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ABSTRACT	
	

Re-evaluating	Our	Orthodontic	Treatment	Goals:	The	Impact	of	Ideal	
Torque	on	Alveolar	Bone	Support	

	
Stephanie	Purnomo,	DDS	

	
	
OBJECTIVE:		The	purpose	 of	this	investigation	was	to:	1)	develop	a	protocol	 to	measure	molar	

torque,	taking	into	consideration	both	crown	and	root	positions	using	3D	visualization	software	

(InVivo5),		test	the	reliability	of	using	this	analysis	on	a	sample	of	adult	patients	;	2)	Utilize	this	

method	 to	evaluate	molar	torque	 changes	in	relation	to	skeletal	transverse	jaw	relationships	

and	buccal	bone	coverage	in	patients	before	and	after	orthodontic	 treatment	

	
METHODS:			32	adult	patients	were	retrospectively	selected	from	the	UCSF	orthodontic	 clinic.		

All	were	over	16	years	old,	with	normal	 ANB	angle	between	zero	and	five	degrees,	final	CBCT	

records	 taken	by	August	2016,	and	initial	records	 taken	after	August	2012.	 Initial	and	Final		

Dicom	files	were	landmarked	with	41	points,	generating	16	different	measurements	 utilized	to	

measure	molar	torque,	 transverse	jaw	relationship,	and	the	quality	of	bone	surrounding	 the		

roots	of	maxillary	first	molars	at	4	separate	sites:	the	mesiobuccal	and	distobuccal	root	apex	and	

furcation.	

	
RESULTS:	Intra-	and	inter-	rater	reliability	of	maxillary	first	molar	torque	 values	were	excellent	

(r=0.98,	0.91)	for	right	and	left	sides	respectively	(p<0.05).	All	other	measurements	

demonstrated	good	intra	and	inter-rater	reliability,	with	the	exception	of	bone	thickness	

measured	at	MBRF	(mesiobuccal	root	furcation)	and	DBRF	(distobuccal	root	 furcation)	on	the	

left	and	right	sides.	There	was	a	weak	negative	correlation	between	maxillary	molar	torque	and	

viii	



	

	

the	transverse	maxillary	deficiency	prior	to	treatment	 (r=-0.03),	indicating	greater	initial	buccal	

crown	torque	when	the	maxillary	width	is	narrow.	There	was	a	weak	negative	correlation	

between	transverse	deficiency	and	average	change	in	torque	 throughout	 treatment	 (r=-0.17),	

indicating	greater	compensatory	buccal	crown	torque	 after	treatment	when	the	maxillary	width	

is	narrow.	Patients	that	experienced	large	molar	torque	 changes	during	treatment		 	

demonstrated	 the	largest	changes	in	buccal	root	alveolar	bone	thickness	(r=0.24).	The	

percentage	of	root	exposures	were	most	pronounced	 in	the	mesiobuccal	roots	of	both	right	and	

left	first	molars,	at	the	level	of	the	furcation.	

	

CONCLUSIONS:	 This	 custom	analysis	 is	 a	 repeatable	 and	a	 reliable	method	for	measuring	whole	

tooth	 torque/	 buccolingual	 inclinations.	 Orthodontic	 treatment	 in	 adults	 should	 be	 carefully	

evaluated	 to	 reduce	 risk	 of	losing	alveolar	 bone	 support	 in	 posterior	 teeth.	 In	 patients	 with	

larger	skeletal	 maxillary	 transverse	deficiency,	 a	 greater	change	 in	torque	 is	observed,	which	is	

weakly	 correlated	 to	 changes	 in	 buccal	 bone	 thickness	 surrounding	 the	 roots	 of	maxillary	 first	

molars.	

ix	



1
7	

	

	

INTRODUCTION	
	

Orthodontic	 treatment	 requires	 proper	diagnosis	and	treatment	planning.	In	order	to		

obtain	successful	outcomes,	it	is	necessary	to	establish	goals	and	a	standardized	definition	of	

orthodontic	 success.	One	of	the	first	orthodontists	 to	present	this	definition	was	Dr.	Edward	Angle,	

who	brought	 forth	the	currently	 accepted	philosophy	of	achieving	Class	I	molars.	His	aim	was	to	

position	teeth	in	a	harmonious	 relationship	in	natural	occlusion.	Angle	believed	that	maxillary	first	

molars	were	the	key	to	occlusion	and	the	most	stable	landmark	for	craniofacial	anatomy.	Since	

then,	additional	goals	have	been	set	by	esteemed	orthodontists	 such	as	Dr.	 Andrews,	Tweed,		

Begg,	Roth,	Mc	Laughlin,	and	others.	Historically,	orthodontic	 treatment	goals	have	continued	to	

change.	With	the	vast	abundance	of	scientific	research,	advancements	in	technology,	and		 	

culturally	aesthetic	desires/trends,	these	goals	are	constantly	being	modified.	Today,	many	schools	

of	thought	exist.	

At	one	time,	one	major	goal	was	to	position	lower	incisors	upright	over	basal	bone.	
	
Everything	was	planned	with	the	lower	incisors	in	mind	 [1].	This	treatment	planning	subsequently	

dictated	the	extraction	of	teeth	for	crowding	or	proclination.	Diagnosis	typically	relied	heavily	on	

dental	casts	and	cephalometric	radiographs	 rather	than	soft	tissue	dynamics	and	extra	oral	facial	

photos.	Tweed	and	others	believed	that	that	by	obtaining	ideal	dental	and	skeletal	relationships,	

soft	tissues	would	become	balanced.	In	recent	years	however,	 there	has	been	a	shift	in	paradigm	

which	values	soft	tissue	proportions	 and	adaptation	as	a	primary	goal	[2].	While	excellent	function	

and	occlusion	remains	an	objective,	the	primary	objective	is	to	design	treatment	 such	that	the	

patient	ends	up	with	balanced	facial	features	and	ideal	soft	tissue	aesthetics.	The	treatment	 is		

then	built	in	reverse,	keeping	soft	tissue	goals	in	mind.	Secondarily,	the	jaws	and	teeth	are	

positioned	as	needed	to	reach	this	facially	aesthetic	goal.	In	recent	years,	more	emphasis	has	been	
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placed	on	tooth	display	in	the	smile.[3-5]	Therefore,	many	clinicians	center	their	goals	on	achieving	

ideal	upper	incisor	position	in	both	the	AP	and	vertical	dimensions	to	show	proper	gingival	display	

and	tooth	prominence	 relative	to	soft	tissue	glabella	[6].	

Interestingly,	all	of	these	techniques	employ	primary	treatment	objectives	that	focus	on	

upper	and	lower	incisor	positions.	 Because	of	this,	most	cephalometric	analyses	include	upper	and	

lower	buccolingual	incisor	inclination	measurements	and	clinicians	often	rely	on	this	data	to	

generate	treatment	plans.[7,	8]	Few	analyses/philosophies	consider	the	significance	of	

buccolingual	inclinations	(torque)	of	posterior	teeth,	as	this	is	difficult	to	measure	in	conventional	

radiography.	

One	orthodontist	 that	specifically	considered	molar	inclination	was	Larry	Andrews.	He	

developed	the	“6	keys”	by	evaluating	and	recording	 findings	based	on	plaster	casts	of	120	

nonorthodontically	 treated	individuals	with	ideal	occlusion	[9].	These	keys	remain	universal	

standards.	Andrews	Key	3	specifically	discusses	buccolingual	inclinations	of	all	teeth	determined	

from	a	mesial	or	distal	perspective.	His	measurement	protocol	 involved	the	angle	formed	by	a	line	

90	degrees	to	occlusal	plane	and	a	line	tangent	midpoint	of	the	facial	surface	of	the	crown.	A	

positive	value	indicates	that	the	gingival	portion	of	the	tangent	line	is	lingual.	A	negative	is	

obtained	when	the	gingival	portion	of	tangent	line	is	buccal.	In	his	study,	he	consistently	found	

negative	crown	 inclinations	occurring	 in	upper	 first	molars	and	all	posterior	teeth	of	all	models.	

With	this	information,	 he	created	bracket	prescriptions	to	replicate	these	ideal	tooth	positions,	

and	others	 after	him	attempted	 to	do	the	same,	with	slight	variations	in	prescription.	It	is	

important	 to	take	note	that	at	this	time,	this	method	of	measuring	buccolingual	inclination	did	not	

take	into	account	root	position.	All	measurements	were	taken	from	facial	surfaces	of	teeth	and	

only	considered	clinical	crowns.	
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Since	then,	CBCT	imaging	and	3D	technology	have	made	it	possible	to	evaluate	root	

positioning.	More	and	more,	 it	has	become	evident	that	detailed	information	 from	these	

radiographs	can	and	should	be	utilized	to	improve	diagnosis.	Moreover,	with	prior	knowledge	of	

root	positioning,	important	 treatment	decisions	related	to	the	alveolar	bone	coverage	and	final	

goals	can	be	made.	In	part,	this	is	the	reason	that	Andrews	 expanded	on	his	6	keys	and	developed	

the	“6	elements	of	orofacial	harmony”	 philosophy.	The	new	landmarks	 and	references	used	for	

measuring	them	form	the	basis	for	a	positionally	correct	classification	system	in	three	dimensions	

of	space.	For	example,	Element	1	defines	an	optimal	arch	as	one	where	the	inclination	of	crowns	

of	teeth	are	correct,	 roots	of	teeth	are	over	basal	bone,	occlusal	plane	is	level	(	0-2.5	mm	deep)	

and	contact	areas	abut	[10].	 He	also	specifically	defines	goals	for	molar	torque.		 In	his	philosophy,	

the	arch	width	of	the	mandible	measured	between	the	central	fossae	of	lower	first	molars	

positioned	according	to	the	Wala	ridge,	should	be	compatible	with	optimal	maxillary	arch	width,	

measured	from	the	mesiolingual	cusp	tips	of	maxillary	first	molars.	This	is	to	position	the	roots	of	

the	molars	in	the	center	of	the	alveolar	arch.	According	to	him,	it	should	result	in	an	inclination	of	-	

9	degrees	on	the	upper	first	molars	and	-30	degrees	for	lower	molars,	measured	from	facial		

surface	FA	point	to	occlusal	plane.	

Still,	with	this	attention	to	whole	tooth	position,	variations	in	crown	and	root	morphology	

may	still	result	in	roots	protruding	 out	of	bone	rather	than	in	and	centered	over	basal	bone.	This	is	

especially	true	if	maxillary	and	mandibular	arch	widths	do	not	match	up	and	a	true	skeletal	

maxillary	transverse	deficiency	exists	and	is	undiagnosed.	In	this	situation,	orthodontists,	 hoping	to	

achieve	ideal	treatment	goals	of	upright	molars	with	flat	occlusal	tables,	may	be	compromising		 	

root	position,	potentially	creating	dehiscences	or	thinning	of	alveolar	bone.	 Periodontally,	without	

adequate	bony	coverage,	gingival	recession	is	likely	to	occur,	leading	to	issues	regarding	tooth	
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sensitivity,	aesthetics,	and	hygiene	concerns,	especially	once	the	bone	loss	has	reached	the	level	of	

the	tooth’s	 furcation	[11].	

In	some	situations,	orthodontists	 analyze	the	Curve	of	Wilson	on	plaster	or	virtual	models		

to	determine	what	needs	to	be	done	in	terms	of	dental	expansion/surgery.	In	the	case	that	a	

deficiency	exists,	there	are	three	possible	solutions.	 In	growing	patients,	maxillas	can	be	skeletally	

expanded	using	a	variety	of	expander	designs.	[12]When	the	midpalatal	suture	has	not	yet	fused,	

typically	in	females	ages	14	and	under,	and	males	15	and	under,	 skeletal	expansion	is	possible.	This	

can	be	verified	using	CBCT	imaging.	[13]However,	in	adult	patients,	once	the	mid-sagittal	suture		

has	fused,	it	is	often	difficult	to	separate	non-surgically.	Thus,	two	options	 remain.	The	first	is	to	

expand	dentally	with	the	understanding	 that	buccal	tipping	of	the	crown	will	often	be	a	probable	

side	effect.	 This	is	also	termed	dental	compensation.	The	second	solution	involves	surgical	

expansion	via	SARPE,	Le	Fort	 I,	or	skeletal	implant	supported	expanders	[14,	15].	

Just	as	clinicians	select	different	bracket	prescriptions	to	achieve	positive	or	negative	

inclination	on	anterior	teeth	to	accommodate	their	mechanics,	specific	bracket	prescription	

options	 to	achieve	molar	inclinations	taking	into	account	root	position	may	be	indicated.	In	the	

case	of	simple	dental	expansion	with	archwires,	it	may	be	prudent	 to	leave	molars	with	excessive	

buccal	crown	 inclination	rather	 than	uprighting	 the	molars	and	positioning	the	roots	out	of	bone.	

Alternatively,	another	option	 is	to	consider	leaving	molars	in	crossbite	to	preserve	bony	 coverage	

around	 the	roots.	Both	would	require	different	torque	 prescriptions ,	or	finishing	torque	placed	in	

the	archwire.	

Ultimately,	although	ideal	interdigitation	and	flat	occlusal	planes	are	desirable	goals	for	

many	patients,	in	the	case	of	a	large	skeletal	transverse	discrepancy,	a	compromise	must	be	made	

to	the	molar	torque.	Most	orthodontists	 evaluate	successful	outcomes	by	analyzing	plaster	casts	
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and	final	photos.	Furthermore,		in	the	initial	stages	of	treatment,	 rarely	are	Posterior	Anterior	 (PA)	

cephalograms	used	in	conjunction	with	plaster	models	to	determine	 the	treatment	 rendered.	Even	

when	PA	cephalograms	are	used,	the	coronal	skull	view	presents	posterior	teeth	in	an	overlapping	

view	with	individual	root	positions	unclear.	Andrews	also	simply	uses	plaster	casts	to	define	

maxillary	transverse	deficiencies	using	the	maxillary	mes iolingual	cusp	tips.	If	it	is	less	than	

mandibular	basal	bone	width,	which	is	considered	naturally	optimal	 for	most	individuals,	then	

those	patients	are	considered	to	be	deficient.	The	only	exclusions	to	this	are	those	with	certain	

craniofacial	anomalies	associated	with	abnormal	 jaw	width	development.	

The	American	Board	of	Orthodontics	Objective	Grading	System,	the	 orthodontic	

community’s	 officially	accepted	gold	standard	for	treatment	goals	and	outcomes	defines	ideal	

buccolingual	inclination	by	using	a	similar	method	employing	plaster	casts,	a	straight	ruler,	and		

cusp	height	differences	to	designate	a	value	of	zero,	one	or	two[16].	Two	is	the	worst	score,	

indicating	an	uneven	occlusal	plane	and	excessive	buccolingual	inclination	of	posterior	teeth.	Using	

this	assessment,	there	is	an	absence	of	3D	radiographic	data	to	evaluate	root	position	within	bone.	

They	do,	however,	incorporate	 a	2D	panoramic	 image	to	evaluate	mesial	distal	root	positioning.	

Although	angulation	is	important	 to	assess,	with	3D	CBCT	imaging,	we	can	yield	information	on	

both	buccolingual	inclination	and	mesiodistal	angulation	of	the	roots	simultaneously.	With	this	

data,	we	can	then	truly	evaluate	orthodontic	 success	as	a	case	treated	not	only	to	ideal	crown	

positions,	but	healthy	and	ideal	root	positions	as	well.	

In	rec	ent	years,	practice	surveys	reported	 in	the	Journal	of	Clinical	Orthodontics	reported		a	

definite	increase	in	the	number	of	adult	patients	starting	orthodontic	 treatment	 in	the	United	

States.	[17]	With	the	growing	number	of	adults	seeking	orthodontic	 treatment,	we	aimed	to	

identify	how	root	position	and	alveolar	bone	support	were	affected	by	treatment	when	the	
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maxillary	width	and	suture	are	fused.	We	hypothesized	 that	patients	with	a	more	narrow	relative	

maxillary	width	would	experience	greater	torque	 changes,	and	reduced	alveolar	bone	support	as	a	

result	of	treatment.	 To	test	these	hypotheses,	we	measured	the	correlation	between	x	and	y	and	z.	

	
	
	
	
	
	
Hypotheses:	

	
1. In	untreated	 individuals,	posterior	segments	(including	maxillary	first	molars)	have	

compensatory	 torque	 values	which	correlate	with	the	skeletal	transverse	jaw	relationship.	

Individuals	with	more	narrow	relative	maxillary	width	have	increased	buccal	crown	torque.	

2. The	degree	of	molar	torque	change	during	treatment	correlates	with	the	degree	of	skeletal	

transverse	discrepancy.	

3. Changes	in	molar	torque	 during	treatment	correlate	with	changes	in	alveolar	bone	

thickness.	We	postulate	that	an	increase	in	buccal	root	 torque	reduces	buccal	alveolar	

bone	support.	Conversely,	lingual	root	torque	or	displacement	increases	buccal	alveolar	

bone	support.	

	
	
	
MATERIALS	AND	METHODS	

	
This	study	was	conducted	 in	two	parts.	The	first	part	involved	developing	a	protocol	 to	

measure	molar	torque,	 taking	into	consideration	both	root	and	crown	positions.	3D	CBCT	

visualization	software	(Anatomage	InVivo	Dental	5.0,	Inc,	San	Jose,	CA)	was	utilized	to	create	a	

custom	analysis	and	to	test	the	reliability	of	the	protocol	 and	its	associated	measurements.	The	
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second	part	of	the	study	used	acceptable	measurements	 and	techniques	defined	in	the	first	part	of	

the	study	to	evaluate	changes	in	molar	torque	 and	buccal	bone	thickness	in	a	sample	of	

orthodontically	treated	patients.	

	
	
	
	
Part	I:	Measurement	Protocol	and	Reliability	Testing	

	
A	preliminary	test	was	conducted	to	ensure	the	validity	of	using	J	points	as	a	measurement	

tool	to	define	skeletal	transverse	deficiencies.	Although	several	methods	 have	been	utilized	[18,	

19],	we	desired	to	test	the	accuracy	of	this	traditional	approach.	 J	point	is	a	point	which	lies	along	a	

curvature,	which	makes	it	difficult	to	identify.	It	is	specifically	located	at	the	depth	of	the	concavity	

of	the	lateral	maxillary	contour,	 at	the	junction	of	the	maxilla	and	the	zygomatic	buttress.	Three	

patients’	initial	and	final	CBCT	volumes	were	traced	at	three	separate	time	points,	one	week	apart.	

X,Y,Z	coordinate	 points	were	documented	 for	each	landmarking	event,	with	the	goal	of		

consistently	identifying	the	intersection	of	the	outline	of	the	maxillary	tuberosity	and	the		 	

zygomatic	buttress	on	both	left	and	right	sides.	

The	full	pilot	trial	also	included	a	group	of	three	patients’	pre	and	post	treatment	 CBCT	

data.	All	landmarks	and	measurements	 were	designated	using	Anatomage	software.	The	3D	

Analysis	tool,	in	conjunction	with	the	slice	locator	feature,	allowed	for	multi -planar	views	and	

precise	identification	of	dental	and	skeletal	structures.	Two	blinded	and	calibrated	observers	

(author	plus	one	research	assistant)	evaluated	three	masked	subjects	at	3	separate	time	points,	

each	one	week	apart.	41	landmarks	and	16	measurements	were	generated	per	subject.	

Each	initial	and	final	scan	was	oriented	using	the	3D	coordinate	system.	Basion	served	as	
	
the	origin	landmark	and	coronal	plane	with	x,y,z	coordinates.	Axial	plane	was	oriented	using	right	
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and	left	Porion,	as	well	as	right	orbitale.	Sagittal	plane	was	oriented	using	basion	and	anterior		

nasal	spine	as	landmarks	(Figure	1).	This	orientation	served	to	position	the	volumetric	skull	images	

in	space	to	ensure	reproducible	 linear	measurements	of	bone	thickness,	since	they	are	projected	

onto	the	frontal	plane.	All	other	non	coordinate	landmarks	included	in	the	study	had	both	left	and	

right	points	(Table	1).	In	order	 to	measure	maxillary	molar	buccolingual	inclination	of	the	whole	

tooth,	 including	the	roots,	a	long	axis	line	was	designated.	This	line	included	a	point	placed	in	the	

center	of	the	clinical	crown,	and	another	point	placed	in	the	middle	of	the	furcation	between	all	

three	roots.	Taking	into	account	the	possibility	of	a	maxillary	skeletal	cant,	the	palatal	plane	was	

designated	as	one	that	included	the	points	ANS	and	PNS,	running	parallel	to	the	line	including	both	

left	and	right	jugulae	points.	The	angle	made	between	the	long	axis	line	and	palatal	plane	line	

resulted	in	the	molar	torque	measurements	 (Table	2.,	Figures	2,	3,4).	All	torque	measurements	

were	designated	a	negative	value	to	standardize	it	to	conventional	bracket	prescription	values.	A	

less	negative	number	indicated	less	buccal	root	torque	 and	more	buccal	crown	torque.	 A	more	

negative	value	indicated	more	buccal	root	torque	 and	less	buccal	crown	torque.	 Table	3	lists	all	

measurements	 including	maxillary	transverse	deficiency,	buccolingual	inclination,	and	bone	

thickness	adjacent	to	the	roots	of	the	maxillary	first	molars	at	four	separate	locations	on	each	

tooth,	 both	at	the	furcation	and	apex	levels	on	mesiobuccal	and	distobuccal	roots.	Bone	thickness	

measurements	were	designated	by	placing	landmarks	at	the	most	lateral	portion	of	the	molar	

root’s	 apex	or	furcation,	and	corresponding	cortical	plate	(Figures	5,6,7,8).	



9	

	

	

	

	

Figure	1:	Screen	view	of	one	patient	oriented	according	to	the	coordinate	landmarks	and	shown	
with	all	three	different	planes	

	

	
	
Figure	2:	Image	demonstrating	maxillary	right	and	left	first	molar	long	axes	of	each	tooth	 (vertical)	
and	the	palatal	plane	(horizontal).	Torque	 is	measured	at	-60	degrees,	signifying	less	buccal	root	
torque.	

-60 ° 
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Figure	3:	Image	demonstrating	maxillary	right	and	left	first	molar	long	axes	of	each	tooth	 (vertical)	
and	the	palatal	plane	(horizontal).	Torque	 is	measured	at	-85	degrees,	signifying	more	buccal	root	
torque.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Figure	4:	Image	demonstrating	maxillary	right	and	left	first	molar	torque	measurements	 (77.22	
degrees	on	R,	and	78.05	on	L)	with	skull	superimposed.	
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Figure	5:	Anatomic	locations	of	the	4	sites	at	which	buccal	bone	thickness	was	measured	from	
(mesiobuccal	root,	 distobuccal	root	at	the	level	of	the	apex	and	furcation)	

	
	

	
	
Figure	6:	Mesiobuccal	root	apex	of	maxillary	right	first	molar	in	one	patient,	identified	using	
sectioned	views	for	accurate	landmark	placement	
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Figure	7:	Multiplanar	view	depicting	placement	of	MB_CPA_R	the	lateral	most	aspect	of	the	buccal	
cortical	plate	adjacent	to	the	maxillary	right	first	molar	apex	mesiobuccal	root	in	one	patient	
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Figure	8:	MBRA	_Bone	R	and	L	measurements	displayed	relative	to	the	skull,	measuring	5.25mm	
on	R	and	4.47mm	on	L.	

	
	
Landmark	 Definition	 Description	
ANS	 Anterior	Nasal	Spine	 Coordinate	System	Point	
Po_R	 Porion	Right	 Coordinate	System	Point	
Po_L	 Porion	Left	 Coordinate	System	Point	
Or_R	 Orbitale	Right	 Coordinate	System	Point	
Ba	 Basion	 Coordinate	System	Point	
PNS	 Posterior	Nasal	Spine	 	
Ag_R	 Antegonial	Notch	Right	 The	highest	point	of	the	notch	or	concavity	of	the	

lower	border	 of	the	ramus	where	 it	joins	the	body	
of	the	mandible	

Ag_L	 Antegonial	Notch	Left	 The	highest	point	of	the	notch	or	concavity	of	the	
lower	border	of	the	ramus	where	it	joins	the	body	
of	the	mandible	

J_R	 Jugale	Right	 The	radiographic	point	on	the	Jugulae	process	at	
the	intersection	of	the	outline	of	the	maxillary	
tuberosity	and	the	zygomatic	process	
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J_L	 Jugale	Left	 The	radiographic	point	on	the	Jugulae	process	at	
the	intersection	of	the	outline	of	the	maxillary	
tuberosity	and	the	zygomatic	process	

PRA_R	 Maxillary	First	Molar	Palatal	
Root	Apex	Right	

The	apex	of	the	palatal	root	of	the	maxillary	first	
molar	

PRA_L	 Maxillary	First	Molar	Palatal	
Root	Apex	Left	

The	apex	of	the	palatal	root	of	the	maxillary	first	
molar	

MBRA_R	 Maxillary	First	Molar	
Mesiobuccal	Root	Apex	
Right	

The	apex	of	the	mesiobuccal	root	of	the	maxillary	
first	molar	

MBRA_L	 Maxillary	First	Molar	
Mesiobuccal	Root	Apex	Left	

The	apex	of	the	mesiobuccal	root	of	the	maxillary	
first	molar	

DBRA_R	 Maxillary	First	Molar	
Distobuccal	Root	Apex	Right	

The	apex	of	the	distobuccal	root	of	the	maxillary	
first	molar	

DBRA_L	 Maxillary	First	Molar	
Distobuccal	Root	Apex	Left	

The	apex	of	the	distobuccal	root	of	the	maxillary	
first	molar	

Furc_R	 Maxillary	First	Molar	
Furcation	Right	

The	junction	at	which	all	three	roots	of	the	
maxillary	first	molar	converge	

Furc_L	 Maxillary	First	Molar	
Furcation	Left	

The	junction	at	which	all	three	roots	of	the	
maxillary	first	molar	converge	

MB_CPA_R	 Mesiobuccal	Cortical	Plate	
Apex	Right	

The	lateral	most	point	of	the	buccal	cortical	plate	
at	the	level	of	the	MB	root	apex	of	the	Mx	first	
molar	Right	

MB_CPA_L	 Mesiobuccal	Cortical	Plate	
Apex	Left	

The	lateral	most	point	of	the	buccal	cortical	plate	
at	the	level	of	the	MB	root	apex	of	the	Mx	first	
molar	Left	

DB_CPA_	R	 Distobuccal	Cortical	Plate	
Apex	Right	

The	lateral	most	point	of	the	buccal	cortical	plate	
at	the	level	of	the	DB	root	apex	of	the	Mx	first	
molar	Right	

DB_CPA_	L	 Distobuccal	Cortical	Plate	
Apex	Left	

The	lateral	most	point	of	the	buccal	cortical	plate	
at	the	level	of	the	DB	root	apex	of	the	Mx	first	
molar	Left	

MLcusp_R	 Maxillary	First	Molar	
Mesiolingual	Cusp	Tip	Right	

	

MLcusp_L	 Maxillary	First	Molar	
Mesiolingual	Cusp	Tip	Left	

	

MMR_R	 Mesial	Marginal	Ridge	Right	 	
MMR_L	 Mesial	Marginal	Ridge	Left	 	
DMR_R	 Distal	Marginal	Ridge	Right	 	
DMR_L	 Distal	Marginal	Ridge	Left	 	
MBRF_R	 Mesiobuccal	Root	Furcation	

Right	
Most	buccal	aspect	of	MB	root	at	the	level	of	the	
maxillary	first	molar	furcation	Right	

DBRF_R	 Distobuccal	Root	Furcation	
Right	

Most	buccal	aspect	of	DB	root	at	the	level	of	the	
maxillary	first	molar	furcation	Right	
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MBRF_L	 Mesiobuccal	Root	Furcation	
Left	

Most	buccal	aspect	of	MB	root	at	the	level	of	the	
maxillary	first	molar	furcation	Left	

DBRF_L	 Distobuccal	Root	Furcation	
Left	

Most	buccal	aspect	of	DB	root	at	the	level	of	the	
maxillary	first	molar	furcation	Left	

MB_CPF_R	 Mesiobuccal	Cortical	Plate	
Furcation	Right	

The	lateral	most	point	of	the	buccal	cortical	plate	
at	the	level	of	the	furcation	of	the	Mx	first	molar	
MB	Right	

DB_CPF_R	 Distobuccal	Cortical	Plate	
Furcation	Right	

The	lateral	most	point	of	the	buccal	cortical	plate	
at	the	level	of	the	furcation	of	the	Mx	first	molar	
DB	root	Right	

MB_CPF_L	 Mesiobuccal	Cortical	Plate	
Furcation	Left	

The	lateral	most	point	of	the	buccal	cortical	plate	
at	the	level	of	the	furcation	of	the	Mx	first	molar	
MB	root	Left	

DB_CPF_L	 Distobuccal	Cortical	Plate	
Furcation	Left	

The	lateral	most	point	of	the	buccal	cortical	plate	
at	the	level	of	the	furcation	of	the	Mx	first	molar	
DB	root	 Left	

U6O_R	 Molar	Occlusal	Right	 Center	of	the	clinical	crown	of	the	maxillary	first	
molar	Right	

U6O_L	 Molar	Occlusal	Left	 Center	of	the	clinical	crown	of	the	maxillary	first	
molar	Left	

 
Table	1:	Table	of	all	coordinate	points	and	landmarks,	including	definitions	and	detailed	
descriptions.	

	
Line/Plane	 Definition	
U6	Long	Axis	(Maxillary	First	
Molar	Long	Axis	(R/L))	

Line	from	U6O	to	Furcation	

PC	(Palate	Cant	Line)	 J_R	and	J_L	
PP	(Palatal	Plane)	 ANS,	PNS,	Parallel	to	Palate	Cant	Line	

	

Table	2:	Table	of	lines/planes	which	are	used	to	measure	buccolingual	inclination	of	maxillary	
first	molars.	

	
	
	

Measurements	 Definition	
U6	Torque	(Maxillary	First	
Molar	Inclination	R/L)	

Angle	made	between	Maxillary	First	Molar	Long	Axis	and	Palatal	
Plane	

Mx	Width	(Maxillary	Transverse	
Width)	

J_L	to	J_R	

Mn	Width	(Mandibular	
Transverse	Width	1)	

Ag_L	to	Ag_R	

TD	(Transverse	Deficiency)	 Difference	between	Maxillary	Transverse	Width	and	Mandibular	
Transverse	Width	

IMW	(Intermolar	Width)	 MLcusp_R	to	MLcusp_L	
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MBRA_Bone_R	 Buccal	bone	thickness	between	 the	MB	root	apex	and	cortical	
plate	(Right)	

MBRA_Bone_L	 Buccal	bone	thickness	between	 the	MB	root	apex	and	cortical	
plate	(Left)	

DBRA_Bone_R	 Buccal	bone	thickness	between	 the	DB	root	apex	and	cortical	
plate	(Right)	

DBRA_Bone_L	 Buccal	bone	thickness	between	 the	DB	root	apex	and	cortical	
plate	(Left)	

MBRF_Bone_R	 Buccal	bone	thickness	between	 the	MB	root	furcation	and	
cortical	plate	(Right)	

MBRF_Bone_L	 Buccal	bone	thickness	between	 the	MB	root	furcation	and	
cortical	plate	(Left)	

DBRF_Bone_R	 Buccal	bone	thickness	between	 the	DB	root	 furcation	and	
cortical	plate	(Right)	

DBRF_Bone_L	 Buccal	bone	thickness	between	 the	DB	root	 furcation	and	
cortical	plate	(Left)	

	

Table	3:	Table	defining	measurements	and	definitions	for	each	
	
	
Part	II:	Evaluating	Changes	in	Molar	Inclination	and	Buccal	Bone	Thickness	

	
32	Patients	were	retrospectively	selected	from	the	UCSF	orthodontic	 clinic.	All	were	non	

growing	patients	ages	16	years	old	or	over,	with	normal	 ANB	angle	between	zero	and	five	degrees,	

final	CBCT	records	taken	by	August	2016,	and	initial	records	 taken	after	August	2012.	Patients		 	

were	required	to	have	all	first	molars	present	with	minimal	restorations	 to	avoid	radiation	scatter,	

and	a	class	I	molar	finish	to	near	ideal	ABO	standards.	Exclusion	criteria	consisted	of	patients	that	

had	undergone	 dental	extractions,	with	the	exception	of	3rd	molars.	Additional	exclusion	criteria	

included	craniofacial,	surgical	patients,	those	missing	the	required	set	of	CBCT	scans,	as	well	as	

those	that	had	undergone	skeletal	expansion.	

RESULTS	
	
Part	I:	Reliability	Testing	

	
Reliability	and	inter/intra	 rater	agreement	were	calculated	using	the	intra-class	correlation	
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coefficient	(ICC).	One-way	random	effects	models	were	used	to	measure	intra-rater	agreement;	

inter-rater	agreement	was	measured	using	two-way	mixed	effects	models.	The	results	of	J	point	

placement	accuracy	on	the	skull	are	displayed	in	Table	4.	Landmark	identification	was	highly	

accurate,	with	correlation	coefficients	greater	than	r=0.82,	a	statistically	significant	(p<0.0001)	

finding	in	the	x,y,and	z	planes.	

	
	
	

Coordinate	

J-Point	Reliability	(individual	measurements)	
	

rƗ	 95%	CI	 P-value**	
X	 	 	 	
	 Right	 0.85	 (0.51,	1.00)	 <0.0001	
	 Left	 0.76	 (0.35,	0.99)	 <0.0001	
Y	 	 	 	
	 Right	 0.87	 (0.56,	1.00)	 <0.0001	
	 Left	 0.92	 (0.71,	1.00)	 <0.0001	
Z	 	 	 	
	 Right	 0.85	 (0.52,	1.00)	 <0.0001	
	 Left	 0.82	 (0.44,	0.99)	 <0.0001	

	
Table	4:	Accuracy	of	J	point	landmark	identification,	separated	into	left	and	right	sides.	
Demonstrates	high	accuracy	of	identification	with	p	values	<0.0001	in	all	planes	of	space.	
	
	

The	intra	and	inter-rater	reliability	is	presented	in	Table	5.	With	rater	1	(SP),	all	

measurements	demonstrated	good	to	excellent	intra	and	inter-rater	reliability,	with	the	exception	

of	MBRF	and	DBRF	on	left	and	right	sides.	Rater	2	(KC)	produced	 equally	reliable	landmark	

identification	excluding	Mn	Width,	TD,	and	MBRF_Bone_L.	Between	raters,	torque	 values	for	

maxillary	first	molars	were	statistically	significant	for	an	alpha=0.05	(r=.98,	.91,	p<.05	).	High	

correlation	coefficients	(r	values)	were	also	observed.		All	other	measurements	of	bone	thickness	

and	transverse	deficiency	exhibited	good	reliability,	with	the	exception	of	MBRF	and	

DBRF_Bone_R.	
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Part	II:	Evaluating	Changes	in	Molar	Inclination	and	Buccal	Bone	Thickness	
	

Initial	search	parameters	of	age	range,	ANB	angle,	and	initial	and	final	time	points	using	

Dolphin	imaging	software	yielded	187	patients.	Upon	evaluation	of	final	intraoral	records,	patients	

that	had	undergone	extractions,	were	craniofacial,	surgical,	and	those	that	did	not	end	up	in	a	

class	I	molar	relationship	were	excluded,	leaving	61	patients.	Finally,	of	these,	32	were	included	in	

the	final	patient	pool.	The	other	29	were	excluded	due	to	either	missing	initial	or	final	CBCT	

images,	poor	quality	of	radiographs	due	to	lead	shield	scatter	or	large	restorations	on	first	molars	

preventing	accurate	landmark	placement,	or	smaller	field	of	view	leaving	critical	landmarks	

unavailable	for	tracing.	

	

	
	

Table	5:	Intra	and	inter	rater	agreement	values	for	each	measurement	of	torque,	transverse	
deficiency,	and	bone	coverage	at	various	anatomic	locations	on	maxillary	first	molar	roots.	
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Table	6:	Average	molar	torque,	 bone	thickness,	transverse	discrepancy	measurements	 at	T0	and	
T1,	and	average	change.	
	
	

The	degree	of	initial	maxillary	molar	torque	 and	transverse	deficiency	of	all	32	pre	

treatment	patients	were	plotted	 in	Figure	8.	We	predicted	that	in	untreated	 individuals,	patients	

that	were	more	transverse	deficient	would	have	molars	with	less	buccal	root	torque	 at	the	initial	

timepoint	 to	compensate	for	their	narrow	maxillas.	Our	results	showed	a	weak	negative	

correlation	between	the	two	variables	(r=-0.03)	signifying	no	measureable	effect.	However,	 the	

trend	follows	our	hypothesized	outcome.		 Figure	9	depicts	a	weak	negative	correlation	between	

transverse	deficiency	and	average	change	in	torque	 throughout	 treatment	 (r=-0.17).	We	assumed	

that	if	the	goal	for	orthodontic	 providers	 was	to	strive	for	ideal	molar	inclination,	we	would	expect	

patients	with	greater	maxillary	transverse	deficiency	to	experience	more	molar	uprighting	
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throughout	 treatment,	 and	therefore	 a	greater	change	in	torque	would	be	observed.	Our	findings	

showed	that	this	negative	correlation	does	indeed	occur,	with	an	average	change	of	0.94	degrees	

(Table	6).	Finally,	we	hypothesized	that	a	greater	change	in	torque	results	in	a	greater	change	in	

bone	thickness	surrounding	 the	roots	of	the	maxillary	first	molars.	This	would	indicate	a	positive	

correlation.	In	figure	10,	this	hypothesis,	while	weakly	correlated,	was	confirmed.		 Patients	that	

experienced	molar	torque	 change	during	treatment	 demonstrated	 a	weak	positive	correlation	with	

subsequent	changes	in	alveolar	bone	thickness	(r=0.24)	.	Percentage	of	root	exposures	were	more	

pronounced	 in	the	mesiobuccal	roots	 of	both	right	and	left	first	molars,	at	the	level	of	the	furcation	

(Fig.	12).	This	was	found	to	be	the	case	for	both	 initial	and	final	stages.	At	other	anatomic		 	

locations,	it	appears	some	roots	may	have	been	out	of	bone	and	were	repositioned	back	into	

bone,	or	vice	versa.	Animal	studies	support	 this	phenomenon	 of	bony	apposition	post	dehiscence.	

[20,	21].	One	possible	explanation	for	high	rate	of	exposure	at	the	mesiobuccal	root	 is	the	

rotational	movements	 orthodontists	 exert	throughout	 treatment.	 Several	studies	have	shown	that	

patients	with	class	II	and	class	III	angles	classifications	have	a	higher	predisposition	for	mesial	in	

rotations	of	the	maxillary	first	molars.	[22]	As	orthodontists,	 one	of	our	goals	is	to	achieve	class	I	

molar	and	canine	occlusion.	Several	methods	are	used	to	perform	this	movement,	 including	the	

use	of	transpalatal	arches,	as	well	overcorrect	 band	or	bracket	positioning.	[23]		In	order	to		

achieve	this,	maxillary	molars	are	purposely	derotated	 to	reduce	the	mesiodistal	space	it	takes	up,	

thereby	 increasing	arch	length.	This	act,	however,	 often	results	in	the	prominent	 root	being	

translated	out	of	its	biologic	limitations.		Initial	and	final	bone	thickness,	torque,	 and	transverse	

discrepancy	measurements	are	listed	in	table	6.	Interestingly,	average	change	in	bone	thickness	

was	a	loss	in	bone	of		-0.19mm.	
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BRTq=	more	 negative	value	
	

BRTq=	less	negative	value	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

Fig	9.	Relation	between	degree	of	torque	and	transverse	deficiency	(difference	between	
J_R-J_L	and	Ag_R-Ag_L)	in	32	pre	orthodontically	 treated	patients.	Slope	exhibits	no	
significant	correlation.	

	

	

Fig	10.	Relation	between	average	change	in	torque	and	transverse	deficiency	in	32	patients	
that	have	undergone	 orthodontic	 treatment.		 Slope	exhibits	a	slight	negative	relationship	
with	no	significant	correlation.	
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Fig	11.	Relation	between	average	change	in	torque	and	average	change	in	bony	coverage	
surrounding	Mx	first	molar	roots	 in	32	patients	that	have	undergone	 orthodontic	
treatment.		 Slope	exhibits	a	slight	positive	relationship	with	no	significant	correlation.	You	
want	to	add	axes	here	and	say	“maxillary	alveolar	bone	thickness.”	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

Fig	12.	Percent	of	patients	with	root	exposure	of	Mx	first	molars	(right	or	left)	at	various	
anatomic	locations	(mbra,	mesiobuccal	root	apex;	dbra,	distobuccal	root	apex;	mbrf,	
mesiobuccal	root	 furcation;	dbrf,	distobuccal	root	 furcation)	pre	and	post	orthodontic	
treatment.	
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DISCUSSION	
	

Our	results	demonstrated	 high	accuracy	for	identifying	J	points,	which	correlates	with	

Neiva’s	study	evaluating	multiplanar	view	reliability	of	tracing	similar	points	 including	the	maxillary	

tuberosities	and	zygomatic	buttresses	[24].	This	suggests	that	J	point	is	a	feasible	landmark	to	use	

when	determining	transverse	deficiency	values.	Intra	and	inter	reliability	data	showed	high	

reliability	upon	measuring	torque,	 but	less	reliability	when	measuring	bone	thickness	surrounding	

molar	roots.	This	corresponds	with	alveolar	bone	level	measurement	errors	of	at	least	0.2	mm	as	

described	by	Pham[25].	Differences	between	raters	can	be	explained	by	imaging	quality	and	

variability	in	visual	acuity	when	evaluating	buccal	bone	thickness	and	whether	 roots	are	within	

bone	or	outside	of	cortical	coverage.	The	alveolar	bone	thickness	measurements	have	two	major	

sources	of	error.		 The	first	is	the	inherent	voxel	size	of	0.37	mm	adds	about	a	+/-	0.4	mm	error	 to		

all	measurements.	The	alveolar	bone	thickness	is	not	much	greater.	Therefore,	a	higher	resolution	

CBCT	may	be	needed.	The	second	error	 lies	in	the	orientation	step.	Inaccuracies	in	orientation	may	

result	in	the	plane	of	the	cuts	being	varied	between	individuals.	This	issue	also	exists	when	

attempting	to	make	the	measurement	 in	the	same	plane	at	T0	and	T1.	

An	important	 goal	of	treatment	 is	to	obtain	correct	buccolingual	inclination	for	all	teeth.	

Current	methods	 are	based	on	crown	 inclination,	while	root	 inclination	and	position	are	not	often	

considered.	In	this	study,	we	report	 the	buccolingual	inclination	of	maxillary	first	molars	using	3D	

imaging	including	the	roots	 in	patients	with	normal	 occlusion.	On	average,	our	orthodontic	

treatment	 tended	to	increase	buccal	root	torque.	 This	results	in	thinning	of	buccal	alveolar	bone	

surrounding	molar	roots,	which	may	not	be	good	for	our	patients.	The	median	change	in	maxillary	

molar	toque	is	positive,	meaning	that	orthodontists	 are	increasing	buccal	root	torque	 even	in	



24	

	

	

patients	with	a	narrow	maxillary	width.	
	

Our	method	of	calculating	torque	(buccolingual	inclination)	using	the	true	long	axis	of	the	

tooth,	mimics	methods	proposed	by	Tong	et	al	[26,	27].	They	developed	a	custom	root	analysis	

vector	software	program	by	digitizing	crown	and	root	 centers.	The	reliability	of	this	method	of	

measuring	torque	 resulted	in	a	correlation	of	0.91-0.98	which	justifies	its	use	in	future	analyses.	

Our	prediction	was	that	in	untreated	individuals,	those	with	more	pronounced	 skeletal	

transverse	maxillary	deficiencies	would	have	molars	with	more	buccal	inclination	(smaller	negative	

value	rather	than	larger	negative	value)	to	dentally	compensate	for	the	narrow	maxillas.	Although	

our	scatter	plot	illustrates	the	proper	negative	slope,	the	values	were	non	significant	(Figure	9).	

Our	second	hypothesis	involved	average	change	in	torque	 throughout	 treatment.	 We	postulated	

that	patients	with	larger	transverse	deficiencies	would	experience	greater	changes	in	torque	 in	

order	to	upright	the	teeth	to	ideal	ABO	standards.	In	figure	10,	we	see	a	negative	slope	which	

supports	our	rationale.	However,	the	correlation	 is	again,	non	significant.	Finally,	we	predicted	that	

larger	changes	in	molar	torque	would	correlate	with	larger	changes	in	buccal	bone	thickness	

adjacent	to	molar	roots.	Similarly,	while	figure	11	visually	confirms	our	hypothesis,	the	values		 	

prove	to	be	non	significant.	Several	other	variables	could	have	contributed	 to	the	changes	in		 	

buccal	bone	thickness.	This	includes	changes	in	archform,	intermolar	width,	and	rotations	of	the	

maxillary	first	molars.	

Why	do	orthodontist	 believe	in	correcting	compesatorily	 torqued	posterior	segments?	
	
Upright	teeth	are	beneficial	for	several	reasons	including	being	in	an	ideal	position	for	functional	

loading	[28,	29].	These	goals	were	intended	for	patients	with	a	normal	transverse	jaw	relationship.	

However,	if	patients	are	indeed	maxillary	deficient,	we	advise	that	it	may	be	an	acceptable	
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compromise	 to	leave	their	teeth	in	buccal	crossbite	to	prevent	buccal	displacement	of	teeth/roots	

leading	to	dehiscences,	fenestrations,	and	thinning	of	periodontal	 attachment.	We	also	found	that	

the	root	with	most	buccal	bone	dehiscence	both	pre	and	post	treatment	was	the	mesiobuccal		

root,	primarily	at	the	level	of	furcation.	Why?	Though	these	patients	did	not	undergo	skeletal	

expansion,	they	may	have	undergone	archwire	expansion.	Several	articles	report	similar	bone	

volume	loss,	specifically	in	Mx	first	molars,	often	linked	with	periodontal	 recession	[30-32].	

Our	goal	is	to	provide	clinicians	with	more	 information.	 While	the	ABO	Scoring	index	is	a	

reliable	method	 for	measuring	buccolingual	inclination	[33],	we	believe	a	3D	assessment	which	

includes	root	positioning,	will	enable	clinicians	to	better	evaluate	clinical	results.	Limitations	to	this	

study	include	the	small	sample	size	of	32	patients,	low	resolution	CBCT,	and	lack	of	consistency	in	

orthodontic	 goals	between	various	providers	 at	the	UCSF	orthodontic	 clinic.	Some	providers	may	

have	attempted	 to	strive	for	ideal	molar	torque,	while	others	may	have	tried	to	achieve	a	

compromised	 final	molar	torque.	 Future	studies	should	evaluate	buccal	bone	changes	in	patients	

treated	prospectively	while	evaluating	molar	rotation	changes.		We	hope	to	refine	our	methods,	

and	also	have	it	utilized	it	as	a	routine	assessment	to	measure	orthodontic	 success.	We	would	also	

like	to	use	our	method	as	a	building	block	to	create	a	standardized	and	systematic	approach	to	

identify	predisposing	criteria	for	patients	at	risk	for	root	exposures,	similar	to	current		

cephalometric	guidelines.	
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Conclusions:	
	

1. This	custom	analysis	is	a	reproducible	and	a	reliable	method	crown	and	root	torque.	
	

2. Orthodontic	 treatment	 in	adults	 should	be	 carefully	evaluated	to	reduce	 risk	of	 alveolar	

bone	 support	 in	 posterior	 teeth.	 In	 patients	with	 larger	 skeletal	 transverse	 deficiencies,	

greater	change	 in	torque	 is	 observed,	which	is	weakly	correlated	to	changes	 in	buccal	bone	

thickness	surrounding	 the	roots	of	maxillary	first	molars.	
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