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SUMMARY	

	

Age	estimation	is	an	important	tool	for	identifying	an	unknown	

child	or	remains	in	many	criminal	cases.	This	retrospective,	cross-

sectional	study	assessed	the	accuracy	of	using	the	Demirjian	Method	to	

estimate	the	ages	of	a	diverse	Chicago	pediatric	population	across	a	

range	of	body	mass	indexes.	281	panoramic	radiographs	of	children	

aged	six	to	twelve	years	of	age	were	selected	from	the	University	of	

Illinois	College	of	Dentistry	Pediatric	and	Orthodontic	database.	Dental	

age	was	calculated	using	the	Demirjian	method	to	evaluate	tooth	

development.	Dental	age	was	then	subtracted	from	the	patient’s	

chronologic	age,	at	the	time	of	the	radiograph,	to	obtain	a	ΔAge	

(difference	in	age).	The	ΔAge	was	then	compared	against	sex,	ancestry,	

and	BMI	group.	

The	Demirjian	method	was	relatively	accurate	at	estimating	the	

age	of	the	normal	BMI	group.	There	was	no	statistical	difference	

between	ancestral	groups	or	between	sexes.	There	was	a	statistically	

significant	overestimation	of	age	in	the	overweight	and	obese	BMI	

groups	by	approximately	six	months.	These	findings	indicate	that	the	

pediatric	dentistry,	orthodontics,	and	forensics	communities	ought	to	

account	for	accelerated	growth	and	development	of	overweight	and	

obese	children.		

	

vi	
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I.	INTRODUCTION	
	

I.1	Age	Estimation	
	

Age	estimation	is	an	important	tool	used	in	many	scenarios	when	

individuals	are	un-identifiable.	It	is	extremely	important	when	helping	to	

identify	children	whether	it	is	for	a	case	of	child	abuse,	human	trafficking,	

kidnapping,	or	death.1	It	is	also	one	of	the	only	reliable	methods	for	

identifying	children	since	normal	methods	of	identification,	such	as	existing	

dental	restorations,	tattoos,	signs	of	trauma,	and	other	growth	markers	are	

not	applicable	at	young	ages.2	Additionally,	the	way	in	which	age	is	estimated	

greatly	differs	between	adults	and	children.3	

Forensic	anthropologists	use	multiple	bony	sites	in	the	adult	body	to	

aid	in	age	estimation.	The	sternal	rib	end,	pubic	symphyses,	the	auricular	

surface	of	the	ilium,	and	the	cranial	sutures	can	be	assessed	for	signs	of	

resorption,	deposition,	and	remodeling	to	place	the	un-identifiable	person	

into	an	age	group.3	Unlike	adults,	those	bony	landmarks	have	not	fully	

formed	to	distinguish	between	younger	ages.	The	most	widely	used	method	

for	age	estimation	in	children	is	analysis	of	panoramic	radiographs.	The	

average	ages	when	teeth	develop	and	erupt	have	been	well	established	and	

are	used	to	narrow	the	age	range	to	which	the	un-identifiable	child	may	

belong.4	
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I.2	Dental	Age	
	

Dentists	and	orthodontists	assess	the	“dental	age”	of	their	pediatric	

patients	daily	to	formulate	a	personalized	treatment	plan.	Abnormalities	in	

dental	eruption	patterns,	whether	those	abnormalities	are	changes	in	the	

timing	or	sequence	of	tooth	eruption,	have	significant	impacts	on	treatment	

decisions.4	Orthodontic	intervention,	space	maintenance,	caries	control,	and	

many	other	aspects	of	dentistry	are	affected	by	the	patient’s	growth	and	

development.	It	is	therefore	extremely	important	to	the	field	of	dentistry	to	

be	able	to	accurately	assess	the	pediatric	patient	using	radiographic	findings.		

	

I.3	Nature	vs.	Nurture	
	

There	are	many	factors	that	are	thought	to	affect	the	timing	of	tooth	

development	and	eruption	in	children.	Genetic	factors	like	ancestral	lineage	

may	alter	eruption	patterns.	Research	has	compared	dental	developmental	

patterns	in	individuals	of	different	ancestral	backgrounds.	Kanagartnam	and	

Schluter	(2012)	concluded	that	Polynesian	children	have	earlier	tooth	

eruption	than	European,	Chinese,	and	Indian	children,	while	American	Indian	

tooth	emergence	happens	earlier	than	Caucasian	and	African	American	

children.5	Many	other	studies	have	found	evidence	that	ancestry	has	an	effect	

on	dental	development.6-14	On	the	other	hand,	Liversidge	(1999)	and	Mack	et	

al.	(2013)	concluded	that	ancestry	does	not	have	an	effect	on	dental	

development	questioning	the	hypothesis	that	different	populations	of	
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children	will	exhibit	different	dental	growth.	If	ancestry	is	not	a	factor,	there	

is	the	potential	to	formulate	an	age	estimation	method	that	could	be	used	

around	the	world,	especially	in	diverse	countries	like	the	U.S.	

The	other	main	factor	thought	to	affect	the	timing	of	tooth	

development	is	environmental	influence,	such	as	nutrition	and	diet.	Obese	

children	have	accelerated	patterns	of	tooth	development	relative	to	their	

normal	weight	counterparts	but	the	reason	is	unknown.4,12,15,16,17	Conversely,	

Bagherian	and	Sadeghi	(2011)	concluded	that	BMI	is	not	associated	with	

dental	development.	

There	is	some	debate	over	whether	malnutrition	causes	delays	in	

dental	development.	Elamin	and	Liversidge	(2013)	found	that	severe	

malnutrition	has	no	effect	on	tooth	development.	This	finding	brings	into	

question	if	environmental	factors	can	have	an	effect	on	tooth	development	

since	severe	malnutrition	has	been	shown	to	have	large	effects	on	other	

biological	systems.	However,	it	is	important	to	note	that	other	researchers	

have	found	associations	between	stunting/wasting	and	delayed	dental	

eruption.18	

	

I.4	Childhood	Obesity	
	

Childhood	obesity	is	a	condition	that	affects	at	least	one	in	six	U.S.	

children	and	has	a	higher	prevalence	in	Hispanic	children.3	Obesity	has	many	

comorbidities	that	not	only	affect	systemic	health	but	the	oral	and	emotional	
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health	of	these	children.	Diabetes,	heart	disease,	asthma,	bone	and	joint	

problems,	and	depression	are	examples	of	systemic	health	problems	

associated	with	childhood	obesity.	Increased	risk	of	caries,	malocclusion,	and	

sleep	apnea	are	examples	of	oral	health	concerns	associated	with	childhood	

obesity.4	Obesity	can	also	impact	normal	growth	and	development	as	obese	

girls	exhibit	irregular	and	early	menses.	Other	growth	disturbances	are	seen	

with	increased	vertical	growth,	increased	risk	of	hyperandrogenism	and	

polycystic	ovary	syndrome.19	

According	to	the	Consortium	to	Lower	Obesity	in	Chicago	(CLOCC),	

from	2011-2015,	the	national	average	of	overweight	children	in	the	U.S.	was	

11.4%,	18.6%,	and	15.4%	for	kindergarten,	6th	grade,	and	9th	grade	children,	

respectively.	The	national	average	of	obese	children	in	the	U.S.	is	12.7%,	

20.4%,	and	16.7%	for	kindergarten,	6th	grade,	and	9th	grade	children,	

respectively.	The	rates	for	overweight	and	obese	children	in	Chicago	are	

higher	than	the	average	rates	in	the	U.S.	The	Chicago	average	of	overweight	

children	is	16.5%,	19.4%,	and	19.3%	for	kindergarten,	6th	grade,	and	9th	

grade	children,	respectively.	The	Chicago	average	of	obese	children	is	20%,	

29.2%,	and	25.4%	for	kindergarten,	6th	grade,	and	9th	grade	children,	

respectively.20	These	rates	of	childhood	obesity	highlight	the	importance	of	

studying	the	effects	that	obesity	has	on	normal	child	growth	and	

development.	
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I.5	Demirjian	Method	
	

Demirjian	et	al.	created	a	then-new	method	for	age	estimation	in	1973	

after	finding	that	tooth	formation	is	a	more	accurate	measure	of	age	

estimation	than	eruption/gingival	emergence.	Specific	tooth	shapes	were	

recorded	and	assigned	into	one	of	eight	stages	(A	to	H)	that	are	clearly	

recognizable	and	consistent	between	all	individuals	during	tooth	formation.	

This	method	is	one	of	two	main	methods	of	assessing	age.	The	other	method,	

the	Atlas	method,	tries	to	best	fit	the	individual	to	a	“snapshot”	of	typical	

presentations	(examples	of	atlases	include:	Shauer	and	Massler,	Ubelaker,	

and	the	London	Dental	Atlas).	The	Demirjian	method	assesses	the	formation	

of	each	tooth,	assigns	a	stage	to	that	individual	tooth,	and	then	generates	a	

score	based	on	the	values	assigned	to	each	stage.	This	score	can	then	be	

converted	to	a	dental	age	that	would	represent	that	individual.		

To	create	this	method,	Demirjian	and	colleagues	assessed	over	3000	

children	of	French-Canadian	descent	aged	2	to	20	who	did	not	have	any	

growth	disorder	that	would	affect	tooth	number	or	normal	development.	

They	then	assessed	the	seven	left	mandibular	permanent	teeth	to	create	the	

stages	and	scores.	See	Appendix	B	and	C	for	the	original	diagrams	and	

descriptions	of	each	stage.21	

Multiple	studies	have	been	performed	assessing	the	accuracy	of	the	

Demirjian	method.	Three	studies	found	that	the	Demirjian	method	

overestimates	age	by	6	months.	17,22,23	Maher	et	al.	2006	overestimates	age	

by	3	months.	Khorate	et	al.	2014	found	that	Demirjian	method	
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underestimates	age	by	2	years.	In	contrast,	Liversidge	et	al.	2006	found	

Demirjian	method	to	be	accurate	for	their	sample.	Despite	the	studies	that	

indicate	a	discrepancy,	the	Demirjian	method	remains	one	of	the	most	

commonly	used	methods	for	dental	age	estimation.	For	example,	in	a	review	

of	19	papers	that	looked	at	dental	development/eruption	and	childhood	BMI,	

Nicholas	and	colleagues	(2018)	found	that	12/19	studies	employed	the	

Demirjian	method	or	a	derivative	of	it.		

The	goal	of	the	Demirjian	method,	and	other	age	estimation	tools,	is	to	

calculate	a	dental	age	that	is	close	to	the	subject’s	chronologic	age;	thus,	if	the	

Demirjian	method	produces	an	“accurate”	age	assessment,	the	difference	

between	dental	age	and	chronologic	age,	ΔAge,	should	approach	zero.	When	

assessing	the	accuracy	of	the	Demirjian	method,	a	positive	ΔAge	would	mean	

the	Demirjian	method	overestimated	the	age	of	the	subject,	and	a	negative	

ΔAge	would	mean	an	underestimation	of	the	age.	Therefore,	the	terms	

accuracy	and	overestimation/underestimation	are	interchangeable	when	

discussing	the	Demirjian	method.	

	

I.6	Study	Objectives	
	

This	study	has	the	following	key	aims:		

1) To	assess	the	accuracy	of	the	Demirjian	method	of	age	

estimation	in	a	diverse	Chicago	pediatric	population	between	the	ages	of	6	
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and	12	years	who	have	sought	care	at	the	University	of	Illinois	College	of	

Dentistry	(UIC)	

2) To	assess	the	differences	in	age	estimation	between	patients	of	

different	ancestries,	a	proxy	for	population	genetics	

3) To	assess	the	differences	in	age	estimation	between	patients	of	

differing	BMI,	a	proxy	for	environment	

4) To	contribute	to	the	forensics	field	to	better	identify	missing	or	

deceased	children	

	

	

I.7	Hypotheses	
	

H01:	The	Demirjian	method	is	not	accurate	at	age	estimation	in	a	diverse	

population	in	Chicago	

H02:	There	is	no	relationship	between	ancestry	and	altered	dental	

development	resulting	in	inaccurate	age	estimations	

H03:	There	is	no	relationship	between	BMI	and	altered	dental	development	

resulting	in	inaccurate	age	estimations	
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II.	MATERIALS	AND	METHODS	

II.1	Study	Approval	
	

This	study	was	approved	for	exemption	by	the	Institutional	Review	

Board	of	the	University	of	Illinois	at	Chicago	(IRB	#	2018-0283),	Chicago,	IL	

(Appendix	A).	No	funding	was	required	for	this	project.	

	 	

II.2	Study	Criteria	
	

A	retrospective	cross-sectional	chart	review	using	UIC	Pediatric	and	

Orthodontic	database	of	panoramic	radiographs.	Approximately	300	

radiographs	were	selected	by	using	inclusion	and	exclusion	criteria	and	age,	

ancestry,	BMI,	and	sex	were	obtained.	Dental	development	was	assessed	

from	the	panoramic	radiographs	using	the	Demirjian	method	(described	

above).	BMI	was	calculated	based	upon	recorded	height/weight	within	6	

months	of	time	of	radiograph	and	BMI	percentiles	were	derived	from	this	

using	the	CDC	online	“Child	and	Teen	BMI	Calculator”.	

	

Inclusion	Criteria:	

• Electronic	patient	records	with	panoramic	radiographs	

obtained	from	January	2012	to	April	16,	2018.	

• Children	of	Hispanic,	Euro-American,	and	African-American	

ancestry,	aged	6-12	years	at	the	time	the	radiographs	were	obtained	
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• Height	and	weight	measurements	available	from	within	6	

months	of	the	panoramic	radiograph	

	

Exclusion	Criteria:	

• Patients	who	have	undergone	orthodontic	treatment	and/or	

major	oral	surgery	prior	to	obtaining	panoramic	radiographs	to	be	used	in	

the	study	

• Presence	of	pathology,	altered	number	of	teeth,	and/or	

malformed	teeth	on	panoramic	radiograph	

• Gross	image	distortion	of	the	panoramic	radiographic	

• Patients	with	craniofacial	anomalies,	diseases	or	conditions,	

particularly	endocrine	diseases,	that	may	affect	dental	development	and/or	

tooth	eruption	patterns	

• Patients	who	have	undergone	medical	treatment	that	may	

affect	dental	development	and	tooth	eruption	patterns	(e.g.,	chemotherapy,	

radiotherapy,	etc)	

• Multiple	panoramic	radiographs	–	no	patient	will	be	

represented	more	than	once	if	they	have	had	multiple	panoramic	

radiographs	obtained	at	the	UIC	College	of	Dentistry.	

• Diseases	affecting	the	number	of	teeth	i.e.	presence	of	

hypodontia,	hyperdontia,	etc.	

• Diseases	resulting	in	malformation	of	teeth	i.e.	taurodontism,	

germination,	etc.	
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• Craniofacial	anomalies	affecting	tooth	development	or	

eruption	patterns	i.e.	Treacher-Collins,	cleft	palate/lip,	etc.	

• Patients	who	did	not	have	their	height	and	weight	recorded	in	

the	electronic	dental	chart	within	6	months	the	panoramic	radiograph	was	

obtained.	

	

II.3	Methodology	
	

Data	was	obtained	from	the	UIC	College	of	Dentistry	electronic	patient	

database	from	patients	seen	in	the	Pediatric	Dentistry	and	Orthodontics	

Departments.	A	report	was	generated	that	included	all	patients,	ages	6-12	

years,	who	had	a	panoramic	radiograph	taken	between	January	2012	and	

April	2018.	The	principal	investigator	(PI)	screened	the	list	for	subjects	that	

fit	the	inclusion	and	exclusion	criteria.	Those	records	that	fit	the	criteria	were	

then	exported	to	a	secure	folder	and	assigned	an	identification	number.	The	

identification	number	was	linked	to	the	panoramic	radiograph;	the	subject’s	

ancestry,	sex,	height,	weight,	BMI,	and	age	at	the	time	of	radiograph	were	

recorded.	The	age	of	the	subject,	chronologic	age,	was	calculated	by	

subtracting	the	subject’s	birthdate	from	the	date	the	radiograph	was	

obtained	and	reported	in	months.		

The	radiographs	were	then	analyzed	using	the	Demirjian	method	to	

calculate	dental	age.	The	seven	mandibular	permanent	teeth	on	the	right	side	

were	assigned	into	one	of	the	eight	stages	as	defined	by	Demirjian	using	both	
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diagrams	and	written	descriptions.	Each	tooth	could	only	fall	into	a	stage	if	

the	threshold	for	that	stage	was	achieved.	Teeth	were	not	“rounded	up”	to	

the	next	stage	and	were	always	“rounded	down”	for	consistency.	A	

worksheet	(created	by	Frucht	and	colleagues	2000,	Appendix	D)	was	used	to	

document	each	record	and	to	calculate	the	dental	age	of	the	patient.	

	

II.4	Intra-examiner	variability	
	

Prior	to	the	beginning	of	data	collection,	10	randomly	selected	

radiographs	were	scored	twice	by	the	PI	in	an	interval	of	one	week.		

	

II.5	Statistical	Analysis	
	

Chronological	age	was	subtracted	from	estimated	dental	age	for	each	

record	to	calculate	∆Age	(difference	in	age).		Positive	results	indicated	an	

overestimation	and	a	negative	result	indicated	an	underestimation.	The	

mean	difference	and	standard	deviation	for	each	BMI	group,	normal,	

overweight,	and	obese,	was	compiled.	Standard	non-parametric	statistic	

tests,	such	as	Kruskal	Wallis	and	Spearman’s	correlation	were	run	to	assess	

the	relationships	between	our	variables	of	interest	at	α=0.05.	
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III.					RESULTS	
	

III.1	Study	Results	
	

One	thousand	sixty-six	charts	were	reviewed	for	selection.	Three	

hundred	and	five	charts	fit	the	inclusion	and	exclusion	criteria.	Twenty-four	

radiographs	were	not	diagnostic	and	were	unable	to	be	analyzed.	The	total	

number	of	radiographs	included	in	the	study	was	281.	

	

We	ran	an	intra-class	correlation	analysis	to	assess	intra-rater	

reliability.	This	yielded	a	kappa=0.854.	Additionally,	the	variability	between	

the	two	measurements	was	minimal	and	if	incorrect,	was	off	by	no	more	than	

one	stage.	

	

The	average	chronologic	age	of	the	sample	was	8.84	years.	
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TABLE	I	

POPULATION	STATISTICS		

TABLE	I	Population	statistics	in	percentage	of	the	selected	

radiographs	(by	patient	sex,	ancestry,	and	age)	

	

	

	

	 	

	 	

Male	 143	(51)	

Female	 138	(49)	

	 	

African	American	 47	(17)	

Asian	 14	(5)	

Euro-American	 29	(10)	

Hispanic	 191	(68)	

	 	

6.00-6.99	 24	(8.5)	

7.00-7.99	 59	(21.0)	

8.00-8.99	 70	(24.9)	

9.00-9.99	 65	(23.1)	

10.00-10.99	 34	(12.1)	

11.00-11.99	 29	(10.3)	

Population	Statistics	(%of	total)	

Sex	

Ancestry	

Age	(in	years)	
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TABLE	II		

BMI	GROUP	BY	SEX	

TABLE	II	Number	and	percentage	of	radiographs	of	children	in	the	

different	BMI	categories,	as	defined	by	the	CDC,	by	sex	 	

	

	 	

	 	 	 	

	 Male	 Female	 Total	

Underweight	 5	(1.8)	 5	(1.8)	 10	(3.6)	

Normal	 74	(26.3)	 74	(26.3)	 148	(52.7)	

Overweight	 39	(13.9)	 33	(11.7)	 72	(25.6)	

Obese	 25	(8.9)	 26	(9.3)	 51	(18.1)	
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TABLE	III		

BMI	GROUP	BY	ANCESTRY	

TABLE	III	Number	and	percentage	of	radiographs	of	children	in	the	different	BMI	categories,	as	defined	by	the	

CDC,	by	different	ethnic	groups	
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TABLE	IV	

BMI	GROUP	BY	AGE	

TABLE	IV	Number	and	percentage	of	radiographs	of	children	in	the	different	BMI	categories,	as	defined	by	the	

CDC,	by	age	
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The	data	was	analyzed	to	assess	if	it	was	normally	distributed.	A	

Shapiro-Wilk	test	was	run	on	all	variables:	BMI,	BMI	percentile,	Age	

(Chronologic)	and	∆Age	(the	difference	between	dental	and	chronologic	age).	

All	variable	were	not	normally	distributed:	BMI	(P<0.001),	BMI	percentile	

(P<0.001),	age	(P<0.001),	and	∆Age	(P=0.011)	

We	calculated	the	average	∆Age	for	each	BMI	group	and	found	that	

the	normal	BMI	group	showed	relatively	accurate	age	estimation	(mean=	-

0.009	years,	SD=1.110).	The	underweight	group	(mean=	0.056	years,	

SD=1.182)	also	showed	relative	accuracy	in	age	estimation;	however	the	

sample	size	for	the	underweight	group	was	small	(n=10).	The	overweight	

group	(mean=	0.471	years,	SD=1.247)	and	the	obese	group	(mean=	0.489	

years,	SD=1.019)	showed	a	general	overestimation	of	approximately	6	

months.	The	total	for	all	groups	(mean=	0.	208	years,	SD=1.137)	showed	an	

average	overestimation	of	approximately	2.5	months.		
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TABLE	V	

∆AGE	by	BMI	GROUP	

TABLE	V	shows	the	average	∆Age	and	SD	of	each	BMI	group	and	the	total	for	all	groups.	

	

	

	

	

	

	 	 	 	 	 	

	 Underweight	 Normal	 Overweight	 Obese	 Total	

	 0.056	 -0.009	 0.471	 0.489	 0.208	

SD	 1.182	 1.110	 1.247	 1.019	 1.137	

Mean	ΔAge	(years)	
	

ΔAge	by	BMI	group	
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Since	the	data	was	not	normally	distributed,	non-parametric	tests	

were	run	to	compare	variables	that	would	affect	the	accuracy	of	the	

Demirjian	method	to	calculate	age	by	using	the	measurement,	∆Age.	The	first	

test	was	a	Spearman	rank	correlation	between	BMI	percentile	and	∆Age.	

There	was	a	statistically	significant	positive	relationship	between	increasing	

BMI	percentile	and	increasing	∆Age		(P<0.001)	but	weak	correlation	

(Rho=0.231;	in	Figure	1).		
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Figure	1.	Scatterplot	depicting	the	relationship	between	BMI	

percentile	and	∆Age.	The	best-fit	line	demonstrates	the	significant	(p=0.001)	

but	weak	positive	relationship	between	the	two	variables,	whereby	as	BMI	

percentile	increases,	∆Age	also	increases.	(Yellow	triangles	=	Underweight;	

red	circles	=	normal	weight;	blue	triangles	=	overweight;	green	squares	=	

obese)	

A	Kruskal-Wallis	rank	sum	test	was	used	to	compare	∆Age	against	

BMI	category	groups	(underweight,	normal,	overweight,	and	obese).	We	

found	a	statistically	significant	relationship	(P=0.001)	when	including	all	four	

groupings,	but	elected	to	exclude	the	Underweight	sample	from	further	

analyses	due	to	the	fact	that	it	was	much	smaller	in	size	than	the	other	three	

subgroups.	There	was	a	statistically	significant	(P<0.001)	difference	between	

the	three	remaining	groups;	the	heavier	BMI	groups,	overweight	and	obese,	

had	a	higher	∆Age	than	the	normal	group.		To	confirm	if	there	were	other	

relationships,	a	Dunn’s	test	was	run	to	compare	each	pair	of	groups.	

Statistically	significant	differences	were	found	between	the	obese	and	

normal	groups	(P=0.002)	and	the	overweight	and	normal	group	(P=0.024).	

All	other	pairs	were	found	to	not	have	a	statistically	significant	difference.	

	

	

	

	

	



21	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

Figure	2.	Boxplot	depicting	the	Kruskal-Wallis	test	excluding	the	

underweight	category	group	since	there	were	so	few	underweight	subjects.	

The	test	shows	the	relationship	between	the	higher	BMI	groups	compared	to	

the	normal	BMI	group	representing	an	overestimation	of	age	in	those	higher	

BMI	groups	(P<0.001)	

BMI	group	

∆A
ge
	(y
ea
rs
)	
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When	further	assessing	for	the	relationship	between	∆Age	and	BMI	by	

separating	the	groups	into	male	and	female,	it	was	found	that	females	

(P<0.001,	Rho=0.271)	showed	a	slightly	stronger	correlation	than	males	

(P=0.021,	Rho=0.192).	To	ensure	that	sex	was	not	a	confounding	factor	when	

comparing	∆Age	to	BMI,	a	partial	correlation	analysis	controlling	for	sex	

found	that	there	was	still	a	statistically	significant	relationship	even	when	

controlling	for	sex-relating	differences	(Cor=0.211,	P<0.001).	

Lastly,	a	Kruskal-Wallis	rank	sum	test	comparing	ancestry	to	∆Age	

found	no	statistically	significant	relationship(P=0.15).	
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Figure	3.Boxplot	depicting	the	Kruskal-Wallis	test	depicting	the	

relationship	between	ancestry	and	∆Age.	The	test	shows	there	was	no	

relationship	between	the	ancestral	groups	and	age	estimation	accuracy	

(P=0.15)	

	
	

∆A
ge
	(y
ea
rs
)	

Ancestry	
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IV.			Discussion	
	

IV.1	Demirjian	Method	
	

The	Demirijian	method	has	been	one	of	the	most	widely	used	

techniques	for	estimating	age	using	dental	panoramic	radiographs	of	

unknown	subjects.	However,	the	validity	and	accuracy	of	estimating	age	

using	this	method	has	been	questioned	in	other	studies.	Using	a	population	of	

pediatric	patients	from	the	College	of	Dentistry	at	the	University	of	Illinois	at	

Chicago	(UIC),	we	hoped	to	expand	on	the	accuracy	and	ease	of	using	the	

Demirjian	method	to	estimate	age	and	the	effects	that	BMI	has	on	the	

resulting	age	estimate.	

	

The	Demirjian	method	was	used	to	estimate	sample	ages	by	one	

examiner.	It	was	found	to	overestimate	age,	on	average,	by	2.5	months.	It	was	

very	accurate	with	children	of	normal	BMI,	underestimating	by	less	than	a	

week.	It	overestimated	the	age	in	the	overweight	group,	5.7	months,	and	in	

the	obese	group,	5.9	months.		

	

Even	though	the	Demirijian	method	was	accurate	at	estimating	the	

age	of	the	normal	BMI	group,	on	average,	the	standard	deviation	of	all	the	

groups	was	plus	or	minus	a	little	over	one	year.	This	may	be	attributable	to	a	

combination	of	biological	variability	and	technical	factors	related	to	using	the	

Demirjian	method.	While	the	Demirjian	method	is	clearly	defined	with	both	a	
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picture	and	description,	there	are	only	eight	stages	to	describe	tooth	

development.	Between	stages	may	be	extended	periods	of	growth	and	

development	that	would	widen	the	possible	age	range	of	the	patient.	

Specifically,	it	was	found	that	many	teeth	were	coded	as	stage	E,	F,	or	G	(See	

Appendix	A)	even	though	the	teeth	within	each	one	of	those	stages	may	be	at	

a	relatively	different	stage	of	development.	Due	to	the	wide	differences	

between	certain	stages	and	to	follow	the	proper	procedure,	the	primary	

examiner	always	“rounded	down”	to	the	last	complete	stage.	However,	it	may	

have	been	more	accurate	to	select	the	stage	closest	to	the	current	tooth	

development.	The	Demirjian	method	also	places	a	significant	amount	of	

emphasis	on	the	development	of	the	anterior	teeth.	This	resulted	in	age	

estimation	issues	since	the	examiner	noted	that	the	anterior	region	of	the	

panoramic	radiographs	was	often	the	most	difficult	to	analyze	due	to	the	

superimposition	of	the	spine.		

	

Many	previous	studies	have	also	questioned	the	accuracy	of	Demirjian	

method	in	estimating	age.	Sehrawat	and	Singh	2017	employed	a	systematic	

review	and	meta-analysis	of	fifteen	studies	to	find	that	Demirjian	

overestimates	age	by	approximately	6	months.		Other	studies	also	found	the	

Demirjian	method	to	overestimate	age.7,9,10,12,14,22	On	the	other	hand,	other	

studies	found	the	Demirjian	method	to	underestimate	age.1,6	Liversidge	et	al.	

2006	found	the	Demirjian	method	to	be	good	at	estimating	age.	Maher	et	al.	

2006,	found	the	Demirjian	method	to	overestimate	the	age	by	about	3	
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months,	similar	to	the	results	found	in	the	UIC	pediatric	population.	We	also	

found	that	it	was	most	likely	to	overestimate	age	by	about	2.5	months.	

Having	a	forensic	age	estimation	tool	that	can	approximate	the	age	of	an	

unknown	child	within	3	months	is	extremely	useful.		In	general,	the	

Demirjian	method	was	an	accurate	predictor	of	chronological	age	for	our	

sample.	We	therefore	argue	that	it	is	a	useful	tool	for	estimating	age	for	our	

Chicago	population.	However,	while	we	found	that	the	Demirjian	method	is	

relatively	accurate	on	average,	the	estimate	could	overestimate	or	

underestimate	by	as	much	as	2	years	for	an	individual,	which	should	be	

accounted	for	in	forensic	age	estimations.	

IV.2	Sex	and	its	effect	on	age	estimation	
	

Our	sample	was	split	roughly	even	between	sexes:	male	(51%)	and	

female	(49%).	We	found	no	differences	in	age	estimation	between	sexes	

although	there	was	a	slightly	stronger	correlation	for	females	between	∆Age	

and	BMI	(Rho=.271).		These	findings	suggest	that	the	Demirjian	method	

accurately	corrects	for	the	growth	disparities	between	sexes	and	can	

precisely	estimate	the	age	if	the	sex	is	known.	

	

This	is	also	important	to	note	because	there	are	times	when	

identifying	human	remains	that	the	sex	is	unknown.	Sex	is	virtually	un-

identifiable	in	pre-pubertal	remains	and	therefore	can	complicate	the	

Demirjian	method’s	ability	to	estimate	age.	Without	knowing	the	sex,	the	



27	

	

Demirjian	method	could	return	a	very	large	age	range	that	would	not	be	as	

useful.	

	

IV.3	Ancestry	and	its	effect	on	age	estimation	
	

Our	population	of	pediatric	patients	is	made	up	of	17%	African	

American,	5%	Asian,	10%	Euro-American,	and	68%	Hispanic.	It	is	important	

to	note,	however,	that	the	ancestry	of	the	patients	of	the	clinic	were	either	

self-reported	or	identified	by	the	staff	member	registering	them.	Therefore,	

the	accuracy	of	the	ancestry	data	is	questionable,	even	though	it	most	likely	

is	representative	of	this	population.		

	

Although	the	ancestry	data	cannot	be	verified,	the	Demirjian	method	

found	no	statistically	significant	difference	in	age	estimation	between	

ancestral	groups	(P=0.15).	This	finding	supports	previous	works,	Cameriere	

et	al.	2008,	Liversidge	2009,	and	Liversidge	2011,	that	found	that	there	was	

no	association	between	ancestry	and	altered	timing	of	dental	eruption.		

However,	many	other	previous	works	suspect	ancestry	to	play	a	role	in	age	

estimation.5,6,8,9,13,14	We	argue	that	previous	literature	does	not	account	for	

environmental	factors	that	may	override	ancestry,	such	as	groups	tend	to	live	

in	close	proximity	to	each	other	and	share	similar	diets.	Liversidge	et	al.	2011	

found	similar	results	since	British	and	Bangladeshi-British	children	showed	

similar	development	even	though	their	ancestries	differed.	
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IV.4	BMI	and	its	effect	on	age	estimation	
	

The	percent	of	overweight	(25.6%)	and	obese	(18.1%)	children	in	our	

sample	was	43.7%.	According	to	Healthy	Chicago	2.0	and	the	Consortium	to	

Lower	Obesity	in	Children,	the	overweight	rate	in	Chicago	between	2011-

2015	for	6th	graders	(11-12	years)	was	19.4%	and	the	obesity	rate	was	

29.2%.	The	overweight	rate	for	kindergarteners	(5-6	years)	was	16.5%	and	

the	obesity	rate	was	20%.	Therefore,	the	UIC	population	falls	within	the	

expected	rates	for	Chicago	and	can	therefore	be	considered	representative	of	

Chicago	in	terms	of	obesity.	

	

Many	other	studies	have	had	similar	findings	as	was	found	using	the	

Demirjian	method.	Hilgers	et	al.	2006	and	Wendell	and	Hartsfield	2011	

concluded	that	higher	BMI	leads	to	accelerated	dental	development	and	a	

resulting	overestimation	using	age	estimation	methods.	Mack	et	al.	2013	and	

Costacurta	et	al.	2012	also	concluded	that	higher	BMI	leads	to	accelerated	

dental	and	skeletal	development	using	alternate	measures	of	development.	

On	the	other	side,	Eid	et	al.	2002	and	Bagherian	and	Sadeghi	2011,	conclude	

that	BMI	plays	no	effect	on	the	accuracy	of	age	estimation.	

	

Higher	BMI,	which	may	be	representative	of	environmental	and	local	

factors	like	nutrition	and	diet,	had	a	statistically	significant	effect	on	the	age	
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estimation	of	the	UIC	population.	Overweight	and	obese	children	exhibited	

accelerated	development	compared	to	their	normal	BMI	counterparts.	This	

finding	is	statistically	significant	(P<0.001).	While	it	may	not	be	understood	

what	the	underlying	cause	is	for	the	acceleration,	it	is	clear	that	obesity	has	

some	association	with	dental	development.	It	is	therefore	important	for	the	

dentist	to	consider	that	while	formulating	treatment	plans	for	this	subset	of	

patients.	Additionally,	the	forensic	odontology	community	needs	to	take	into	

account	this	acceleration	when	identifying	unknown	remains.	Knowing	that	

there	is	a	large	percentage	of	the	pediatric	population	that	is	in	the	

overweight	and	obese	BMI	category	and	that	they	will	be	relatively	

accelerated	dentally,	the	forensic	odontologist	may	need	to	account	for	this	

when	reporting	an	estimated	age	range	for	the	un-identified	remains.	If	

possible,	the	forensic	community	can	utilize	this	information	with	known	

missing	children	to	narrow	the	search	by	broadly	identifying	BMI	category	

and	accounting	for	that	in	the	age	estimation.	

	

IV.5	Impact	on	dentistry	and	forensics	
	

It	is	clear	that	there	is	disagreement	in	the	forensic	and	dental	community	on	

the	factors	affecting	age	estimation,	including	when	using	the	Demirjian	

method.	Ancestry,	increased	BMI,	and	other	genetic	and	environmental	

factors	may	play	a	role	in	altering	the	timing	of	dental	eruption	and	also	

tooth	development.	However,	while	dental	age	estimation	of	unknown	
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remains	may	never	be	precise,	our	findings	and	a	number	of	other	studies	

have	shown	discrepancies	when	using	the	Demirjian	method	to	estimate	age	

in	different	populations	of	children.	It	therefore	may	be	in	the	best	interest	of	

communities,	whether	they	are	on	a	small	or	large,	to	“calibrate”	the	

Demirjian	method	to	combat	the	effects	of	local	environment	to	be	most	

effective	for	their	population.		If	unknown	remains	were	found	in	Chicago,	it	

may	be	beneficial	to	utilize	this	specific	study	in	addition	to	integrating	

results	from	other	pediatric	populations.	Thus,	continuous	assessment	of	age	

estimation	methods	should	be	performed	throughout	national	communities	

to	maintain	accurate	age	estimation	methods.		

	

IV.6	Limitation	of	the	Study	
	

• Ancestral	data	was	not	consistently	recorded	and	may	not	

always	be	accurate	

• Height	and	weight	measurements	were	taken	by	multiple	

providers	and	not	calibrated	

• Panoramic	radiographs	were	analyzed	by	only	one	investigator	
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IV.7	Future	Studies	
	

There	is	a	lot	of	potential	for	many	future	studies	related	to	these	

topics.	In	order	to	elicit	the	true	relationship	between	ancestry,	BMI,	and	

tooth	development,	there	needs	to	be	a	similar	study	with	data	on	the	diets	of	

the	children.	This	may	be	a	better	proxy	for	environment.	Additionally,	

repeating	this	study	in	other	cities	or	areas	in	the	world	will	allow	for	

comparison	between	Demirjian	accuracy	and	may	even	show	the	effects	that	

local	factors	have	on	a	given	population.		
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V.			Conclusion	
	

We	can	conclude	that	increased	BMI,	in	the	overweight	and	obese	

ranges,	has	an	association	with	advanced	timing	of	dental	development	

Therefore,	since	obesity	in	the	pediatric	population	is	high	and	has	been	

trending	upward,	it	is	important	for	the	dental	and	forensic	field	to	account	

for	this	effect.	

	

The	Demirjian	method,	on	average,	is	a	good	age	estimation	method	

for	unknown	panoramic	radiographs.	However,	due	to	the	broad	categories	

of	tooth	development,	issues	reading	panoramic	radiographs,	and	wide	range	

of	age	estimates,	the	Demirjian	method	should	not	be	used	as	the	only	

method	of	age	estimation.	

	

There	were	no	sex	differences	in	age	estimation,	and	there	were	no	

differences	in	the	age	estimation	of	the	recorded	ancestries	within	our	

population.	
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Appendix	A	

	 	 	



34	

	

	 	



35	

	

Appendix	B	

	

	 	

Radiographic	and	pictographic	representation	of	tooth	stages	as	defined	by	
Demirjian	et	al.	(1973)	
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Appendix	C	

	

	 	

Written	descriptions	of	tooth	stages	as	defined	by	Demirjian	et	al.	(1973)	
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Appendix	D	
	 	

Demirjian	worksheet	created	by	Frucht	et	al.	(2000)	
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