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Ágrip	

Bakgrunnur	
Hefðbundin	meðferð	við	tannhaldsbólgu	felur	í	sér		rækilega	tannhreinsun,	gjarnan	með	
deyfingu,	kennslu	í	munnhirðu,	stundum	skurðmeðferð	og	alltaf	eftirlit.	Sýnt	hefur	verið	
fram	á	að	í	flestum	tilfellum	duga	þessar	aðferðir	til	að	koma	böndum	á	sjúkdóminn	og	
stöðva	 frekara	niðurbrot	stoðvefja	 tanna.	Ekki	 svara	þó	allar	 tennur	og	allar	aðstæður	
meðferð	 jafn	 vel	 og	 skera	 jaxlar	 með	 millirótabólgu,	 nánar	 tiltekið	 annarrar	 gráðu	
millirótabólgu,	 sig	 úr	 hvað	 lélegan	 árangur	 varðar.	 Þessi	 laka	 græðsla	 virðist	 fylgja	
millirótabólgunni	 frekar	 en	 tanntegundinni	 því	 jaxlar	 með	 tannhaldsskaða	 á	 sléttum	
flötum	svara	meðferð	jafn	vel	og	einróta	tennur.	Það,	hve	tannklofið	getur	verið	flókið	í	
laginu	og	hve	óaðgengilegt	það	getur	verið,	er	af	flestum	talin	vera	ástæðan	fyrir	því	hve	
erfiðlega	gengur	að	meðhöndla	annarrar	gráðu	millirótabólgu	á	jöxlum.	

Notkun	sýklalyfja,	hvort	sem	er	kerfisbundin	eða	staðbundin	hefur	sýnt	sig	geta	bætt	
græðslu	 eftir	 hefðbundna	 tannhaldsmeðferð	 án	 skurðaðgerða.	Minna	hefur	 farið	 fyrir	
athugunum	á	því	hvort	sýklalyf	geti	bætt	árangur	af	skurðmeðferð	við	tannhaldsbólgu.		

Rannsóknir	 hafa	 sýnt	 að	 staðbundin	 notkun	 metronidazole	 gels	 við	
tannhaldsbólgu	 getur	 bætt	 árangur	 af	 hefðbundinni	 tannhreinsun.	 Ekki	 hefur	 verið	
athugað	hvort	téð	gel	geti	bætt	árangur	af	skurðmeðferð.		

Markmið	
Markmið	þessarar	slembnu,	klínísku	rannsóknar	er	að	athuga	hvort	það	að	koma	geli	
sem	inniheldur	sýklalyfið	metronidazole	fyrir	undir	flipa	við	tannhaldskurðmeðferð	á	
annarrar	gráðu	millirótabólgu,	bæti	árangur	af	meðferðinni.		

Efni	og	aðferðir	
Tuttugu	 sjúklingar	 sem	 vísað	 hafði	 verið	 á	 sérfræðiklíníkina	 í	 tannhaldslækningum	
(Specialistkliniken	I	Parodontologi)	við	háskólann	í	Gautaborg,	tóku	þátt	í	rannsókninni.	
Til	þess	að	vera	gjaldgengir	í	rannsóknina	þurftu	þeir	að	vera	með	eitt	par	sambærilegra	
jaxla,	einn	í	hvorri	hlið	með	sambærilega	millirótabólgu	af	gráðu	II	í	hvoru	rótarklofi.	Að	
auki	þurftu	 tennurnar	að	mælast	með	 lifandi	 tannkviku	eða	að	vera	með	ásættanlega	
rótfyllingu	og	sjúklingarnir	að	vera	án	heilsubrests	sem	gæti	haft	áhrif	á	rannsóknina.	

Allir	 þátttakendur	 undirgengust	 formeðferð	 í	 fjórum	 til	 sex	 heimsóknum;	
tannhreinsun	í	deyfingu	og	fengu	kennslu	í	munnhirðu.		

Að	mánuði	 liðnum,	 við	upphaf	 skurðmeðferðar	 (baseline),	 voru	 gerðar	 klínískar	
upphafsmælingar	á	hinum	útvöldu	tannpörum.	Mæld	var	tannsýkla	(hér	eftir:	PlI)	á	
þremur	stöðum,	yfirborðsbólga	(hér	eftir:	GI)	á	þremur	stöðum,	pokadýpt	(hér	eftir:	
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PPD)	á	 fjórum	stöðum,	 tannfesta	 (hér	eftir:	PAL)	á	 fjórum	stöðum,	 lárétt	 tannfesta	
(hér	eftir:	HAL)	og	svo	blæðing	við	pokamælingu	(hér	eftir:	BoP)	á	fjórum	stöðum	og	
blæðing	við	lárétta	pokamælingu	(hér	eftir:	HBoP).	Gerð	var	skurðaðgerð	á	tannhaldi	
allra	 tannanna,	 flipaaðgerð	 með	 aðferð	 Widmans	 (modified	 Widman	 flap)	 og	
metronidazole	 geli	 (Elyzol®	 Dental	 Gel,	 25	 %	 metronidazole)	 komið	 fyrir	 undir	
flipanum	áður	en	hann	var	 saumaður	aftur	niður,	hjá	annarri	 tönninni	hjá	hverjum	
þátttakanda.	Við	hina	tönnina	var	ekkert	gel	notað.	Hvor	tönnin	hlaut	meðferð	með	
sýklalyfinu	(tilraunahópur,	test,	hér	eftir:	T)	og	hvor	ekki	(viðmiðunarhópur,	control,	
hér	eftir:	C)	var	valið	með	slembinni	aðferð,	krónukasti.	

Saumar	 voru	 fjarlægðir	 eftir	 eina	 viku	 og	 var	 þá	 geli	 sprautað	 að	 nýju	 á	
aðgerðarsvæði	 T-tanna.	 Allir	 sjúklingarnir	 fengu	 fyrirmæli	 um	 að	 skola	með	 0.2	 %	
klórhexidínskoli	tvisvar	á	dag	í	fjórar	vikur	eftir	aðgerð.	

Að	fjórum	vikum	liðnum	voru	tannsýkla	(PlI)	og	yfirborðsbólga	(GI)	mældar.	

Að	 sex	mánuðum	 liðnum	 voru	 allar	 sömu	 klínísku	mælingar	 sem	 gerðar	 voru	 í	
upphafi,	endurteknar.	

Hvorki	 sjúklingur	 né	 sá	 er	 mælingarnar	 gerði	 vissu	 hvor	 tönnin	 hlaut	 meðferð	
með	sýklalyfinu	og	hvor	ekki	(tvíblind	rannsókn).	

Niðurstöður:	
Í	 upphafi	 tóku	 þátt	 í	 rannsókninni	 20	 sjúklingar	með	 jafn	mörg	 pör	 af	 jöxlum	 sem	
álitin	voru	henta.	Úr	 lestinni	heltust	hins	vegar	af	ýmsum	ástæðum	fimm	sjúklingar	
svo	 lokaniðurstöður	 byggjast	 á	 15	 pörum	 af	 hliðstæðum	 jöxlum	 með	 svipaða	
millirótabólgu.	

Við	greiningu	á	tölfræðilegri	marktækni	hér	á	eftir	er	P	<	0.05.	

Upphafsmælingar	tannsýklu	 (PlI)	við	upphaf	skurðmeðferðar,	 fjórum	vikum	eftir	
formeðferð	 sýndu	 að	 91.2	 %	 T	 og	 83	 %	 C	 voru	 án	 merkjanlegrar	 tannsýklu.	 Við	
fjögurra	vikna	 skoðun	voru	 sambærileg	hlutföll	 74	%	T	og	74	%	C.	Við	 sex	mánaða	
lokaskoðun	 voru	 þessi	 gildi	 80.1	%	 T	 og	 73.4	%	 C.	 Enginn	 tölfræðilega	marktækur	
munur	var	á	PlI	fyrir	T	og	C.	Sömu	mælingar	fyrir	rótarklofið	sjálft	voru	dregnar	út	úr	
heildarmælingunum	og	sýndu	þær	heldur	ekki	marktækan	mun.	

Upphafsmælingar	yfirborðsbólgu	(GI)	við	upphaf	skurðmeðferðar	sýndu	að	96	%	T	og	
87	%	C	voru	án	merkjanlegrar	yfirborðsbólgu.	Við	fjögurra	vikna	skoðun	voru	sambærileg	
hlutföll	85	%	T	og	83	%	C.	Við	sex	mánaða	lokaskoðun	voru	þessi	gildi	89	%	T	og	85		%	C.	
Enginn	 tölfræðilega	 marktækur	 munur	 var	 á	 GI	 milli	 T	 og	 C.	 Sömu	 mælingar	 fyrir	
rótarklofið	 sjálft	 voru	 dregnar	 út	 úr	 heildarmælingunum	 og	 sýndu	 þær	 heldur	 ekki	
marktækan	mun.	

Upphafsniðurstöður	 pokamælingar	 (PPD)	 voru,	 við	 upphaf	 skurðmeðferðar,	
fjórum	vikum		eftir	formeðferð	að	meðaltali	3.8	mm	fyrir	T	og	4.2	mm	fyrir	C	sem	er	
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marktækur	munur.	Við	sex	mánaða	lokaskoðun	voru	meðaltölin	T	3.23	mm	og	C	3.41	
mm	 en	 munurinn	 þar	 er	 ekki	 tölfræðilega	 marktækur.	 Sömu	 mælingar	 fyrir	
rótarklofið	 sjálft	 voru	 dregnar	 út	 úr	 heildarmælingunum	 og	 voru	 þær	 í	 upphafi	
skurðmeðferðar,	T	4.7	mm	og		C	4.9	mm	en	við	sex	mánaða	lokaskoðun	T	3.8	mm	og	
C	4.1	mm.	Á	þeim	reyndist	enginn	marktækur	munur.	

Upphafsniðurstöður	 tannfestumælinga	 (PAL)	 voru	 skoðaðar	 á	 sama	 hátt.	 Við	
upphaf	skurðmeðferðar,		var	meðaltal	þeirra	5.2	mm	fyrir	T	og	5.5	mm	fyrir	C,	á	því	
er	ekki	marktækur	munur.	Við	sex	mánaða	lokaskoðun	voru	meðaltölin	T	4.3	mm	og	
C	5.2	mm	en	sá	munur	er	 tölfræðilega	marktækur.	Sömu	mælingar	 fyrir	 rótarklofið	
sjálft	voru	dregnar	út	úr	heildarmælingunum	og	voru	þær	í	upphafi	skurðmeðferðar,	
T	6.0	mm	og	C	6.0	mm	en	við	sex	mánaða	lokaskoðun	T	5.0	mm	og	C	5.6	mm.	Á	þeim	
reyndist	enginn	marktækur	munur.	

Lárétt	 tannfestumæling	 (HAL)	 reyndist	 við	 upphaf	 skurðmeðferðar,	 vera	 að	
meðaltali	T	5.2	mm	og	C	5.5	mm	en	við	sex	mánaða	lokaskoðun	T	3.3	mm	og	C	3.1	
mm.	Munurinn	var	ekki	tölfræðilega	marktækur.	

Blæðing	við	pokamælingu	(BoP)	reyndist	við	upphaf	skurðmeðferðar,	vera	T	62	%	
og	 C	 75	 %,	 sá	munur	 er	 tölfræðilega	marktækur.	 Við	 sex	mánaða	 lokaskoðun	 var	
þessi	marktæki	munur	horfinn;	 T	33	%	og	C	28	%.	Ekki	 reyndist	marktækur	munur	
þegar	sömu	mælingar	fyrir	rótarklofið	sjálft	voru	dregnar	út	úr	heildarmælingunum;	
T	86	%	og	C	93	%	í	upphafi		skurðmeðferðar,	og	T	46	%	og	C	36	%	eftir	6	mánuði.	

Að	lokum,	athugun	á	blæðingu	við	lárétta	pokamælingu	(HBoP)	reyndist	í	upphafi	
vera	T	100	%	og	C	100	%	en	við	6	mánaða	lokamælingu	voru	sambærilegar	tölur	T	60	
%	og	C	53	%.	Enginn	tölfræðilega	marktækur	munur	er	á	þessum	mælingum.		

Samantekt	
Niðurstöður	 þessarar	 rannsóknar	 benda	 til	 þess	 að	 jákvæð	 áhrif	 þess	 að	 nota	
metronidazole	gel	samfara	skurðaðgerð	á	tannhaldi	jaxla	með	millirótabólgu	af	gráðu	
II	 séu	 harla	 lítil	 þegar	 þau	 eru	 mæld	 með	 klínískum	 aðferðum.	 Aðeins	
heildarniðurstöður	tannfestumælinga	(PAL)	sýndu	tölfræðilegan	mun	á	T	og	C	við	sex	
mánaða	lokaskoðun	og	kom	T	þar	betur	út	en	C.	

Þessar	 niðurstöður	 eru	 þannig	 mjög	 í	 anda	 annarra	 rannsókna	 á	 staðbundinni	
sýklalyfjagjöf	þar	sem	henni	er	beitt	samhliða	hefðbundinni	tannhreinsun.	Árangur	þess	
að	beita	staðbundinni	sýklalyfjagjöf	er	minniháttar	og	skiptir	tæplega	máli	klínískt	séð.	

Frekari	rannsókna	er	þörf	á	sviðinu	og	mætti	þar	f.o.f.	horfa	til	bættra	burðarefna	
fyrir	sýklalyfin.	Ennfremur	þyrfti	að	kanna	betur	hvort	ekki	megi	nýta	aðferðina	betur	
við	lækningar	á	festuvefjum	tannplanta.	
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Abstract	

Background	
The	traditional	treatment	of	periodontitis	consists	of	thorough	debridement,	with	or	
without	local	anaesthesia,	oral	hygiene	instructions,	sometimes	surgical	procedures	
and	always	maintenance.	It	is	well	known	that	in	most	instances	these	methods	are	
sufficient	 to	 control	 the	 disease	 and	 halt	 further	 destruction	 of	 the	 tissues	
supporting	the	teeth.	However,	the	treatment	outcome	is	not	the	same	for	all	teeth,	
the	molar	 class	 II	 furcation	 sites	 responding	 less	 favorably.	 This	 inferior	 treatment	
outcome	seems	to	 follow	the	site,	 the	 furcation,	 rather	 than	the	tooth	position,	as	
non-furcation	molar	sites	respond	similarly	to	treatment	as	single	rooted	teeth.	The	
complexity	of	the	anatomy	and	the	inaccessibility	of	the	molar	class	II	furcation	site	
is	by	many	believed	to	be	the	explanation	for	this	difference.	

Systemic	 and	 local	 antibiotic	 treatment	 has	 been	 shown	 to	 improve	 treatment	
results	 after	 traditional	 nonsurgical	 periodontal	 therapy.	 Less	 is	 known	 about	
whether	 local	 antibiotic	 treatment	 can	 improve	 periodontal	 surgical	 treatment	
outcomes.	 Studies	have	 shown	 that	 the	use	of	 a	metronidazole	 containing	gel	 can	
improve	results	from	traditional	scaling	and	root	planing.	However	it	is	not	known	if	
this	gel	improves	healing	after	surgical	periodontal	treatment	or	not.	

Aim	
The	aim	of	this	randomized,	controlled,	clinical	trial	(RCT)	was	to	evaluate	if	a	locally	
applied	 metronidazole	 containing	 gel	 may	 have	 beneficial	 effect	 on	 the	 healing	
results	obtained	following	surgical	debridement	of	molar	furcation	sites,	as	assessed	
by	clinical	means.	

Materials	and	methods	
Twenty	 patients	 referred	 to	 the	 Clinic	 of	 Periodontics	 at	 the	 Dental	 School,	
Gothenburg	University	for		treatment	of	periodontitis	were	included	in	the	study.	To	
be	included	they	had	to	have	one	pair	of	contralateral	molars	with	a	similar	furcation	
involvement,	class	 II	 in	one	 furcation.	As	well	 the	 teeth	had	 to	be	vital	or	properly	
endodontically	treated	and	the	patients	had	to	be	in	good	general	health.	

All	 the	 participants	 were	 given	 cause	 related	 therapy;	 hygienic	 phase	 with	 oral	
hygiene	instructions	and	their	dentition	scaled	and	root	planed	under	local	anaesthesia	
at	the	beginning	of	treatment.	

One	month	 later	 baseline	measurements	 were	 performed	 on	 the	 selected	 teeth.	
Plaque	 index	 (PlI)	was	measured	 at	 three	 sites,	 gingivitis	 index	 (GI)	was	measured	 at	
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three	sites,	pocket	probing	depth	(PPD)	was	measured	at	four	sites,	probing	attachment	
level	(PAL)	was	measured	at	four	sites,	horizontal	attachment	level	(HAL)	was	measured	
at	 the	 furcations,	 bleeding	 on	 probing	 (BoP)	 was	 measured	 at	 four	 sites	 and	 finally	
bleeding	 on	 horizontal	 probing	 (HBoP)	 at	 the	 furcation.	 Periodontal	 flap	 surgery	
(modified	 Widman	 flap)	 was	 performed	 at	 all	 the	 sites	 involved	 in	 the	 study	 and	
metronidazole	gel	(Elyzol®	Dental	Gel,	25	%	metronidazole)	was	applied	under	the	flap	
before	closure	at	one	of	the	teeth	for	each	subject.	Which	tooth	received	the	antibiotic,	
test	tooth	(T)	and	which	not,	control	tooth	(C)	was	selected	at	random	by	tossing	a	coin.	

Sutures	were	removed	one	week	later	and	followed	by	a	repeated	application	of	
the	 metronidazole	 gel	 on	 the	 wound	 surface	 at	 the	 test	 sites.	 All	 patients	 were	
instructed	to	rinse	with	a	0.2	%	chlorhexidine	mouthrinse	twice	a	day	for	four	weeks	
following	surgery.	

At	four	weeks	the	PlI	and	GI	measurements	were	repeated.	

At	six	months	all	the	clinical	measurements	made	at	baseline	were	repeated.	

Neither	the	examiner	nor	the	patients	were	aware	of	which	tooth	was	test	and	
which	was	control	(a	double	blind	design).	

Results	
Initially	 20	 participants	 with	 equally	many	 pairs	 of	 furcation	 involved	molars	 took	
part	in	the	study.	Five	dropped	out	or	were	excluded	during	the	course	of	the	study	
for	various	reasons,	rendering	results	from	15	patients,	30	teeth.		

Statistical	analysis	in	this	study	uses	p	<	0.05.	

Baseline	plaque	index	(PlI)	showed	that	91	%	T	and	83	%	C	sites	were	plaque	free.	At	
four	 weeks	 the	 corresponding	 values	 were	 74	 %	 T	 and	 74	 %	 C.	 At	 six	 months	 final	
examination	80	%	T	 and	73	%	C	were	plaque	 free.	No	 statistical	 difference	was	 seen	
between	T	and	C.	Analyzing	the	data	for	PlI	in	the	furcation	only,	equally	did	not	reveal	
any	difference.	

Baseline	gingival	index	(GI)	showed	that	96	%	T	and	87	%	C	sites	were	free	from	
gingivitis	after	the	hygienic	phase.	At	4	weeks	the	corresponding	values	were	85	%	T	
and	83	%	C.	At	six	months	final	examination	89	%	T	and	85	%	C	were	gingivitis	free.	
No	statistical	difference	was	found	between	T	and	C.	Analyzing	the	data	for	GI	in	the	
furcation	only,	equally	did	not	reveal	any	statistically	significant	difference.	

Overall	mean	pocket	probing	depth	(PPD)	was	at	baseline	3.8	mm	for	T	and	4.2	
mm	 for	 C,	 which	 is	 statistically	 different.	 At	 the	 six	 month	 final	 examination	 the	
mean	 PPD	 was	 T	 3.2	 mm	 and	 C	 3.4	 mm	 but	 this	 difference	 was	 not	 statistically	
significant.	Looking	at	the	same	measurements	for	the	furcations	alone,	they	were	at	
baseline	T	4.7	mm	and	C	4.9	mm	but	at	six	month	final	examination	T	3.8	mm	and	C	
4.1	mm.	No	statistically	significant	differences	were	observed.	
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Overall	mean	probing	attachment	level	measurements	(PAL)	were	reported	in	a	
similar	 way.	 At	 baseline	 they	 were	 5.2	 mm	 for	 T	 and	 5.5	 mm	 for	 C	 which	 is	 not	
statistically	different.	At	the	six	month	final	examination	the	means	for	PAL	were	T	
4.3	mm	and	C	5.2	mm	and	this	difference	reached	statistical	significance.	Looking	at	
the	same	measurements	for	the	furcations	only,	they	were	at	baseline	T	6.0	mm	and		
C	6.0	mm	but	at	6	month	final	examination	T	5.0	mm	and	C	5.6	mm.	No	statistical	
difference	was	observed.	

Horizontal	probing	attachment	 level	 (HAL)	was	at	baseline	T	5.2	mm	and	C	5.5	
mm	but	at	the	six	months	final	examination	T	3.3	mm	and	C	3.1	mm.	The	difference	
was	not	significant	statistically.	

Baseline	 bleeding	 on	 probing	 (BoP)	 was	 T	 62	 %	 and	 C	 75	 %,	 this	 difference	
showing	 statistically	 significant	 difference.	 At	 six	 months	 this	 difference	 had	
disappeared;	T	33	%	and	C	28	%.	No	statistical	difference	was	observed	 looking	at	
the	same	measurements	for	solely	the	furcation	area;	T	86	%	and	C	93	%	at	baseline	
and	T	46	%	and	C	36	%	at	six	months.	

Finally,	mean	baseline	horizontal	bleeding	on	probing	(HBoP)	measured	T	100	%	
and	C	100	%,	at	six	month	final	examination	these	values	were	down	to	T	60	%	and	C	
53	%.	No	statistical	difference	between	groups	T	and	C	was	observed.	

Conclusion	
The	 findings	 of	 the	 present	 study	 demonstrate	 that	 the	 favorable	 effect	 of	 using	
metronidazole	gel	as	adjunct	to	surgical	treatment	of	molar	class	II	furcation	defects	is	
limited,	 measured	 with	 clinical	 methods.	 Only	 overall	 probing	 attachment	 level	
measurements	(PAL)	showed	a	statistically	significant	difference	favoring	the	test	sites.		

These	 results	 point	 in	 the	 same	 direction	 as	 other	 studies	 on	 local	 antibiotic	
treatment	 as	 adjunct	 to	 nonsurgical	 periodontal	 treatment,	 that	 the	 improved	
results	are	minor	ones	and	hardly	of	clinical	importance.	

Further	research	 is	needed	in	the	area,	for	example	 in	designing	new	and	more	
effective	carrier	substances.	As	well,	more	work	needs	to	be	done	in	the	field	of	local	
antibiotic	delivery	as	it	relates	to	treatment	of	peri-implant	diseases.	
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1 Prologue	

Antibiotic	and	antimicrobial	periodontal	treatment	

Periodontitis	is	a	disease	mainly	affecting	the	supporting	tissues	of	the	tooth,	that	is:	
the	 gingiva,	 the	 bone,	 the	 periodontal	 ligament	 and	 the	 cementum.	 A	 bacterial	
infection	 and	 the	 immune	 response	 of	 the	 host	 interact	 in	 a	 complex	 way,	 often	
resulting	 in	 destruction	 of	 the	 supporting	 tissues	 and	 eventual	 loss	 of	 the	 tooth	
(Dentino	et	al.,	2013).	

The	traditional,	“gold	standard”	treatment	of	periodontal	disease	consists	of	scaling	
and	root	planing,	oral	hygiene	instruction,	sometimes	surgical	 intervention	and	always	
maintenance	treatment.	It	has	been	shown	repeatedly	that	this	treatment	can	in	most	
cases	stop	the	progression	of	the	disease	(Axelsson	et	al.,	2004).	

In	 some	 instances	 the	 treatment	 outcome	 is	 less	 than	 optimal.	 There	 can	 be	
many	explanations	for	this	e.g.	patient	non-compliance	or	technical	difficulties	in	the	
mechanical	 treatment	 be	 it	 surgical	 or	 non-surgical	 (Deas	 &	 Mealey,	 2010).	 The	
search	 for	 a	 treatment	modality	 that	 is	more	 predictable,	 less	 demanding	 for	 the	
dental	team	to	perform	and	easier	for	the	patient	to	accept,	is	ongoing.	

Antimicrobial	agents	and	antibiotics	have	for	a	long	time	captured	the	interest	of	
the	dental	profession	for	the	treatment	of	periodontitis.	These	materials	have	either	
been	 used	 alone	 or	 in	 combination	 with	 a	 more	 traditional	 treatment	 such	 as	
debridement,	scaling	and	root	planing	and	surgical	procedures.	

This	 prologue	 will	 briefly	 address	 the	 main	 treatment	 modalities	 including	
antimicrobial	 agents	 and	 antibiotics.	 It	will	 however	not	 dwell	 on	 antimicrobial	 rinses	
and	 gels	 for	 home	 use.	 Some	 of	 these	 materials	 e.g.	 chlorhexidine	 have	 a	 well	
established	effect	on	gingivitis	(Jones,	1997)	but	are	not	in	the	scope	of	this	overview.	

The	 subgingival	 delivery	 of	 antimicrobial	 substances	 by	 irrigation	 includes;	 a	
carrier	fluid,	containing	an	active	agent	and	the	gadget	used	to	bring	the	fluid	to	the	
site	 of	 action.	 The	 fluid	 may	 be,	 for	 instance,	 water,	 containing	 various	
concentrations	of	the	various	active	substances.	Most	often	a	syringe	is	used	to	bring	
the	fluid	to	the	periodontal pocket	the	aim	being	to	reduce	the	amount	of	bacteria	
end	even	flush	some	toxic	substances	from	the	site	(Shiloah	&	Hovious,	1993).	Many	
different	 substances	 have	 been	 investigated	 for	 this	 purpose,	 the	 most	 common	
ones	being	chlorhexidine	solution	and	hydrogen	peroxide.		

The	beneficial	effect	of	periodontal	irrigation	generally	seems	to	be	very	modest.	
Two	 papers	 from	 1997	 compare	 the	 effect	 of	 irrigation	 with	 saline,	 0.2	 %	
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chlorhexidine	 solution	 and	3	%	hydrogen	peroxide	 to	 a	 control	 group	 receiving	no	
treatment.	At	three-and	six-month	reevaluation	no	effect	of	the	irrigation	treatment	
was	 observed	 (Wennström	 et	 al.,	 1987	 (I),	Wennström	 et	 al.,	 1987	 (II)).	 The	most	
likely	explanation	for	the	limited	treatment	result	seen	from	irrigation	is	the	constant	
flow	 of	 gingival	 crevicular	 fluid,	 rapidly	 flushing	 out	 the	 active	materials	 from	 the	
pockets	as	 the	carrier	substance	 lacks	a	 retentive	element.	 It	has	been	shown	that	
the	 fluid	 content	 of	 a	 periodontal	 pocket	 is	 renewed	 up	 to	 once	 per	 minute	
(Goodson,	2003).	

Periodontal	irrigation	can	at	best	be	used	as	a	symptomatic	treatment	in	dental	
emergencies	(e.g.	treatment	of	acute	periodontal	abscesses)	but	seems	not	to	be	an	
option	for	the	treatment	of	periodontal	disease.	

Around	 the	 middle	 of	 the	 20th	 century	 antibiotic	 drugs	 emerged,	 substances	
active	against	bacteria;	e.g.	 sulfa	and	penicillin.	 The	use	of	 these	drugs	and	during	
the	 years,	 a	 myriad	 of	 others,	 has	 revolutionized	 the	 treatment	 of	 infections	 in	
general	and	they	have	to	this	day	saved	countless	human	lives.	With	the	exponential	
growth	in	use	of	antibiotics,	negative	sides	have	appeared	and	the	overuse	of	these	
drugs	is	now	a	global	dilemma	(WHO,	2014).	

Systemic	antibiotic	treatment	has	widely	been	used	as	a	supportive	treatment	to	
mechanical	periodontal	treatment.	The	most	frequently	used	mode	of	drug	delivery,	
by	far,	is	per	os,	other	options	are	not	included	in	this	overview.	

Many	different	antibiotic	drugs	have	been	used	for	this	purpose	e.g.	tetracycline,	
minocycline	 and	 doxycycline,	 clindamycin,	 ampicillin,	 amoxicillin	 (with	 or	 without	
clavulanic	acid).	As	well;	erythromycin,	spiramycin,	azithromycin	and	clarithromycin	
and	lastly	metronidazole	and	ornidazole.	Many	combinations	of	these	drugs	have	as	
well	been	investigated	(Mombelli	and	Herrera,	2015).	

The	 penicillins	 are	 bacteriocidal	 and	 they	 work	 by	 interfering	 with	 cell-wall	
synthesis.	 They	 have	 a	 rather	 narrow	 spectrum	 mode	 of	 action	 but	 by	 adding	
clavulanic	acid;	Augmentin,	a	more	broad	spectrum	drug	has	been	developed.	

The	 tetracyclines	 are	 broad	 spectrum	 antibiotics	 and	 have	 relatively	 few	 side	
effects.	They	are	bacteriostatic	and	interfere	with	bacterial	protein	synthesis.	As	well	
they	can	reduce	the	action	of	collagenase	and	can	thus	reduce	bacterial	destruction	
of	host	tissues.	

Metronidazole	and	other	drugs	of	that	genre	are	bacteriocidal	and	exert	their	action	
by	 interfering	with	bacterial	DNA	synthesis.	They	are	active	against	anaerobic	bacteria	
such	as	P.	gingivalis	and	other	G-negative	bacteria.	However,	 they	seem	to	have	 little	
effect	on	a	major	player	in	periodontal	disease;	A.	actinomycetemcomitans.		

An	overview	of	the	antibiotics	used	in	periodontal	therapy	can	be	found	in	a	review	
by	Schwach-Abdellaoui	et	al.	(Schwach-Abdellaoui	et	al.,	2000).	
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There	 is	 no	 general	 consensus	 at	 all	 of	 whether	 to	 use	 systemic	 antibiotics	 in	
periodontal	 treatment	 or	 not.	 As	 mentioned	 above	 it	 is	 known	 that	 traditional	
periodontal	 treatment;	 scaling	 and	 root	 planning,	 oral	 hygiene	 instructions,	 surgical	
procedures	and	maintenance	treatment	can	in	most	 instances	stop	the	progression	of	
periodontal	disease	 (Axelsson	and	Lindhe	1981,	Badersten	et	al.,	 1987).	On	 the	other	
hand	both	the	 literature	and	clinical	experience	show	that	this	 is	not	always	the	case,	
the	goal	of	a	 successful	 treatment	 is	not	always	 reached.	The	 traditional	 treatment	 is	
technically	demanding	for	the	operator	and	often	the	patient	finds	it	difficult	to	perform	
the	necessary	homecare	needed	for	treatment	success	(Deas	&	Mealey,	2010).	

In	contrast	to	the	above,	the	literature,	as	well,	contains	evidence	that	for	some	
patients	 the	 traditional	 treatment	 is	 insufficient.	 The	 idea	 is	 that	 against	 some	
bacteria	e.g.	A.	actinomycetemcomitans	(van	Winkelhoff	&	Winkel,	2005)	antibiotic	
treatment	is	mandatory	for	success.	A	vast	body	of	research	is	to	be	found	on	a	vast	
number	 of	 periodontal	 treatment	 modalities	 including	 antibiotics	 (Haffajee	 et	 al.,	
2003,	Herrera	et	al.,	2002).	

In	short;	the	best	results	from	periodontal	treatment	utilizing	systemic	antibiotics	
seem	 to	 be	 obtained	with	 a	 combined	mechanical	 and	 antibiotic	 treatment,	 using	
amoxillin	 and	 metronidazole	 together.	 By	 administering	 metronidazole	 400	 mg	 +	
amoxillin	500	mg	tid	for	three	weeks,	an	increase	in	probing	attachment	level	of	0.5	
–	 1.3	 mm	 additional	 to	 the	 gain	 received	 by	 scaling	 and	 root	 planing	 alone	 is	
achieved	(Feres	et	al.,	2015).	

Presently,	professor	Andrea	Mombelli	and	co-workers	at	 the	University	of	Geneva	
are	probably	the	research	group	with	the	 largest	experience	of	working	with	systemic	
antibiotics	 in	periodontal	 treatment.	 In	a	 recent	study	by	 that	group	 (Mombelli	et	al.,	
2015)	it	was	investigated	at	which	stage	in	the	traditional	treatment	antibiotics	should	
be	 administered	 and	 whether	 there	 was	 a	 difference	 between	 treatments	 with	 and	
without	 antibiotics	 after	 12	 months	 for	 patients	 with	 a	 confirmed	 A.	
actinomycetemcomitans	 infection.	 Their	 conclusion	was	 that	 administering	 antibiotics	
during	 the	 mechanical	 debridement	 phase	 reduced,	 in	 the	 short	 term,	 the	 need	 for	
further	treatment,	that	is	surgical	intervention.	However	at	12	months	no	difference	was	
seen	between	the	two	methods,	looking	at	the	overall	outcome	of	the	treatment.	

As	mentioned	above	the	overuse	of	antibiotics,	especially	systemic	application,	is	
a	 global	 problem.	 The	 increased	use	 of	 these	 substances	 seems	 to	 generate	more	
antibiotic-resistant	 strains	 and	 on	 the	 horizon	 are	 bacteria	 immune	 to	 all	 known	
antibiotics.	Other	adverse	effects	of	systemic	antibiotic	use,	such	as	gastrointestinal	
problems,	 allergies	 and	 hypersensitivity	 as	 well	 as	 the	 need	 to	 rely	 on	 patient	
compliance	 in	 taking	 the	prescribed	drug	at	 the	 right	 time,	have	 fueled	 interest	 in	
other	 options	 for	 administering	 antibiotics	 such	 as	 local	 delivery.	 By	 delivering	
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antibiotics	 locally,	many	of	 the	drawbacks	of	systemic	delivery	can	be	avoided;	 the	
amount	of	antibiotic	used	can	be	kept	to	a	minimum	thus	minimizing	the	systemic	
load	and	the	issue	of	patient	compliance	is	of	lesser	importance.	

Many	 carrier	 substances	 for	 local	 antibiotic	 delivery	 have	 been	 developed	 and	
investigated	 e.g.;	 monolithic	 threads	 (ActisiteÒ,	 tetracycline),	 acrylic	 ribbons	
(metronidazole),	 cellulose	 varnish	 (chlorhexidine)	 and	 gels	 (ElyzolÒ	 Dental	 Gel,	
DentomycinÒ)	to	mention	a	few		(Shalaby	&	Salz	2007).	The	desired	common	quality	of	
all	the	carrier	substances	is	to	obtain	a	slow	release	of	the	drug	to	ensure	an	effect	for	a	
prolonged	period	of	time.	

Many	different	antibiotics	have	as	well	been	 investigated	and	tried	clinically	for	
local	 treatment	 of	 periodontitis,	 to	 mention	 a	 few;	 tetracycline,	 minocycline,	
doxycycline,	metronidazole	 and	 amoxicillin.	Many	 studies	 have	 also	 been	 done	 on	
the	local	delivery	of	chlorhexidine.	

All	these	compounds	are	known	to	have	antibiotic	properties	against	periodontal	
bacteria	 but	 all	 in	 all,	 looking	 over	 the	 literature	 of	 local	 antibiotic	 treatment	 of	
periodontal	disease	the	effect	of	this	treatment	modality	seems	to	be	rather	modest.	
A	recent	systematic	review	(Matesanz-Perez	et	al.,	2013)	summarizes	the	results	of	
local	 administration	 of	 antibiotics	 measured	 by	 clinical	 means.	 It	 shows	 that	 the	
general	effect	is	a	reduction	in	pocket	probing	measurements	of	0.5	mm	and	a	gain	
in	probing	attachment	 level	 of	 0.3	mm,	hardly	 results	of	 clinical	 significance.	 Local	
antibiotic	treatment	is	currently	mainly	justified	to	treat	isolated	deep	pockets,	peri-
implant	 defects	 or	 for	 patients	 unable	 to	 receive	 the	 traditional	 mechanical	
treatment	because	of	other	reasons,	immunosuppression	for	example.		

The	 interest	 for	 local	 antibiotic	 treatment	 has	 reduced	 in	 recent	 years	 mainly	
because	 of	 the	modest	 treatment	 results	 seen	 and	 an	 unfavorable	 cost/effectiveness	
ratio.	
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2 Introduction	to	the	study	

Scaling	 and	 root	 planing	 combined	 with	 proper	 supragingival	 plaque	 control	
measures	are	effective	means	in	the	treatment	of	periodontal	disease	(Badersten	et	
al.,	 1984,	 Serino	 et	 al.,	 2001;	 Van	 der	 Weijden	 &	 Timmerman,	 2002).	 Even	
debridement	without	 total	 removal	of	hard	deposits	on	 the	 root	 surface	 seems	 to	
give	 favorable	 results	 (Mombelli	 et	 al.,	 1995)	 However,	 the	 healing	 response	
following	both	non-surgical	and	surgical	periodontal	treatment	varies	depending	on	
tooth	anatomy	(Lindhe	et	al.,	1982).	Hence,	while	single-rooted	teeth	respond	very	
positively	 to	 subgingival	 debridement	 (Badersten	 et	 al.,	 1984,	 Serino	 et	 al.,	 2001),	
multi-rooted	 teeth	 demonstrate	 less	 favorable	 treatment	 outcome	 (Lindhe	 et	 al.,	
1982;	 Loos	 et	 al.,	 1989;	 Nordland	 et	 al.,	 1987,	 Tomasi	 &	Wennström,	 2011).	 This	
impaired	healing	at	molars	seems	not	to	be	related	to	reduced	accessability	due	to	a	
more	posterior	position	of	the	tooth	in	the	dental	arch,	since	non-furcation	sites	at	
molars	show	comparable	healing	to	that	obtained	at	single-rooted	teeth	(Loos	et	al.,	
1989).	In	fact,	the	sites	that	deviate	in	the	healing	response	are	only	the	furcations.	
The	 complex	 anatomy	of	 the	 furcation	 site	 (Svärdström	&	Wennström,	 1988),	 and	
thereby	 difficulties	 in	 performing	 proper	 debridement	 using	 a	 non-surgical	 or	 a	
surgical	approach	(Kalkwarf	et	al.,	1988;	Matia	et	al.,	1986),	may	be	the	dominating	
factor	accounting	for	the	impaired	healing	reported.	

The	 addition	 of	 antibiotics,	 whether	 systemically	 (Feres	 et	 al.,	 2015,	 Joyston-
Bechal	et	al.,	1984;	Keestra	et	al.,	2015;	Lindhe	et	al.,	1983)	or	locally	(Hirooka	1993,	
Bonito	et	al.,	2005,	Goodson	et	al.,	1985,	Matesanz-Perez	et	al.,	2013)	applied,	has	
been	 shown	 to	 improve	 the	healing	 results	 obtained	with	 non-surgical	mechanical	
root	 debridement	 alone.	 There	 is	 even	 some	evidence	 that	 local	 administration	of	
antibiotics	 alone	 can	 give	 similar	 healing	 results	 to	 mechanical	 root	 debridement	
(Ainamo	et	al.,	1992).	

Less	attention	has	been	given	to	the	possibility	that	the	use	of	antibiotics	could	
improve	 results	 after	 surgical	 treatment	 of	 periodontal	 disease.	Of	 special	 interest	
would	be	the	type	of	sites	showing	 less	favorable	results	after	surgery,	such	as	the	
molar	furcation	sites.	

It	 can	 be	 hypothesized	 that	 exposing	 the	 microbial	 biofilm,	 remaining	 in	
anatomically	difficult	sites,	after	mechanical	root	debridement,	to	antibiotics	may	aid	
in	rendering	the	root	surface	less	infectious.	

Several	studies	have,	over	the	years,	been	done	on	the	effect	of	metronidazole	gel	as	
adjunct	to	non-surgical	periodontal	treatment.	The	results	have	ranged	from	showing	no	
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or	 little	 effect	 from	 the	 antibiotic	 application	 (Riep	 et	 al.,	 1999,	 Stelzel	 &	 Flores-de-
Jacoby,	2000)	to	significant	benefit	from	the	local	antibiotic	(Griffiths	et	al.,	2000).	

Less	 is	 known	 about	 the	 possible	 beneficial	 effect	 of	 locally	 applied	
metronidazole	following	periodontal	surgery.	

Another	 factor	 to	 consider	 is	 that	 the	 anatomy	of	 the	 furcation	 site	may	 favor	
microbial	recolonization	during	the	healing	phase.	 If	this	 is	the	case,	administration	
of	antibiotics	during	the	early	healing	phase	may	be	beneficial	 in	order	to	establish	
proper	 pocket	 closure.	 In	 fact,	 results	 from	 a	 study	 by	 Hirooka	 (1993),	 in	which	 a	
metronidazole	gel	 (ElyzolÒ	Dental	gel)	was	applied	 twice	with	a	one-week	 interval	
following	 non-surgical	 debridement	 of	 furcation	 sites,	 offer	 some	 support	 for	 this	
hypothesis	 by	 demonstrating	 greater	 gain	 of	 horizontal	 probing	 attachment	 (i.e	
furcation	pocket	closure)	than	control	sites	not	receiving	the	local	antibiotic	therapy.	
In	 relation	 to	 a	 surgical	 approach	 to	 the	 treatment	 of	 the	 furcation	 site,	 also	 the	
possibility	that	an	antibiotic	gel	applied	in	the	furcation	site	before	flap	closure	may	
function	as	an	 initial	 space	holder,	and	thereby	 favoring	 the	repair	process,	 should	
be	 considered.	 Space-holding	or	membrane-support	 function	of	 the	metronidazole	
gel	(ElyzolÒ		Dental	gel)	cannot	be	excluded	as	explanation	for	the	improved	healing	
seen	for	test	group	by	Sander	(1994)	(Sander	et	al.,	1994),	comparing	GTR	in	molar	
furcation	defects	with	or	without	the	gel.	

The	aim	of	the	present	study	was	to	evaluate	 if	a	 locally	applied	metronidazole	
containing	 gel	may	 have	 beneficial	 effect	 on	 the	 healing	 result	 obtained	 following	
surgical	 debridement	 of	 molar	 furcation	 sites,	 as	 assessed	 by	 clinical	 means.
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3 Material	and	methods	

Twenty	patients	(15	males	and	5	females)	aged	38-54	years	were	recruited	from	the	
pool	 of	 patients	 referred	 to	 the	 Clinic	 of	 Periodontics	 at	 the	 Dental	 School,	
Gothenburg	University,	for	treatment	of	moderate	to	severe	periodontal	disease.		

The	 aim	 and	 course	 of	 the	 study	 was	 explained	 to	 the	 patients	 and	 they	 all	
voluntarily	signed	an	informed	consent.	Approval	of	the	study	was	obtained	from	the	
Ethics	Committee	of	Gothenburg	County.	

To	 be	 selected	 for	 participation	 in	 the	 study,	 the	 patients	 had	 to	 fulfill	 the	
following	criteria:	

• At	 least	 one	 pair	 of	 furcation	 sites	 with	 a	 degree	 II	 furcation	 involvement	
according	 to	 the	 criteria	 presented	 by	 Nyman	 &	 Lindhe	 (1989)	 at	 contra	
lateral	molar	teeth.	Either	proximal	or	buccal	pairs	of	 furcation	 involvement	
were	considered	acceptable.	

• An	 unremarkable	 medical	 history	 and	 no	 periodontal	 therapy	 during	 the	
preceding	12	months	or	antibiotic	therapy	during	the	last	6	months.	

• The	 qualifying	 teeth	 had	 to	 have	 a	 vital	 pulp	 as	 determined	 by	 electric	
stimulation	or	to	be	properly	root	canal	treated.	

At	 the	 time	 of	 the	 screening	 examination	 a	 full-mouth	 series	 of	 intraoral	 peri-
apical	radiographs	was	available.	All	patients	were	given	 instructions	 in	proper	oral	
hygiene	and	a	series	of	visits	(4-6)	for	scaling	and	root	planing	of	the	entire	dentition	
(Lindhe	 &	 Nyman,	 1975).	 This	 treatment	 was	 performed	 under	 local	 anaesthesia	
with	the	use	of	ultrasonic	and/or	hand	instruments.		

One	month	after	the	completion	of	this	basic	periodontal	therapy	and	the	patient	
having	acquired	a	plaque	score	of	25%	or	less,	the	teeth	selected	for	the	study	were	
subjected	to	a	baseline	examination	including	the	following	clinical	parameters:			

• 	Oral	hygiene	conditions;	assessed	by	the	use	of	Plaque	Index	(PlI),	(Silness	&	
Löe,	1964)	and	Gingival	Index	scorings	(GI)	Löe,	1967).	The	assessments	were	
carried	out	at	three	locations	on	each	tooth;	on	the	flat	surface	of	each	root	
bordering	the	furcation	site	and	in	the	furcation	area.		

• Probing	pocket	depth	(PPD);	the	distance	in	mm	from	the	gingival	margin	to	
the	bottom	of	the	probable	pocket.	A	mechanical	constant	force	probe	(0.35	
N)	having	a	terminal	diameter	of	0.45	mm	and	1.0	mm	increments	was	used.	
The	assessments	were	performed	at	four	locations	on	each	tooth;	at	the	flat	
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surface	of	each	root	bordering	the	furcation	site	and	at	each	root	surface	in	
the	furcation	area.		

• 	Probing	 attachment	 level	 (PAL);	 the	 distance	 in	 mm	 of	 probe	 penetration	
measured	 from	 a	 fixed	 reference	 point	 on	 the	 tooth	 (cemento-enamel	
junction	or	the	apical	border	of	a	restoration).	The	measurements	were	made	
at	the	same	four	sites	as	defined	for	probing	pocket	depth	assessments.	

• Horizontal	probing	attachment	level	(HAL);	the	distance	in	mm	of	horizontal	
probe	penetration	into	the	furcation	site.	A	modified	Nabers	#2	probe	(2	mm	
increments,	terminal	diameter	0.5	mm;	Deppeler	ZA2,	Switzerland)	was	used	
with	a	straight	periodontal	probe	placed	against	the	prominence	of	the	two	
roots	bordering	the	entrance	of	the	furcation	as	the	reference	point.		

• 	Bleeding	 following	 pocket	 probing	 (BoP);	 presence	 or	 absence	 of	 bleeding	
within	10	seconds	following	the	pocket	probing	at	the	four	sites	defined	for	
PPD	and	PAL.		

• 	Bleeding	 following	horizontal	pocket	probing	 (HBoP)	 into	 the	 furcation	 site;	
presence	or	absence	of	bleeding	within	10	seconds	 following	 the	horizontal	
pocket	probing.		

Following	the	baseline	examination,	the	selected	teeth	were	subjected	to	surgical	
treatment	using	the	modified	Widman	flap	procedure	(Ramfjord	&	Nissle	1974).	An	
intra-crevicular	incision	was	placed	through	the	bottom	of	the	pockets	and	extended	
mesially	and	distally	to	include	one	tooth	on	each	side	of	the	experimental	molar.	A	
mucoperiosteal	flap	was	raised	in	order	to	expose	the	infected	root	surfaces.	Scaling	
and	root	planing	was	performed	until	the	surfaces	were	judged	as	clean	and	smooth.	
No	bone	re-contouring	was	performed.	

After	careful	irrigation	of	the	surgical	field	with	saline,	one	furcation	site,	selected	at	
random,	was	 filled	with	a	metronidazole	 gel	 (Elyzol®	Dental	 gel,	 25	%	metronidazole;	
Dumex	 a/s,	 Denmark).	 The	 flap	 was	 thereafter	 coronally	 positioned	 to	 cover	 the	
entrance	to	the	furcation	region	and	secured	by	interdental	sutures.	The	sutures	were	
removed	after	seven	days,	followed	by	a	repeated	application	of	the	gel	at	test	sites.	

The	contra-lateral	 furcation	sites	 (control	 site)	were	 treated	 in	an	 identical	way	
except	that	no	metronidazole	gel	was	applied.	

The	 study	 was	 thus	 designed	 for	 split-mouth	 comparison	 and	 the	 teeth	 were	
randomly	assigned	to	one	of	the	two	respective	treatment	modalities	by	tossing	a	coin.	

To	optimize	the	supragingival	plaque	control	during	the	 initial	phase	of	healing,	
the	patients	 rinsed	 twice	daily	with	 a	0.2	%	 chlorhexidine	 solution	 for	 four	weeks.	
Mechanical	tooth	cleaning	in	the	surgically	treated	areas	was	reinstituted	two	weeks	
following	surgical	treatment	by	gentle	toothbrushing	using	a	roll	technique	directed	
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from	the	soft	tissue	to	the	crown.	During	the	entire	six-month	study	period,	patients	
were	 recalled	 for	 professional	 supra-gingival	 tooth	 cleaning	 once	 every	 4	 weeks	
(Axelsson	&	Lindhe	1974).	

The	clinical	examination	was	repeated	after	six	months	of	healing.		

Randomization	was	acquired	by	tossing	a	coin.	

All	clinical	examinations,	were	performed	by	an	independent	examiner	not	aware	of	
the	treatment	assignments.	As	well,	the	patients	were	kept	unaware	of	the	treatment	
assignment	of	each	experimental	site	thus	giving	the	investigation	a	double	blind	quality.	

Data	analysis	and	statistics	

The	status	and	change	between	the	baseline	examination	and	the	6-month	post-
treatment	 examination	was	 estimated	 and	 evaluation	 of	 differences	 between	 test	
and	control	treatments	was	based	on	intra-individual	comparison.	The	effects	of	the	
two	 treatments	were	 compared	with	 respect	 to	 clinical	 treatment	outcomes	using	
clinical	measurements	only.	The	outcomes	used	were;	plaque	scores,	bleeding	index,	
pocket	probing	depths	 (vertical	and	horizontal),	probing	attachment	 levels	 (vertical	
and	horizontal)	and	bleeding	on	probing.	

The	 statistical	 difference	 for	 the	 treatment	 results	was	 estimated	with	 a	 linear	
model	 for	 continuous	 outcomes	 or	 linear	 logistics	 model	 for	 binary	 otucomes,	
according	to	the	nature	of	the	outcome	under	study.	

	Adjustment	 was	 made	 for	 the	 different	 intraoral	 sites	 originating	 the	
measurements.	 Adjustment	 for	 the	 correlation	 between	 intra	 individual	
measurements,		for	the	different	experimental	sites	was	made	by	using	the	method	
of	 generalized	 estimating	 equations	 (Diggle	 et	 al.	 2002).	 That	method	 is	 generally	
applicable	 and	 corrects	well	 for	 the	 correlation	 between	measurements	when	 the	
description	 of	 the	 correlation	 itself	 is	 not	 in	 the	 focus	 of	 attention	 of	 the	 data	
analysis.	

Finally,	the	marginal	treatment	effect	was	estimated	by	comparing	the	effect	on	
the	mean	or	probability	of	a	positive	or	a	negative	response.	

The	 results	of	 the	statistical	analysis	are	presented	as	pie	charts,	histograms	or	
tables,	all	according	to	the	nature	of	the	data.	

The	 statistical	 analysis	 was	 carried	 out	 with	 STATA	 13	 software,	 where	 the	
repeated	measures	analysis	was	performed	using	the	xtgee	procedure.	
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4 Results	

At	 the	 baseline	 examination,	 20	 pairs	 of	 furcation	 involved	 molars	 in	 20	 patients	
were	 found	 to	 fulfill	 the	 criteria	 defined.	 Two	 patients	 demonstrated	 teeth	 with	
degree	 III	 furcation	 involvement	 following	 flap	 elevation,	 and	 were	 therefore	
excluded	 from	 the	 study.	 Two	 patients	 refused	 to	 attend	 the	 six-month	
reexamination	and	an	additional	one	subject	had	received	antibiotic	therapy	due	to	
a	 non-dental	 infection.	 Thus,	 the	 material	 available	 for	 analysis	 comprised	 of	 15	
patients	with	15	pairs	of	contra-lateral	molars	with	furcation	involvements	of	degree	
II.		

Fourteen	of	 the	30	experimental	 teeth	were	upper	 first	molars,	 six	were	upper	
second	molars,	six	were	lower	first	molars	and	four	were	lower	second	lower	molars	
(Fig.	1).	

Figure	1.	 Distribution	of	experimental	teeth	by	tooth	type	

Of	 the	 total	 furcation	areas	 investigated,	16	 (54	%)	were	distal	 furcations	of	upper	
molars,	 four	 (13	%)	were	mesial	 furcations	of	upper	molars.	Ten	 sites	 (33	%)	were	
buccal	furcations	oflower	molars,	four	in	second	and	six	in	first	molars	(Fig.	2).	
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Figure	2.		 Distribution	of	sites	by	furcation	type		

Plaque	index	(PlI)	was	used	to	assess	the	status	of	supra-gingival	plaque	during	the	
course	of	the	study.		

Plaque	 index	 was	 measured	 at	 three	 locations	 on	 each	 tooth	 involved	 in	 the	
study;	in	the	furcation	and	on	the	two	adjacent	root	surfaces.	

These	measurements	were	made	at	baseline,	at	four	weeks	and	at	six	months.	

The	results	are	reported	as	either	having	no	plaque;	PlI	0	(plaque	free)	or	having	
plaque;	PlI	1,	2	or	3	(Fig.	3).	

At	baseline	91	%	of	the	test	sites	were	free	of	plaque	while	83	%	of	the	control	
sites	were	plaque	free.	This	difference	was	not	statistically	significant	(p	=	0.18).	

At	four	weeks	the	similar	numbers	were	74	%	plaque	free	for	test	sites	and	74	%	
for	control	sites,	no	difference	at	all.	

At	six	months	80	%	of	the	test	sites	were	plaque	free	whereas	73	%	of	the	control	
sites	were	free	of	plaque.	Again	no	statistical	difference	was	observed	(p	=	0.41).	
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Figure	3.		 Percentage	of	sites	free	from	plaque	overall	

Further	 observing	 the	 status	 of	 supra-gingival	 plaque	 an	 analysis	 was	made	 using	
only	the	measurements	from	the	furcation	itself	(Fig.	4).	

At	baseline	87	%	of	the	test	furcation	sites	were	free	of	plaque.	Likewise	87	%	of	
the	control	sites	were	plaque	free	so	there	was	no	difference.	

At	four	weeks	the	similar	numbers	were	down	to	54	%	plaque	free	for	test	sites	
and	54%	for	control	sites,	still	no	difference.	

At	six	months	67	%	of	the	test	sites	were	plaque	free	whereas	54	%	of	the	control	
sites	were	 free	 of	 plaque.	No	 statistical	 difference	was	 observed	 in	 that	 respect	 (p	 =		
0.40).	
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Figure	4.		 Percentage	of	sites	free	from	plaque	in	the	furcation	

Gingival	index	(GI)	was	used	to	assess	the	level	of	superficial	inflammation.		

Gingival	 index	 was	measured	 at	 three	 locations	 on	 each	 tooth	 involved	 in	 the	
study;	in	the	furcation	and	on	the	two	adjacent	root	surfaces.	

These	measurements	were	made	at	baseline,	at	four	weeks	and	at	six	months.	

The	results	are	reported	as	either	having	a	healthy	gingiva,	free	from	inflammation;	
GI	0	or	as	showing	signs	of	inflammation	and/or	bleeding;	GI	1,	2	or	3	(Fig.	5).	

At	baseline	96	%	of	the	test	sites	showed	no	clinical	signs	of	inflammation	while	
87	 %	 of	 the	 control	 sites	 were	 free	 of	 inflammation.	 This	 difference	 was	 not	
statistically	significant	(p	=	0.12).	

At	 four	weeks	 the	numbers	were	85	%	GI	 0	 for	 test	 sites	 and	83	%	 for	 control	
sites,	still	no	significant	difference	(p	=	0.693).	

At	six	months	89	%	of	the	test	sites	had	GI	0	whereas	85	%	of	the	control	sites	were	
free	of	inflammation.	Again,	no	statistically	significant	difference	was	observed	(p	=	0.503).	
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Figure	5.		 Percentage	of	sites	free	from	inflammation	overall	

Further	observing	the	status	of	superficial	inflammation	an	analysis	was	made	using	
only	the	measurements	from	the	furcation	itself	(Fig.	6).	

At	 baseline	 96	 %	 of	 the	 test	 furcation	 sites	 had	 GI	 0,	 the	 percentage	 for	 the	
control	sites	was	80	%.	There	was	no	statistically	significant	difference	(p	=	0.301).	

At	four	weeks	the	numbers	were	down	to	67	%	free	of	inflammation	for	test	sites	
and	67	%	for	control	sites.	Hence,	no	difference	at	all.	

At	six	months	80	%	of	the	test	sites	showed	no	inflammation	whereas	67	%	of	the	
control	 sites	 had	 GI	 score	 of	 0.	 Again	 no	 statistically	 significant	 difference	 was	
observed	(p	=	0.301).	
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Figure	6.		 Percentage	of	sites	free	from	inflammation	in	the	furcation	

Four	 different	 pocket	 probing	 depth	 measurements	 (PPD)	 were	 made	 at	 each	
experimental	site;	two	in	the	furcation,	along	each	adjacent	root	and	one	on	each	of	
the	adjacent	roots	(Fig.	7).		

At	baseline	the	mean	value	for	these	four	measurements	was	3.8	mm	for	the	test	
sites	and	4.2	mm	for	the	control	sites.	This	difference	showing	statistically	significant	
shallower	pockets	in	the	test	sites	than	in	the	control	sites	(p	=	0.039),	(Table	1).	

Table	1.		 Pocket	probing	depth	overall	(mm)	at	baseline	

	 PPD	(mm)	 95%	Confidence	Interval	 p	-	value	

Test	 3.8	 3.3	 4.3	
p	=	0.039	

Control	 4.2	 3.7	 4.7	

At	six	months	the	difference	between	test	and	controls	was	not	significant.	The	test	
sites	showed	a	mean	value	of	3.2	mm	and	controls	3.4	mm.	This	difference	was	not	
representing	a	statistically	significant	difference	(p	=		0.29),	(Table	2).	

Table	2.		 Pocket	probing	depth	overall	(mm)	at	6	months	

	 PPD	(mm)	 95%	Confidence	Interval	 p	-	value	

Test	 3.2	 2.8	 3.6	
p	=	0.29	

Control	 3.4	 3.0	 3.8	
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Figure	7.		 Pocket	probing	depth	overall	(mm)	at	baseline	and	at	6	months	

An	analysis	was	made	looking	at	the	two	furcation	measurements	only	(Fig.	8).		

At	baseline	the	mean	pocket	probing	depth	at	test	sites	measured	4.8	mm	and	at	
the	control	 sites	4.9	mm.	The	difference	was	not	 statistically	 significant	 (p	=	0.56),	
(Table	3).	

Table	3.		 Pocket	probing	depth	(mm)	in	the	furcation	at	baseline	

	 PPD	(mm)	 95%	Confidence	Interval	 p	-	value	

Test	 4.7	 4.0	 5.5	
p	=	0.56	

Control	 4.9	 4.2	 5.6	

At	six	months	the	corresponding	measurements	were	3.8	mm	for	test	sites	and	4.1	
for	the	controls.	Again	no	statistically	significant	difference	was	observed	(p	=	0.243),	
(Table	4).	

Table	4.		 Pocket	probing	depth	in	the	furcation	(mm)	at	6	months	

	 PPD	(mm)	 95%	Confidence	Interval	 p	–	value	

Test	 3.8	 3.3	 4.4	
p	=	0.243	

Control	 4.1	 3.6	 4.7	
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Figure	8.		 Pocket	probing	depth	in	the	furcation	(mm)	at	baseline	and	at	6	
months	

Similarly	four	different	probing	attachment	level	measurements	(PAL)	were	made	at	
each	 experimental	 site;	 two	 in	 the	 furcation	 along	 each	 adjacent	 root	 and	one	on	
each	of	the	adjacent	roots	(Fig.	9).		

At	baseline	the	mean	value	for	these	four	measurements	was	5.2	mm	for	the	test	
sites	and	5.5	mm	for	the	control	sites.	There	was	no	statistically	significant	difference	
between	the	two	groups	(p	=	0.23),	(Table	5).	

Table	5.		 Probing	attachment	level		overall	(mm)	at	baseline		

	 PAL	(mm)	 95%	Confidence	Interval	 p	–	value	

Test	 5.2	 4.4	 5.9	
p	=	0.23	

Control	 5.5	 4.7	 6.2	

At	 six	 months,	 however,	 the	 difference	 between	 test	 and	 controls	 was	 statistically	
significant.	The	test	sites	showed	a	significantly	better	outcome	with	a	mean	PAL	value	
of	4.3	mm	compared	with	a	mean	value	of	5.2	mm	for	the	control	group	(p	=	0.002),	
(Table	6).	

Table	6.		 Probing	attachment	level	overall	(mm)	at	6	months	

	 PAL	(mm)	 95%	Confidence	Interval	 p	-	value	

Test	 4.3	 3.5	 5.0	
p	=	0.002	

Control	 5.2	 4.4	 5.9	
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Figure	9.		 Probing	attachment	level		overall	(mm)	at	baseline	and	at	6	months	

Again	an	analysis	was	made	looking	at	the	HAL	measurements	of	the	two	furcations	
alone	(Fig.	10).		

At	baseline,	a	mean	probing	attachment	level	of	6.0	mm	was	measured	both	at	
the	test	and	at	the	control	sites.	Hence,	no	significant	difference,	(Table	7)	

Table	7.		 Probing	attachment	level	in	the	furcation	(mm)	at	baseline		

	 PAL	(mm)	 95%	Confidence	Interval	 p	-	value	

Test	 6.0	 5.1	 6.9	
p	=	1.0	

Control	 6.0	 5.1	 6.9	

At	 six	months	 the	 corresponding	measurements	were	 5	mm	 for	 test	 sites	 and	 5.6	
mm	for	the	controls.	No	statistically	significant	difference	was	observed	(p	=	0.069),	
(Table	8).	

Table	8.		 Probing	attachment	level	in	the	furcation	(mm)	at	6	months	

	 PAL	(mm)	 95%	Confidence	Interval	 p	-	value	

Test	 5.0	 4.2	 5.8	
p	=	0.069	

Control	 5.6	 4.8	 6.4	
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Figure	10.		 Probing	attachment	level	in	the	furcation	(mm)	at	baseline		
and	at	6	months	

Horizontal	 attachment	 level	 (HAL)	 was	 measured	 at	 each	 experimental	 site	 at	
baseline	and	at	six	months	(Fig.	11).	

At	baseline	the	mean	measurement	for	the	test	sites	was	5.2	mm	and	5.5	mm	for	
the	 control	 sites.	 No	 statistically	 significant	 difference	 was	 observed	 (p	 =	 0.437),	
(Table	9).	

Table	9.		 Horizontal	attachment	level	(mm)	at	baseline	

	 HAL	(mm)	 95%	Confidence	Interval	 p	-	value	

Test	 5.2	 	4.5	 5.9	
p	=	0.437	

Control	 5.5	 4.7	 6.1	

At	six	months	 the	HAL	at	 test	sites	measured	3.3	mm	and	the	control	sites	3.1mm	
with	no	statistically	significant	difference	(p	=	0.556),	(Table	10).	

Table	10.		 Horizontal	attachment	level	(mm)	at	6	months	

	 HAL	(mm)	 95%	Confidence	Interval	 p	-	value	

Test	 3.3	 2.6	 4.0	
p	=	0.556	

Control	 3.1	 2.4	 3.9	
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Figure	11.	 Horizontal	attachment	level	(mm)	at	baseline	and	at	6	months	

Bleeding	 on	 probing	 (BoP)	 was	 used	 to	 assess	 the	 presence	 or	 absence	 of	
inflammation	in	the	pockets.		

Bleeding	on	probing	was	measured	at	three	locations	on	each	tooth	involved	in	
the	study;	in	the	furcation	and	on	the	two	adjacent	root	surfaces	(Fig.	12).	

The	 overall	 results	 from	 these	 measurements	 rendered	 62	 %	 of	 the	 test	 sites	
showing	clinical	signs	of	inflammation	while	75	%	of	the	control	sites	were	inflamed	
at	baseline.	This	difference	was	statistically	significant	(p	=	0.044)	

At	six	months	33	%	of	the	test	sites	bled	on	probing	compared	with	28	%	of	the	
control	sites.	This	difference	was	not	statistically	significant	(p	=	0.518)	

Figure	12.		 Percentage	of	sites	showing	BoP	overall	

Measuring	BoP	in	the	furcation	alone	(Fig.	13)	showed	that	at	baseline,	86	%	of	the	
test	 sites	 and	 93	 %	 of	 the	 control	 sites	 gave	 a	 positive	 bleeding	 response	 This	
difference	was	not	statistically	siginificant	(p	=	0.347)	
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At	six	months	BoP	in	the	furcation	was	46	%	positive	for	the	test	sites	and	36	%	
for	the	control.	Again	no	statistically	significant	difference	(p	=	0.421)	

Figure	13.		 Percentage	of	sites	showing	BoP	in	the	furcation	

Bleeding	on	horizontal	probing	was	also	measured	at	baseline	and	at	six	months	(Fig.	
14).	

At	baseline	bleeding	was	evoked	by	horizontal	probing	(HBoP)	in	the	furcation	at	all	
sites	 so	 100	 %	 of	 both	 test	 and	 control	 sites	 showed	 initial	 bleeding,	 representing		
inflamed	sites.	

At	six	months	60	%	of	the	test	sites	showed	bleeding	on	horizontal	probing	versus	53	
%	 of	 the	 control	 sites.	 This	 difference	 was,	 however,	 not	 statistically	 significant	 (p	 =	
0.704).		



23	

Figure	14.		 Percentage	of	sites	showing	horizontal	BoP	
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5 Discussion	

Local	 application	 of	 antibiotics	 has	 been	 in	 the	 limelight	 as	 an	 option	 for	 the	
treatment	of	periodontitis	for	a	long	time.	Mainly	it	has	been	used	as	an	adjunct	to	
traditional	mechanical	treatment	but	rarely	as	the	sole	treatment	modality.	

The	 perfect	 antibiotic	 compound	 for	 local	 periodontal	 treatment	 is	 yet	 to	 be	
developed	but	it	has	to	meet	several	requirements,	the	most	important	being:	

• 	It	has	to	be	active	against	the	microbiota	causing	the	disease.	

• 	It	has	to	reach	the	microbiota	in	a	high	enough	concentration.	

• 	The	carrier	media	has	to	withstand	the	flow	of	gingival	crevicular	fluid	in	the	
pocket	 for	a	 long	enough	time	 in	order	 to	be	effective.	The	 flow	of	gingival	
crevicular	 fluid	 has	 been	 shown	 to	 be	 of	 an	 astonishing	 magnitude.	 In	
periodontal	disease	the	flow	rate	amounts	to	replacing	the	pocket	contents	
once	every	minute	(Goodson,	2003).	

By	 administering	 an	 antibiotic	 locally,	 as	 opposed	 to	 systemically,	 many	 of	 the	
disadvantages	of	systematic	delivery	can	be	avoided.	The	systemic	concentration	of	
the	 antibiotic	 can	 be	 reduced	 to	 a	 minimum	 while	 keeping	 the	 concentration	 at	
maximum	 locally,	 thus	 reducing	 adverse	 side	 effects	 such	 as;	 gastrointestinal	 side	
effects,	 hypersensitivity	 and	 the	 promotion	 of	 antibiotic	 resistant	 bacterial	 strains.	
Another	benefit	of	 local	delivery	 is	 that	patient	compliance,	taking	the	antibiotic	 in	
the	right	amount	at	the	right	time,	is	no	longer	an	issue	(Rams	&	Slots,	1996).	

In	 the	present	 study	at	baseline	a	high	percentage	 (T	91	%	and	C	83	%)	of	 the	
sites	were	plaque	free	and	a	similarly	high	percentage	of	the	sites	(T	96	%	and	C	87	
%)	were	free	from	inflammation	representing	as	a	GI	score	of	0.	This	indicates	a	high	
level	of	oral	hygiene	amongst	these	patients	at	the	time	of	baseline	measurement.	
Similar	 numbers	 from	 other	 studies	 e.g.	 Hirooka	 (1993)	 show	 considerably	 lower	
percentage	for	PlI	and	GI	score	0.	Some	deterioration	of	these	parameters	is	seen	at	
four	weeks	 (PlI	 0;	 T	 74	%	 and	 C	 74	%	 plaque	 free	 sites,	 GI	 0;	 T	 85	%	 and	 C	 83	%	
indicating	sites	free	from	inflammation.	Slight	improvement	was	seen	at	six	months	
(PI	T	80	%	and	C	73	%	and	GI	T	89	%	and	C	85	%).	Thus	the	same	trend	is	seen	for	
both	PlI	and	GI	at	baseline,	four	weeks	and	at	six	months.	At	six	months	the	subjects	
show	 slightly	 more	 plaque	 and	 slightly	 more	 inflammation	 than	 at	 baseline.	 The	
reason	 for	 this	 remains	 somewhat	 unclear	 but	 the	 initially	 high	 level	 of	 patient	
plaque	 control	 and	 absence	 of	 inflammation	 may	 in	 part	 be	 the	 reason	 for	 the	
deterioration	seen	in	these	parameters	during	the	course	of	the	study.	
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Looking	 at	 plaque	 and	 gingival	 indices	 in	 the	 furcation	 areas	 only,	 the	 same	
pattern	as	above	was	observed.	At	baseline	very	 little	plaque	was	present	 (T	87	%	
and	C	87	%	of	the	sites	plaque	free)	and	minimal	superficial	inflammation	was	seen	
(T	96	%	and	C	80	%	free	from	inflammation).	At	four	weeks	somewhat	more	plaque	
and	inflammation	was	present	(T	54	%	and	C	54	%	plaque	free,	T	67	%	and	C	67	%	
free	from	inflammation).	This	may	be	explained	by	the	patients	having	difficulties	in	
performing	mechanical	cleaning	during	the	initial	healing	phase	compared	to	before	
the	 surgery.	 The	 chemical	 plaque	 control	 with	 chlorhexidine	 rinsing	 is	 not	 as	
effective	 as	 good	 mechanical	 plaque	 control	 represented	 at	 baseline.	 Again,	 less	
plaque	and	inflammation	was	seen	at	six	months	than	at	four	weeks	but	more	than	
at	 baseline	 (T	 67	 %	 and	 C	 54	 %	 plaque	 free,	 T	 80	 %	 and	 C	 67	 %	 free	 from	
inflammation).	

The	 increase	 in	 plaque	 and	 inflammation	 during	 the	 course	 of	 the	 study	 is	
interesting.	 A	 possible	 explanation	 can	 be	 that	 the	 patients	 get	 less	 enthusiastic	
about	 their	 oral	 hygiene	 during	 the	 six	 months	 the	 study	 takes.	 There	 is	 some	
evidence	for	this	in	the	literature	(Renz	&	Newton,	2009)	and	the	same	tendency	can	
be	seen	by	experienced	clinicians	giving	periodontal	treatment,	that	is;	the	patients	
practice	perfect	oral	hygiene	 in	 the	beginning	and	 then	 tend	 to	 fall	 back	gradually	
towards	 their	old	habits	and	standard	of	oral	hygiene,	 if	not	constantly	motivated.	
However,	 the	 fact	 that	 the	 patients	 rinsed	 with	 a	 mouthrinse	 containing	
chlorhexidine	during	the	initial	four	weeks	should	have	counteracted	this	trend,	the	
results	 showing	quite	 the	opposite.	 In	 general	 a	high	 standard	of	oral	hygiene	 is	 a	
difficult	 goal	 to	 reach.	 This	 is	 especially	 true	 after	 periodontal	 surgery	 when	 the	
patients	 experience	 soreness	 and	 discomfort	 after	 the	 procedure.	 In	 the	 initial	
healing	phase	less	emphasis	is	placed	on	mechanical	cleaning	and	more	on	chemical	
plaque	control	but	both	rely	on	patient	motivation	and	cooperation	and	are	out	of	
the	hands	of	the	operator.	

Another	possible	explanation	is	measurement	inaccuracy.	Estimating	plaque	and	
gingival	 indices	 at	 distal	 furcations	 is	 no	 easy	 task	 and	 the	 examiner	 could	 easily	
over-	or	underscore	the	indices.	Of	the	furcation	material	involved	in	the	study	50	%	
were	distal	furcations,	13	%	were	mesial	furcations	and	33	%	were	buccal	furcations	
thus	presenting	a	relatively	high	proportion	of	“difficult”	sites	to	measure.		

To	close	the	discussion	of	the	plaque	and	gingival	 indices,	no	tendency	towards	
better	results	in	the	test	group	in	comparison	to	the	control	group	was	seen	relating	
to	these	parameters	as	one	might	have	expected	 in	a	study	 involving	antibiotics.	 It	
would	be	reasonable	to	expect	sites	treated	with	antibiotics	showing	less	plaque	and	
thus	 less	 inflammation.	 In	 fact	 the	opposite	was	observed	 although	 the	difference	
did	not	reach	statistical	significance.	
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Pocket	probing	measurements	were	made	at	four	points	for	every	experimental	
site;	bilaterally	on	the	roots	adjacent	to	the	furcation	and	bilaterally	in	the	furcation	
itself.	A	constant	 force	probe	 (0.35	N)	having	a	 terminal	diameter	of	0.45	mm	and	
1.0	mm	increments	was	used.	The	results	 for	this	parameter	were	analyzed	on	the	
one	hand	as	overall	results	for	all	four	sites	and	on	the	other	hand	separately	for	the	
furcation	measurements	alone.		

At	baseline	the	pocket	probing	depth	measurements	were	similar	for	the	test	and	
control	 sites	 (overall	 measurements;	 T	 3.8	 mm	 and	 C	 4.2	 mm,	 furcation	
measurements	T	4.7	mm	and	C	4.9	mm).	Same	similarity	was	seen	after	treatment,	
at	 six	 months	 (overall	 measurements	 T	 3.2	 mm	 and	 C	 3.4	 mm,	 furcation	
measurements	T	3.8	mm	and	C	4.1	mm).	Thus	the	pocket	reduction	was	overall	0.6	
mm	for	the	test	sites	and	0.8	mm	for	the	control	sites	and	in	the	furcation	sites	0.9	
mm	for	the	test	group	and	0.8	mm	for	the	control	group.		

As	expected,	the	treatment	resulted	in	a	reduction	of	pocket	depths	regardless	of	
whether	 the	 antibiotic	was	 used	 or	 not.	 The	 difference	 in	 pocket	 depth	 reduction	
between	test	and	control	groups	was,	however,	not	statistically	significant.	

In	 a	 comparable	manner	 to	 the	 pocket	 probing	 depth	measurements,	 probing	
attachment	 level	measurements	were	made	 at	 four	 points	 for	 every	 experimental	
site;	bilaterally	on	the	roots	adjacent	to	the	furcation	and	bilaterally	in	the	furcation	
itself.	 The	 same	 constant	 force	 probe	 (0.35	N)	 having	 a	 terminal	 diameter	 of	 0.45	
mm	and	1.0	mm	increments	was	used.	The	results	for	this	parameter	were	analyzed	
firstly	 as	 overall	 results	 for	 all	 four	 sites	 and	 then	 secondly	 for	 the	 furcation	
measurements	only.		

At	baseline	the	overall	probing	attachment	level	measurements	were	similar	for	
the	 test	 and	 control	 sites	 (overall	 PAL	 measurements	 T	 5.2	 mm	 and	 C	 5.5	 mm)	
However,	at	6	months	the	test	sites	showed	significantly	more	gain	in	overall	probing	
attachment	level	compared	to	the	control	sites	(overall	measurements	T	4.3	mm	and	
C	5.2	mm).		

Same	similarity	at	baseline	was	seen	for	probing	attachment	level	in	the	furcation	
only	 (furcation	PAL	measurements	T	6.0	mm	and	C	6.0	mm).	At	 six	months	a	non-
significant	 difference	 was	 seen	 between	 test	 and	 control	 groups	 (furcation	 PAL	
measurements	T	5.0	mm	and	C	5.6	mm).		

The	mean	gain	in	probing	attachment	level	overall	was	0.9	mm	for	the	test	sites	
and	0.3	mm	for	the	control	sites.	Looking	at	the	furcations	alone	the	mean	reduction	
was	1.0	mm	for	the	test	sites	and	0.4	mm	for	the	control	sites.	

The	finding	of	a	significantly	more	gain	in	overall	probing	attachment	level	in	the	
test	sites	might	indicate	a	positive	effect	of	the	experimental	antibiotic	gel.	A	gain	in	
probing	attachment	level	measurements	indicates	an	increased	resistance	to	probing	
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in	the	pocket	itself.	A	gain	in	probing	attachment	level	is	generally	assumed	to	show	
improvement	in	the	deeper	portions	of	the	pocket	while	reduction	of	pocket	probing	
measurements	 can	 be	 seen	 coming	 from	 either	 or	 both,	 changes	 in	 the	 deeper	
portions	of	the	pockets	and/or	from	a	more	superficial	improvement	in	tissue	health	
at	 the	 gingival	 margin	 representing	 gingival	 recession.	 This	 is,	 however,	 generally	
interpreted	as	a	sign	of	improved	healing	in	the	pocket	itself.	

Horizontal	attachment	level	was	also	measured	not	using	the	pressure	probe	but	
a	modified	Nabers	#2	probe	laid	against	a	straight	periodontal	probe	placed	against	
the	adjacent	roots.	Again	the	measurements	at	baseline	were	similar	for	the	test	and	
control	 sites	 (horizontal	 attachment	 level	 T	 5.2	 mm,	 C	 5.5	 mm).	 Again	 the	
measurements	 for	 both	 groups	were	 similar	 at	 six	months	 (horizontal	 attachment	
level	T	3.3	mm,	C	3.1	mm)	not	showing	any	statistically	significant	difference.	

The	 results	 from	 the	 probing	 attachment	 level	 measurements	 show	 in	 all	
instances	 an	 improvement	 from	 the	 surgical	 treatment	 performed	 in	 the	
investigation.	The	gain	 in	overall	probing	attachment	 level	was	0.9	mm	for	the	test	
sites	 and	 0.3	 mm	 for	 the	 control	 sites,	 the	 test	 site	 showing	 significantly	 more	
improvement.	Probing	attachment	level	gain	in	the	furcation	alone	was	1.0	mm	for	
the	test	sites	and	0.4	mm	for	the	control	sites,	the	difference	favoring	the	test	sites	
but	not	reaching	a	statistical	significance.	

As	 expected	 more	 reduction	 in	 millimeters	 was	 seen	 for	 the	 horizontal	
attachment	 level	 measurements	 (horizontal	 attachment	 level	 reduction	 T	 1.9	mm	
and	C	2.4	mm).	This	difference	was	not	statistically	significant.	

Other	investigators	studying	surgical	treatment	of	class	II	furcation	defects	at	molar	
teeth	show	a	similar	reduction	in	probing	attachment	level	as	reported	here.	To	mention	
a	 few;	 Kinaia	 and	 coworkers	 	 published	 a	 systematic	 review	 article	 in	 2011	 on	 the	
treatment	of	class	II	molar	furcation	involvement	mainly	focusing	on	the	results	of	the	
various	regeneration	procedures.	In	their	review	they	report	separately	the	results	from	
treatment	with	open	flap	debridement	only,	obtained	by	measuring	probing	depth	and	
probing	 attachment	 level.	 These	 measurements	 result	 mainly	 from	 the	 control	 sites	
used	in	the	investigations	involved	in	the	review.	Their	results	show	a	mean	reduction	in	
pocket	probing	depth	of	1.08	mm.	Similarly	a	mean	gain	in	probing	attachment	level	of	
0.45	mm	was	reported.	

Kalkwarf	and	coworkers	(1988),	reported	on	clinical	outcomes	from	four	different	
treatment	modalities	for	furcation	involved	molars.	They	divided	their	material	of	82	
patients	with	more	 than	 550	molar	 teeth	with	 furcation	 involvement	 roughly	 into	
four	 equally	 large	 groups.	 One	 of	 the	 groups	 received	 surgical	 treatment	 with	
modified	 Widman	 flap	 following	 a	 hygienic	 phase.	 Ten	 weeks	 after	 surgery	 the	
results	 were	 measured	 as	 pocket	 probing	 depth,	 probing	 attachment	 levels	 and	
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horizontal	 attachment	 levels.	 The	 reduction	 in	 pocket	 probing	 depth	was	 1.2	mm		
(+/-	 0.9	mm),	 gain	 in	probing	attachment	 level	was	0.40	mm	 (+/-	0.11	mm)	but	 in	
horizontal	attachment	level	they	lost	0.14	mm	(+/-0.09	mm).	Metzler	and	coworkers,	
in	 1991	 investigated	 surgical	 treatment	 of	 class	 II	 furcation	 defects,	 comparing	
treatment	with	and	without	the	use	of	a	barrier	membrane	reported	for	their	control	
group	an	improvement	from	surgical	treatment	alone.	They	show	a	mean	reduction	
in	pocket	probing	depth	of	 0.9	mm	 (+/-0.8	mm),	 a	 gain	of	 0.6	mm	 (+/-0.8	mm)	 in	
probing	attachment	level	and	a	0.3	mm	gain	(+/-	0.6	mm)	in	horizontal	attachment	
level.	

In	a	similar	study	Flanary	and	coworkers	(1991)	reported	a	reduction	of	1.2	mm	
(+/-	1.1	mm)	in	pocket	probing	depth	measurements	and	a	probing	attachment	gain	
of	0.8	mm	(+/-1.2	mm). 

The	difference	in	clinical	outcome	between	test	and	control	sites	 in	the	present	
study	 can	 be	 compared	 to	 differences	 reported	 in	 studies	 on	 guided	 tissue	
regeneration	(GTR)	procedures	in	class	II	molar	furcations,	regarding	PPD	reduction,	
PAL	gain	and	HPAL	gain.	Jepsen	and	coworkers		(2002)	reported	on	this	difference	in	
a	 systematic	 review.	 Their	 results	 include	 a	 weighted	 mean	 difference	 in	 PPD	
reduction	of	1.16	mm	favoring	the	GTR	treatment	for	mandibular	class	II	furcations,	
0.92	 mm	 for	 mandibular	 and	 maxillary	 molars	 combined	 and	 0.79	 mm	 more	
reduction	 for	GTR	 treated	maxillary	molars	 alone.	Molar	 class	 II	 furcations	 treated	
with	 GTR	 showed	more	 gain	 in	 PAL	 than	 controls,	 the	 weighted	mean	 difference	
being	 0.90	 mm.	 Finally,	 more	 gain	 in	 HPAL	 was	 reported	 in	 all	 instances	 for	 GTR	
treated	cl	 II	 furcation	 involved	molars	compared	with	 the	control	group.	For	 solely	
mandibular	 molars,	 for	 combination	 of	 mandibular	 and	 maxillary	 molars	 and	 for	
maxillary	 molars	 alone,	 the	 difference	 was	 1.73	 mm,	 0.62	 mm	 and	 0.76	 mm	
respectively.	

These	observations	indicate	that	our	treatment,	using	a	metronidazole	gel	gives	a	
comparable	clinical	improvement	to	GTR	treatment	of	class	II	furcation	involvements	
compared	 to	 control	 groups	 in	 terms	 of	 probing	 attachment	 level	 and	 horizontal	
attachment	level.	

Analyzing	 the	 data	 it	 was	 observed	 that	 there	 was	 a	 statistically	 significant	
difference	 between	 test	 and	 control	 groups	 regarding	 overall	 bleeding	 on	 probing	 at	
baseline.	Overall	bleeding	on	probing	is	the	mean	of	the	three	measurements	made	at	
each	 experimental	 site.	 At	 baseline	 62	 %	 of	 the	 test	 sites	 experienced	 bleeding	 on	
probing	versus	75	%	of	 the	control	 sites.	This	difference	was	statistically	significant	as	
mentioned	 above.	 At	 six	months	 33	%	 of	 the	 test	 sites	 showed	 bleeding	 on	 probing	
while	 28	 %	 of	 the	 control	 sites	 bled	 on	 gentle	 probing.	 This	 difference	 was	 not	
statistically	 significant	 so	 the	 difference	 at	 baseline	 seems	 not	 to	 have	 been	 of	
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importance.	

The	bleeding	on	probing	was	thus	reduced	by	29	%	for	the	test	sites	and	47	%	for	
the	control	sites.	

The	 significance	 of	 the	 difference	 in	 bleeding	 on	 probing	 at	 baseline	 is	 open	 for	
discussion.	 In	 general,	 initially	more	 severe	 symptoms	make	a	more	dramatic	healing	
response	possible	than	if	the	initial	signs	and	symptoms	are	less	pronounced.	This	could	
be	the	case	here	even	though	the	six	month	results	do	not	point	in	this	direction.	

Bleeding	on	probing	measured	in	the	furcation	itself	gave	higher	values	than	the	
overall	 bleeding	 on	 probing.	 At	 baseline	 86	 %	 of	 the	 furcation	 test	 sites	 bled	 on	
probing	 while	 93	 %	 of	 the	 control	 furcation	 sites	 did.	 At	 six	 months	 the	
corresponding	percentage	was	46	%	and	36	%,	respectively.	Neither	the	difference	at	
baseline	nor	at	six	months	was	statistically	significant.	

Finally,	bleeding	on	horizontal	probing	was	made	in	a	manner	similar	to	bleeding	
on	probing	 in	the	furcation.	At	baseline	all	 furcation	sites,	 test	and	control	showed	
positive	 bleeding	 on	 probing	 (T	 100	 %	 and	 C	 100	 %)	 hence,	 no	 difference.	 At	 six	
months	the	number	of	bleeding	sites	was	down	to	60	%	for	the	test	group	and	53	%	
for	the	control	group,	the	difference	not	being	statistically	significant.	

The	 results	 clearly	 indicate	 that	more	bleeding	on	probing	 is	observed	 the	deeper	
the	probe	goes	into	the	furcation,	HBoP	values	are	higher	than	BoP	values.	This	is	to	be	
expected	as	the	deeper	the	probe	goes	the	more	likely	it	is	to	provoke	bleeding	from	the	
tissues.	This	can	be	from	either	or	both	“truly	inflamed”	tissues	or	from	“trauma”	caused	
by	the	probe	inserted	into	the	furcation	as	these	sites	are	difficult	to	access.	

Through	 the	 years	many	different	 treatment	modalities	 have	been	 suggested	 and	
tried	for	the	treatment	of	molar	furcation	defects.	The	“classical”	methods	range	from	
conservative	procedures	such	as	scaling	and	root	planing	or	open	flap	debridement	to		
more	 aggressive	 treatment	 modalities	 such	 as	 hemisections,	 root	 amputations	 and	
tunneling	 operations.	 Furthermore,	 various	 regenerative	 procedures	 have	 been	
suggested	for	the	treatment	of	molar	furcation	defects.	Guided	tissue	regeneration	and	
to	a	 lesser	degree	bone	grafting	offered	hope	as	an	 improved	treatment	modality	 for	
these	 difficult	 sites.	 More	 recently	 the	 use	 of	 biomimetic	 materials	 has	 been	 at	 the	
center	of	attention	as	an	alternative	to	the	traditional	periodontal	treatment.	

The	aim	of	these	treatment	options	is	to	restore	tissue	health	in	the	area	and,	as	
well,	to	obtain	furcation	closure	and	tissue	fill.	

The	 idea	 of	 supplementing	 periodontal	 surgical	 treatment	 with	 an	 antibiotic	
treatment	 has	 the	 same	 goal	 as	 the	 treatment	 modalities	 mentioned	 above	 e.g.	
obtaining	defect	closure.	 In	addition	to	the	aim	of	defect	closure	more	emphasis	 is	
put	on	rendering	the	site	less	infective	and	less	likely	to	be	re-infected.	The	use	of	a	
local	antibiotic	rather	than	choosing	the	systemic	route	is	an	attempt	to	obtain	this	
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effect	without	exposing	the	patient	to	the	adverse	effects	of	systemic	antibiotic	use.	

However	the	present	study	indicates	that	the	advantage	of	using	this	product	as	
an	adjunct	to	periodontal	furcation	surgery	is	limited.	The	main	improvement	is	seen	
for	 the	probing	attachment	 levels	and	horizontal	 attachment	 levels	but	 the	 results	
for	 pocket	 probing	 depth	 and	 bleeding	 on	 probing	 are	 less	 impressive	 and	 not	 in	
harmony	with	these.	For	hardly	any	of	the	clinical	parameters	a	clinically	significant	
difference	was	seen	between	test	and	control	sites	at	6	months.	The	application	of	
any	local	antibiotic	during	periodontal	treatment	adds	to	treatment	cost	and	clinical	
time.	 The	meager	 improvement	 seen	 from	 the	 use	 of	 the	 Elyzol®	Dental	Gel	 does	
hardly	justify	its	use	as	a	standard	treatment	in	periodontal	practice.	

Moreover,	our	findings	do	not	demonstrate	that	the	gel	acts	as	“an	antimicrobial	
protector	of	 the	wound”,	preventing	 re-infection,	at	 least	not	 for	any	considerable	
period	of	time.	This	is	in	harmony	with	the	results	presented	by	Stoltze	(1995)	who	
showed	 that	 the	 gel	 is	 more	 or	 less	 eliminated	 from	 the	 pocket	 within	 12	 to	 24	
hours.	

Elyzol®	 Dental	 Gel	 consists	 of	 40	 %	 metronidazole	 benzoate	 in	 a	 mixture	 of	
glyceryl	mono-oleate	and	triglyceride.	 It	has	a	melting	point	of	30°C	and	thus	flows	
and	 fills	 easily	 at	 body	 temperature.	 Coming	 in	 contact	 with	 water,	 be	 it	 from	
gingival	crevicular	fluid	or	saliva,	it	spontaneously	forms	highly	viscous	fluid	crystals		
changing	from	fluid	to	semi-solid	(Stoltze,	1995).	From	this	semi-solid	substance	the	
metronidazole	benzoate	is	gradually	disintegrated	into	metronidazole.	

In	order	to	be	effective	as	a	drug	against	periodontal	bacteria	the	local	antibiotic,	
be	it	metronidazole	or	any	other	antimicrobial	compound,	has	to	stay	in	the	pocket	
for	an	extended	period	of	time.	Looking	at	the	literature	on	flow	rate	of	the	gingival	
crevicular	 fluid	 (for	 overview	 see	 Goodson,	 2003)	 one	 can	 imagine	 that	 the	
periodontal	pocket	is	not	at	all	a	calm	place	to	be.	The	flow	rate	of	gingival	crevicular	
fluid	 has	 been	 measured	 in	 a	 healthy	 sulcus	 as	 being	 3-8	 µl/h,	 in	 pocket	 with	
intermediate	 periodontal	 disease	 20	 µl/h	 and	 at	 sites	 with	 advanced	 periodontal	
disease	 the	 flow	 rate	 is	 as	high	as	137	µl/h.	 For	moderate	periodontal	disease	 the	
flow	rate	is	sufficient	to	replace	the	pocket	volume	50	times	per	hour,	almost	once	
per	minute	(Goodson,	2003)	as	mentioned	before.	

In	 analogy	 to	 gingivitis	 and	 periodontitis	 affecting	 the	 periodontium	 of	 natural	
teeth,	the	peri-implant	diseases	have	been	termed	peri-implant	mucositis	and	peri-
implantitis.	There	are	many	similarities	between	the	diseases	seen	at	natural	 teeth	
and	 at	 dental	 implants.	 Both	 are	 infectious	 in	 nature,	 caused	 by	 a	 predominantly	
anaerobic	 bacterial	 microflora	 and	 host	 immune	 response	 seems	 to	 play	 an	
important	 role.	They	are	also	affected	by	 the	 level	of	oral	hygiene	standard	of	 the	
patient.	Furthermore,	both	include	a	more	superficial	and	reversible	form	of	disease,	
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gingivitis	 and	 mucositis	 and	 a	 more	 destructive	 process,	 below	 the	 surface,	
periodontitis	and	periimplantitis,	possibly	leading	to	tooth	or	implant	loss.	

The	 idea	 of	 using	 local	 antibiotics	 around	 diseased	 implants	 follows	 the	 same	
concept	as	using	them	at	degree	II	furcation	sites.	That	is,	both	are	sites	difficult	to	reach	
and	surfaces	difficult	to	disinfect	even	using	a	surgical	approach.	To	further	making	the	
treatment	 difficult,	 implants	 have	 different	 thread	 systems,	 are	 surface	 treated	 in	
various	 ways	 to	 increase	 the	 surface	 area	 and	 are	 the	 foundations	 to	 an	 immense	
variability	of	supra-structure	designs,	making	the	area	even	more	inaccessible.	

There	 is	 no	 general	 agreement	 on	 how	 to	 treat	 peri-implant	 diseases	 but	
understandably,	 recommendations	 for	 their	 treatment	 follows	 in	 many	 ways	 the	
treatment	protocol	for	periodontal	disease.	Emphasis	is	on	patient	oral	hygiene	habits,	
non-surgical	 debridement	 of	 the	 implant	 surface,	 surgical	 procedures	 for	 facilitating	
access	to	the	diseased	sites	and	regeneration	procedures.	For	review	on	management	of	
peri-implant	 diseases	 see	 Figuero	 et	 al.,	 2014	 and	 for	 a	 systematic	 review	 of	 peri-
implantitis	treatment	see	Heitz-Mayfield	and	Mombelli,	2014.	

In	 light	 of	 the	 present	 study	 it	 is	 interesting	 to	 look	 at	 the	 utilization	 of	 local	
antibiotics	 for	 treatment	 of	 peri-implant	 diseases.	 Locally	 delivered	 tetracycline	 as	
adjunct	to	mechanical	treatment	seems	to	add	little	improvement	to	treatment	results	
of	mechanical	treatment	alone	for	peri-implant	mucositis	(Schenk	et	al.,	1997).	

Several	 studies	 have	 evaluated	 the	 effect	 of	 local	 antibiotic	 delivery	 in	 the	
treatment	 of	 peri-implantitis.	 One	 study	 evaluates	 the	 effect	 of	 local	 delivery	 of	
tetracycline	fibers	as	an	adjunct	treatment	to	mechanical	debridement	(Mombelli	et	
al.,	2001).	Mean	pocket	probing	depth	was	found	to	be	4.7	mm	at	baseline	and	3.5	
mm	at	12	months,	bleeding	on	probing	was	 reduced	 from	90	%	 to	40	%.	 Likewise	
manual	debridement	plus	a	local	delivery	of	minocycline	spheres	showed	a	reduction	
in	 pocket	 probing	 depth	 from	 4.5	 mm	 to	 3.5	 mm	 and	 reduction	 of	 bleeding	 on	
probing	from	69	%	to	19	%	at	12	months	(Salvi	et	al.,		2007).	

Büchter	 and	 coworkers	 (2004)	 in	 a	 controlled	 study,	 evaluated	 the	 effect	 of	
adjunctive	 local	 delivery	 of	 doxycycline	 to	mechanical	 debridement	 of	 implants	 in	 a	
controlled	study.	Their	results	 indicated	incomplete	resolution	of	the	disease	in	both	
groups;	mean	PPD	5.4	mm	and	BoP	50	%	for	the	controls	and	corresponding	values	of	
PPD	 4.5	 mm	 and	 BoP	 27	 %	 for	 the	 test	 group	 after	 18	 weeks.	 The	 effect	 of	 local	
application	 of	 minocycline	 together	 with	 manual	 debridement	 versus	 manual	
debridement	with	submucosal	application	of	chlorhexidine	has	also	been	investigated	
(Renvert	et	al.,	2006,	Renvert	et	al.,	2004).	PPD	was	not	reduced	at	all	(3.9	mm)	and	
BoP	 reduced	 only	 from	 86	 %	 to	 78	 %	 at	 12	months	 for	 the	 treatment	 groups	 not	
including	minocycline.	 In	 the	 group	 receiving	minocycline	 the	 corresponding	 results	
were	reduction	of	PPD	from	3.9	mm	to	3.6	mm	and	reduction	in	BoP	from	88	%	to	71	
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%.	 Prolonging	 and	 repeating	 the	 treatment	 at	 30	 and	90	days	 gave	 at	 12	months	 a	
somewhat	better	results.	In	the	manual	debridement	group	PPD	reduced	from	3.9	mm	
to	 3.7	mm	 and	 BoP	 reduced	 from	 89	%	 to	 64	%	 and	 in	 the	minocycline	 group	 the	
respective	numbers	were	PPD	reduction	from	3.9	mm	to	3.6	mm	and	BoP	reduction	
from	87	%	to	48	%	at	12	months.	

In	 short;	 the	 antimicrobial	 compounds	 for	 local	 delivery	 investigated	up	 to	 this	
day,	 in	 relation	 to	 treatment	 of	 peri-implant	 diseases,	 do	 not	 work	 miracles	 and	
further	work	is	required	in	this	field.	

The	effect	of	periodontal	treatment	can	be	assessed	in	various	ways.	Histological	re-
entry	 procedures	 can	be	done	 and	bacteriological	 samples	 can	be	obtained,	 likewise,	
radiographic	 evaluation	 can	 be	 used.	 However	 the	 methods	 used	 in	 everyday	
periodontal	practice;	pocket	probing	depth,	probing	attachment	 level	and	bleeding	on	
probing	are	simple	and	practical	means	for	assessing	periodontal	treatment	outcomes.	
All	 measuring	 methods	 have	 their	 drawbacks	 and	 the	 parameters	 used	 here	 are	 no	
exception.	 The	 probing	 force	 used	 for	 pocket	 measurements	 and	 attachment	 level	
measurements	 can	 significantly	 affect	 the	 values	 obtained	 as	 well	 as	 affecting	 the	
observation	of	negative	or	positive	bleeding	on	probing.		

This	 study	 uses	 clinical	 measurements	 to	 assess	 the	 effect	 of	 an	
antimicrobiological	 substance,	 metronidazole,	 on	 the	 healing	 of	 molar	 furcation	
defects.	Adding	the	antimicrobial	effect	of	 the	chlorhexidine	rinse	used,	makes	the	
antimicrobiological	substances	at	play	here,	two	rather	than	one.		

The	 primary	 antimicrobial	 effect	 of	 metronidazole	 is	 on	 obligately	 anaerobic	
bacteria	 such	 as	 Prevotella	 intermedia	 and	 Porphyromonas	 gingivalis	 and	 other	
Gram	 negative	 anaerobic	 bacteria.	 It	 is	 on	 the	 other	 hand	 not	 active	 against	
Aggregatibacter	 actinomycetemcomitans,	 this	 bacteria	 being	 a	 Gram	 negative	
facultative	anaerobe	(Mombelli	&	Herrera,	2015).		

Chlorhexidine	 is	 effective	 against	 Gram	 positive	 and	 Gram	 positive	 bacteria.	 It	
“binds	 to”	 the	 different	 surfaces	 of	 the	 mouth	 thus	 forming	 a	 reservoir	 slowly	
desorbing,	 resulting	 in	 a	 bacteriostatic	milieu	 in	 the	mouth.	 However	 it	 	 does	 not	
penetrate	 subgingivally	 and	 is	 readily	 inactivated	 by	 tissue	 exudates	 and	 bacterial	
masses	 (Jones,	 1997).	 The	 aim	 of	 using	 chlorhexidine	 mouthrinse	 is	 to	 facilitate	
supragingival	 biofilm	 control	 in	 order	 to	 allow	 for	 the	 presence	 of	 a	microflora	 in	
equilibrium	 with	 the	 host	 response.	 This	 use	 is	 particularly	 important	 after	
periodontal	surgery	as	the	patient	may	experience	soreness,	making	the	traditional	
homecare,	mechanical	plaque	control	more	difficult	or	impossible	to	perform.	

Microbiological	 investigation	 was	 not	 performed	 in	 this	 study	 but	 one	 can	
speculate	on	the	effect	of	the	treatment	given	on	the	microbial	composition	of	the	
affected	sites.	
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Different	 theories	 on	 the	 complex	 pathways	 of	 oral	microbial	 interaction	 have	
been	 proposed	 through	 the	 years.	 The	 non-specific	 plaque	 hypothesis	 and	 the	
specific	plaque	hypothesis	have	both	 through	 time	had	 their	 followers.	Briefly,	 the	
former	 maintains	 that	 it	 is	 the	 effect	 of	 the	 plaque	 magnitude,	 more	 and	 less	
irrespective	of	its	composition,	that	causes	disease	while	the	latter	focuses	more	on	
the	 role	 of	 the	 various	 bacterial	 species	 in	 periodontal	 pathogenesis,	 the	 most	
frequently	 mentioned	 culprits	 being;	 Aggregatibacter	 actinomycetemcomitans,	
Prevotella	intermedia	and	Porphyromonas	gingivalis	(Samaranayake,	2012).	

Presently	 the	ecological	plaque	hypothesis	has	gained	a	widespread	 interest.	 In	
short,	the	ecological	plaque	hypothesis	maintains	that	natural	plaque	accumulation	
at	 teeth	 results	 in	 an	 inflammatory	 process	 which	 in	 turn	 increases	 GCF	 flow,	
facilitating	 the	growth	of	proteolytic	Gram	negative	anaerobes.	This	dysbiosis	 then	
results	 in	 a	 population	 shift	 from	 the	 Gram	 positive	 facultative	 anaerobic	 flora	
commonly	seen	at	healthy	periodontal	sites	to	a	more	Gram	negative	and	anaerobic	
microflora	 associated	 with	 disease	 (Samaranayake,	 2012).	 In	 the	 light	 of	 this	
hypothesis;	disease	is	caused	by	a	combination	effect	of	microbial	dysbiosis	and	the	
host	 response.	 Treatment,	 then,	 should	 aim	 at	 reinstituting	 the	 balance	 and	
equilibrium	between	the	different	species	associated	with	health.		

The	 treatment	 given	 in	 this	 investigation	 is	 twofold,	 it	 has	 a	mechanical	 and	 a	
chemical	 element.	 As	mentioned	 above,	 only	 clinical	measurements	were	 used	 to	
evaluate	 the	 results	 so	 no	 concrete	 information	 of	 a	 shift	 of	 composition	 of	 the	
subgingival	microflora	 can	 be	 shown.	 The	 split-mouth	 design	 of	 the	 study	 as	 well	
would	make	it	impossible	to	evaluate	the	effect	of	chlorhexidine,	as	it	would	have	a	
similar	effect	on	test	and	control	sites.	

In	the	present	study	the	therapeutic	result	is	assessed	measuring	changes	in	pocket	
probing	depth	and	gain	in	probing	attachment	level	as	well	as	by	observing	positive	or	
negative	bleeding	on	probing.	To	minimize	the	measuring	error	a	constant	force	probe	
(0.35	N)	having	a	terminal	diameter	of	0.45	mm	and	1.0	mm	increments	was	used	for	
most	of	the	measurements.	However	in	obtaining	the	“horizontal”	measurements	e.g.	
horizontal	attachment	level	(HAL)	and	horizontal	bleeding	on	probing	(HBoP)	a	modified	
Nabers	#2	probe	was	used,	an	instrument	without	any	constant	probing	force	features.	
It	 is	possible	that	this	fact	can	 lead	to	an	 increase	 in	measurement	error,	this	method	
being	less	standardized	than	when	using	a	pressure	sensitive	device.	

Study	design	is	of	paramount	importance	for	true	and	reliable	scientific	work.	The	
present	study	attempts	to	fulfill	 the	requirements	of	high	quality	study	design,	 it	 is	
double	blinded	thus	minimizing	patient	and	examiner	bias,	prospective,	randomized	
and	 last	but	not	 least	of	 split	mouth	design.	The	 split-mouth	design	 (probably	 first	
described	 by	 Ramfjord	 in	 1968	 (Ramfjord	 et	 al.,	 1968))	 has	 a	 clear	 beneficial	
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advantage	when	used	in	periodontal	research.	Having	both	test	and	control	sites	in	
the	same	patient	reduces	the	effect	of	individual	diversity	in	treatment	response	and	
reduces	by	half	the	number	of	subjects	needed	as	well	as	reducing	cost	(Lesaffre	et	
al.,	2007).	

On	 the	 other	 hand	 the	 split-mouth	 design	 has	 its	 minuses	 and	 calls	 for	 a	 time	
consuming	 search	 for	 and	a	meticulous	 selection	of	patients	with	 comparable	 lesions	
bilaterally.	 In	 this	 study	 the	high	percentage	of	 the	difficult	 to	 reach	mesial	and	distal	
furcations	 compared	 to	 the	 more	 accessible	 buccal	 furcations	 reflects	 this	 difficulty.	
Lastly,	using	a	split	mouth	design	in	a	study	involving	local	antibiotics	includes	a	risk	for	
carryover	effect,	that	is	the	antibiotic	might	dissolve	in	oral	fluids	and	exert	its	action	not	
only	at	the	site	of	application.	The	importance	of	this,	if	any,	is	not	evaluated	here.	
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6 Conclusion	

The	 results	 of	 this	 randomized,	 clinical	 trial	 indicate	 that	 the	 beneficial	 effect	 of	 a	
local	 application	 of	 this	 antibiotic	 gel	 (Elyzol®	Dental	 gel,	 25%	metronidazole)	 as	 an	
adjunct	 to	 surgical	 treatment	 of	 class	 II	 molar	 furcation	 defects	 is	 limited.	 This	
observation	 is	 made	 utilizing	 the	 clinical	 measurements	 used	 in	 everyday	 clinical	
periodontal	practice.	 In	most	 instances	no	statistically	significant	 improvement	was	
seen	and	the	clinical	value	of	this	product	seems	to	be	minimal.	

However	 the	 idea	 of	 delivering	 antibiotic	 substances	 directly	 to	 diseased	
periodontal	 sites	 thus	 reducing	 adverse	 effects	 seen	 with	 systemic	 administration	
still	 remains	 valid.	 More	 research	 is	 to	 be	 encouraged	 in	 the	 field,	 both	 for	 the	
treatment	of	periodontal	and	peri-implant	diseases.	
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