3% sheep erythrocytes, fermentation of 
glucose,, production of indole from tryptophan and production of specific enzy
mess (Van Winkelhoff et al. 1986). B. forsythus was identified on the basis of the 
typicall colony morphology, Gram-stain and production of a trypsin-like enzyme 
(Brahamm & Moncla 1992). F. nucleatum and P. micros were identified on the basis 
off colony morphology, Gram stain and production of specific enzymes (API 32A, 
Biomerieux,, La Balme, Les Grottes, France). 

Subgingivall plaque samples were examined for the presence and proportions of 
spirochetess and motile rods using dark-field microscopy (Listgarten & Helldén 
1978)) at a magnification of x1000. 

Statistica ll  analysi s of the data 

Forr analyses of the clinical and microbiological data, a patient level response 
variablee was calculated for each parameter by computing the full mouth mean 
valuee of the scores. Differences in clinical and microbiological parameters, at 
baseline,, after initial therapy (IT), and after 3, 6, and 12 months between test and 
placeboo group, were analysed using a Mann-Whitney test. A Fisher's exact test 
wass used to analyse differences in the frequency of species after each phase of 
therapy.. Values of p < 0.05 were accepted as statistically significant. 

Result s s 

Thee placebo group consisted of 4 males and 7 females with a mean age of 39 years 
(rangee 28-47). The test group consisted of 2 males and 8 females and had a mean 
agee of 49 years (range 36-66). In both test and placebo group, 5 subjects were cur
rentt smokers. In both groups, 2 patients experienced mild diarrhoea after medication. 
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Clinica ll  result s 

Thee mean clinical measurements are presented in Table 2. The mean plaque 
indexx (PI) at baseline was 1.1 and 0.9 for the placebo (P) and test (T) groups, 
respectively.. At 3 months, the PI had dropped to 0.3 in both groups. A PI score 
off 0.3 was measured in both groups at the 12- months assessment. The BOP in 
groupp P was 0.5 at baseline and dropped to 0.2 at 3 months and remained sta
blee until the end of the study period. The BOP in group T was 0.6 at baseline and 
droppedd to 0.1 at 3 months and did not change significantly till the end of the 
studyy period. The change in BOP was comparable in both groups. The baseline 
scoress and the improvement of the gingival index in the course of the study were 
similarr in both groups. 

Full-mouthh mean PPD was 3.8 mm at the baseline for group P and 3.9 mm for 
groupp T. A mean reduction of 1.0 mm in group P and 0.9 mm in group T was 
observed.. No further reduction in PPD was noticed during the following 9 months 
off the study period. There was no statistically significance difference in the PPD 
reductionn between the 2 groups. 
Thee change in CAL from baseline to 3 months was 0.5 mm in both groups. 
Betweenn 3 and 12 months, the GAL did not change in both groups. Baseline and 

TableTable 2. The mean plaque index (PI), bleeding index (BOP), gingival index (GI), probing pocket 
depthh (PPD) and clinical attachment level (CAL) of the placebo group (P) and the test group (T) at 
baseline,, and 3, 6 and 12 months post-treatment. 

«=211 Group baseline 3 months 6 months 12 months 

PI I 

BOP P 

GI I 

PPD D 

CAL ' ' 

P P 
T T 
P P 
T T 
P P 
T T 
P P 
T T 
P P 
T T 

1.11 (0.2) 
0.9(0.1) ) 
0.55 (0.1) 
0.6(0.1) ) 
1.3(0.2) ) 
1.2(0.2) ) 
3.88 (0.5) 
3.99 (0.4) 
7.33 (0.3) 
7.44 (0.9) 

0.33 (0.1) 
0.33 (0.1) 
0.2(0.1) ) 
0.11 (0.1) 
00 3(0.1) 
0.33 (0.1) 
2.88 (0.3) 
3.00 (0.2) 
6.88 (0.3) 
6.99 (0.8) 

0.22 (0.1) 
0.44 (0.2) 
0.22 (0.1) 
0.11 (0.1) 
0.22 (0.1) 
0.33 (0.1) 
2.88 (0.3) 
2.88 (0.1) 
6.77 (0.4) 
6.88 (0.8) 

0.33 (0.1) 
0.3(0.1) ) 
0.22 (0.1) 
0.2(0.1) ) 
0.33 (0.1) 
0.22 (0.1) 
2.88 (0.4) 
2.99 (0.2) 
6.88 (0.4) 
6.99 (0.9) 

():: standard deviation;' = measured from an acrylic stent as fixed reference point. 

post-treatmentt pocket depths were divided into 4 categories. The mean fre
quenciess per category are summarised in Table 3. At baseline, the proportion of 
>> 5 mm pockets was 34% in group P and 36% in group T. After initial treatment, 
thee proportion of > 5 mm pockets had dropped to 10% and 111 % in groups P and 
T,, respectively. The changes in all probing pocket depth categories were similar 
inn both groups. 
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TableTable 3. The frequency distribution (%) of 4 different probing pocket depth categories at baseline, 
andd 3, 6 and 12 months post-treatment. 

Months s 

baseline e 
3 3 
6 6 

12 2 

baseline e 
3 3 
6 6 

12 2 

n n 

155 5 
155 5 
155 5 
155 5 

152 2 
152 2 
152 2 
152 2 

1-33 mm 
(%) ) 

54(13) ) 
78(13) ) 
80(13) ) 
78(15) ) 

49(11) ) 
76(7) ) 
78(6) ) 
75(7) ) 

44 mm 
(%) ) 

12(5) ) 
111 (8) 
10(8) ) 
9(7) ) 

15(6) ) 
13(4) ) 
12(4) ) 
12(4) ) 

5-66 mm 
(%) ) 

23(9) ) 
8(6) ) 
8(6) ) 

11(8) ) 

26(9) ) 
10(5) ) 
9(4) ) 

11(4) ) 

3*77 mm 
(%) ) 

11(8) ) 
2(3) ) 
2(3) ) 
2(3) ) 

10(7) ) 
1(1) ) 
K D D 
K D D 

n:: mean number of pockets per patient; (): standard deviation. 

Tablee 4 shows the mean changes in probing pocket depth and clinical attach
mentment level in different categories at baseline and at 12 months. The greatest 
reductionn in pocket depth was found in sites with initial PPD of > 7mm. In these 
sites,, the mean PPD reduction was 2.7 mm in group P and amounted to 2.4 mm 
inn group T. Furthermore, the improvement in attachment level was most pro
nouncedd in pockets > 7 mm and amounted to 1.7 mm and 1.1 mm in the P and 
TT groups, respectively. None of the differences between groups T and P were 
statisticallyy significant. 

7ato/ee 4. Mean change in probing pocket depth (PPD) and clinical attachment level (CAL) at base
linee and 12 months post-treatment in different probing pocket depth categories in the placebo (P) 
andd test group (T). 

Probing g 
pockett depth 
categories s 

0-33 mm 

4-66 mm 

5*77 mm 

Group p 

P P 
T T 
P P 
T T 
P P 
T T 

PPD D 
change e 
(mm) ) 

0.3 3 
0.3 3 
1.5 5 
1.4 4 
2.7 7 
2.4 4 

CAL L 
change e 
(mm) ) 

0.1 1 
0.1 1 
0.6 6 
0.7 7 
1.7 7 
1.1 1 

Tablee 5 shows the mean clinical parameters of the 4 sample sites. The changes 
inn clinical variables recorded between group P and group T did not reveal any 
statisticallyy significant difference. The reduction in PPD in group P amounted to 
2.66 mm with a gain in CAL of 1.3 mm, and was 2.3 mm and 1.1 mm in group T, 
respectively. . 

placeboo group 

testt group 
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TableTable 5. The mean clinical parameters of the 4 sample sites of the placebo group (P) and the test 
groupp (T) at baseline, and 3 and 12 months post-treatment. 

«=211 Group Baseline 3 months 12 months 

PI I 

BOP P 

GI I 

PPD D 

CAL1 1 

P P 
T T 
P P 
T T 
P P 
T T 
P P 
T T 
P P 
T T 

1.44 (0.3) 
1.44 (0.2) 
0.99 (0.1) 
0.88 (0.2) 
1.77 (0.4) 
1.55 (0.4) 
7.44 (0.9) 
6.7(1.2) ) 

10.3(1.2) ) 
10.0(1.0) ) 

0.66 (0.3) 
0.88 (0.4) 
0.66 (0.3) 
0.66 (0.2) 
0.77 (0.2) 
0.77 (0.2) 
4.55 (1.0) 
4.55 (0.8) 
8.88 (1.7) 
8.4(1.4) ) 

0.55 (0.3) 
0.66 (0.3) 
0.55 (0.2) 
0.55 (0.3) 
0.66 (0.2) 
0.44 (0.2) 
4.88 (1.0) 
4.44 (0.8) 
9.0(1.5) ) 
8.9(1.1) ) 

PI:: plaque index; BOP: bleeding on probing; GI: modified gingival index; PPD: probing pocket 
depth;; CAL: clinical attachment level; (): standard deviation; u. measured from an acrylic stent as 
fixedd reference point. 

TableTable 6. Number of positive patients (n) and proportions (standard deviation) of selected subgingi
vall periodontal pathogens in placebo and test group at baseline, 3 and 12 months post-treatment. 

«=21 1 

spirochetes s 

motilee rods 

Aa a 

Pg g 

Bf f 

Pi i 

Fn n 

Pm m 

n n 
% % 
n n 
% % 
n n 
% % 
n n 
% % 
n n 
% % 
n n 
% % 
n n 
% % 
n n 
% % 

Placeboo group (r 

baseline e 

11 1 
13(7) ) 
11 1 
11(9) ) 
1 1 

<I I 
7 7 

19(11) ) 
9 9 

10(5) ) 
11 1 
4(4) ) 

11 1 
6(6) ) 
8 8 
6(7) ) 

33 months 

7 7 
2(1) ) 
9 9 
2(2) ) 
2 2 

1.11 (0) 
4 4 
6(6) ) 
8 8 

12(10) ) 
7 7 
5(6) ) 

10 0 
5(6) ) 
9 9 
7(5) ) 

== 11) 

122 months 

7 7 
2(1) ) 
5 5 

KD D 
ND D 

2 2 
9(3) ) 
7 7 

12(10) ) 
9 9 
9(10) ) 

11 1 
5(6) ) 
9 9 
5(5) ) 

Tes s 

baseline e 

10 0 
7(4) ) 

10 0 
11(10) ) 
2 2 

<11 (0) 
4 4 

31(11) ) 
8 8 
9(5) ) 

10 0 
5(7) ) 

10 0 
7(5) ) 
6 6 
4(4) ) 

tt group (n= 

33 months 

3 3 

1 ( <D D 
7 7 

K < 1) ) 
ND D 
0(0) ) 
2 2 

12(0) ) 
7 7 

11(11) ) 
8 8 
6(3) ) 
9 9 
7(11) ) 
9 9 
9(14) ) 

== 10) 

122 months 

4 4 

K < 1) ) 
6 6 
2(2) ) 
1 1 

< K 0 ) ) 
4 4 

15(17) ) 
7 7 
7(5) ) 
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Aa:: Actinobacillus actinomycetemcommitans; Pg: Porphyromonas gingivalis; Bf: Bacteroides forsyt-
hus;hus; Pi: Prevotella intermedia; Fn: Fusobacterium nucleatum; Pm: Peptostreptococcus micros; 
%:%: percentage of cultivable microflora. 
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Microbiologica ll  result s 

Tablee 6 summarises the microbiological findings of the patients at baseline, and 
33 months and 12 months post-treatment. At baseline, all subjects in both groups 
weree positive for spirochetes and motile rods. In both groups, treatment result
edd in a decrease of the number of positive patients. Between groups P and T, no 
significantt differences were noted in any of the dark-field microscopy observa
tions. . 
AtAt baseline, only 1 patient in the placebo group and 2 patients in the test group 
weree culture positive for Actinobacillus actinomycetemcomitans (Aa). After the
rapyy Aa was not detectable in the placebo group and 1 patient remained positi
vee in the test group. Of the 7 P. gingivalis (Pg) positive patients at baseline in 
groupp P, 2 were still Pg positive at 12 months. In group T, all 4 patients initially 
Pgg positive patients had detectable levels of Pg at 12 months. The mean % of 
Pgg at baseline in group P was 19% and 31 % in group T, and decreased from 19 
%% to 9 % in group P and from 31 % to 15 % in group T. In both groups, all sub
jectss were positive for P. intermedia (Pi) and F. nucleatum (Fn) at baseline. At 12 
months,, all subjects had detectable subgingival Fn. Nine out of the 11 placebo 
andd 8 of the 10 test patients remained positive for Pi. There were no differences 
inn detection frequency of P. micros (Pm) and B. forsythus (Bf) in both groups 
betweenn baseline, 3 and 12 months post-treatment. None of the microbiological 
changess were statistically significant. 

Discussio n n 

Thee aim of the present clinical study was to investigate the effects of conven
tionall initial periodontal therapy followed by systemic amoxicillin and clavulanic 
acidd in adult periodontitis patients using a placebo-controlled protocol. Patients 
receivedd 10 days of systemic antibiotic or placebo after completion of thorough 
initiall periodontal therapy. On the basis of the present findings, it can be conclu
dedd that in comparison to placebo, adjunctive amoxicillin plus clavulanic acid 
doess not provide additional clinical and microbiological effects in the treatment 
off adult periodontitis patients. Twelve months after therapy, the reductions in 
meann probing pocket depth in the present study were approximately 1 mm in 
bothh T and P groups. The P group showed a mean change in probing pocket 
depthh in pockets initially 4-6 mm of 1.5 mm and of 2.7 mm in pockets initially > 
77 mm. These results correspond to previous findings in our department 
(Timmermann et al. 1996) in a comparable study population. They found, after 12 
months,, a mean reduction of 2.6 mm in initially > 7mm pockets in their placebo 
group.. Cobb (1996) performed a meta-analysis on the treatment outcome of ini-
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tiall periodontal therapy. A mean reduction in probing pocket depth of 1.3 mm in 
pocketss initially 4-6 mm, and 2.2 mm in pockets initially > 7mm, was calculated. 
Onn the basis of these findings, the treatment result of the present study can be 
regardedd as adequate. 
Inn 4 studies in adult refractory periodontitis patients, an additional effect of 
Augmentin®® on initial periodontal therapy was claimed (Collins et al. 1993, 
Haffajeee et al. 1995, Magnusson et al. 1989,1994). Magnusson et al. (1989) 
observedd that the adjunctive use of this antibiotic reduced the incidence of 
attachmentt loss for at least 12 months. A mean reduction in probing pocket 
depthh of 2.5 mm was observed in 'active' sites, which is comparable to what was 
observedd in the present study at sites with initial PPD of > 7 mm in both test and 
controll group. This raises the question as to whether the interpretation of the 
positivee outcome in the Magnusson study suffers from the lack of a placebo 
group.. In the study of Collins et al. (1993) in refractory periodontitis patients tre
atedd with additional Augmentin®, they described successful suppression of P. 
gingivalisgingivalis in 10 of 11 patients, which was paralleled with a gain in clinical attach
ment.. However, in this non-placebo controlled study, concomitant intrasulcular 
deliveryy of povidone iodine and the use of chlorhexidine mouthwash was provi
ded.. This may in part be responsible for the "treatment effects" of the addition
all Augmentin®. 
Inn a later study of Magnusson et al. (1994), 17 patients with "active" disease were 
treated;; 13 patients received adjunctive Augmentin® (250/125 mg, TID for 14 
days)) and 4 patients a placebo medication. After therapy, no significant differen
cess in mean clinical attachment gain were noted between test and placebo 
groups.. Moreover, in the "active" sites, no significant differences in probing poc
kett depth change were noted in the test group in comparison to placebo 
patients.. Only a significant difference in change of mean probing pocket depth 
wass observed in the "non-active" sites; however, this was probably due to the 
pockett depth increase in the placebo group after therapy. 
Inn a study of Haffajee et al. (1995), an adult refractory periodontitis patient group 
wass treated with Augmentin® (n=10) and the results were compared with a place
bo-controlledd patient group (n=11). They observed a comparable change in pro
bingg pocket depth reduction between test and control groups, which is in accor
dancee with the present study. However, subjects receiving adjunctive antibiotic 
therapyy showed a significantly greater mean gain of clinical attachment level (0.7 
mm)) post-therapy. The mean gain of attachment in the placebo group of the 
Haffajeee study was < 0.1 mm, which was, in comparison to the present study, 
marginall and may therefore explain the significant difference between their test 
andd control groups. Haffajee et al. (1995) observed no significant differences in 
thee composition of the subgingival microflora between test and control groups 
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post-treatment.. The lack of the additional microbiological effect of systemic 
Augmentin®® in the present study as well as in the study of Haffajee et al. (1995) 
iss difficult to understand given the antimicrobial activity of amoxicillin in vitro. Van 
Winkelhofff et al. (1997) found > 95% of growth inhibition of whole subgingival 
plaquee samples from the patients described in the present study. These obser
vationss exemplify the discrepancy between in vitro susceptibility and clinical effi
cacyy of a systemic periodontal antimicrobial therapy. The lack of the clinical and 
microbiologicall effects of Augmentin® in the present study can probably not be 
explainedd by insufficient subgingival concentration of the drug (Tenenbaum et al. 
1997).. Possibly biofilm phenomena, e.g., lack of diffusion of the antibiotic into 
thee subgingival plaque layer, may be responsible for the observed absence of cli
nicall and microbiological effects (Wright et al. 1997). 
Inn summary, in adult periodontitis patients, initial periodontal therapy in conjunc
tionn with systemic amoxicillin plus clavulanic acid was no more effective than ini
tiall periodontal therapy alone. 
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Abstrac t t 

Thee aim of this double-blind, parallel study was to evaluate the adjunctive effects 
off systemically administered amoxicillin and metronidazole in a group of adult 
periodontitiss patients who also received supra- and subgingival debridement. 
Forty-ninee patients with a diagnosis of generalised severe periodontitis partici
patedd in the study. Random assignment resulted in 26 patients in the placebo (P) 
groupp with a mean age of 40 years and 23 patients in the test (T) group with a 
meann age of 45 years. Clinical measurements and microbiological assessments 
weree taken at baseline and 3 months after completion of the initial periodontal 
therapyy with additional placebo or antibiotic treatment. Patients received coded 
studyy medication of either 375 mg amoxicillin in combination with 250 mg 
metronidazolee or identical placebo tablets, every 8 hours for the following 7 days. 
Att baseline, no statistically significant differences between groups were found for 
anyy of the clinical parameters. Except for the plaque index, there was a signifi
cantlyy larger change in the bleeding, probing pocket depth (PPD) and clinical 
attachmentt level (CAL) in the T-group as compared to the P-group after therapy. 
Thee greatest reduction in PPD was found at sites with initial PPD of > 7 mm, 2.5 
mmm in the P-group and 3.2 mm in the T-group. The improvement in CAL was 
mostt pronounced in the PPD category > 7 mm and amounted to 1.5 mm and 2.0 
mmm in the P- and T-groups, respectively. No significant decrease was found in 
thee number of patients positive for any of the test species in the P-group. The 
numberr of patients positive for Porphyromonas gingivalis, Bacteroides forsythus 
andd Prevotella intermedia in the T-group showed a significant decrease. After 
therapyy there was a significant difference between the P- and the T- group in the 
remainingg number of patients positive for P. gingivalis, B. forsythus and 
PeptostreptococcusPeptostreptococcus micros. Four subgroups were created on the basis of the 
initiall microbiological status for P. gingivalis positive (Pg-pos) and negative 
patientss (Pg-neg) in the P- and the T-groups. 
Thee difference in reduction of PPD between Pg-pos and Pg-neg patients was 
particularlyy evident with respect to the changes in % of sites with a probing poc
kett depth > 5 mm. This % decreased from 45% at baseline to 23% after treat
mentt in the Pg-pos-placebo subgroup and decreased from 46% to 11 % in the 
Pg-pos-testt subgroup (p < 0.005). In contrast, the changes in the proportion of 
sitess with a probing pocket depth > 5 mm in the Pg-neg-placebo and Pg-neg-
testt subgroup were similar, from 43% at baseline to 18% after treatment versus 
400 % to 12 %, respectively. In conclusion this study has shown that systemic 
usagee of metronidazole and amoxicillin, when used in conjunction with initial 
periodontall treatment in adult periodontitis patients, achieves significantly better 
clinicall and microbiological results than initial periodontal treatment alone. 
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Moreover,, this research suggests that especially patients diagnosed with P. 
gingivalisgingivalis benefit from antibiotic treatment. 

Introductio n n 

Treatmentt of periodontitis aims at reducing supra- and subgingival plaque and 
calculuss by the institution of proper daily oral hygiene measures and meticulous 
scalingg and rootplaning. However, despite this therapy, some patients may 
experiencee ongoing periodontal attachment loss. One possible factor responsi
blee for post-treatment progression of disease is the inability of therapy to sup
presss periodontal pathogens to levels that are compatible with periodontal 
health.. Presence of periodontal pathogens such as Porphyromonas gingivalis, 
BacteroidesBacteroides forsythus and Actinobacillus actinomycetemcomitans has been lin
kedd to ongoing periodontal destruction by several authors (Bragd et al. 1987; 
Carloss et al. 1988; Christersson et al. 1985; Dzink et al. 1985; Grossi et al. 1994; 
Haffajeee et al. 1991; Haffajee & Socransky 1994; Machtei et al. 1997). Moreover, 
absencee of specific periodontal pathogens seems to have a negative predictive 
valuee for further attachment loss (Dahlén et al. 1996; Wennström et al. 
1987).Therefore,, one objective of periodontal treatment might be to suppress or 
eliminatee certain subgingival periodontal pathogens. 
AA number of studies have shown that the adjunctive use of systemic antibiotics 
cann improve the results of the initial periodontal treatment and can more predic
tablyy suppress periodontal pathogens in juvenile and adult periodontitis patients 
(Vann Winkelhoff et al. 1996). In adult periodontitis, systemic metronidazole has 
beenn shown to improve clinical and microbiological treatment outcomes (Elter et 
al.. 1997; Lindhe et al. 1983; Loesche et al. 1992a; Winkel et al. 1997).However, 
nott all antibiotic regimes achieve a favourable clinical and microbiological result. 
Inn a randomized double-blind, placebo-controlled study in adult periodontitis 
patients,, initial periodontal therapy in conjunction with systemic amoxicillin plus 
clavulanicc acid was no more effective than initial periodontal therapy by itself 
(Winkell et al. 1999). Since the subgingival microflora in adult periodontitis con
tainss various putative pathogens that may differ in antimicrobial susceptibility, 
severall investigators have used a combination of 2 antibiotics to provide more 
effectivee therapy (Van Winkelhoff et al. 1996). Metronidazole and amoxicillin have 
beenn used successfully in the treatment of advanced periodontitis, especially in 
casess that were associated with A. actinomycetemcomitans (Berglundh et al. 
1998;; Pavicic et al. 1994; Van Winkelhoff et al. 1989; Van Winkelhoff et al. 1992; 
Winkell et al. 1998). Elimination of this putative periodontal pathogen has been 
associatedd with long-term periodontal stability (Pavicic et al. 1994). Recently, 
Berglundhh et al. (1998) confirmed this observation. These authors showed that 
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scalingg and root planing in combination with systemic metronidazole plus amoxi
cillinn improved clinical parameters significantly better than scaling alone. The 
presentt study describes the 3 months' post treatment results of a phase III type 
clinicall trial, performed in 2 separate periodontal clinics. Thus, the purpose of the 
presentt double-blind, parallel study was to evaluate the adjunctive effects of sys-
temicallyy administered amoxicillin and metronidazole in a group of adult period
ontitiss subjects who also received initial supra- and subgingival debridement. 

Materia ll  and Method s 

Stud yy populatio n 

AA total of 54 volunteers were selected for this study. Patients were referred to the 
Clinicc for Periodontology Amsterdam (A/=26) and the Clinic for Periodontology 
Utrechtt (A/=28) for diagnosis and treatment of periodontitis. Inclusion criteria 
were:: 1) > 3 natural teeth in each quadrant, 2) clinical diagnosis of generalised 
severee periodontitis, characterised by the presence of > 1 site in at least 3 of 4 
quadrantss of the dentition with a probing pocket depth of > 6 mm with inter
proximall clinical attachment loss of > 3 mm, showing bleeding upon probing and 
radiographicc evidence of alveolar bone loss. Exclusion criteria were: profession
all scaling and root planing or surgical periodontal therapy in the past, systemic 
orr topical periodontal antibiotic therapy 6 months prior to the initiation of the 
study;; pregnancy, lactating or planning a pregnancy; systemic diseases such as 
diabetes;; known HIV infection; acute necrotising periodontitis; use of non-steroid 
anti-inflammatoryy drugs and use of mouthrinses. The patients' smoking status 
wass recorded. Subjects were considered smokers if they were currently smoking 
orr had stopped smoking within the last year. 

Stud yy desig n 

Thiss clinical trial was a randomised double-blind, placebo-controlled, parallel 
studyy and extended between baseline and end-trial over a 6 months period 
(Fig.1).. This study was carried out with the approval of the medical ethical com
mitteee of the University of Amsterdam. Prior to participation, the purpose and 
proceduress were fully explained to all patients. Patients were entered into the 
studyy only after having given written consent. Clinical measurements and micro
biologicall assessments were taken at baseline (day 0) and 3 months after com
pletionn of the initial periodontal therapy with additional placebo or antibiotic tre
atment.. After the baseline visit, patients returned for full-mouth scaling and root 
planingg (S&R), which was carried out in 3 to 6 sessions of 1 hour, under local 
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anaesthesiaa if requested by the patient. At each of these sessions oral hygiene 
measuress were re-inforced. Approximately 6 weeks after the last session of S&R, 
patientss were recalled for a full-mouth check-up, at which S&R was administe
redd at sites with a probing pocket depth of > 3 mm and sites showing bleeding 
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onn probing. In addition, oral hygiene measures were re-inforced. On the same 
day,, patients were randomly assigned to receive coded study medication of eit
herr 375 mg amoxicillin in combination with 250 mg metronidazole or identical 
placeboo tablets, to be taken every 8 hours for the following 7 days. Patients were 
informedd not to use alcohol during medication. They returned for a follow-up visit 
approx.. 3 months after completion of the medication treatment phase. To check 
compliancee patients were asked to return any medication tablets that remained 
afterr 7 days. 

Clinica ll  measurement s 

Att each clinic location, one examiner (GAW, EGW) was responsible for all clini
call measurements and microbiological sampling at baseline as well as the re
examination.. Records of earlier examinations were not available to the investi
gatorr at the time of re-evaluation. The clinical investigator was unaware of the 
treatmentt and the results of the microbiological analyses at any time point of the 
study.. Probing pocket depth and clinical attachment level measurements were 
performedd using a constant force probe (Brodontic®, Ash, Dentsply, England). 
Thee probe tips had a diameter of 0.5 mm and the probing force was set at 0.75 
NN (probing pressure 382 N/cm2). The tips were tapered and had Williams milli
meterr markings. Individual probes were assigned to each patient throughout the 
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studyy to reduce variability (Van der Zee et al. 1991). 
Thee following clinical parameters were assessed on six sites (mesio-, mid-, dis-
tobuccal,, and mesio-, mid-, distolingual) of each tooth: 
-Plaquee Index (PI), according to Silness & Löe (1964) 
-Probingg pocket depth (PPD) 
-Bleedingg Index (BI), bleeding on pocket probing recorded as present within 
300 seconds (1) or absent (0) 

-Clinicall attachment level (CAL) using the cemento-enamel junction as a reference. 

Samplin gg and bacteriologica l procedure s 

Att baseline, the deepest bleeding pocket in each quadrant was selected for 
microbiologicall evaluation (Mombelli et al. 1991; Mombelli et al. 1994) based on 
thee probing pocket chart, which had been used to screen patients for this study. 
Microbiologicall analyses of the subgingival plaque were performed at baseline 
andd approximately 3 months after completion of the medication. Subgingival 
samplingg was carried out after the PI assessments and before PPD, BI and CAL 
assessment.. At the selected sites, supragingival plaque was carefully removed 
withh a curette, after which the sample sites were isolated with cotton rolls and 
gentlyy air-dried. The subgingival plaque sample was taken by inserting 2 sterile 
paperr points (Fine, UDM, West Palm Beach, USA) consecutively into the period
ontall pocket for 10 seconds each. Paper points from all 4 sample sites were col
lectedd in reduced transport fluid (RTF) (Syed & Loesche 1972) and processed 
withinn 24 hours (Van Steenbergen et al. 1993). Tenfold serial dilutions were pre
paredpared in RTF and aliquots of 0.1 ml were plated onto 5% horse-blood agar pla
tess (Oxoid no. 2, Basingstoke, England) supplemented with haemin (5 mg/l) and 
menadionee (1 mg/l) for isolation and growth of obligately anaerobic bacteria, and 
onn TSBV for selective isolation and growth of A actinomycetemcomitans (Slots 
1982).. Blood agar plates were incubated anaerobically in 80% N2, 10% H2 and 
10%% CO2 for up to 14 days and TSBV plates were incubated in air + 5% CO2 for 
fivee days (Van Steenbergen et al. 1986). Blood agar plates were used for total 
bacteriall counts and to determine proportions of dark-pigmented colonies, 
BacteroidesBacteroides forsythus, Fusobacterium nucleatum and Peptostreptococcus 
micros.micros. Representative dark-pigmented colonies were purified and identified 
usingg standard techniques (Van Winkelhoff et al. 1985), including Gram-stain, 
hemagglutinationn of 3% sheep erythrocytes, fermentation of glucose, production 
off indole from tryptophan and production of specific enzymes (Van Winkelhoff et 
al.. 1986). B. forsythus was identified on the basis of the typical colony morpho
logy,, Gram-stain and production of a trypsin-like enzyme (Braham & Moncla 
1992).. F. nucleatum and P. micros were identified on the basis of colony morp-
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hology,, Gram stain and production of specific enzymes (API 32A, Biomerieux, La 
Balme,, Les Grottes, France). 

Statistica ll  analysi s 

Forr analyses of the clinical and microbiological data, a patient level response 
variablee was calculated for each parameter by computing the full-mouth mean 
valuee of the scores, at baseline and after therapy. The number of pockets >5 mm 
wass enumerated and calculated in terms of percentage. A small, but significant 
effectt between the 2 centres was found for PPD and CAL. This effect did not 
interactt with results regarding therapy, smoking or microbiological treatment 
results.. All analyses were corrected for the centre effect by using the centre as a 
co-variate. . 
Plaquee scores at baseline and after therapy were initially entered as co-variates 
inn the analyses concerning probing pocket depth and clinical attachment level, 
butt could be removed since they had no significant influence on test results. P-
valuess were accepted after normal distribution of residuals was established. 
Post-testingg on clinical parameters for differences between test and placebo 
groupp at baseline and after therapy was performed using a Mann-Whitney test. 
Thee Mantel-Haenszel Exact test was used to examine the prevalence of the dif
ferentt micro-organisms before and after treatment in the 2 groups. An analysis 
off variance was performed using the different clinical parameters as dependent 
variables.. Treatment modalities were entered as the group effect. Therapy 
responsee with respect to presence or absence of P. gingivalis was entered as a 
co-variate.. This was not performed for other micro-organisms since the number 
off culture positive and negative patients at baseline was not equally distributed 
withinn the test and placebo groups. To establish the effect of cigarette smoking 
onn therapy outcome, the smoking status was entered into the analyses of varian
cee as a co-variate. To further investigate the trends concerning probing pocket 
depthh (p=0.09 for both P. gingivalis and smoking) as found in these analyses, 
post-testingg was performed by dividing the study population in P. gingivalis 
negativee and positive patient subgroups and smokers and non-smokers. For 
eachh subgroup analyses of variance were performed on clinical parameters as 
describedd above. Values of p < 0.05 were accepted as statistically significant. 
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Result s s 

Fourr of 54 patients in the test group exited the study due to cessation of medi
cationn because of 1) severe headache and 2) severe diarrhoea, 3) refusal to take 
medicationn because of the size of the tablets and 4) unwillingness to avoid alco
holl consumption during medication. One patient in the placebo group left the 
studyy due to pregnancy. Thus, a total of 49 volunteers with a mean age of 42 
yearss (range 28-63) completed the study. Random assignment resulted in 26 
patientss (10 males, 16 females) in the placebo (P) group with a mean age of 40 
yearss (range 28-55) and 23 patients (11 males, 12 females) in the test (T) group 
whichh had a mean age of 45 years (range 32-63). There were 18 current smokers 
inn the P-group and 14 in the T-group. 

Clinica ll  result s 

Thee mean number of sites evaluated per patient was 2 (range 129-173) in 
thee P-group and 8 (range 118-180) in the T-group. At baseline, no statisti
callyy significant differences between groups were found for any of the clinical 
parameterss (Table 1). After therapy, the periodontal condition in both groups had 
improved,, as was deduced from changes in all clinical parameters. In both 
groupss a PI reduction of 0.6 was found. The BI decreased by 0.4 in the P-group 
andd 0.6 in the T-group. Clinical attachment gain was 0.4 mm in the P-group ver
suss 0.7 mm in the T-group. Reduction of probing pocket depth after therapy 
amountedd to 1.0 mm in the P-group and 1.4 mm in the T-group. The % of sites 
withh a probing pocket depth > 5 mm reduced with 24.3% in the P-group and 
31.8%% in the T-group. The % of sites that gained clinical attachment of > 2 mm 
amountedd to 20.2 % in the P-group and 25.1 % in the T-group. The % of sites 
thatt lost clinical attachment > 2 mm was 7.0 % and 5.5 % for the P- and T-group 
respectively.. Except for the PI, there was a significantly larger change of all cli
nicall parameters in the T-group as compared to the P-group after therapy. Table 
22 shows the changes in probing pocket depth and clinical attachment level in dif
ferentt probing pocket depth categories after therapy. In all probing pocket depth 
categoriess the T-group showed more PPD reduction than the P-group. The gre
atestt change in pocket depth was found in sites with initial PPD of > 7mm. At 
thesee sites, the mean PPD reduction was 2.5 mm. in the P-group and 3.2 mm in 
thee T-group. 
Inn the PPD category 0-3 mm, both the P- and T-group lost clinical attachment 
level.. However, this was more pronounced in the P-group. The gain of attach
mentt in the PPD category 4-6 mm was similar for both groups. The improvement 
inn attachment level was most noticeable in the PPD category > 7 mm and 
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amountedd to 1.5 mm and 2.0 mm in the P- and T-groups, respectively. The dif
ferencess between the P- and the T-group in each probing pocket depth catego
ryy were statistically significant with the exception of the CAL in pockets from 4-
66 mm at baseline. Table 3 presents the mean clinical parameters of the 4 samp
ledd sites in each subject. With the exception of CAL, changes between the P-
andd the T-groups were similar to those observed for the full mouth values (Table 
1)--

Microbiologica ll  observation s 

Att baseline there was no significant difference in the number of culture positive 
patientss for any of the selected periodontal pathogens between the P- and the 
T-groupp (Table 4). In the P-group, no significant decrease in the number of posi
tivee patients was found after therapy for any of the test species. Some patients 
whoo were culture negative for a bacterium at baseline became positive after tre
atment.. This occurred in 8 patients for P. micros and in 4 patients for F. nucle-
atum.atum. The number of patients positive for P. gingivaiis, B. forsythus and P. inter
mediamedia in the T-group showed a significant decrease after therapy. After therapy 
theree was a significant difference between the P- and the T-group in the remai
ningg number of patients positive for P. gingivaiis, B. forsythus and P. micros. 
Furtherr analysis was carried out with regard to P. gingivaiis. Four subgroups 
weree created on the basis of presence or absence of P. gingivaiis at baseline i.e. 
forr the P-group a P. gingivaiis positive (Pg-pos/P) and a P. gingivaiis negative 
(Pg-neg/P)) subgroup as well as for the T-group a Pg-pos/T and a Pg-pos/T sub
groupp (Fig.2,3). The reduction of the full mouth mean PPD was most pronounced 
inn the Pg-pos/T subgroup. A statistically significant change in PPD of 1.01 mm 
inn the Pg-pos/P subgroup (n=13) versus 1.52 mm in the Pg-pos/T subgroup 
(n=13)) was observed. No difference was seen in the PPD reduction between the 
Pg-neg/PP (r?=13) and Pg-neg/T (n=10) subgroup, 1.11 mm versus 1.13 respecti
vely.. The difference in reduction of PPD between Pg-pos and Pg-neg patients 
wass particularly evident with respect to the changes in % of sites with a probing 
pockett depth > 5 mm (Fig. 4). This % was reduced from 45% at baseline to 23% 
afterr treatment in the Pg-pos/P-group and from 46% to 11 % into the Pg-pos/T 
subgroupp ( p < 0.005). In contrast, the changes at sites with a probing pocket 
depthh > 5 mm in the Pg-neg/P and Pg-neg/T subgroups were similar, 43% to 
18%% versus 40 % to 12 %, respectively. 
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Smokin g g 

Subjectss in the P- and T-groups were subset into non-smokers and smokers 
(Fig.. 5, 6). All patients in the smokers group were current smokers and none had 
stoppedd within the last year. The baseline clinical data for these subgroups was 
similar,, with the exception of the CAL. At baseline the mean loss of clinical 
attachmentt in the smokers (n=32) was significantly higher than in the non-smo
kerr group (n=17), 1 mm versus 2 mm respectively (p<0.05). 
Inn the 4 subgroups, the PI before and after therapy was comparable. However, 
thee reduction in PPD and gain of CAL wass significantly less in the placebo/smo
kerss subgroup compared to the test/smokers subgroup (p< 0.05). 

Advers ee effect s 

Reportedd adverse effects of the 49 patients complying with the study protocol 
andd completing the study are shown in Table 5. In the P-group, 24 of 26 patients 
reportedd no adverse effects, while 9 of 23 patients in the T-group reported gas
trointestinall intolerance during and/or after the prescribed medication. One 
patientt in each of the P- and T-groups reported a rash on the face and 1 patient 
inn the T-group reported a rash on the neck. 
TableTable 5. Diagram stool changes in the placebo group (n=26) and the test group (n=23). 

consistency y 
frequency y 
normal l 
increased d 
veryy high 

constipation n 
Placebo o 
--
--
--

Test t 
I I 
--
--

normal l 
Placebo o 
24 4 
--
--

Test t 
14 4 
--
--

softened d 
Placeboo | Test 
2 2 
--
--

4 4 
2 2 
--

watery y 
Placebo o 
. . 
--
--

Test t 
--
1 1 
--

diarrhoea a 
Placebo o 
--
--
--

Test t 
. . 
--
H+n n 

00 drop out patient due to diarrhoea. 

Remark s s 

Inn the T-group, 2 patients noticed that the gingiva had become tighter around the 
teethh after medication and 1 patient reported nausea after the use of alcohol. 
Nonee of the patients returned any of their medication tablets and one patient 
complainedd about missing 1 tablet. 

Discussio n n 

Thee aim of the study was to investigate the effect of initial periodontal treatment 
inn conjunction with systemic ally administered amoxicillin plus metronidazole in 
aa double-blind, placebo-controlled, randomised parallel study in adult periodon
titiss patients. The results of this study showed that the use of these antibiotics 
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ass an adjunct to supra- and subgingival debridement in adult periodontitis 
patientss provided a better clinical outcome than scaling and rootplanning 
alone.Inn particular, a significant decrease in bleeding index, clinical attachment 
levell and probing pocket depth was seen in the antibiotic subjects compared 
withh those receiving a placebo. The length of the evaluation period was chosen 
basedd on studies that have shown that most of the clinical improvement can be 
expectedd within the first 3 months after initial periodontal treatment (Badersten 
ett al. 1984) and 3 months after systemic antibiotic therapy (Berglundh et al. 1998; 
Pavicïcc et al. 1994). Regular evaluation of results of initial periodontal treatment 
inn daily practice is often performed 3 months after treatment, suggesting that this 
periodd of evaluation is suitable for a phase Ill-type clinical study. 
Inn a meta-analysis of the treatment outcome of initial periodontal therapy, a mean 
reductionn in probing pocket depth of 1.3 mm in pockets initially 4-6 mm, and 2.2 
mmm in pockets initially > 7mm was calculated (Cobb 1996). In this respect, the 
qualityy of the initial therapy is shown to be by the clinical improvement in the 
placeboo group (1.4 mm in 4-6 mm pockets; 2.5 mm in pockets > 7 mm). 
AA number of studies have suggested that a microbiological goal of periodontal 
treatmentt might be the elimination of certain periodontal pathogens, such as A 
actinomycetemcomitansactinomycetemcomitans and P. gingival is, from the periodontal pockets as well 
ass suppression of other periodontal pathogens below certain threshold levels 
(Bragdd et al. 1987; Dahlén et al. 1996; Rams et al. 1996; Renvert et al. 1990; 
Wennströmm et al. 1987). The results of the present study showed that this treatment 
goall was more predictably achieved in the patients treated with adjunctive 
metronidazolee and amoxicillin than in patients that had received placebo medi
cation.. In addition, besides short-term outcome of periodontal treatment, absen
cee of key pathogens such as A actinomycetemcomitans and P. gingivalis seems 
too have an impact on the long-term periodontal stability and is probably a prere
quisitee for long-term clinical improvement (Berglundh et al. 1998; Dahlén et al. 
1996;; Paviöic et al. 1994). The present findings confirm previous observations 
thatt the use of systemic amoxicillin and metronidazole is effective in suppressing 
A.A. actinomycetemcomitans below cultivable levels and in reducing the number of 
patientss culture positive for P. gingivalis, B. forsythus, P. micros (Berglundh et al. 
1998;; Goené et al. 1990; Muller et al. 1998; Paviöic et al. 1994; Van Winkelhoff 
ett al. 1989; Van Winkelhoff et al. 1992; Winkel et al. 1998). By contrast, in the 
placeboo group 4 patients were culture positive for A. actinomycetemcomitans 6 
monthss after initial periodontal therapy, although 2 patients became culture 
negative.. This observation has already been reported by several other authors 
andd confirms that periodontal scaling and root planing alone cannot predictably 
suppresss subgingival presence of A actinomycetemcomitans (Christersson et al. 
1985;; Mombelli et al. 1994; Muller et al. 1998; Renvert et al. 1990; Winkel et al. 
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1998).. It should be noted that in this study at baseline the prevalence of A acti-
nomycetemcomitansnomycetemcomitans (18%) was rather low compared to other studies in the 
samee age group of untreated periodontitis patients (Rodenburg et al. 1990 
(40%),, Van der Weijden et al. 1994 (33%)). 
Inn this test group 3 patients remained positive for P. gingivalis post-treatment, 
andd this concurs with similar reported findings (Flemmig et al. 1998; Winkel et al. 
1998).. One explanation could be inadequate compliance with the test medica
tionn (Loesche et al. 1993). Another possible reason could be insufficient sub- and 
supragingivall debridement. The essential role of meticulous scaling and root pla
ningg to eliminate P. gingivalis has recently been shown by Lopez & Gamonal 
1998.. In that study patients suffering from moderate to advanced progressive 
periodontitiss treated with systemic amoxicillin and metronidazole without scaling 
andd root planing harbored moderate to high levels of P. gingivalis post-treatment. 
Berglundhh et al (1998) also found that sites not receiving scaling and root pla
ning,, in patients that had received systemic metronidazole and amoxicillin, still 
hadd detectable P. gingivalis. 
Inn contrast to previous studies (Van Winkelhoff et al. 1989; Van Winkelhoff et al. 
1992;; Winkel et al. 1998), baseline microbiological findings were not used to 
selectt patients for adjunctive systemic anti-microbial therapy. The analyses of 
thee present study indicate that not all patients have benefitted equally from the 
additionall antibiotic therapy. Patients with P. gingivalis at baseline in the test 
groupp showed significantly more pocket depth reduction in comparison to 
patientss treated with placebo. In patients with no detectable levels of P. gingiva
lislis at baseline, no difference in probing pocket depth reduction was observed 
betweenn placebo and test patients. In addition, the greatest change in percenta
gee of sites with pockets > 5 mm was found in the patients in the test group who 
weree positive for P. gingivalis at baseline. One important clinical finding was the 
observationn that patients with subgingival P. gingivalis at baseline who were tre
atedd with antibiotics showed approximately half the number of > 5 mm pockets 
afterr therapy compared with P. gingivalis positive patients treated with placebo. 
Thiss implies that patients culture positive for P. gingivalis the antibiotic therapy 
hadd significantly reduced the number of teeth in need of subsequent surgical tre
atment.. By contrast, no significant difference in reduction of percentage of sites 
withh probing pocket depth of 5 mm or more was noted between placebo and test 
patientss who were culture negative for P. gingivalis at baseline. Any decision to 
usee amoxicillin and metronidazole in this group of patients must be taken with 
caution.. Although, on average the entire test group benefitted from the antibio
ticc treatment, the response of P. gingivalis positive subjects seems largely 
responsiblee for this result. This finding suggests that microbiological testing of 
periodontitiss patients prior to prescribing antibiotics is warranted. It may also 
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indicatee a more rational application of antibiotics in periodontics. 
Thee effects of the different treatment regimes were also analysed with respect to 
thee smoking habits of the patients. With the exception of the mean plaque index, 
thee change in clinical variables was least marked in the smoking group that had 
receivedd the placebo. By contrast, the greatest reductions in bleeding index, 
probingg pocket depth and gain of attachment was noted in the smoker group tre
atedd with antibiotics. On the basis of these observations one may speculate that 
smoking,, among other factors may be important in the decision to treat severe 
periodontitiss patients with systemic antibiotics. 

Inn conclusion this study has shown that the systemic usee of metronidazole and 
amoxicillin,, when used in conjunction with initial periodontal treatment in adult 
periodontitiss patients, achieves significantly better clinical and microbiological 
resultss than initial periodontal treatment alone. Moreover, this research suggests 
thatt patients harboring P. gingivalis and those who smoke benefit from antibio
ticc treatment. 
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Additionall effects of amoxicillin and metronidazole 

Abstrac t t 

Thee aims of this study were to evaluate the clinical and microbiological effects of 
initiall periodontal therapy (IT) and to determine the additional effects of systemic 
amoxicillinn (Flemoxin Solutab®) 375 mg TID plus metronidazole 250 mg TID the
rapy,rapy, in patients with adult Actinobacillus actinomycetemcomitans (Aa) -associa
tedd periodontitis in conjunction with either Porphyromonas gingivalis (Pg), 
BacteroidesBacteroides forsythus (Bf) and/or Prevotella intermedia (Pi). In addition the adver
see effects of the antimicrobial therapy were also documented. A total of 22 
patientss were enrolled. The deepest, bleeding pocket in each quadrant was 
selectedd and at these 4 experimental sites clinical measurements and microbio
logicall testing was carried out at baseline, after (IT) , i.e., 21 weeks after base
line,, and after antimicrobial therapy (AM), i.e., 35 weeks after baseline. At base
linee the mean plaque index (PI) amounted 0.5, 0.1 after IT and 0.3 after systemic 
AM.. The mean bleeding index decreased from 1.6 to 1.2 after IT and a further 
decreasee to 0.7 after AM was noted. Suppuration was completely eliminated 
afterr AM. The mean change of probing pocket depth (PPD) after IT amounted 
1.44 mm and was further reduced with an additional mean change of 1.1 mm after 
medication.. Clinical attachment gain was 1.1 mm after IT and an additional 0.9 
mmm was observed after AM. One of the 22 Aa positive patients and 4 of 17 Pg 
positivee patients became negative for these species after IT. The number of 
patientss with detectable Pi decreased from 16 to 10 after IT. After AM, in com
parisonn to baseline, suppression below detection level for Aa was achieved in 19 
outt of 22, for Pg in 9 out of 17, for Bf in 13 out of 14, and for Pi in 11 out of 16 
patients.. By contrast, higher frequencies of Peptostreptococcus micros and 
FusobacteriumFusobacterium nucleatum were found after AM. On the basis of the microbiolo
gicall results the study group was separated into 2 subgroups: group A consis
tedd of subjects who had no detectable levels of Aa, Pg, Bf and <5% of Pi after 
AM.. Group B consisted of those who still showed presence of one of these 3 
speciess and/or >5% levels of Pi. After AM, group B had significantly higher PI, 
BI,, PPD and CAL scores then group A. It is concluded that group A showed low 
plaquee scores and no detectable periodontal pathogens. This microbiological 
conditionn has been associated with a long-term stable periodontium. 

Introductio n n 

Periodontall disease may be thought of as a number of infections caused by bac
teriaa that affect individual or multiple periodontal sites. One aim of periodontal 
therapyy is to halt further loss of periodontal attachment. This is achieved by meti
culouss supra- and subgingival debridement that results in the reduction of the 
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totall bacterial load. In addition, suitable supragingival plaque control measures 
aree important to prevent recolonization of periodontal pathogens (Magnusson et 
al.. 1984). 
Thee microflora of deep periodontal pockets may consist of high proportions of 
spirochetes,, Actinobacillus actinomycetemcomitans, a small nonmotile Gram 
negativee capnophilic rod and a number of Gram negative anaerobic rods of 
whichh Porphyromonas gingivalis, Prevotella intermedia and Bacteroides forsyt-
hushus ave considered important pathogens (Dzink et al. 1985,1988, Haffajee & 
Socranskyy 1994, Tanner et al. 1989, American Academy of Periodontology 
1996).. Suppression of these bacteria below detection level results in a remarka
blee improvement of clinical parameters (Haffajee et al. 1997, Magnusson et al. 
1994,, Winkel et al. 1997). 
Wennströmm et al. (1987) showed that no clinically significant loss of attachment 
occurredd during a 1 -year observation period in the absence of A. actinomyce
temcomitanstemcomitans , P. gingivalis and < 5% of P. intermedia. In contrast, in patients 
withh one or more of these indicator bacteria, 20% of the sites exhibited clinical 
attachmentt loss of > 2 mm within 1 year. In a 5-year follow-up study, Dahlén et 
al.. (1996) investigated the association between the recurrence of periodontal 
pathogenss and recurrent attachment loss. Reappearance of A. actinomycetem
comitans,comitans, P. gingivalis and P. intermedia was observed in 9 of 13 patients. In 6 
off these 9 patients further periodontal attachment loss was observed. Patients 
withoutt detectable subgingival A. actinomycetemcomitans, P. gingivalis, P. inter
mediamedia during the maintenance period of 5 years remained clinically stable. 
Sincee it has been shown that A actinomycetemcomitans is difficult to eliminate 
byy mechanical means alone (Christersson et al. 1985, Goené et al. 1990, 
Kornmann & Robertson 1985, Mombelli et al. 1994a, Renvert et al. 1990b,c), the 
practicalityy of antibiotics in the treatment of A. actinomycetemcomitans-asso-
ciatedd periodontitis may be inferred. In this respect the use of amoxicillin plus 
metronidazolee after completion of the initial periodontal therapy has been advo
catedd (Van Winkelhoff et al. 1989, 1992). Yet, so far, the additional effects of 
amoxicillinn plus metronidazole apart from the initial periodontal therapy have not 
beenn well documented. 
Thee aims of the present investigation were to evaluate the clinical and microbio
logicall effects of mechanical initial periodontal therapy and to determine the 
additionall effects of amoxicillin plus metronidazole therapy in patients with adult 
A.A. actinomycetemcomitans-assoc\ateó periodontitis, in conjunction with either 
P.P. gingivalis, B. forsythus and/or P. intermedia. Also in this study, the adverse 
effectss of the antimicrobial therapy were documented. 
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Materiall and Methods 

Patient s s 

AA total of 22 patients, comprising 7 males and 15 females, were enrolled in this 
study.. The mean age was 40 years and ages ranged from 29 to 54 years. The 
inclusionn criteria for participation were: (1) age of over 25 years, (2) a minimum of 
44 pockets with probing pocket depths > 6 mm with at least 3 mm of clinical 
attachmentt loss, (3) no periodontal treatment history, (4) proven subgingival 
infectionn with A. actinomycetemcomitans in conjunction with either P. gingivalis, 
B.B. forsythus and/or P. intermedia, (5) no abnormalities in stool, (6) no use of sys
temicc antimicrobial therapy in the previous 3 months. All patients who partici
patedd in this study consented in writing. 

Outlin ee of the stud y 

Thee outline of the study is shown in Fig. 1. First, a medical history was obtained. 
Thenn the deepest, bleeding pocket in each quadrant was selected for clinical and 
microbiologicall evaluation (Mombelli et al. 1991, 1994a, Muller et al. 1990). At 
thesee 4 experimental sites clinical measurements and microbiological testing 
wass carried out at baseline, after initial periodontal therapy (IT), i.e. 21 weeks 
afterr baseline, and after systemic antimicrobial therapy (AM), i.e. 35 weeks after 
baseline.. IT included oral hygiene instructions and supra- and subgingival sca
lingg and root planing for a maximum of 6 hours and was completed within 15 
weekss after baseline. At week 21, only oral hygiene was re-inforced. The antimi
crobiall therapy consisted of amoxicillin 375 mg TID (Flemoxin Solutab®) and 
metronidazolee 250 mg TID, both drugs for 7 days. 

Fig.Fig. 1. Study outline. 

Baselin e e Afte rr  IT 

21 1 

writte nn consen t 
clinica ll  measurement s 
bacteriologica ll  sample s 
star tt  initia l treatmen t 

23 3 

intervie w w intervie w w 
clinica ll  measurement s 
bacteriologica ll  sample s 
medicatio n n 

IT:: initial periodontal therapy; AM: amoxicillin and metronidazole. 

Afte rr  AM 

35 5 

-»-- weeks 

clinica ll  measurement s 
bacteriologica ll  sample s 
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Att week 21, information about the patient's stool was gathered concerning any 
changess or irregularities in the past 3 months. One week after completion of the 
antimicrobiall therapy, patients were interviewed concerning adverse effects and 
changess or irregularities of stool. Two questions were asked in order to assess 
adversee effects using standard phrases (1) "Did anything special occur last 
week?",, (2)" Was there any change in your stool over the past 2 weeks?" 

Clinica ll  measurement s 

Too record the responses to clinical therapy the following parameters were 
employedd at the 4 experimental sites. 
(1)) Plaque index (PI, Sillness & Löe, 1964). 
(2)) Bleeding index (BI). Bleeding on probing: 0, no bleeding; 1, 'pin prick' 

bleeding;; and 2, immediate and overt bleeding. 
(3)) Suppuration index (SUP). Suppuration: 0, no suppuration; 1, suppura 

tion. . 
(4)) Probing pocket depth (PPD) using a Hu-Friedy PQW probe. 
(5)) Clinical attachment level (CAL) by subtraction of the distance between 

thee gingival margin and the cemento-enamel junction from the recorded 
probingg pocket depth. 

Microbiologica ll  procedure s 

Afterr removal of supragingival plaque from the 4 experimental sites, a subgingi
vall sample was obtained by using 2 sterile paper points at each site. Paper 
pointss from all four experimental sites were pooled and collected in reduced 
transportt fluid (RtF, Syed & Loesche, 1972) and processed within 36 hours (Petit 
ett al. 1991, Van Steenbergen et al. 1993). Tenfold serial dilutions were prepared 
inn RTF and aliquots of 0.1 ml were plated onto 5% horse-blood agar plates 
(Oxoidd no. 2, Basingstoke, England) supplemented with haemin (5 mg/l) and 
menadionee (1 mg/l) for isolation and growth of obligate anaerobic bacteria, and 
onn TSBV for selective isolation and growth of A. actinomycetemcomitans (Slots 
1982).. Blood agar plates were incubated anaerobically in 80% N2, 10% H2 and 
10%% CO2 for up to 14 days and TSBV plates were incubated in air + 5% CO2 for 
55 days (Van Steenbergen et al. 1986). Blood agar plates were used for enumera
tionn of dark-pigmented colonies and B. forsythus. Representative dark-pig-
mentedd colonies were purified and identified using standard techniques (Van 
Winkelhofff et al. 1985), including Gram-stain, hemagglutination of 3% sheep 
erythrocytes,, fermentation of glucose, production of indole from tryptophan and 
productionn of specific enzymes (Van Winkelhoff et al. 1986). B, forsythus was 
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identifiedd on the basis of the typical colony morphology, Gram-stain and produc
tionn of a trypsin-like enzyme (Braham & Moncla 1992). 

Statistica ll  analyse s 

Forr analyses of the clinical and microbiological data a "patient level response" 
variablee was calculated for each parameter by computing the mean value of the 
scoress assessed at the 4 experimental sites at each assessment. Differences in 
clinicall and microbiological parameters before initial therapy (baseline), after IT 
andd after AM, and between selected patient groups were analyzed using an 
unpairedd Wilcoxon-test. A Fisher's exact test was used to analyze differences in 
thee frequency of species after each phase of therapy. Values of p<0.05 were 
acceptedd as statistically significant. 

Result s s 

Clinica ll  effect s 

Thee means of the clinical parameters at baseline, after IT and after AM are sum
marizedd in Table 1. All clinical parameters improved after IT and showed further 
improvementt after AM with the exception of the PI. 
Thee mean change of PI at the 4 experimental sites decreased 0.4 after IT and 
increasedd with 0.2 after AM. The mean BI decreased 0.4 after IT and a further 
decreasee of 0.5 after AM was noted. Suppuration was completely eliminated 
afterr systemic antibiotic therapy. The mean change of probing pocket depth 
afterr IT amounted 1.4 mm and was further reduced with an additional mean 
changee of 1.1 mm after AM. Clinical attachment gain was 1.1 mm after IT and an 
additionall 0.9 mm was observed after AM. 

Microbiologica ll  effect s of initia l periodonta l therap y 

Thee frequency of detection of the target bacterial species and the corresponding 
PPDD andd CAL on a patient level is summarized in Table 2. One of the 22 A. acti-
nomycetemcomitansnomycetemcomitans patients and 4 of 17 P. gingivalis patients became negative 
forr these species after IT. The number of patients with detectable P. intermedia 
decreasedd from 16 to 10 after IT; 2 patients (#12 and 14) became positive for this 
species.. Four of the 14 initially positive patients became negative for B. forsyt-
hushus after IT. One patient (#12) became positive for B. forsythus after IT. We 
observedd a striking increase in the number of patients with detectable 
PeptostreptococcusPeptostreptococcus micros (from 4 to 11, p< 0.05) after IT. Also the number of 
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patientss with detectable subgingival Fusobacterium nucleatum increased post-
therapyy (from 3 to 7). All patients but one (#14), positive for P. micros and F. 
nucleatum,nucleatum, remained positive after mechanical therapy. The mean PPD and the 
meann CAL had both significantly improved after IT. Nevertheless, 4 patients 
showedd no clinical attachment gain (#4,6,12,13). 

Microbiologica ll  effect s of systemi c antimicrobia l therap y 

Alll patients completed the systemic antimicrobial therapy. A significant change 
inn the frequency of the selected species was observed after the additional anti
bioticc therapy. Suppression below detection level was achieved for A actinomy-
cetemcomitanscetemcomitans in 18 (p< 0.001) and for P. gingivalis in 9 patients (p< 0.001). Of 
thee 14 patients at baseline only one (#18) had detectable levels of B. forsythus 
post-antibioticc therapy. This patient also remained positive for A actinomyce-
temcomitans.temcomitans. P. intermedia was found in 11 of the patients post-antibiotic the
rapy.. P. micros and F. nucleatum were found at higher frequency after AM (10 
andd 9, respectively) compared to baseline (4 and 3, respectively). In 7 patients, 
P.microsP.micros and in 10 patients F. nucleatum were not detected at any time during 
thee study. The mean % recovery of the selected bacteria is summarized in Table 
3.. Only minor changes in the mean percentages of A actinomycetemcomitans 
andd P. gingivalis were observed after initial therapy. By contrast, the mean per
centagee of P. intermedia slightly increased, whereas the mean %'s of 
FusobacteriumFusobacterium nucleatum decreased gradually. Only the mean percentage of P. 
microsmicros declined significantly after mechanical therapy. Two of the 3 patients 
(#17,22),, positive for A actinomycetemcomitans post-antibiotic therapy, had 
bothh the highest mean plaque index (1.5) at the end of the study period. Patient 
#177 had the highest mean plaque index ( baseline 2, after IT 1, after AM 1.5) and 
patientt #22 had the highest mean PPD during the entire study (baseline 11 mm, 
afterr IT 8.7 mm, after AM 7.5 mm). These 3 A actinomycetemcomitans positive 
patientss also showed significantly higher levels of P. intermedia (p < 0.05) during 
thee entire study than the patients who became negative for this species after AM. 
Inn retrospect, the 4 patients with detectable levels of P. gingivalis post AM had a 
significantlyy higher suppuration index after IT 3 versus , p-0.04) 
andd showed a higher plaque index ( p=0.009), more bleeding on probing 
(p<0.0001),, deeper probing pocket depth (p=0.03) and more clinical attachment 
losss (p=0.01) by comparison with the patients without detectable P. gingivalis after 
AM. . 

Onn the basis of the microbiological results after AM, the study group was sepa
ratedd into 2 subgroups (Table 4). Group A, representing the patients #1-14 in 
Tablee 2, consisted of those subjects who after AM had no detectable levels of A 
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actinomycetemcomitans,actinomycetemcomitans, P. gingivalis, B. forsythus and showed <5% of P. inter
media.media. Group B showed still presence of one of these 3 species and/or >5% 
levelss of P. intermedia. The mean age of group A was 37.5 years and for group 
BB 43.5 years (p=0.05). Group B was characterized by a higher mean PI, BI, PPD 
andd CAL post AM. In retrospect patients in group B showed more loss of clini
call attachment at baseline. However, after IT, there were no significant differen
cess in clinical parameters between group A and B. After AM, Group B showed a 
smallerr mean change in PPD and an increase in plaque level. 

Advers ee effect s 

Alll patients reported normal stool at first interview in week 21, i.e. after initial 
periodontall therapy and before the medication of amoxicillin and metronidazole. 
Afterr medication, 17 of the 22 patients experienced adverse effects (Table 5). Ten 
patientss reported diarrhoea, one had a more frequent stool but without diar
rhoea,, 4 patients reported a metallic taste, 4 patients reported headaches and 3 
sufferedd from nausea. The reported events were mild and were tolerated by all 
patients.. The adverse effects were deemed to relate to the medication. 

Discussio n n 

Inn this study, we investigated the clinical and microbiological effects of initial 
periodontall therapy in patients with A. actinomycetemcomitans-assoc\ateö adult 
periodontitiss and the additional effects of a systemic amoxicillin plus metronida
zolee therapy. 
Alll clinical parameters improved significantly after the initial periodontal therapy. 
Thee mean change in clinical attachment level (1.1 mm) concurs with other stu
dies,, while the observed 1.4 mm mean reduction in probing pocket depths in this 
studyy was moderate (Cobb 1996, Hammerle et al. 1991, 2.1 mm and 2.2 mm, 
respectively).. A minimal clinical improvement in adult periodontitis patients after 
initiall periodontal therapy has been related to subgingival persistence of A. acti
nomycetemcomitansnomycetemcomitans and P. gingivalis (Mombelli et al. 1994 a,b, Renvert et al. 
19900 a,b, Ali et al. 1992). These observations may, in part, explain our results. 
However,, due to the selection criteria, the evaluated sites may have comprised 
aa relative large number of angular bony defects of which it has been shown that 
gingivall recession will occur to a limited extent (Hellström et al. 1996). The mode
ratee effects of the initial periodontal therapy on the subgingival microflora cannot 
bee explained by poor supragingival plaque control since a significant reduction 
off the PI after IT (from 0.5 to 0.1) was achieved in the present study population. 
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Additionall effects of amoxicillin and metronidazole 

Thee rationale for continuing periodontal therapy is based on observations that 
suggestt further disease progression when A actinomycetemcomitans, P. ging-
ivalisivalis and P. intermedia are still detectable after initial periodontal therapy (Ali et 
al.. 1992, Bragd et al. 1987, Dahlén et al. 1996, Goené et al. 1990, Wennström et 
al.. 1987). The choice for periodontal antimicrobial therapy was based on earlier 
observationss showing that renewed debridement has little or no additional 
effectt (Badersten et al. 1984). In this study the periodontal therapy was followed 
byy an additional systemic antimicrobial therapy with amoxicillin plus metronida
zole.. The choice of this systemic antibiotic regime was based on an earlier report 
showingg predictable and long-term suppression of subgingival A actinomyce
temcomitanstemcomitans and P. gingivalis (Paviöic et al. 1994). 
Thee results of the additional course of amoxicillin and metronidazole showed a 
significantt further reduction in mean probing pocket depth, bleeding tendency, 
suppuration,, and gain of clinical attachment level. By comparison with the base
linee measurements, the reduction of PPD (2.5 mm) and gain of CAL (2 mm) 3 
monthss after IT followed by AM, exceeded those reported by Paviöic and co
workerss 1994 (2.3 mm and 1.4 mm, respectively). In the present study the clini
call improvements were parallelled by a major reduction in the isolation frequen
cyy of A. actinomycetemcomitans, P. gingivalis, and B. forsythus. Especially the 
reductionn of B. forsythus in positive patients was noteworthy and has not pre
viouslyy been reported. 
Nott all patients were free of putative pathogens after the antibiotic therapy . To 
studyy the additional effects of antibiotics, no attempt was made to disrupt the 
subgingivalsubgingival biofilm shortly before the antibiotic therapy was commenced. 
Therefore,, our treatment may not have been the most effective therapy. The 
recentt recognition that subgingival plaque is in fact a biofilm in which subgingi
vall bacteria greatly increase their resistance to antibiotics, may explain that some 
patientss still had detectable levels of periodontal pathogens after therapy (Anwar 
ett al. 1992, Darveau et al. 1997, Van Winkelhoff et al. 1994, Wright et al. 1997). 

Onn the basis of the microbiological data after systemic antimicrobial therapy, the 
studyy population was divided into 2 subgroups. Group A, patients without A. 
actinomycetemcomitans,actinomycetemcomitans, P. gingivalis, B. forsythus and < 5% P. intermedia, and 
groupp B, patients with one or more of these periodontal pathogens and > 5% P. 
intermediaintermedia (Wennström et al. 1987). After AM, group B had significantly higher 
PI,, BI, PPD and CAL scores then group A. In retrospect, group B had signifi
cantlyy more clinical attachment loss at baseline than group A. However, after IT, 
noo significant differences were noted between the 2 subgroups; thus group B 
respondedd better to IT than group A. This concurs with the studies of Badersten 
ett al. (1984) and Cobb (1996) who showed that greater gain of clinical attachment 
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andd greater reduction of pocket depth can be expected in deeper than in shallo
werr sites after IT. By contrast, after AM the most pronounced improvement of 
clinicall parameters was noted in group A, the patients with no detectable levels 
off A actinomycetemcomitans, P. gingivalis, B. forsythus and < 5% P. intermedia. 
Thee difference in plaque scores after AM in group A as opposed to group B 
needss further discussion. Several studies have shown that the rate of plaque 
accumulationn is related to the degree of gingival inflammation, i.e. the more ging
ivitis,, the more rapid plaque formation (Hillam & Hull 1977, Ramberg et al. 
1995,1996).. This phenomenon may be explained by the persistence of subging
ivall periodontal pathogens which results in an increase of gingival crevicular fluid 
(Giedrys-Leeperr et al. 1985) which in turn provides a rich source of nutrients for 
plaquee formation (Darveau et al. 1997). In this respect it is important to note that 
certainn extracellular proteases of especially P. gingivalis are able to increase vas
cularr permeability (Imamura et al. 1994). Consequently, the higher plaque scores 
afterr AM in group B compared to group A may not be the result of a different 
qualityy of oral hygiene control but may be attributed to the presence of subging
ivall periodontal microflora and continuing inflammatory response. 
Thee aim of periodontal therapy may be defined as creating a periodontal condi
tionn which shows a long-term stable attachment level. In this respect, it seems 
likelyy that group A fulfilled the conditions to achieve this goal since the patients 
involvedd showed low plaque scores and no detectable periodontal pathogens, 
andd this has been associated with a stable long-term periodontal condition 
(Dahlénn et al. 1996, Wennström et al. 1987). Consequently, group B did not reach 
thee endpoint of active periodontal treatment and will probably need additional 
periodontall therapy (Haffajee et al. 1997, Rams et al. 1996 , Slots 1996, Winkel 
etal.. 1997). 
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Summaryy and conclusions 

Summar yy and conclusion s 

Summar y y 

Inn this thesis a number of clinical trials have been described in which the addi
tionall effects of systemic antimicrobial therapies were investigated in adult 
patientss with periodontitis. The effects of therapeutic regimes with metronidazo
lee and amoxicillin and the combination of both drugs were clinically and micro-
biologicallyy further substantiated. Attempts were made to link the clinical outco
mee of the periodontal therapy changes in the subgingival microflora. 

Effect ss of metronidazol e in patient s wit h "refractory "  periodontiti s associa 
tedd wit h Bacteroides  forsythus 

Subjectss refractory to initial periodontal therapy are prime candidates for conti
nuedd periodontal treatment in conjunction with systemic antimicrobial therapy. 
Inn Chapte r 2 the microbiological and clinical effects of renewed supra- and sub
gingivall debridement followed by systemic metronidazole (500 mg TID for 7 
days)) were monitored in 27 adult refractory periodontitis patients, culture positi
vee for Bacteroides forsythus. Patients culture positive for Actinobacillus actino-
mycetemcomitansmycetemcomitans were excluded from this study since the combination of sys
temicc amoxicillin and metronidazole is advocated in this patient category. Clini
call evaluation included assessment of plaque index (PI), bleeding index (BI), 
probingg pocket depth (PPD) and clinical attachment level (CAL) at the deepest, 
bleedingg site in each quadrant. Microbiological evaluation was carried out by 
anaerobicc cultivation of subgingival plaque samples from the same sites. Six 
monthss after renewed debridement and systemic metronidazole (RD+M) a mean 
reductionn of the bleeding index of 0.9, in the probing pocket depth of 1.5 mm 
andd a mean gain in clinical attachment level of 1.0 mm was observed. There was 
noo change in the plaque index shown. After RD+M, S. forsythus was suppressed 
beloww detection level in 17 of the 27 patients, Porphyromonas gingivalis in 9 out 
off 15 patients and Prevotella intermedia in 14 of the 21 patients. Before RD+M, 
122 patients harboured simultaneously B. forsythus, P. gingivaiis as well as P. 
intermedia.intermedia. Six of these subjects were culture negative for the 3 species after 
therapyy and showed the greatest reduction in probing pocket depth (3.1 mm) 
andd gain of clinical attachment (2.5 mm). It was concluded that, in the treatment 
off refractory periodontitis, patients culture positive for B. forsythus and negative 
forr A actinomycetemcomitans, renewed debridement and subsequent systemic 
metronidazolee can significantly improve the microbiological and clinical parame
ters. . 
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AA number of authors have used amoxicillin and clavulanic acid (Augmentin®) or 
amoxicillinn and metronidazole in refractory periodontitis patients. Since it is 
extremelyy difficult to select refractory periodontitis patients to perform double-
blindd placebo-controlled studies, adult periodontitis patients were used as a 
modell to study the additional effect of the most commonly used antibiotics, i.e. 
amoxicillinn plus clavulanic acid and the combination of amoxicillin and metronid
azole. . 

BB -Lactamas e producin g bacteri a in adul t periodontiti s 

Thee rational to use systemic amoxicillin and clavulanic acid in the treatment of 
periodontitiss is the presence of ö-lactamase producing bacteria in the deepened 
periodontall pocket. Therefore, in Chapte r 3, the occurrence of ö-lactamase pro
ducingg periodontal bacteria was determined in 23 untreated adult periodontitis 
patients.. In addition to non-selective isolation media, selective isolation and 
growthh of ö-lactamase positive subgingival bacterial species was carried out on 
bloodd agar plates supplemented with amoxicillin and plates with amoxicillin + 
clavulanicc acid. Isolates from the amoxicillin plates that were absent on the 
amoxicillin/clavulanicc acid plates were identified and tested for ö-lactamase pro
duction.. P. gingivalis, P. intermedia, A. actinomycetemcomitans, 
PeptostreptococcusPeptostreptococcus micros, Fusobacterium nucleatum, B. forsythus and 
CampylobacterCampylobacter rectus isolates from the selective and non-selective medium 
weree tested for Ö-lactamase activity by a nitrocefin disk method (DrySlide®) and 
byy a laboratory chromogenic nitrocefin-based test. Based on the non-selective 
plates,, 6 of 23 P. intermedia isolates, 2 of 19 B. forsythus isolates and 3 of 23 F. 
nucleatumnucleatum isolates were ö-lactamase positive. Moreover, from the selective 
amoxicillinn plates, the ö-lactamase positive species Prevotella loescheii, 
PrevotellaPrevotella buccae, Prevotella buccalis and Actinomyces spp were recovered. Ö-
Lactamasee positive subgingival species were recovered from 17 of 23 patients 
(74%)) but usually comprised low proportions of the subgingival microflora (range 
<< 0.01-15%). Comparison of the DrySlide® test and the nitrocefin-based labora
toryy test revealed full agreement of test results. The majority of Ö-lactamase posi
tivee strains were found among species of the Prevotella genus. In addition to cul
turee isolates, whole subgingival plaque samples were tested using the rapid 
chromogenicc nitrocefin method. The results showed that in 12 patients of the 23 
patientss samples (52%) ö-lactamase activity was found. There was a lack of cor
relationn between the isolation of Ö-lactamase positive species on the selective-
andd non-selective plates and the outcome of the whole plaque sample. It was 
concludedd that Ö-lactamase activity in subgingival bacteria in adult periodontitis 
iss a common feature. 
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Clinica ll  and microbiologica l effect s of initia l periodonta l therap y in con 
junctio nn wit h amoxicilli n and clavulani c acid in patient s wit h adult  period 
ontiti s s 

Thee use of amoxicillin protected by clavulanic acid against /^-lactamase activity 
inn the treatment of adult periodontitis was studied in Chapte r 4. In a randomised 
double-blind,, placebo-controlled study, the clinical and microbiological effects 
off initial periodontal therapy followed by amoxicillin and clavulanic acid were 
investigated.. Twenty-one patients with a clinical diagnosis of generalized adult 
periodontitiss were recruited. Clinical measurements and microbiological asses
smentss were carried out at baseline, 3, and 12 months post-treatment. 
Approximatelyy 6 weeks after initial periodontal treatment (3-6 h), patients were 
randomlyy assigned to receive coded study medication of 500 mg amoxicillin plus 
1255 mg clavulanic acid or placebo, every 8 h for 10 days. Patients returned for 
follow-upp visits 3, 6, 9, and 12 months after completion of the medication. The 
meann plaque index (PI) at baseline was 1.1 for the placebo group and 0.9 for the 
testt group. At 3 months, the PI had dropped to 0.3 in both groups, and was 
maintainedd during the rest of the study. The mean changes in bleeding index and 
gingivall index in the course of the study were similar in both groups. A mean 
reductionn of probing pocket depth of 1.0 mm in the placebo group and 0.9 mm 
inn the test group was observed during the first 3 months. No further reduction in 
PPDD was noticed during the study period in either group. There was no statisti
callyy significant difference in the PPD reduction between the 2 groups. The mean 
changee in clinical attachment level (CAL) from baseline to 3 months were similar 
inn both groups (0.5 mm). Between 3 and 12 months, the CAL changed in neither 
group.. In both groups, treatment resulted in a decrease in the number of spiro
chetess and motile rods positive patients, but no significant differences between 
bothh groups were noted in any of the dark field microscopy observations. 
Sampless were tested for the presence of A. actinomycetemcomitans, P. gingiva-
lis,lis, B. forsythus, P. intermedia, P. micros and F. nucleatum. Analysis of the micro
biall data revealed no differences between the 2 groups. In conclusion, the fin
dingss demonstrated that, in comparison to placebo, systemic amoxicillin plus 
clavulanicc acid provided no additional clinical and microbiological effects in the 
treatmentt of adult periodontitis patients. 
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Amoxicilli nn plus metronidazol e in the treatmen t of adul t periodontiti s patient s 

Sincee the subgingival microflora in adult periodontitis consist of various putative 
pathogenss that may differ in antimicrobial susceptibility, several investigators 
havee advocated a combination of 2 antibiotics. Metronidazole and amoxicillin 
havee been used successfully in the treatment of advanced periodontitis. Chapte r 
55 reports on a double-blind, placebo-controlled study in which the adjunctive 
effectss of systemic amoxicillin and metronidazole were investigated in a group of 
adultt periodontitis patients. Forty-nine patients with a diagnosis of generalised 
severee periodontitis participated in the study. Random assignment resulted in 26 
patientss in the placebo (P) group and 23 patients in the test (7) group. Clinical 
measurementss and microbiological assessments were performed at baseline 
andd 3 months after completion of the initial periodontal therapy with additional 
placeboo or antibiotic treatment. Patients received either 375 mg amoxicillin in 
combinationn with 250 mg metronidazole or identical placebo tablets, every 8 
hourss for 7 days. Except for the plaque index, there was a significantly larger 
changee of the bleeding index, probing pocket depth (PPD) and clinical attach
mentt level (CAL) in the T-group as compared to the P-group after therapy. The 
greatestt reduction in PPD was found in sites with initial PPD of > 7 mm, 2.5 mm 
inn the P-group and 3.2 mm in the T-group. Also the improvement in CAL was 
mostt pronounced in the PPD category > 7 mm and amounted to 1.5 mm and 2.0 
mmm in the P- and T-groups, respectively. After therapy there was a significant 
differencee between the P- and the T-group in the remaining number of patients 
positivee for P. gingivalis, B. forsythus and P. micros. Four subgroups were cre
atedd on the basis of the initial microbiological status with regard to P. gingivalis, 
i.e.i.e. P. gingivalis positive (Pg-pos) and negative patients (Pg-neg) in the P- and 
thee T-groups. 

Thee difference in reduction of PPD between Pg-pos and Pg-neg patients was 
particularlyy evident with respect to the changes in % of sites with a probing poc
kett depth > 5 mm. This % reduced from 45% at baseline to 23% after treatment 
inn the Pg-pos placebo subgroup and decreased from 46% to 11 % in to the Pg-
poss test subgroup. In contrast, the changes in % of sites with a probing pocket 
depthh > 5 mm in the Pg-neg placebo and Pg-neg test subgroup were similar. In 
conclusion,, in this investigation in which adult periodontitis was used as a study 
model,, additional systemic metronidazole and amoxicillin resulted in a better cli
nicall and microbiological outcome than initial periodontal treatment only. No dif
ferencee in reduction of PPD was observed between the P- and T-group in 
patientss that where culture negative for P. gingivalis at baseline. Moreover, the 
outcomee of the study suggests that patients diagnosed with P. gingivalis at 
baselinee benefited most from this antibiotic treatment. 
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Additiona ll  clinica l and microbiologica l effect s of amoxicilli n and metronid 
azolee afte r initia l periodonta l therap y in patient s positiv e for A actinomyce-
temcomitans temcomitans 

Inn literature the combination of metronidazole and amoxicillin is especially advo
catedd in patients positive for A actinomycetemcomitans. In the previous study, 
onlyy 9 out of 49 patients were culture positive for A actinomycetemcomitans at 
baseline.. Therefore, the aim of the study in Chapte r 6 was to evaluate the clini
call and microbiological effects of initial periodontal therapy (IT) and additional 
usee of systemic amoxicillin and metronidazole (AM), in patients culture positive 
forr A. actinomycetemcomitans. A total of 22 patients were enrolled in the study. 
Thee deepest, bleeding pocket in each quadrant was selected and at these 4 
experimentall sites clinical measurements and microbiological testing was carried 
outt at baseline, after IT, i.e., 21 weeks after baseline, and after AM, i.e., 35 weeks 
afterr baseline. AM was given directly after IT. The mean plaque index (PI) amoun
tedd to 0.5 at baseline, 0.1 after IT and 0.3 after systemic AM. The mean bleeding 
indexx decreased from 1.6 to 1.2 after IT and to 0.7 after AM. The mean change 
off probing pocket depth (PPD) after IT amounted to 1.4 mm and was further 
reducedd with an additional mean change of 1.1 mm after medication. Clinical 
attachmentt gain was 1.1 mm after IT and an additional 0.9 mm was observed 
afterr AM. One patient became negative for A. actinomycetemcomitans and 4 for 
P.P. gingivalis after IT. After AM, in comparison to baseline, suppression below 
detectionn level for A actinomycetemcomitans was achieved in 19 out of 22, for 
P.. gingivalis in 9 out of 17. On the basis of the microbiological results the study 
groupp was separated into 2 subgroups: group A consisted of subjects who had 
noo detectable levels of A actinomycetemcomitans, P. gingivalis, B. forsythus and 
<5%% of P. intermedia after AM. Group B consisted of those who still showed pre
sencee of one of these 3 species and/or >5% levels of P. intermedia. After AM, 
groupp B showed significantly higher PI, BI, deeper PPD and less attachment 
gainn then group A. 
Itt was concluded that after IT there was a reduction of the plaque index, blee
dingg index and probing pocket depth and a gain of clinical attachment level. After 
thee amoxicillin and metronidazole treatment, an additional clinical improvement 
wass shown for all clinical parameters, except for the plaque index. Initial period
ontall therapy did not result in a decrease of prevalence of A. actinomycetemco
mitans,mitans, P. gingivalis and B. forsythus. However, additional use of amoxicillin and 
metronidazolee resulted in a significant reduction of the prevalence of A. actino
mycetemcomitans,mycetemcomitans, P. gingivalis and B. forsythus. It should be noted that not 
eachh patient benefited from additional systemic antimicrobial therapy. Patients 
whoo benefited most were subjects without detectable A. actinomycetemcomi-
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tans,tans, P. gingivalis, B. forsythus and <5% of P. intermedia after AM. They fulfilled 
ann important aim of treatment in periodontics, i.e. low plaque and bleeding indi
cess and shallow pockets. 

Conclusions s 

Thee studies described in this thesis were designed to answer some critical 
questionss with respect to systemic antibiotic use in the treatment of severe 
periodontitiss in adult patients and should therefore not be interpreted as treat
mentt protocols that are directly applicable for clinical practice. For example, 
patientss were not treated surgically although the clinical indication for this treat
mentt was indicated in a number of study patients. In two studies (Chapter s 4 
andd 5), patients were treated with systemic antibiotics without clinical nor micro
biologicall selection, a procedure that is not recommended in clinical practice. 
Also,, no additional local antimicrobial treatment, e.g. chlorhexidine, during sys
temicc antibiotic therapy was used. In the study described in Chapte r 6 no rene
wedd debridement prior to antibiotic therapy was applied. 
Onee important finding was the observation that amoxicillin and clavulanic acid 
displayss a large activity in vitro against the majority of periodontal bacteria but 
showedd no additional clinical and microbiological effects in vivo (Chapter s 3 and 
4).. Also, it has been shown that not all patients equally benefit from an adjunct 
systemicc antimicrobial therapy (Chapter s 5 and 6). One determining factor for an 
antibioticc to be effective seems to be the composition of the subgingival micro
floraa (Chapter s 2, 5 and 6). For instance, the number and levels of susceptible 
pathogenss at baseline was related to the extent of improvement of metronidazo
lee therapy in refractory adult periodontitis (Chapte r 2). Also, patients with detec
tablee subgingival P. gingivalis appeared to benefit more than patients without this 
microorganismm from systemic metronidazole and amoxicillin (Chapte r 5). One 
possiblyy important clinical finding in this study was the observation that patients 
withh subgingival P. gingivalis at baseline that were treated with antibiotics 
showedd 50% less > 5 mm pockets after therapy in comparison to placebo-tre
atedd P. gingivalis patients. This implies that, in patients culture positive for P. 
gingivalis,gingivalis, the antibiotic therapy had significantly reduced the number of teeth in 
needd for surgical treatment (Chapte r 5). In Chapte r 6, it is confirmed that sca
lingg and root planing alone is not able to significantly decrease the number of 
patientss with detectable A. actinomycetemcomitans, B. forsythus and P. gingi
valis.valis. The data from the present thesis show that the adjunctive use of antibio
ticss in the treatment of adult patients with periodontitis enhances the results that 
cann be obtained by supra- and subgingival debridement. It also shows that the 
compositionn of the subgingival microflora is a factor that is associated with the 

126 6 



Summaryy and conclusions 

clinicall outcome of treatment. These results suggest that microbiological testing 
off periodontitis patients prior to prescribing antibiotics is warranted. It may also 
indicatee a more rational use of systemic antibiotics in periodontics, which is 
importantt to minimize the emerge of resistant micro-organisms. 

Futur ee researc h objective s 

Inn the studies presented in this thesis a limited number of periodontal pathogens 
weree detected and monitored. The selection of these bacterial species was lar
gelyy based on the consensus report of the World Workshop in Periodontics 
1996.. However, a significant part of the subgingival microflora in periodontitis is 
unknown.. Therefore, future research could focus on other periodontal pathogens 
moree difficult to culture. Knowledge of these pathogens may further improve the 
selectivee use of certain antibiotics. Another interesting area for future research is 
thee sequencing of systemic antimicrobial therapies in periodontics. Antibiotics 
aree used on different time points in periodontal therapy and the most optimal 
protocoll has still to be determined. The same holds true for regimes and dosing 
off antibiotics in periodontics. Also the selection criteria on the basis of which 
patientss would be treated with either a single antibiotic therapy or a combined 
antibioticc therapy are largely unknown. New information on these future research 
objectivess may probably contribute to a more predictable treatment outcome. 
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Samenvattingg en Conclusies 

Samenvattin gg en Conclusie s 

Inn dit proefschrift zijn de additionele effecten van systemische antibiotica onder
zochtt bij patiënten met parodontitis. De doelstelling van het gepresenteerde 
onderzoekk is om een duidelijker inzicht te krijgen in de klinische en microbiologi
schee effecten van de parodontale behandeling die ondersteund wordt door sys
temischee toediening van de anti-microbiële middelen metronidazol en amoxicil-
line.. Daarnaast is getracht een verband te leggen tussen de klinische en bacte
riologischee bevindingen. 

Hett  effec t van metronidazo l in Bacteroides  forsytfius-geassocieerd e 
"refractaire ""  parodontiti s 

Hett additioneel gebruik van systemische antibiotica ligt het meest voor de hand 
bijj de behandeling van patiënten met refractaire parodontitis. In het onderzoek, 
beschrevenn in hoofdstu k 2, werden 27 patiënten met refractaire parodontitis 
geselecteerdd op de aanwezigheid van Bacteroides forsythus en de afwezigheid 
vann Actinobacillus actinomycetemcomitans. Patiënten werden opnieuw initieel 
behandeldd en kregen daarna systemisch metronidazol (500 mg, 3 maal daags, 
gedurendee 1 week). Na zes maanden verbeterden de klinische parameters zoals 
pocketdiepte,, aanhechtingsniveau en bloedingsneiging na sonderen. Van de 27 
patiëntenn die deelnamen aan het onderzoek werden er 17 negatief voor B. for
sythus.sythus. Van de 15 patiënten die aan het begin van het onderzoek positief waren 
voorr Porphyromonas gingivalis en de 21 die positief waren voor Prevotella inter
media,media, werden er 9 respectievelijk 14 negatief voor deze bacteriën. Een belang
rijkee bevinding in dit onderzoek was de relatie tussen het klinische behandelre
sultaatt en de microbiologische uitkomst. Patiënten waarbij na therapie B. forsyt
hushus niet langer detecteerbaar was lieten een grotere klinische verbetering zien 
dann patiënten die nog wel aantoonbare B. forsythus hadden. De grootste klini
schee verbetering werd gevonden bij patiënten die aan het begin van het onder
zoekk positief waren voor B. forsythus, P. gingivalis en P. intermedia en na de 
behandelingg negatief geworden waren voor deze micro-organismen. 
Bijj de behandeling van refractaire parodontitis hebben andere onderzoekers 
amoxicillinee met clavulaanzuur (Augmentin®) of amoxicilline met metronidazol 
gebruikt.. In de praktijk is het zeer moeilijk om voldoende refractaire parodontitis-
patiëntenn te selecteren voor een dubbelblind placebo-gecontroleerd onderzoek. 
Daaromm is in de hierna volgende studies gekozen om de additionele effecten van 
eenn tweetal veelvuldig gebruikte antibiotica, n.l. amoxicilline met clavulaanzuur 
enn de combinatie van amoxicilline met metronidazol, te onderzoeken bij patiën
tenn met parodontitis. 
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ftft  -Lactamase-producerend e bacterië n bi j patiënte n met adult e parodontiti s 

Eénn van de beweegredenen om systemisch amoxicilline met clavulaanzuur voor 
tee schrijven bij de behandeling van parodontitis is de aanwezigheid van 8 -lacta
mase-producerendee bacteriën in de verdiepte pockets. Om het voorkomen van 
00 -lactamase-producerende bacteriën verder te onderzoeken werden 23 patiën
tenn met onbehandelde parodontitis geselecteerd (hoofdstu k 3). Subgingivale 
plaque-monsterss werden genomen uit de diepste pocket in elk kwadrant. Per 
patiëntt werden deze monsters samengevoegd en geëvalueerd. Naast niet-selec-
tievee media werd voor de isolatie van 0-lactamase-producerende bacteriën 
gebruikk gemaakt van voedingsbodems waaraan amoxicilline en amoxicilline met 
clavulaanzuurr was toegevoegd. Isoiaten die in staat waren om te groeien op de 
amoxicilline-platenn maar niet op de platen met amoxicilline en clavulaanzuur 
werdenn geïdentificeerd en getest op 0-lactamase-productie. P. gingivalis, P. 
intermedia,intermedia, A. actinomycetemcomitans, Peptostreptococcus micros, 
FusobacteriumFusobacterium nucleatum, B. forsythus en Campylobacter rectus op de selectie
vee en niet-selectieve platen werden onderzocht op 0-lactamase-activiteit met 
behulpp van zowel een commercieel verkrijgbare nitrocefin-test (DrySlide) als een 
opp nitrocefin-gebaseerde laboratoriumtest. In totaal werden er bij 17 van de 23 
patiëntenn 0-lactamase positieve bacteriën aangetoond, zij het meestal in lage 
percentagess (0,01 -15%). Op de niet-selectieve isolatiemedia werden 6 van de 23 
P.P. intermedia, 2 van de 19 B. forsythus, 3 van de 23 F. nucleatum isoiaten posi
tieff bevonden voor 0-lactamase. Van de amoxicilline-platen werden de 0-lacta-
masee positieve species Prevotella loescheii, Prevoteila buccae, Prevotella buc-
caliscalis en Actinomyces spp. geïsoleerd. De resultaten van de DrySlide-methode en 
dee laboratoriumtest waren identiek. De meerderheid van de 0-lactamase positie
vee bacterie-species werd gevonden in het Prevotella genus. Niet alleen bacterie-
isolatenn maar ook de totale subgingivale plaquemonsters werden getest op 0-
lactamase-activiteitt met behulp van een nitrocefin-laboratoriumtest. In 12 van de 
233 (52%) plaquemonsters kon 0-lactamase-activiteit worden vastgesteld. Er 
werdd geen correlatie gevonden tussen het vinden van individuele 0-lactamase 
positievee bacteriën en de uitkomst van de 0-lactamase-test op hele plaquemon
sters.. Er werd geconcludeerd dat 0-lactamase-producerende bacteriën veelvul
digg voorkomen in de subgingivale plaque bij patiënten met parodontitis. 
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Klinisch ee en microbiologisch e effecte n van initiël e parodontal e behandelin g 
ondersteun dd met amoxicillin e met clavulaanzuu r bi j patiënte n met adult e 
parodontiti s s 

Opp basis van de gevonden resultaten met betrekking tot de prevalentie van B-
lactamase-activiteitt is vervolgens een onderzoek uitgevoerd waarbij de initiële 
behandelingg van patiënten met parodontitis wordt ondersteund met amoxicilline 
mett clavulaanzuur (hoofdstu k 4). 
Inn dit dubbelblind placebo-gecontroleerd onderzoek werden 21 patiënten met 
gegeneraliseerdee parodontitis geselecteerd. Klinische metingen en microbiolo
gischh onderzoek werden uitgevoerd bij de start van het onderzoek en 3 en 12 
maandenn na medicatie. Ongeveer 6 weken na de initiële behandeling (3-6 uur) 
werdenn de patiënten gerandomiseerd en kregen de patiënten of een kuur van 
500500 mg amoxicilline met 125 mg clavulaanzuur of een placebo-medicatie (3 maal 
daagss gedurende 10 dagen). 
Drie,, 6,9 en 12 maanden na medicatie werden de klinische effecten geëvalueerd. 
Dee gemiddelde plaque-index bij het begin van de studie was 1.1 in de place-
bogroepp en 0.9 in de testgroep. Na 3 maanden was de plaque-index in beide 
groepenn met 0.3 verminderd. Dit plaque-niveau werd gehandhaafd gedurende 
dee rest van de studie. Ook bleven de gemiddelde veranderingen van de bloe
ding-indexx en gingiva-index in beide groepen gelijk tijdens de gehele studie. In 
dee eerste 3 maanden was er een gemiddelde pocketdiepte-reductie van 1.0 mm 
inn de placebogroep en 0.9 mm in de testgroep. Daarna bleven de pocketdieptes 
inn beide groepen gelijk. Na 3 maanden was er zowel in de placebogroep als in 
dee testgroep een klinische aanhechtingswinst van 0.5 mm. In beide groepen 
bleeff daarna het aanhechtingsniveau gelijk. Er was gedurende de gehele studie
duurr van 12 maanden geen verschil te meten tussen de placebogroep en de 
testgroepp wat betreft de pocketreductie en de aanhechtingswinst. Analyse van 
dee micro-flora werd uitgevoerd door middel van donkerveld-microscopie en 
kweken.. In beide groepen werd door de behandeling het aantal spirocheten en 
beweeglijkee staafjes verminderd maar op geen enkel moment tijdens de studie 
wass er met donkerveld-microscopie een significant verschil tussen de placebo-
enn de testgroep te constateren. De bacteriemonsters die afgenomen waren tij
denss de verschillende meetmomenten werden getest op de aanwezigheid van A 
actinomycetemcomitans,actinomycetemcomitans, P. gingivalis, B. forsythus, P. intermedia, P. micros en 
F.F. nucleatum. Ook hier was gedurende de gehele studieduur microbiologisch 
geenn verschil te vinden tussen beide groepen. Geconcludeerd kan worden dat 
bijj patiënten met parodontitis systemische amoxicilline met clavulaanzuur zowel 
klinischh als microbiologisch geen enkele meerwaarde heeft boven initiële parod
ontalee behandeling alleen. 
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Dee initiël e parodontal e behandelin g ondersteun d met amoxicillin e met 
metronidazo l l 

Omdatt de bacteriën in de subgingival flora van parodontitis-patiënten moge
lijkk verschillen in gevoeligheid voor antimicrobiële middelen wordt door verschil
lendee auteurs gepleit voor het gebruik van een combinatie van 2 antibiotica. 
Amoxicillinee met metronidazol is met veelbelovende resultaten gebruikt bij de 
behandelingg van patiënten met een ernstige parodontitis. In hoofdstuk  5 wordt 
eenn gerandomiseerd dubbelblind placebo-gecontroleerd onderzoek beschreven 
waarbijj de additionele effecten van systemische amoxicilline met metronidazol 
wordenn bestudeerd. Negenenveertig patiënten met een ernstige gegenerali
seerdee parodontitis namen deel aan het onderzoek. Klinische metingen en 
microbiologischh onderzoek werden uitgevoerd aan het begin van het onderzoek 
enn 3 maanden na het beëindigen van de initiële behandeling. De initiële parod
ontalee behandeling werd ondersteund door een placebo-medicatie of een anti-
bioticumkuurr van 375 mg amoxicilline met 250 mg metronidazol, 3 maal daags 
gedurendee 7 dagen. Met uitzondering van de plaque-index, verbeterde de test 
(T)-groepp meer dan de placebo (P)-groep. Er werd na behandeling een grotere 
reductiee van de bloeding-index en de pocketdiepte geconstateerd alsmede een 
groteree winst in klinische aanhechting in de T-groep in vergelijking met de P-
groep.. De grootste pocketdiepte-reductie werd gevonden bij pockets die bij 
aanvangg van de behandeling > 7 mm waren. Deze bedroeg 2.5 mm in de P-groep 
enn 3.2 mm in de T-groep. De klinische aanhechtingswinst was eveneens het 
grootstt in de categorie pockets > 7 mm en bedroeg respectievelijk 1.5 mm en 2.0 
mmm in de P- en T-groepen. Na de behandeling was er een significant verschil 
tussenn de P- en T-groepen wat betreft het aantal patiënten die positief bleven 
voorr P. gingivalis, B. forsythus and P. micros. In de T-groep werden er na de 
behandelingg significant meer patiënten negatief voor P. gingivalis, B. forsythus en 
P.. micros dan in de P-groep. Vier subgroepen werden er gemaakt op basis van 
dee aan- of afwezigheid van P. gingivalis bij aanvang van het onderzoek i.e. P. 
o//'ng/Va//s-positievee (Pg-pos) en P. gingivalis-negatieve patiënten (Pg-neg) in de 
P-- en de T-groepen. Het verschil tussen de Pg-pos- en Pg-neg-groepen kwam 
voornamelijkk tot uiting in het percentage pockets van 5 mm en meer na behan
deling.. Dit percentage reduceerde in de Pg-pos- P-groep van 45% naar 23% en 
inn de Pg-pos-T-groep van 46% naar 11%. Daarentegen waren de veranderingen 
naa behandeling in het percentage pockets van 5 mm en meer in de Pg-neg-P-
groepp en Pg-neg-T-groep gelijk. 

Opp basis van dit onderzoek, waarbij patiënten met adulte parodontitis als onder
zoeksmodell fungeerden, kan worden geconcludeerd dat patiënten waarbij de 
initiëlee behandeling werd ondersteund met amoxicilline en metronidazol betere 
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klinischee en microbiologische resultaten lieten zien dan patiënten die uitsluitend 
initieell behandeld waren. Met name de patiënten die aan het begin van het 
onderzoekk positief waren voor P. gingivalis hadden, wat betreft de vermindering 
vann pocketdiepte, het meeste profijt van de behandeling met systemische anti
biotica.. Daarentegen patiënten die negatief waren voor P. gingivalis bij aanvang 
vann het onderzoek hadden geen wezenlijk voordeel van het additioneel gebruik 
vann de amoxicilline met metronidazol-therapie. 

Additionel ee klinisch e en microbiologisch e effecte n van amoxicillin e met 
metronidazo ll  bi j parodontitis-patiënte n positie f voo r A actinomycetemco-
mitans mitans 

Inn de literatuur wordt de combinatie van amoxicilline met metronidazol beschre
venn bij patiënten die positief zijn voor A actinomycetemcomitans. In het onder
zoekk in hoofdstuk 5 waren slechts 9 van de 49 patiënten positief voor A actino
mycetemcomitans.mycetemcomitans. Het doel van het onderzoek, gepresenteerd in hoofdstuk  6, 
iss de klinische en microbiologische effecten te evalueren van de initiële parod-
ontalee behandeling en het additionele gebruik van systemische amoxicilline 375 
mgg met metronidazol 250 mg (3 maal daags gedurende 7 dagen) bij patiënten 
positieff voor A actinomycetemcomitans. Tweeëntwintig patiënten namen deel 
aann dit onderzoek. De diepste bloedende pocket in elk kwadrant werd geselec
teerdd voor evaluatie. Deze 4 pockets werden tijdens het onderzoek gebruikt voor 
dee klinische en microbiologische metingen die uitgevoerd werden 1) bij de start 
vann het onderzoek, 2) direct na de initiële behandeling maar vóór het geven van 
dee antibiotica en 3) na 35 weken, aan het einde van het onderzoek. Bij het begin 
vann het onderzoek was de gemiddelde plaque-index 0.5, na initiële behandeling 
0.11 en aan het einde van het onderzoek, na het gebruik van amoxicilline en 
metronidazol,, 0.3. De gemiddelde bloeding-index, pocketdiepten en aanhech
tingswinstt verbeterden zowel na initiële behandeling als na het gebruik van 
amoxicillinee met metronidazol. Na initiële behandeling werd één patiënt negatief 
voorr A. actinomycetemcomitans en 4 patiënten negatief voor P. gingivalis. Ten 
opzichtee van het begin van het onderzoek werden, na het toedienen van syste
mischee antibiotica, 19 van de 22 patiënten negatief voor A. actinomycetemcomi
tanstans en 9 van de 17 patiënten negatief voor P. gingivalis. Op basis van de micro
biologiee werden de patiënten verdeeld in 2 groepen. Eén groep (A) bestond uit 
patiëntenn die geen detecteerbare A. actinomycetemcomitans, P. gingivalis, B. 
forsythusforsythus en minder dan 5 % P. intermedia hadden aan het einde van de behan
deling.. De tweede groep (B) bestond uit patiënten die nog steeds positief waren 
voorr één of meer van de 3 bovenvermelde bacteriën en/of boven de 5 % P. 
intermediaintermedia hadden. De patiënten uit groep B hadden na antibiotica gemiddeld 
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eenn hogere bloeding-index, diepere pockets en minder aanhechtingswinst dan 
dee patiënten uit groep A. Geconcludeerd kan worden dat na de initiële behan
delingg er een verbetering optrad van alle klinische parameters en, met uitzonde
ringg van de plaque-index, er verdere klinische verbeteringen waren na de amoxi-
cillinee met metronidazol-therapie. Het aantal patiënten dat positief was voor A 
actinomycetemcomitans,actinomycetemcomitans, P. gingivalis en B. forsythus nam na initiële behande
lingg nauwelijks af, terwijl na gebruik van de antibiotica wel een significante afna
mee te constateren was van het aantal patiënten dat positief was voor deze bac
teriën.. Opgemerkt moet worden dat niet elke patiënt profijt had van de antibioti
ca.. De patiënten die het best reageerden waren zij die geen A actinomycetem
comitans,comitans, P. gingivalis, B. forsythus en minder dan <5 % P. intermedia hadden 
aann het einde van de therapie. Deze patiënten voldeden aan één van de doel
stellingenn van een succesvolle parodontale behandeling, namelijk een lage pla
que-- en bloedingscore met ondiepe pockets. 

Conclusie s s 

Hett onderzoek gepresenteerd in dit proefschrift werd uitgevoerd om een aantal 
belangrijkee vragen te beantwoorden over het gebruik van systemische antibioti
caa bij parodontitis-patiënten. Hierbij dient rekening gehouden te worden met het 
feitt dat de hiervoor ontwikkelde studieprotocollen niet direct toepasbaar zijn voor 
dee algemene praktijk. In het algemeen dient eerst een initiële parodontale behan
delingg te worden uitgevoerd waarna, op basis van de therapie-respons, het ver
deree beleid kan worden bepaald. Ook werden patiënten bijvoorbeeld niet chirur
gischh behandeld terwijl daarvoor bij enkele patiënten wel klinische indicaties 
waren.. In 2 studies (hoofdstu k 4 en 5) werden patiënten met systemische anti
bioticaa behandeld zonder dat er een klinische of microbiologische selectie had 
plaatsgevonden.. Dit is een procedure die niet in de algemene praktijk geadvi
seerdd wordt. Daarnaast is er in het onderzoek niet gebruik gemaakt van andere 
anti-microbiëlee middelen zoals chloorhexidine. Een ander voorbeeld is dat reste
rendee verdiepte pockets niet nogmaals werden gereinigd op het moment dat 
gestartt werd met systemische antibiotica (hoofstu k 6). Een belangrijk resultaat 
vann het gepresenteerde onderzoek is dat amoxicilline met clavulaanzuur in vitro 
eenn grote activiteit liet zien tegen het merendeel van de parodontale bacteriën 
maarr dat er in vivo geen toegevoegde klinische en/of microbiologische effecten 
meetbaarr waren van dit antibioticum (hoofdstu k 3 en 4). Ook heeft het hier 
gepresenteerdee onderzoek laten zien dat niet elke patiënt profijt heeft van het 
additionelee gebruik van antibiotica na de initiële behandeling (hoofdstu k 5 en 6). 
Blijkbaarr is de samenstelling van de subgingivale plaque één van de factoren die 
verantwoordelijkk is voor de effectiviteit van een antibioticum-therapie (hoofdstu k 
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2,, 5 en 6). Bijvoorbeeld, bij refractaire parodontitis-patiënten bleek het aantal en 
hett percentage van de paropathogenen bij aanvang van de studie doorslagge
vendd voor de gevonden klinische verbeteringen na behandeling (hoofdstu k 2). 
Mett name patiënten die positief waren voor P. gingivalis reageerden beter op de 
behandelingg met amoxicilline en metronidazol dan diegenen die deze bacteriën 
vóórr behandeling niet hadden (hoofdstu k 5). Een andere belangrijke conclusie 
uitt het onderzoek is dat patiënten, die bij aanvang van de behandeling positief 
warenn voor P. gingivalis, 50% minder verdiepte pockets van > 5 mm hadden in 
vergelijkingg met patiënten die met een placebo-medicatie behandeld waren. Met 
anderee woorden, patiënten die positief waren voor P. gingivalis en na initiële 
behandelingg amoxicilline met metronidazol gebruikt hadden, bleken aanzienlijk 
minderr gebitselementen te hebben die in aanmerking kwamen voor parodontale 
chirurgiee (hoofdstu k 5). Het onderzoek in hoofdstu k 6 laat zien hoe moeilijk het 
iss het aantal patiënten positief voor A actinomycetemcomitans, B. forsythus en 
P.P. gingivalis door alleen initiële parodontale behandeling te verminderen. De 
resultatenn van het onderzoek laten zien dat, bij patiënten met parodontitis, con
ventionelee behandeling gevolgd door een specifieke antibioticumtherapie de 
resultatenn van een initiële behandeling kan verbeteren. Daarnaast lijkt een ver
bandd te bestaan tussen de samenstelling van de subgingival microflora na 
behandelingg en het klinische resultaat. De resultaten van het in dit proefschrift 
gepresenteerdd onderzoek suggereren dat, wanneer het gebruik van systemische 
antibioticaa wordt overwogen bij de parodontale behandeling, onderzoek naar de 
samenstellingg van de microflora de behandelaar kan ondersteunen in de keuze 
vann het wel of niet voorschrijven van antibiotica. Op deze manier wordt welover
wogenn gebruik gemaakt van systemische anti-microbiële therapieën bij de 
behandelingg van parodontitis, waardoor uiteindelijk de kans op resistentieont
wikkelingg bij bacteriën wordt voorkomen. 

Mogelijkhede nn voo r toekomsti g onderzoe k 

Inn het onderzoek, gepresenteerd in dit proefschrift, is slechts een beperkt aantal 
bacteriënn onderzocht in de subgingival plaque in relatie tot de klinische resul
tatenn van behandeling. De selectie voor deze bacteriën was o.a. gebaseerd op 
dee consensus van de World Workshop in 1996. Echter, onderkend moet worden 
datt een belangrijk deel van de subgingival microflora nog onbekend is. Het is 
daaromm van belang dat toekomstig onderzoek zich zal richten op micro-organis
menn die moeilijk zijn te kweken of zelfs nog niet beschreven zijn. Kennis over dit 
soortt bacteriën zou mogelijk het selectief gebruik van antibiotica verder kunnen 
verbeteren.. Waar eveneens nog te weinig informatie over bestaat is de precieze 
plaatss van systemische en lokale anti-microbiële middelen in de parodontale 
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behandeling.. Men kan zich afvragen, wanneer overwogen wordt antibiotica te 
gebruiken,, of dan het beste moment vóór, tijdens, of na de initiële behandeling 
is?? Of is het beter om pas antibiotica te gebruiken na de chirurgische fase? Ook 
dee dosering en de duur van de antibioticumtherapie zijn variabelen die nog 
slechtss weinig aandacht hebben gehad binnen het parodontologisch onderzoek. 
Dee selectiecriteria voor de keuze van één antibioticum of een combinatie van 
antibioticaa zijn nog onvoldoende bekend. De genoemde mogelijkheden voor toe
komstigg onderzoek zullen waarschijnlijk bijdragen tot een effectiever gebruik van 
anti-microbiëlee middelen binnen de parodontologie en vermoedelijk tot een meer 
voorspelbaarr parodontaal behandelingsresultaat. 
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