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Abstract
Purpose: A	checklist	intervention	was	applied	to	the	dental	radiographic	acquisition	process	to	determine	its	

effectiveness	in	improving	the	diagnostic	value	of	bitewing	images	and	reducing	patient	exposure	to	unneces-
sary	radiation.	

Methods: A	mixed-method,	nonrandomized	research	design	using	two	dental	hygiene	program	cohorts	
(n=33)	as	control	and	intervention	groups	was	used	to	assess	the	effect	of	a	radiographic	checklist	on	the	
number	and	type	of	radiographic	imaging	errors.	The	relationship	between	perceived	value	of	the	checklist	and	
willingness	to	continue	its	use	was	examined	and	analyzed	using	descriptive	statistics.	The	effect	of	previous	
radiography	experience,	type	and	number	of	acquisition	errors,	and	number	of	retake	exposures	were	analyzed	
using	Fisher’s	Exact	test,	chi-square	analysis,	Spearman’s	rho,	ANOVA,	Cronbach’s	alpha,	Breslow-Day,	and	
Pearson	correlation	coefficient	test.

Results: Checklist	use	did	not	contribute	to	an	improvement	in	the	diagnostic	value	of	radiographs,	nor	
did	the	intervention	reduce	patient	exposure	to	unnecessary	radiation.	Additionally,	analysis	did	not	reveal	a	
statistically	significant	difference	between	types	of	radiographic	errors	and	previous	radiography	experience.	A	
positive	correlation	was	found	between	perceived	value	and	willingness	to	continue	checklist	use.

Conclusion:	Similarities	between	the	professions	of	medicine	and	dentistry	suggest	that	dental	procedures	
may	also	benefit	from	application	of	checklists.	Although	a	positive	association	between	checklist	use	and	error	
and	retake	rate	was	not	realized	in	this	study,	checklist	use	may	help	to	improve	the	quality	of	radiographic	
exposures,	thereby	impacting	patient	safety	by	limiting	unnecessary	exposure	to	radiation.	Additional	research	
is	needed	to	continue	to	evaluate	the	effects	of	checklist	use	on	dental	radiographs.	As	the	body	of	knowledge	
related	to	checklist	development	and	use	continues	to	grow,	dental	hygienists	can	look	for	additional	ways	to	
incorporate	checklists	into	practice.
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This	study	supports	the	NDHRA	priority	area,	Occupational Health and Safety:	Investigate	methods	to	

decrease	errors,	risks	and	or	hazards	in	health	care	and	their	harmful	impact	on	patients.

research

introDuction	

Checklists	 are	 used	 successfully	 in	 a	 number	 of	
professions	to	assist	with	safety	protocol	and	job	per-
formance	 accuracy.	 Although	 checklists	 have	 been	
used	as	a	procedural	standardization	tool	in	aviation	
since	the	1930s	and	increasingly	employed	in	medi-
cine	 since	 the	1990s,	 their	 application	 to	 dentistry	
has	 been	 considered	 only	 recently.1-3	 Advances	 in	
technology	and	its	relevance	to	all	aspects	of	health	
care	have	contributed	to	treatment	innovations	and	
improved	patient	outcomes.	Yet	in	spite	of	increas-
ingly	specialized	health	care	knowledge	and	practice,	
mistakes	and	failures	persist	and	remain	largely	at-
tributable	 to	 human	 error.2	 Checklist	 use	 provides	
health	care	practitioners	the	opportunity	to	pause	at	
specific	procedural	points,	assess	readiness,	and	ad-
dress	details	that	can	lead	to	undesirable	outcomes.	

The	 medical	 profession	 has	 embraced	 check-
list	 use	 on	 an	 increasingly	 broader	 scale	 since	 the	
early	2000s.	Often	 credited	as	 the	 impetus	behind	
the	medical	checklist,	Pronovost	demonstrated	that	
checklist	 use	 can	 realize	 dramatic	 improvements	
in	 patient	 treatment	 outcomes.2	 Pronovost	 created	
a	 checklist	 to	 accompany	 the	placement	 of	 central	
lines	in	patients	in	the	intensive	care	units	at	Johns	
Hopkins	Hospital	with	a	goal	of	reducing	the	occur-
rence	of	infections.	Over	the	course	of	one	year,	the	
10-day	line-infection	rate	went	from	11%	to	0%.4	

In	 2007,	 the	 World	 Health	 Organization	 (WHO)	
convened	a	group	of	international	experts	to	develop	
a	solution	to	the	problem	of	unsafe	surgery.5	Whatev-
er	the	group	devised	had	to	be	cost-effective,	widely	
applicable,	and	measurable.	The	solution	was	a	19-
item	checklist	known	as	the	Surgical	Safety	Check-
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list	designed	for	use	by	a	surgical	team	at	three	key	
points:	prior	to	induction	of	anesthesia,	prior	to	skin	
incision,	and	before	the	surgical	team	left	the	oper-
ating	room.	Between	October	2007	and	September	
2008,	the	checklist	was	piloted	in	8	diverse	hospitals	
throughout	 the	world.	 A	 36%	 reduction	 in	 postop-
erative	 complication	 rates	 and	deaths	was	 realized	
even	when	analysis	was	adjusted	for	case	variables.	
Additionally,	the	effect	was	not	restricted	to	high-	or	
low-income	 sites	 nor	was	 a	 single	 site	 responsible	
for	the	overall	effect.6	In	a	follow-up	review	of	data	
published	 through	 February	 2012	 on	 the	 Surgical	
Safety	 Checklist	 initiative	 and	 its	 effect	 on	 patient	
outcomes,	 Fudickar	 and	 colleagues	 found	 approxi-
mately	36%	reduction	in	surgical	complication	rates	
and	up	to	62%	reduction	in	mortality.7	These	findings	
led	the	authors	to	suggest	that	a	checklist	interven-
tion	might	improve	outcomes	in	other	medical	areas	
as	well.	

Dentistry	has	been	slow	to	adapt	checklists	to	the	
profession.	Pinsky	et	al.	were	among	early	advocates	
for	adaptation	of	aviation	checklists	to	dentistry.	The	
authors	 note	 a	 number	 of	 similarities	 between	 the	
professions	 and	 suggest	 that	 checklists	 can	 help	
dental	 personnel	 organize	 their	 thoughts,	 identify	
errors,	and	increase	situational	awareness.	Based	on	
WHO	surgical	checklist	guidelines,	the	2007	Ameri-
can	Dental	Association	guide	for	dental	records,	and	
personal	experiences	 in	dentistry	and	aviation,	 the	
authors	 proposed	 a	 dental	 checklist	 for	 outpatient	
dental	 visits.	 The	 checklist	 leads	 the	 dental	 team	
from	the	beginning	to	the	end	of	the	dental	appoint-
ment	ensuring	that	all	pertinent	safety	issues	are	ad-
dressed.	 To	 date,	 the	 authors	 have	 not	 tested	 the	
checklist	in	a	clinical	trial.8	

Radiographic	images	are	among	the	essential	di-
agnostic	 tools	 of	 dentistry.	 Dental	 hygienists	 typi-
cally	expose	a	high	volume	of	 radiographic	 images	
in	 the	 clinic	 setting.	 The	 ability	 to	 acquire	 images	
that	meet	diagnostic	criteria	is	highly	advantageous.	
Early	detection	of	disease,	verification	of	the	accom-
panying	treatment	required	to	address	it,	decreased	
risk	of	professional	malpractice,	and	minimal	patient	
exposure	to	radiation	are	key	benefits	of	a	reliable	
radiographic	acquisition	process.	

The	 radiographer’s	 goal	 is	 to	 obtain	 the	 highest	
quality	images	while	exposing	the	patient	to	the	low-
est	possible	amount	of	radiation.9	Nondiagnostic	im-
ages	often	necessitate	a	retake	exposure	to	capture	
all	areas	of	interest,	effectively	doubling	the	patient’s	
radiation	 exposure.	 A	 radiography	 checklist	 can	
highlight	those	aspects	of	image	production	that	are	
essential	to	attain	diagnostic	exposures,	reduce	the	
incidence	of	errors	that	require	image	re-exposure,	
and	increase	patient	safety.	However,	the	application	
of	a	checklist	to	the	radiographic	acquisition	process	
had	not	been	studied.	Therefore,	this	study	was	de-

signed	to	address	the	following	three	purposes.	

•	 Determine	 if	 a	 checklist	 intervention	 improves	
the	diagnostic	value	of	bitewing	radiographs	and	
reduces	unnecessary	radiographic	exposure.	

•	 Determine	if	previous	radiography	experience	af-
fects	the	number	of	retake	exposures.	

•	 Determine	 if	 students	 will	 value	 the	 use	 of	 a	
checklist	intervention	such	that	they	will	adopt	it	
within	and	outside	the	educational	setting.	

metHoDS anD materialS

A	convenience	sample	of	first-year	dental	hygiene	
students	from	two	schools	within	the	same	commu-
nity	college	district	in	Arizona	was	solicited	for	par-
ticipation.	Shared	program	admission	requirements	
created	a	pool	of	study	participants	with	a	similar	di-
dactic	foundation.	Both	dental	hygiene	programs	are	
required	 to	 implement	 the	 same	 district-mandated	
curriculum	and	course	competencies.	

This	study	used	a	mixed-method	research	design	
incorporating	 both	 quantitative	 and	 qualitative	 as-
sessments.	 A	 nonrandomized	 control	 group	 design	
was	 implemented	 with	 student	 participants	 during	
the	spring	semester	of	2015	in	two	community	col-
lege	dental	hygiene	programs.	One	program	cohort	
served	 as	 the	 control	 group	 and	 the	 other	 as	 the	
experimental	group.	

Participants	 in	 the	 control	 group	used	 their	 cus-
tomary	 supplies	 and	 equipment	 to	 acquire	 radio-
graphic	 images	on	patients	during	regularly	sched-
uled	 clinic	 sessions.	 Participants	 exposed	 bitewing	
images	according	to	the	usual	protocol:	inspect	the	
patient’s	oral	cavity,	determine	the	number	and	type	
of	exposures	needed,	choose	and	assemble	supplies	
and	 exposure	 aids,	 and	 acquire	 images	 with	 con-
sideration	 for	 the	 patient’s	 specific	 oral	 conditions.	
There	were	no	changes	incorporated	into	the	educa-
tional	training	and	image	acquisition	process	for	the	
control	group.	

A	checklist	intervention	implemented	with	the	ex-
perimental	 group	 generated	 data	 for	 quantitative	
comparison.	Participants	 in	 the	experimental	group	
used	 their	 customary	 supplies	 and	 equipment	 to	
acquire	radiographic	 images	on	patients	and,	addi-
tionally,	 were	 instructed	 to	 follow	 the	 radiography	
checklist	 each	 time	 a	 four-image	 bitewing	 survey	
was	exposed.	The	step-by-step,	laminated	checklist	
was	hung	on	 the	wall	 in	each	 treatment	 room	and	
referenced	as	students	prepared	to	expose	bitewing	
images.	Faculty	in	both	the	control	and	experimen-
tal	group	recorded	the	same	evaluative	data	in	the	
same	manner	for	all	bitewing	images.	Data	collection	
concluded	after	12	weeks	when	the	semester	came	
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to	an	end.	The	goal	was	to	collect	data	for	five	bite-
wing	series	 for	each	participant	 in	both	the	control	
and	experimental	group.	

Prior	to	the	start	of	the	checklist	intervention,	the	
PI	met	separately	with	the	faculty	who	graded	stu-
dent	 images	 in	 both	 the	 control	 and	 experimental	
groups	for	study	training	and	calibration.	Evaluation	
criteria	 for	diagnostic	and	nondiagnostic	 images	as	
well	as	what	constituted	a	failure	and	retake	expo-
sure	 for	 study	 purposes	 were	 reviewed.	 Program	
faculty	evaluated	all	participant	image	exposures	for	
technique	and	exposure	errors,	and	the	need	for	re-
takes.	 In	 addition	 to	 any	 programmatic	 evaluation	
and	diagnosis	requirements,	evaluating	faculty	indi-
cated	on	a	data	collection	form	when	and	how	an	im-
age	failed	to	meet	minimum	diagnostic	criteria	and	
whether	a	retake	exposure	was	required	to	visualize	
all	critical	areas.	Faculty	recorded	these	data	for	all	
bitewing	series	exposures	until	each	participant	had	
exposed	five	four-image	series	or	the	semester	con-
cluded.	

The	 intervention	 in	 the	 study	was	a	 radiography	
checklist	that	consisted	of	8	procedures	that	a	radiog-
rapher	must	perform	 in	preparation	 for	and	during	
acquisition	of	bitewing	 images.	The	purpose	of	 the	
checklist	was	to	serve	as	a	reminder	of	procedures	
that	 have	 already	 been	 learned;	 it	 did	 not	 include	
any	 instruction	or	 information	 that	 the	participants	
had	not	already	received	during	the	course	of	their	
education.	The	laminated	checklist	was	hung	on	the	
wall	in	each	radiography	treatment	room	for	the	du-
ration	of	the	study.	The	checklist	was	optimally	vis-

ible	to	the	operator	and	sized	and	formatted	for	ease	
of	use.	The	document	served	as	a	reference	only;	a	
physical	checkmark	as	each	task	was	addressed	was	
not	required.	Creation	of	the	checklist	was	based	on	
the	literature	and	incorporated	those	elements	rec-
ommended	 for	 maximum	 impact	 including	 critical,	
actionable	steps	and	a	logical	format2	(Figure	1).

Students	 in	 both	 the	 control	 and	 experimental	
groups	completed	a	survey	after	the	checklist	inter-
vention	had	concluded	that	addressed	questions	re-
garding	individual	demographics	and	prior	radiogra-
phy	experience.	Students	in	the	experimental	group	
also	completed	a	perceived	value	survey	and	Radi-
ography	Checklist	Intentions	Survey	that	addressed	
their	perceptions	of	the	value	of	the	checklist	inter-
vention	and	willingness	to	use	the	instrument	with-
in	and	outside	of	 the	educational	setting.	All	 study	
instruments	were	original	 tools,	with	 the	exception	
of	the	Radiography	Checklist	Intentions	Survey,	and	
developed	based	on	the	literature.	The	instruments	
were	distributed	to	several	currently	licensed	dental	
hygienists	 prior	 to	 use	 to	 evaluate	 content	 validity	
using	a	Content	Validity	Index.10	All	instruments	were	
also	pilot-tested	and	evaluated	for	reliability	using	a	
test/retest	method	with	a	cohort	of	dental	hygiene	
students	and	faculty	in	a	third	program	housed	with-
in	the	same	community	college	district	as	the	control	
and	 intervention	 groups.	 Suggestions	 for	 improve-
ments	and	modifications	were	incorporated	into	the	
instruments	as	deemed	appropriate.	

All	data	were	analyzed	using	SPSS	statistical	soft-
ware	Version	22	 (IBM	Corp.,	 Armonk,	NY).	A	95%	
confidence	interval	and	Ɑ	=	0.05	were	adopted	as	cri-
terion	for	two-tailed	statistical	significance.	Descrip-
tive	statistics	were	used	to	report	characteristics	of	
subjects	in	both	the	control	and	intervention	groups.	
Statistical	tests	used	for	data	analysis	included	Fish-
er’s	Exact	test,	chi-square	analysis,	Spearman’s	rho,	
ANOVA,	Cronbach’s	alpha,	Breslow-Day,	and	Pearson	
correlation	coefficient	test.	

reSultS	

A	 total	 study	 sample	 of	 33	 study	 participants	
ranged	from	21	to	43	years	of	age.	The	majority	of	
study	 participants	 (54%)	 had	 some	 type	 of	 dental	
office	experience	prior	to	entering	the	dental	hygiene	
program.	Among	those	individuals,	79%	had	experi-
ence	exposing	radiographic	images.	Of	the	individu-
als	with	radiographic	experience,	approximately	half	
received	 their	 radiography	 training	 on	 the	 job	 and	
half	had	formal	training.	Table	I	presents	all	partici-
pant	demographic	data.	

The	image	fail	rate	in	the	control	group	was	23.2%	
and	31.4%	in	the	intervention	group.	Fisher’s	Exact	
test	 revealed	 a	 significant	 difference	 (p=0.030)	 in	
the	number	of	failing	images	between	the	interven-

Figure	1:	Checklist



Vol. 90 • No. 6 • December 2016 The JourNal of DeNTal hygieNe 389

tion	and	control	group.	Data	indicated	checklist	use	
did	not	contribute	to	an	improvement	in	the	diagnos-
tic	value	of	radiographs.	

Radiographic	 errors	 documented	 for	 individual	
participants	 in	 both	groups	 for	 the	first	 3	bitewing	
series	were	similar	in	both	type	and	number.	In	the	
intervention	group,	there	was	a	significant	increase	
in	the	number	of	failing	images	in	the	fourth	series	
of	bitewings;	however,	the	number	of	failing	images	
rebounded	back	to	the	level	observed	in	the	control	
group	 in	 the	 fifth	 bitewing	 series.	 This	 data	 trend	
could	not	be	explained	by	the	natural	course	of	study	
events.	It	is	possible	that	unforeseen	circumstances	
unrelated	to	the	study	influenced	participant	perfor-
mance.	

To	determine	whether	a	checklist	intervention	re-
duced	 patient	 exposure	 to	 unnecessary	 radiation,	
analysis	was	completed	using	the	retake	rate	as	the	
dependent	variable	and	checklist	use	as	the	indepen-
dent	variable.	The	retake	rate	for	the	control	group	
was	18%	and	31.1%	for	the	intervention	group.	Two-

tailed	Fisher’s	Exact	test	demonstrated	a	statistically	
significant	 (p<0.001)	 difference	 in	 the	 retake	 rate	
between	 the	control	group	and	 intervention	group.	
Data	indicated	a	checklist	intervention	did	not	reduce	
patient	exposure	to	unnecessary	radiation.	

It	is	noteworthy	that	all	failing	images	do	not	nec-
essarily	 require	 re-exposure	 as	 an	 adjacent	 image	
may	adequately	depict	what	is	missing	thus	“saving”	
the	failed	 image	from	a	retake.	However,	this	phe-
nomenon	accounted	for	just	16	total	images	(2.8%)	
in	the	study:	15	from	the	control	group	and	one	from	
the	intervention	group.

Also	notable	was	 the	 substantial	 number	of	 fail-
ing	images	in	series	4	in	the	intervention	group.	The	
intervention	group	experienced	23	failing	images	out	
of	48	compared	to	3	failing	images	out	of	52	in	the	
control	 group.	When	 considering	 only	 bitewing	 se-
ries	1,	2,	3,	and	5,	analysis	demonstrated	a	27.2%	
fail	 rate	 for	 the	 control	 group	 and	 a	 28%	 fail	 rate	
for	the	intervention	group.	Two-tailed	Fisher’s	Exact	
test	 (p=0.917)	 failed	 to	 demonstrate	 a	 significant	

Table	I

Characteristics
Control
(n=15)

Intervention
(n=18)

Gender
	Female 15 18
Age	(average	years) 31.2 26.8
Prior	dental	experience
	Observation	only 6 9
	Front	office 2 2
	Back	office	 1 2
	Dental	hygiene	assistant 0 3
	Dental	assistant 6 7
Prior	radiography	experience
	Yes 7 8
	No 2 1
Prior	radiography	system	experience
	Traditional	film 4 4
	Phosphor	plate 2 2
	Sensor	 4 5
Total	years	radiography	experience
	1-3	years 3 4
	4-6	years 2 4
	7-9	years 2 0
Prior	radiography	training
	On-the-job 5 2
	Formal	course 2 6

Note. Individual	participants	may	have	selected	multiple	options	in	Prior	Dental	Experience	and	Prior	Radiography	
System	Experience	categories.
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difference.	When	excluding	series	4	from	data	analy-
sis	 regarding	 retake	 rate,	 the	 control	 group	 had	 a	
21.1%	rate,	and	the	intervention	group	experienced	
a	27.6%	 rate.	 Fisher’s	Exact	 test	 failed	 to	demon-
strate	a	significant	difference	(p=0.130)	when	series	
4	data	was	eliminated	from	analysis.	Series	4	alone	
was	 the	 cause	 of	 the	 statistically	 significant	 differ-
ence	between	the	study	groups.	

Participants	with	no	prior	radiography	experience	
had	a	28.4%	retake	rate,	individuals	with	1-3	years	
of	experience	had	a	17%	retake	rate,	and	those	with	
4-9	years	of	experience	had	a	21.2%	rate	(Table	II).	
Data	 revealed	 an	 overall	 retake	 rate	 of	 24.5%	 for	
all	 groups	 combined.	 The	 number	 of	 retake	 expo-
sures	was	compared	between	students	who	had	and	
did	not	have	previous	radiography	experience.	Chi-
square	analysis	revealed	a	statistically	significant	dif-
ference	(p=0.032)	between	years	of	experience	and	
number	of	retake	exposures.	A	correlation	between	
experience	and	retake	percentage	using	Spearman’s	
rho	was	not	significant	(rs=-.32,	p=0.071).	

In	this	study,	more	experience	did	not	equate	to	
fewer	 retakes.	 Also	 notable,	 upon	 closer	 analysis,	
within	every	category	of	experience,	participants	in	
the	 intervention	 group	 exposed	 the	 greatest	 per-
centage	of	retakes	(Table	III).	However,	a	two-way	
ANOVA	test	of	the	interaction	(years	of	experience	x	
group	assignment)	did	not	yield	significant	results	in	
predicting	percentage	retake	(p=0.854).	

Overall,	 film	placement	 errors	 occurred	with	 the	
greatest	 frequency	 (20.7%)	 followed	 by	 horizontal	

angle	errors	 (4.8%)	and	 then	vertical	 angle	errors	
(2.8%).	When	comparing	types	of	radiographic	ac-
quisition	 errors	 with	 previous	 radiography	 experi-
ence,	 chi-square	 analysis	 revealed	 no	 statistical	
significance	 regarding	 film	 placement	 (p=0.077),	
horizontal	 angle	 (p=0.107),	 and	 vertical	 angle	
(p=0.755).	When	considering	control	and	interven-
tion	groups	 separately	 to	 the	variables	of	previous	
radiography	experience	and	 type	of	error,	odds	 ra-
tio	tests	(Breslow-Day	2-sided	significance	=	0.401)	
confirmed	these	findings.	

Within	 each	 study	 group,	 those	 with	 the	 least	
amount	 and	 greatest	 amount	 of	 experience	 had	
more	errors	than	those	with	1-3	years	of	experience	
(Table	IV).	A	two-way	ANOVA	test	of	the	interactions	
did	not	reveal	any	statistically	significant	differences	
regarding	previous	radiography	experience	and	film	
placement	 (p=0.316)	 horizontal	 angle	 (p=0.304)	
and	vertical	angle,	(p=0.850).	

A	 two-tailed	 Pearson	 correlation	 coefficient	 was	
computed	 to	 assess	 the	 relationship	 between	 per-
ceived	value	and	willingness	to	use	the	checklist.	A	
positive	correlation	was	found	between	the	two	vari-
ables	 (r=0.562,	 n=18,	 p=0.019).	 Table	 V	 lists	 the	
mean	scores	of	questions	related	to	perceived	check-
list	value.	

Three	questions	on	the	Perceived	Value	of	a	Radi-
ography	Checklist	 survey	 solicited	 qualitative	 com-
ments.	Overall,	students	had	a	positive	attitude	to-
ward	checklist	use	and	saw	it	as	a	useful	aid	to	the	
radiographic	acquisition	process.	Participants	provid-
ed	11	comments	regarding	aspects	of	the	checklist	
that	caused	it	to	be	effective.	Physical	characteristics	
were	 cited	4	 times	and	 referred	 to	document	 sim-
plicity	and	size.	Four	participants	noted	 the	check-
list	served	as	a	“reminder.”	Several	individuals	men-
tioned	 using	 the	 checklist	made	 them	 think	 about	
what	they	were	doing.	These	comments	confirm	that	
the	checklist	met	 the	researcher’s	 intended	criteria	
for	appearance	and	use.	

When	asked	what	aspects	of	the	checklist	caused	
it	 to	be	 ineffective,	11	comments	were	offered,	 in-

Table	II:	Years	of	Radiography	
Experience	and	Retake	Percentage	
Rate
Years	of	Radiography	
Experience

Retake	%	Rate

No Yes
None 71.6 28.4
1-3	years	 83 17
4-9	years* 75.5 21.2

Note.	*Categories	4-6	years	and	7-9	years	experience	
were	combined	due	to	sparse	counts.

Table	III:	Years	of	Radiography	
Experience	and	Mean	Retake	
Percentage	by	Group	
Group Years	of	Radiography	

Experience
Mean	%	(SD)b

Control No	Experience	(n=9)
1-3	years	(n=3)
4-9	years	(n=4)

23.15	(11.01)
8.33	(7.64)
16.98	(10.82)

Intervention No	Experience	(n=10)
1-3	years	(n=4)
4-9	years	(n=4)

33.83	(15.03)
23.96	(15.73)
24.79	(16.93)

Note.	bSD	=	Standard	Deviation.

Table	IV:	Years	of	Prior	Radiography	
Experience	by	Percentage	and	Type	
of	Radiography	Errors
Prior	
Radiography	
Experience

Film	
Placement

Horizontal	
Angle

Vertical	
Angle

None 24.1 4.7 3.1
1-3	years 15.2 1.8 1.8
4-9	years 17.4 7.6 3.0
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cluding	3	that	indicated	no	aspects	were	considered	
ineffective.	Two	comments	were	made	regarding	the	
physical	characteristics	of	the	checklist	and	one	con-
cerning	the	additional	time	it	took	to	use.	Two	par-
ticipants	 noted	 they	 forgot	 to	 use	 the	 checklist	 at	
times.	One	individual	mentioned	instructor	pressure	
to	use	 the	checklist	and	another	stated,	 “I	already	
have	 experience.”	 One	 participant	 commented	 the	
checklist	was	implemented	after	habits	were	built.	

Finally,	participants	were	asked	what	they	would	
change	about	the	checklist	to	make	it	more	useful.	
Ten	comments	were	provided,	including	3	that	indi-
cated	no	changes	should	be	made	and	one	that	said	
it	was	very	useful	as	currently	written.	The	remain-
ing	4	comments	related	to	physical	characteristics	of	
the	checklist	(use	of	color,	include	images	of	teeth	to	
be	included	on	each	bitewing)	and	locating	additional	
checklists	outside	of	the	exposure	room	to	assist	in	
setting	up	for	the	procedure.	

DiScuSSion	

This	 study	 examined	whether	 use	 of	 a	 checklist	
application	by	dental	hygiene	students	during	radio-
graphic	exposure	could	improve	outcomes	related	to	
radiographic	 imaging	 technique	 and	 patient	 expo-
sure.	Although	improvements	to	the	diagnostic	value	
of	images	were	not	realized	as	a	result	of	the	check-
list	intervention,	the	study	raised	several	notable	ar-
eas	of	interest	for	discussion.	

An	unusual,	unexpected	study	event	was	the	type	
of	bitewing	orientation	used	by	participants	in	each	
program	 cohort.	 The	 intervention	 group	 exposed	
vertical	 bitewings	91.5%	of	 the	 time	and	 the	 con-
trol	 group	 exposed	 horizontal	 images	 exclusively.	
The	challenges	of	acquiring	diagnostically	acceptable	
vertical	bitewings	are	known	to	dental	radiographers.	
The	discomfort	experienced	by	patients	due	 to	 the	
vertical	 orientation	 of	 the	 receptor	 and	 limitations	
imposed	by	normal	oral	anatomy	can	contribute	to	
exposure	errors.11,12	Although	a	search	of	the	litera-
ture	did	not	reveal	any	definitive	guidelines	regard-
ing	selection	criteria	for	exposure	of	vertical	versus	
horizontal	 bitewings,	 the	 dental	 radiographer	must	
use	clinical	 judgment	 to	determine	which	are	most	
appropriate.	If	a	goal	of	bitewing	imaging	is	to	visu-
alize	the	height	of	maxillary	and	mandibular	alveolar	
bone,	one	must	consider	the	need	for	vertical	images	
based	 on	 the	 patient’s	 medical,	 dental,	 and	 social	
history.	 The	 checklist	was	 designed	 to	 be	 effective	
for	both	horizontal	and	vertical	bitewing	acquisition.	
Excluding	the	fourth	series,	error	rates	did	not	differ	
between	the	groups,	so	observed	differences	in	bite-
wing	film	orientation	did	not	seem	to	influence	study	
outcomes.	

Data	 indicate	 the	 intervention	group	participants	
had	generally	positive	attitudes	toward	checklist	use	

and	 found	benefits	 to	 its	application.	However,	 the	
reported	value	for	checklist	use	did	not	translate	into	
improved	 radiographic	outcomes.	Although	 the	dif-
ference	in	retake	rate	between	the	intervention	and	
control	 groups	 was	 only	 statistically	 significant	 for	
series	4,	the	clinical	significance	of	any	radiographic	
exposure	is	more	compelling.	The	effects	of	radiation	
are	cumulative	and	every	exposure	must	be	carefully	
considered.	

The	 exposure	 of	 diagnostically	 acceptable	 radio-
graphic	 images	 on	 the	 first	 attempt	 should	 be	 the	
goal	 of	 every	 dental	 radiographer.	 The	 hazards	 of	
ionizing	 radiation	 are	well	 documented,	 as	 are	 the	
safety	 precautions	 that	 must	 be	 observed	 when	
working	with	radiation.	Although	dentistry	generally	
incorporates	 low-level	 radiation	exposures,	 there	 is	
no	established	 lower	 threshold	 for	 safety.9,13	Based	
on	 the	 success	 of	 checklist	 applications	 to	medical	
procedures,	 the	 researchers	 hypothesized	 that	 the	
dental	radiographic	acquisition	process	may	benefit	
from	a	similar	practice.	

The	use	of	digital	 imaging	 in	dentistry	continues	
to	 grow	 and	 is	 credited	 with	 a	 number	 of	 advan-
tages	 over	 traditional	 film-based	 imaging	 including	
reduced	 radiation	 dose	 to	 the	 patient,	 fewer	 re-
takes	due	to	density	and	contrast	errors,	and	wider	
dynamic	 range	 and	 an	 associated	 reduction	 in	 re-
takes.14,15,16	When	evaluating	claims	of	reduced	pa-
tient	exposure	to	radiation	as	a	byproduct	of	digital	
radiography,	Wenzel,	Møystad,	 and	Berkhout	et	 al.	
found	the	claims	could	not	be	substantiated.16,17	Al-

Table	V:	Perceived	Value	of	the	
Radiography	Checklist
Question Meana	(SD)b

The	radiography	checklist	was	easily	
adaptable	to	the	bitewing	acquisition	
process.

The	radiography	checklist	was	not	
disruptive	to	the	radiographic	acquisition	
process.

The	radiography	checklist	required	little	
or	no	additional	time	to	incorporate	into	
the	radiographic	acquisition	process.

The	radiography	checklist	was	thorough	
and	included	all	steps	necessary	for	
acquiring	diagnostic	images.

The	radiography	checklist	was	effective	
at	improving	the	quality	of	my	bitewing	
exposures.

4.11	(.76)

4.06	(.99)

3.72	(.83)

4.17	(.71)

3.17	(.51)

Note.	an=18. bSD	=	Standard	Deviation.	Strongly	
Disagree=1,	Disagree=2,	Neither	Agree	nor	
Disagree=3,	Agree=4,	Strongly	Agree=5. 
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though	digital	imaging	systems	require	less	radiation	
for	exposure,	retakes	will	minimize	or	even	eliminate	
this	benefit.	This	study	supports	the	findings	of	these	
authors.	 The	 retake	 rate	 between	both	 the	 control	
and	 intervention	 groups	 was	 compelling	 but	 even	
more	so	for	the	intervention	group.

Limitations	 imposed	 by	 the	 type	 of	 radiography	
system	used	can	impact	the	benefits	that	are	real-
ized	as	well	as	the	need	for	retakes.	Horner	et	al.	and	
Thomson	note	the	potential	for	mechanical	damage	
to	photo-stimulable	phosphor	plates	(PSP)	plates	as	
well	 as	 the	 laser	 processing	 step	 they	 require	 can	
both	contribute	to	poor	image	quality	and	need	for	
retakes.18,19	Nearly	all	images	in	this	study	were	ac-
quired	 using	 PSP	 receptors,	 yet	 not	 one	 error	 and	
associated	retake	due	to	these	factors	was	noted	by	
evaluating	faculty.	

The	literature	contains	relatively	few	examples	of	
studies	comparing	radiographer	experience	with	er-
ror	and	image	retake	rate.	While	many	studies	em-
phasize	the	clinician’s	diagnostic	ability,	this	skill	de-
pends	to	a	large	degree	on	high-quality	exposures.	
Some	radiographers	tend	to	overestimate	their	abili-
ties,	and	others	possess	significant	skills	without	spe-
cialized	training.20,21	This	study	did	not	demonstrate	
that	radiographers	with	more	experience	performed	
better	 than	 those	 with	 less	 experience,	 although	
they	did	perform	better	than	those	with	no	experi-
ence.	Self-assessment	as	a	form	of	quality	assurance	
can	assist	the	clinician	with	identifying	strengths	and	
weaknesses	 in	 their	performance	and	contribute	to	
high-quality	patient	care.	

Several	 limitations	 were	 present	 in	 this	 study.	
Every	image	in	the	study	was	acquired	using	a	par-
alleling	 aiming	 device.	 Results	 may	 vary	 for	 im-
ages	acquired	using	tabs	or	another	type	of	hold-
ing	device.	The	majority	of	bitewing	images	in	the	
study	were	acquired	using	PSP	receptors.	Results	
obtained	 using	 traditional	 film	 or	 digital	 sensors	
may	 vary.	 Participants	 in	 the	 intervention	 group	
acquired	 mostly	 vertical	 bitewing	 series,	 while	
control	group	participants	acquired	horizontal	bite-
wing	series	exclusively.	Further,	 it	was	not	possi-
ble	to	determine	if	participants	in	the	intervention	
group	 referenced	 the	 checklist	 for	 each	exposure	
as	a	manipulation	check	of	the	dependent	variable	
was	not	implemented	as	part	of	the	study	protocol.	
Participants	 were	 occasionally	 verbally	 reminded	
by	faculty	to	use	the	checklist.	

Checklist	applications	to	a	number	of	professions	
have	 resulted	 in	 improved	 safety	 and	 patient	 care	
outcomes.	 The	 similarities	 between	 medicine	 and	
dentistry	 suggest	 that	 the	 success	 seen	 in	 medi-
cal	 checklist	 applications	 demonstrate	 promise	 for	
dentistry	as	well.	Patient-centered	care	compels	the	
dental	 professions	 to	 search	 for	 innovations	 that	

improve	 the	 quality	 and	 safety	 of	 dental	 services.	
Checklists	are	a	simple	and	cost-effective	method	to	
apply	 toward	 this	 goal.	 In	 light	 of	 the	 current	 re-
search	and	growing	uses	for	checklists,	the	following	
suggestions	for	future	research	are	made:	

•	 Introduce	the	checklist	during	the	initial	preclini-
cal	radiology	course.	This	may	have	the	effect	of	
preempting	certain	habits	that	may	be	acquired	
during	 the	 training	 phase	 as	well	 as	 socializing	
students	to	routine	checklist	use	thereby	result-
ing	 in	 fewer	 errors,	 less	 retakes,	 greater	 per-
ceived	value,	and	checklist	adoption.	

•	 Conduct	 the	 same	 research	with	 one	 cohort	 of	
participants	divided	into	control	and	intervention	
groups.	This	may	have	the	effect	of	minimizing	
potential	 evaluator	 discrepancies	 in	 diagnosing	
type	of	bitewings	 to	expose	and	assessment	of	
radiographic	images.	

•	 Investigate	 further	 the	 increased	 image	 retake	
rate	 among	 individuals	 with	 more	 radiographic	
experience	compared	to	individuals	with	less	ra-
diography	experience. 

concluSion	

Checklist	 applications	 to	 medicine	 have	 demon-
strated	improved	patient	outcomes.	Similarities	be-
tween	the	professions	of	medicine	and	dentistry	sug-
gest	 that	 dental	 procedures	may	also	benefit	 from	
application	 of	 checklists.	 Although	 a	 positive	 asso-
ciation	between	checklist	use	and	error	and	retake	
rate	was	not	realized	in	this	study,	checklist	use	may	
help	 to	 improve	 the	 quality	 of	 radiographic	 expo-
sures	 thereby	 impacting	 patient	 safety	 by	 limiting	
unnecessary	 exposure	 to	 radiation.	 Additional	 re-
search	is	needed	to	continue	to	evaluate	the	effects	
of	checklist	use	on	dental	radiographs.	As	the	body	
of	knowledge	related	 to	checklist	development	and	
use	 continues	 to	 grow,	 dental	 hygienists	 can	 look	
for	additional	ways	to	incorporate	checklists	into	the	
profession.	 The	 demonstrated	 success	 of	 checklist	
application	to	a	variety	of	professions	is	too	compel-
ling	to	ignore.	
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