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doi:	30.	doi:	22.	8.	;	2009	.	On	the	other	hand,	imprecise	aim	will	nullify	the	effect	of	a	correctly	placed	beam-aiming	device,	so	aim	cannot	be	discounted.Certain	factors	other	than	aiming	differences	may	also	impart	disparate	image	quality,	depending	on	method.	Management	of	Temporomandibular	Disorders	and	Occlusion	.	doi:	97)70145-8	39.	The
effect	of	alterations	in	horizontal	X-ray	beam	angulation	and	bucco-lingual	cavity	width	on	the	radiographic	depth	of	approximal	cavities	.	However,	once	the	operator	of	a	WM	system	leaves	to	initiate	exposure,	the	patient	or	the	beam-aiming	device	may	shift	imperceptibly.	Correlation	of	calcified	carotid	plaques	detected	by	panoramic	radiograph
with	risk	factors	for	stroke	development	.	doi:	4.	Blue	circles	represent	the	WM	device,	orange	crosses	for	HH	(b)	scatterplot	of	the	position	where	the	cross	was	depicted	during	the	lower	(pre)molar	exposures.	.	doi:	Page	31.	A	Nomad	Pro	two	HH	X-ray	device	(Aribex	Inc.,	Charlotte,	NC).	doi:	28.	Ahmed	B	,	,	Al-Khaffaf	H	and	.	Oral	Surgery,	Oral
Medicine,	Oral	Pathology	and	Oral	Radiology	2017	;	124	:	e35	–	6	.	Three-dimensional	versus	two-dimensional	sonography	of	the	temporomandibular	joint	in	comparison	to	MRI	.	Curr	Vasc	Pharmacol	2007	;	5	:	276	–	92	.	doi:	03)00247-7	21.	Lee	WY	,	,	Bae	HJ	and	.	Ignoring	all	insignificant	fixed	factors,	neither	the	random	effect	of	operator	and	nor
the	difference	between	methods	(HH	vs	WM)	proved	significant	(p	=	0.080	and	p	=	0.355,	respectively).	Alexandrova	NA	,	,	Gibson	WC	,	,	Norris	JW	,	,	Maggisano	R	and	.	doi:	26.	J	Korean	Neurol	Assoc	2009	;	27	:	195	–	205	.	doi:	11.	Dentomaxillofac	Radiol	2008	;	37	:	309	–	19	.	Hidalgo-Rivas	JA	,	,	Theodorakou	C	,	,	Carmichael	F	,	,	Murray	B	,	,	Payne
M	,	,	Horner	K	and	.	In	this	model,	there	were	no	significant	differences	in	any	fixed	or	random	effects:	region	(p	=	0.529),	mannequin	(p	=	0.441),	left/right	handedness	(p	=	0.586),	gender	(p	=	0.152),	and	operator	(p	=	0.107).Seven	operators	performed	better	using	a	HH	(vs	WM)	device.	Boxplots	representing	the	difference	of	aiming	with	the	two
modalities	(HH	and	WM)	for	all	exposures	by	the	operators	1–20.	Drage	N	and	.	P	,	ed.	doi:	Page	4Portable	hand-held	(HH)	X-ray	devices	were	first	used	in	forensic	dentistry	and	in	veterinary	and	military	settings.1–4	However,	they	have	now	been	introduced	in	some	global	regions	to	replace	fixed	or	wall-mounted	(WM)	X-ray	systems	used	in	dental
offices	for	intraoral	radiography.5,6	A	single	HH	device	may	serve	multiple	office	suites,	conferring	an	economic	advantage,	and	may	benefit	patients	for	whom	dental	office	visits	are	prohibitive.When	using	such	devices,	the	operator	remains	in	close	proximity	to	patients,	thus	facilitating	the	radiographic	process	but	also	threatening	to	increase
operator	exposures	beyond	recommended	dose	limits.7,8	Subsequently,	manufacturers	have	devised	protective	features,	including	proper	shielding	around	tubes	to	curtail	radiation	leakage	and	shields	for	stray	radiation.	doi:	14.	doi:	9.	J	Can	Dent	Assoc	2010	;	76	:	1	–	5	.	The	pixels	size	is	applied	to	transpose	x'	and	y‘	to	mm.	The	characteristics	of	the
observers	are	shown	in	Table	2.	Image	quality	assessment	of	three	cone	beam	CT	machines	using	the	SEDENTEXCT	CT	phantom	.	Friedlander	AH	,	,	Baker	JD	and	.	6.	Dentomaxillofac	Radiol	2018	;	47	:	20170285	.	Dentomaxillofac	Radiol	2010	;	39	:	270	–	6	.	The	operators	applied	two	modalities	(HH	and	WM)	in	random	order,	without	changing
positions	of	the	beam-aiming	devices	in	relation	to	the	mannequin.	doi:	22.	Diagnostic	performance	of	magnetic	resonance	imaging	for	detecting	osseous	abnormalities	of	the	temporomandibular	joint	and	its	correlation	with	cone	beam	computed	tomography	.	doi:	17.	Each	system	was	equipped	with	a	rectangular	collimator.	doi:	6.	Influence	of	x-ray
beam	angulation	upon	the	radiographic	image	of	proximal	carious	lesions	.	Oenning	AC	,	,	Salmon	B	,	,	Vasconcelos	KdeF	,	,	Pinheiro	Nicolielo	LF	,	,	Lambrichts	I	,	,	Sanderink	G	,	,	et	al.	Peripheral	arterial	disease,	diabetes,	and	mortality	.	Scarfe	WC	,	,	Azevedo	B	,	,	Toghyani	S	,	,	Farman	AG	and	.	Oral	Surgery,	Oral	Medicine,	Oral	Pathology,	Oral
Radiology,	and	Endodontology	2008	;	105	:	e55	–	6	.	Loubele	M	,	,	Jacobs	R	,	,	Maes	F	,	,	Denis	K	,	,	White	S	,	,	Coudyzer	W	,	,	et	al.	Graphic	representation	of	aiming	precision	for	both	modalities	at	the	four	regions	tested	is	provided	in	scatter	plots	depicting	projections	of	cross-wires	fixed	to	rings	of	aiming	devices	(Figure	8).Figure	8.	Braz	Oral	Res
2006	;	20	:	25	–	32	.	Each	beam	aiming	device	with	sensor	was	then	positioned	in	a	mannequin,	with	the	intent	of	establishing	a	gold	standard	for	correct	aim.	These	GSP’s	served	as	references	for	experimental	exposures	subsequently	undertaken.20	operators	(undergraduate	dental	students)	inexperienced	at	HH	or	WM	radiography	performed	the
exposures,	once	instructed	on	correct	beam-aiming	principles.	Leakage	and	scattered	radiation	from	hand-held	dental	X-ray	unit	.	Oral	Surgery,	Oral	Medicine,	Oral	Pathology,	Oral	Radiology,	and	Endodontology	2000	;	90	:	108	–	10	.	J	Craniomaxillofac	Surg	2001	;	29	:	366	–	71	.	doi:	3.	Oral	Surg	Oral	Med	Oral	Pathol	Oral	Radiol	2018	;	126	:	545	–	52
.	PTSD	and	risk	of	incident	cardiovascular	disease	in	aging	veterans	.	Carter	LC	and	.	Development	and	applicability	of	a	quality	control	phantom	for	dental	cone-beam	CT	.	doi:	15.	Int	J	Oral	Surg	1983	;	12	:	365	–	97	.	Klein	S	,	,	Staring	M	,	,	Murphy	K	,	,	Viergever	MA	,	,	Pluim	JPW	and	.	21.	TASC	II	Working	Group.	Suri	P	,	,	Rainville	J	,	,	Kalichman	L	,
,	Katz	JN	and	.	Radiology	1993	;	189	:	823	–	7	.	The	prevalence	and	correlation	of	carotid	artery	calcification	on	panoramic	radiographs	and	peripheral	arterial	disease	in	a	population	from	the	Republic	of	Korea:	the	Dong-gu	study	.	Brooks	et	al	examined	overall	image	quality,	which	of	course	is	influenced	by	correct	aim.12	The	fact	that	image	quality
of	HH	and	WM	methods	did	not	differ	for	them	supports	our	data	indirectly.	2016	.	20.	doi:	99)90001-0	24.	In	examining	individual	operator	performance,	there	were	observable	differences.	Bas	B	,	,	Yılmaz	N	,	,	Gökce	E	,	,	Akan	H	and	.	Cone	beam	computed	tomography	in	paediatric	dentistry:	overview	of	recent	literature	.	Gray	JE	,	,	Bailey	ED	,	,
Ludlow	JB	and	.	Dentomaxillofac	Radiol	2015	;	44	:	20150108	.	Radiol	Clin	North	Am	1999	;	37	:	713	–	35	.	Razek	AAKA	,	,	Al	Mahdy	Al	Belasy	F	,	,	Ahmed	WMS	,	,	Haggag	MA	and	.	Stoner	MC	,	,	Calligaro	KD	,	,	Chaer	RA	,	,	Dietzek	AM	,	,	Farber	A	,	,	Guzman	RJ	,	,	et	al.	Nakamura	E	,	,	Sato	Y	,	,	Iwakiri	T	,	,	Yamashita	A	,	,	Moriguchi-Goto	S	,	,
Maekawa	K	,	,	et	al.	Dentomaxillofac	Radiol	2010	;	39	:	28	–	32	.	Both	the	United	Stated	Food	and	Drug	Administration	(USFDA)	and	the	Conformité	Européenne	(CE)	have	already	approved	a	number	of	HH	devices.	Mil	Med	1997	;	162	:	575	–	7	.	The	head	of	the	mannequin	is	tilted	in	such	a	way	that	the	central	ray	of	the	beam	is	parallel	to	the	floor
in	order	to	ensure	the	proper	functioning	of	the	stray	radiation	shield.	Brooks	et	al	have	conducted	a	clinical	trial	(N	=	12),	comparing	full-mouth	series	with	a	split	mouth	design.12	They	found	the	image	quality	of	HH	and	WM	units	to	be	similar,	and	motion	artifacts	were	not	problematic	during	Nomad	HH	device	usage.	1.	A	negative	value	signifies
that	aiming	with	HH	for	the	exposure	was	more	precise	then	WM.	Forensic	Sci	Int	2010	;	194	(	1-3	):	20	–	7	.	Eur	Arch	Paediatr	Dent	2013	;	14	:	131	–	40	.	Nemtoi	A	,	,	Czink	C	,	,	Haba	D	,	,	Gahleitner	A	and	.	Dhaliwal	G	,	,	Mukherjee	D	and	.	Optimization	of	dental	CBCT	exposures	through	mAs	reduction	.	J	Vasc	Surg	1996	;	23	:	645	–	9	.	doi:	25.	Jank
S	,	,	Rudisch	A	,	,	Bodner	G	,	,	Brandlmaier	I	,	,	Gerhard	S	,	,	Emshoff	R	and	.	J	Oral	Rehabil	1999	;	26	:	292	–	301	.	Health	and	health	behavior	differences:	U.S.	military,	veteran,	and	civilian	men	.	NÖ	Y	,	,	Kamburoglu	K	and	.	Unlike	actual	patients	in	clinical	situations,	mannequins	do	not	move	during	the	aiming	of	beams.	Oral	Surg	Oral	Med	Oral
Pathol	Oral	Radiol	2018	;	125	:	199	–	204	.	Larheim	TA	,	,	Westesson	PL	,	,	Hicks	DG	,	,	Eriksson	L	,	,	Brown	DA	and	.	Commun	Dent	Oral	Epidemiol	1981	;	9	:	74	–	8	.	doi:	19.	Calcified	carotid	artery	atheromas	in	panoramic	radiographs	are	associated	with	a	first	myocardial	infarction:	a	case-control	study	.	A	population-based	study	of	peripheral
arterial	disease	prevalence	with	special	focus	on	critical	limb	ischemia	and	sex	differences	.	doi:	3.	Beristianos	MH	,	,	Yaffe	K	,	,	Cohen	B	,	,	Byers	AL	and	.	HH,hand-held.To	ensure	that	shielding	against	stray	radiation	works	as	intended,	patient	positioning	during	intraoral	radiography	must	to	be	adjusted	so	that	central	beam	emissions	are	directed
parallel	to	the	floor.	For	WM	exposure,	this	percentage	was	4%.Figure	7.	Of	all	images	by	HH	method,	3.75%	showed	aiming	errors	>	7˚.	Aim	is	therefore	not	an	expected	limiting	factor	for	image	quality	in	HH	(vs	WM)	intraoral	radiography.	McGiff	TJ	,	,	Danforth	RA	,	,	Herschaft	EE	and	.	AJR	Am	J	Roentgenol	2014	;	203	:	1047	–	58	.	Petscavage-
Thomas	JM	,	,	Walker	EA	and	.	doi:	15.	A	clinical	trial	of	the	Nomad	portable	X-ray	unit	.	IEEE	Trans	Med	Imaging	2010	;	29	:	196	–	205	.	J	Craniomandib	Disord	1992	;	6	:	301	–	55	.	In	:	Okeson	J.	doi:	19.	Brasil	DM	,	,	Pauwels	R	,	,	Coucke	W	,	,	Haiter-Neto	F	,	,	Jacobs	R	and	.	The	operators	we	selected	were	inexperienced	in	both	systems	to	prevent
bias;	and	for	ethical	reasons,	in	vivo	experimentation	was	not	entertained.	J	Korean	Assoc	Oral	Maxillofac	Surg	2015	;	41	:	125	–	32	.	Quantification	of	metal	artifacts	on	cone	beam	computed	tomography	images	.	Internal	derangement	of	the	temporomandibular	joint:	is	there	still	a	place	for	ultrasound?	doi:	18.	Effective	dose	of	dental	CBCT-a	meta
analysis	of	published	data	and	additional	data	for	nine	CBCT	units	.	Available	from:	[	March	7,	2018	].	For	one	operator	the	difference	proved	significant,	in	favor	of	the	WM.	doi:	14.	Int	J	Angiol	2007	;	16	:	36	–	44	.	Whyte	AM	,	,	McNamara	D	,	,	Rosenberg	I	,	,	Whyte	AW	and	.	doi:	10.	Pediatr	Radiol	2018	;	48	:	308	–	16	.	All	calculations	were	performed
in	Excel	(Microsoft	Office	2016;	Microsoft	Corp,	Redmond,	WA).Descriptive	statistics	were	used	to	calculate	mean	deviation	from	ideal	aim	for	both	modalities	and	percentage	of	aiming	errors	>7˚.	Aps	JKM	and	.	Hoerster	KD	,	,	Lehavot	K	,	,	Simpson	T	,	,	McFall	M	,	,	Reiber	G	,	,	Nelson	KM	and	.	Maintaining	radiation	exposures	as	low	as	reasonably
achievable	(ALARA)	for	dental	personnel	operating	portable	hand-held	x-ray	equipment	.	doi:	4.	Dose	optimization	for	assessment	of	periodontal	structures	in	cone	beam	CT	examinations	.	Moss	SG	,	,	Schweitzer	ME	,	,	Jacobson	JA	,	,	Brossmann	J	,	,	Lombardi	JV	,	,	Dellose	SM	,	,	et	al.	doi:	23.	doi:	18.	doi:	32.	Prevalence	of	and	risk	factors	for
peripheral	arterial	disease	in	the	United	States:	results	from	the	National	Health	and	Nutrition	Examination	Survey,	1999-2000	.	Maizlin	ZV	,	,	Nutia	N	,	,	Dent	PB	and	.	Structural	and	functional	alteration	of	blood	vessels	caused	by	cigarette	smoking:	an	overview	of	molecular	mechanisms	.	doi:	2.	Norgren	L	,	,	Hiatt	WR	,	,	Dormandy	JA	,	,	Nehler	MR	,
,	Harris	KA	,	,	Fowkes	FG	,	,	et	al.	Brooks	SL	,	,	McMinn	WE	,	,	Benavides	E	and	.	Razek	AAKA	,	,	El-Basyouni	SR	and	.	Eur	Rev	Med	Pharmacol	Sci	2018	;	22	:	3160	–	5	.	Estimated	operator	exposure	for	hand	holding	portable	X-ray	units	during	imaging	of	the	equine	distal	extremity	.	J	Oral	Maxillofac	Surg	2010	;	68	:	1075	–	80	.	OMICS	J	Radiology
2014	;	3	.	High	prevalence	of	peripheral	arterial	disease	and	co-morbidity	in	6880	primary	care	patients:	cross-sectional	study	.	Lange	U	,	,	Piegsa	M	,	,	Teichmann	J	,	,	Neeck	G	and	.	Dupuy-Bonafé	I	,	,	Picot	M-C	,	,	Maldonado	IL	,	,	Lachiche	V	,	,	Granier	I	,	,	Bonafé	A	and	.	HH,hand-held;	WM,	wall-mounted.The	difference	between	HH	and	WM	did	not
differ	significantly	from	zero,	as	shown	by	the	constant	of	the	mixed	model	(p	=	0.157).	Rheumatol	Int	2000	;	19	:	185	–	9	.	Biometrics	1977	;	33	:	159	–	74	.	doi:	5.	Kim	EK	and	.	doi:	16.	Dentomaxillofac	Radiol	2013	;	42	:	20120445	15.	doi:	5.	doi:	29.	Recently,	Zhang	and	coworkers	investigated	HH	and	WM	devices	in	terms	of	operator	safety	and
image	quality.14	In	this	effort,	junior	dental	students	obtained	intraoral	images	using	a	radiologic	mannequin.	Condylar	erosion	and	disc	displacement:	detection	with	high-resolution	ultrasonography	.	doi:	26.	Dentomaxillofac	Radiol	2015	;	44	:	20140197	.	Elusive	"stuck"	disk	in	the	temporomandibular	joint:	diagnosis	with	MR	imaging	.	The
measurement	of	observer	agreement	for	categorical	data	.	Leibson	CL	,	,	Ransom	JE	,	,	Olson	W	,	,	Zimmerman	BR	,	,	O'fallon	WM	,	,	Palumbo	PJ	,	,	et	al.	elastix:	a	toolbox	for	intensity-based	medical	image	registration	.	To	otherwise	analyze	such	differences,	a	mixed	model	was	applied,	using	region,	mannequin,	gender,	and	left/right	handedness	as
fixed	factors	and	operator	as	random	effect.	Temporomandibular	joint	internal	derangement:	detection	with	12.5	MHz	ultrasonography	.	A	separate	mixed-model	analysis	was	also	performed,	using	angle	as	dependent	variable,	method	(HH,	WM)	and	region	as	fixed	effects,	and	operator	as	random	effect.All	participating	undergraduate	students	were
informed	of	their	personal	radiation	exposures	and	granted	informed	consent.	Ultrasonographic	evaluation	of	disc	displacement	of	the	temporomandibular	joint	compared	with	magnetic	resonance	imaging	.	Fowkes	FGR	,	,	Rudan	D	,	,	Rudan	I	,	,	Aboyans	V	,	,	Denenberg	JO	,	,	McDermott	MM	,	,	et	al.	Study	of	carotid	disease	in	patients	with	peripheral
artery	disease	.	Dental	staff	doses	with	handheld	dental	intraoral	X-ray	units	.	Mean	difference	in	aim	by	device	(HH	vs	WM)	among	all	operators	was	0.17˚(±2.48˚).	Diagnostic	imaging:	magnetic	resonance	imaging,	computed	tomography,	and	ultrasound	.	We	can	only	speculate	on	the	basis	of	this	outcome.	Circulation	1993	;	88	:	837	–	45	.	doi:	19.
Blue	circles	represent	the	WM	device,	orange	crosses	for	HH.	Ultrasound	assessment	of	increased	capsular	width	as	a	predictor	of	temporomandibular	joint	effusion	.	Am	J	Prev	Med	2016	;	50	:	101	–	105	.	J	Ultrasound	2015	;	18	:	159	–	63	.	doi:	13.	Asymptomatic	plaques	of	lower	peripheral	arteries	and	their	association	with	cardiovascular	disease:	an
autopsy	study	.	de	Moura	PM	,	,	Hallac	RR	,	,	Seaward	JR	,	,	Kane	AA	,	,	Aguiar	M	,	,	Raggio	R	,	,	et	al.	doi:	2.	Prevalence	of	coexistence	of	coronary	artery	disease,	peripheral	arterial	disease,	and	atherothrombotic	brain	infarction	in	men	and	women	>	or	=	62	years	of	age	.	Exposure	parameters	used	were	those	suggested	by	manufacturers,	as	shown
in	Table	1.Table	1.	And	MR	imaging.	In	this	setting,	clinical	trials	are	needed	to	address	other	aspects	of	image	quality	and	the	diagnostic	merits	of	HH	devices.No	human	or	animal	subjects	were	used	for	experimentation	by	any	of	the	authors	during	the	course	of	this	study.The	present	study	was	financially	supported	by	the	KaVo	Kerr
GroupAcknowledgment	The	authors	wish	to	thank	the	students	who	participated	in	this	project,	especially	Jitse	Huisinga	BDS	and	Griffin	Reep	BDS.	Eur	J	Oral	Sci	2002	;	110	:	341	–	4	.	Harvard	Health	Publishing	.	Int	J	Oral	Maxillofac	Surg	2005	;	34	:	132	–	7	.	Barghan	S	,	,	Tetradis	S	,	,	Mallya	S	and	.	The	Ethical	review	board	of	the	Academic	Centre
for	Dentistry	Amsterdam	(ACTA)	approved	this	experiment	(number	2018046).The	mean	deviation	from	perfect	aim	was	2.88˚	(±1.80˚)	for	the	WM	system	and	3.06˚	(±1.90˚)	for	the	HH	device	(Figure	7).	Sewerin	I	and	.	doi:	42.	doi:	20.	13.	doi:	36.	doi:	33.	Panoramic	radiography:	an	aid	in	detecting	patients	at	risk	of	cerebrovascular	accident	.	doi:
10.	Prevalence	of	significant	asymptomatic	carotid	artery	disease	in	patients	with	peripheral	vascular	disease:	a	meta-analysis	.	JAMA	2010	;	304	:	2628	–	38	.	Int	J	Epidemiol	1988	;	17	:	248	–	54	.	Diagnostic	quality	of	dynamic	high-resolution	ultrasonography	of	the	TMJ--a	pilot	study	.	However,	this	would	entail	patient	exposures	to	ionizing	radiation
for	experimental	purposes	and	require	Medical	Ethics	Committee	approval.21	Such	a	request	must	be	supported	by	evidence	from	non-clinical	studies	(e.g.	the	present	study	for	example)	that	demonstrate	the	comparable	diagnostic	capacities	of	HH	and	conventional	WM	imaging	systems.	Management	of	patients	with	peripheral	artery	disease
(compilation	of	2005	and	2011	ACCF/AHA	guideline	recommendations):	a	report	of	the	American	College	of	cardiology	Foundation/American	Heart	Association	Task	Force	on	practice	guidelines	.	In	vitro	study	into	the	influence	of	x-ray	beam	angulation	on	the	detection	of	artificial	caries	defects	on	bitewing	radiographs	.	Representative	image	of	the
upper	(pre)molar	periapical	exposure	with	the	superimposed	cross	from	the	aiming	device.Table	2.	4.	Dentomaxillofac	Radiol	2003	;	32	:	359	–	64	.	(Table	3)	The	entire	process	produced	a	total	of	800	radiographs	with	cross-wire	lines	superimposed	(Figure	5),	all	digitally	warehoused	(Emago).Figure	3.	Portable	hand-held	X-ray	unit:	effects	of	motion	.
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overview	of	devices	.	McNeill	C	and	.	doi:	17.	Rooke	TW	,	,	Hirsch	AT	,	,	Misra	S	,	,	et	al.	Hip	joint	fluid:	detection	and	distribution	at	MR	imaging	and	US	with	cadaveric	correlation	.	Available	from:	[	November	8,	2018	].	Training	and	testing	of	operator	aim	in	a	clinical	trial	is	thus	deserving	of	attention.In	conclusion,	the	aiming	precision	of	HH	and
WM	imaging	methods	appears	similar,	although	individual	operators	may	perform	better	at	one	of	these	modalities.	Still	another	factor	is	the	battery	dependency	of	HH	devices.	Peroz	I	,	,	Tai	S	and	.	Norgren	L	,	,	Hiatt	WR	,	,	Dormandy	JA	,	,	Nehler	MR	,	,	Harris	KA	,	,	Fowkes	FGR	,	,	et	al.	European	Commission	and	.	doi:	5.	The	Nomad	Pro	2	(Aribex
[KaVo	Kerr],	Charlotte,	NC)	(Figure	1)	has	earned	the	approval	of	both	agencies;	and	according	to	recent	data,	its	judicious	use	poses	no	undue	operator	risk.9–11Figure	1.	doi:	32.	Oenning	AC	,	,	Jacobs	R	,	,	Pauwels	R	,	,	Stratis	A	,	,	Hedesiu	M	,	,	Salmon	B	,	,	et	al.	Int	J	Paediatr	Dent	2014	;	24	:	336	–	48	.	Focus-to-sensor	distances	were	31	and	43	cm
for	HH	and	WM	devices,	respectively.	Cardiovascular	disease	risk	factors	among	male	veterans,	U.S.,	2009-2012	.	In	:	(eds	Oral	and	maxillofacial	surgery	.	doi:	14.	J	Atheroscler	Thromb	2017	;	24	:	921	–	7	.	TMJ	disc	displacement	without	reduction	management:	a	systematic	review	.	doi:	14.	J	Vasc	Surg	2016	;	64	:	e1	–	21	.	Coy	J	,	,	Vandre	RH	,	,
Davidson	WR	and	.	doi:	12.	Management	of	temporomandibular	disorders:	concepts	and	controversies	.	Objective	and	subjective	image	evaluation	of	maxillary	alveolar	bone	based	on	cone	beam	computed	tomography	exposure	parameters	.	European	Guidelines	on	radiation	protection	in	dental	radiology:	The	safe	use	of	radiographs	in	dental
radiology.	doi:	3.	In	2012,	Kim	demonstrated	that	battery	depletion	reduces	tube	current,	which	in	turn	may	impact	image	quality.20	Regular	recharging	and	adopting	newer	generations	of	batteries	may	help	overcome	this.Clinical	trials	that	encompass	all	factors	above	are	needed	to	comprehensively	gauge	the	image	quality	of	HH	and	WM	devices.
doi:	25.	Dentomaxillofac	Radiol	2014	;	43	:	20140059	.	ICRP	and	The	2007	recommendations	of	the	International	Commission	on	radiological	protection.	J	Oral	Maxillofac	Surg	2003	;	61	:	877	–	81	.	Vilanova	JC	,	,	Barceló	J	,	,	Puig	J	,	,	Remollo	S	,	,	Nicolau	C	,	,	Bru	C	and	.	Ultrasound	Med	Biol	2006	;	32	:	633	–	9	.	Pauwels	R	,	,	Silkosessak	O	,	,	Jacobs	R
,	,	Bogaerts	R	,	,	Bosmans	H	,	,	Panmekiate	S	and	.	Aiming	with	the	HH	device	in	the	right	upper	quadrant	of	one	of	the	mannequins.	Ultrasonography	of	the	glenohumeral	joints--a	helpful	instrument	in	differentiation	in	elderly	onset	rheumatoid	arthritis	and	polymyalgia	rheumatica	.	J	Appl	Clin	Med	Phys	2011	;	12	:	245	–	60	.	doi:	18.	Int	J	Oral
Maxillofac	Surg	2006	;	35	:	696	–	703	.	Osteonecrosis	of	the	temporomandibular	joint:	correlation	of	magnetic	resonance	imaging	and	histology	.	HH,hand-held;	WM,	wall-mounted.On	average,	operator	aim	was	quite	accurate,	and	differences	between	modalities	were	small.	doi:	29.	doi:	10.	Ultrasound	and	tomographic	evaluation	of
temporomandibular	joints	in	adolescents	with	and	without	signs	and	symptoms	of	temporomandibular	disorders:	a	pilot	study	.	7.	Tognini	F	,	,	Manfredini	D	,	,	Melchiorre	D	,	,	Bosco	M	and	.	Dentomaxillofac	Radiol	2013	;	42	:	29725099	.	Hand-held	dental	X-ray	equipment–an	update	.	Am	J	Prev	Med	2012	;	43	:	483	–	9	.	Sonography	of	the	knee	joint	.
doi:	27.	doi:	17.	Quality	control	standards	for	dental	radiography	allow	a	maximum	of	10%	retakes	due	to	technical	errors.15	Our	data	were	generated	by	undergraduate	students	inexperienced	in	use	of	HH	and	WM	equipment	to	prevent	bias	in	this	current	trial.	Rao	VM	,	,	Liem	MD	,	,	Farole	A	,	,	Razek	AA	and	.	Al-Baghdadi	M	,	,	Durham	J	,	,	Araujo-
Soares	V	,	,	Robalino	S	,	,	Errington	L	,	,	Steele	J	and	.	16.	Marcu	M	,	,	Hedesiu	M	,	,	Salmon	B	,	,	Pauwels	R	,	,	Stratis	A	,	,	Oenning	ACC	,	,	et	al.	Are	high-resolution	ultrasonographic	signs	of	disc	displacement	valid?	Scatter	plots	from	this	historic	study	resemble	the	ones	presented	in	this	paper.It	is	important	to	note	that	use	of	mannequins	in	the
present	study	perhaps	skewed	aiming	quality.	If	done	incorrectly,	resultant	images	will	be	compromised,	despite	accurate	aim;	and	this	is	no	different	for	either	method.	Bamba	J	,	,	Araki	K	,	,	Endo	A	,	,	Okano	T	and	.	Pauwels	R	,	,	Stamatakis	H	,	,	Bosmans	H	,	,	Bogaerts	R	,	,	Jacobs	R	,	,	Horner	K	,	,	et	al.	Jaju	PP	,	,	Jaju	SP	and	.	Berkhout	WER	,	,
Suomalainen	A	,	,	Brüllmann	D	,	,	Jacobs	R	,	,	Horner	K	,	,	Stamatakis	HC	and	.	Oral	Surgery,	Oral	Medicine,	Oral	Pathology,	Oral	Radiology,	and	Endodontology	2009	;	108	:	600	–	3	.	One	operator	showed	a	significant	difference,	performing	better	by	WM	method	(p	=	0.003).In	a	mixed	model,	wherein	angle	itself	was	viewed	as	dependent,	method
(HH	vs	WM)	again	proved	insignificant	(p	=	0.165),	although	aim	differed	significantly	by	region.	Pittayapat	P	,	,	Thevissen	P	,	,	Fieuws	S	,	,	Jacobs	R	,	,	Willems	G	and	.	Manfredini	D	,	,	Tognini	F	,	,	Melchiorre	D	,	,	Zampa	V	,	,	Bosco	M	and	.	Although	the	outcome	was	statistically	significant,	the	magnitude	of	difference	was	not	clinically	relevant.Our
findings	are	not	readily	comparable	to	those	of	other	studies	pertaining	to	HH	technique	because	aim	was	not	scored	by	design.	doi:	11.	Am	J	Cardiol	1994	;	74	:	64	–	5	.	Image	quality	vs	radiation	dose	of	four	cone	beam	computed	tomography	scanners	.	Fryar	CD	,	,	Herrick	K	,	,	Afful	J	,	,	Ogden	CL	and	.	Instead,	we	used	radiologic	mannequins	to	test
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GJMG	and	.	doi:	8.	Abilities	of	operators,	however,	may	bear	a	distinctive	influence.	Pauwels	R	,	,	Jacobs	R	,	,	Bogaerts	R	,	,	Bosmans	H	,	,	Panmekiate	S	and	.	doi:	12.	The	measurement	of	atherosclerotic	peripheral	arterial	disease	in	epidemiological	surveys	.	Exposure	parametersModalityTube	voltageTube	currentExposure	timeHand	held60	kV2.3
mA0.16	sWall	mounted63	kV8	mA0.12	sThe	rings	of	three	aiming	devices	(anterior,	bitewing,	and	molar)	(Rinn	RVG6100;	Dentsply	Sirona,	York,	PA)	were	equipped	with	cross-wires	precisely	marking	ring	centers	(Figure	2).	Application	of	cone	beam	computed	tomography	for	assessment	of	the	temporomandibular	joints	.	Fonseca	RJ	,	,	Marciani	RD	,	,
Turvey	TA	,	,	Heir	GM	and	.	doi:	3.	J	Am	Coll	Cardiol	2013	;	61	:	1555	–	70	.	Image	quality	optimization	using	a	narrow	vertical	detector	dental	cone-beam	CT	.	Am	J	Orthod	Dentofacial	Orthop	2008	;	133	:	317	–	27	.	J	Am	Dent	Assoc	1994	;	125	:	1598	–	603	.	doi:	34.	Brandlmaier	I	,	,	Rudisch	A	,	,	Bodner	G	,	,	Bertram	S	,	,	Emshoff	R	and	.	Image	quality
assessment	and	medical	physics	evaluation	of	different	portable	dental	X-ray	units	.	Estimation	of	the	radiation	dose	for	pediatric	CBCT	indications:	a	prospective	study	on	ProMax3D	.	doi:	27.	Determination	of	size-specific	exposure	settings	in	dental	cone-beam	CT	.	Selvin	E	,	,	Erlinger	TP	and	.	Image	quality	produced	by	different	cone-beam
computed	tomography	settings	.	Forensic	Sci	Int	2010	;	201	(	1-3	):	112	–	7	.	doi:	40.	Razek	AAKA	,	,	Fouda	NS	,	,	Elmetwaley	N	,	,	Elbogdady	E	and	.	Dentomaxillofac	Radiol	2007	;	36	:	402	–	8	.	Seminars	in	Ultrasound,	CT	and	MRI	2007	;	28	:	184	–	91	.	Health	Phys	2012	;	102	:	137	–	42	.	One	researcher	placed	a	beam-aiming	device	at	one	of	four
regions	(bitewing,	upper	molar,	lower	molar,	or	upper	anterior)	in	the	five	mannequins.	Operator	safety	during	the	acquisition	of	intraoral	images	with	a	handheld	and	portable	X-ray	device	.	Clin	Rheumatol	2016	;	35	:	997	–	1001	.	Justification	and	good	practice	in	using	handheld	portable	dental	x-ray	equipment:	a	position	paper	prepared	by	the
European	Academy	of	DentoMaxilloFacial	radiology	(EADMFR	.	doi:	26.	Friedlander	AH	,	,	Garrett	NR	,	,	Chin	EE	,	,	Baker	JD	and	.	J	Oral	Maxillofac	Surg	1999	;	57	:	888	–	98	.	Or	try	downloading	the	content	offline	DOWNLOAD	Korean	J	Oral	MFRadiol	2007	;	37	:	65	–	8	.	Griniatsos	J	,	,	Damaskos	S	,	,	Tsekouras	N	,	,	Klonaris	C	,	,	Georgopoulos	S	and
.	WM,wall-mounted.Figure	4.	They	found	no	safety	issues,	and	the	HH	device	seemed	more	user	friendly;	but	image	quality	of	the	WM	unit	was	still	superior.	doi:	34.	Tyson	R	,	,	Smiley	DC	,	,	Pleasant	RS	,	,	DANIEL	GB	and	.	Rasmussen	OC	and	Clinical	Temporomandibular	arthropathy:	Radiologic	and	therapeutic	aspects	with	emphasis	on	diagnosis	.
Imaging	Sci	Dent	2012	;	42	:	1	–	4	.	J	Oral	Rehabil	2003	;	30	:	796	–	801	.	However,	Mah	and	McDavid	studied	the	effects	of	motion	on	image	quality	in	vitro,13	observing	poorer	quality	by	HH	device	if	high-resolution	sensors	are	engaged.	Page	5Portable	hand-held	(HH)	X-ray	devices	were	first	used	in	forensic	dentistry	and	in	veterinary	and	military
settings.1–4	However,	they	have	now	been	introduced	in	some	global	regions	to	replace	fixed	or	wall-mounted	(WM)	X-ray	systems	used	in	dental	offices	for	intraoral	radiography.5,6	A	single	HH	device	may	serve	multiple	office	suites,	conferring	an	economic	advantage,	and	may	benefit	patients	for	whom	dental	office	visits	are	prohibitive.When
using	such	devices,	the	operator	remains	in	close	proximity	to	patients,	thus	facilitating	the	radiographic	process	but	also	threatening	to	increase	operator	exposures	beyond	recommended	dose	limits.7,8	Subsequently,	manufacturers	have	devised	protective	features,	including	proper	shielding	around	tubes	to	curtail	radiation	leakage	and	shields	for
stray	radiation.	Assaf	AT	,	,	Kahl-Nieke	B	,	,	Feddersen	J	,	,	Habermann	CR	and	.	World	Medical	Association.	Santoro	L	,	,	Flex	A	,	,	Nesci	A	,	,	Ferraro	PM	,	,	De	Matteis	G	,	,	Di	Giorgio	A	,	,	et	al.	Peck	CC	,	,	Goulet	J-P	,	,	Lobbezoo	F	,	,	Schıffman	EL	,	,	Alstergren	P	,	,	Anderson	GC	,	,	et	al.	doi:	18.	Imaging	quality	and	radiation	safety	evaluation	of
different	handheld	intraoral	X-ray	units	.	doi:	23.	Mosby	:	The	British	Institute	of	Radiology.	doi:	43.	HH,hand-held.Figure	5.	doi:	28.	Int	Angio	2007	;	26	:	81	–	157	.	Discrimination	between	calcified	triticeous	cartilage	and	calcified	carotid	atheroma	on	panoramic	radiography	.	Zhang	et	al	similarly	used	inexperienced	junior	students	as	operators	and
mannequins	as	objects,	scoring	images	for	contrast	and	sharpness.14	Unfortunately,	aiming	inadequacies	do	not	influence	these	aspects	of	image	quality,	rendering	any	comparison	with	our	results	futile.A	study	by	van	Straaten	and	van	Aken19	conducted	during	the	period	of	transition	from	short	cones	to	tubes	took	aim	into	consideration	but
involved	only	WM	devices	and	a	different	method	of	documentation.19	The	middle	of	exposed	fields	was	marked	to	assess	ideal	size	of	circular	collimation	and	prevent	cone	cutting.	Dentomaxillofac	Radiol	2017	;	46	:	20160311	.	Stroke	Facts	.	Magnetic	resonance	imaging	in	the	evaluation	of	temporomandibular	joint	disc	displacement--a	review	of	144
cases	.	The	aiming	devices	were	modified	for	HH	use,	shortening	their	metal	rods	to	limit	interference	with	stray	radiation	shields.Figure	2.	A	pragmatic	approach	to	determine	the	optimal	kVp	in	cone	beam	CT:	balancing	contrast-to-noise	ratio	and	radiation	dose	.	This	was	primarily	due	to	significantly	better	performance	at	lower	(pre)molar	(vs
bitewing)	region	(p	=	0.005).	Review	on	the	applications	of	ultrasonography	in	dentomaxillofacial	region	.	Rottke	D	,	,	Gohlke	L	,	,	Schrödel	R	,	,	Hassfeld	S	,	,	Schulze	D	and	.	Pittayapat	P	,	,	Oliveira-Santos	C	,	,	Thevissen	P	,	,	Michielsen	K	,	,	Bergans	N	,	,	Willems	G	,	,	et	al.	Hald	EM	,	,	Lijfering	WM	,	,	Mathiesen	EB	,	,	Johnsen	SH	,	,	Løchen	M-L	,	,
Njølstad	I	,	,	et	al.	Comparison	of	ultrasonography	and	magnetic	resonance	imaging	in	the	evaluation	of	temporomandibular	joint	disc	displacement	.
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