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Abbreviations	
		
ALS	 	 Ambient	Light	Shield	
B	 	 Buccal	surface	of	tooth	
BC	 	 Bucco-Cervical	surface	of	tooth	
BKZ	 	 Healthcare	Budget	Framework	(Budgettair	Kader	Zorg)	
C	 	 Cervical	surface	of	tooth	
D	 	 Distal	surface	of	tooth	
DLVO	 	 Derjaguin	&	Landau	and	the	Verwey	&	Overbeek	theory	
DO	 	 Disto-Occlusal	surface	of	tooth	
DS	 	 Disclosing	Solution	
ECM	 	 Electronic	Caries	Monitor	
EDJ	 	 Enamel	Dentinal	Junction	
GF	 	 Green	Fluorescence	
GGD	 	 Association	of	Community	Health	Services	
GNP	 	 Gross	National	Product	
HIV	 	 Human	Immunodeficiency	Virus	
ICDAS	 	 International	Caries	Detection	and	Assessment	System	
IP	 	 Inspektor	Pro	
JTV	 	 Youth	Dental	Care	(Jeugdtandverzorging)	
L	 	 Lingual	surface	of	tooth	
M	 	 Mesial	surface	of	tooth	
MO	 	 Mesio-Occlusal	surface	of	tooth	
NHS	 	 National	Health	Service	(provides	healthcare	for	UK	citizens)	
NIGZ	 	 National	Institute	for	Health	Promotion	
NMT	 	 Dutch	Association	for	dentists	and	dental	specialists	(Nederlandse		
																										Maatschappij	ter	bevordering	der	Tandheelkunde)	
NOCTP		 Non-Operative	Caries	Treatment	Programme	
NVM	 	 Association	of	Dental	Hygienists	(Nederlandse	Vereniging	voor		
																										Mondhygiënisten)	
O	 	 Occlusal	surface	of	tooth	
P	 	 Palatinal	surface	of	tooth	
ppm	 	 parts	per	million		
PC	 	 Personal	Computer	
QLF	 	 Quantitative	Light-induced	Fluorescence	
QLF-D	 	 Quantitative	Light-induced	Fluorescence	Digital	
RCT	 	 Randomised	Clinical	Trial	
RF	 	 Red	Fluorescence	
RIVM	 	 The	National	Institute	for	Public	Health	and	the	Environment				
																											(Rijksinstituut	voor	Volksgezondheid	en	Milieu)	
SGRF	 	 Sub-gingival	Red	Fluorescence	
SHA	 	 System	of	Health	Accounts	
SPSS	 	 Statistical	Package	for	the	Social	Sciences	
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ST	 	 Cooperate	Dentists	(Samenwerkende	Tandartsen)	
TCT	 	 Dental	Centre	Tilburg	(Tandheelkunde	Centrum	Tilburg)	
USB	 	 Universal	Serial	Bus	
VWS	 	 The	Dutch	Ministry	of	Health	
WHO	 	 World	Health	Organisation	
WS	 	 White	Spot	

∆F	 	 %	fluorescence	loss	compared	with	sound	enamel	(Delta	F)	
∆Q	 	 Integrated	value	of	∆F	over	lesion	area	in	mm²	%	(Delta	Q)	
∆R	 	 Red/green	fluorescence	ratio	(Delta	R)	
Z	 	 Standard	Score	(number	of	standard	deviations	of	an	observation	above		
																											the	mean)		
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The	Clinical	Use	of	Quantitative	Light-induced	Fluorescence	

Catharina	J.	van	Daelen	

Abstract		
Within	the	dental	field	a	paradigm	shift	is	occurring	from	cure	to	care,	aiming	at	a	more	
conservative,	i.e.	minimal	intervention	approach	to	oral	care.	The	dental	practice	of	
Samenwerkende	Tandartsen	in	Tilburg-North,	the	Netherlands	adopted	this	approach	several	
years	ago	and	purchased	a	Quantitative	Light-induced	Fluorescence	camera	as	an	aid	to	its	oral	
hygiene	regime.	Since	then,	over	9-years	clinical	observations	with	QLF	have	been	documented,	
before	full	integration	of	the	QLF	system	into	daily	practice	as	aid	to	visual	inspection	was	
implemented.	Until	then	many	anecdotal	observations	had	been	made	predicting	the	
development	of	caries	lesions	that	had	not	been	observed	during	visual	inspection.		

The	aim	of	this	study	was	to	determine	if	QLF	clinical	data	(images	and	values	for	ΔF	and	ΔR)	
showed	any	predictive	value	for	the	outcome	of	the	caries	process	in	detected	lesions.	Initial	
QLF	observations	from	2006-2009	were	retrospectively	compared	with	3-year	treatment	
outcomes	and	the	initial	clinical	assessment	by	visual	inspection	aided	by	bitewing	radiographs.	
A	total	of	33	teeth	identified	by	QLF	as	carious	with	treatment	need	at	the	level	of	sealant	or	
restoration	were	matched	to	healthy	teeth,	(identified	using	QLF)	of	the	same	tooth	type	in	the	
same	subject	and	included	in	the	study.	In	vitro	investigations	were	undertaken	to	show	
agreement	between	visual	examination,	dental	radiographs	and	non-quantitative	fluorescence	
to	histology	findings	in	28	extracted	teeth.		

QLF	showed	fair	to	good	(.579)	level	of	agreement	with	treatment	outcome,	while	visual	
assessment	had	poor	(.210)	agreement	with	treatment	outcome,	indicating	the	potential	of	
QLF	to	predict	caries	development	over	time.	A	weak	correlation	was	found	between	ΔF	
average	and	ΔF	maximum	(Pearson’s	r=.386,	p=0.026),	but	no	correlation	was	found	between	
ΔF	average	and	ΔR	maximum,	or	ΔF	maximum	and	ΔR	maximum.	In	the	in	vitro	study,	QLF	
showed	the	ability	to	identify	enamel	caries	lesions	whereas	clinical	assessment	and	
radiographs	did	not.		

Quantifying	caries	lesions	and	red	fluorescence	(overall	and	per	lesion)	with	QLF	provides	the	
dental	professional	with	the	possibility	for	longitudinal	follow-up	procedures,	enabling	
objective	monitoring	of	a	preventive	strategy.	Level	of	agreement	between	QLF	assessment	
and	actual	treatment	outcome	suggested	the	caries	treatment	to	be	inevitable,	however,	the	
invasive	treatment	need	can	be	minimised	by	individually	targeted	preventive	care,	e.g.	dental	
hygiene	instructions	and	fluoride	applications,	promoting	the	remineralisation	of	the	caries	
lesion	in	favour	of	further	demineralisation.	The	findings	of	this	study	indicate	that	QLF	
technologies	have	the	potential	to	be	useful	clinical	diagnostic	tools	in	every-day	clinical	
practice.	
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1.0	Introduction	
The	main	topic	of	this	thesis	describes	the	potential	clinical	applications	of	Quantitative	

Light-Induced	Fluorescence		(QLF)	as	a	complementary	diagnostic	tool	in	a	large	dental	

practice.		

QLF	has	been	used	by	multiple	research	groups	worldwide	since	the	early	1990’s	

[Heinrich-Weltzien	et	al.,	2003b].	The	Inspektor	Pro	(Inspektor	Research	Systems,	

Amsterdam,	the	Netherlands)	device	was	originally	designed	to	detect	and	quantify	

early	carious	lesions	in	enamel	both	in	vitro	and	in	vivo	[Ando	et	al.,	1997;	de	Josselin	

de	Jong	et	al.,	1995].	It	allows	dental	professionals	and	researchers	to	monitor	and	

follow	mineral	changes	in	caries	lesions	over	time	in	a	quantitative	way	[Heinrich-

Weltzien	et	al.,	2003b].		

For	dental	diagnosis	the	use	of	a	mirror	and	probe,	appropriate	illumination	from	a	

strong	light	above	the	dental	chair,	supplemented	by	radiographs	has	remained	

accepted	clinical	practice	for	caries	diagnosis	over	the	last	one	hundred	years	[WHO,	

1997].	Patient	data	is	entered	into	a	manually	or	digitally	maintained	patient	chart	and	

in	addition,	some	dental	practices	choose	to	capture	clinical	images	via	an	intra-oral	

digital	camera	to	supplement	information	gathering	and	patient	education	[Bengel,	

2003].	The	use	of	a	blunt	probe	is	advised	instead	of	the	common	dental	explorer	that	

possesses	a	sharp	tip	[Ekstrand	et	al.,	1987].		
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Historically	using	a	sharp	explorer	was	the	accepted	way	to	diagnose	dental	caries	

during	clinical	examination,	however	the	ability	to	re-mineralise	early	caries	lesions	led	

to	the	conclusion	that	using	sharp	probes	was	likely	to	produce	cavitation	of	

demineralised	enamel,	thus	hampering	attempts	at	remineralisation.		

Radiographs	are	considered	useful	to	detect	mineral	changes	in	dental	hard	tissues	

[WHO,	1997]	though	a	small	occlusal	caries	lesion	is	not	easily	detected	on	radiographs	

and	even	when	combined	with	visual-tactile	assessment	they	have	limited	sensitivity	

[Ricketts	et	al.,	1995;	Wenzel	et	al.,	1991].	Radiography	also	has	the	disadvantage	that	

it	involves	the	use	of	ionising	radiation,	which	can	have	potentially	harmful	effects.	The	

need	by	both	patient	and	dental	professional	for	non-invasive	dental	diagnostics	is	

growing,	as	these	have	the	potential	to	be	used	to	monitor	the	effectiveness	of	

preventive	interventions	aimed	at	reversing	mineral	loss	in	caries	lesions	[Pitts,	2004b].	

Patients	are	becoming	more	discerning	in	relation	to	dental	care	and	dental	

professionals	are	increasingly	working	together	in	teams	in	order	to	deliver	higher	

levels	of	oral	health	for	patients	in	their	care.	Government	Health	Care	Institutes	have	

been	pushing	for	a	more	controlled	health	care	quality	system	for	several	years	but	

ultimately	Government	finances	also	have	an	impact	on	Health	Care.		

In	vitro	studies	using	QLF	report	high	sensitivity	and	specificity	when	used	as	a	

diagnostic	tool	and	highlight	its	possible	use	as	a	non-invasive	addition	to	current	

clinical	approaches	used	for	caries	diagnosis.	It	is	important	to	investigate	whether	this	



29	
	

is	still	the	case	when	used	in	vivo,	taking	into	account	the	possible	challenges	faced	in	

‘real	world’	patient	treatment.	

In	2005	QLF	became	available	for	use	in	general	dental	practices	by	means	of	the	

Inspektor	Pro	device	and	was	used	as	part	of	an	‘early-adopter’	programme	in	a	large	

dental	practice	in	the	Netherlands	from	2004.	The	retrospective	data	was	acquired	

from	a	patient	database	comprised	of	hundreds	of	patients	monitored	longitudinally	

over	a	6-year	period	of	time.	

1.1	Aim	and	Objectives	

1.1.1	Aim	
The	‘drill	and	fill’	mentality	in	operative	dentistry	has	shifted	to	a	more	minimally	

invasive	approach,	underpinned	by	disease	prevention.	Preventive	measures	are	

preferred	for	initial	caries	management	with	operative	intervention	delayed	until	frank	

cavitation	has	occurred.	Each	restored	tooth	enters	into	the	‘preparation-restoration-

repair	cycle’	and	represents	a	long	and	costly	future	for	patients,	governments	and	

health	insurance	companies	[Poos	et	al.,	2008a;	Truin	et	al.,	2010].	Prevalence	in	the	

Netherlands	shows	an	increase	of	dental	costs	for	the	total	population	[Truin	et	al.,	

2010].	Health	care	budgets	have	become	more	limited	and	by	spending	the	available	

resources	more	on	preventive	measurements	it	can	be	possible	to	optimise	the	general	

oral	health	level	of	a	population	as	seen	from	the	Nexø	study	[Ekstrand	and	

Christiansen,	2005].	Early	preventive	intervention	and	implementing	a	Non-Operative	

Caries	Treatment	and	Prevention	Programme	(NOCTP,	Nexø)	will	limit	the	costs	in	the	
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long	run	by	reducing	the	costs	for	caries	treatment	[Vermaire,	2013a]	and	lowering	the	

costs	of	running	the	dental	service	clinic	[Ekstrand	and	Christiansen,	2005].		

Evidence	on	the	effectiveness	of	NOCTP	and	preventive	approaches	grow	steady	

[Ekstrand	and	Christiansen,	2005;	Vermaire,	2013a].	With	the	accumulation	of	

preventive	dentistry	measures,	the	need	to	monitor	these	preventive	interventions	is	

increasing.	A	monitoring	system	that	would	allow	follow	up	of	preventive	treatments	

and	analysis	of	their	effectiveness	would	be	desirable	for	all	parties	involved;	

government,	health	insurance	companies,	dentists	and	particularly	the	patient	has	

been	suggested	recently	[Vermaire,	2013a].	

The	overall	aim	of	this	study	was	to	investigate	the	clinical	relevance	for	QLF	

assessment	during	every	day	dental	practice.			

1.1.2	Objectives	
1. Determining	the	level	of	agreement	between	the	QLF	analysis	for	a	tooth	and	

the	caries	management	for	that	tooth	chosen	by	dentists	who	did	not	have	

access	to	QLF	data	for	clinical	decision-making.	This	would	be	achieved	by	

retrospectively	comparing	the	actual	fate	of	a	tooth	based	on	clinical	findings	by	

a	dentist	against	initial	QLF	data	that	was	not	available	to	the	dentists.	

2. In	vitro	observational	study	of	extracted	teeth	examined	with	fluorescence	

compared	to	white	light	visual	examination,	radiographs	and	histology.		

3. Explore	the	in	vivo	use	of	QLF	for	oral	hygiene	purposes.	

4. 	Explore	the	in	vivo	use	of	QLF	for	sealant	purposes.	
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5. Explore	the	in	vivo	use	of	QLF	for	patient	motivation	purposes.	

6. Explore	the	in	vivo	use	of	QLF	for	caries	assessment.	

1.1.3	Hypotheses	
Null	hypotheses: 

1. Caries	management	based	on	clinical	decision-making	does	not	agree	with	QLF	

analysis.	

2. QLF	does	not	aid	in	dental	decision	making	in	determining	the	need	for	applying	

a	fissure	sealant.	

Research	relating	to	QLF	has	suggested	it	may	be	useful	in	a	general	dental	practice	

setting	[Alammari	et	al.,	2013].	This	thesis	reports	on	experiences	on	it’s’	use	over	a	9-

year	period	as	an	additional	diagnostic	tool	in	a	Dutch	general	dental	practice.	
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1.2	Dental	Caries	

1.2.1	History	of	Dental	Caries	
Dental	caries	is	one	of	the	most	common	preventable	diseases	in	the	oral	cavity	and	

many	people	are	affected	throughout	their	lifetime	[Fejerskov	and	Kidd,	2003].	

Multiple	and	progressive	carious	lesions	and	eventually	tooth	loss	can	cause	pain	and	

discomfort	with	dental	anxiety,	fear	or	phobia	show	high	prevalence	of	198/1000,	

ranking	the	4th	and	5th	place	of	40	commonly	feared	situations	[Agras	et	al.,	1969].	

Prevention	of	dental	caries	is	taught	to	children	by	their	parents;	how	they	should	

brush	their	teeth	to	maintain	a	good	oral	health.	In	addition	people	can	visit	a	dentist	

on	a	regular	basis,	most	often	six-monthly	dental	checkups.	In	the	Netherlands	children	

up	to	the	age	of	eighteen	can	receive	dental	treatment	free	as	part	of	a	National	Health	

Plan.	This	addresses	the	financial	barrier	encountered	in	visiting	a	dental	professional.	

Besides	it	is	perhaps	the	most	important	time	of	a	person’s	life	to	learn	how	to	

implement	and	maintain	sufficient	oral	hygiene,	together	with	other	steps	that	can	be	

taken	to	prevent	dental	disease.	For	example	regular	fluoride	applications.			

Patients	are	becoming	better	informed	about	dental	care	and	are	also	more	likely	to	

question	advice	delivered	by	the	dental	professional	following	the	growth	in	available	

information	especially	via	the	Internet.		

Working	in	a	large	dental	practice	automatically	means	working	with	many	dentists	and	

dental	care	professionals,	who	all	have	their	own	personal	opinion	on	dental	diagnosis,	

including	both	caries	diagnosis	and	oral	health	assessment.	By	starting	to	work	with	

Quantitative	Light-induced	Fluorescence	(QLF)	we	wondered	if	this	could	act	to	help	
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improve	patient	education	relating	to	dental	health	as	well	as	helping	to	compliment	

caries	diagnosis	and	prevention.		

1.2.2	Prevalence	of	dental	caries	
In	September	2011,	a	UK	NHS	Dental	Survey	conducted	in	Wales	coordinated	by	The	

British	Association	for	the	Study	of	Community	Dentistry	describe	in	a	briefing	paper	

for	the	National	Assembly	for	Wales	Children	and	Young	People	Committee,	that	the	

need	for	dental	survey	data	is	high	[Greening	and	Geddes,	2011].	Since	there	is	no	data	

available	on	the	health	of	the	population	generated	from	the	interactions	between	

dentist	and	patient,	we	have	to	rely	on	specially	conducted	surveys.	The	UK	

Government	is	funding	an	Adult	and	Child	Dental	Health	Survey	in	conjunction	with	

several	Universities	using	local	NHS	community	staff.	For	Adults	the	surveys	were	

undertaken	in	1968,	1978,	1988,	1998	and	2009.	The	Child	Dental	Health	Surveys	have	

been	undertaken	in	1973,	1983,	1993	and	2003.	It	is	still	unclear	of	there	will	be	

another	Survey	in	2013.	Caries	trends	in	Wales	among	age	groups	12-	and	14-	year	olds	

show	a	steady	trend	of	reduced	prevalence	of	DMFT	and	a	steady	reduction	of	the	

average	number	of	teeth	affected	by	decay	(Table	1.1).	
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Table	1.1:	NHS	Dental	Surveys	in	Wales	coordinated	by	The	British	Association	for	the	Study	of	
Community	Dentistry-	Children	and	Young	People	Committee	CYP(4)-03-11	Paper	4)	

Caries	prevalence	in	the	Netherlands	has	been	calculated	by	performing	meta-analysis	

on	epidemiological	caries	data	collected	in	5-	6	and	11-12	year	old	children,	between	

1980	and	2009	by	Truin,	Schuller,	Poorterman	and	Mulder	[Truin	et	al.,	2010].	They	

wondered	if	there	would	be	differences	between	several	population	groups	that	had	

been	included	in	the	surveys.		Their	conclusion	was	that	after	the	mid-1980’s	a	halt	

occurred	in	the	decline	of	caries	experience	in	the	primary	dentition	among	5-6	year	

Trends in 14 year old caries in Wales 
1986 Until 2003 

Mean	 DMFT	 Caries	free	

1986/7	 4.03	 16%	

1990/1	 2.77	 28%	

1994/5	 2.27	 36%	

1998/9	 2.25	 37%	

2002/3	 2.10	 40%	

Trends in 12 year old caries in Wales 
1988 Until 2009 

Mean	 DMFT	 Caries	free	

1988/9	 1.90	 37%	

1992/3	 1.51	 45%	

1996/7	 1.49	 45%	

2000/1	 1.31	 49%	

2004/5	 1.09	 55%	

2008/9	 0.98	 58%	
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old	children	but	at	the	same	time,	the	percentage	of	children	with	a	caries	free	primary	

dentition	decreased	if	the	treatment	was	carried	out	by	public	health	insurance	or	

participated	in	institutions	for	Youth	Dental	Care	(JTV).	There	was	found	to	be	no	

indication	that	caries	prevalence	among	11-12	year	old	children	with	permanent	

dentition	had	changed	(Table	1.2).		

	

Since	the	level	of	12	year	old	children	with	caries	free	permanent	dentition	was	high,	

they	expected	no	additional	improvement	in	oral	health	for	this	specific	age	group	

[Slobbe	et	al.,	2011;	Truin	et	al.,	2010]	

Year	 Number	of	
Children	

%	caries	free	 DMFS	 sd	 DMFS	
caries	

Dental	Care	Young	Insurance	Policyholders	
1993	 541	 53	 1.5	 2.5	 3.2	
1999	 463	 55	 1.4	 2.3	 3.1	
2005	 492	 53	 1.7	 2.8	 3.6	

Youth	Dental	Care	Northeast	North-Brabant	
1992	 166	 59	 1.5	 2.6	 3.7	
1998	 97	 76	 0.9	 1.5	 3.8	
2005	 205	 85	 1.1	 2.5	 7.3	

Area	“Zoetermeer”	
1992	 158	 66	 1.0	 2.0	 2.9	
1998	 118	 66	 0.8	 1.4	 2.4	
2005	 77	 74	 0.6	 1.4	 2.3	

Area	“Rotterdam”	
1992	 180	 37	 2.5	 3.2	 4.0	
1998	 116	 44	 1.8	 2.4	 3.2	
2005	 200	 51	 1.6	 2.6	 3.3	

Area	“Texel”	
1992	 159	 57	 1.2	 2.2	 2.8	
1998	 10	 57	 1.0	 1.5	 2.3	
2005	 67	 64	 0.8	 1.5	 2.2	

Table	1.2	Caries	Research	on	specific	groups	of	11-year	old	children,	between	1992	and	2008	in	the	Netherlands	[Truin	
et	al.,	2010].	
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In	2003	the	Netherlands	spent	a	total	of	57.5	billion	Euros	on	health	care.	This	is	an	

equivalent	to	about	12%	of	the	Gross	National	Product	(GNP)	or	3.550	Euro	per	capita.		

Of	the	total	costs	82.5%	could	be	assigned	to	diseases.	Dental	caries	is	the	fourth	most	

costly	healthcare	at	2.7	billion	Euros	spend,	equivalent	to	4.5%	of	the	total	Dutch	

medical	care	budget.	The	costs	for	dental	caries	amounted	to	1.5	billion	Euro,	whilst	

periodontal	diseases	cost	around	151	million	Euros.	It	is	expected	that	these	costs	will	

increase	in	the	current	aging	population	[Slobbe	et	al.,	2006]	and	in	fact	in	2005	dental	

disorders	have	risen	to	the	third	most	costly	diseases	to	treat	in	the	Netherlands	[Poos	

et	al.,	2008b].	

In	2007	the	costs	total	dental	anomalies	were	over	2.8	billion	euro;	3.8%	of	total	

healthcare	costs	in	the	Netherlands	and	70.6%	of	total	costs	for	diseases	of	the	

digestive	tract	[Poos	et	al.,	2008a].	63%	of	these	total	costs	was	spent	on	dental	caries	

treatment	alone	(Table	1.3),	the	costs	were	approximately	1.8	billion	euro	[Slobbe	et	

al.,	2011],		with	a	total	of	74.750	million	euros	spent	on	total	health	costs,	

approximately	2.6%	of	the	total	health	care	budget	was	spent	on	dental	caries	for	the	

male	population	with	852	million	euro	and	2.2%	for	the	female	population	with	931	

million	euro.	This	puts	dental	caries	on	the	5th	place	of	the	top	10	of	most	expensive	

diseases	in	2007	in	the	Netherlands	for	both	males	and	females	[Slobbe	et	al.,	2011].		
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Table	1.3	Total	costs	for	dental	care	in	2007	for	the	Netherlands,	derived	from	Slobbe	et	al.,	2011.	

In	1996	it	was	reported	that	all	European	countries	showed	a	general	trend	towards	a	

further	decline	in	caries	prevalence	amongst	children	and	adolescents.	Little	data	was	

available	on	young	adults,	but	regarding	the	permanent	dentition	further	reductions	

were	observed	in	the	12-year	old	age	group,	and	this	was	even	more	evident	at	the	

ages	of	15-19	years.	In	Central	and	Eastern	European	countries	however,	high	caries	

prevalence	in	children	and	adolescents	was	observed	[Marthaler	et	al.,	1996].		

1.2.3	Financial	Burden	of	Dental	Caries		
Dental	caries	has	historically	been	considered	the	most	important	global	oral	health	

burden	and	is	still	a	major	health	problem	in	most	industrialised	countries	as	it	effects	

60-90%	of	school-aged	children	and	the	vast	majority	of	adults	[Petersen	et	al.,	2005].	

The	economic	burden	for	treatment	of	dental	infections	can	also	be	staggering.	Tooth	

decay	and,	to	a	lesser	extent,	periodontal	infections	are	perhaps	the	most	expensive	

infections	that	many	individuals	have	to	contend	with	during	a	lifetime	[Loesche,	1986].	

1783	

127	 373	 409	 119	

Dental	Caries	 Periodontal	
Diseases	

Edentulous	
Pa}ents	

Orthodon}cs	 Other	Dental	
Anomalies	

Total	Costs	Dental	Care	in		
the	Netherlands,	2007		

Dental	Costs	(in	million	euro's)		
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It	has	been	concluded	that	treating	caries	with	the	traditional	‘drill	and	fill’	approach	

adopted	in	restorative	dentistry	is	beyond	the	financial	capabilities	of	many	low-income	

countries	[Yee	and	Sheiham,	2002],	although	early	preventive	dental	visits	for	pre-

school	aged	children	were	more	likely	to	lead	to	the	use	of	preventive	services	and	

reduce	dentally	related	costs.	[Savage	et	al.,	2004].		

As	one	of	their	responsibilities	The	Dutch	Ministry	of	Health	demarcate	the	expenses	

for	health	care.	The	Healthcare	Budget	Framework	(BKZ)	is	comprised	of	health	care	

financed	from	collective	insurance	premiums.	The	System	of	Health	Accounts	(SHA)	has	

been	developed	since	2000	and	guides	a	process	through	which	countries	monitor	the	

flow	of	money	in	their	health	sector	[Organization/Eurostat,	2011].		In	2003	the	

difference	between	BKZ	and	Health	costs	is	-1.4	billion	euro’s	as	shown	in	Table	1.4.	

The	specific	items	following	the	diagnosis	group	‘digestive	tract’	are	shown	in	Table	1.5	

[Slobbe	et	al.,	2006].	

Table	1.4	(Financial	Burden	of	Caries):	Costs	2003	Dutch	dental	care	(million	euro’s,	part	of	the	total	costs	in	
percentages),	derived	from	Slobbe	et	al.	2006	

The	costs	for	both	men	and	women	in	2007	are	described	in	Table	1.6,	as	well	as	the	

costs	per	item	in	the	created	top	10	healthcare	costs	[Slobbe	et	al.,	2011].	In	2007	74.4	

billion	was	spent	on	health	care.	The	costs	per	capita	were	4.545	euro’s.		

	

Sector	 Health	costs	 BKZ	 System		
of	Health		
accounts	

	 Million	
euro	

%	 Million	
euro	

%	 Million	
euro	

%	

Dental	Care	 2.182	 3,8	 743	 1,7	 2.145	 4,8	
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Table	1.6	(Financial	Burden	of	Caries):	Total	costs	for	men	and	woman	in	millions	of	euros	for	2007,	derived	from	
Slobbe	et	al.	2011.	

	 	

Diagnose	Group	 Male,		
million	euro	

Female,	
million	euro	

Digestive	tract	(total)	 2.076,5	 2.481,6	
Dental	caries	 773,6	 825,4	
Periodontal	diseases	 66,0	 84,7	
Missing	teeth	 219,2	 257,3	
Orthodontics	 69,9	 167,0	
Other	dental	variances	 82,2	 117,2	
Table	1.5	(Financial	Burden	of	Caries):	Total	costs	for	men	and	woman	in	millions	of	Euros	for	2003,	derived	from	
Slobbe	et	al.	2006.	

Male	 Million	
euro	

%	 Female	 Million	
euro	

%	

Intellectual	disability,	
including	Down	
Syndrome	

3.182	 9,6	 Dementia	 2.612	 6,3	

Symptoms	and	ill-
defined	disorders	

1.780	 5,4	 Intellectual	disability,	
including	Down	
Syndrome	

2.465	 5,9	

Coronary	heart	
diseases	

1.206	 3,7	 Symptoms	and	ill-
defined	disorders	

2.314	 5,6	

Dementia	 874	 2,6	 Stroke	 937	 2,3	
Dental	caries	 852	 2,6	 Dental	Caries	 951	 2,2	
Stroke	 700	 2,1	 Depression	 655	 1,6	
Dependence	on	alcohol	
and	drugs	

693	 2,1	 Coronary	heart	
diseases	

601	 1,4	

Schizophrenia	 546	 1,7	 Dorsophaties	 554	 1,3	
Diabetes	mellitus	
including	diabetic	
complications	

490	 1,5	 Diabetes	mellitus	
including	diabetic	
complications	

547	 1,3	

Asthma	and	COPD	 475	 1,4	 Hypertension	 526	 1,3	
Total	top	ten	 10.797	 32,7	 Total	top	ten	 12.142	 29,3	
Total	 32.983	 100,00	 Total	 41.464	 100,00	
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1.2.4	The	Caries	Process	&	the	Caries	Lesion	
	

Dental	hard	tissues	comprise	of	enamel	surface,	underlying	dentine	and	root	
cementum.		

		
Figure	1.1	Tooth	portion	and	section	of	a	tooth.	

	Tooth	enamel	is	the	hardest	and	most	highly	mineralised	human	tissue	and	is	

produced	by	ameloblasts.	Enamel	structure	primary	consists	of	hydroxyl	apatite	

crystals.	Underlying	tooth	dentin	is	less	mineralised	and	is	produced	by	odontoblasts.	

The	tooth	cementum	covering	the	root	is	made	by	cementoblasts	and	allows	tooth	

attachment	for	the	periodontal	ligaments	[Jenkins,	1978].		

	

Figure	1.2	Section	of	a	tooth.	

The	prevailing	opinion	in	clinical	dentistry	has	been	that	the	accumulation	of	bacterial	

communities	on	the	tooth	surfaces,	known	as	dental	plaque,	is	a	causal	factor	in	dental	
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caries	and	periodontal	disease	[Loesche,	1986].	The	role	of	a	gelatinous	substance	in	

the	development	of	the	dental	plaque	was	suggested	as	early	as	1890	[Miller,	1890].	

Snyder	et	al.	(1955)	demonstrated	the	synthesis	of	levans	(bacterial	polysaccharides)	by	

plaque	microorganisms	[Parker	and	Creamer,	1971].	The	hard	non	shedding	tooth	

surface	is	able	to	absorb	mucins	(acidic	glycoproteins)	from	saliva	and	forms	the	

acquired	enamel	pellicle	(AEP)	[Gibbons	and	Socransky,	1962].	As	soon	as	a	tooth	

surface	is	cleaned,	salivary	proteins	and	glycoproteins	are	absorbed	forming	this	

surface	conditioning	film	[Marsh	et	al.,	2009].	The	AEP	is	an	amorphous	membranous	

layer	and	as	it	contains	a	high	number	of	sulfate	and	carboxyl	groups,	it	further	

increases	the	net	negative	charge	of	the	tooth	surfaces	[Rogers,	1976].	As	bacteria	also	

have	a	net	negative	charge,	there	is	an	initial	repulsion	between	the	tooth	surface	and	

those	bacteria	in	the	saliva.	This	innate	defense	mechanism	is	circumvented	when	

plaque	formation	occurs	[Loesche,	1986].		

The	Derjaguin	and	Landau	and	the	Verwey	and	Overbeek	(DLVO)	theory	has	been	used	

to	describe	the	interaction	between	an	inert	particle	(not	negatively	or	positively	

charged)	and	a	substratum	(enamel	surface).	The	theory	states	that	a	particle	

approaches	a	surface,	therefore,	it	experiences	a	weak	van	der	Waals	attraction	

induced	by	the	fluctuating	dipoles	within	the	molecules	of	the	two	approaches	surfaces	

[Marsh	et	al.,	2009].	The	van	der	Waal	forces	or	“charge-fluctuation	force”	is	created	

when	the	collective	coordinated	interactions	of	moving	electric	charges,	currents	and	

fields	average	over	time	[Parsegian,	2005].	
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Dental	plaque	formation	involves	the	interaction	between	early	bacterial	colonisers	

and	the	acquired	enamel	pellicle.		It	is	a	diverse	microbial	community	embedded	in	a	

matrix	of	polymers	of	bacterial	and	salivary	origin.	Dental	plaque	forms	naturally	on	

teeth	and	acts	as	part	of	the	defenses	of	the	host	by	helping	to	prevent	colonisation	by	

exogenous,	and	often	pathogenic	microorganisms.	However,	if	plaque	is	allowed	to	

accumulate	for	prolonged	periods,	because	of	inadequate	oral	hygiene,	then	disease	

can	occur.	This	is	because	the	beneficial	buffering	and	antimicrobial	properties	of	saliva	

are	less	able	to	penetrate	and	protect	the	enamel.	This	gives	a	shift	in	the	balance	of	

the	predominant	bacteria	away	from	those	associated	with	health.	[Marsh	and	

Bradshaw,	1995].	

The	two	most	important	groups	of	acidogenic	bacteria	are	the	mutans	streptococci	and	

the	lactobacilli	species	[Loesche,	1986]	which	produce	acids	that	diffuse	into	the	tooth	

and	dissolve	the	calcium	phosphate	mineral	which	form	the	bulk	of	dental	hard	tissues.	

This	process	is	called	demineralisation	[Featherstone,	1999]	and	is	intimately	involved	

in	the	caries	process.	Salivary	dysfunction,	and	dietary	carbohydrates	are	related	to	

caries	progression.	However,	the	caries	process	is	dynamic	and	is	cyclic,	involving	

periods	of	demineralisation	and	remineralisation.	Saliva	helps	during	the	

remineralisation	process	by	diffusing	calcium,	phosphate	and	additional	fluoride	into	

the	tooth	surface	to	build	up	the	crystallites	[Featherstone,	2008]	
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Preventing,	balancing	or	reversing	dental	caries	can	be	achieved	by	several	factors	as	

salivary	calcium,	phosphate	and	proteins,	salivary	flow,	and	fluoride	in	saliva	

[Featherstone,	1999].	Fluoride	acts	as	a	catalyst	for	the	diffusion	of	calcium	and	

phosphate	into	the	tooth,	which	remineralises	the	crystalline	structures	of	the	lesion	

[Selwitz	et	al.,	2007]	.		The	enamel	crystallites	are	built	within	the	enamel	prisms,	the	

cellular	formation	of	the	enamel	[Arends	and	Ten	Cate,	1981].	The	rebuilt	crystalline	

surfaces,	composed	of	fluoridated	hydroxyapatite	and	fluorapatite,	are	much	more	

resistant	to	acid	attack	than	is	the	original	structure.	Moreover,	the	very	early	changes	

in	the	enamel	are	not	detected	with	traditional	and	radiographic	methods	[Selwitz	et	

al.,	2007].	If	the	lesion	is	on	a	previously	sound	surface	the	lesion	is	considered	to	be	a	

primary	lesion.	Caries	left	in	place	following	cavity	preparation	at	the	time	of	

restoration	is	classified	as	residual	caries;	lesions	adjacent	to	restorations	are	classified	

as	secondary	caries.	Caries	lesions	can	also	be	classified	according	to	their	activity	and	

are	called	progressive	caries	lesions	or	active	lesions,	if	the	progression	of	the	lesion	

which	was	formed	stops,	it	is	called	an	arrested	lesion	[Fejerskov	and	Kidd,	2003].	

Different	factors	influencing	the	caries	process	are	shown	in	Figure	1.3.	
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Figure	1.3	(The	Caries	Process	&	the	Caries	Lesion):	Factors	influencing	the	caries	process,	MS	Powerpoint	for	Mac.	

	

1.2.5	Fluoride	
Fluoride	is	a	trace	element	that	is	widely	present	in	the	environment.	And	it	is	thought	

that	volcanic	action	is	responsible	for	fluoride	entering	into	the	earth’s	atmosphere	

[Notcutt	and	Davies,	1989].	Water	particles,	wind,	dust,	snow,	fog	and	or	rain	transfer	
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the	fluoride	particles	into	the	earth’s	soil	and	onto	the	earth	surface	[Smith	et	al.,	

1979].	Since	the	fluoride	is	transferred	into	the	ground,	it	is	found	inside	plants	and	

digested	by	both	animals	and	humans.		Fluoride	can	be	found	in	water	and	human	milk	

though	the	latter	only	contains	very	low	concentrations	of	fluoride,	even	when	the	

mother	has	a	high	fluoride	intake	[Spak	et	al.,	1983]	and	in	this	way	infants	could	be	

receiving	daily	intakes	of	fluoride	through	either	breast-milk	from	nursing	mothers	or	

by	having	formula	milk	made	with	fluoride	containing	water.	The	amount	of	fluoride	

digested	when	commercially	prepared	milk	formula	is	used	can	differ	much	from	the	

human	milk	since	there	are	possible	differences	in	fluoridated	water	[Levy	et	al.,	1995].	

American	dentist	Dr.	Frederick	McKay	discovered	the	negative	side	effects	of	

consuming	water	with	high	levels	of	fluoride	in	the	early	1900’s.	This	condition	was	

locally	known	as	the	‘Colorado	brown	stain’	and	was	eventually	diagnosed	as	fluorosis	

due	to	high	concentrations	of	(natural)	fluoride	in	the	local	water	supplies.	Dr.	H.	

Tendley	Dean	contacted	dentists	around	the	United	States	and	was	able	to	map	areas	

where	the	mottled	enamel	appeared	to	be	prevalent	in	1938.	He	related	the	severity	

and	prevalence	of	fluorosis	to	the	fluoride	concentration	in	drinking	water	and	was	

able	to	compare	this	to	caries	around	the	United	States	and	suggested	that	levels	up	to	

1ppm	fluoride	were	probably	of	no	public	health	significance	but	would	give	a	dramatic	

reduction	in	caries	[Dean,	1934;	Dean	et	al.,	1942;	Dean	and	Elvove,	1936].		After	three	

decades	of	studies	on	water	fluoridation	it	was	concluded	in	the	1950’s	and	1960’s	that	

water	fluoridation	did	not	endanger	the	consumer’s	health	[Muhler,	1960;	Stilwell	et	

al.,	1957]	Naturally	fluoridated	drinking	water	has	been	evaluated	by	epidemiologic	
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surveys,	concluding	that	adding	1mg	Fluoride/l	(=	1ppm)	could	reduce	caries	

prevalence	by	half,	whilst	adding	a	higher	level	of	fluoride	concentrations	would	only	

result	in	a	slightly	higher	caries	drop	[Backer	Dirks,	1974].	A	Dutch	survey	was	

conducted	over	a	6.5-year	period	in	the	cities	of	Tiel	and	Culemborg	where	artificial	

fluoridated	drinking	water	and	reduction	in	caries	prevalence	was	observed	on	

approximal	and	smooth	tooth	surfaces	[Dirks	et	al.,	1961].		However,	there	have	been	

countries	which	have	decided	not	to	provide	fluoridated	drinking	water	anymore	after	

controversy	related	to	ethics	of	a	mass	intervention	[Mitchell,	1960],	lack	of	informed	

consent	and	public	concerns	relating	to	possible	harmful	effects	of	fluoride	[Cheng	et	

al.,	2007].	There	have	also	been	countries	who	decided	that	enough	fluoride	was	

provided	through	the	widespread	use	by	other	fluoride	therapies	which	have	been	

shown	to	prevent	caries	[Selwitz	et	al.,	2007].	Fluoride	toothpastes	have	been	

considered	a	very	powerful	intervention	in	the	protection	against	dental	caries	

[Marinho	et	al.,	2003].	

Toothpastes	contain	an	average	of	between	0.1%	fluoride	(1000ppm)	up	to	0.145%	

fluoride	(1450ppm),	although	dentifrices	containing	higher	fluoride	concentrations	

(2800ppm	and	5000ppm)	are	also	available	on	prescription	for	those	at	higher	caries	

risk.	It	has	been	demonstrated	that	approximately	20	to	30%	of	the	toothpastes	is	

retained	in	the	mouth	and	swallowed.	Fluoride	has	also	been	available	in	tablet	form	

although	recent	advice	has	stated	that	the	use	of	these	is	no	longer	necessary	because	

of	their	effects	is	thought	to	be	topical	rather	than	systemic	and	alternative	more	

effective	methods	of	topical	fluoride	delivery	are	available	[Thylstrup	et	al.,	1979].	
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It	has	also	been	reported	that	fluoride	has	been	shown	to	have	more	beneficial	effects	

on	proximal	and	smooth	surfaces	and	is	less	effective	on	the	occlusal	surfaces	[Backer	

Dirks,	1974;	Gibbons	and	Houte,	1975;	Hopcraft	and	Morgan,	2006].	

The	ability	of	fluoride	to	slow	the	progression	of	dental	caries	has	afforded	dental	

professionals	the	opportunity	to	diagnose	and	manage	the	caries	process	at	an	earlier	

stage	[Ferreira	Zandoná	and	Zero,	2006].	The	use	of	fluoride	provides	the	opportunity	

to	influence	the	overall	behavior	of	caries	lesions	[Angmar-Mansson	et	al.,	1998].	

Multiple	researchers	have	reported	the	characteristics	of	caries	lesion	behavior	in	

different	tooth	surfaces	[Featherstone,	1999;	Griffin	et	al.,	2007;	Pitts,	1997].		

Fluoride	has	also	been	shown	to	be	a	therapeutic	agent	that	controls	the	rate	of	caries	

lesion	development	when	during	the	1950s	a	large	water-fluoridation	study	was	

conducted	in	Tiel/Culembourg,	in	the	Netherlands	[Backer	Dirks,	1967;	Groeneveld	et	

al.,	1990].	

It	has	been	suggested	that	due	to	the	influence	of	fluoride,	diagnosis	of	occlusal	

dentine	carious	lesions	has	become	more	difficult	by	clinical	visual	examination.	It	has	

been	suggested	that	the	character	of	pit	and	fissure	surfaces	has	been	altered	because	

of	the	influence	of	fluoride.	Bite-wing	radiographs	may	reveal	extensive	occlusal	caries	

not	visible	with	the	naked	eye	and	come	as	a	surprise	to	the	dental	professional	

[Weerheijm	et	al.,	1997].	This	so	called	hidden	caries	[Ball,	1986;	Kidd	et	al.,	1992;	Lussi	

et	al.,	2001;	Ricketts	et	al.,	1997;	Tranæus	et	al.,	2005]	might	be	caused	by	fluoride	but	
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it	is	difficult	to	test	this	hypothesis	since	90%	of	the	population	in	most	European	

countries	have	been	using	fluoride	toothpastes	[Marthaler	et	al.,	1996].		

Identifying	these	occlusal	surfaces	as	caries	lesions	has	proved	to	be	very	difficult	

clinically	and	tend	to	be	found	on	bitewing	radiographs	only	when	caries	has	become	

extensive.	An	in	vivo	study	conducted	by	Verdonschot	et	al.	detected	a	58%	sensitivity	

and	66%	specificity	for	radiographic	examination	with	clinically	detected	caries	lesions	

[Verdonschot	et	al.,	1992].		

Skeletal	minerals	are	composed	of	a	relatively	highly	carbonated	hydroxyl-apatite	

whereas	dental	minerals,	in	particular	dental	enamel,	are	composed	of	an	analogous	

mineral	much	lower	in	carbonate	content	and,	due	to	the	use	of	dentifrice	and	

chemical	maturation	processes,	possess	frequent	substitutions	in	the	hydroxyl	site	(e.g.	

fluoride).	The	more	ordered	nature	of	dental	minerals	is	thought	to	confer	their	higher	

strength	and	reduced	solubility	in	comparison	to	bone.	

1.3	Caries	Diagnosis	
A	common	way	of	classifying	caries	lesions	is	according	to	their	anatomical	site	

[Fejerskov	and	Kidd,	2003].	Lesions	may	commonly	be	found	on	smooth	surfaces,	or	in	

pits	and	fissures	starting	on	enamel	(enamel	caries).	If	the	exposed	root	cementum	and	

dentin	are	involved	this	is	called	root	caries.	Natural	intact	tooth	surface	caries	is	

referred	to	as	primary	caries,	if	caries	develops	adjacent	to	a	filling	this	is	referred	to	as	

recurrent	or	secondary	caries.		
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Demineralised	tissue	that	remains	after	cavity	preparation	before	a	filling	is	placed	is	

called	residual	caries.	Besides	the	anatomical	site,	caries	lesions	are	also	classified	

according	to	their	activity.	A	progressing	lesion	is	considered	as	an	active	lesion,	if	the	

lesion	was	formed	previously	and	then	stopped	progressing	is	referred	to	as	an	

arrested	caries	lesion	or	inactive	caries	lesion.	The	first	sign	of	a	carious	lesion	on	

enamel	is	often	called	a	white-spot	lesion	owing	to	the	increased	opacity	of	the	

affected	enamel.	It	has	been	recognized	that	detection	and	classification	of	dental	

caries	are	not	easy	tasks	[Ismail,	2004].	

1.3.1	Clinical	Caries	Diagnosis	
Several	methods	for	dental	caries	diagnosis	have	been	used	over	a	number	of	decades.	

These	include	visual	inspection,	tactile	assessment,	radiographic	imaging	and	additional	

diagnostic	measures.	Clinical	caries	diagnosis	totally	relied	on	visual	and	tactile	

examination	using	a	probe	until	the	1920s,	when	bitewing	radiography	was	introduced	

[Raper,	1925b].	Nowadays,	the	most	usual	methods	for	visual	caries	diagnosis	are	air	

drying,	light,	tactile	assessment	of	surface	roughness	[WHO,	1997]	and	clinical	

examination	may	be	supplemented	by	the	use	of	dental	radiographs	when	appropriate.	

The	World	Health	Organization	recommends	that	caries	lesions	should	be	diagnosed	at	

the	level	of	cavitation.	A	blunt	(CPI)	probe	should	be	used	to	verify	the	diagnosis	since	it	

is	still	advocated	that	it	is	not	possible	to	obtain	a	reliable	diagnosis	of	the	non-cavited	

stages	of	caries	without	probing	[WHO,	1997].	Though,	this	assumption	does	not	hold	if	

the	examiners	are	thoroughly	trained	and	calibrated,	shown	by	several	studies	[Ismail,	

2004;	Nyvad	et	al.,	1999].	An	important	consequence	of	restricting	caries	diagnosis	to	
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the	cavitated	state	is	that	the	opportunity	for	prevention	of	caries	progression	has	

been	lost	and	operative	intervention	becomes	more	likely.	

In	1988	Pitts	and	Fyffe	presented	a	classification	system	for	clinical	examiners	using	a	

mouth	mirror	and	sickle	probe,	[Pitts	and	Fyffe,	1988]	that	allowed	different	levels	of	

dental	caries	to	be	distinguished.		There	were	four	different	levels	proposed,		

D1	(enamel	lesions,	no	cavity)	

D2	(enamel	lesions,	cavity)		

D3	(dentin	lesions,	cavity)	

D4	(dentin	lesions,	cavity	to	the	pulp)		

In	1999	Nyvad	et	al.	[Nyvad	et	al.,	1999]	developed	a	new	and	refined	visual-tactile	

caries	diagnosis	method	based	on	assessment	of	lesion	activity	rather	than	focusing	on	

the	lesion	depths.	Caries	activity	and	surface	integrity	were	determined	by	evaluating	

the	surface	texture	of	the	lesion	and	in	addition,	detecting	the	presence	or	absence	of	a	

(micro)cavity	in	the	surface	(Table	1.7).	

1.3.2	The	International	Caries	Detection	and	Assessment	System	
The	International	Caries	Detection	and	Assessment	System	(ICDAS)	scoring	system	for	

caries	diagnosis	was	developed	by	an	international	team	of	caries	researchers	which	

integrated	new	criteria	systems	into	one	standard	system	for	caries	detection	and	

assessment	[Ismail	et	al.,	2007].	This	standardised	visual	classification	system	should	

allow	more	detailed	information	to	be	gathered	about	appropriate	dental	diagnosis,	

prognosis	and	overall	clinical	management	of	dental	caries	at	an	individual	and	public	
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health	level	[Ferreira	Zandona	et	al.,	2010].		It	is	used	on	coronal	and	root	surfaces,	as	

well	as	caries	adjacent	to	restorations	and	sealants.	The	ICDAS	scoring	system	has	been	

shown	to	be	reproducible	and	accurate,	scores	were	repeated	after	different	time	

intervals	and	the	reported	kappa	values	were	comparable	[Jablonski-Momeni	et	al.,	

2010].	

Dental	Caries	
(Nyvad	et	al.,	1999)	

	 Non-cavitated	

Surface	characteristics	 Active	lesion:	‘chalky’/dull;	rough	on	probing	
Inactive	lesions:	glossy;	smooth	on	probing	

Color	 Active	lesion:	whitish	to	light	brown	
Inactive	lesion:	whitish	to	brownish/black	

Demarcation	
characteristics	

Active	lesion:	most	often	sharply	demarcated	(corresponding	to	plaque-
retention	sites)	
Inactive	lesion:	well	demarcated	,	or	with	diffuse	borders	

Distribution	in	
dentition	

Active	lesion	occurs	on	plaque-retention	sites:	
• Occlusal	pits	and	fissures	
• Approximal	surfaces	below	the	contact	point	(kidney	shaped)	
• Smooth	surfaces	reflecting	position	of	gingival	margin	(arch	and	

banana	shaped)	
Histopathological	
characteristics	

Subsurface	demineralization	(bacterial	origin)	

	 Cavitated	

Surface	characteristics	 Active	lesion:	cavity	with	exposed	dentin;	soft	or	leathery	on	probing	
Inactive	lesion:	cavity	with	exposed	dentin;	hard	on	probing	

Color	 Yellowish	to	brownish-black	

Demarcation	
characteristics	

Active	lesion:	sharply	demarcated	
Inactive	lesion:	no	sharp	demarcation	of	lesion	margins	

Distribution	in	
dentition	

Lesion	occurs	on	plaque	retention	sites:	
• Occlusal	pits	and	fissures	
• Approximal	surfaces	below	the	contact	point	
• Smooth	surfaces	next	to	gingival	margins	

Histopathological	
characteristics	

Demineralization	with	loss	of	surface	zone.	Breakdown	of	enamel	and	
possibly	bacterial	invasion	into	dentin	

Table	1.7	Diagnostic	Characteristics	of	dental	caries	(Nyvad	et	al.,	1999)	adapted	from	[Fejerskov	and	Kidd,	2003].	
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The	original	ICDAS	criteria	were	developed	in	2002	and	were	revised	into	ICDAS	II	in	

2005,	it	is	expected	that	the	system	will	continue	to	evolve	as	new	information	and	

tools	relating	to	caries	diagnosis	are	developed	and	validated.	

Not	many	dental	practitioners	are	familiar	with	the	ICDAS	II	scoring	system	and	thus	it	

is	not	widely	used	by	general	practitioners.	A	description	of	the	ICDAS	scoring	system	is	

shown	in	Tables	8	and	9.	The	changes	from	ICDAS	I	into	ICDAS	II	are	shown	in	Table	

1.10.	

	

Decision	Number	1:	classification	of	the	restoration,	sealant,	or	missing	status	in	the	
International	Caries	Detection	and	Assessment	System	(ICDAS)	

	
Code			 	 	 				Description	

0 Un-restored	or	unsealed	
1 Sealed,	partial:	a	sealant	that	does	not	cover	all	the	pits	and	fissures	on	a	

tooth	surface	
2 Sealant,	full:	a	sealant	that	covers	all	the	pits	and	fissures	on	a	tooth	

surface	
3 Tooth	colored	restoration:	in	the	opinion	of	the	dentist,	the	tooth	has	a	

tooth	colored	(resin	or	glass-ionomer	cement)	restoration	
4 Amalgam	restoration	
5 Stainless	steel	crown	
6 Porcelain	or	gold	or	PFM	crown	or	veneer	
7 Lost	or	broken	restoration	
8 Tooth	does	not	exist	or	other	special	cases.	Used	as	in	the	following:		

	
9-6=Tooth	surface	cannot	be	examined	because	of	access	problem	to	visualize	the	tooth	surface	
9-7=Tooth	missing	because	of	caries	(all	tooth	surfaces	are	coded	97)	
9-8=Tooth	missing	for	reasons	other	than	caries	(all	tooth	surfaces	are	coded	98)	
9-9=Un-erupted	(all	tooth	surfaces	are	coded	99)	
Table	1.8	(ICDAS):	Classification	of	the	restoration,	sealant	or	missing	status,	www.ICDAS.org.	
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Decision	number	2:	classification	of	the	carious	status	based	upon	the	International	Caries	
Detection	and	Assessment	System	(ICDAS)*	

Code	 						Description	
0 Sound	tooth	surface	
1 First	visual	change	in	enamel	
2 Distinct	visual	change	in	enamel	
3 Localized	enamel	breakdown	because	of	caries	with	no	visible	dentin	or	underlying	

shadow	
4 Underlying	dark	shadow	from	dentin	with	or	without	localized	enamel	breakdown	
5 Distinct	cavity	with	visible	dentin	
6 Extensive	distinct	cavity	with	visible	dentin	

Table	1.9	(ICDAS):	Criteria	used	in	the	ICDAS	visual	caries	scoring	system,	www.ICDAS.org.	

	

	

	

	

1.3.3	Radiography	
In	1895	Wilhelm	Conrad	Roentgen	discovered	the	x-rays.	After	the	introduction	of	

bitewing	radiography	in	1925	by	Raper	this	has	become	the	most	commonly	used	

radiographic	technique	for	caries	detection	[Fejerskov	and	Kidd,	2003].	Approximal	

lesions	can	be	difficult	to	detect	clinically	and	the	bitewing	radiographs	can	show	

ICDAS	II	
Lay	Terms	 Dental	Terms	 Letter	

Code	
Number	Code	

Sound	 Sound	 S	 0	
Early	stage	
decay	

First	visual	change	in	enamel	 V	 1	

Early	stage	
decay	

Distinct	visual	change	in	enamel	 E	 2	

Established	
decay	

Localized	enamel	breakdown	 L	 3	

Established	
decay	

Non-cavitated	surface	with	dentin	shadow	 N	 4	

Severe	decay	 Distinct	cavity	with	visible	dentin	 C	 5	
Severe	decay	 Extensive	cavity	with	visible	dentin	 X	 6	

Table	1.10	(ICDAS):	ICDAS	II	codes	derived	from	the	Baltimore	2005	ICDAS	II	Decision	Table.	
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mineral	changes	affecting	these	tooth	surfaces	but	the	technique	has	its	limitations.		

The	risks	of	exposing	a	person	to	ionizing	radiation	should	be	balanced	against	the	

potential	clinical	benefits	of	bitewing	examination	[Fejerskov	and	Kidd,	2003].	The	

importance	of	detecting	small	lesions	which	can	be	managed	preventively	rather	than	

operatively	is	high,	though	research	evidence	suggests	that	balancing	the	need	for	

bitewings	should	be	weighed	with	the	ethical	issues	[Kidd	and	Pitts,	1990]	especially	in	

children	who	are	more	sensitive	to	the	damaging	effects	of	X-ray	than	adults	[Fejerskov	

and	Kidd,	2003].	

Douglass	et	al.	showed	the	differences	and	comparisons	in	sensitivity	and	specificity	for	

dental	radiographs.	Their	findings	showed	that	the	sensitivities	of	various	radiographs	

(peri-apical,	panoramic	and	posterior	bitewings	radiographs)	to	detect	dental	caries	

were	lower	than	expected.	Panoramic	radiographs	are	less	sensitive	for	caries	diagnosis	

than	bitewings	and	peri-apical	radiographs,	and	overall	the	proportion	of	false-negative	

and	false-positive	readings	from	the	radiographs	was	substantial	[Douglass	et	al.,	

1986].	When	the	diagnostic	accuracy	of	digital	systems	with	dental	films	was	compared	

they	found	that	the	two	were	comparable.	Four	general	practitioners	and	four	

radiologists	undertook	tests.	Lesion	depth	significantly	affected	the	observer	

performance,	and	caries	depth	tended	to	be	underestimated.	However,	the	group	of	

radiologists	performed	significantly	better	than	the	group	of	general	practitioners	

whatever	the	recording	system.	This	made	them	conclude	that	the	ability	of	dentists	to	

recognize	caries	correctly	is	the	main	factor	that	accounts	for	variation	in	radiographic	

diagnosis	[Syriopoulos	et	al.,	2000].			
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It	has	been	proposed	that	bitewing	radiography	are	essential	for	approximal	dental	

caries	diagnosis	[Kidd	and	Pitts,	1990].	Overall,	evidence	suggests	that	radiographic	

methods	have	a	higher	degree	of	specificity	than	sensitivity	therefore	false-negative	

diagnoses	are	proportionally	more	likely	to	occur	in	the	presence	of	the	disease	than	

are	false-positive	diagnoses	in	the	absence	of	the	disease.	False-negatives	result	in	

further	progression	of	the	lesion	and	potential	further	loss	of	tooth	tissue	[Dove,	2001].	

However,	Baelum	concluded	that	bitewing	radiographs	can	lead	to	considerable	

overtreatment	and	suggests	changes	in	diagnostic	practices	[Baelum,	2010].	The	

usefulness	of	bitewing	radiographs	in	aiding	occlusal	caries	diagnosis	has	been	

debated;	especially	in	populations	with	high	caries	prevalence	and	many	studies	have	

found	little	value	in	using	bitewing	radiographs	for	occlusal	caries	diagnosis	in	these	

situations	[Hopcraft	and	Morgan,	2005;	King	and	Shaw,	1979].		

1.3.4	Electrical	Methods	of	Caries	Detection	

1.3.4.1	Electronic	Caries	Monitor	
Electronic	Caries	Monitor	(ECM)	is	a	caries	detection	system	based	on	an	electrical	

current	measurement.	The	electrical	signature	of	tooth	tissue	is	measured	by	using	a	

probe	that	passes	a	current	through	to	a	contra-electrode,	usually	a	metal	bar	held	by	

the	patient’s	hand.	When	a	tooth	is	affected	by	dental	caries	and	demineralises,	the	

resulting	mineral	loss	leads	to	increased	porosity	of	the	tooth	structure.	The	porosity	in	

tooth	tissue	fills	with	fluid	from	the	oral	cavity	and	consists	of	many	ions.	This	fluid	

inside	the	tooth	tissue	is	the	substrate	through	which	the	single	fixed-frequency	

alternating	current	attempts	to	measure	a	resistance.	Electrical	conductivity	increases	
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by	the	increase	of	ionic	content	and	decreased	electrical	resistance	is	created	by	

increased	porosity	[Longbottom	and	Huysmans,	2004].	These	changes	can	be	

quantified	and	used	as	a	measure	of	mineral	loss	in	enamel.	

1.3.4.2	AC	impedance	spectroscopy	
Electrical	impedance	spectroscopy	involves	measurements	of	electrical	currents	that	

cause	an	impedance,	resistance	and	conductance,	over	a	wide	range	of	frequencies	and	

can	provide	more	detailed	information	about	the	electrical	characteristics	of	teeth	

[Longbottom	et	al.,	1996].	This	information	can	be	used	to	further	study	dental	enamel	

[Scholberg	et	al.,	1984]	and	dentine	[Levinkind	et	al.,	1992].	Caries	diagnosis	by	

electrical	measurements	is	based	on	the	high	electrical	resistance	of	hydroxyapatite.	

When	demineralisation	occurs	this	resistance	is	reduced	since	more	fluids	fill	the	size	of	

the	increased	pores	in	tooth	tissue.	If	there	is	an	actual	cavity,	the	fluids	inside	dentine	

tubules	show	a	relatively	lower	resistance	than	a	sound	tooth.	

1.3.5	Transillumination	

1.3.5.1	Fibre	Optic	Transillumination	
Fibre	Optic	Transillumination	(FOTI)	has	been	designed	for	the	detection	of	proximal	

caries	lesions	[Friedman	and	Marcus,	1970;	Mitropoulos,	1985;	Vaarkamp	et	al.,	2000].	

FOTI	uses	a	visible	light	to	illuminate	tooth	tissue.	The	optical	fibre	emanating	from	a	

light	source	is	placed	on	a	particular	aspect	of	a	tooth	surface	and	the	light	is	delivered	

through	the	tooth	tissue	to	a	non-illuminated	surface	of	the	tooth	[Schneiderman	et	al.,	

1997].	Typically	light	is	passed	from	the	cheek	side	of	the	tooth	through	the	contact	

surface	and	then	visualised	from	the	palatal,	lingual	or	occlusal	side	of	the	tooth	
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[Higham	et	al.,	2009].	The	differences	in	light	scattering	between	sound	and	decayed	

tissue	are	measured	and	used	for	caries	diagnosis.	Enamel	lesions	appear	grey	and	

opaque	in	contrast	to	the	normal	translucency	of	sound	enamel	by	the	illumination	

[Cortes	et	al.,	2003].	This	phenomenon	is	caused	by	the	lower	index	of	light	

transmission	through	decayed	tooth	material	rather	than	a	sound	tooth	structure	

[Angmar-Mansson	and	Ten	Bosch,	1993].	

1.3.5.2	Digital	Imaging	Fibre-Optic	Transillumination	
Digital	Imaging	Fibre-Optic	TransIllumination	(DIFOTI)	uses	images	of	teeth.	These	are	

created	by	illuminating	tooth	tissue	through	visible	light	and	acquired	with	a	digital	CCD	

intra	oral	camera.	After	the	images	are	taken	the	data	is	sent	to	a	computer	and	further	

analysed.	Earlier	studies	on	FOTI	have	produced	mixed	conclusions	regarding	variation	

between	different	observers	since	diagnosis	was	performed	through	the	human	eye.	

DIFOTI	has	been	developed	in	order	to	overcome	such	problems	[Higham	et	al.,	2009;	

Schneiderman	et	al.,	1997].	

1.3.6	Fluorescence	Techniques	

1.3.6.1	DIAGNOdent	
The	DIAGNOdent	(KaVo,	Biberach,	Germany)	is	a	diagnostic	tool	that	produces	an	

excitation	wavelength	of	655nm	[Hibst	and	Gall,	1998]	which	produces	red	light.	This	

red	light	is	transmitted	through	two	optional	probes	to	be	connected	to	the	

DIAGNOdent(pen).	One	probe	is	used	for	occlusal	fissures	and	smooth	surfaces	and	one	

probe	is	used	for	proximal	areas.	The	tip	of	the	DIAGNOdent	both	emits	the	excitation	

light	and	collects	the	resultant	fluorescence.	A	special	calibration	device	is	supplied	
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with	the	system	to	calibrate	each	probe	before	use.	The	device	is	individually	adjusted	

to	each	patient	by	placing	the	proximal	probe	against	a	healthy	site	of	a	tooth	by	

switching	the	ring	on	the	tip.	It	is	possible	to	determine	the	individual	level	of	

fluorescence	for	each	patient	by	this	way.	After	cleaning	and	drying	teeth,	the	

DIAGNOdent	is	placed	at	a	surface	to	be	measured.	The	display	shows	two	values,	a	

‘moment’	value	that	shows	the	current	value	and	a	‘peak’	value,	which	shows	the	

maximum	value	since	the	ring	switch	was	pressed.	The	values	are	explained	by	KaVo	by	

possible	Diagnosis	and	Therapy	(see	Table	1.11	and	1.12).	

Fissure	Caries	and	Smooth	Surface	Caries	
DIAGNOdent	pen	values	 Diagnosis	-	Therapy	
0	to	12	 - Normal	prophylaxis	(such	as	fluoride	toothpaste)	
13	to	24	 - Intensive	prophylaxis	(such	as	fluoridation)	

Ø 25	 - Minimally	invasive	restorative	procedures	
- Filling	materials	and	intensive	prophylaxis		
- Classic	restoration	for	large	lesions	depending	on	the	risk	and	

findings.	
Table	1.11	(DIAGNOdent):	Fissure	Caries	and	Smooth	Surface	Caries	Values	derived	from	the	DIAGNOdent		pen	
2190	user	manual,	KaVo,	Biberach,	Germany.	

Proximal	Caries	
DIAGNOdent	pen	values	 Diagnosis	-	Therapy	
0	to	7	 - Normal	prophylaxis	(such	as	fluoride	toothpaste)	
8	to	15	 - Intensive	prophylaxis	(such	as	fluoridation)	

Ø 16	 - Minimally	intensive	restorative	procedures.	
- Composite	filling	materials	and	intensive	prophylaxis.	
- Classic	restoration	for	large	lesions	depending	on	the	risk	and	

findings.	
Table	1.12	(DIAGNOdent):	Proximal	Caries	Values	for	DIAGNOdent	Derived	from	the	DIAGNOdent	pen	2190	user	
manual,	KaVo,	Biberach,	Germany.	

	

The	DIAGNOdent	system	is	thought	to	measure	a	degree	of	bacterial	activity	from	

bacterial	porphyrins	since	research	showed	fluorescence	on	grown	bacterial	colonies	

from	caries	swabs	[Hibst	and	Paulus,	1999].		
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1.3.6.2	Quantitative	Light-induced	Fluorescence	
Chapter	1.5	Quantitative	Light-induced	Fluorescence	(QLF)	focuses	on	the	introduction,	

background,	theory	and	technique	and	in	vivo	use	of	two	different	QLF	devices.	

1.4	Caries	Management	
In	the	Netherlands	there	is	a	National	organisation	called	the	Ivory	cross.	It	has	

approximately	3.000	members	comprising	of	dentists	and	hygienists	and	shares	

information	regarding	prevention	and	education.		

1.4.1	Basic	Advice	on	Caries	Prevention	by	the	Dutch	National	Association	for	
Prevention	in	Dental	Care	(Ivory	Cross)	
In	the	Netherlands	the	advice	regarding	dental	prevention	produced	by	the	Ivory	Cross	

organisation	is	endorsed	by	the	Dutch	Ministries	of	Health	(RIVM),	Dental	Associations	

(NMT),	the	Association	of	Dental	Hygienists	(NVM),	the	Association	of	Community	

Health	Services	(GGD),	the	National	Institute	for	Health	Promotion	(NIGZ),	dental	

professionals	as	well	as	being	introduced	for	parents	and	children.		

The	Advice	in	Caries	Prevention	2011	[Amerongen	et	al.,	2011]	comprises	three	basic	

advice	areas	regarding:	Dental	Hygiene,	Fluoride	and	Nutrition	and	a	complementary	

advice	especially	relating	to	caries	activity.	The	Advisory	Board	of	Prevention	in	Oral-	

and	Tooth	diseases	of	the	Ivory	Cross	has	formulated	the	following	advice:		

The	Basic	Fluoride	Advice	gives	health	workers	insight	into	different	preventive	

methods	and	materials	for	the	prevention	of	dental	caries	and	also	gives	additional	

advice	on	how	to	engage	parents	and	children	in	preventive	dentistry.	More	general	

information	about	the	history	of	fluoride	use,	effects	of	fluoride	on	the	teeth	and	the	

consequences	of	too	much	consumed	fluoride	and	what	to	do	in	case	of	acute	
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intoxication	are	mentioned.	In	addition	advice	regarding	fluoride	and	fluorosis	are	

reported.		

The	Advisory	Board	of	the	Ivory	Cross	used	information	available	at	national	and	

international	level	from	extended	research	and	studies	to	complete	the	Advice	in	Caries	

Prevention	document	[Guha-Chowdhury	et	al.,	1996;	Hänsel	Petersson	et	al.,	2004;	

Kalsbeek	et	al.,	1990a;	Kalsbeek	et	al.,	1992a;	Kalsbeek	et	al.,	1992b;	Kalsbeek	et	al.,	

1990b;	König	et	al.,	1994;	Loveren	et	al.,	1996;	Loveren	and	Weijden,	2000;	Murray	et	

al.,	1991;	Pendrys	et	al.,	1994;	Verrips	et	al.,	1993].	

1.4.2	Prevention	&	Control	

1.4.2.1	Fluoride	
The	Ivory	Cross	considers	fluoride	as	the	most	important	agent	in	the	prevention	of	

dental	caries.	As	soon	as	children	start	teething	it	has	been	advised	to	start	using	

fluoride	toothpaste	once	a	day,	at	fluoride	concentrations	of	500-750ppm	fluoride.		

Starting	from	the	child’s	second	birthday	this	daily	brushing	should	be	increased	to	

twice	daily	and	at	5	years	old,	a	toothpaste	containing	between	1.000-1.500	ppm	

fluoride	is	advised.		

The	dental	hygienist	or	dentist	mainly	delivers	the	complementary	fluoride	advice	

individually	to	patients.		This	advice	varies	depending	on	the	specific	needs	of	each	

patient.	In	the	case	of	young	children	other	forms	of	fluoride	application	can	be	

advised,	for	example	if	individuals	are	unable	to	brush	or	have	mobility	impairments	

and/or	learning	disabilities.		In	some	cases	the	advised	fluoridation	frequency	a	day	can	

increased	up	to	four	times	a	day	by	using	an	additional	0,02%	F	(225	ppm	F	=	0,05%	
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NaF)	fluoride	rinse.	In	specific	cases	a	dentist	can	prescribe	a	weekly	0,09-0,1%	fluoride	

rinse	(900-1.000	ppm	F	=	0,2%	NaF)	or	a	weekly	1,25%	fluoride	gel.	Also	early	switching	

to	a	higher	dose	of	fluoride	toothpaste	in	case	of	toddlers	who	do	not	allow	their	teeth	

to	be	brushed	for	two	times	a	day	could	be	a	reason	to	use	the	complementary	fluoride	

advice	[Amerongen	et	al.,	2011].		

The	basic	and	complementary	advice	on	fluoride	use	has	been	summarised	as	shown	

below	(Table	1.13	and	1.14).	

Basic	Fluoride	Advice	
	 *ppm	Fluoride	 Advice	
Age	0-1	 500-750	 Brush	once	a	day	from	first	

eruption	of	tooth	
Age	2,	3	and	4	 500-750	 Brush	twice	a	day	with	a	fluoride	

children’s	toothpaste	
Age	5	and	up	 1000-1500	 Brush	twice	a	day	with	a	fluoride	

toothpaste	for	children	or	adults	
All	ages	 For	all	other	forms	of	fluoride	use,	ask	your	dentist	or	dental	

hygienist	
Table	1.13	(Fluoride):	Basic	Fluoride	Advice	derived	from	the	Ivory	Cross	Advice	on	Caries	Prevention,	2011	

Complementary	Fluoride	Advice	
Other	application	methods	

- Apply	fluoride	toothpaste	with	finger	on	teeth	
- Combine	brushing	with	rinsing	with	fluoride	rinse	

Extra	fluoride	measurements	
- Stronger	concentrated	fluoride	toothpaste	
- Enhance	fluoride	frequency	(max.	4	times	a	day)	

For	example	by:		
-	Extra	brushing*);	
-	Rinsing	with	fluoride	rinse	

- Professional	fluoride	applications	
*)	Extra	tooth	brushing	risks	damaged	gums	and	teeth.	
Table	1.14	(Fluoride):	Complementary	Fluoride	Advice	derived	from	the	Ivory	Cross	Advice	on	Caries	Prevention,	
2011	
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1.4.2.2	Diet	
The	Ivory	Cross	Basic	Diet	Advice	describes	a	maximum	of	seven	meals	and/or	drinks	

per	day.	This	diet	includes	the	three	principal	meals	and	up	to	four	snacks	per	day.		The	

Dutch	diet	advice	given	by	the	Ivory	Cross	deviates	from	the	UK	Department	of	Health	

guidelines.	Their	advice	reports	3	meals	and	only	1	snack	per	day.	After	a	meal	or	drink	

has	been	finished	it	has	been	advised	not	to	use	any	form	of	nutrition	for	at	least	two	

hours.	No	eating	or	drinking	acidic	products	one	hour	prior	to	brushing	is	also	advised.		

No	eating	or	drinking	should	be	used	in	bed,	especially	feeding	bottles,	unless	they	are	

filled	with	nothing	but	water.		Non-sparkling	mineral	water,	coffee-,	tea	without	sugar	

and	milk	are	not	thought	to	be	cariogenic.	This	is	also	the	case	for	products	that	are	

completely	sweetened	with	sugar	substitutes	such	as	xylitol,	sorbitol,	mannitol,	

maltitol,	sucralose,	aspartame	and	cyclamate.	Products	that	mention	“unsweetened”	

or	“without	additional	sugars”	often	contain	natural	sugars	[Amerongen	et	al.,	2011].			

Another	natural	sweetener	with	high	anti-cariogenic	potential	called	Stevia	can	be	used	

as	a	substitute	for	the	use	of	sugar.	Stevioside	is	considered	a	safe	natural	sweetener	

extracted	from	the	leaves	of	the	plant	Stevia	rebaudiana	Bertoni	[Geuns,	2003]	which	is	

harvested	in	the	highlands	of	Paraguay	and	other	parts	of	South	America.	Stevia’s	

degree	of	sweetness	is	between	150	and	300	times	higher	than	that	of	sucrose	

[Matsukubo	and	Takazoe,	2006].	Stevioside	is	considered	to	be	non-cariogenic	[Das	et	

al.,	1992]	and	non-acidogenic	[Brambilla	et	al.,	2013].	
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Complementary	diet	advices	given	by	the	Ivory	Cross	advice	the	use	of	a	Diet	Journal	

which	is	kept	by	the	patient	to	further	reinforce	specific	eating	and	drinking	habits	

throughout	the	day.	This	can	then	be	compared	with	a	shortened	basic	and	

complementary	advice	that	has	been	developed	and	outlined	in	Table	15	and	16.	

Findings	can	then	be	used	to	motivate	individuals	to	combine	eating	and	drinking	

episodes	in	order	to	reduce	sugar	and	acidic	intake	frequency.	[Amerongen	et	al.,	

2011].	

Basic	Diet	Advice	
• Eat	or	drink	up	to	7	times	a	day	maximum.		

This	includes	3	principal	meals	(breakfast,	lunch,	supper)	and	4	snacks	a	day.	Rough-and-ready	
rule:	After	finishing	eating	or	drinking	no	more	consuming	for	at	least	2	hours.		

• Do	not	eat	or	drink	acidic	nutrition’s	at	least	1	hour	prior	to	brushing	teeth.	
• No	eating	or	drinking	after	the	last	brushing	and	no	eating	and	drinking	in	bed.	

Table	1.15	(Diet):	Basic	Diet	Advice	derived	from	the	Ivory	Cross	Advice	on	Caries	Prevention,	2011	

Complementary	Diet	Advice	
• Provide	individual	diet	advices,	if	necessary	by	using	a	diet	journal	kept	by	the	patient.	
• Consider	referring	to	a	dietician.	

Table	1.16	(Diet):	Summary	of	Complementary	Diet	Advice	derived	from	the	Ivory	Cross	Advice	on	Caries	
Prevention,	2011	
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1.4.2.3	Plaque	Control	and	Mechanical	Cleaning	

Dutch	scientist	Antoni	van	Leeuwenhoek	was	the	first	to	describe	the	presence	of	

bacteria	in	dental	plaque	during	the	17th	century.	By	looking	with	his	handmade	

microscope	at	specimens	of	dental	plaque	from	different	people	as	well	as	his	own	he	

reported	the	first	sightings	of	a	biofilm,	as	we	know	it.	On	September	17,	1683	he	

wrote	the	English	Royal	Society	in	London	about	his	observations	on	the	plaque	he	

found	between	his	own	teeth.	Especially	the	samples	from	an	older	man	who	had	

never	used	a	form	of	brushing	in	his	entire	life	showed	great	numbers	of	bacteria.	

Furthermore	he	described	the	use	of	salt,	the	use	of	toothpicks	and	mouth	rinse	as	part	

of	his	oral	hygiene	but	despite	these	measures	he	thought	he	saw	more	micro-

organisms	than	the	entire	population	of	the	Netherlands	[Dobell,	1960;	Leeuwenhoek,	

2008].		

The	relationship	between	bacteria	found	in	the	oral	cavity	and	disease	was	recognised	

almost	200	years	after	van	Leeuwenhoek	discovering’s	in	1876	[Koch,	1910].		

Bacteria	forming	plaques	on	both	sub	gingival	as	supra	gingival	tooth	surfaces	are	a	

primary	cause	of	gingivitis	and	periodontitis	[Loë	and	Silness,	1963].	

1.4.3	Sealants	
Pit	and	fissure	sealants	are	developed	in	the	1960s	as	preventive	procedures	for	dental	

caries	and	are	used	widely	in	public	dental	programs	[Bravo	et	al.,	2005].	Sealants	

applied	in	the	pits	and	fissures	of	occlusal	surfaces	of	permanent	molars	can	prevent	

caries	[Ahovuo-Saloranta	et	al.,	2008].	A	meta-analysis	examining	the	effectiveness	of	

sealants	in	preventing	caries	progression	found	that	non-cavitated	caries	in	permanent	
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teeth	could	be	sealed	and	be	effective	in	reducing	caries	progression	[Griffin	et	al.,	

2008].	Sealants	effectiveness	depends	on	the	level	of	caries	risk	within	a	population	

and	by	retention	of	the	sealant.	During	the	first	year	the	level	of	prevention	is	

considered	86%	but	after	the	fourth	year	this	is	only	57%	[Ahovuo-Saloranta	et	al.,	

2008].		In	a	study	where	fissure	sealants	(n=113)	were	compared	with	a	fluoride	varnish	

(n=129)	and	control	(n=129)	showed	4	years	of	follow	up	procedures	and	5	years	of	

discontinuation	results.	At	9	years	the	fissure	sealant	group	had	a	calculated	caries	

percentage	of	26.6%;	the	varnish	group	showed	55.8%	occlusal	caries	and	the	control	

group	76.6%.	This	implies	a	caries	reduction	percentage	of	65.4%	for	sealants	vs.	

control	and	27.3%	for	varnish	vs.	control	[Bravo	et	al.,	2005].		

The	basic	advice	on	Fissure	Caries	Prevention	by	the	Ivory	Cross	[Amerongen	et	al.,	

2012]	describes	practical	assistance	in	sealant	decision	making	for	the	dental	team.	The	

main	advice	given	is	to	be	conservative	with	applying	fissure	sealants	and	to	only	seal	

on	indication.	Two	main	factors	in	fissure	sealant	decision-making	are	the	urgency	of	

treatment	and	alternative	treatments	available.	Basic	principles	are:	

1. Caries	can	be	prevented.	

2. A	child’s	dental	healthcare	is	primarily	the	parents’	responsibility	and	cannot	be	

delegated	to	a	team	of	dental	professionals.	

3. The	advice	is	aimed	at	keeping	teeth	caries	free;	basic	advice	is	intended	for	

universal	application,	whereas	complementary	advice	is	applied	only	when	

there	is	an	indication	to	do	so.	
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The	basic	advice	is	formulated	after	critical	evaluation	of	scientific	literature	with	

quality	classification	of	the	available	research.	The	Advisory	Board	of	Prevention	of	

Mouth-	and	Tooth	diseases	had	given	the	following	recommendations:	

1. During	the	process	of	teething	extra	patient	instructions	regarding	cleaning	of	

occlusal	surfaces	is	desirable.	

2. Careful	diagnosis	of	occlusal	surfaces	should	be	noted	during	recurrent	check	

up’s.	Urgency	of	possible	treatment	can	be	determined	through	caries	initiation	

or	progression.	

3. A	dental	professional	should	be	reserved	in	treatment	choice	when	there	is	

found	uncertainty	about	lesion	activity	(urgency	low	to	medium).	

4. Complementary	preventive	measurements	such	as	sealants	are	indicated	when	

caries	progression	has	been	diagnosed.	

5. Small	cavities	restricted	to	the	enamel	surface	or	filtered	through	the	dentine	

can	be	indications	for	the	use	of	fissure	sealants,	depending	on	the	level	of	

caries	sensitivity	with	a	patient.	

6. A	composite	restoration	or	fissure	sealant	can	be	applied	when	there	has	been	

found	cavitation	or	caries	filtering	through	dentine	surfaces.		

The	Ivory	Cross	does	realise	that	good	results	can	be	achieved	by	using	fissure	sealants	

but	are	also	giving	more	awareness	in	the	possible	misleading	signals	that	can	be	given	

to	parents.	The	assumption	that	teeth	do	not	need	(good)	care	anymore	now	they	are	

protected	often	occurs.		
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The	efficacy	of	a	fissure	sealant	is	related	to	the	overall	retention.	After	applying	the	

fissure	sealant	the	surface	should	be	thoroughly	checked	by	visual	and	tactile	

assessment	by	using	a	probe.	Careful	repairing	or	re-application	should	be	carried	out	

when	the	fissure	sealant	is	(partly)	lost	unless	there	is	no	longer	any	indication	for	re-

applying	a	new	sealant.		

Fissure	sealants	should	be	applied	if	signs	of	caries	activity	are	occurring	in	combination	

with	dental	caries	or	combined	with	a	high	caries	risk.	This	caries	risk	is	considered	the	

highest	after	eruption	because	of	immature	enamel	and	the	lack	of	effective	cleaning	

due	to	occlusal	surface	location	compared	with	the	deciduous	teeth.	

Epidemiology	in	the	Netherlands	also	shows	an	increase	in	fissure	caries	up	to	a	child’s	

17th	year.		That’s	why	it	is	advised	to	assess	the	possible	risk	of	developing	fissure	caries	

during	every	periodical	check-up.		When	assessing	caries	activity	the	external	changes	

which	may	appear	after	the	previously	conducted	check-up	are	considered	to	be	the	

most	helpful	means	of	reaching	a	diagnosis	so	far	[Amerongen	et	al.,	2012].	Ivory	Cross	

recommendations	can	be	found	below	in	table	1.17.	

Ivory	Cross	Recommendations	for	Fissure	Sealants	
• Complementary	instructions	about	cleaning	occlusal	surfaces	is	desired	during	teething.	
• Careful	diagnosis	of	occlusal	surfaces	during	periodical	check-up	should	be	documented	to	

determine	the	possible	caries	progression	and	treatment	urgency	decision	making.	
• Whenever	there	is	uncertainty	regarding	the	level	of	caries	lesion	activity	the	dental	

professional	should	be	reluctant	in	treatment	choice.	
• Complementary	preventive	measurements	are	indicated	when	caries	progression	is	

determined.	The	use	of	fissure	sealants	should	be	considered.	
• Depending	on	the	caries	sensitivity	of	a	patient,	small	cavitations	restricted	to	the	enamel	or	

filtering	through	the	dentine	can	be	an	indication	for	fissure	sealants.	
• A	composite	restoration	or	fissure	sealant	can	be	applied	when	there	has	been	found	

cavitation	or	caries	filtering	through	dentine	surfaces.		
Table	1.17	(Sealants):	Ivory	Cross	recommendations	for	Fissure	Sealants,	2012	
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1.5	Standard	Practicing	Procedures	at	JTV-ST	Tilburg-North	

1.5.1	Introduction	
Youth	Dental	Care	Centre	‘Jeugdtandverzorging’	(JTV)	Tilburg	and	Cooperative	Dentists,	

‘Samenwerkende	Tandartsen’	(ST)	Tilburg-North	form	one	large	dental	practice	located	

together	under	one	roof	 in	the	city	of	Tilburg,	the	Netherlands.	 	Tilburg	 is	a	 large	city	

located	 in	 the	 southern	 part	 of	 the	 Netherlands	 (Figure	 1.4)	 with	 approximately	

200.000	inhabitants	(Table	1.18).		

	

Figure	1.4	Map	of	the	Netherlands	with	the	city	of	Tilburg	shown	inside	the	blue	circle,	derived	from	www.world-
geographics.com.	
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The	 northern	 part	 of	 the	 city	 (Figure	 1.5)	 comprises	 of	 approximately	 23.000	

inhabitants	with	a	 large	variety	of	ethnicities	 [GBA-Tilburg,	2009].	An	average	of	30%	

non-western	foreigners	are	 living	 in	the	northern	part	of	Tilburg,	creating	the	highest	

measured	 Z-score	 on	 inhabiting	 non-western	 foreigners	 for	 the	 entire	 city	 of	 Tilburg	

(Table	1.18).	The	population	of	 the	dental	practice	 is	 very	mixed	 (Table	1.19),	mainly	

comprising	 of	 Dutch,	 Dutch	 Antilles,	 Turkish,	 Moroccan,	 Somali	 and	 European	

nationalities.	

	

Figure	 1.5	 (Standard	 Practicing	 Procedures):	 Map	 of	 the	 city	 of	 Tilburg,	 the	 Netherlands,	 derived	 from	
www.tilburg.nl		
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Both	dental	 offices	 are	 located	 together	 under	 one	 roof	 and	holding.	 It	 belongs	 to	 a	

dental	 organisation	with	multiple	dental	 practices	 throughout	 the	Netherlands,	 30	at	

the	time	of	thesis	writing	and	still	growing.	ST	was	founded	on	21st	of	August	2008.		

Earlier	the	clinic	existed	as	a	Youth	Dental	Care	Centre	alone	under	the	supervision	of	

former	owner	and	CEO,	Dr.	Peter	Crielaers.	However,	when	the	need	for	adult	dental	

care	 grew	 in	 Tilburg,	 a	 second	 dental	 clinic,	 aimed	 at	 adolescents	 and	 adults	 was	

founded	under	the	same	roof.		

The	 staff	 comprised	 of	 dentists,	 dental	 hygienists,	 perio-prophylactic	 assistants,	

prophylactic	assistants,	dental	nurses,	sterilisation	assistants,	a	bus	driver,	(telephone)	

receptionists	and	a	head-assistant.	

Dr.	Peter	Crielaers	(D.D.P.H.R.C.S.Eng.) who	received	his	PhD	at	the	State	University	of	

Utrecht,	the	Netherlands	in	1977	with	his	thesis	describing	a	social-dental	investigation	

into	the	aetiology	of	oral	diseases,	showed	great	enthusiasm	in	implementing	QLF	into	

his	dental	clinic	in	2004.	

Samenwerkende	 Tandartsen	 was	 founded	 in	 2005	 and	 comprises	 of	 multiple	 dental	

practices	throughout	the	Netherlands	nowadays.	The	Youth	Dental	Care	being	the	first	

dental	office	to	be	added	to	the	list	of	dental	offices	owned	by	ST,	which	at	the	time	of	

thesis	writing	comprised	of	28	dental	offices	in	total.	
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Population	City	of	Tilburg,	2009-2013	City	Districts	
		 		 		

		 City	
Centre	

Old-
South	

Old-
North	 West	 North	 East	 South	 Berkel-

Enschot	 Reeshof	 Udenhout	

population	
total	

2009	 6.073	 38.113	 31.315	 29.029	 22.965	 779	 15.257	 10.629	 40.959	 8.367	

2010	 6.202	 38.362	 31.562	 29.265	 22.815	 778	 14.962	 10.612	 41.949	 8.356	

2011	 6.331	 38.659	 31.649	 29.611	 22.763	 770	 14.836	 10.575	 42.696	 8.344	

2012	 6.333	 38.755	 32.231	 30.007	 22.708	 771	 14.727	 10.662	 43.018	 8.367	

2013	 6.360	 39.153	 32.799	 30.114	 22.787	 764	 14.659	 10.658	 42.949	 8.294	

%	western	
foreigners	
M+V	

2009	 9,30%	 8,60%	 9,20%	 9,60%	 9,30%	 6,90%	 8,40%	 5,70%	 9%	 4,20%	

2010	 10,20%	 8,80%	 9,60%	 9,60%	 9,50%	 5,70%	 8,40%	 5,60%	 9,10%	 4,30%	

2011	 10,30%	 9%	 10%	 9,70%	 9,70%	 6%	 8,30%	 5,60%	 9,20%	 4,10%	

2012	 -	 -	 -	 -	 -	 -	 -	 -	 -	 -	

2013	 -	 -	 -	 -	 -	 -	 -	 -	 -	 -	

%	non-
western	
foreigners	
M+V	

2009	 5,80%	 11%	 13,10%	 23,60%	 30,50%	 2,30%	 12,80%	 1,90%	 7,80%	 2,50%	

2010	 5,90%	 11,20%	 13,20%	 24,60%	 30,90%	 2,80%	 12,40%	 2%	 8,10%	 2,80%	

2011	 6,30%	 11,30%	 13%	 25,30%	 31,40%	 1,90%	 12,50%	 2,10%	 8,40%	 2,90%	

2012	 -	 -	 -	 -	 -	 -	 -	 -	 -	 -	

2013	 -	 -	 -	 -	 -	 -	 -	 -	 -	 -	

	 	 	 	 	 	 	 	 	 	 	 	Z-scores	

	 	 	 	 	 	 	 	 	 	 						 very	low	

	 	 	 	 	 	 	 	 						 low	

	 	 	 	 	 	 	 	 	 						 average	

	 	 	 	 	 	 	 	 						 high	

	 	 	 	 	 	 	 	 	 						 very	high	
	

	 	 	 	 	 	 	 	 	Table	1.18	(Standard	Practicing	Procedures):	Population	city	of	Tilburg,	the	Netherlands,	with	Z-scores	showing	
the	highest	amount	of	inhabitants	in	the	Reeshof	district	and	the	highest	percentage	non-western	foreigners	for	
district	North.	Derived	from	www.tilburg-stadsmonitor.buurtmonitor.nl	
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Population	Tilburg	-	City	Area:	North	 	 	 	 	 	
		 2009	 2010	 2011	 2012	 2013	

Population	Total	[m+f]	 22.965	 22.815	 22.763	 22.708	 22.787	

Male	[m]	 11.211	 11.142	 11.109	 11.124	 11.139	

Female	[f]	 11.754	 11.673	 11.654	 11.854	 11.648	

%	Population	0-11	years	[per	100	inh]	 14,4%	 14,3%	 14,2%	 14,2%	 14,2%	

%	Population	12-18	years	[per	100	inh]	 8,6%	 8,7%	 8,6%	 8,7%	 8,6%	

%	Population	65	years	or	older	[per	100	
inh]	

16,0%	 16,6%	 17,5%	 18,3%	 19,1%	

Autochthone		[m+f]	 13.817	 13.586	 13.421	 -	 -	

%	Achthochthonal	[m+f]	 60,2%	 59,5%	 59%	 -	 -	

Western	Foreigners	[m+f]	 2.139	 2.176	 2.198	 -	 -	

%	Western	Foreigners	[m+f]	 9,3%	 9,5%	 9,7%	 -	 -	

Non-Western	Foreigners	[m+f]	 7.009	 7.053	 7.143	 -	 -	

%	Non-Western	Foreigners	[m+f]	 30,5%	 30,9%	 31,4%	 -	 -	

Autochthone	[m]	 6.716	 6.622	 6.556	 -	 -	

Autochthone	[f]	 7.101	 6.964	 6.865	 -	 -	

Western	Foreigners	[m]	 1.007	 1.007	 1.041	 -	 -	

Western	Foreigners	[f]	 1.132	 1.169	 1.157	 -	 -	

Non-Western	Foreigners	M	 3.488	 3.513	 3.511	 -	 -	

Non-Western	Foreigners	F	 3.521	 3.540	 3.631	 -	 -	

	 	 	 	 	 	

Z-scores	 	 	 	 	 	

	 very	low	 	 	 	 	 	

	 low	 	 	 	 	 	

	 average	 	 	 	 	 	

	 high	 	 	 	 	 	

	 very	high	 	 	 	 	 	
Table	1.19	(Standard	Practicing	Procedures):	Population	of	the	city	of	Tilburg,	the	Netherlands,	 	 	
showing	population	data	from	the	last	five	years.	Derived	from	www.tilburg-stadsmonitor.buurtmonitor.nl	
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1.5.2	History	of	Youth	Dental	Care	Centre’s	(JTV)	in	the	Netherlands	
One	of	the	first	to	describe	the	need	for	school	dentists	and	providing	dental	treatment	

for	children	at	young	ages	was	Carl	H.	Witthaus	(1868-1950)	who	said	that	“systematic	

dental	care	of	the	teeth	of	little	children	is	the	foundation	and	only	basis	for	universal	

dental	health”	and	“the	school	dental	service,	notwithstanding	the	difficult	times,	has	

been	extended	and	secured	and	does	splendid	work”	[Witthaus,	1935].	

As	 founder	 of	 the	 ‘Rotterdamsche	 Tandheelkundige	 Vereeniging’	 (City	 of	 Rotterdam	

Dental	 Association,	 the	Netherlands)	 he	 opened	 several	 clinics	 for	 the	 poor	 and	was	

convinced	of	 the	great	 importance	of	preventive	dentistry.	He	was	one	of	 the	 first	 in	

the	 Netherlands	 who	 campaigned	 for	 a	 Youth	 Dental	 Care	 organisation.	 In	 1903	 he	

argued	that	priority	should	be	given	to	the	youth	‘to	let	them	receive	dental	check-ups	

every	six	months’,	and	that	schools	should	be	employing	dentists	[den	Dekker,	2008].	

Another	 publication	 from	 the	 ’30	 of	 last	 century	 by	 the	 Ivory	 Cross,	 the	 Dutch	

Association	 of	Mouth-	 and	 Tooth	Hygiene,	 described	 school	 dental	 care	 as	 “the	 only	

remedy	to	avoid	dentures	in	future	generations”	[Backer	Dirks,	1937].				

The	Dutch	Organised	Youth	Dental	Care	was	founded	in	1926	because	of	the	need	for	

professional	 dental	 care	 when	 insufficient	 numbers	 of	 dentists	 were	 present	 in	 the	

Netherlands.	 Initially	 this	 form	of	organised	dental	 care	was	 intended	 for	elementary	

school	based	children,	but	during	the	1970s	the	target	group	was	extended	to	groups	

of	include	children	aged	between	2	and	a	half	and	18	years	of	age.	However,	during	the	

1980s	 there	 became	 a	 surplus	 of	 dentists	 throughout	 the	 Netherlands	 and	 the	

Government	 closed	 down	 58	 of	 the	 69	 foundation-organised	 Youth	 Dental	 Care	
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services.	 Together	with	 this	 decision	 the	Dutch	Association	of	 Social	Dentistry,	which	

covered	as	an	umbrella	organisation	 for	 the	Youth	Dental	Care	services	 (Nederlandse	

Vereniging	voor	Sociale	Tandheelkunde),	was	also	terminated.	

Eleven	services	acknowledged	by	the	Government	as	Youth	Dental	Care	Centres	from	

mainly	 larger	 cities	 were	 privatised,	 namely	 Amsterdam,	 Rotterdam,	 The	 Hague,	

Utrecht,	Den	Bosch,	Enschede	and	Tilburg.	

The	 organised	 Youth	 Dental	 Care	 is	 mainly	 aiming	 on	 groups	 in	 society	 that	 cannot	

prioritise	dental	visits	because	of	financial	and	cultural	circumstances	or	because	of	the	

lack	of	independence	in	order	to	visit	a	dentist.	Dental	care	is	distributed	towards	these	

groups	by	using	mobile	treatment	offices	and/or	transporting	patients	to	one	of	these	

dental	clinics	instead.	

1.5.3	General	Treatment	Procedures		
The	dental	clinic	offers	dental	 treatment	to	patients	of	all	ages.	Patients	who	are	not	

subscribed	to	another	dental	clinic	can	subscribe	at	JTV	or	ST.	Primary	school	children	

aged	 between	 4	 and	 13	 years	 old	 can	 use	 facilities	 of	 the	 Youth	 Dental	 Care	 (JTV)	

Centre’s	provided.	A	JTV	bus	transport	facility	to	transport	children	from	school	to	the	

dental	 clinic	 is	 provided	 by	 the	 government	 through	 financial	 compensation	 by	

insurance	 companies.	 Local	 government	 offices	 provide	 personal	 information	 (name	

and	address)	for	each	child	that	reached	the	age	of	2.5	and	4	years	old	to	the	JTV.		

Parents	receive	a	letter	with	the	option	to	enroll	their	child	to	the	services	of	the	JTV	by	

mail.	If	a	parent	chose	to	subscribe,	they	filled	in	an	application	form	(appendices	1	and	

2)	 with	 a	 status	 of	 medical	 history	 (appendix	 2)	 and	 returned	 this	 to	 the	 JTV.	 After	
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processing	the	patients’	information,	parents	received	a	reminder	through	the	mail	to	

schedule	 the	 first	 appointment	with	 their	 child,	who	must	 be	 accompanied	 until	 the	

age	of	4.		

During	 each	 appointment	 the	 child	 receives	 a	 dental	 check-up,	 prophylaxis,	 oral	

hygiene	instruction,	fluoride	treatment	and	additional	caries	treatment	if	indicated.		

Parents	receive	a	written	report	by	mail	for	each	child	detailing	the	treatment	carried	

out.	 If	 children	 require	more	 extensive	 dental	 treatment,	 parents	 are	 contacted	 and	

asked	to	make	additional	appointments.	

Dentists	 and/or	 hygienists	 (new	 style)	 perform	 clinical	 assessments	 and	 caries	

treatment	 in	 the	 Netherlands.	 Hygienists	 who	 are	 trained	 additional	 for	 caries	

assessments	in	the	Netherlands	are	allowed	to	perform	invasive	treatments	for	primary	

teeth	and	permanent	first	molars.			

Prophylactic	dental	assistants	perform	oral	hygiene	instructions,	give	prophylaxis,	make	

radiographs,	 apply	 fissure	 sealants	 and	provide	 fluoride	 treatments	 after	 instructions	

from	 and	 under	 supervision	 of	 a	 dentist.	 Periodontal-prophylactic	 dental	 assistants	

perform	all	of	 the	 tasks	mentioned	above	 for	 the	prophylactic	dental	assistant,	along	

with	sub-gingival	prophylaxis	≤	5mm.	

1.5.4	QLF	Treatment	Procedures	
Trained	 prophylactic	 dental	 assistants	 or	 hygienists	 carried	 out	 QLF	 assessments.		

Dentists	could	fully	concentrate	on	more	invasive	dental	treatments.	

Dentists	 would	 start	 with	 clinical	 check-ups	 and	 if	 required,	 additional	 radiographs	

were	obtained	by	one	of	the	trained	dental	nurses.	If	no	urgent	dental	treatment	was	
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necessary	patients	received	oral	hygiene	instructions	by	means	of	disclosing	teeth	first	

and	afterwards	instructions	concerning	brushing.	Fluoride	applications	were	performed	

after	all	other	dental	treatment	had	been	carried	out.	If	during	clinical	check-up	and/or	

radiograph	 assessment	 any	 caries	 lesions	 were	 diagnosed	 patients	 received	

complementary	 caries	 lesion	 treatment.	 Because	 of	 the	 patient	 population	 standard	

applications	of	fissure	sealants	in	newly	erupted	first	molars	was	advised	by	the	dental	

professional.	In	the	Netherlands	all	children,	including	(political)	refugees,	up	to	the	age	

of	eighteen	receive	professional	dental	care	funded	by	the	Dutch	Government.	When	

patients	 reach	 maturity	 dental	 costs	 should	 be	 covered	 either	 by	 taking	 on	 an	

additional	 Dental	 Insurance	 Plan	 combined	 with	 the	 nationally	 obliged	 General	

Insurance	Plan	or	by	paying	for	dental	treatment	by	their	own	means.	

	

1.5.5	Cross-Infection	Control	

1.5.5.1	Disposables	
During	daily	dental	work	many	disposables	are	used	in	order	to	maintain	maximum	

cross-infection	control	[Mitchell	and	Mitchell,	2009].	During	clinical	check-ups	each	visit	

was	prepared	with	disposables	as	headrest	paper	(Yellow	Point,	Polo	MB,	Oisterwijk,	

the	Netherlands),	aspirator	tips	for	air	drying	teeth	(Pierre	Rolland	Riskontrol	Aspirator	

Tips,	Hofmeester	Dental	Rotterdam,	the	Netherlands)	and	plastic	protection	sleeves	

(Detrey	Disposa-Shield	Nr.5	Sleeves	for	handpiece,	Dentspley	De	Trey,	Hoorn,	the	

Netherlands)	around	all	hand	grip	points	on	the	dental	unit.	The	Inspektor	Pro	system	

uses	disposable	Ambient	Light	Shields	(Inspektor	Research	Systems	BV,	Amsterdam,	the	

Netherlands)	and	plastic	protection	sleeves	(Detrey	Disposa-Shield	Nr.5	Sleeves	for	
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handpiece,	Dentspley	De	Trey,	Hoorn,	the	Netherlands),	which	were	placed	around	the	

wires	of	the	intra-oral	camera	system	connected	to	the	Frame	grabber.	The	keypad	of	

the	QLF	PC	is	protected	by	a	custom	made	plastic	cover	(Inspektor	Research	Systems	

BV,	Amsterdam,	the	Netherlands)	and	was	cleaned	by	using	disinfection	wipes	(Dürr	

Infection	Wipes	FD-350,	Dürr	Dental,	Bietigheim-Bissingen,	Germany).	After	each	use	

all	waste	was	disposed	of.	Gloves		(Safeskin	Nitrile	Sterling,	Kimberly-Clark	B.V.,	Ede,	

the	Netherlands)	are	worn	routinely	and	were	changed	after	each	patient	and	before	

contacting	any	contaminated	or	clean	areas	in	between.	Facemasks	(Surgical	Tie-on	

Face	Masks,	Crosstex,	Lienden,	the	Netherlands)	were	worn	during	each	visit	and	

changed	after	each	patient	as	well.	

1.5.5.2	Alcohol	Disinfection		
All	other	non-disposable	surfaces	were	first	cleaned	with	a	detergent	spray	and	wiped	

with	disposable	hand	towels	(Kimberly-Clark	B.V.,	Ede,	the	Netherlands)	and	then	

disinfected	with	alcohol	spray	(Nedalco	Des-O	Disinfection-alcohol	80%,	Royal	Nedalco,	

Cargill,	Incorporated,	Minneapolis,	MN,	United	States)	and	again	wiped	with	disposable	

hand	towels	(Kimberly-Clark	B.V.,	Ede,	the	Netherlands).	

1.5.5.3	Thermal	Disinfection	
All	 used	 non-disposable	 instruments	 and	 materials	 were	 first	 cleaned	 by	 thermal	

disinfection	 (Miele	 G	 7881	 Dental	Washer	 Disinfector,	Miele	 Professional,	 Princeton,	

NJ,	USA)	at	93°C/200°F	with	a	holding	time	of	10	minutes	with	a	complete	cycle	time	of	

approximately	50	minutes.	
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1.5.5.4	Sterilisation	
After	a	thermal	disinfection	cycle,	all	non-disposable	clinical	instruments	were	sterilised	

by	autoclaving	at	max.	134°C/2	bar	for	45	min	in	a	B-Class	Process	autoclave	(Vacuclaf	

31B,	 Melag,	 Berlin,	 Germany).	 Any	 surgical	 instrument	 and	 periodontal	 scalers	 and	

curettes	 were	 sealed	 in	 self-sealing	 sterilisation	 pouches	 (Crosstex,	 Lienden,	 the	

Netherlands).	 A	 small	 printer	 attached	 to	 the	 autoclave	 logged	 each	 cycle	

automatically.		

1.5.5.5	Helix	Test	
A	 Helix	 Test	 (Figure	 1.6)	 (Interster,	 Wormerveer,	 the	 Netherlands)	 was	 performed	

during	every	sterilisation	cycle	for	3.5	minutes	at	134°C	and/or	15	min.	at	121°C.		

The	 Helix	 Test	 system	 was	 used	 to	 ensure	 maximum	 steam	 penetration	 in	 hollow	

instruments,	 or	 instruments	 with	 small	 lumina.	 The	 Helix	 strips	 (Figure	 1.7)	 are	 in	

compliance	with	EN-ISO	11140-1	 (class	6)	and	carry	article	number,	 lot	number,	 time	

and	 temperature.	 The	 Helix	 strips	 were	 placed	 in	 a	 logbook	 after	 each	 sterilisation	

cycle.		

	

Figure	1.6	(Sterilisation):	Helix	Test	(Interster,	Wormerveer,	the	Netherlands).	
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Figure	1.7	(Sterilisation):	Manual	test	strip	in	Helix	Test	(Interster,	Wormerveer,	the	Netherlands).	

1.5.5.6	Bowie	and	Dick	test	

Once	 every	 month	 a	 Bowie	 and	 Dick	 (Figure	 1.8)	 test	 (Interster,	 Wormerveer,	 the	

Netherlands)	 has	 been	 carried	 out	 to	 check	 if	 steam	 penetration	was	 sufficient.	 The	

indicator	sheet	of	this	test	guarantees	colour	change	from	a	light	blue	to	an	even	dark	

colour.	The	Test	Pack	complied	with	ISO	11140-1	(class	2+6)	and	ISO	11140-4.	After	a	

Bowie	and	Dick	 test	has	been	completed	the	 indicator	sheet	was	saved	 in	a	 logbook.	

The	Bowie	and	Dick	test	is	placed	inside	an	empty	autoclave	whilst	the	program	runs	as	

normal.	Afterwards	the	test	sheet	indicator	has	to	be	taken	out	and	checked	with	the	

test	requirements.		

	

Figure	1.8	(Sterilisation):	Bowie	and	Dick	Test	(Interster,	Wormerveer,	the	Netherlands)	
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1.6	Quantitative	Light-Induced	Fluorescence	(QLF)	

1.6.1	Introduction		
	
Oral	health	is	a	determinant	factor	for	quality	of	life	and	the	interrelationship	between	

oral	and	general	health	is	proven	by	evidence.	Dental	caries	and	periodontal	diseases	

have	historically	been	considered	the	most	important	global	oral	health	burdens	

although	a	significant	decrease	in	caries	prevalence	has	occurred;	there	still	remain	

many	problems	in	underprivileged	groups	of	nations	worldwide.	The	vast	majority	of	

adults	and	60-90%	of	school-aged	children	are	still	affected	by	dental	caries	[Petersen,	

2003;	Schulte	et	al.,	2008]	and	therefore	dental	caries	remains	one	of	the	most	

prevalent	diseases.	Early	detection	of	carious	lesions	is	integral	to	the	management	of	

dental	caries.		

However,	clinical	diagnosis	by	visual	examination	has	become	difficult	now	fluoride	

applications	are	used	by	dental	professionals	and	patients	through	fluoride	varnishes	

and	toothpastes	and	have	changed	the	behavior	of	the	carious	lesion	dramatically	

[Ferreira	Zandoná	and	Zero,	2006].	By	using	the	traditional	clinical	diagnosis	methods,	

only	20%	of	fissure	caries	under	intact	enamel	surfaces	is	correctly	recognised	as	such	

[Lussi	et	al.,	2001].		Unfortunately	caries	diagnosis	by	radiographs	and	visual	

examination	cannot	be	undertaken	in	very	early	stages	of	mineral	loss	and	therefore,	

no	options	for	quantitative	follow-up	data	can	be	processed.	

In	making	the	decision	whether	a	caries	lesion	is	absent	or	present,	subjective	signals	

such	as	color,	translucency	and	hardness,	using	an	(blunt)	explorer	and	radiographs	are	
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used	to	determine	the	extent	of	the	caries	process.	This	often	gives	high	specificity	and	

low	sensitivity	and	results	in	missing	a	large	number	of	caries	lesions	[Ferreira	Zandoná	

and	Zero,	2006].			

Visual	scoring	systems	such	as	the	International	Caries	Detection	and	Assessment	

System	(ICDASII)	have	been	developed	to	aid	the	diagnosis	of	the	relatively	high	level	of	

non-activated	caries	lesions	[Pitts,	2004a]	and	are	well	accepted	in	the	research	field,	

but	unfortunately	reports	of	widespread		acceptance	of	such	in	general	dental	practices	

is	lacking.	

Quantitative	Light-induced	Fluorescence	(QLF)	(Inspektor	Research	Systems	BV,	

Amsterdam,	the	Netherlands)	appears	to	have	great	potential	as	a	technique	that	is	

able	to	detect,	quantify	and	follow	up	early	caries	lesions	by	showing	even	slight	

changes	in	mineral	loss	and	gain	in	vitro	[de	Josselin	de	Jong	et	al.,	1995;	Stookey	et	al.,	

1999]	and	in	vivo	[Huysmans	and	Thomas,	2004].	QLF	is	designed	to	be	able	to	quantify	

mineral	changes	in	very	early	stages	of	caries	lesions	and	can	take	a	digital	image	which	

can	be	stored	on	a	pc	for	future	follow	up	measurements.	Dedicated	QLF	software	

(Inspektor	Research	Systems,	Amsterdam,	the	Netherlands)	is	used	to	quantify	the	

stages	of	early	caries.	

1.6.2	Background	
The	phenomenon	of	fluorescence	has	been	reported	for	different	species	and	human	

tissue	by	several	researchers	in	the	past	[Ashby,	1926;	Bommer,	1927;	Garrod,	1892;	

Hymans	Van	Den	Bergh,	1928].	As	long	as	a	100	years	ago	it	was	reported	that	the	
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teeth	of	rabbits	fluoresce	with	a	“somewhat	bluish	intense	white	light”	and	in	humans	

the	lens	of	the	eye	was	“the	strongest	fluorescing	organ,	although	the	teeth	were	

almost	equally	brilliant”,	making	this	report	the	first	trial	where	an	ultra-violet	(UV)	

light	source	was	used	to	look	at	fluorescing	teeth	[Stübel,	1911].	After	that	several	

researchers	documented	signs	of	fluorescing	teeth	in	the	late	1920’s.	Benedict	stated	

that	the	dentine	fluoresced	more	brilliantly	than	the	enamel	and	that	white	spots	did	

not	show	fluorescence	as	well	as	dentine	what	had	been	boiled	in	50%	sodium	

hydroxide.	This	made	him	conclude	that	it	might	have	been	the	organic	matter	which	

showed	fluorescence	[Benedict,	1928].	Further,	he	suggested	that	this	fluorescence	

might	be	a	useful	tool	to	diagnose	dental	caries	[Benedict,	1929].	

Research	conducted	in	the	1960’s	showed	that	the	presence	of	chromophores	in	

carious	dentine	might	act	as	a	filter	and	it	was	suggested	that	this	effect	was	

responsible	for	the	fluorescence	loss	observed	in	carious	dentine	lesions.	It	was	also	

suggested	that	the	“fluorescence	in	human	dentin	may	originate	from	inorganic	

complexes	with	some	organic	components”	[Armstrong,	1963;	Björkman	et	al.,	1991].	

The	introduction	of	Light-induced	Fluorescence	started	in	the	early	1980’s	and	the	

quantification	software	was	introduced	in	1995	[Bjelkhagen	and	Sundstrom,	1981;	

Bjelkhagen	et	al.,	1982;	de	Josselin	de	Jong	et	al.,	1995].	

In	1981	the	use	of	a	blue	argon-ion	laser	at	488	nm	used	with	a	barrier	filter	

transmitting	light	of	wavelengths	greater	than	540	nm	was	reported	to	look	at	the	

auto-fluorescence	of	enamel.	Incipient	carious	lesions	were	made	visible	as	dark	spots,	
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whilst	these	were	not	visible	under	normal	white-light	conditions.	It	was	reported	that	

the	fluorescence	technique	may	be	able	to	serve	as	“a	simple	and	convenient	tool”	for	

early	caries	detection	and	as	an	aid	for	monitoring	purposes	[Bjelkhagen	and	

Sundstrom,	1981].	Laser	light	was	thus	used	to	fluoresce	teeth	in	a	sensitive	and	

harmless	way	for	the	detection	of	demineralisation	and	dental	caries	[Alfano	and	Yao,	

1981;	Bjelkhagen	et	al.,	1982].		Later	it	was	reported	that	the illumination	wavelength	

at	488	nm	was	considered	the	most	suitable	wavelength	of	those	investigated,	

specifically	for	the	detection	of	initial	carious	lesions	[Sundstrom	et	al.,	1985].		

In	1987	it	was	found	that	there	was	an	indirect	relation	between	porosity	of	carious	

lesions	and	the	reflective	index.	After	enamel	demineralisation,	minerals	will	be	

replaced	mainly	by	water	causing	a	decrease	in	the	light	path	in	the	tooth	substance.	

This	would	result	in	the	reduction	of	light	absorption	by	the	enamel	[Angmar-Månsson	

and	Ten	Bosch,	1987].	Fluorescence	has	also	been	compared	with	longitudinal	

transverse	microradiography	(LMR)	for	the	assessment	of	mineral	changes	in	dental	

enamel.	The	results	of	which	indicated	that	the	fluorescence-based	method	had	a	

lower	discrimination	threshold	as	compared	with	LMR	[Hafström-Björkman	et	al.,	

1992].	Though,	the	fluorescence	technique	is	a	non-destructive	method	[Alfano	and	

Yao,	1981;	Bjelkhagen	et	al.,	1982;	Can	et	al.,	2008;	Elton	et	al.,	2009;	Hogan	et	al.,	

2011;	Meller	et	al.,	2012]	and	therefore	can	be	used	for	in	vivo	research,	whilst	LMR	is	

limited	to	in	vitro	use.	Also	false-positives	have	been	reported	with	fluorescence.	

Fluorosis	may	appear	as	dark	areas	or	dark	lines	on	a	bright	green	background.	Since	

the	visual	pattern	of	fluorosis	distinguishes	from	the	shape	and	location	of	a	caries	
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lesion,	this	false	positive	can	be	recognised	[Angmar-Månsson	et	al.,	1994].	Mineral	

loss	will	cause	a	lesion	to	appear	as	a	dark	spot.	However,	the	presence	of	stains	

enhances	this	effect	[Heinrich-Weltzien	et	al.,	2003a]	and	therefore	it	is	considered	

important	to	clean	teeth	surfaces	from	these	stains	prior	to	fluorescence	assessment.	

Observed	red	fluorescence	is	emitted	by	porphyrins	which	are	produced	by	the	

metabolism	of	dental	plaque	bacteria,	as	well	as	bacteria	found	in	calculus	and	carious	

lesions	[Heinrich-Weltzien	et	al.,	2003a].	In	1993	more	than	20	different	bacterial	

cultures,	which	can	be	found	in	dental	plaque	and	dental	caries	were	investigated	for	

fluorescence.	From	this	work	the	common	metabolic	precursor	protoporphyrin	IX	was	

identified	as	the	principal	putative	fluorescing	agent	[König	et	al.,	1998;	König	et	al.,	

1993].	However,	the	exact	nature	of	these	chromophores	is	still	as	yet	unknown.		

Observations	of	red	fluorescence	have	been	reported	for	dental	plaque,	calculus	and	

carious	lesions	[König	et	al.,	1998;	König	et	al.,	1993;	Lennon	et	al.,	2002;	van	der	Veen	

et	al.,	2006].	The	red	fluorescence	has	been	indicated	as	a	factor	that	gives	information	

about	possible	high	caries	risk	and	appearance	of	an	active	or	inactive	carious	lesion	

[Heinrich-Weltzien	et	al.,	2003a].	Another	study	on	fluorescing	bacteria	has	shown	

several	species	capable	of	producing	red	fluorescence;	Actinomyces	odontolyticus	and	

Prevotella	intermedia	showed	bright	red	fluorescence	[van	der	Veen	et	al.,	2006].	Here,	

only	anaerobic	bacteria	showed	red	fluorescence	and	most	of	the	common	caries	

pathogens	did	not	show	red	autofluorescence.	However,	when	different	species	such	

as	P.	ginigvalis	and	P.	micros	were	grown	in	close	proximity	to	each	other	they	did	
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fluoresce	red,	indicating	that	a	biofilm	of	bacteria	behaves	differently	with	deviating	

fluorescent	properties	than	bacteria	grown	as	single	species.	The	combined	results	

from	that	study	concluded	that	the	red	fluorescence	was	caused	by	a	mature	biofilm	

[van	der	Veen	et	al.,	2006].	In	some	cases	this	biofilm	can	be	removed	by	professional	

cleaning	but	it	might	be	that	the	activity	is	located	inside	the	tooth	enamel	or	dentine	

and	therefore	cannot	be	removed	by	prophylaxis	[Waller	et	al.,	2003].		

After	15	years	of	in	vitro	research	worldwide	QLF	became	available	for	the	general	

practitioner	in	2005	by	use	of	the	Inspektor	Pro	(Inspektor	Research	Systems	BV,	

Amsterdam,	the	Netherlands).	
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1.6.3	QLF	by	means	of	Inspektor	Pro	

1.6.3.1	Theory	and	Technique	
The	Inspektor	Pro	system	(IP)	consists	of	an	intra-oral	fluorescence	camera	with	

Ambient	Light	Shield	(ALS),	a	portable	trolley	with	a	PC,	PC	monitor,	Framegrabber	and	

QLF	software	Inspektor	Pro	2.0.0.39	(Inspektor	Research	Systems	BV,	Amsterdam,	the	

Netherlands)	integrated	(Figure	1.9).		

	

	

	

	

	

	

	

QLF	uses	a	non-invasive	blue-violet	light	for	illumination	of	the	oral	cavity,	transmitted	

at	a	wavelength	of	405	nm.	The	intraoral	camera	charge	coupled	device	(CCD)	camera	

lens	is	used	in	combination	with	a	low	cut-off	filter	at	λ>520nm	(Philips	BV,	Eindhoven,	

the	Netherlands)	and	only	detects	the	fluorescent	light	leaving	the	red	and	green	parts	

of	the	spectrum	[de	Josselin	de	Jong	et	al.,	1995].	The	frame	grabber	shows	the	live	

images	on	the	pc	monitor	and	stores	the	pictures	on	the	QLF	computer.		 	

	

Figure	1.9	Inspektor	Pro	system	with	courtesy	
of	Inspektor	Research	Systems,	Amsterdam,	
the	Netherlands	
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Inspektor™	Pro	

Dimensions	(w	x	d	x	h)	 641	x	596	x	946	mm.	

Weight	(total)	 40	kg.	

	

System	Box	

Dimensions	 400	x	340	x	81	mm.	

Weight	 7.5	kg.	

Length	of	light-guide	 2500	mm	(98.4	",	8.2	')	

	

Computer	

CPU	 Pentium®	IV	

Weight	(without	accessories)	 7.3	kg	(16.1	lbs)	

Software	

Microsoft	Windows	XP	Professional	SP2	

Inspektor™	Pro	Software	

Inspektor™	Pro	Installation	and	information	CD	

Inspektor™	Pro	Recovery	Disk	

Accessories	

Cherry	compact	keyboard	

Mouse	

15"	LCD	colour	monitor	

Footswitch	(2-pedals)	

	

Trolley	

Dimensions	(unfolded)	 641	x	596	x	946	mm	(25.2	x	23.5	x	37.2	")	

Weight	(total)	 20	kg	(44.1	lbs)	

Table	1.20	(QLF	by	means	of	Inspektor	Pro):	Specification	for	the	Inspektor	Pro	unit,	IRS,	Amsterdam,	the	
Netherlands.	
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The	blue-violet	light	excites	the	emission	of	green	and	red	fluorescence.	The	green	

fluorescence	is	the	natural	fluorescence	of	the	dental	hard	tissue	bone,	dentine	and	

enamel.	Healthy	tooth	tissue	emits	a	bright	green	fluorescence.	Damages	of	tooth	

tissue	such	as	decalcifications	or	white-spot	lesions	are	visible	as	dark	spots	caused	by	

so-called	fluorescence	loss	[Angmar-Mansson	and	ten	Bosch,	2001b].	

The	red	fluorescence	does	not	originate	from	the	tooth	tissue	itself,	but	is	emitted	from	

pophyrin-like	metabolic	products	from	bacteria	[König	et	al.,	1993]	that	is	observed	in	

matured	dental	plaque,	calculus	and	advanced	carious	lesions.	These	porphyrins	are	

produced	by	predominantly	strict	anaerobe	bacteria	[Coulthwaite	et	al.,	2006,	Lennon	

et	al.,	2006]	and	are	visible	with	QLF	as	orange	to	red	discoloration	in	the	images	of	the	

oral	cavity.		

With	the	intra-oral	camera	the	dentition	can	be	captured	and	analysed	for	green	

fluorescence	loss	and	presence	of	red	fluorescence.	When	the	blue	light	is	filtered	out	

an	image	and	only	green	and	red	channels	are	produced,	the	predominant	colour	of	

the	sound	enamel	is	green;	this	is	called	green	fluorescence	(GF)	[Ando	et	al.,	1997;	de	

Josselin	de	Jong	et	al.,	1995].	Green	fluorescence	is	an	intrinsic	property	of	hard	dental	

tissue	and	it	is	the	first	type	of	fluorescence	observed.	Any	white	spots	(WS)	lesions	

that	appear	are	visible	as	dark	areas.	Green	fluorescence	loss	is	an	indirect	measure	of	

mineral	loss	since	the	intensity	of	natural	fluorescence	of	a	tooth	is	decreased	by	the	

scattering	of	light	in	a	caries	lesion		[Angmar-Månsson	and	ten	Bosch,	2001].		
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The	red	fluorescence	is	an	indicator	of	the	presence	of	porphyrins	on	and	in	tooth	

tissue	and	is	an	indirect	measure	for	the	bacterial	activity.	White	spots	become	visible	

as	dark	spots	in	a	bright	green	fluorescing	background.	This	allows	the	detection	of	

decalcifications	approximately	10	times	earlier	than	with	conventional	visual	tactile	

inspection	and	x-ray	photographs	[Ferreira	Zandoná	et	al.,	1999].		

1.6.3.2	In	Vivo	use	of	QLF	and	Diagnostics	
In	vivo	use	of	QLF	has	been	reported	by	several	researchers	[Al-Khateeb	et	al.,	1998b;	

de	Josselin	de	Jong	et	al.,	1995;	Ferreira	Zandona	et	al.,	2000;	Tranaeus	et	al.,	2001a;	

Tranaeus	et	al.,	2002b].	De	Josselin	de	Jong	et	al.	have	investigated	the	in	vivo	use	of	a	

caries	and	remineralisation	model	for	measurement	of	mineral	changes	in	initial	

enamel	caries	development.	The	reconstruction	features	within	the	QLF	Software	

(Inspektor	Research	Systems	BV,	Amsterdam,	the	Netherlands)	enables	comparison	

between	the	actual	surface	with	possible	caries	lesions	and	an	identical	image	with	a	

sound	surface.	The	possibilities	to	quantitatively	monitor	changes	in	mineral	loss	over	

time	and	the	important	factor	of	reproducibility	have	been	pointed	out	as	valuable	[de	

Josselin	de	Jong	et	al.,	1995].		

It	has	been	reported	that	QLF	appears	to	be	a	valuable	tool	for	the	detection	and	

quantification	of	dental	caries	[Angmar-Mansson	and	Ten	Bosch,	2001a;	Tranaeus	et	

al.,	2001a].	Al-Khateeb	et	al.	(1998)	concluded	that	QLF	is	useful	for	the	in	vivo	

evaluation	of	buccal	surfaces	of	patients	undergoing	fixed	orthodontics.	They	also	

found	the	technique	to	be	suitable	for	in	vivo	longitudinal	monitoring	of	even	small	

mineral	changes	in	incipient	enamel	lesions.	White	spot	lesions	formed	during	
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orthodontic	treatment	and	located	around	brackets	can	recover	partly	over	a	longer	

period	of	time.	Histological	studies	have	proven	that	fluorescence	loss	measured	by	

QLF	to	be	a	very	good	parameter	for	the	expression	of	mineral	loss	in	caries	lesions	

[Ando	et	al.,	1997]. The	ability	of	QLF	to	follow	up	such	a	remineralisation	process	has	

been	mentioned	for	future	research	purposes	[Al-Khateeb	et	al.,	1998a].	 

QLF	has	not	yet	been	able	to	quantify	approximal	caries	lesions	if	illuminated	in	a	90°	

angle	though	progress	has	been	made	with	developing	other	quantitative	caries	

detection	techniques.	To	date	these	techniques	have	not	been	implemented	

successfully	for	the	approximal	lesion	[Buchalla	et	al.,	2002].		It	has	been	recorded	from	

multiple	research	outcomes	that	QLF	has	high	sensitivity	and	high	specificity	as	shown	

in	Table	1.21.	

 
SUBJECT	 STUDY	 MAIN	FINDINGS	
Occlusal	caries	 [Pretty	et	al.,	2003b]	 Strong	correlation	with	histological	findings	(0.82).	

[Ten	Cate	et	al.,	2000]	 Sensitivity	0.77,	specificity	0.71	
Reliability	 [Tranaeus	et	al.,	2002a]	 Intra-observer	agreement	0.96,	inter-observer	

agreement	0.97	
Secondary	caries	 [DeSchepper	et	al.,	1996]	 Sensitivity	0.88,	specificity	0.85	

[Benedict	et	al.,	1996]	 Sensitivity	0.95,	specificity	0.85	
Root	caries	 [Pretty	et	al.,	2003a]	 Correlation	with	gold	standard	0.89	
Smooth	surface	
caries	

[Hall	et	al.,	1996]	 Sensitivity	0.75,	specificity	0.90	
[Shi	et	al.,	2001]	 Sensitivity	0.76,	specificity	0.92	

Table	1.21	(In	vivo	use	of	QLF	and	Diagnostics):	Summary	of	studies	assessing	QLF.	Modified	from	[Pretty	and	
Maupomé,	2004].	

	

For	in	vitro	research	it	has	shown	to	have	strong	correlation	with	histological	findings	

[Pretty	et	al.,	2003b]	and	high	Kappa	scores	for	intra-observer	reliability	[Tranaeus	et	

al.,	2002b].	The	ability	to	monitor	lesion	development	longitudinally	and	assessing	
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levels	of	progression,	constancy	or	regression	[de	Josselin	de	Jong	et	al.,	1995]	of	an	

early	white	spot	lesion	[Al-Khateeb	et	al.,	1998a]	was	described	15	years	ago.	Allowing	

more	precise	statistical	methods	for	data	analysis	[Tranaeus	et	al.,	2001b]	and	

providing	a	reproducible	and	user-friendly	technique	[Pretty	et	al.,	2002b]	together	

with	safe,	reproducible	[de	Josselin	de	Jong	et	al.,	1995]	use	for	patient	and	dental	team	

because	of	the	non-radiation	factor	[Bjelkhagen	and	Sundstrom,	1981]	provides	a	

possible	user-friendly	diagnostic	technique.	

By	assessing	white	spot	analysis	with	QLF	a	large	range	of	values	have	been	related	to	

different	degrees	of	fluorescence	and	these	have	been	indicated	as	possible	severities	

for	the	caries	lesion.	Alammari	et	al	have	used	histological	findings	from	in	vitro	studies	

to	create	a	QLF	index.	This	index	showed	a	correlation	with	the	degree	of	mineral	loss	

[Alammari	et	al.,	2010].	

Research	concluded	QLF	to	be	a	good	technique	for	smooth	surface	caries	lesion	

estimations,	with	early	occlusal	caries	lesions	detected	by	calculating	in	vivo	ΔF	and	ΔQ	

parameters	and	thus	concluded	that	QLF	may	also	be	an	aid	for	occlusal	surface	caries	

diagnosis	[Alammari	et	al.,	2013].	

1.6.4	Handheld	Non-Quantitative	Fluorescent	Devices	

1.6.4.1	Theory	and	Technique	
Light-induced	Fluorescence	can	be	observed	by	illuminating	teeth	using	a	handheld	

battery	powered	LED	lamp	(Figure	1.10	to	1.14)	and	looking	through	appropriately	

filtered	glasses	(Inspektor	Research	Systems,	Amsterdam,	the	Netherlands;	E.U.,	U.S.	

and	worldwide	patented,	appendices	4,	5	and	6)	or	alternatively	by	using	a	
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rechargeable	fibre-optic	fluorescence	probe	(SiroInspect,	Sirona	Dental,	Wals	bei	

Salzburg,	Austria).	The	underlying	principles	are	comparable	with	the	Inspektor	Pro	or	

the	QLF	Clin	System	(Inspektor	Research	Systems,	Amsterdam,	the	Netherlands)	but	

without	the	options	of	image	capture	or	quantitative	analysis.	

	

Figure	1.10	(Handheld	non-quantitative	fluorescence	devices):	Inspektor	TC	prototype	and	filtered	protection	
glasses,	Inspektor	Research	Systems,	Amsterdam,	the	Netherlands.	

	

Figure	1.11	(Handheld	non-quantitative	fluorescence	devices):	Inspektor	TC	prototype	LED	tip	with	QLF	light,	
Inspektor	Research	Systems,	Amsterdam,	the	Netherlands.	
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Figure	1.12	(Handheld	non-quantitative	fluorescence	devices):	Inspektor	TC	prototype	II	with	fibre-optic	tip	and	
filtered	protection	glasses,	Inspektor	Research	Systems,	Amsterdam,	the	Netherlands.	

	

Figure	1.13	(Handheld	non-quantitative	fluorescence	devices):	Inspektor	TC	prototype	II	fibre-optic	tip	with	QLF	
light,	Inspektor	Research	Systems,	Amsterdam,	the	Netherlands.	
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1.6.4.2	In	Vivo	use	and	Diagnostics	of	Handheld	Non-Quantitative	Fluorescent	
Devices	
The	use	of	fluorescence	during	caries	excavation	[Lennon	et	al.,	2002],	described	as	

Fluorescence	Aided	Caries	Excavation	(FACE)	[Lennon,	2003]	has	been	explored,	

quantified	and	documented.	This	technique	was	shown	to	have	potential	to	guide	the	

clinician	in	removing	carious	dentin	without	excessive	caries	excavation	[Lennon,	2003]	

significantly	shortening	excavation	time	[Lennon	et	al.,	2006].	More	recent	studies	have	

also	suggested	that	FACE	has	the	potential	to	aid	the	effectiveness	of	conventional	

approaches	to	excavation	of	infected	dentine	[Ganter	et	al.,	2013;	Lennon	et	al.,	2009]	

and	also	to	be	more	conservative	than	conventional	methods	[Lai	et	al.,	2013].	

	

	
Figure	1.14	(In	Vivo	use	and	Diagnostics	of	Handheld	Non-Quantitative	Fluorescent	Devices):	Light-induced	
fluorescence	used	during	clinical	check	up	at	ST	Tilburg-North	(Inspektor	TC,	Inspektor	Research	Systems,	
Amsterdam,	the	Netherlands).	
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2.0	Materials	and	Methods	
	
The	first	part	of	the	study	was	conducted	retrospectively,	using	a	dataset	containing	

images	obtained	with	QLF™	together	with	the	corresponding	clinical	data	from	the	

practice	patient	database	in	the	general	dental	practice	of	ST	Tilburg-North.	

The	second	part	of	the	study	involved	investigation	the	use	of	a	handheld	light	with	

filter	protection	glasses	adapted	from	QLF	(Inspektor	TC,	section	1.6.4)	

2.1	Part	I:	Retrospective	Study	

2.1.1	Sample		
A	sample	of	33	subjects	with	66	images	was	selected	for	this	retrospective	study.	50%	

of	these	66	images	was	part	of	the	control	group.	

From	the	QLF	database	all	occlusal	images	were	selected	with	QLF	codes	2	or	3	(see	

Table	21)	according	to	Alammari	et	al.	(2010),	i.e.	ΔF(%)=	-18,5	:	-38.	For	all	subjects	a	

matching	sound	surface	was	selected	(QLF	code	0).		

2.1.2	Inclusion	criteria	
All	subjects	were	registered	patients	at	STN	Tilburg-North.	All	subjects	were	had	QLF	

imaging	between	2006	and	2007	with	follow	up	data	available	for	at	least	three	years.	

Subjects	had	at	least	one	occlusal	surface	with	QLF	code	2	or	3	and	one	matching	

occlusal	surface	with	QLF	code	0.	
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QLF	in	vivo	Index			
	

QLF	Index	 ICDAS		II	 QLF	Classification	System	
Code	 Description/	Action	 Code	 Description	 ∆F	(%)	 ∆R	(%)	
QLF	
0	

No	dark	spots/	
no	treatment	

0	 Sound	 -0.5	/	-12	 0	/	20	

QLF	
1	

First	visual	change	in	
green	
fluorescence/preventive	
treatment	and	
monitoring	

1	 Brown/white	
first	visual	
change	in	
enamel	

-12.5	/	-18	 21	/	35	

QLF	
2	

Distinct	visual	change	in	
green	fluorescence	and	
or	appearance	of	orange	
red	fluorescence/	
preventive	and	or	simple	
conservative	restorative	
treatment	

2	 Brown/white	
distinct	change	
in	enamel	

-18.5	/	26	 36	/	60	

QLF	
3	

Distinct	dark	spots	and	
appearance	of	orange	
red	fluorescence/	classic	
restorative	treatment	

3	 Localised	
enamel	
breakdown	

-26.5	/	-32	 61	/	88	

4	 Underlying	
shadow	

-32.5	/	-38	 89	/	95	

QLF	
4	

Extensive	fluorescence	
loss	and	dark	spots	with	
orange	red	fluorescence/	
Invasive	restorative	
treatment	

5	 Distinct	cavity	 -38.5	/	-48	 96	/	110	
6	 Extensive	cavity	 >	-48.5	 						>	110	

Table	2.1	(Retrospective	Study,	Sample):	QLF	in	vivo	index	by	Alammari	et	al.	derived	from	ICQ	2010,	Liverpool,	
UK.	

	

2.1.3	Exclusion	criteria	
If	information	regarding	QLF	analysis	was	not	kept	from	the	dental	professional	at	the	

time	of	clinical	check-up	and	treatment	decision-making,	data	was	excluded.	Some	

patient	records	were	saved	as	duplicates	within	the	IP	software	and	were	deleted.	Data	

imaged	before	2006	was	excluded.	Clinical	decision-making	had	to	have	occurred	

within	three	weeks	of	QLF	assessment.	

2.1.4	Tooth	selection	
Percentage	values	∆F	average,	∆F	Average	and	∆R	max	have	been	recorded	for	21765	

surfaces	within	the	entire	QLF	database.	A	total	of	654	QLF	images	were	derived	from	
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the	Inspektor	Pro	database	after	selecting	occlusal	surfaces	within	∆F	(%)	values	-18.5	

to	-38	(QLF	score	2-3)	[Alammari	et	al.,	2010].	After	applying	all	the	exclusion	criteria	a	

total	of	33	subjects	were	used	for	statistical	analysis.	

2.1.5	Retrospective	Data	Extraction	
Retrospective	data	was	derived	from	the	Inspektor	Pro	system	by	the	Select	Analyses	

tool	(Figure	2.1)	in	the	pop-up	window	within	the	Patient	Manager	window	of	the	

Inspektor	Pro	software.	This	pop-up	window	was	activated	by	right-hand	clicking	the	

Patient	Manager	window.	

	
Figure	2.1	(Inspektor	Pro	Software):	Select	Analysis	tool,	Inspektor	Pro	system,	Inspektor	Research	Systems	B.V.,	
Amsterdam,	the	Netherlands.	
	

Image	Selection	was	used	to	enter	the	∆F	values	-18.5%	to	-38%	in	occlusal	surfaces.	Added	

values	were	re-formatted	by	attributing	a	proportion	score,	i.e.	ΔR(%)	36-60	becomes	

0,36-0,60.	The	lowest	range	was	always	placed	first	and	separated	from	the	second	

range	by	a	colon	punctuation	mark.	Additionally	tooth	surfaces,	i.e.	buccal,	occlusal,	

mesial,	distal,	lingual	could	be	added,	as	well	as	specific	dates	to	limit	the	search.	

Examples	of	QLF	scores	0,	1,	2,	3	and	4	for	Average	ΔF	(%)	are	shown	in	Figure	2.2.		
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QLF	in	vivo	Index	Average	∆F	(%)	

Code	 ∆F	(%)	 36o	
QLF	0	 -0.5	/	-

12	

	 	

no	analysis	 WS	analysis	
(-9.34%)	

QLF	1	 -12.5	/	
-18	

26o	

	 	

no	analysis	 WS	analysis		
(-13.70%)	

QLF	2	 -18.5	/	
26			

16o	

	 	

no	analysis	 WS	analysis	
(-18.60%)	

QLF	3	 -26.5	/	
-38	

36o	

	 	

no	analysis	 WS	analysis	
(-27.30%)	

QLF	4	 -38.5	/		
>	-48.5	

16o	

	 	

no	analysis	 WS	analysis	
(-43.60%)	

Figure	2.2	(QLF	in	vivo	index):	Examples	of	WS	analysis	derived	from	cut-off	values	
matching	the	QLF	score.	[Alammari	et	al.,	2010]	
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The	QLF	database	could	then	be	searched	for	all	matching	data	(Figure	2.3	and	2.4).	

	
Figure	2.3	(Inspektor	Pro	Software):	Image	Selection	Window	

Subject	data	was	then	imported	into	an	MS	Excel	file	and	QLF	images	were	searched	for	

∆R	max	and	∆F	max	manually.		The	treatment	intervention	that	would	be	advised	

according	to	the	retrospective	visual	interpretation	of	QLF	images	was	added	(‘Advice	

QLF’).	For	each	subject,	the	specific	treatment	decision	made	by	a	dental	professional	

and	final	treatment	outcome	by	a	dental	professional	was	looked	up	in	the	patient	data	

manager	and	added	to	the	records	in	MS	Excel.	

	

Figure	2.4	(Inspektor	Pro	Software):	Deriving		ΔR	ranges	within	Select	Analysis	menu.	
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Additionally,	information	about	which	dental	professional	had	undertaken	the	initial	

assessment	and	who	had	provided	treatment	required	was	added	to	the	database.	QLF	

images	were	made	and	interpreted	by	an	independent	of	the	dental	professional	

making	the	treatment	decision	relating	to	the	tooth	in	question.	Dentist’s	findings	and	

actual	treatment	outcomes	were	not	always	carried	out	by	the	same	dental	

professional.	QLF	assessment	outcomes	or	advice	were	not	available	to	the	dentist	

either	by	verbal	communication	or	via	the	patient	chart.	Dental	treatments	were	

carried	out	following	accepted	dental	practice	and	protocols	used	by	the	dental	

professionals	within	the	dental	practice.		

After	all	the	data	was	included	and	completed	in	MS	Excel,	the	data	was	subsequently	

entered	into	SPSS	for	statistical	analysis.	

	

Figure	2.5	(Inspektor	Pro):	Patient	receiving	QLF	assessment.	Photographed	with	permission	of	patient.	
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2.2	Part	II:	Observational	Study	involving	Caries	Visualisation	

2.2.1	Sample	
A	sample	of	28	extracted	teeth	has	been	evaluated	with	blue	fluorescence	non-

quantitative	light	by	means	of	Inspektor	TC	and	filtered	protection	glasses.	

Fluorescence	findings	were	compared	with	radiographs	and	histology.	Previously	

conducted	studies	in	vitro	showed	that	ΔF	measurement	from	QLF	analysis	correlated	

with	the	histological	index	at	r	=0.853	[Alammari	et	al.,	2010;	Pretty	et	al.,	2002a].	

Teeth	were	extracted	for	multiple	reasons	and	collected	from	two	dental	offices,	one	in	

the	Netherlands	and	one	in	Belgium,	as	well	as	extracted	third	molars	collected	from	

multiple	dental	surgeons	from	two	hospitals	nearby.		

2.2.2	Tooth	Preparation	
Collected	teeth	were	saved	in	jars	with	60	ml	Chloroxylenol	(Dettol,	Reckitt	Benckiser	

BV,	Hoofddorp,	the	Netherlands)	diluted	to	1	litre	of	water.	Before	imaging	teeth	were	

rinsed	with	water,	placed	into	a	metal	basket	and	run	a	complete	cycle	in	the	thermal	

disinfector	(Miele	G	7881	Dental	Washer	Disinfector,	Miele	Professional,	Princeton,	NJ,	

USA).	After	thermal	disinfection	teeth	were	placed	in	self-seal	sterilisation	pouches	

(Crosstex,	Lienden,	the	Netherlands)	and	sterilised	for	20	minutes	at	134°C	(Vacuclaf	

31B,	Melag,	Berlin,	Germany).	For	complete	cross	infection	control	measurements	see	

paragraph	1.4.4.	

2.2.3	Exclusion	Criteria	
Teeth	that	had	signs	of	damage	from	extraction	and	gross	calculus	deposits	were	

excluded	from	sample.	
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Figure	2.6	(Observational	Study	Involving	Caries	Visualisation):	White	light	image	of	extracted	teeth	mounted	in	
plaster.	

	

Figure	2.7	(Observational	Study	Involving	Caries	Visualisation):	Fluorescence	light	image	of	extracted	teeth	
mounted	in	plaster	(Inspektor	TC,	Inspektor	Research	Systems	B.V.,	Amsterdam,	the	Netherlands	



104	
	

2.2.4	Tooth	Selection	

After	applying	exclusion	criteria,	10	teeth	were	rejected	from	initial	sample	of	38	teeth.	

Of	the	remaining	28	teeth	each	one	was	placed	individually	in	small	plastic	container	

(G0825,	tonar	International,	Amersfoort,	the	Netherlands)	of	the	type	used	to	transport	

crowns	and	bridges	(Figure	2.8a).	Each	container	was	marked	with	a	number	(Figure	

2.8b).	Teeth	were	preserved	inside	the	container	by	a	small	amount	of	putty	

(Impregum	Penta,	3M	ESPE,	3M	Nederland	B.V.,	Zoeterwoude,	the	Netherlands)	as	

shown	in	Figure	2.8a-b	or	plaster,	(Snow	White	Plaster	No.2,	Kerr,	Bioggio,	Switzerland)	

as	shown	in	Figure	2.7.	

	

Figure	2.8	(Observational	Study	involving	Caries	Visualisation):		a)	Extracted	molar	placed	in	putty	(Impregum	
Penta,	3M	ESPE,	3M	Nederland	B.V.,	Zoeterwoude,	the	Netherlands)	inside	plastic	container	(ref).	b)	Numbered	
container.	c-d-e)	white	light	images	of	extracted	tooth,	QLF-D	camera,	Inspektor	Research	Systems,	Amsterdam,	
the	Netherlands).	f)	Extracted	tooth	placed	on	phosphor	plate	for	radiograph	imaging.	g)	Extracted	tooth	imaged	
with	oral	x-ray	machine	(Gendex,	Dens-o-mat	Oralix	65,	Philips,	Eindhoven,	the	Netherlands).	h)	Digital	radiograph	
of	extracted	molar	(Visiquick,	Thomas	Monitor	Systems,	Amsterdam,	the	Netherlands).	i)	Red	fluorescence	
observed	on	occlusal	surface	of	extracted	molar.	(Imaged	with	QLF-D	camera	system,	Inspektor	Research	Systems,	
Amsterdam,	the	Netherlands).	
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2.2.5	Tooth	Assessment	
Teeth	were	examined	visually	(Figure	2.8c-d-e)	and	then	radiographed	(Figure	2.8f-g-h).	

They	were	then	examined	under	lighting	conditions	of	405	nm	(Figure	2.8i)	produced	

by	a	single	LED	light	in	combination	with	yellow	Information	and	red	filter	protection	

glasses	with	transmission	peaks	around	500	nm	and	630	nm	(Inspektor	TC)	(Figure	2.9).	

Radiographs	are	obtained	as	described	in	paragraph	2.3.2.	

	

Figure	2.9	(Tooth	Assessment):	Inspektor	TC	and	filtered	protection	glasses	(Inspektor	Research	Systems	B.V.,	
Amsterdam,	the	Netherlands).	

	

This	allowed	the	presence	of	any	red	fluorescence	to	be	observed.	Dry	visual	

examination	and	radiographs	were	used	to	determine	the	presence	of	sound	surfaces,	

enamel	caries,	1/3-dentine	caries	or	deep	dentinal	caries.	All	were	confirmed	by	direct	

observation	of	the	teeth	in	question	following	hemisectioning	(Figure	2.11).	
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2.2.6	Histology	
Teeth	were	cut	in	the	laboratory	at	the	University	of	Liverpool	(Figure	2.10),	using	a	

water-cooled	diamond	wire	(Well	Model	2400,	Well	Diamantdrahtsagen	GmbH.,	

Mannheim,	Germany).		

	
	

	

Figure	2.10	(cutting	of	a	tooth):	Process	of	hemi-sectioning	using	a	water-cooled	diamond	wire-saw	(Well	Model	
2400,	Well	Diamantdrahtsagen	GmbH.,	Mannheim,	Germany).	a)	Cleaned	tooth.	b)	Impression	Compound	(Kerr,	
Germany)	to	mount	tooth	on	ceramic	disc.	c)	Heating	instrument	d)	heated	impression	material	is	placed	on	
ceramic	disc	that	fits	the	holder	of	the	wire-saw.	e)	Mounted	tooth	into	hot	wax.	f-g)		Ceramic	disc	with	tooth	
mounted	on	wire-saw	system	from	a	side	and	front	perspective.	h)	Diamond	wire	is	aligned	to	cut	through	the	
centre	of	the	lesion.	i-j)	Hemi-sected	tooth	after	cutting	and	removed	from	ceramic	disc.	
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Figure	2.11	(Histology):	White	light	and	Light-induced	Fluorescence	after	hemisectioning	showing	proximal	surface	
caries	in	enamel	and	dentine	and	occlusal	surface	caries	in	enamel	(Inspektor	TC,	Inspektor	Research	Systems	B.V.,	
Amsterdam,	the	Netherlands).	
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2.3			Standard	Practicing	Procedures	at	JTV/ST	Tilburg-North	

What	follows	is	merely	a	description	of	normal	clinical	practice	procedures	concerning	

clinical	and	QLF	assessment	in	daily	practice	at	JTV/ST	Tilburg-North.	

2.3.1	Instruments	for	Tactile	Assessment	
For	tactile	assessment	a	normal	mouth	mirror,	probe	(Yellow	Point,	Polo	MB,	

Oisterwijk,	the	Netherlands)	and/or	blunt	Pocket	Probe	WHO	(Hu-Friedy	Europe,	

Leimen,	Germany)	were	placed	on	a	tray	with	disposable	tray	paper	(Yellow	Point,	Polo	

MB,	Oisterwijk,	the	Netherlands)	as	shown	in	Figure	2.12.		

	

	
Figure	2.12	(Standard	Practicing	Procedures):	Tray	with	mirror,	pocket	probe	and	dental	explorer.	
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Figure	2.13	(Standard	Practicing	Procedures):	Faro	SC2000	Dental	Chair	Lamp	(Faro	S.P.A.,	Organo,	Italy).	

Diagnosis	was	carried	out	in	combination	with	a	dental	chair	lamp	(Faro	SC2000,	Faro	

S.P.A.,	Organo,	Italy)	and	air-drying	(Finndent	FD-7000	cart,	Planmeca	Group,	

Planmeco,	Oy,	Niittylanpolku,	Finland)	during	all	clinical	assessment	purposes	(Figure	

2.13	and	2.14).	

	 	

Figure	2.14	(Standard	Practicing	Procedures):	Finndent	FD-7000	Cart	Dental	Unit	(Planmeca	Oy,	Niittylanpolku,	
Finland).	 	
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2.3.2	Radiographs	
Digital	bitewing	radiographs	were	taken	every	two	to	three	years	for	each	patient	

under	supervision	and	by	examination	of	a	dentist,	unless	there	was	need	for	more	or	

less	frequent	imaging	for	caries	diagnosis	purposes.	Teeth	were	radiographed	under	

standardized	conditions	during	clinical	check-ups.	Digital	image	plates	were	used	in	

combination	with	a	intro-oral	X-ray	machine	(Gendex,	Dens-o-mat	Oralix	65,	Philips,	

Eindhoven,	the	Netherlands)	at	125msec	pre-heat,	20%	@	115	volts	timer	accuracy,	

62.0		+/-	8%	at	115	volts	kVp	accuracy	(0.12sec)	in	combination	with	an	image	plate	

scanner	connected	to	a	pc	with	DBSWIN	4	software	(Vista	Scan,	Dürr	Dental,	

Bietigheim-Bissingen,	Germany)	(Figure	2.15	and	2.16).		All	images	were	imported	into	

combined	patient	chart	software	systems	(Visiquick,	Thomas	Monitor	Systems,	

Amsterdam,	the	Netherlands;	Complan/Novadent,	Complan	Valens	BV,	Hoorn,	the	

Netherlands;	Exquise,	Vertimart,	Kwadijk,	the	Netherlands).	

	

	

	

	

	

	

	

	

	

	

Figure	2.15	(Standard	Practicing	Procedures,	Radiographs):	Gendex	and	Vista	Scan	(Philips,	Eindhoven,	the	
Netherlands).	 	
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Figure	2.16	(Standard	Practicing	Procedures):	Dürr	Vista	Scan	phosphor	plates	and	holders	
(Dürr	Dental,	Bietigheim-Bissingen,	Germany)	
	

	

2.3.3	Sealing	Protocol	
Moisture	control	was	carried	out	by	the	use	of	cotton	rolls	(Roeko	Luna	Nr.	2-3,	

Coltene/Whaledent	GmbH	+Co.	KG,	Langenau,	Germany)	and	air	directed	onto	the	

teeth	from	the	3-in-1	dental	tip.	Phosphoric	acid	(K-Etchant	gel,	Kuraray,	Kuraray	

Dental,	Ijmuiden,	the	Netherlands)	was	applied	for	40	seconds	and	thoroughly	flushed	

for	40	seconds.	After	applying	fresh	cotton	rolls	and	a	hygoformic	saliva	ejector	

(Hygophormic	U/L,	J.H.	Orsing	AB,	Helsingborg,	Sweden)	teeth	were	dried	with	air.	

Teeth	were	sealed	with	clear	or	opaque	light-curable,	fluoride-releasing	sealant	

material	(Teethmate	F-1,	Kuraray	Clearfil,	Kuraray	Dental,	Ijmuiden,	the	Netherlands)	to	

deeply	penetrate	the	occlusal	fissures	and	then	light-cured	for	20	seconds	with	a	blue	

LED	lamp	with	a	peak	in	the	emission	spectrum	450-480	nm.		After	light-curing	the	
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sealant	was	checked	with	a	probe	for	the	presence	of	air	inclusion	bubbles.	After	

placing	the	sealant,	teeth	were	again	imaged	with	QLF.		

2.3.4	Polishing/	occlusal	adjustment	
Polishing	was	done	using	a	green	handpiece	(KaVo,	KaVo	Dental	GmbH,	Biberach,	

Germany)	with	an	Arkansas	conical	white	stone	polisher	(Meisinger	FG	649XF,	Hager	&	

Meisinger,	Neuss,	Germany).		

2.3.5	Inspektor	ToothCare	(TC)	by	means	of	QLF	

2.3.5.1	Clinical	Assessment	with	Inspektor	TC	
Teeth	were	examined	with	the	Inspektor	TC	and	filtered	protection	glasses	during	

regular	clinical	assessments	and	dental	hygiene	purposes	(Figure	2.9).	When	any	red	

fluorescence	(RF)	was	visible,	this	was	compared	with	clinical	view	and	radiographs.	

Inspektor	TC	was	placed	on	a	tray	with	disposable	tray	paper	(Yellow	Point,	Polo	MB,	

Oisterwijk,	the	Netherlands).	Air	spray	combined	with	the	Inspektor	TC,	protection	

glasses,	a	mirror	and	probe	(Yellow	Point,	Polo	MB,	Oisterwijk,	the	Netherlands)	was	

used	during	assessment.	Lights	were	dimmed	by	switching	off	the	large	vault	lighting	

(Figure	2.17),	closing	the	window	blinds	and	switching	off	the	patient	chair	lamp.	Only	

mood	lighting	was	kept	on.	If	any	comparison	had	to	be	made	with	white	light	

conditions,	the	protection	glasses	were	taken	off	and	the	chair	light	was	switched	back	

on.	
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Figure	2.17	(Clinical	Assessment	with	Inspektor	TC):	Preparation	of	clinical	area	by	dimming	lights	and	closing	
window	blinds.	

	

Figure	2.18	(Clinical	Assessment	with	Inspektor	TC):	During	clinical	check	up	teeth	were	examined	with	non-
quantitative	fluorescence	(Inspektor	TC,	Inspektor	Research	Systems	B.V.,	Amsterdam,	the	Netherlands).	

	

2.3.6	Inspektor	Pro	by	means	of	QLF	

2.3.6.1	Inspektor	Pro	Software	

The	Inspektor	Pro	system	(IP)	and	IP	software	2.0.0.39	(Inspektor	Research	Systems	BV,	

Amsterdam,	the	Netherlands)	have	been	used	for	all	QLF	imaging.	Patients	were	

entered	into	the	IP	software	by	full	name,	birthdate	and	patient	chart	ID.		
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Figure	2.18	(Inspektor	Pro	Software):	Patient	Manager	window.	

	

Figure	2.19	(Inspektor	Pro	Software):	New	Patient	button	within	Patient	Manager	window.	
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Figure	2.20	(Inspektor	Pro	Software):	New	Patient	window.	

	

The	Comment	area	within	the	New	Patient	window	was	used	to	specify	details	about	

patients,	for	example	name	of	elementary	school	or	name	of	health	initiative	project.	

Different	maps	were	created	to	place	and	later	access	types	of	treatment	from	one	

location	within	the	IP	software.	This	was	done	was	using	the	button	New	Dentist.	
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Figure	2.21	(Inspektor	Pro	Software):	New	Dentist	button.		

	

Present,	deciduous,	permanent	and/or	germ	teeth	were	entered	into	the	patient	chart.	

For	subjects	with	deciduous	teeth	or	in	the	process	of	teething,	standardised	templates	

were	selected.	Capturing	Order	and	then	Edit	Patient	Status	were	selected	to	select	the	

type	of	dentition.	Options	for	pre-set	primary,	mixed	or	permanent	dentition	were	

selected	per	subject.	

	

Figure	2.22	(Inspektor	Pro	Software):	Edit	Patient	Status	button.	

	



117	
	

	

Figure	2.23	(Inspektor	Pro	Software):	Permanent	Dentition	status	option.	

	

	

	

Figure	2.24	(Inspektor	Pro	Software):	Primary	Dentition	Status	option.	
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Figure	2.25	(Inspektor	Pro	Software):	Mixed	Dentition	Status	option.	

	

2.3.6.2	Standardised	Templates	
Standardised	templates	were	used	to	prevent	to	use	of	dirty	gloves	on	the	computer.	To	access	

these	templates,	Capturing	Order	was	chosen	in	the	top	bar	(Figure	2.26).			

	

Figure	2.26	(Inspektor	Pro	Software):		Capturing	Order	tool	options.	
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Opening	an	existing	recording	list	was	possible	to	click	Open.	A	new	window	showed	

files	with	pre-saved	recording	lists	(*.qmc).	One	of	the	desired	options	was	picked,	e.g.	

occlusal.qmc	(Figure	2.27).	

It	was	also	possible	to	modify	the	surfaces	and	create	a	pre-set	option	following	

imaging	of	all	occlusal	surfaces,	as	well	as	some	buccal,	lingual	or	palatal	surfaces.	

	

	

Figure	2.27	(Inspektor	Pro	Software):	Pre-set	surfaces	for	standardised	and	automatic	imaging	following	the	
chosen	surface(s).		
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2.4	QLF	Imaging	with	Inspektor	Pro	System	

2.4.1	Inspektor	Pro	System	Preparation	
The	 dental	 chair	 (Finndent	 FD-3600,	 Finndent	 Niittylanpolku,	 Finland)	 as	 shown	 in	

Figure	 27,	 was	 prepared	 with	 a	 disposable	 paper	 headrest	 cover	 (Akzenta,	 Lugano,	

Switzerland)	 and	 a	 disposable	 Ambient	 Light	 Shield	 (ALS)	 (Figure	 2.35)	 (Inspektor	

Research	Systems	BV,	Amsterdam,	the	Netherlands)	for	the	IP	Handpiece	(Figure	2.36)	

was	placed	for	imaging.	Disposable	sleeves	(Detrey	Disposa-Shield	Nr.5	for	Handpiece,	

Dentsply	 Detrey,	 Hoorn,	 the	 Netherlands)	were	 used	 to	 cover	wiring	 of	 IP	 intra	 oral	

fluorescence	camera.		

2.4.2	Inspektor	Pro	Patient	Manager	
After	following	all	the	necessary	cleaning	procedures	the	Inspektor	Pro	PC	was	turned	

on	and	the	QLF	software	is	activated	by	clicking	the	Inspektor	Pro	software	icon	on	the	

desktop.	 The	 software	 opened	 the	Patient	Manager	 (Figure	 2.28)	 system	 in	 the	QLF	

software.	

	

Figure	2.28	(Inspektor	Pro	Software):	Patient	Manager	from	where	patients	are	added,	edited	and	selected.	
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After	opening	the	Patient	Manager,	every	patient	who	was	already	added	to	the	QLF	

database	could	be	accessed.	If	a	patient	had	not	received	QLF	assessment	yet,	a	New	

Patient	chart	was	created	by	clicking	the	New	Patient	button,	right-hand	side	in	the	

Patient	Manager	screen	(Figure	2.29).	

		
Figure	2.29	(Inspektor	Pro	Software):	Creating	a	New	Patient	record.	

This	new	window	(Figure	2.30)	allowed	all	desired	subject	data	to	be	entered	and	then	

saved	by	clicking	the	OK	button.	

	

	

Figure	2.30	(Inspektor	Pro	Software):	New	Patient	window.	
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After	entering	and	saving	all	the	required	patient	records,	the	Patient	Manager	screen	

showed	 both	 the	 new	 entered	 data	 and	 all	 existing	 patients	 already	 available	 in	 the	

database,	as	shown	below	in	Figure	2.31.	

	

Figure	2.31	(Inspektor	Pro	Software):	New	patient	added	in	Patient	Manager	screen	as	shown	right-handed	in	blue	
and	left-handed	on	the	lowest	bar.	

	

Clicking	 and	 highlighting	 the	 patient	 of	 choice	 and	 then	 clicking	 the	 Open	 Patient	

button	activated	the	screen	(Figure	2.33).	The	framegrabber	was	switched	on	and	blue	

light	 became	 visible	 in	 the	 on/off	 switch	 while	 illuminating	 from	 the	 Inspektor	 Pro	

Ambient	Light	Shield	(ALS)	(Figure	2.35)	as	shown	in	Figure	2.32	and	2.36.		
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Figure	 2.32	 (Inspektor	 Pro):	 Framegrabber	 shown	as	 blue-silver	 box	with	 emitting	blue	 light,	 Inspektor	 Pro	ALS	
shown	left.	

	

	

	

	

	

	

	

	

	

	

Figure	2.33	(Inspektor	Pro	Software):	Selecting	a	newly	added	patient	from	the	Patient	Manager	by	first	choosing	
the	patient	data	in	the	left	screen.	This	is	then	highlighted	blue.	The	Open	Patient	button	on	the	right	side	is	
clicked	to	activate	the	patient	chart.	

	

Patients	 received	 a	 short	 introduction	 to	 the	QLF	 assessment.	 After	 the	 introduction	

the	patient	was	invited	to	lie	down	in	the	dental	chair,	which	was	placed	reclined.		
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2.4.3	Standardised	Options	
Standardised	 options	 for	 different	 surfaces	 were	 optional	 within	 the	 QLF	 software.	

Clicking	Capturing	Order,	Open	and	then	choosing	from	the	options	as	occlusal,	lingual,	

buccal	 or	all	 surfaces,	 could	 access	 these.	 These	 options	would	 highlight	 the	 specific	

surfaces	in	the	Patient	Chart	right	on	the	screen.	Quick	imaging	was	enabled	by	a	foot	

switch	 (Figure	2.34),	allowing	a	 trained	dental	professional	 to	do	a	complete	occlusal	

assessment	 within	 a	 three-minute	 time	 frame.	 All	 images	 were	 saved	 into	 the	 QLF	

database.	

	

Figure	2.34	(Inspektor	Pro):	Foot	paddle	for	handsfree	image	capture	and	preview	with	the	Inspektor	Pro	software	

	

2.4.4	Imaging	Conditions	
After	imaging,	each	image	could	be	viewed	and	analysed	separately.	Imaging	was	done	

with	dimmed	lights	and	by	using	the	foot	paddle	(Figure	2.34)	connected	to	the	IP	

system	by	an	USB-port.	A	single	foot	tap	on	the	right	paddle	first	captured	the	image	

and	then	another	foot	tap	saved	images	into	the	IP	software	after	previewing	the	

image	on	screen.			
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The	foot	paddle	enables	QLF	imaging	to	be	assessed	by	only	one	practitioner.	

	

Figure	2.35	(Inspektor	Pro):	Disposable	Ambient	Light	Shield	(ALS).	

	

	

Figure	2.36	(Inspektor	Pro):		Handpiece	with	ALS	and	disposable	protection	sleeve.	
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2.4.5	QLF	Analysis	by	means	of	Inspektor	Pro	
Analysing	was	done	by	a	single	examiner	on	occlusal,	buccal	and	lingual	tooth	surfaces	

for	presence	and	percentage	of	Red	 Fluorescence	 (RF)	 and	White	 Spots	 (WS).	 The	 IP	

software	 calculated	 the	 green	 fluorescence	 loss	 (Figure	 2.38)	 ∆F	 (percentage	

fluorescence	loss	with	respect	to	constructed	(sound)	surface	[%]),	red	fluorescence	∆R	

(Figure	2.37)	(percentage	of	increase	of	the	ratio	of	the	red	and	green	component	with	

respect	 to	 that	 ratio	 of	 sound	 tissue	 [%])	 and	∆Q	 (percentage	 fluorescence	 loss	with	

respect	to	the	fluorescence	of	sound	tissue	times	in	the	area	[%px2	or	%mm2]).	

		
Figure	2.37	(Inspektor	Pro	Software):	Example	of	RF	analysis	visible	red	colour,	Inspektor	Pro,	Inspektor	Research	
Systems.		

	

Figure	2.38	(Inspektor	Pro	Software):	Example	of	WS	analysis	showing	fluorescence	loss	by	pseudo	colours,	
Inspektor	Pro,	Inspektor	Research	Systems	B.V.,	Amsterdam,	the	Netherlands.	
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Fluorescence	loss	(∆F)	was	calculated	by	placing	a	circular	shape	around	the	tooth	

tissue	of	choice	for	calculating	the	differences	between	sound	enamel	and	possible	

fluorescence	loss	(Figure	2.39).	The	threshold	for	fluorescence	loss	is	set	at	a	5%	level.		

	
Figure	2.39	(Inspektor	Pro	Software):	Circular	shape	placed	around	an	area	to	calculate	the	level	of	fluorescence	
loss.	

	

The	result	of	the	WS	analysis	shows	an	image	with	pseudo-colours	on	screen,	where	

different	colours	depict	the	different	gradation	in	green	fluorescence	loss	or	mineral	

loss	(Figure	2.40).		

		
Figure	2.40	(Inspektor	Pro	Software):	Result	of	WS	analysis,	showing	the	ΔF	in	pseudo-colours.	
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2.4.6	Reposition	Image	(Fit)	
The	repositioning	of	longitudinally	captured	images	was	done	by	the	Fit	tool	in	the	

Analysis	window	(Figure	2.41).	By	selecting	the	first	image	obtained,	baseline	

measurement	was	set	(Figure	2.42a).	Each	second	and	following	image	could	be	

selected	by	the	Fit	tool	(Figure	2.42b)	and	then	be	rotated	or	dragged	(Figure	2.42c)	to	

align	with	baseline	measurement	by	the	provided	navigation	buttons	and	regression	

line	(Figure	2.43).	

	
Figure	2.41	(Reposition	Image	(Fit)):	The	Fit	button	is	selected	for	creating	baseline	measurement	and	fitting	each	
image.	

Figure	2.42	(Reposition	Image	(Fit)):	a)	first	image	of	series	of	images	used	for	baseline	measurement.	b)	Second			
images	of	series	opened	with	Fit	tool.	c)	Second	image	is	fitted	as	required.	 	
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Figure	2.43	(Reposition	Image	(Fit)):	Top	right:	navigation	buttons	to	align	image.	Lower	right:	Regression	line	
showing	match	with	baseline	measurement,	Inspektor	Pro	system,	Inspektor	Research	Systems	B.V.,	Amsterdam,	
the	Netherlands.	

	

2.4.7	Maximum	Fluorescence	Loss	Calculation	
Values	for	maximum	fluorescence	loss	(ΔF[%]	maximum)	were	calculated	by	hovering	

the	mouse	cursor	over	the	caries	lesion	in	the	QLF	image	and	manually	searching	for	

the	area	with	the	highest	percentage	level	of	fluorescence	loss	(Figure	2.44).		

	
Figure	2.44	(Inspektor	Pro	Software):	Mouse	cursor	placed	inside	the	lesion,	where	yellow	pseudo-colour	is	
observed,	with	maximum	ΔF[%]	shown	in	the	bottom	right,	Inspektor	Pro,	Inspektor	Research	Systems	B.V.,	
Amsterdam,	the	Netherlands.	
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2.4.8	Maximum	Red	Fluorescence	Calculation	
Maximum	levels	of	red	Fluorescence	(∆R	[%])	were	calculated	by	placing	a	reference	

patch	on	sound	tooth	tissue	(Figure	2.45),	shown	as	bright	green	fluorescence.	

Individual	dots	created	by	the	mouse	cursor	were	positioned	surrounding	the	areas	of	

interest,	automatically	connected	into	a	continuous	border	(Figure	2.46).	Sound	enamel	

pixel	values	inside	the	patch	were	used	to	rebuild	the	damaged	tooth	surface	by	the	

QLF	software;	differences	in	fluorescence	decrease	were	calculated.	Maximum	ΔF[%]	

was	calculated	by	hovering	the	mouse	cursor	over	the	caries	lesion	in	the	QLF	image	

and	manually	searching	the	area	with	the	highest	ΔF	[%]	loss	(Figure	2.47).		

		
Figure	2.45	(Inspektor	Pro	Software):	Reference	patch	placed	on	a	sound	tooth	surface,	Inspektor	Pro	system,	
Inspektor	Research	Systems	B.V.,	Amsterdam,	the	Netherlands.	

		
Figure	2.46	(Inspektor	Pro	Software):	Continuous	border	of	placed	dots	surrounding	area	of	interest,	Inspektor	pro	
system,	Inspektor	Research	Systems	B.V.,	Amsterdam,	the	Netherlands.	
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Figure	2.47	(Inspektor	Pro	Software):	Mouse	cursor	placed	in	the	heart	of	the	lesion	with	maximum	ΔR	shown	in	
the	lower	right	of	the	image.	

	

2.5	Use	of	QLF	in	Treatment	Procedures	
Patients	received	a	short	introduction	about	QLF	assessment	prior	to	imaging.	The	

patient	was	seated	supine	in	a	dental	chair	while	all	surrounding	lights	were	dimmed.	

All	lights	instead	of	one	small	mood	light	placed	against	the	wall	of	the	dental	office	

were	switched	off	and	all	blinds	were	closed	to	filter	out	direct	sunlight.	All	images	

were	obtained	using	the	Inspektor	Pro,	using	disposable	ALS	for	the	intra-oral	camera	

system	with	dedicated	software	(Inspektor	Research	Systems	B.V.,	Amsterdam,	the	

Netherlands).	

2.5.1	Dental	Plaque	Accumulation	
Placing	the	ALS	as	close	as	possible	to	the	tooth	surface	imaged	visible	dental	plaque	

accumulation.	In	addition,	ΔF	percentages	were	calculated	and	analysed	red	

fluorescence	was	made	visible	on	screen	for	the	patient	to	observe.		



132	
	

2.5.2	Fissure	Sealants	
Patients	in	the	process	of	exfoliation	(aged	6-13)	were	first	imaged	with	QLF.		Presence	

of	red	fluorescence	(ΔR[%]	maximum)	and	fluorescence	loss	(ΔF[%]	average	and	

maximum	was	calculated	for	all	tooth	fissures	of	permanent	premolars	and	molars.	

Primary	molars	were	evaluated	if	dmft	of	primary	teeth	was	≥	1.	All	available	occlusal	

surfaces	of	(pre)molars,	palatal	surfaces	of	upper	molars	and	incisors	plus	buccal	

surfaces	of	lower	molars	were	imaged.		

2.5.3	Caries	Diagnosis	
For	caries	diagnosis	purposes,	available	occlusal	and	palatal	surfaces	of	upper	molars	

and	incisors	plus	occlusal	and	buccal	surfaces	of	lower	molars,	incisors	and	cuspids	plus	

lingual	surfaces	of	lower	cuspids	and	incisors	were	imaged.	After	imaging,	analyses	for	

fluorescence	loss	(ΔF[%]	average	in	contour	and	ΔF[%]	max)	en	red	fluorescence	(ΔR	

average	in	contour	and	ΔR	max)	percentage	were	calculated	by	the	analysis	software.	

2.5.4	Supra-gingival	Calculus	
The	ALS	is	placed	in	contact	with	tooth	surfaces	to	image	deposits	of	supra-gingival	

calculus.	ΔR[%]	average	in	contour	analysis	was	calculated.	If	large	amounts	of	staining	

were	covering	the	tooth	surface,	the	reference	patch	was	reduced	in	size	to	fit	the	

remaining	clean	and	sound	tooth	surface	(Figure	2.48a).	Dots	surrounding	the	tooth	

surface	were	placed	as	much	on	original	tooth	surface	as	possible	(Figure	2.48b).	
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Figure	2.48	(Supra-gingival	calculus):	a)	Red	Fluorescence	Patch	placed	on	clean	tooth	surface.	b)	Dots	surrounding	
tooth	area	placed	for	RF	analysis.	

	

2.5.5	Patient	Motivation	Purposes	
For	patient	motivation	purposes,	images	were	obtained	before	and	after	prophylaxis.	

Mainly	images	of	the	lingual	surfaces	of	the	lower	front	teeth	were	imaged	and	if	

desired	analysed	for	levels	of	ΔR[%]	average	in	contour.		

	

2.5.6	Sub-gingival	Red	Fluorescence	(SGRF)	
Calculus	≤3mm	below	the	gingival	margin	was	visualised	by	changing	the	reference	

point	from	tooth	tissue	to	soft	tissues	and	changing	the	contour	surrounding	not	only	

tooth	tissue	but	also	soft	tissues.	Mainly	lingual	surfaces	of	lower	front	teeth	and	

buccal	surfaces	of	upper	molars	were	imaged	whilst	including	the	visible	transition	

from	tooth	surface	to	gingival	tissue.	After	imaging,	the	reference	point	was	placed	on	

a	part	of	the	imaged	gingiva	instead	of	the	tooth	mineral,	preferring	an	area	of	soft	

tissue	located	as	far	away	from	the	tooth	structure	as	possible	(Figure	2.49).	Contour	

dots	normally	placed	inside	the	tooth	structure	were	placed	on	both	tooth	mineral	

structure	and	soft	tissue	(Figure	2.50).		
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Figure	2.49	Window	showing	process	of	analysis	for	presence	of	sub-gingival	red	fluorescence;	reference	patch	
placed	on	soft	tissue,	Inspektor	Pro,	Inspektor	research	Systems	B.V.,	Amsterdam,	the	Netherlands.	

	

Figure	2.50	Window	showing	process	of	analysis	for	presence	of	sub-gingival	red-fluorescence;	contour	is	placed	
surrounding	soft	tissues	and	tooth	mineral,	Inspektor	Pro,	Inspektor	Research	Systems	B.V.,	Amsterdam,	the	
Netherlands.	

2.5.7	Haemorrhage		
The	visibility	of	haemorrhage	was	imaged	and	analysed	by	changing	the	reference	point	

in	the	ΔR[%]	average	analysis	to	an	area	on	the	soft	tissue	as	described	in	thesis	section	

2.5.6.	Contour	dots	were	placed	surrounding	the	tooth	surface	and	marginal	gingiva	as	

described	and	imaged	in	section	2.5.6.	
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3.1	Results	

3.1.1	Statistical	analysis	
Statistical	analyses	were	performed	using	IBM	SPSS	Statistics	20.0	and	MS	Excel/Word	

2010	version	14.3.8	for	Mac.	

3.1.2	Results	Retrospective	in	vivo	Study	
654	occlusal	surfaces	with	ΔF	(%)	values	between	-18.5	and	-38	and	QLF	score	2	and	3	

[Alammari	et	al.,	2010]	were	derived	from	the	QLF	Inspektor	Pro	database.	621	occlusal	

surfaces	were	excluded	after	applying	inclusion	criteria:	1)	QLF	assessment	was	carried	

out	between	2006	and	2007,	2)	three	year	follow-up	data	had	to	be	accessible	and	3)	

each	surface	needed	one	matching	sound	surface	equal	to	QLF	score	0	with	values	ΔF	

(%)	of	-0.5	and	-12	as	a	control	group.	Images	were	taken	from	8	to	18	years	old	

population	with	slightly	more	females	(n=18)	than	males	(n=15).	A	bar	chart	shown	in	

Figure	66	shows	percentages	for	all	subjects	aged	8	to	18.	With	age	12	(n=8;	24.2%)	and	

14	(n=5;	15.2%)	seen	the	most.	The	population’s	distribution	is	shown	in	a	second	bar	

chart	showing	no	males	for	age	group	11	and	16	and	no	females	for	age	group	10,	14	

and	15	(Figure	3.2).		

Treatment	was	characterised	by	three	numbered	codes,	representing:		

0:	Sound	tooth	surface,	preventive	measures	or	fluoride	application;		

1:	Fissure	sealant;		

2.	Caries	Treatment.		
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Treatment	delivered	was	characterised	by	three	observations,	representing:	

Advice	QLF,	describing	QLF	observations	and	analyses;	

Advice	DENTIST,	describing	a	dentist’s	diagnosis	made	during	check	up;	

Treatment	DENTIST,	describing	the	actual	treatment	delivered	by	a	dental	professional	

within	a	three-year	follow	up.	

Level	of	agreement	was	calculated	in	cross	tabulations	represented	by	Cohen’s	Kappa	

score.	Percentages	for	Advice	QLF,	Advice	DENTIST	and	Treatment	DENTIST	are	shown	

in	pie	charts	(Figure	3.3).		

Advice	QLF	and	Advice	DENTIST	shown	in	Table	3.1	calculated	caries	treatment	

necessary	for	26	subjects	based	on	QLF	advice,	where	the	Advice	DENTIST	suggested	

only	6	were	recognised	as	such	by	the	dental	professional,	resulting	in	a	poor	[Fleiss	et	

al.,	2013]	level	of	agreement		(Kappa	,220).	Dentist’s	advice	agreed	in	93.94%	of	33	

subjects	with	QLF	advice	that	no	intervention	or	only	preventive	measurements	were	

necessary.	None	of	the	advised	7	fissure	sealants	by	QLF	assessment	were	recognised	

as	such	by	the	dental	professional.		

QLF	advice	has	also	been	compared	with	the	actual	treatment	delivered	by	the	dental	

professional	after	a	maximum	of	three	years.	Cross	tabulations	showed	a	fair	to	good	

level	of	agreement	between	QLF	assessment	and	the	dental	professional’s	advice	

(Kappa	,579)	shown	in	Table	3.3.	Where	the	use	of	QLF	indicated	a	need	for	caries	

treatment,	84.6%	of	the	suggested	subjects	(n=26)	did	receive	invasive	treatment	by	

the	dental	professional.	71.4%	of	the	suggested	fissure	sealants	by	QLF	assessment	

received	this	treatment	by	the	dental	professional	(Table	28).	Cross	tabulations	
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between	the	initial	advice	given	by	the	dental	professional	and	the	actual	treatment	

(Advice	DENTIST	*	Treatment	DENTIST)	performed,	showed	poor	level	of	agreement	

(,210).	Where	the	dental	professional	performed	dental	check	up,	50%	(n	=51)	of	their	

initial	assessment	outcomes	changed	from	sound	tooth	surfaces	to	treatment	score	1	

(fissure	sealants)	and	2	(caries	treatment),	shown	in	Table	3.5.	

	
Figure	3.1	(Results):	Bar	chart	showing	percentages	of	total	population,	MS	Excel	14.3.8		for	Mac.	

	
Figure	3.2	(Results):	Bar	chart	showing	population	age	and	sex	frequencies,	MS	Excel	14.3.8	for	Mac.	
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Figure	3.3	(Results):	Pie	charts	showing	percentages	different	treatment	options	0-1-2	advised	by	a)	QLF		b)	
DENTIST,		and	actual	treatment	performed	c)	Treatment	DENTIST,	MS	Excel	14.3.8	for	Mac.	
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	 Advice	DENTIST	 Total	
	 0	 1	 2	 	

Advice	QLF	 0	 31	 2	 0	 33	

1	 7	 0	 0	 7	

2	 13	 7	 6	 26	

Total	 51	 9	 6	 66	
0:	Preventive	treatment	as	hygiene	instructions	and	fluoride,	no	intervention	
1:	Fissure	Sealants	
2:	Caries	Treatment	
Table	3.1	(Results):	Advice	QLF	*	Advice	DENTIST,	SPSS	Statistics	20.0	for	Mac.	

Symmetric	Measures	

	 	 Value	 Std.	Errora	 Approx.	Tb	 Approx.	Sig.	

Measure	of	
Agreement	

Kappa	 .220	 .071	 2,974	 .003	

N	of	Valid	
Cases	

	 66	 	 	 	

a. Not	assuming	the	null	hypothesis.	
b. Using	the	asymptotic	standard	error	assuming	the	null	hypothesis.	

Table	3.2	(Results):	Calculated	Cohen’s	Kappa	for	Advice	QLF	*	Advice	DENTIST,	SPSS	20.0	for	Mac.	

	 Treatment	DENTIST	 Total	
	 0	 1	 2	 	

Advice	QLF	 0	 22	 5	 6	 33	

1	 1	 5	 1	 7	

2	 3	 1	 22	 26	

Total	 26	 11	 29	 66	
0:	Preventive	treatment	as	hygiene	instructions	and	fluoride,	no	intervention	
1:	Fissure	Sealants	
2:	Caries	Treatment	
Table	3.3	(Results):	Advice	QLF	*	Treatment	DENTIST,	SPSS	Statistics	20.0	for	Mac.	

Symmetric	Measures	
	 Value	 Asymp.	Std.	

Errora	
Approx.	Tb	 Approx.	

Sig.	
Measure	of	
Agreement	

Kappa	 .579	 .085	 6,244	 .000	

N	of	Valid	Cases	 66	 	 	 	

a.	Not	assuming	the	null	hypothesis.	
b.	Using	the	asymptotic	standard	error	assuming	the	null	hypothesis.	
Table	3.4	(Results):	Calculated	Cohen’s	Kappa	for	Advice	QLF	*	Treatment	DENTIST,	SPSS	20.0	for	Mac.	
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	 Treatment	DENTIST	 Total	
	 0	 1	 2	 	

Advice	

DENTIST	

0	 25	 8	 18	 51	

1	 0	 3	 6	 9	

2	 1	 0	 5	 6	

Total	 26	 11	 29	 66	
0:	Preventive	treatment	as	hygiene	instructions	and	fluoride,	no	intervention	
1:	Fissure	Sealants	
2:	Caries	Treatment	
Table	3.5	(Results):	Advice	DENTIST	*	Treatment	DENTIST,	SPSS	Statistics	20.0	for	Mac.	

Symmetric	Measures	

	 Value	 Asymp.	Std.	

Errora	

Approx.	Tb	 Approx.	Sig.	

Measure	of	

Agreement	

Kappa	 .210	 .069	 3,135	 .002	

N	of	Valid	Cases	 66	 	 	 	

a.	Not	assuming	the	null	hypothesis.	

b.	Using	the	asymptotic	standard	error	assuming	the	null	hypothesis.	
Table	3.6	(Results):	Calculated	Cohen’s	Kappa	for	Advice	DENTIST	*	Treatment	DENTIST,	SPSS	20.0	for	Mac.	

	

A	Wilcoxon	signed	ranks	test	was	performed	to	test	the	hypotheses	that:	

A. There	is	no	difference	between	QLF	Advice	and	Treatment	DENTIST	and		

B. There	is	no	difference	between	Advice	DENTIST	and	Treatment	DENTIST.		

Since	all	data	is	ordinal	a	non-parametric	test	was	used.	According	to	the	test	statistics,	

hypothesis	A	is	not	rejected	and	hypothesis	B	is	rejected	(Table	3.7	and	3.8).		

Since	we	wanted	to	know	if	there	were	any	differences	for	QLF	advice	and	treatment	

outcome	compared	to	the	advice	given	by	a	dental	professional	and	the	actual	

treatment	outcome,	a	second	Wilcoxon	signed	ranks	test	was	performed	(Table	3.9	and	

3.10).	The	null	hypotheses	were	that	QLF	Advice	and	Treatment	Outcome	are	not	
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different	from	each	other	and	Advice	DENTIST	and	Treatment	DENTIST	are	not	different	

from	each	other.	

According	to	the	test	statistics	(p	=	.002)	the	hypothesis	is	rejected.	We	can	thus	

conclude	that	QLF	advice	predicts	treatment	outcome	significantly	better	than	dentist	

advice.	

Wilcoxon	Signed	Ranks	Test	I	
Ranks	

	 N	 Mean	Rank	 Sum	of	
Ranks	

Treatment	DENTIST	-	

adviceQLF	

Negative	Ranks	 5a	 9.60	 48.00	

Positive	Ranks	 12b	 8.75	 105.00	

Ties	 49c	 	 	

Total	 66	 	 	

Treatment	DENTIST	–	Advice	

DENTIST	

Negative	Ranks	 1d	 24.00	 24.00	

Positive	Ranks	 32e	 16.78	 537.00	

Ties	 33f	 	 	

Total	 66	 	 	

Advice	DENTIST	–	Advice	QLF	 Negative	Ranks	 27g	 15.48	 418.00	

Positive	Ranks	 2h	 8.50	 17.00	

Ties	 37i	 	 	

Total	 66	 	 	

a.	Treatment	DENTIST<	Advice	QLF	

b.	Treatment	DENTIST	>	Advice	QLF	

c.	Treatment	DENTIST	=	Advice	QLF	

d.	Treatment	DENTIST	<	Advice	DENTIST	

e.	Treatment	DENTIST	>	Advice	DENTIST	

f.	Treatment	DENTIST	=	Advice	DENTIST	

g.	Advice	DENTIST	<	Advice	QLF	

h.	Advice	DENTIST	>	Advice	QLF	

i.	Advice	DENTIST	=	Advice	QLF	
Table	3.7	(Results):	Wilcoxon	Signed	Ranks	Test,	SPSS	Statistics	20.0	for	Mac.	
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Test	Statistics	

	 Treatment	DENTIST	*	

Advice	QLF	

Treatment	DENTIST	*	

Advice	DENTIST	

Advice	DENTIST	*	

Advice	QLF	

Z	 -1.289b	 -4.736b	 -4.474c	

Asymp.	Sig.	(2-tailed)	 .165	 .000	 .000	

a.	Wilcoxon	Signed	Ranks	Test	
b.	Based	on	negative	ranks.	
c.	Based	on	positive	ranks.	
Table	3.8	(Results):	Test	Statistics	for	Wilcoxon	Signed	Ranks	Test	showing	p-value,	SPSS	Statistics	20.0	for	Mac.	

	

Wilcoxon	Signed	Ranks	Test	II	

	 Ranks	

	 N	 Mean	Rank	 Sum	of	

Ranks	

DENTIST_treatment	

QLF_treatment	

Negative	Ranks	 6a	 13.33	 80.00	

Positive	Ranks	 23b	 15.43	 355.00	

Ties	 37c	 	 	

Total	 66	 	 	

a.	DENTIST_treatment	<	QLF_treatment	

b.	DENTIST_treatment	>	QLF_treatment	

c.	DENTIST_treatment	=	QLF_treatment	
Table	3.9	(Results):	Wilcoxon	Signed	Ranks	Test,	SPSS	Statistics	20.0	for	Mac.	

	

Test	Statisticsa	

	 DENTIST_treatment	-	QLF_treatment	

Z	 -3.068b	

Asymp.	Sig.	(2-tailed)	 .002	

a.	Wilcoxon	Signed	Ranks	Test	

b.	Based	on	negative	ranks.	
Table	3.10	(Results):	Test	Statistics	for	Wilcoxon	Signed	Ranks	Test	showing	p-value,	SPSS	Statistics	20.0	for	Mac.	

Correlation	was	calculated	between	values	(%)ΔF	average,	(%)ΔF	maximum	and	(%)ΔR	

maximum.			
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Descriptive	Statistics	

	 Mean	 Std.	Deviation	 N	

ΔF	average	 -22.27	 3.60	 33	

ΔF	maximum	 -52.28	 11.71	 33	

ΔR	maximum	 47.94	 20.17	 33	
Table	3.11	(Results):	Descriptive	Statistics	between	ΔF	average,	ΔF	maximum	and	ΔR	maximum,	SPSS	20	for	Mac. 

Correlations	
	 ΔF	average	 ΔF	maximum	 ΔR	maximum	

ΔF	average	 Pearson	Correlation	 1	 .386*	 -.307	

Sig.	(2-tailed)	 	 .026	 .082	

N	 33	 33	 33	

ΔF	maximum	 Pearson	Correlation	 .386*	 1	 -.285	

Sig.	(2-tailed)	 .026	 	 .108	

N	 33	 33	 33	

ΔR	maximum	 Pearson	Correlation	 -.307	 -.285	 1	

Sig.	(2-tailed)	 .082	 .108	 	

N	 33	 33	 33	

*.	Correlation	is	significant	at	the	0.05	level	(2-tailed).	
Table	3.12	(Results):	Correlations	between	ΔF	average,	ΔF	maximum	and	ΔR	maximum,	SPSS	20	for	Mac. 

	

A	scatter	plot	shows	a	significant	(p	=	.026)	but	weak	positive	correlation	(Pearson’s	r	=	

.386)	between	ΔF	average	and	ΔF	maximum	(Figure	3.4).	A	non-significant	weak	

negative	correlation	(Pearson’s	r	=	-.307,	p	=	.082)	was	found	between	(%)ΔF	average	

and	(%)ΔR	maximum	(Figure	3.5).	There	was	also	no	significant	(p	=	.108)	correlation	

found	between	(Pearson’s	r	=	-.285)	ΔF	maximum	and	ΔR	maximum	(Figure	3.6).	
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Figure	3.4	(Results):	Scatterplot	ΔF	maximum	plotted	against	ΔF	average,	MS	Excel	14.3.8	for	Mac.	

Figure	3.5	(Results):	Scatterplot	ΔF	average	plotted	against	ΔR	maximum,	MS	Excel	14.3.8	for	Mac.	
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Figure	3.6	(Results):	Scatterplot	showing	ΔR	maximum	plotted	against	ΔF	maximum,	MS	Excel	14.3.8	for	Mac.	
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3.1.3	Results	Observational	In	Vitro	Study	involving	Caries	Visualisation	
A	sample	(n=28)	of	teeth	extracted	for	a	number	of	reasons	from	multiple	dental	

surgeries	and	hospitals	was	examined	visually,	by	radiographs	and	non-quantitative	

fluorescence.	Findings	were	compared	with	histology.	From	the	initial	sample,	10	teeth	

had	to	be	excluded	because	of	severe	damage	or	excess	calculus.	Visual	examination	

found	more	teeth	to	be	sound	(n	=	15)	than	carious	(Figure	72),	non-quantitative	

fluorescence	found	almost	all	teeth	to	be	carious	(n	=	27),	whilst	radiographs	found	

more	caries	(n	=	23)	than	sound	(n	=5)	teeth.	

Teeth	were	hemisectioned	with	a	wire-saw	to	confirm	findings.		Table	3.13	shows	

histology	findings	as	gold	standard	against	visual	examination,	radiographs	and	non-

quantitative	fluorescence	in	two	categories	(sound/	caries).		The	number	of	teeth	

sectioned	is	displayed	in	the	first	row.	The	number	of	teeth	found	either	carious	or	

sound	is	reported	with	respect	to	histology	findings	and	is	mentioned	in	percentages	

and	frequencies.	

After	evaluating	histology	findings	only	3.6%	were	considered	sound,	14.3%	had	

enamel	caries,	25%	were	carious	up	to	1/3	into	dentine	and	57.1%	showed	deep	

dentinal	caries	greater	than	1/3	into	dentine.	The	only	sound	tooth	(n	=	1)	confirmed	by	

histology	was	correctly	identified	by	all	techniques;	visual	examination,	radiographs	

and	non-quantitative	fluorescence.	Enamel	caries	(n	=	4)	confirmed	by	histology	was	

not	identified	by	visual	examination	or	radiographs,	however	the	blue	light	was	able	to	

distinguish	all	four	of	them.	Radiographs	and	non-quantitative	fluorescence	were	both	

able	to	distinguish	all	teeth	(n	=	7)	with	caries	1/3	into	dentine.	The	non-quantitative	
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fluorescence	distinguished	caries	lesions	by	red	fluorescence	and	green	fluorescence	

loss.	Two	occlusal	fissures	with	enamel	caries	showed	red	fluorescence	and	all	cases	

with	dentinal	caries	displayed	red	fluorescence	when	the	tooth	was	illuminated	with	

the	blue	light	and	observed	through	the	filtered	protection	glasses.	Two	cases	of	

enamel	caries	located	on	buccal	tooth	surfaces	were	visible	as	dark	spots	on	otherwise	

evenly	fluorescing	teeth.	

Sensitivity	and	specificity	of	caries	diagnosis	by	visual	examination,	radiographs	and	

blue	light	were	calculated	with	respect	to	histology	findings.	The	only	sound	tooth	and	

all	other	caries	lesions	were	confirmed	by	histology;	hence	specificity	was	100%	for	all	

teeth.	Visual	examination	showed	the	lowest	sensitivity,	finding	0%	of	the	enamel	

caries	lesions,	14.28%	of	the	caries	1/3	into	dentine	caries	lesions	and	75%	of	deep	

dentinal	caries	lesions;	sensitivity	for	all	caries	(enamel	threshold)	was	0.48	and	for	

dentinal	caries	was	0.57.		

Radiographs	showed	0%	sensitivity	for	enamel	caries	lesions	but	scored	100%	for	both	

dentinal	caries	lesions,	resulting	in	85%	sensitivity	at	the	enamel	threshold	and	100%	at	

the	dentine	threshold.	The	blue	non-quantitative	fluorescence	light	showed	the	highest	

sensitivity	of	100%,	equal	to	histology	findings.	Table	36	shows	histology	findings	as	

gold	standard	against	visual	examination,	radiographs	and	non-quantitative	

fluorescence	in	two	categories	(sound/caries).	 	
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	 Hemisectioning	

	 Sound	 Enamel	

Caries	

Caries	1/3	

into	

Dentine	

Deep	

Dentinal	

Caries	

Sub-

Total	of	

Teeth	

Total	

Teeth	

Number	of	teeth	with	

histology	

1	 4	 7	 16	 	 28	

Visual	

Examination	

Caries	 0	(0%)	 0	(0%)	 1	(14.3%)	 12	(75%)	 13	 28	

Sound	 1	(100%)		 4	(100%)	 6	(85.7%)	 4	(25%)	 15	

Radiographs	 Caries	 0	(0%)	 0	(0%)	 7	(100%)	 16	(100%)	 23	 28	

Sound	 1	(100%)	 4	(100%)	 	 0	(0%)	 0	(0%)	 5	

Blue	light	 Caries	 0	(0%)	 4	(100%)	 7	(100%)	 16	(100%)	 27	 28	

Sound	 1	(100%)	 0%	 0	(0%)	 0	(0%)	 1	

Table	3.13	(Results):	Table	showing	percentages	and	frequencies	for	in	vitro	study	results,	MS	Excel	14.3.8	for	
Mac.	

	

  
Visual	Inspection	 Radiographs	 Blue	light	

Total	
	  

caries	 sound	 caries	 sound	 caries	 sound	

Hemi-
sectioning	

caries	 13	 14	 23	 4	 27	 0	 27	
sound	 0	 1	 0	 1	 0	 1	 1	

total	 13	 15	 23	 5	 27	 1	 28	
Table	3.14	(Results):	two	by	two	tables	for	caries	detection	at	the	enamel	threshold,	MS	Excel	14.3.8	for	Mac.	

	

  
Visual	Inspection	 Radiographs	 Blue	light	

Total	
	  

dentinal	
caries	 sound	

dentinal	
caries	 sound	

dentinal	
caries	 sound	

Hemi-
sectioning	

dentinal	
caries	 13	 10	 23	 0	 23	 0	 23	
sound	 0	 5	 0	 5	 0	 5	 5	

total	 13	 15	 23	 5	 23	 5	 28	
Table	3.15	(Results):	two	by	two	tables	for	caries	detection	at	the	dentine	threshold,	MS	Excel	14.3.8	for	Mac.	
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3.1.4	Results	of	the	Use	of	QLF	in	Dental	Practice	Treatment	Procedures	
QLF	findings	obtained	alongside	routine	dental	check-ups	were	collected	and	evaluated	

over	a	9-year	period.	This	thesis	reports	and	outlines	the	retrospective	findings	from	

this	as	examples,	since	they	were	not	part	of	a	prospective	study.	QLF	findings	were	

evaluated	in	order	to	determine	the	potential	roles	that	QLF	could	fulfil	during	in	vivo	

dental	treatment	procedures.	Different	approaches	for	retrieval	of	QLF	data	were	

investigated	throughout.	

3.1.4.1	Dental	Plaque	accumulation	
Accumulation	of	dental	plaque	was	evaluated	by	QLF	imaging	of	visible	dental	plaque	

on	accumulation	sites	throughout	the	patients’	mouth.	Levels	of	Red	Fluorescence	

(ΔR[%])	were	analysed	using	the	QLF	software	showing	average	ΔR[%]	findings	and	

ΔR[%]	maximum	findings.		

Obtained	QLF	images	showed	visible	red	fluorescence	(Figure	76)	by	displaying	a	slight	

orange-red	colour.	After	ΔF	analysis	the	red	fluorescence	shows	improved	visibility	

(Figure	3.8).		
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Figure	3.7	(Dental	Plaque	Accumulation):	Visible	red	fluorescence,	shown	without	ΔF	analysis,	Inspektor	Pro	
system	2.0.0.48,	Inspektor	Research	Systems	B.V.,	Amsterdam,	the	Netherlands.	

Figure	3.8	(Dental	Plaque	Accumulation):	Visible	red	fluorescence,	shown	with	ΔF	analysis,	Inspektor	Pro	system	
2.0.0.48,	Inspektor	Research	Systems	B.V.,	Amsterdam,	the	Netherlands.		
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3.1.4.2	Fissure	Sealants	
QLF	images	were	obtained	prior	to	fissure	sealant	placement	that	had	previously	been	

part	of	planned	treatment	as	advised	by	a	professional.	Findings	were	then	compared	

with	visual	examination.	Examples	show	a	case	of	a	patient	where	a	dentist	advised	

four	fissure	sealants	in	all	first	newly	erupted	permanent	molars.	Figure	3.9	shows	all	

first	molars	a)16	b)26	c)36	d)46	with	visual	signs	of	fluorescence	loss	for	all	shown	

tooth	fissures	by	a	dark	discolouration.	Visible	red	fluorescence	was	observed	in	two	

molars	(3.9b-3.9c).	Figure	3.10	shows	the	same	tooth	fissures	after	obtained	ΔR[%]	

average	(top	left)	and	ΔR[%]	maximum	analyses	(bottom	right).	ΔF[%]	analyses	for	

average	and	maximum	values	are	shown	in	Figure	3.11.	

	
Figure	3.9:	Selection	of	first	molars	taken	from	one	patient	prior	to	proposed	fissure	sealing:	a)	16	b)	26	c)	36	d)	46	
;	showing	visual	signs	of	fluorescence	loss,	Inspektor	Pro	system	2.0.0.48,	Inspektor	Research	Systems,	
Amsterdam,	the	Netherlands.	
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Figure	3.10:	Selection	of	first	molars	taken	from	one	patient	prior	to	proposed	fissure	sealing:	a)	16	b)	26	c)	36	d)	
46	;	ΔR	analyses,	Inspektor	Pro	system	2.0.0.48,	Inspektor	Research	Systems	B.V.,	Amsterdam,	the	Netherlands.	

	
Figure	3.11:	Selection	of	first	molars	taken	from	one	patient	prior	to	proposed	fissure	sealing:	a)	16	b)	26	c)	36	d)	
46	;	ΔF	analyses,	Inspektor	Pro	system	2.0.0.48,	Inspektor	Research	Systems	B.V.,	Amsterdam,	the	Netherlands.	
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Another	example	for	a	proposed	fissure	sealant	shows	the	effect	of	ΔR	analysis	on	top	

of	ΔF	analysis	is	shown	in	Figure	3.12.	A	premolar	shows	signs	of	fluorescence	loss	by	

the	dark	discolouration	of	the	tooth	fissures	(Figure	3.12a).	ΔR	analysis	shows	red	

fluorescence	present	in	tooth	fissures	(Figure	3.12b)	and	ΔF	analysis	is	shown	in	

different	picture	(Figure	3.12c).	The	QLF	software	layers	both	analyses	on	top	of	each	

other	for	enhancing	insight	on	ΔF	and	ΔR	locations	(Figure	3.12d).	

	

	
Figure	3.12	(Fissure	sealants):	a)	premolar	without	analysis.	b)	RF	analysis	indicating	activity	in	fissures.	c)	WS	
analysis	indicating	fluorescence	loss/demineralisation.	d)	RF	over	WS	analysis,	Inspektor	Pro	system	2.0.0.48,	
Inspektor	Research	Systems	B.V.,	Amsterdam,	the	Netherlands.	
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3.1.4.3	Caries	Diagnosis	
For	caries	diagnosis	purposes	additional	information	obtained	by	QLF	analyses	on	

existing	restorations,	fissure	sealants	and	primary	lesions	with	calculated	ΔF	and	ΔR	

values	were	observed.	These	observations	of	calculated	ΔR[%]	maximum	and	ΔF[%]	

maximum	values	were	obtained	manually	by	looking	at	several	pixels	instead	of	just	

one	(ΔF	average	and	ΔR	average).			Additional	information	for	fissure	sealants	was	

shown,	however	more	frequently	with	larger	surfaces	showing	pseudo	colours	and/or	

higher	values	ΔF[%]	maximum	and	ΔR[%]	maximum	calculated.	An	example	shown	for	

this	experiment	shows	five	images	of	one	tooth	surface	(Figure	3.13	and	3.14).	All	

images	were	interpreted	to	gain	additional	information.	A	first	picture	would	show	

visible	signs	of	fluorescence	loss	by	the	dark	discolouration	of	tooth	structure	(3.13a);	a	

second	picture	showed	average	percentages	of	calculated	ΔR	and	the	specific	location	

of	red	fluorescence	on	a	tooth	surface	(Figure	3.13b).	Analysed	red	fluorescence	

showed	different	visible	patterns	of	red	fluorescence,	i.e.,	red	pixels	forming	a	solid	red	

area	on	a	tooth	surface,	scattered	spotting	on	a	less	smooth	surface	as	a	composite	

filling	or	stripe-like	patterns	of	red	pixels	on	enamel	surfaces.	Fluorescence	loss	analysis	

shown	by	ΔF[%]	and	pseudo	colours	gave	information	the	location	and	possible	size	of	

mineral	loss	(Figure	3.13c).	Figure	3.13d	shows	layering	of	both	analyses,	ΔR	above	ΔF.	

Additional	information	about	both	maximum	calculations	was	obtained	by	hovering	the	

mouse	cursor	over	the	location	of	interest,	showing	both	maximum	values	bottom	right	

in	the	analysis	screen	Figure	3.14).	
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Figure	3.13	(Caries	Diagnosis):	a)	QLF	image	of	right	upper	molar	showing	a	demineralised	mesial	fissure.	b)	RF	
analysis	showing	activity	surrounding	the	fissure.	c)	WS	analysis	showing	an	area	of	mineral	loss.	d)	RF	layered	
over	WS,	Inspektor	Pro	system	2.0.0.48,	Inspektor	Research	Systems	B.V.,	Amsterdam,	the	Netherlands.	

		

	
Figure	3.14	(Caries	Diagnosis):	mouse	cursor	placed	inside	the	lesion	showing	levels	of	ΔF	and	ΔR	combined	in	the	
lower	right	hand	window	of	the	image,	Inspektor	Pro	system	2.0.0.48,	Inspektor	Research	Systems	B.V.,	
Amsterdam,	the	Netherlands.	

	

3.1.4.4	Supra-gingival	Calculus		
Deposits	of	debris	such	as	calculus	or	staining	was	made	visible	by	QLF	imaging	

following	ΔR[%]	analysis	average.	Areas	with	deposits	of	calculus	gave	a	different	

pseudo	colour	after	analysis	compared	with	dental	plaque	analysis.	The	overall	red	

fluorescence	showed	orange	to	yellow	pseudo	colours	as	in	Figure	3.15.		
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Figure	3.15	(Supra-gingival	calculus):	result	of	RF	analysis	calculated	for	ΔR	average	in	contour	on	lingual	sides	of	
lower	front	teeth	with	calculus	and	staining,	Inspektor	Pro	system	2.0.0.48,	Inspektor	Research	Systems	B.V.,	
Amsterdam,	the	Netherlands.	

	

3.1.4.5	Patient	Motivation	Purposes	 	
QLF	assessment	was	used	for	patient	motivation	purposes	by	imaging	and	analysing	

areas	of	interest	and	re-capturing	the	exact	tooth	surface	after	a	conducted	treatment,	

for	example	after	professional	prophylaxis	to	remove	debris	or	polishing.	The	examples	

used	in	this	thesis	show	‘before	&	after’	imaging	of	dental	plaque	(Figure	3.16),	calculus	

(Figure	3.17)	and	staining	(Figure	3.18).		

	

Figure	3.16	(Patient	Motivation	Purposes):	a)	Incisor	(palatal)	with	visible	red	fluorescence	before	prophylaxis.	b)	
Incisor	showing	a	clean	tooth	surface	after	professional	prophylaxis,	Inspektor	Pro	system	2.0.0.48,	Inspektor	
Research	Systems	B.B.,	Amsterdam,	the	Netherlands.	
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Figure	3.17	(Supra-gingival	calculus):	Heavy	calculus	deposits	on	lingual	sides	of	lower	front	teeth,	made	visible	
without	RF	analysis,	a)	before	and	b)	after	cleaning	for	patient	motivation	purposes,	Inspektor	Pro	system	
2.0.0.48,	Inspektor	Research	Systems	B.V.,	Amsterdam,	the	Netherlands.	

		
Figure	3.18	(Supra-gingival	calculus):	Calculus	and	staining	made	visible	before	and	after	prophylaxis.	a)	Before	
cleaning	patient	was	shown	the	amount	of	staining	due	to	heavy	smoking.	b)	After	cleaning	patient	was	showed	
the	result	of	ultrasonic	cleaning	and	polishing,	Inspektor	Pro	system	2.0.0.48,	Inspektor	Research	Systems	B.V.,	
Amsterdam,	the	Netherlands.	

	
3.1.4.6	Sub-gingival	Red	Fluorescence	(SGRF)	

Observed	red	fluorescence	situated	underneath	the	gingival	margin	was	assumed	to	be	

dental	plaque	or	sub-gingival	located	deposits	of	calculus.	Teeth	were	first	imaged	

(Figure	3.19a)	and	analysed	for	values	ΔR[%]	average	in	contour	(Figure	3.19b)	

following	professional	prophylaxis.	Calculation	of	ΔR[%]	average	in	contour	was	

combined	with	a	duplicate	of	the	image	after	performed	professional	prophylaxis	

(Figure	3.19c)	to	evaluate	the	differences	between	the	first	and	second	image	(Figure	

3.19d).	
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Figure	3.19	(Sub-gingival	QLF	image):	Lingual	lower	front	incisors	showing	a)	large	deposits	of	debris	b)	sub-
gingival	ΔR(%)	average	in	contour	analysis	c)	after	professional	prophylaxis	d)	Repeated	ΔR(%)	average	in	contour	
analysis	for	cleaned	teeth,	Inspektor	Pro	system	2.0.0.48,	Inspektor	Research	Systems	B.V.,	Amsterdam,	the	
Netherlands.	

Some	of	these	observations	involved	multiple	visits	and	re-analysis	of	the	sub-gingival	

surface	was	conducted.	Dental	plaque	deposits	could	be	observed	too	after	imaging	

and	ΔR[%]	analysis	average	in	contour.	The	following	example	shows	one	tooth	surface	

imaged	during	two	different	visits,	with	a	time	interval	of	18	days	(Figure	3.20).	Large	

deposits	of	debris	(Figure	3.20a)	were	removed	by	professional	prophylaxis	(Figure	

3.20b-d).	At	a	second	appointment,	18	days	later,	it	was	assessed	if	the	patient’s	oral	

hygiene	level	had	improved	after	previously	received	dental	hygiene	instructions.	

During	the	second	QLF	assessment	gingival	tissue	was	evaluated	(Figure	3.20e),	and	a	

new	area	of	red	fluorescence	was	observed	(Figure	3.20f).	This	was	assumed	to	be	

dental	plaque	from	inside	the	periodontal	pocket	(Figure	3.20f)	since	the	patient	

confirmed	that	they	had	not	been	following	dental	hygiene	instructions	whilst	at	home.	
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Figure	3.20	(Sub-gingival	QLF	image):	Upper	incisor	imaged	a)	visit	one;	large	deposits	of	debris	b)	sub-gingival	
ΔR[%]	average	in	contour	analysis	before	prophylaxis	c)	ΔR(%)	average	in	contour	analysis	after	prophylaxis	d)	
cleaned	tooth	surface	e)	second	visit	f)	ΔR[%]	average	in	contour	analysis	showing	new	sub-gingival	red	
fluorescence,	Inspektor	Pro	system	2.0.0.48,	Inspektor	Research	Systems	B.V.,	Amsterdam,	the	Netherlands.	

	

Another	patient	who	verbally	confirmed	to	the	dental	professional	that	dental	hygiene	

measurements	were	followed	as	instructed	during	the	initial	appointment	was	imaged	

with	QLF	before	(Figure	3.21a-b)	and	after	professional	prophylaxis	(Figure	3.21c)	and	

followed	up	after	a	18-days	time	interval	to	check	the	level	of	achieved	dental	hygiene	

(Figure	3.21d).	The	QLF	images	with	calculated	ΔF[%]	analyses	show	visible	differences	

in	the	amount	of	red	fluorescence	between	both	appointments	as	well	as	a	reduction	

of	percentages	ΔR	average	in	contour	(Figure	3.21b,	62.7%;	Figure	3.21c,	33.6%;	Figure	
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87d,	26.4%),	shown	left	top	in	the	analysis	window.	It	was	assumed	that	reduced	

plaque	levels	would	reduce	pocket	depth	and	therefore	showed	less	red	fluorescence.	

	

Figure	3.21	Sub	gingival	QLF	images	with	time	interval	between	two	separate	appointments	showing,	a)	calculus	
against	lingual	lower	front	incisors,	b)	red	fluorescence	and	ΔR[%]	average	in	contour	before	professional	
prophylaxis,	c)	red	fluorescence	and	ΔR(%)	average	in	contour	after	professional	prophylaxis,	d)	red	fluorescence	
and	ΔR[%]	average	in	contour	after	18-days	time	interval,	Inspektor	Pro	system	2.0.0.48,	Inspektor	Research	
Systems	B.V.,	Amsterdam,	the	Netherlands.	

An	example	of	QLF	RF	analysis	with	false-positives	is	shown	in	Figure	3.22.	Placing	the	

reference	patch	on	the	tooth	surface	(Figure	3.22b)	instead	of	the	soft	dental	tissue	

and	then	selecting	the	gingival	area	leads	to	false-positives.	The	areas	with	gross	

calculus	did	show	a	yellow	pseudo	colour	in	the	analysis	screen,	however	the	rest	of	

the	image	showed	only	redness	whilst	changing	the	reference	patch	to	the	soft	dental	

tissues	showed	differences	in	the	before	and	after	QLF	imaging	as	shown	and	outlined	

in	the	previous	section.	
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Figure	3.22	(Sub-gingival	QLF	image):	a)	heavy	calculus	before	prophylaxis.	b)	false	positive	RF	analysis	due	to	
placing	reference	patch	on	tooth	surface.	c)	after	prophylaxis.	d)	false	positive	after	prophylaxis.	

	

3.1.4.7	Haemorrhage	
Normal	haemostasis	dictates	that	haemorrhage	from	pocket	bleeding	reduces	and	

subsequently	stops	with	time	after	it	has	been	initiated	[Hall,	2001].	During	before	&	

after	prophylaxis	observations	it	was	wondered	if	haemostasis	might	be	influencing	the	

appearance	of	the	QLF	images.	QLF	images	with	calculated	ΔR[%]	average	in	contour	

and	RF	area	in	contour	were	evaluated.	An	example	shows	4	images	obtained	during	

one	appointment	with	time	intervals	of	several	minutes	following	professional	

prophylaxis.	Image	1	(Figure	3.23a)	showing	deposits	of	calculus	by	yellow	pseudo	

colour	and	red	fluorescence	with	RF	area	in	contour	56.10mm2	(42.6%)	and	ΔR	average	

in	contour	78.0%.	Image	2	(Figure	3.23b)	was	obtained	directly	after	professional	

prophylaxis,	showing	cleaned	tooth	surfaces	and	reduced	values	of	RF	area	in	contour	
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(3.69mm2,	2.8%)	and	reduced	ΔR	average	in	contour	(25.8%).	Image	3	(Figure	3.23c)	

was	obtained	8	minutes	later	showing	a	reduction	in	both	RF	area	in	contour	(1.02mm2,	

0.78%)	and	ΔR	average	in	contour	(25.0%).	Image	4	(Figure	3.23d)	was	obtained	

another	6	minutes	later	than	image	3	and	showed	a	further	reduction	of	both	RF	area	

in	contour	(0.30mm2,	0.23%)	and	ΔR	average	in	contour	(23.0%).	Image	Properties	

described	Figure	3.23b	to	have	‘heavy	bleeding	gingiva’,	Figure	3.23c	to	have	‘minor	

bleeding	gingiva’	and	Figure	3.23d	no	bleeding	gingiva	was	been	observed.	These	

findings	suggest	that	it	might	be	possible	visibility	to	visualise	haemorrhage	by	QLF.	

	
Figure	3.23	(Haemorrhage):		Four	images	obtained	after	professional	prophylaxis	showing	a	decline	of	visible	and	
calculated	red	fluorescence,	a)	Time	imaged	2.39	A.M.,	b)	Time	imaged	3.05	A.M.,	c)	Time	imaged	3.13	A.M.,	d)	
Time	imaged	3.19	A.M.,	Inspektor	Pro	system	2.0.0.48,	Inspektor	Research	Systems	B.V.,	Amsterdam,	the	
Netherlands.	
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Summary	and	General	Discussion	
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4.0	Summary	and	General	Discussion	
This	chapter	first	summarises	and	then	discusses	thesis	findings.	

4.1	Summary	
The	initial	idea	to	implement	the	use	of	QLF	in	a	large	GDP	came	from	former	CEO	and	

owner	Dr.	Peter	Crielaers	in	2004,	a	pioneer	of	his	time	on	caries	prevention.	After	a	

short	training	with	the	QLF	intra-oral	camera	system	and	dedicated	software	by	the	

developers,	a	period	of	6	months	was	chosen	by	Dr.	Peter	Crielaers	to	investigate	the	

possible	fields	of	QLF	application.	He	believed	the	QLF	technique	was	promising	and	

wanted	to	explore,	evaluate	and	document	its	application	during	every	day	dental	

practice.	

During	this	6-month	period	different	fields	of	application	for	QLF	were	explored,	i.e.	

1) Patient	motivation	purposes	

2) Dental	plaque	accumulation	

3) Calculus	and	staining	

4) Before	&	After	imaging	

After	this	initial	period,	further	QLF	implementation	for	an	indefinite	period	was	

commenced.	The	dental	clinic	where	all	QLF	imaging	was	performed	is	part	of	a	large	

dental	organisation,	which	has	several	dental	offices	working	independently	with	their	

own	staff	and	practising	procedures.	The	information	gathered	is	all	observational	

retrospective	data	following	the	standard	practising	procedures	for	this	dental	clinic.	

	



166	
	

This	thesis	comprises	of	a	short	introduction,	followed	by	the	aim	and	objectives.	The	

overall	aim	for	this	thesis	was	to	evaluate	if	QLF	could	be	considered	suitable	as	a	

useful	complementary	tool	for	general	dental	practice	use.	Exploring	and	documenting	

the	in	vivo	fields	of	application	of	QLF	were	a	more	general	aim	to	describe	and	discuss.	

Furthermore,	chapter	1	described	the	literature	review	on	dental	caries,	caries	

management	and	other	methods	for	caries	detection.	Standard	practicing	procedures	

are	described	to	enhance	the	general	understanding	of	specific	treatment	procedures	

followed	in	the	Netherlands.	For	the	same	reason	the	history	of	Youth	Dental	Care	

Centre’s	(JTV)	has	been	outlined.	The	first	chapter	concluded	with	a	literature	review	

on	QLF	and	non-quantitative	fluorescence	devices.		

The	second	chapter	described	the	general	practising	procedures	of	the	dental	clinic	

where	all	QLF	data	was	obtained	retrospectively	(Study	I).	The	aim	was	to	determine	

the	clinical	relevance	of	QLF	use	as	an	additional,	complementary	tool	compared	with	

standard	clinical	assessments	and	treatment.	From	an	initial	database	size	of	21768	

tooth	surfaces,	a	sample	of	33	occlusal	surfaces	from	children	between	eight	and	

eighteen	years	old	was	derived	from	the	QLF	database,	after	applying	exclusion	criteria.	

For	each	tooth	surface,	a	matching	sound	tooth	surface	was	chosen	as	a	control.		

Results	for	this	study	were	described	in	chapter	three,	where	the	sample	was	

characterised	using	descriptive	statistics	and	frequencies	were	calculated	for	the	

number	of	male	and	female	patients	and	percentages	of	age.	Cross	tabulations	

calculated	the	level	of	agreement	(Cohen’s	Kappa).			
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Results	showed	a	moderate	level	of	agreement	(.579)	between	QLF	findings	and	actual	

treatment	performed	by	the	dental	professional.	Differences	between	the	level	of	

agreement	between	the	treatment	decision	made	by	a	dental	professional	and	the	

actual	treatment	delivered	showed	a	fair	level	of	agreement	(.210).	The	null	hypothesis	

described	that	there	is	no	difference	between	the	level	of	agreement	of	QLF	findings	

and	actual	treatment	outcome	or	dentists’	advice	and	treatment	outcome	(H0).	The	

alternative	hypothesis	described	that	the	level	of	agreement	is	higher	between	QLF	

assessment	and	treatment	outcome	or	advice	and	treatment	outcome	(HA).	Statistical	

analysis	showed	that	there	were	differences	between	the	level	of	agreement	of	QLF	

findings	and	visual	examination	and	actual	treatment	delivered.	The	alternative	

hypothesis	could	be	accepted	whilst	the	null	hypothesis	was	rejected.	

Correlation	coefficient	was	calculated	(Pearson’s	r)	and	visualised	by	scatter	plots.	A	

significant	correlation	(p	=	.026),	however	weak	positive	(.386)	was	calculated	between	

ΔF	average	(calculated	automatically	by	the	Inspektor	Pro	software)	and	ΔF	maximum	

(calculated	by	hand).	No	significance	(p	=	.082)	was	found	between	ΔF	average	and	ΔR	

maximum	or	between	ΔF	maximum	and	ΔR	maximum	(p	=	.108).	Both	these	last	two	

calculations	showed	a	weak	negative	correlation,	ΔF	average*ΔR	maximum=-.307	and	

ΔF	maximum*ΔR	maximum=-.285.	

The	second	part	of	the	study	showed	the	results	of	an	observational	study	involving	

caries	visualisation	by	non-quantitative	fluorescence	devices	in	vitro.		A	non-

quantitative	fluorescence	tool	(Inspektor	TC	(Inspektor	Research	Systems,	Amsterdam,	
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the	Netherlands)	was	used	to	observe	visual	red	and	green	fluorescence	by	looking	

through	filtered	protection	glasses	(Inspektor	Research	Systems,	Amsterdam,	the	

Netherlands)	whilst	comparing	findings	with	visual	examination,	radiographs	and	

histology.	A	sample	of	28	extracted	teeth	was	used.	Visual	examination	suggested	that	

15	teeth	were	considered	sound	and	13	teeth	showed	signs	of	decay.	Radiographs	

showed	23	teeth	to	be	decayed,	delivering	a	higher	sensitivity	than	visual	examination	

findings.	Histology	showed	higher	sensitivity	and	specificity	than	radiographs	with	

lower	sensitivity	for	visual	examination.	The	blue	light	showed	both	high	sensitivity	and	

specificity	whilst	compared	to	histology	and	higher	sensitivity	and	specificity	than	

radiographs.		

Chapter	two	also	described	the	use	of	QLF	during	possible	treatment	procedures.	These	

procedures	comprised	of	dental	plaque	accumulation,	fissure	sealants,	caries	diagnosis,	

supra-gingival	calculus,	patient	motivation	purposes,	sub-gingival	QLF	imaging	and	

visibility	of	gingival	haemorrhage.	No	statistical	data	has	been	retrieved	from	the	

patient’s	database.	The	next	part	of	this	chapter	will	further	discuss	these	observations.	
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4.2	General	Discussion	

The	overall	aim	of	this	study	was	to	investigate	the	potential	benefits	of	a	novel	non-

invasive	fluorescence	imaging	system	(QLF,	Inspektor	Research	Systems	B.V.,	

Amsterdam,	the	Netherlands)	when	used	alongside	standard	accepted	clinical	

techniques	for	caries	diagnosis	and	oral	hygiene	instruction	in	a	general	dental	practice.	

QLF	images	were	mainly	used	as	a	means	to	evaluate	oral	hygiene	and	oral	hygiene	

procedures	as	well	as	aid	in	oral	hygiene	instructions	to	further	the	communication	

with	patients.	Over	9-years	of	clinical	observations	entered	into	the	practice	patient	

database	were	evaluated	in	order	to	investigate	the	use	of	this	system	as	an	integrated	

diagnostic	device	for	oral	hygiene	and	caries	risk	assessment.	QLF	findings	have	been	

compared	to	the	treatment	advice	given	by	a	dental	professional	following	a	normal	

clinical	check-up	and	diagnosis	and	compared	with	the	actual	treatment	delivered	by	a	

dentist	or	hygienist.		

Results	showed	a	fair	to	good	(.579)	level	of	agreement	for	QLF	assessment	compared	

to	the	delivered	treatment	outcome,	while	visual	assessment	had	merely	poor	(.210)	

agreement	with	treatment	outcome,	indicating	QLF’s	ability	to	provide	additional	

information	that	could	aid	the	dental	professional	during	daily	clinical	decision-making.		

Previous	research	outcomes	have	not	yet	described	longitudinal	in	vivo	applications,	or	

attempted	to	evaluate	the	role	of	QLF	compared	with	the	usual	approach	to	dental	

clinical	examination.	However,	in	vivo	QLF	use	has	been	suggested	to	have	a	predictive	

value	during	a	prospective	study	that	analysed	several	clinical	baseline	parameters	and	
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de-	and	remineralisation	properties	of	in	vivo	etched	sites	to	determine	future	caries	

development	[Meller	et	al.,	2012].	Their	findings	suggest	that	it	is	possible	to	detect	

early	demineralisation	at	a	stage	where	damage	caused	by	caries	is	not	yet	irreversible.	

The	ability	to	detect	and	quantify	caries	lesions	has	also	been	compared	with	other	

destructive	methods	[Al-Khateeb	et	al.,	1997;	Angmar-Mansson	and	ten	Bosch,	2001b].	

Monitoring	enamel	changes	by	QLF	has	also	been	documented	in	a	one-year	follow	up	

study,	active	enamel	caries	lesions	were	seen	to	remineralised	indicating	that	this	may	

be	a	suitable	technique	for	monitoring	the	effectiveness	of	caries	preventive	measures	

[Al-Khateeb	et	al.,	1998a].		

A	fair	level	of	agreement	was	demonstrated	for	diagnosis	of	early	enamel	caries	in	a	

group	of	children	aged	9-12	when	compared	with	clinical	examination	[Ferreira	

Zandoná	et	al.,	1998].	This	prospective	study	involved	three	different	time	intervals;	

baseline,	4	and	8	months	and	like	the	study	reported	in	this	thesis	there	was	a	fair	level	

of	agreement	between	the	parameters	determined	from	the	QLF	image	and	visual	

examinations,	although	the	system	set	up	and	work	style	differed	to	some	extent.	

In	the	study	reported	by	Ferreira-Zandona	et	al.	(1998),	each	tooth	surface	had	been	

gently	dried	before	imaging.		During	the	present	study	no	air-drying	had	been	

performed	prior	to	imaging.	Patients	were	asked	to	swallow	several	times	before	QLF	

images	were	taken.	Although	teeth	were	not	dried	as	part	of	a	standardised	study	

protocol,	the	results	between	these	two	studies	imply	the	same	thing,	suggesting	a	

higher	sensitivity	for	QLF	assessment	when	compared	with	clinical	assessment.	
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QLF	parameters	ΔF	and	ΔQ	were	found	appropriate	for	aiding	clinical	diagnosis	and	

decision	making	after	an	in	vivo	study	looking	at	early	mineral	loss	and	restorative	

intervention	of	occlusal	caries	lesions.	It	has	also	been	suggested	that	ΔR	values	instead	

of	ΔQ	values	could	be	used	to	support	the	decisions	made	during	clinical	caries	

management	[Alammari	et	al.,	2013].			

Knowing	that	visible	red	fluorescence	could	be	observed	in	active	caries	lesions	

[Heinrich-Weltzien	et	al.,	2003b]	when	a	405	nm	wavelength	violet	light	excited	the	

tooth	[König	et	al.,	1993;	Lennon	et	al.,	2002],	these	observations	and	analyses	have	

also	been	proposed	as	useful	clinical	applications	of	QLF.	For	these	reasons	visible	red	

fluorescence	and	ΔR	analyses	have	been	used	during	this	study	as	parameters	that	

complement	ΔF	values.	During	QLF	observations	in	the	present	study,	it	had	been	

noticed	that	ΔR	and	ΔF	analyses	complemented	each	other	when	assessing	teeth	for	

caries;	ΔQ	measurements	did	not	present	additional	diagnostic	useful	information	and	

were	therefore	never	used.	Results	presented	in	the	recently	published	study	by	

Alammari	et	al.	(2013)	underpinned	our	findings	made	through	clinical	observations.		

The	microbiological	origin	of	red	fluorescence	has	shown	secondary	colonisers	present	

in	matured	dental	plaque	to	fluoresce	orange	and	red.	Species	Prevotella	

melaninogenica,	Actinomyces	israelii	and	Candida	albicans	were	observed	on	denture	

surfaces	after	QLF	analyses	[Coulthwaite	et	al.,	2006]	Actinomyces	odontolyticus,	

Prevotella	intermedia,	Prevotella	gingivalis	and	Prevotella	micros	have	all	shown	red	

fluorescence	[van	der	Veen	et	al.,	2006].	Interestingly	however	the	P.	gingivalis	and	P.	
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micros	only	fluoresced	red	when	grown	close	together,	indicating	that	interaction	

between	species	influences	fluorescent	properties	of	biofilm.	The	aforementioned	

species	are	predominantly	gram-negative	anaerobes,	and	are	typically	found	in	

subgingival	biofilms,	many	of	which	are	associated	with	periodontitis	[Kalfas	et	al.,	

1991;	Vuotto	et	al.,	2013],		

During	the	present	study	clinical	observations	have	been	made	of	subgingival	located	

red	fluorescence	(SGRF).	“Before	&	After”	QLF	images	used	to	evaluate	dental	hygiene	

levels	were	now	used	with	different	parameters	for	calculating	red	fluorescence	on	the	

subgingival	level	instead	of	on	the	tooth	mineral.	It	was	questioned	if	these	SGRF	

observations	could	be	used	to	evaluate	the	cleaned	tooth	surface	after	professional	

subgingival	prophylaxis.	This	observation	needs	further	research	before	any	

conclusions	or	recommendations	can	be	made.	

QLF	has	been	reported	to	be	a	helpful	patient	motivation	tool	[Tranaeus	et	al.,	2001a;	

Tranæus	et	al.,	2001].	During	QLF	implementation	in	the	dental	clinic	where	this	study	

was	undertaken,	all	patients	showed	an	enthusiastic	response	while	watching	their	

own	teeth	on	the	pc	monitor.	Interpreting	and	understanding	the	observed	red	

fluorescence	proved	to	be	very	easy	for	all	patients	to	comprehend.	Many	patients	

attending	this	particular	dental	office	are	non-European	foreigners	or	children	from	

non-European	foreigners	and	language	and	interpretation	difficulties	hampered	lack	of	

understanding	of	received	dental	hygiene	instructions.	Subjective	observations	showed	

that	this	changed	when	QLF	was	adopted	for	patient	motivation	purposes.	However,	it	
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would	be	helpful	to	evaluate	prospectively,	the	effect	of	using	QLF	imaging	compared	

with	verbal	communication	and	plaque	disclosing	dyes	on	oral	hygiene	[Lang	et	al.,	

1972;	Marsh	et	al.,	2009].	

The	use	of	QLF	to	aid	in	visualising	dental	plaque	has	been	compared	with	conventional	

disclosing	dyes	and	it	has	been	suggested	that	QLF	could	reduce	time	spent	per	patient	

and	distinguish	between	plaque	covered	and	clean	tooth	surfaces,	however	it	did	not	

help	in	measuring	the	total	plaque	volume	[Pretty	et	al.,	2005].		

During	a	recent	study	it	was	suggested	that	rather	than	focussing	on	a	single	caries-

associated	species,	attention	should	be	paid	to	the	fluorescent	properties	of	the	biofilm	

as	a	whole	[Lee	et	al.,	2013].	Red	fluorescence	(ΔR)	could	be	observed	from	matured	

dental	plaque	and	biofilm	age	and	thickness	determined	the	amount	of	red	

fluorescence	observed.	In	vitro	results	have	shown	the	first	observations	of	red	

fluorescence	using	a	spectrophotometer	after	4	days	and	the	QLF	images	showed	visual	

red	fluorescence	starting	from	day	7	onwards	[Volgenant	et	al.,	2012].	Recently,	clinical	

significance	has	also	been	reported	for	the	correlation	between	observed	red	

fluorescence	and	cariogenic	properties	during	in	vitro	biofilm	research.	The	intensity	of	

observed	red	fluorescence	with	QLF	was	shown	to	correlate	to	the	cariogenic	levels	of	

dental	plaque	[Lee	et	al.,	2013].		

The	widely	accepted	conditions	for	dental	diagnosis	are	still	the	appropriate	use	of	an	

explorer,	mouth	mirror,	air	drying	and	a	strong	light	to	illuminate	the	mouth	[WHO,	

1997]	in	combination	with	bitewing	radiographs	[Raper,	1925a].	However,	the	
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inappropriate	use	of	a	sharp	probe	was	shown	to	potentially	damage	the	tooth	fissures	

[Ekstrand	et	al.,	1987]	and	bitewing	radiographs	should	not	be	obtained	too	frequently	

in	order	to	avoid	harmful	radiation	[WHO,	2008]	plus	radiography	does	not	help	to	

differentiate	between	an	arrested-	or	active	caries	lesion	[Wenzel,	2004].	Varying	

opinion	between	dental	professionals	for	planning	restorative	care	poses	problems	and	

does	not	benefit	the	patient	[Rytömaa	et	al.,	1979].	This	has	led	to	the	introduction	of	

other	diagnostic	techniques	that	seek	to	aid	the	dentist’s	decision	making.	ICDAS	shows	

high	sensitivity	and	specificity	and	good	intra	examiner	agreement	[Ismail	et	al.,	2007]	

and	has	been	suggested	for	classifying	stages	of	the	caries	process	and	the	activity	

status	of	lesions	[Pitts	et	al.,	2013]	though	its	use	has	not	yet	been	widely	adopted	by	

dentists.		

Modern	day	dentistry	is	in	search	for	a	more	conservative	approach	of	invasive	dental	

therapy	[Fisher	et	al.,	2012]	and	a	monitoring	system	that	records	enamel	changes	i.e.,	

de-	and	remineralisation	is	proposed	as	“desirable”	for	reasons	such	as	choosing	a	

correct	prevention	strategy,	reimbursement	justification	and	task	delegation	

[Vermaire,	2013a].	QLF	is	one	alternative,	which	certainly	holds	the	potential	to	meet	

the	demands	of	preventive	and	minimally	invasive	dentistry.	

The	retrospective	information	gained	from	the	QLF	database	and	patient	files	in	this	

study	was	limited.	Due	to	the	limitations	of	any	retrospective	study	a	possible	bias	

should	be	taken	into	account.		Unlike	a	prospective	study,	a	retrospective	study	relies	

on	patient	records	kept	for	general	treatment	purposes	rather	than	for	the	sake	of	a	
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study.	One	limiting	factor	was	the	small	size	of	the	dataset	used	in	the	analysis,	which	

implies	that	data	outcomes	should	be	considered	with	caution.	Preferably	a	large	

prospective	cohort	study,	taking	into	account	the	actual	caries	prevalence	should	be	

performed	to	confirm	current	findings.	The	size	of	the	dataset	in	the	current	study	was	

limited	due	to	multiple	reasons,	i.e.,	moving	location,	financial	problems	such	as	debt-

claims	for	not	paying	the	dental	invoices	or	patients	who	decided	to	leave	one	practice	

and	join	another	practice	or	patient	drop	out	after	reaching	the	age	of	eighteen	years	

old.	A	3-year	follow	up	from	2006-2009	was	chosen,	as	this	gave	sufficient	time	for	the	

development	of	possible	caries	lesions	to	be	identified.	All	children	with	an	

appointment	for	sealants	had	QLF	photographs	taken	of	all	molars	and	pre-molars	of	

permanent	and	deciduous	dentition.	No	attempt	was	undertaken	to	follow	these	in	

time.	For	the	purpose	of	the	retrospective	study	an	equal	number	of	healthy	and	caries	

suspect	teeth	were	needed.	This	reduced	the	dataset	a	mere	33	cases	and	matching	

controls.	At	the	start	of	QLF	imaging	in	the	youth	dental	care	practice	in	Tilburg,	

treatment	focus	was	on	invasive	care	and	prevention	thereof.	Current	focus	is	on	

maintaining	health	through	NOCTP.		An	important	aspect	of	bias	could	have	occurred	if	

QLF	photographs	were	shared	with	the	treating	dentists.	A	dental	prophylactic	nurse,	

who	had	no	specific	knowledge	on	caries	assessment,	took	QLF	photographs,	

minimising	bias	from	combining	clinical	and	QLF	assessments.	The	images	showing	pie	

charts	with	percentages	of	different	treatment	options	on	page	139	imply	the	actual	

treatment	outcome	performed	by	a	dentist	as	a	reference;	however,	the	same	dentist	

did	not	necessarily	deliver	both	dentist	advice	and	actual	treatment.	For	treatment	
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decision	on	occlusal	surfaces	no	objective	means	were	available.		While	radiographs	are	

suitable	for	proximal	surfaces,	for	occlusal	surfaces	they	are	not	[Hopcraft	and	Morgan,	

2005;	King	and	Shaw,	1979].	For	the	scope	of	this	retrospective	trial	we	had	to	choose	

the	next	best	option	of	actual	treatment	delivered,	whether	invasive	or	none	at	all.		

During	clinical	assessment	the	case	observations	undertaken	with	Inspektor	TC	

(Inspektor	Research	Systems	B.B.,	Amsterdam,	the	Netherlands)	all	showed	the	same	

trend;	the	observation	of	red	fluorescence	in	caries	lesions	found	by	radiographs	and	

visual	examination	by	a	dental	professional.	The	In	vitro	research	suggested	the	

technique	to	be	particularly	valuable	during	the	assessment	of	(early)	enamel	caries	

lesions;	histology	confirmed	the	different	levels	of	caries	found	by	the	non-quantitative	

fluorescence.	During	this	study	it	became	more	obvious	that	red	fluorescence	could	be	

observed	in	caries	lesions	after	confirmation	through	hemisectioning	and	direct	

observations	of	the	sectioned	tooth.	These	findings	led	to	further	development	of	the	

QLF	device.	Teeth	illuminated	with	the	Inspektor	TC	could	not	be	imaged	but	mimicking	

the	optical	properties	of	the	TC	glasses	by	placing	yellow	and	magenta	filters	between	

the	lens	and	aperture	of	a	digital	SLR	camera	(Canon	EOS	350D,	Canon	Nederland	N.V.,	

‘s-Hertogenbosch,	the	Netherlands)	led	to	the	ability	to	image	TC	findings.		

The	new	QLF	device,	Quantitative	Light-induced	Fluorescence-Digital	(QLF-D,	Inspektor	

Research	Systems	B.V.,	Amsterdam,	the	Netherlands),	was	developed	in	2010	and	

replaced	QLF	hardware	and	software	used	in	this	study.	A	modified	filter	set	(D007,	

Inspektor	Research	Systems	B.V.,	Amsterdam,	the	Netherlands)	was	combined	with	a	
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SLR	camera	and	narrow-band	violet	light	with	a	405	nm	wavelength	[Hope	et	al.,	2011].	

Inspektor	Pro	analysis	software	was	replaced	by	the	Q-Ray	and	C3-QA2	analysis	

software	(Inspektor	Research	Systems	B.V.,	Amsterdam,	the	Netherlands).	Data	

obtained	with	QLF-D	was	communicated	with	the	dental	professional,	whilst	Inspektor	

Pro	data	was	not.	This	was	due	to	the	fact	that	the	Inspektor	Pro	system	comprised	of	a	

stand-alone	PC	system	with	no	possibility	to	instantly	transmit	QLF	images	directly	to	

other	PC’s,	handheld	or	portable	devices,	whilst	the	QLF-D	system	was	able	to	connect	

to	the	software	program	used	for	dental	radiographs	and	thus	these	images	were	easily	

stored	alongside	the	obtained	x-ray’s.	Because	we	wanted	to	avoid	bias	from	QLF	

assessment	being	shared	with	the	dental	professional,	no	data	from	2010	onwards	has	

been	used	in	this	study.	Inspektor	Pro	data	was	not	available	through	the	computer	

network	and	therefore	not	used	by	dentists.	

Even	though	the	dataset	was	not	very	large,	no	report	of	any	other	retrospective	QLF	

findings	compared	to	a	conducted	treatment	has	been	published	yet	and	therefore	the	

preliminary	results	are	of	some	interest,	although	further	studies	would	be	beneficial.		

Results	showed	fair	to	good	level	of	agreement	between	QLF	findings	at	baseline	and	

actual	treatment	delivered	within	the	three-year	period	included	in	the	evaluation.	

From	the	outcomes	of	these	observations	it	has	been	possible	to	develop	a	structured	

protocol	that	aims	to	deliver	individually	tailored	guidance	following	QLF-D;	based	on	

image	analyses	this	guidance	can	then	be	monitored	and	evaluated	over	time.	
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It	is	wondered	if	clinical	QLF	observations	could	help	ameliorate	potential	caries	lesions	

by	delivering	individual	dental	hygiene	advice	to	a	patient,	and	adjusting	the	prevention	

regime	through	QLF	analysis.	The	QLF-D	protocol	allows	guidelines	to	be	developed	for	

individually	tailored	preventive	care	that	targets	the	needs	of	a	patient.	By	teaching	

patients	how	to	change	their	diet	and	dental	hygiene	habits	whilst	providing	the	care	

on	a	tailored	level,	the	overall	dental	health	could	be	improved	[Vermaire,	2013b].		

The	ability	to	quantify	fluorescence	loss	seen	in	caries	and	red	fluorescence	i.e.	biofilm	

age	and	thickness	[Volgenant	et	al.,	2012]	together	with	cariogenicity	[Lee	et	al.,	2013]	

appears	to	have	great	potential.	The	option	to	monitor	dental	hygiene	levels	can	aid	in	

stimulating	patients,	possibly	leading	to	a	better	overall	dental	patient	compliance	

[Jönsson	et	al.,	2006;	Ramsay,	2000].	Any	longitudinal	improvements	seen	with	QLF,	

following	successful	prevention,	such	as	remineralisation	or	reduced	plaque,	could	be	

readily	communicated	to	the	patient.	This	could	be	used	to	positively	reinforce	the	

benefits	of	prevention	and	effective	self-care	rather	than	focussing	on	invasive	dental	

care	[Nyvad	et	al.,	1999].	The	infectious	disease	called	dental	caries	can	be	cured	and	

prevented	by	the	patient	himself	[Balakrishnan	et	al.,	2000].	The	future	role	of	a	dental	

professional	could	be	focussed	more	on	patient	awareness	and	compliance,	resulting	in	

a	more	positive	treatment	experience	for	both	the	dental	professional	and	not	the	

least,	the	patient.		
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5.1	Recommendations	&	Future	Research		

The	research	findings	described	in	this	thesis	are	based	on	a	retrospective	evaluation	

and	highlight	the	need	for	a	prospective	study	involving	a	number	of	subjects	based	on	

a	sample	size	calculation.	

Ideally	a	randomised	clinical	trial	(RCT)	will	be	designed	and	performed.	In	the	control	

group,	subject	care	whether	preventive	or	invasive,	will	be	driven	by	visual	examination	

and	QLF	assessments	will	be	performed	separately	and	not	shared	with	the	treating	

dentist.		In	the	test	group,	subject	care	will	be	driven	by	visual	examination	with	the	aid	

of	QLF	assessment	allowing	an	active	prevention	regime	monitored	by	QLF.	However	

such	a	trial	is	likely	to	be	considered	un-ethical	given	the	current	insight	that	QLF	

detects	caries	lesions	often	earlier	than	by	visual	assessment	(this	thesis)	and	caries	is	a	

process	that	can	be	stopped	or	even	reversed	[Featherstone,	1999;	ten	Cate	and	

Duijsters,	1983].	Future	studies	should	focus	on	the	use	of	QLF	in	monitoring	the	caries	

process	during	a	caries-preventive	program	and	as	aid	in	motivating	patients	to	

improve	poor	oral	hygiene	and	dietary	habits.	

The	latter	will	give	the	opportunity	to	study	behavioural	aspects,	such	as	patient	

motivation,	locus	of	control	[Lefcourt,	1982;	Rotter,	1954]	and	oral	hygiene	and	dietary	

habits.	In	the	control	group	subjects	will	be	admitted	to	a	standard	prevention	regime	

where	oral	hygiene	and	caries	will	be	monitored	by	QLF,	but	QLF	images	or	assessment	

will	not	be	shared	with	the	patient.	In	the	test	group,	subjects	will	be	admitted	to	the	

same	prevention	regime	where	oral	hygiene	and	caries	will	be	monitored	by	QLF,	but	
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now	QLF	images	and	assessment	will	be	shown	and	communicated	to	the	patient.	

Patient’s	oral	hygiene	and	dietary	habits,	motivation	and	locus	of	control	should	be	

assessed	over	time	as	well	as	oral	hygiene	efficacy	(bleeding	and	plaque)	and	caries	

incidence.	In	the	current	study	patient	motivation	or	locus	of	control	has	not	been	

evaluated	by	means	of	questionnaires,	but	more	subjectively	based	on	clinical	

interaction	with	a	patient.	Patient’s	dental	knowledge,	dental	hygiene	and	QLF	

assessment	could	be	evaluated	more	objectively	and	be	subjected	to	statistical	

analysis.	

In	this	current	study	multiple	dentists	were	involved	in	patient	treatment	owing	to	their	

preference	for	the	day	and	time	of	appointment.	To	investigate	possible	examiner	bias,	

subjects	could	be	assigned	to	two	groups,	where	one	dentist	would	be	responsible	for	

both	first	visual	examination	and	treatment	delivered	in	the	first	group	and	in	the	other	

group	would	be	treated	by	one	dentist	for	visual	examination	and	another	dentist	for	

treatment	delivered.	

A	longitudinal	study	could	gain	more	information	by	using	follow	up	QLF	assessment	

data	for	comparison	with	to	the	visual	examination	and	radiographs.	However,	there	

are	limitations	associated	with	prospective	studies.	Long-term	clinical	trials	are	difficult	

to	undertake	in	a	practice	based	setting	and	the	patient	population	may	not	be	stable	

in	the	clinical	setting	described	in	this	thesis.	It	would	however	be	possible	to	screen	a	

group	of	subjects	using	visual	assessment	(outside	the	normal	clinical	settings),	with	

available	dental	radiographs	obtained	by	their	own	dentist,	and	QLF	and	ask	subjects	to	
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return	after	1	or	2	years	to	assess	caries	incidence,	whilst	they	continue	to	visit	their	

own	dentist	for	check-ups	and	treatment.	In	addition	to	the	carious	surfaces	being	

evaluated,	changes	in	apparently	healthy	surfaces	could	be	longitudinally	monitored.	

Selecting	an	appropriate	reference	test	might	also	pose	difficulties,	together	with	a	

high	dropout	rate	that	might	arise	after	one	or	two	years	follow	up.	For	this	reason	it	

might	be	interesting	to	review	longitudinal	retrospective	data	retrieved	with	the	QLF-D	

system,	whilst	being	part	of	a	well-accepted	hygiene	protocol.		

However,	the	diagnostic	value	of	QLF	needs	to	be	investigated	through	in	vitro	research	

to	allow	the	use	of	histology	as	a	reference	test;	histology	being	the	appropriate	

reference	test,	as	it	has	a	higher	sensitivity	and	specificity	for	picking	up	disease	than	

QLF.	For	the	QLF	system	used	in	this	study	(Inspektor	Pro,	Inspektor	Research	Systems	

B.V.,	Amsterdam,	the	Netherlands)	such	validation	has	been	done.	For	the	new	

generation	of	QLF	cameras,	based	on	a	single	lens	reflex	camera	with	an	illuminating	

tube	comprising	white	and	blue	light	amplifying	diodes	(QLF-D,	Inspektor	Research	

Systems	B.V.,	Amsterdam,	the	Netherlands),	such	validation	still	needs	to	be	

undertaken.	Although	the	excitation	wavelength	used	in	the	fluorescence	photographs	

is	the	same	as	for	the	QLF	system	used	in	this	study,	the	filters	used	in	the	detection	

line	are	different	[Hope	et	al.,	2011],	hence	a	new	validation	is	required.	

In	such	a	cross-sectional	study	effort	should	be	made	to	include	caries	at	all	levels	of	

disease	at	approximately	their	respective	prevalence	ratios	[Ruffano	et	al.,	2012].	

When	such	is	not	feasible	because	of	difficulty	in	finding	extracted	teeth	without	any	
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signs	of	caries,	a	‘balanced’	sample	with	equal	portions	of	the	different	disease	levels	

could	be	used.	Also	a	larger	sample	with	sound	and	carious	teeth	with	varying	degrees	

of	decay	would	be	appropriate.	Multiple	examiners	could	reduce	the	possible	bias	and	

intra-examiner	level	of	agreement	could	be	calculated.		

One	potential	benefit	of	QLF	is	thought	to	be	in	motivating	patients	by	informing	them	

of	their	oral	health	status,	to	help	promote	healthy	teeth	and	periodontal	tissues	

through	dental	preventive	strategies.	Hence	studies	focusing	on	QLF	as	motivational	

tool	are	currently	being	planned.	Given	the	practical	limitations	to	perform	these	in	

general	dental	practice,	a	first	study	will	investigate	the	use	of	QLF-D	images	in	an	

elementary	school	program	for	oral	hygiene	education	where	10	to	12-year	old	study	

participants	will	all	be	assessed	by	QLF	and	will	either	receive	general	instructions	

regarding	oral	hygiene	and	dietary	habits	or	specific	instructions	regarding	oral	hygiene	

and	dietary	habits	based	on	the	QLF	photographs.	

The	experiments	undertaken	to	observe	percentage	ΔR	for	possible	subgingival	

bacterial	activity	and	haemorrhage	show	initial	promise	but	it	would	be	premature	to	

make	any	recommendations	without	further	clinical	studies.	A	measuring	tool	to	allow	

gingival	tissue	inflammation	to	be	determined	would	need	to	be	created	for	the	QLF	

software	first.	Then	a	new	study	including	a	sample	size	with	periodontal	pocket	depth	

of	1-4	mm	could	be	compared	with	a	control	group	with	no	measured	periodontal	

pockets.	If	bacterial	activity	is	observed,	this	may	be	the	result	of	the	presence	of	a	

mature	biofilm.	In	this	way	a	periodontal	pocket	could	be	monitored	for	the	presence	
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of	red	fluorescence	following	professional	debridement,	with	longitudinal	imaging.	This	

would	provide	further	information	relating	to	the	development	and	maturity	of	

subgingival	biofilms.	Percentage	ΔR	should	be	compared	with	results	from	previous	in	

vitro	studies	where	biofilm	development	was	monitored	with	calculated	ΔR	[Lee	et	al.,	

2013;	Volgenant	et	al.,	2012]		

Pocket	bleeding	or	haemorrhage	might	possibly	be	visible	as	well	since	the	red	

fluorescence	software	shows	false	positives	if	any	redness	is	added	to	a	tooth	surface.	

This	could	be	investigated	by	follow	up-imaging	of	a	cleaned	and	bleeding	periodontal	

pocket	while	using	set	time	intervals	to	conclude	if	there	is	any	reduction	of	red	

fluorescence	as	would	occur	during	a	normal	process	of	haemostasis	[Hall,	2001].		

Further	verification	of	clinical	dental	hygiene	protocols	could	be	tested	in	a	longitudinal	

clinical	setting	to	give	more	understanding	in	the	role	that	QLF	could	play	in	individually	

tailored	dental	care	for	patients.		

5.2	Conclusions	

This	thesis	aimed	at	creating	an	insight	into	the	uses	of	QLF	in	a	general	dental	practice.	

The	overall	use	has	been	explored	and	evaluated	and	it	can	be	concluded	that	QLF	

shows	some	promise	to	support	accepted	clinical	practice.		

It	has	taken	a	considerable	amount	of	time	for	dental	professionals	to	become	

acquainted	with	the	use	of	QLF	and	it	shows	that	new	thinking	and	innovations	take	

time	to	become	used	alongside	accepted	clinical	protocols.	However,	at	a	personal	

level,	after	working	with	QLF	in	a	general	dental	practice	for	almost	10	years,	it	has	
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contributed	significantly	to	patient	motivation,	communication	and	preventive	

strategies.	

The	ability	to	longitudinally	monitor	diagnostic	findings	can	align	professional	opinion	

and	supervision	by	multiple	dental	professionals	working	together	in	one	dental	office.	

Furthermore	QLF	imaging	can	be	used	to	communicate	diagnostic	findings	with	other	

dental	professionals	within	a	larger	organisation	or	with	colleagues	from	other	dental	

offices,	universities	or	hospitals	but	also	aid	understanding	at	all	levels.		

This	thesis	has	attempted	to	highlight	the	use	of	QLF	in	a	general	dental	practice	and	

suggest	future	studies	that	would	be	helpful	to	evaluate	the	specific	clinical	areas	in	

which	it	would	be	most	useful.	
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Appendix	1.1:	Application	form	JTV	(Tilburg,	the	Netherlands)	part	I.	
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Appendix	1.2:	Application	form	JTV	(Tilburg,	the	Netherlands)	part	II.	 	
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Appendix	2	(Appendices):	Dutch	medical	history	form	for	dental	patients,	Copyright	Bruins,	Haalboom	&	Koole,	
2002.	
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Introduction 

Diagnosis and quality assessment of dental treatment in a general dental practice is firmly 
based on tactile and visual assessment, either directly or indirectly through (digital) imaging 
using white light photography or X-rays[1]. Objective assessment methods for caries diagnosis 
are important to determine restorative and preventive treatment needs. The use of visual 
assessment, alone or complemented by bitewing radiography, is often not sensitive enough to 
document true remineralization of a caries lesions or its further progression. The decision to 
treat invasively is often decided upon a single assessment. Even though research has widely 
adopted the international caries detection and assessment system (ICDAS)[2], allowing a 7 step 
ordinal scale from healthy to advanced decay affecting the pulp, visual assessment remains a 
subjective method. Efforts have been made to introduce technologies that provide objective 
and quantitative measures of caries extent. Such technologies allow the longitudinal follow-up 
of caries progression or regression and as such are an aid to visual caries assessment fitting a 
minimal intervention approach.  

Objective This paper provides an overview of new clinical technologies for caries diagnosis that 
provide objective measures of caries extent, focusing on techniques that are available, or have 
the potential for use in general dental practice. After reading the paper one will understand the 
physical properties on which the technologies are based, so that one can understand how and 
why technologies work. The understanding of working mechanism will aid to judge new 
diagnostic technologies on their merits. The paper ends with examples of the QLF_D 
Billuminator™ system, a camera for white light and fluorescence photography, as it is used in 
general dental practice, to allow visual insight in how new technologies can aid clinical 
management of caries.  

Physical properties of healthy tooth structure and caries. 
The optical properties of teeth are first and foremost used to assess dental health and/or caries 
in visual examination of the dentition. The second most important caries diagnostic tool is 
bitewing radiography[1]. Both techniques use electromagnetic waves in different parts of the 
spectrum (visual 400-800nm; bitewings 0.1-10nm). The same holds true for all methods that 
will be described in this chapter. When looking at the newly developed technologies we can 
divide them into two categories; techniques based on changes in electro-conductivity [3]  or 
impedance[4] of the tooth (<100Hz or 3000km-infinity) and techniques based on changes in 
optical properties (400-800nm). An overview of how these physical properties change in 
enamel and dentine is presented in Table 1. In Table 2 an overview is given of new technologies 
based on these physical properties and their uses. Other techniques under development use 
the thermo-luminescence signature of teeth [5] or Terahertz imaging[6]. These work according 
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to the same principles as electro-conductivity, except that in this case the electromagnetic 
waves lie in the infra red (1µm-0.1mm) to Terahertz range (0.1-1mm).   

Electro-conductivity   
A tooth consists of enamel, dentine and cement each with their own specific conductivity[7]. 
The more porous the dental tissue, the higher its conductivity will be. Hence dentine is more 
conductive than enamel. When applying a current through a healthy tooth the conductance is 
low and its inverse the resistance is high. In a caries lesion conductance is increased and 
resistance lowered. An apparatus based on this principle is the "Vanguard" fixed frequency 
electrical caries monitor[8]. This system is based on a single-frequency conductance 
measurement. New developments are based on AC Impedance Spectroscopy, measuring the 
impedance of tooth structure[4]. Similar to the resistance, the impedance decreases when 
caries develops. Assessing the full spectrum of impedance allows for a more accurate 
distinction between enamel and dentinal caries. An apparatus based on AC impedance 
spectroscopy is the CarieScanPro™[9].  
 
Table 1. The physical properties of healthy and carious enamel and dentine. published in part 
[10] 

Tissue Health Caries 

En
am

el
 

Poor  conductance Increased conductance 
Translucent Oblique  
Low scattering High scattering 
Low absorption Initial caries, low absorption;  

Advanced caries, moderate absorption from exogenous material  
Auto-fluorescence in blue and 
green part of spectrum 

Auto-fluorescence in blue and green part of spectrum lower than in 
healthy enamel, with elevation of exogenous red fluorescence from 
biofilm products 

   

De
nt

in
e 

Average Conductance High conductance 
Oblique  Transparent  
Low scattering  lower scattering  
Low absorption  Initially low absorption increasing to moderate absorption from 

exogenous material and high absorption in advanced caries due to 
collagen breakdown 

Auto-fluorescence in blue and 
green part of spectrum 

Auto-fluorescence in blue and green part of spectrum higher than in 
healthy dentine; Exogenous red fluorescence from biofilm products 
is observed; red fluorescence from collagen breakdown 
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Table 2. Overview of new caries diagnosis techniques 
Technique Physical 

Property 
Type of result  Measurement 

modality 
Type of  surfaces and lesions 

Electrical 
caries monitor 

Conductance 
(1/Resistance) 

Number Pin-point  Occlusal fissures. Most suitable for 
advanced lesions. 

AC-impedance 
spectroscopy 

Impedance Number Pin-point  Occlusal fissures. Suitable for 
enamel and dentinal lesions. 

Scattering 
monitor 

Scattering Number Pin-point  All accessible surfaces. Only early 
non-stained enamel caries lesions.  

FOTI/DI-FOTI Scattering  Visual view or image Visual  FOTI: approximal surfaces only. 
More than half-way into enamel. 
DIFOTI: approximal and free 
smooth surfaces early and 
advanced lesions. 

DIAGNOdent Fluorescence Number Pin-point  All accessible surfaces. Most 
suitable for advanced lesions.  

QLFTM Fluorescence Image,  
green fluorescence 
loss and area, red 
fluorescence level 
and area. 

Visual All accessible surfaces. Suitable for 
early caries assessment and 
advanced lesions.  

 
Optical appearance 
Our visual perception of dental health is determined by the optical properties of enamel and 
dentine. Caries assessment methods can be divided in scattering, trans-illumination and 
fluorescence techniques. Schematics of optical paths in healthy and carious tooth tissue and 
resulting views for scattering and fluorescence modalities are presented in Figure 1.  

Scattering: From an optical point of view, the crown of healthy tooth consists of a semi-
transparent layer of enamel on top of a layer of oblique yellowish dentine.  The first visible 
symptom of a developing caries lesion is a white spot[11].  At this stage only the enamel is 
affected by (sub)-surface demineralization. The lesion appears white due to an increase in 
scattering[12]. At the site of the lesion light is scattered much more often than in healthy 
enamel and hence has a higher chance of being backscattered from the surface than in the 
surrounding healthy tissue. This results in more remitted light at the site of the lesion hence a 
white spot. This is what is used in visual assessment of early caries lesions or white-spots. No 
quantitative technique thus far has made it to the market.  
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scattering and green auto-fluorescence red exogenous fluorescence 

A  D  

B  C  E  F  

Figure 1. In A) a schematic representation of scattering and fluorescence inside enamel. Where the enamel is 
healthy, incoming light (blue) is scattered only a few times and is transmitted forwards towards the dentino-
enamel junction. At the site of the white spot lesion (caries) the incoming light (blue) is scattered frequently, 
changes direction and is remitted or back-scattered from the lesion surface. At the site of the lesion the amount of 
remitted light at the wavelength of incoming light is higher than in the surrounding healthy enamel, hence the 
white appearance of the lesion in white light imaging (B).The light passing through healthy enamel has a higher 
chance of being absorbed and returned as fluorescence than light entering the lesion. Similarly fluorescence light 
entering the lesion from the back is back-scattered towards the dentine and does not leave the lesion from the 
enamel surface. Hence the dark appearance of the lesion in fluorescence imaging (C). In D) the schematic 
representation of fluorescence inside enamel, calculus or plaque induced in metabolic products from bacteria in 
the oral biofilm. Where bacterial metabolic products are present in plaque or calculus on the tooth or diffused into 
an (advanced) caries lesion, the blue-violet incident light is absorbed and returned as red fluorescence. A white 
light image of a bracketed tooth covered by plaque is shown in E). The fluorescence image in F) shows that plaque 
fluoresces red.  © Inspektor Research Systems BV. Published in part[13, 14]  
 
Trans-illumination: The same scattering phenomenon is used in Fiber Optic Transillumination 

(FOTI) or DIFOTI were transmitted light is used to detect caries lesions. In an enamel caries 

lesion scattering is increased and light remitted rather than transmitted. Hence in 

transmittance view the lesion appears dark. FOTI can easily be used to spot proximal caries 

lesions by placing a fiberoptic probe in the inter-proximal area just below the contact-point[15]. 

Its successor DIFOTI made quantitative assessment possible but failed to make it to the market. 

Fluorescence: In the oral cavity we can observe both green and red fluorescence.  The green 

fluorescence is intrinsic to all dental hard tissues; enamel, dentine and bone upon illumination 
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with blue or blue-violet light (370-490nm). Healthy clean teeth fluoresce bright green, while 
white spot lesions appear dark[16]. Red fluorescence is induced in porphyrin-like structures 
formed by oral bacteria, mostly strict anaerobes[17-19]. Red fluorescence is seen in matured 
plaque, calculus and in advanced (dentinal) lesions. This red fluorescence can be excited by light 
in the blue-violet part of the spectrum (405nm) as well as in the red part of the spectrum 
(655nm) resulting in fluorescence peaks around 630-720nm and 700-750nm, respectively. 
Quantitative light-induced fluorescence (QLF) is a camera-system using the green and red 
fluorescence in the oral cavity to assess oral health, using 405nm light to excite the 
fluorescence. The DIAGNOdent® is a pin-point laser fluorescence detection device based on the 
red fluorescence excited at 655nm. Both systems are available for the dental market. A 
technique based on what is presumed the fluorescence of collagen breakdown [20, 21], 
resulting in the formation of Mayard products has been introduced to the market 
recently(SOPROLIFE™). Research regarding what the camera visualizes and how it can be used 
is currently undertaken. 

Questions 
1. What is the first and most important objective behind the development of new caries assessment techniques? 

a. To determine whether a caries lesion needs to be restored or that preventive treatment needs to be 
provided. 

b. To objectify caries assessment and thus to provide information about caries status that can be followed 
longitudinally in time as an aid to visual or visual/tactile assessment. 

c. To identify caries lesions earlier than by visual inspection, such that adequate treatment advice can be 
given. 

d. To replace subjective methods such as visual inspection and Bitewing radiography with objective measures. 
2. What happens to the conductivity of enamel when caries develops? 

a. The conductivity becomes higher. 
b. The conductivity becomes lower. 
c. The conductivity becomes higher when the caries reaches the dentine. 
d. The conductivity becomes lower when the caries reaches the dentine. 

3. What colors fluorescence can be observed in the mouth? 
a. Dental hard tissues fluoresce red and green, Plaque and calculus fluoresce red. Red fluorescence may also 

be observed from Mayard products found after collagen breakdown. 
b. Dental hard tissues fluoresce green. Plaque and calculus fluoresce red. Green fluoresce is lost upon 

demineralization. 
c. Dental hard tissues fluoresce white (see Figures 2-13), or red. Caries is visible as white spots. 
d. Dental hard tissues fluoresce in the blue and green part of the spectrum. Plaque and calculus fluoresce red. 

Red fluorescence may also be observed from Mayard products found after collagen breakdown.  
4. What causes the effect of green fluorescence loss observed from white spot lesions? 

a. Green fluorescence loss observed is caused by increased absorption in the carious lesion. 
b. The green fluorescence loss observed is caused by increased scattering in the white spot.  
c. Green fluorescence originates from the mineral phase of enamel. The fluorescence loss thus reflects the 

mineral loss in the enamel tissue.  
d. Green fluorescence loss is caused by staining of the lesion. 
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Pro’s and con’s of new technologies 

The main advantage over visual examination, that all above described technologies have, is that 
they allow to document and longitudinally score the extent of caries in a continuous scale. 
Nevertheless all techniques are merely aids to visual assessment. To date no technique exists 
that can replace a normal visual dental exam or the clinical decision made by the dentist. 
Although with some techniques charts are provided indicating from which score dentinal 
involvement is expected, these scores should never be used as a license to drill without proper 
visual verification and where indicated, complemented by bitewing radiography. When looking 
at the uses of all presented techniques one should not just trust on high sensitivity and 
specificity, but also the type of lesions (early/advanced) and resulting treatment decision level 
(no action, non-invasive prevention, invasive restorative) as well as the location of lesions and 
influence of plaque and stain.  

The main advantage of pin-point devices (see Table 2) over visual imaging devices are cost and 
size. Pin-point devices are inexpensive in comparison to acquisition cost of imaging systems and 
most devices are small and cordless. Although some need manual transfer of data to the 
patient chart, automated transfer of via blue-tooth or wireless to the patient chart is merely a 
matter of time. The main draw-back of pin-point techniques is the disadvantage that scanning 
an entire surface takes a long time and does not provide visual feedback regarding the location 
of detected caries lesions. On the website of the CarieScan™  it is pointed out: “Clinicians must 
use their experience and knowledge of the disease process generally, and of the patient in 
particular, to decide which teeth and sites are likely to be susceptible to caries lesion 
development.[22]” This implies that in clinical practice one first needs to determine the 
‘suspicious’ spots to then assess these with the device. The device then provides a number and 
from this treatment advice is given (no care, watch, preventive care, restorative care). Pin-point 
devices thus provide information about already determined suspicious areas. 

The visual imaging techniques have the advantage that they provide spatial information about 
the location of caries suspect sites. Unlike pin-point devices these may help to locate problem 
areas that were not noticed by visual exam and provide additional information about already 
problem areas visually detected. This information can be shared with the patient to further 
his/her understanding of the oral health and/or hygiene issues in their mouth.  

Another difference in use is found between electro-conductivity based systems and optical 
systems (See Table 2). Optical techniques, unlike electro-conductivity techniques, are 
influenced by stain, plaque and calculus, which may result in either false negative readings 
(stain and plaque, scattering monitor) or false positive readings (stain, plaque and calculus, 
DIAGNOdent® and QLF™)[23]. For adequate caries assessment, like with visual examination, 
one must examine a clean mouth.  
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In QLF this issue is easily omitted by imaging the mouth as is and then cleaning any suspicious 
areas, after which they are reexamined. The images of the unclean mouth are indicative of oral 
hygiene level and may be a good incentive for oral hygiene instructions. The fluorescence 
images of the clean dentition may provide e.g. insight in (the extent of) bacterial infection of 
oral tissues and the presence and extent of caries lesions.  

QLF-D 

QLF-D Biluminator™ White light 
image 

Conventional 
QLF image 

Fluorescence 
QLF-D image 

 

   

   
 
Figure 2. On the left the QLF-D Biluminator™ system is shown with the violet-blue LEDS switched on. On the top row 
images of an extracted molar using the conventional QLF camera and the conventional camera with the QLF-D 
filter. It is clear that in conventional QLF imaging the contrast between red and green fluorescence is low. The 
caries lesion shows no visibly detectable signs of red fluorescence. Using the new QLF-D filter enhances contrast 
between red and green fluorescence. Red fluorescence from the caries white spot lesion is clearly visibly. © 
Inspektor Research Systems BV. Published by de Josselin de Jong et al.[ 2009] The images on the bottom row are of 
an extracted molar with extensive calculus (whitish to gray color) on the roots. Due to high scattering coefficient of 
calculus, calculus appears dark in the conventional fluorescence image. The red fluorescence of calculus is barely 
visible on the otherwise green fluorescing tissue. Dentine fluoresces stronger in the green part of the spectrum than 
enamel. The fluorescence QLF-D image clearly shows the red fluorescence originating from calculus. Brightness 
difference between enamel and dentine is distinct. ©MH van der Veen, ACTA, 2009 earlier published[14] 
 
In conventional QLF imaging, teeth fluoresce green, caries appears as dark spots and plaque 
and calculus are fluorescing red. The contrast between green and red fluorescence is low, 
which becomes apparent when one realizes that already white spot lesions, such as in figures 
1b and c, display red fluorescence in spectroscopic assessment (see Figure 2)[13].  A new 
camera QLF-D Biluminator™ (Inspektor Research Systems BV., Amsterdam, Netherlands) was 
developed which maximizes contrast between healthy tooth tissue and the white spot caries 
lesion, while optimizing contrast between red and green fluorescence signals, and transforming 
the green fluorescing appearance of teeth into a more natural appearing white radiance.  The 
QLF-D Biluminator™ system consists of an illumination tube, fitted on an SLR-camera (Canon 
model 550-D fitted with a 60 mm Macro lens, Canon Inc., Tokyo). The illumination tube consist 
of a ring mounted with violet-blue LED’s (405 ± 20 nm) and white LED’s (broad spectrum, 
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photographs obtained with a conventional QLF system and the QLF-D Biluminator™ system.  

Questions 
5. What is the main advantage of electro-conductivity based techniques in comparison to optical techniques? 

a. Electro conductivity based techniques are less expensive and smaller that optical techniques. 

b. Electro conductivity based techniques can distinguish between enamel and dentinal caries. 

c. Electro conductivity based techniques are not influenced by stain or plaque. 

d. Electro conductivity based techniques provide clear treatment advice (no care, watch, preventive care, 

restorative care). 

6. Is the DIAGNOdent® suitable for the assessment of early white spot lesions and advanced lesions alike? 

a. Yes, because already white spot lesions display red fluorescence as can be assessed 

spectrophotometrically. 

b. Yes, but only when lesions are bacterially infected. 

c. No, the DIAGNOdent® is more suitable for advanced lesions. 

d. No, the DIAGNOdent® most suitable to assess plaque and calculus. 

 

Cases from clinical practice 

Oral Health assessment 

The base for management of oral health in a patient starts with the first intake which should 

include a medical assessment questionnaire, visual and tactile assessment of hard and soft 

tissues complemented by bitewing radiography.  Documentation of ‘objectified’ measures 

forms the base for the future relationship between dental professional and patient. True 

objective measures that are documented longitudinally in time in the patient chart at each 

check-up, may help to provide accurate information about changes in e.g. oral hygiene level, 

caries incidence and efficacy of preventive or restorative care. An overview of a full set of 

clinical photographs obtained with a QLF-D Biluminator™ system is given in Figure 3. The 

photographs in this set are obtained without prior cleaning of the dentition. Hence it must be 

noted that red fluorescence seen may originate from plaque or calculus. Suspicious sites must 

be re-examined after professional cleaning for adequate assessment of caries. In the presented 

case many enamel lesions are observed on the buccal surfaces that developed during 

orthodontic treatment. As can be seen in the lingual view of the lower jaw, the retention wire 

placed at the end of orthodontic treatment is cause for accumulation of plaque and calculus. An 

image of the back of the tongue, showing the circumvallata, clearly shows that bacteria are not 

only present on the teeth, but also on the tongue.   
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Appendix	3.10:	New	technologies	for	Diagnosis	of	Caries	and	its	Impact	on	Professional	Practise,	van	der	Veen	et	
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Clinical oral photographs, white light setting QLF-D 
Billuminator system 

Fluorescence oral photographs, blue light setting QLF-
D Billuminator system 
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Figure 3. Overview of QLF-D images indicative for oral health. In this case images were captured without prior 
professional cleaning. The red fluorescence seen in these images is indicative for areas of sub-optimal oral hygiene. 
Most red fluorescing plaque is observed in the molar region, especially inter-proximally of the 1st and second 
molars. Furthermore a great amount of red fluorescence is observed around the retention wires. The red 
fluorescence at the mesial cusp of the first molar on the left side in the lower jaw may be indicatory of proximal 
caries, which is confirmed by the red fluorescence seen in the left lateral view. Caries presence needs to be 
confirmed after professional cleaning eventually complemented by bitewing radiography. True extent of enamel 
caries on buccal surfaces in upper and lower jaw can be seen on fluorescence photographs after professional 
cleaning. The contrast between caries lesions and healthy tissue in the fluorescence images is clearly enhanced. The 
fluorescence appearance of the composite materials varies depending on the filler material in the composite resin. 
Amalgam restorations do not fluoresce and appear black. ©MH van der Veen and CMC Volgenant, ACTA, 2011 
 

QLF™ enhances the contrast between areas where porphyrins have accumulated (e.g. 
mature dental plaque and calculus) and areas where they have not. The porphyrins show up 
orange/red and can be detected easily, even by the untrained eye. Furthermore caries lesions 
starting with the first signs of demineralization of the enamel show up as dark spots in the 
fluorescence images. This makes the images very useful for the dental professional as well as 
for the patient to become aware of and to agree on the issues at hand. The images pave the 
way to communicate findings with the patient, where instruction and education is supported by 
easily understood images. 
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Questions 
7. Explain how the QLF-D camera system fits in a minimally intervention program in general dental practice. 

a. The QLF-D camera not only allows the longitudinal assessment of oral hygiene and caries, it is also an 
imaging technique, providing images that are easily understood to both the dental professional and the 
patient.  

b. The QLF-D camera provides guidelines for treatment advice (no care, watch, preventive care, restorative 
care), thus allowing patients to receive the level of care needed, especially on otherwise unnoticed caries 
lesions. 

c. The QLF-D camera does not fit a minimal intervention program. Early detection of caries will lead to 
overtreatment. 

d. The QLF D camera does not fit a minimally intervention program, because it is an invasive technique. 
 

Oral Hygiene 

Plaque fluoresces red, but not all plaque fluoresces red, which becomes apparent form the 
images obtained before and after staining of the biofilm with a plaque disclosant (Figure 4). The 
use of a two-tone plaque disclosing agent makes it apparent that the red fluorescing plaque is 
the matured portion of plaque. Hence areas of red fluorescence do not occur simply from one 
time omission of adequate brushing or inter-dental cleaning, but are consequently missed 
during oral hygiene measures over a prolonged time (Figure 5). Discussing why these areas 
show up red, and showing that cleaning helps, may be a good incentive to your patients to 
improve oral hygiene.  The system allows assessing the % plaque coverage on the teeth and 
thus allows numeric evaluation of improvement or worsening of oral hygiene next to the visual 
comparison of images. Because QLF™-images can be made quickly and easily, ‘before and after’ 
images of treatments can be made to check and demonstrate that the treatment was 
successful and complete. An example is given in the pictures of Figure 6 that shows the same 
set of teeth before and after a professional cleaning. It is clear from these images that both 
patient and professional can get a good and objective measure for the effectiveness of the 
applied treatment.  
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Figure 4. Examples of End-to-End photographs in a subject with poor oral hygiene. As can be seen clearly only the 
plaque layer adjacent to the gingival fluoresces bright red, whereas, as can be seen in the images of plaque 
disclosed with Erythrosine, nearly the entire tooth surfaces are covered by plaque. Simple plaquescore un-disclosed 
5; Plaquecoverage 21%. Simple plaquescore disclosed 5; Plaque coverage 71%. ©CJ van Daelen,SWT-TN, 2010 
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Figure 5. Examples of End-to End photographs before and after disclosing with a two-tone dye. The areas of red 
fluorescing plaque match with the areas stained dark blue by the two-tone disclosing solution. After professional 
cleaning the fluorescence image reveals generalized white spot lesions along the gingival margin of upper teeth. 
©MH van der Veen, ACTA, 2011 
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Figure 6. The top row shows images taken before a professional cleaning. The bottom row shows the same teeth 
after the cleaning has been performed. Note the remaining RF between the upper incisors. Together with signs of 
demineralization they are strong indicators for active early caries lesions ©CJ van Daelen,SWT-TN, 2011 
 
Questions 
8. One should always clean the dentition prior to an oral assessment with the QLF- camera. 

a. Wrong. Cleaning is only needed in case one needs to decide between preventive or invasive care. 
b. Wrong. Ideally one should document the oral hygiene level first, and use these images to discus eventual 

problem sites.  Areas suspect for caries should be assessed again after cleaning.  
c. Correct. Plaque and calculus may cause false positives, which may lead to overtreatment. 
d. Correct. Plaque and calculus may cause false negatives, which may lead to under treatment. 
a.  

9. Red fluorescing plaque is indicatory off? 
a. Young plaque 
b. Matured plaque.  
c. Pathogenic plaque. 
d. All oral plaque fluoresces red 

 

Oral hygiene and caries during orthodontic treatment 

Many studies have shown that orthodontic treatment provides serious health risks if not 
combined with good oral hygiene at the start, and a vigorous oral hygiene regimen during the 
orthodontic treatment[24, 25]. QLF™ can help by providing an objective assessment of the state 
of the oral hygiene before starting the treatment, monitoring and thereby helping to maintain 
oral hygiene during treatment, and documenting the state of oral hygiene and tooth-elements 
during and after the treatment [25, 26]. The case examples described here are from the 
orthodontic clinic of SWT-TN in Tilburg, Netherlands, where QLF™ images are now made 
routinely of all patients starting orthodontic treatment. Images are taken before the 
orthodontic treatment is started and used to determine the decision whether or not to start 

co
nfi
de
nti
al



203	
	

	

	

Appendix	3.14:	New	technologies	for	Diagnosis	of	Caries	and	its	Impact	on	Professional	Practise,	van	der	Veen	et	
al..	English	translation	for	article	published	in	Brazil,	page	14	of	21.	

2012 van der Veen et al. New Technologies for Diagnosis of Caries. 

 

Page 14 of 26 
 

the treatment. During orthodontic treatment patients are monitored using QLF™. The use of 
QLFTM has made an end to discussions about whether or not treatment can be started and is 
expected to seriously mitigate any adverse effects of the treatment. Furthermore the images 
provide an objective proof of the existence or absence of these adverse effects after the 
treatment.  

Fluorescence baseline Fluorescence 3 weeks  

  
 
 Figure 7. Example of the assessment of oral hygiene before the start of the orthodontic treatment. This patient had 
a Simple Plaque Score of 5 (image on the left). The patient was shown these images and told orthodontic treatment 
would not start unless the oral hygiene improved. The patient received oral hygiene instructions and was sent home. 
After three weeks the patient returned and a new QLF™-image was made (image on the right) now showing score 0. 
Orthodontic treatment was then started ©CJ van Daelen,SWT-TN, 2011 
 
White light Fluorescence  

  
 
Figure 8. Example of deficient oral hygiene during orthodontic treatment. The brackets and wires form a retention 
site for plaque. ©CJ van Daelen,SWT-TN, 2011 
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White light Fluorescence  

  
  
Figure 9. Example of severe effects of orthodontic treatment taken after de-bracketing. Orthodontic treatment 
undertaken prior to the introduction of QLF-D. Note that, although in this case most lesions show up as white spots 
they are more easily detected in the QLF™-image. Also, the RF information provides a clear and strong indication 
about the activity in each of these lesions. ©CJ van Daelen,SWT-TN, 2011 

White light Fluorescence  Bitewing 

   
 
Figure 10. Example of assessment of the effects of orthodontic treatment. Treatment was stopped. The appliance 
was removed and true extent of caries diagnosed with QLF™ confirmed using X-ray. ©CJ van Daelen,SWT-TN, 2012  
 
 
Questions 
10. The use of QLF-D in the orthodontic clinic is of most use when it is used to 

a. Assess caries development during orthodontic treatment. 
b. Assess caries development after orthodontic treatment. 
c. Assess oral hygiene level prior to start of orthodontic treatment, and only start orthodontic treatment in 

subject with optimal oral hygiene.  
d. Monitor oral hygiene before and during orthodontic treatment, using this information to inform and 

motivate subjects and if needed end treatment before signs of caries development. 
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Caries Assessment 

QLF is the accepted measure to assess demineralization of enamel. While in normal view 
lesions appear white surrounded by whitish healthy enamel, in QLF images the lesions appear 
dark surrounded by a bright green (QLF) or white (QLF-D) healthy enamel (Figure 3). Hence 
contrast between healthy and carious tissue is enhanced. The contrast between healthy tissue 
and caries fluorescence is a measure of mineral loss [27].  A comparison of images over time 
may be indicative of the activity of a caries lesion and helps to determine if preventive 
measures undertaken have been effective.  The presence or absence from red fluorescence in 
the carious tissue is considered indicative of bacterially infected tissue.  

Good early caries diagnosis is believed to be essential for any serious preventive treatment[36]. 
With current methods it is often difficult to assess the threat posed by areas that show early 
caries signs (such as white spots or discolored fissures). QLF™ images not only make it easier to 
detect these areas, they also improve and objectify the assessment of these areas based on the 
measurĞĚ�ǀĂůƵĞƐ�ŽĨ�ȴ&�ĂŶĚ�ȴZ�ĨŽƌ�ƚŚĞƐĞ�ĂƌĞĂƐ�;ƐĞĞ�ŝŵĂŐĞƐ�ŝŶ�&ŝŐƵƌĞ�ϭϭͿ͘��ĚĚŝƚŝŽŶĂůůǇ�ƚŚĞǇ�ĂůůŽǁ�
monitoring in time to objectively assess progression, stability or even regression of the caries 
process in these areas, thus providing objective support for (changes in) treatment decisions. 
White light Fluorescence  Analysis  

   
 
Figure 11. Early lesions as seen by white-light (on the left) and QLF™ (on the right). Note combination of 
demineralization (darker area) and RF.The result from white spot analysis is presented by greylevels, where darker 
ĐŽůŽƌƐ�ƌĞƉƌĞƐĞŶƚ�ŚŝŐŚĞƌ�ĨůƵŽƌĞƐĐĞŶĐĞ�ůŽƐƐ͘�KŶůǇ�ƉŝǆĞůƐ�ǁŝƚŚ�Ă�ĨůƵŽƌĞƐĐĞŶĐĞ�ůŽƐƐ�ȴ&�ĂďŽǀĞ�Ă�ƚŚƌĞƐŚŽůĚ�ŽĨ�ϱй�ĂƌĞ�
shown. The lesion in this example has an average fluorescence loss of 19% with a maximum of 54% and an area of 
1808 Pixels. ©CJ van Daelen, SWT-TN and Inspektor Research Systems BV, 2011. 
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White light Fluorescence   

  
 
Figure 12. Advanced caries lesions in hypoplastic 1st permanent molars in the lower jaw. The hypoplastic enamel is 
strongly fluorescent due to its high organic content. Hence hypoplastic enamel appears brighter than the 
surrounding healthy enamel.  ©F Boekitwetan, ACTA, 2010. 

 

Questions 
11. The quantification of white spot lesions with QLF assesses the fluorescence loss. Fluorescence loss is 

considered an indirect measure of? 
a. Lesion depth 
b. Mineral loss 
c. Scattering coefficient 

d. Absorption coefficient 
 

Just as QLF™ discloses de-mineralization and accumulation of porphyrins on or in tooth 
surfaces, QLF™ can disclose these phenomena during excavation. It is then used to support 

decisions about the extent of the excavation [28, 29]and can be used as documentation to the 
state of the element prior to filling. Once restored or sealed the efficacy of the seal must be 
checked regularly. Sealants and restorations must not leak. With current standards it is difficult 

and often impossible to determine whether the quality of the margins is compromised before 
serious damage has occurred. Because porphyrins tend to accumulate in the defective margins 
of sealants and restorations, QLF™ shows these defective margins quite clearly as can be seen 

in the images below. co
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White light Fluorescence   

  

  

  
 

Figure 13. Examples of caries adjacent to restorations. Given that no earlier QLFTM images were taken no 

conclusive remarks can be made whether the caries seen is secondary or primary. The margins of the restoration in 

the 1st permanent molar on the right side of the upper jaw (top row) are red fluorescing which may be indicatory of 

leakage. The restoration in the second deciduous molar on the left side of the lower jaw (middle row) is surrounded 

by a red fluorescing glow. Given that the margins of this restoration appear clean, the red fluorescence is likely to 

originate from primary caries left behind when the restoration was placed. Longitudinal follow-up can provide 

insight about actual caries activity. ©MH van der Veen and CMC Volgenant, ACTA, 2011.The images on the bottom 

row show a lot of RF along the margins of the restorations, with demineralization in combination with RF extending 

from the restoration margin towards the centre of the lateral incisor. ©CJ van Daelen, SWT-TN 
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Conclusions 
New diagnostic technologies may provide complementary information about oral hygiene 

and/or caries status and as such are an aid to visual assessment. The use of such techniques 

may aid the understanding of the extent of the caries process to both the dental professional 

and their patient. Especially imaging techniques help further the understanding of caries risk, 

incidence and extent in relation to oral hygiene to patients and as such provide a valuable tool 

to de dental professional for informing and educating their patients. Results of preventive 

efforts can be visualized and efficacy of restorative care controlled longitudinally in time. As 

with visual examination it is important to do caries assessment in a clean mouth.  

Objective measures of caries extent and oral hygiene levels improve the ability of the dental 

professional to document, identify and monitor the state of health of the oral cavity and 

individual tooth elements, reproducibly and quantitatively. Visual techniques, as shown by 

cases from QLF-D images provide a visual dental status. This provides the dental professional 

with a very powerful tool in the communication with the patient, especially on the subject of 

prevention and oral hygiene. Clinical experience with the QLF-D
TM

 camera shows that this 

reduces the time needed for explanations and instructions and improves the patient’s 

compliance with the proposed treatment plans. From patient’s point of view, all experiences to 

date show a universal acceptance and keen interest in the QLF™ results.  

Although many of the new technologies can detect lesions earlier than by visual examination, 

the use of new technologies must not lead to more restorative care. The detection of early 

lesions should provoke the use of simple preventive strategies starting with educating and 

motivating patients to improve oral hygiene, such that the caries process can come to a halt. 
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A Simple Blue Light to Visualize Caries by Means of Fluorescence � C.J. van 
Daelena, *, P.W. Smitha, E. de Josselin de Jonga, b �S.M. Highama, M.H. van der Veena, c �* 
daelen@liverpool.ac.uk�aSchool of Dental Sciences, University of Liverpool, UK; 
bInspektor Research Systems B.V., cAcademic Centre for Dentistry Amsterdam, The 
Netherlands 

Caries that remains undiscovered by visual examination (‘hidden’ caries) poses a 
problem in clinical dentistry. The use of fluorescence has been suggested to aid the 
detection of such lesions. In this paper we describe the use of a simple blue light to 
visualize caries lesions including dentinal lesions underneath seemingly intact enamel. 
38 teeth, extracted for various reasons, were collected from a local dentist. 10 were 
rejected because of severe calculus or damage from extraction. Teeth were cleaned and 
autoclaved (134°C, 20 min). Teeth were first examined visually (dry, corrected white 
light) for caries (enamel, outer-third dentine, deep dentine) and radiographs were 
subsequently obtained. Teeth were illuminated by a 405-nm LED, and observed for 
green or red fluorescence by looking through combined yellow and red filters possessing 
transmission peaks around 500 and 630 nm. Caries was confirmed after hemi sectioning, 
which showed that 27 teeth were carious (4 enamel, 7 outer-third den- tine, 16 deep 
dentine), while only 1 tooth was considered sound. By visual inspection 13 teeth were 
found to have lesions (1 outer- third dentine, 12 deep dentine) and 15 teeth were 
considered sound. Radiographs confirmed all caries except the 4 cases where this was 
limited to enamel. Red fluorescence was seen in all but two enamel lesions. Two cases 
of occlusal fissures with caries limited to enamel displayed red fluorescence, while 
enamel caries on the buccal surfaces showed up as dark spots on green fluorescing teeth. 
We conclude that fluorescence had very good agreement with actual caries presence. 
Given the amount of visually undetected dentinal caries in this sample, fluorescence 
seems a promising aid for the detection of caries including so-called hidden caries. 

Appendix	19	(Abstract):	ORCA	2008	Congress,	Groningen,	the	Netherlands.	 	
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Quantified light-induced fluorescence, review of a diagnostic tool in
prevention of oral disease
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Diagnostic methods for the use in preventive dentistry are being developed continuously. Few of
these find their way into general practice. Although the general trend in medicine is to focus on
disease prevention and early diagnostics, in dentistry this is still not the case. Nevertheless, in dental
research some of these methods seem to be promising for near future use by the general dental
professional. In this paper an overview is given of a method called quantitative light-induced
fluorescence or !QLF" in which visible and harmless light excites the teeth in the patient’s mouth to
produce fluorescent images, which can be stored on disk and computer analyzed. White spots !early
dental caries" are detected and quantified as well as bacterial metabolites on and in the teeth. An
overview of research to validate the technique and modeling to further the understanding of the
technique by Monte Carlo simulation is given and it is shown that the fluorescence phenomena can
be described by the simulation model in a qualitative way. A model describing the visibility of red
fluorescence from within the dental tissue is added, as this was still lacking in current literature. An
overview is given of the clinical images made with the system and of the extensive research which
has been done. The QLF™ technology has been shown to be of importance when used in clinical
trials with respect to the testing of toothpastes and preventive treatments. It is expected that the
QLF™ technology will soon find its way into the general dental practice. © 2009 American Institute
of Physics. #DOI: 10.1063/1.3116138$

I. INTRODUCTION

It is a tradition in dentistry that the dentist looks into the
patient’s mouth using a dental mirror while holding the den-
tal explorer in the other hand under a powerful dental light
that sits on top of the dental chair.1 The dentist uses these
two devices together with occasional x-ray images of the
teeth to diagnose the cariogenic status of teeth in the oral
environment and has been using this type of diagnostics for
over a hundred years. To keep track of changes in the mouth
mainly due to invasive treatment by the dentist, a dental
status chart is used. In modern practices some digitization
has taken place in the form of sophisticated software storing
images from intraoral cameras, digital cameras, and x rays in
a patient database in the dental practice. However no evident
progress has been made in the field of detecting and tracking
changes in oral disease phenomena in a quantitative way. It
might seem surprising to the reader that detecting techniques
have been introduced in the dental research world but have
made no real impact on the daily dental practice. One excep-
tion might be the DIAGNOdent Pen !KaVo, Biberach, Ger-
many", which is a penlike device that can provide quantita-
tive information at specific positions on the carious state of
teeth. This device has found its way to the dental office but is
mainly used to indicate invasive treatment to be done by the
dental professional and is rarely used in prevention.

This paper presents a review of a dental diagnostic tech-
nique called quantitative light-induced fluorescence !QLF"
with which oral anomalies such as early and advanced dental
caries and bacterial activity on and in the teeth can be de-
tected and quantitatively followed in time. Harmless, visible
blue light is used to illuminate the oral environment. The
concept was first introduced by Bjelkhagen et al.2 In 1995
!Ref. 3" a prototype clinical device, based on the original
concept, called QLF™ was introduced. Since then the
method has been widely tested, improved, and used in the
dental research world.

II. QLF™ BASIC BACKGROUND

The principle4 of QLF™ is based on fluorescence where
blue light !peak intensity of 405 nm" illuminates and excites
tooth tissue. A low cutoff filter !!"520 nm" is used in front
of an intraoral charge coupled device !CCD" camera lens to
exclude the excitation beam from the image made by the
camera !see Fig. 1". By means of a frame grabber digitized
live images are stored on a personal computer and displayed
real time on a screen.

Basically two types of fluorescence can be observed:
green fluorescence !GF" which is generated by tooth tissue
and is used to detect very early caries, i.e., incipient caries or
so-called white spots in teeth which become visible due to ana"Electronic mail: e.dejosselindejong@inspektor.nl.
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observed GF loss, and red fluorescence !RF" which indicates
bacterial activity in and on the teeth, in between the teeth,
and on and under the gums !gingiva".

A. Green fluorescence and white spots

GF is an intrinsic property of hard dental tissues.
Healthy teeth fluoresce green. At carious sites a loss of GF is
observed. The observed fluorescence loss from carious tooth
tissue is not caused by a reduction in fluorophores but by a
change in light scattering properties. With QLF we observe a
white spot lesion as a loss in GF radiance with respect to the
fluorescence radiance of the surrounding sound enamel, see
circled area in Fig. 2. The fluorescence radiance drop can be
explained by the increased scattering coefficient of the lesion
compared to that of sound enamel.5,6 An increase in scatter-
ing coefficient implies a decrease in mean free photon path
length, and hence the chance of a photon being absorbed by
a fluorophore and a fluorescent photon being emitted is low-
ered. The distribution of the green-emitting fluorophores is
higher for dentine than for enamel and greatest at the dentine
enamel junction !DEJ". Where a lesion exists, the light trav-
els shorter distances into the tooth, and the view on the DEJ
is blocked. As a result we see a dark spot of reduced fluo-
rescence surrounded by bright GF from the sound tooth areas
!Fig. 3". The measure of GF is an indirect measure of enamel
porosity or lesion severity.7 Table I shows an overview of
sensitivity and specificity experiments done by multiple
groups in the last years. There seems to be no significant
difference between QLF and visual examination. However

QLF allows following longitudinal changes in white spots
quantitatively in time. It can be argued that sensitivity and
specificity values for QLF are not valid parameters to evalu-
ate QLF as it is not meant to be a caries detection method.

B. Red fluorescence and presence of bacteria

Excitation of red extrinsic fluorophores from bacterial
metabolites with blue light causes red or orange fluores-
cence.8,9 Shown in Fig. 4 is a clinical image of a tooth in the
mouth of a patient where the tooth surface and gingiva are
partly covered by calculus. These bacterial metabolites, por-
phyrins and also possibly extrinsic and intrinsic polysaccha-
rides, are present in old !anaerobic" plaque as well as in
calculus. The RF is also found in more advanced lesions
!dentinal lesions" and progressive white spots associated
with orthodontic treatment !porous surface structures where
large molecules can penetrate" !see Fig. 5". So far the bacte-
ria identified as producing red fluorescing metabolites are
mainly related to periodontitis, as can be seen in Table II, and
these bacteria are mostly haemin dependent. To date the
presence of RF is considered a property of matured biofilm
or plaque, which is associated with poor oral hygiene and as
such with both caries10–12 and periodontitis.13

C. Monte Carlo simulation model

Both GF and RF can be explained by using the Monte
Carlo technique to simulate the photon path in tooth tissue.
de Josselin de Jong et al.5 presented a Monte Carlo computer
program simulating the light paths in sound and carious
enamel placed on a white or a black background. The com-
puter simulations showed that the GF as assessed by QLF
can be explained using the scattering properties of enamel
only. The same Monte Carlo simulation program can also be
used to predict the influence of differences in scattering co-
efficient or thickness of the sound enamel on the appearance
of a lesion. Similarly the appearance of RF can be simulated
for lesions of different sizes and depths underneath the tooth
surface.

The simulation model was based on a computer-
simulated block of sound enamel !g=0.68, s=10 mm−1 ,

FIG. 1. !Color online" QLF™ concept: a blue excitation light beam !B" with
peak intensity at 405 nm illuminates a tooth; a yellow filter !F" transmits
green !G" and red !R" fluoresced photons to the eye or camera.

FIG. 2. !Color online" Left: white light image of a premolar visualizing an
initial caries lesion visual as a white spot. See encircled area Right: fluores-
cence image shows GF: the white spot is now shown as a dark spot.

FIG. 3. !Color online" Green Fluorescence !GF" principle shown schemati-
cally: blue photons !B" enter the tooth and scatter in enamel and fluoresce
green !G" at the dentine !D" and enamel !E" junction DEJ. Where there is a
white spot below in the enamel part, blue rays scatter and will not reach the
DEJ; fluoresced photons will scatter back at the white spot, both effects
resulting in a visual dark spot when viewed with QLF™.

102031-2 de Josselin de Jong et al. J. Appl. Phys. 105, 102031 !2009"
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a=0.1 mm−1!. Within this block, a carious lesion was simu-
lated "g=0.68, s=250 mm−1 , a=0.1 mm−1!, where g was
defined as the average cosine of the scattering angle of light,
s was defined as the linear scattering coefficient, and a as the
linear absorption coefficient. The values for g, s, and a at
!=550 nm were all computed from the data presented by
ten Bosch6 and Zijp et al.14 The linear scattering coefficient
and linear absorption coefficient of white spot enamel were
estimated from these data.

The photons were generated randomly at the surface
over an extended area around the computer-simulated
enamel block and were incident perpendicularly to the tooth
surface. The area extension prevented artifacts from devel-
oping in the computed images. In “fluorescence mode” the
photon started as a blue one. After absorption it fluoresced
and then became green or red depending on the type of ab-
sorber. In “white light mode” the photon was white and did
not change color.

The photon continues its path until it is scattered. The
azimuth angle ""! and the scattering angle "#! with respect to
the previous direction were calculated according to

$ = 2% ! RN,

# = arccos# 1
2g

! $"1 + g2! −
"1 − g2!2

"1 + g − 2g ! RN!2%& , "1!

which was derived from the Henyey–Greenstein phase
function.15–17 RN was a random number evenly distributed in
the range '0,1(.

The free path to the next collision, the scattering free
path "&s!, was determined as follows:

&s = −
ln"RN!

s
. "2!

In the computer simulation model the DEJ is simulated by a
white background. A photon, which should exit from the
bottom of the simulated enamel block, will not proceed fur-
ther out of the block. Instead, it will scatter isotropically
back into the material. In fluorescence mode the photon will
also always fluoresce when it hits the bottom of the simu-
lated enamel block. The simulations have shown that this
highly fluorescent white background simulating the DEJ pro-
vides a simple yet effective model describing the fluores-
cence pattern seen for early white spot lesions. The model is
further supported by experiments on optical path lengths in
incipient caries lesions of various degrees.18,19

FIG. 4. "Color online! RF. Bacterial metabolites as in cavities and plaque or
calculus on the tooth fluoresce bright red. See the areas indicated by the
arrows.

FIG. 5. "Color online! Red "R! and Green "G! Fluorescence schematically:
the red fluorescence "RF! is caused by excitation of red extrinsic fluoro-
phores from bacterial metabolites.

TABLE I. Sensitivity and specificity for the detection of carious lesions with QLF or visual. Both methods are
used subjectively.

Authors Model Surfaces Lesion definition Method Sensitivity Specificity

ten Cate
et al. 2000a In vivo

Buccal/lingualb Caries/not caries QLF 0.79 0.75
Occlusalb QLF 0.77 0.71

Ando et al. 2000c In vitro Occlusal depth'0.2 mm QLF 0.93 0.7
Visual Ekstrand 0.87 0.66

Into dentine QLF 0.92 0.56
Visual 0.9 0.55

Ferreira Zandoná
et al. 1998d In vitro Occlusal Caries/not caries

QLF 0.51 0.77
Visual "color! 0.49 0.69

aReference 48.
bAssessments were performed on deciduous teeth "cuspids, first and second molars!. The clinical assessment
was done in vivo. After exfoliation actual caries state was determined.
cReference 49.
dReference 34.

102031-3 de Josselin de Jong et al. J. Appl. Phys. 105, 102031 !2009"
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D. Permanent teeth versus deciduous teeth

The usefulness of QLF for the detection and quantifica-
tion of white spot lesions in deciduous teeth in comparison to
permanent teeth was tested in an in vitro experiment20,21 sup-
ported by Monte Carlo modeling.21 A Monte Carlo simula-
tion of a 4!4 mm2 illuminated an enamel slab on a highly
fluorescent background with a 0.7!0.7 mm2, 100 "m deep
white spot in the center. In that model scattering coefficient
of sound enamel sSE was varied between 5 and 160 mm−1 !5,
10, 15, 20, 40, 80, and 160 mm−1" and the slab thickness d
for each of these scattering coefficients was varied between
500 and 2500 "m in steps of 500 "m. Again a scattering
coefficient of the white spot sWS was set to 250 mm−1.5 Re-
sults from the Monte Carlo simulation corresponded well
with those of the in vitro study comparing lesions in decidu-
ous and permanent teeth. Both studies showed a higher con-
trast between fluorescence signal from the lesion and fluo-
rescence signal from sound tissue for deciduous teeth than
permanent teeth.

E. Red fluorescence in subsurface lesions

RF is observed not only in plaque and calculus found on
the surface of teeth but also in advanced dentinal lesions.
Since the introduction of fluoride toothpaste in the 1950s,
many of these advanced lesions remain unnoticed underneath

seemingly intact enamel. To predict if and up to what depth
underneath the surface a red fluorescing bacterially infected
lesion can be detected a simulation was done on a 2
!2 mm2 block of dry sound human tooth enamel with a
thickness of 1 mm. Within this block a cavity with plaque
was constructed with a size of 0.7!0.7 mm2 at a variable
depth with respect to the enamel surface extending to the
bottom of the enamel. The Henyey–Greenstein phase func-
tion !Eq. !1"" was used to derive the path of each photon
traveling through the enamel. As previously it was assumed
all photons had an average cosine scattering angle g=0.68, a
linear scattering coefficient s=10 mm−1, and a linear absorp-
tion coefficient a=0.1 mm−1. In this test blue excitation pho-
tons entered the tooth tissue perpendicularly at a random
position on the outer enamel surface and were scattered
around until they left the enamel block or were absorbed,
emitted isotropically as a green photon, or hit the cavity
block, and were consequently emitted isotropically back into
the enamel as a red photon. The number of red !Nr" and
green !Ng" fluoresced photons eventually emitting out of the
tooth surface was registered and parameter #R=Nr /Ng was
calculated. At cavity depths 0, 0.25, 0.50, 0.75, and 0.95 mm
#R was found to be respectively 570%, 160%, 55%, 15%,
and 2%, indicating an exponential-like decrease with cavity

TABLE II. Bacteria involved in RF.

Species Color Fluorophore Disease related

Actinomyces gerencseriae Anaerobe Reda ? Cariesb

Actinomyces naeslundii Anaerobe Redc Porphyrinc Gingivitis
Actinomyces odontoliticus Anaerobe Redc Porphyrinc Gingivitis
Candida albicans Yeast Orangec Porphyrinc Candidosis, caries, gingivitis
Fusobacterium nucleatum Anaerobe Redc Porphyrinc Gingivitis
Lactobacillus acidophilus Facultative Reda ? Caries
Porphyromonas gingivalis Anaerobe Redc Porphyrinc Gingivitis
Parvimonas micra Anaerobe Reda ?
Veillonella dispar Anaerobe Red Porphyrin Gingivitis, cariesb

aReference 10.
bReference 12.
cReference 9.

FIG. 6. !Color online" Monte Carlo result of photons which scattered and
fluoresced inside a tooth enamel block with inside a block of bacterial me-
tabolites at a depth of 0.250 mm below the surface, as shown at the left top
of the figure. The block in the middle shows green and red fluoresced pho-
tons that emerged out of the surface. No is the number of photons used, Nr
the number of fluoresced red photons, Ng the number of fluoresced green
photons.

FIG. 7. !Color online" Monte Carlo graph of the red over green number of
photons !R/G" that emerged out of the surface in the enamel and bacterial
metabolite model of Fig. 6.

102031-4 de Josselin de Jong et al. J. Appl. Phys. 105, 102031 !2009"
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depth !see Figs. 6 and 7". Hence, it is postulated that a sub-
surface cavity filled with plaque in human dry enamel up to
a depth of 1 mm into the enamel is detectable by the QLF
technique.

III. QLF™ INTRAORAL INSTRUMENTATION

Commercially the first QLF system to come on the den-
tal market is called Inspektor Pro™ !Inspektor Research Sys-
tems BV, Amsterdam, The Netherlands" and was introduced
in The Netherlands in 2004. Figures 8–12 show typical ex-
amples of the images which are made with the system.
Sound teeth as viewed with QLF™ show an absence of RF
and of dark spots !Fig. 11". It is possible to detect removable
plaque and calculus which are removable by the dental pro-
fessional, see Figs. 8 and 10. Figure 11 shows images reveal-
ing porphyrines located under the tooth surface. Also the
quality of sealants can be checked: Fig. 12 shows an image
of a sound sealant and one with a sealant which has been
leaking over time.

A. Inspektor Pro™: Quantitative and qualitative
assessment

With the Inspektor Pro™ system measurements—the
original images—as well as the analyzed images can be
shown on a computer screen and can be stored and archived.
While the technique was validated both quantitatively by
comparison with mineral loss and lesion depth from trans-

verse or longitudinal microradiography22–28 and qualitatively
by comparison with visual detection and histology29–34 the
true strength of the technique is not its capability to detect
lesions but to follow the oral health over time. The images or
series of longitudinal images of a tooth over an extended
period in time, can be analyzed for GF loss and presence of
RF. This provides valuable information in private practice to
the individual but can also be used in clinical trials for test-
ing the efficacy of products.

While the focus in dentistry is slowly shifting from pre-
vention of newly developing caries lesions toward reminer-
alization or stabilization of existing caries lesions, the longi-
tudinal assessment of the remineralization process must be as
accurate as for the demineralization process. The remineral-
ization of white spot lesions does not necessarily result in
fluorescence gain equal to that lost from the enamel during
the initial formation of the white spot lesion. Minerals de-
posited during remineralization may not follow the crystal-
line prismatic structure of sound enamel. A recent in vitro
study comparing fluorescence loss in white spot lesions after
initial demineralization and after various remineralization
protocols has shown that fluorescence loss for the remineral-
ized lesions and the original lesions have the same linear
relation with mineral loss.35 This, together with the fact that
natural caries lesions also show the same relation between
fluorescence loss and mineral loss,27 gives us a good indica-
tion that QLF is suited for the assessment of the remineral-
ization process as well.

B. Inspektor TC™: Qualitative assessment

Recently a qualitative device based on the QLF™ tech-
nology was introduced. In the Inspektor Pro the yellow filter
is built in. With the Inspektor TC™ the yellow filter is ap-
plied in the form of adapted glasses that are worn by the
observer. Tweaking the filter for this purpose, the contrast

FIG. 8. !Color online" Example of sound and clean teeth as viewed with
QLF™.

FIG. 9. !Color online" Example of removable signs of bacterial activity. The
same element before !left" and after !right" brushing. The arrows point at the
areas of interest,

FIG. 10. !Color online" Locations with high concentration of porphyrines
are clearly visible as brightly red areas. Plaque is shown in the left image
and calculus in the right one.

FIG. 11. !Color online" Example of a clear white spot along the gingival
margin together with !nonremovable" signs of bacterial activity inside the
tooth !left, see arrow". Example of a leaking margin of a composite filling
infiltrated with nonremovable plaque !middle, see arrows". Right image:
area within the dotted ellipse: occlusal surface showing discoloration at the
dark fissure line and signs of bacterial activity underneath the surface. After
opening the fissure a dental carious lesion was found underneath.

102031-5 de Josselin de Jong et al. J. Appl. Phys. 105, 102031 !2009"
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between red and GF was enhanced and, as a consequence,
the RF !red-over-green" value was increased. Testing of this
device in general dental practices has shown that making red
fluorescing plaque and calculus visible provides very valu-
able information not only to the dentist but also to the patient
on his or her dental health status. This device is very useful
for assessing sealants and restorations with respect to, e.g.,
leakage and secondary caries.

IV. CLINICAL RESULTS

While the QLF™ technology has been used widely in
laboratory studies, the clinical use in trials and general dental
practice has spread more slowly. While the initial studies
focused on validating the technique by looking at caries pro-
gression as well as validation against crude measures of vi-
sual inspection, currently the capabilities of QLF as assess-
ment tool of progression or regression of caries have been
accepted and we see more studies evolving in which the
technique is used. These focus on lesion progression or re-
gression, testing brushing regimes,36 fluoride varnishes,37 or,
e.g., the removal of fixed appliances at the conclusion of
orthodontic treatment.38 The use of RF during clinical trials
has been used for the assessment of sealant integrity,39 pro-
gression of gingivitis,13 and plaque regrowth studies.40,41

V. DISCUSSION

QLF appears to be a technique that has many uses in
dentistry. It has been validated both qualitatively and quan-
titatively and for research purposes the assessment of caries
with QLF is to date a well accepted method. Research on the
RF seen in QLF images of the oral cavity is taking a flight.
Although initially considered a confounding factor when
studying incipient caries lesions29,37,39 the presence or ab-
sence of RF seems to be a good indicator of general oral
health and an aid in patient understanding.42 RF can be seen
everywhere in the mouth but is found more often in caries
sites than healthy sites in the same person.11 The presence of
RF is often noted in the gap between restorative materials
and the tooth, which may be an indicator of failure. The
absence of RF is also used as indicator when a cavity prepa-
ration is clean.43,44 Current research on RF focuses mainly on
bacteria that could be a source for this RF and bacteria in-
teractions and growth conditions.10,43,45,46 Recently a more
clinical approach is found in research of RF in relation to
gingivitis, where not the red or GF of the teeth is the object
of study but the RF seen from the subgingival plaque grow-
ing under the gums.

The use of harmless visual radiance technology makes
the inspection of the oral environment on a regular basis
ethically a nonissue in contrast to making of x-ray images
that do have an impact on the health of patients. With this
technology it is possible for the dental professional to focus
on the prevention measures such as white spot treatment, the
professional cleaning of the oral environment !images before
and after", detecting leakage of sealants by just looking at the
penetration of bacteria in between sealant and occlusal sur-
face, detecting leakage of fillings before x rays show it, etc.

The technology is also deemed to be instructive and mo-
tivational toward the patient as it can be made clear how the
health of his or her teeth is improving with time visually as
well as in quantitative numbers. This will surely help patients
improve on their own health and quality of life.

VI. CONCLUSION

Current systems based on the QLF™ technology are
adapted for clinical use, ease of cleaning, and aesthetics
within the office. Current software applications are evolving
based on clinical application needs and the development of a
scientific diagnostic nomenclature for caries, e.g., Interna-
tional Caries Detection and Assessment System !ICDAS".47

Questions remain about the usability of the method for early
caries detection without surgical interventions unless
progress is made in reimbursement for this preventive clini-
cal service. Additional research is needed in this area, even
though the disclosure and quantification of de- and reminer-
alization are very well documented and validated scientifi-
cally. RF of bacterial activity has much promise for the fu-
ture, both for caries detection and patient education. In
conclusion, given its versatility the QLF™ technology is a
very promising addition to the dental researcher and the den-
tal practitioner. It has the potential to become a standard of
dental care and may well continue to set the trend toward
preventive dentistry.
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QLF-D: Dental Diagnostic Photography for the General Dental Practice in a 
New Light. C.J. van Daelena*, P.W. Smitha, M.H. van der Veenc, E. de Josselin de Jonga,b, 

S.M. Highama, �aSchool of Dentistry University of Liverpool, UK; bInspektor Research Systems 

B.V. , cAcademic Centre for Dentistry Amsterdam (ACTA), The Netherlands, dYouth Dental 
Care Tilburg/ Cooperative Dentists Tilburg-North, The Netherlands. 

The aim of this paper is to report on the use of a recently developed device based on 
QLF technology (QLF-D Biluminator) in dental practice. The system comprises an SLR 
camera (Canon 450D) fitted with an QLF-D Biluminator (Inspektor Research Systems 
BV), which utilizes two excitation sources: white light LEDs for normal white light 
imaging and blue light LEDs (405 nm) for fluorescent imaging. The device is non-
invasive and produces high quality SLR intra-oral images. Image capturing and storage 
are PC controlled. 

Over a period of 8 months 134 patients were imaged comprising 53 children between 6-
12 years, 27 children between 12-18 years and 54 adults. Clinical images of the labial 
surfaces of the anterior teeth as well as the occlusal full arch surfaces of the upper and 
lower posterior teeth were captured. 45% of the images were captured at dental check- 
ups, 49% at hygiene check ups and 6% were images taken at random consultations. 

All patients were seated in the dental chair and informed about the image capturing 
procedure. The patient was fitted with a disposable mouth guard/photographic retractor 
and all surrounding lights were dimmed. A mouth mirror was used for the occlusal full 
arch imaging. To avoid fogging the photographic mirror was moistened with hot tap 
water or with anti-fog spray. The patient was asked to hold the mirror steady. Only 
children under the age of 6 required the additional help of a dental nurse. � The QLF-D 
Biluminator produces images that show a clear difference between white light and 
fluorescence ones. With the fluorescence images it is possible to detect mature dental 
plaque, show the quality of existing restorations and sealants and show possible caries 
lesions which were, in some cases difficult or even impossible to see with white light 
images only. The images provide for an intuitive understanding for both dental 
professionals as well as patients. In conclusion given the little time needed to make these 
digital photographs and the fact that no x-ray’s were used, the QLF-D camera seems a 
promising aid for caries detection, patient motivation and follow up procedures. 

Appendix	28	(Abstract):	ICQ	2010	Congress,	Liverpool,	United	Kingdom. 
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3-Year Follow-Up of QLF Advice versus Treatment in General Dental 
Practice: A Retrospective Study � C.J. van Daelen a, M. van der Veen b, S.M. Higham a, P. 
Smith a, * daelen@liv.ac.uk �aDepartment of Health Services Research, The University of 
Liverpool, Liverpool, UK; bDepartment of Preventive Dentistry, ACTA, Amsterdam, The 
Netherlands 

A fluorescence camera for caries assessment (Inspektor Research Systems BV, 
Amsterdam, the Netherlands) has been used in a dental practice in the Netherlands since 
2005. Dental treatment decisions were based on both visual inspection and bitewing 
radiographs alone. In addition, QLF measurements of these teeth were obtained within 3 
subsequent weeks. Aim: This study looked retrospectively at the level of agreement 
between the QLF data obtained and the dental treatment decision at baseline as well as 
with the dental treatment provided within 3 subsequent years. Methods: The QLF 
database Inspektor Pro, 1.0.0.45) was searched for patients who had one occlusal surface 
for which QLF had indicated that seal or restore would be appropriate. Furthermore, 
these patients had to have a matching occlusal surface considered healthy. For these 
patients and their teeth 3-year follow-up data had to be available. In total, 33 patients 
were found to have teeth that matched these inclusion criteria. Treatment decisions for 
the teeth included in this study were noted following retrieval from the patient database 
(Novadent, Complan Valens BV, Hoorn, Netherlands). QLF data were compared for 
level of agreement (kappa) with each dental treatment decision at baseline and treatment 
provided within 3 subsequent years. Results: Agreement between QLF data and 
baseline dental treatment decision was poor: kappa = 0.220, but demonstrated better 
agreement when compared with treatment provided within 3 subsequent years (kappa = 
0.579). Agreement between baseline dental treatment decision and treatment provided 
within 3 subsequent years was also poor (kappa = 0.210) From the 33 surfaces scored as 
healthy with QLF at baseline 5 were sealed and 6 restored within 3 years. With regard to 
the 33 surfaces scored as carious at baseline, QLF data suggested to seal 7 surfaces and 
to restore 26 surfaces. After 3 years out of the 7 surfaces suggested receiving fissure 
sealants at baseline, 5 had been sealed, 1 had been restored and 1 had not received 
treatment. Out of the 26 surfaces suggested to be restored 3 surfaces had not treated, 1 
surface had been sealed and 22 had been re- stored. Conclusion: Data obtained with 
QLF seems to predict treatment outcome to a higher degree than baseline dental 
treatment decision. 

Supported by The University of Liverpool, U.K. Samenwerkende Tandartsen, Tilburg, 
the Netherlands. 
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