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Abstract.	 [Purpose]	The	present	study	aimed	to	demonstrate	the	following	by	using	measurements	for	the	defi-
nite angles provided by the digital protractor: inter-rater reliability and validity in radiograph measurements and 
smartphone application measurements. [Subjects and Methods] The subject angles were 26 angles between 15° and 
180° that were selected randomly using a computer. Three examiners measured the angles using the radiograph and 
smartphone application. The radiograph was obtained at a position 250 cm from the chest shooting cassette holder. 
The smartphone photograph was obtained at positions 50, 100, 150, 200, and 250 cm from the holder. [Results] 
Under	all	conditions,	 intra-class	correlation	coefficients	showed	0.999.	The	correlation	coefficient	was	0.999	for	
all	conditions.	The	mean	absolute	difference	to	the	protractor	was	≤0.28°	for	all	conditions.	[Conclusion]	In	com-
parison with the protractor, radiograph measurements and smartphone application measurements, the results of the 
present study showed high inter-rater reliability, validity, and small error. The results indicated that radiograph and 
smartphone application measurements could be used as criteria of validity in angle measurements. It supported the 
legitimacy of high-quality previous studies that used radiograph measurements as a criterion for validity.
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INTRODUCTION

In various clinical practices, angle measurements have been used for assessing physical alignment and articular range of 
motion. In particular, for clinical diagnosis, angle measurements have been utilized as information for evaluating physical 
characteristics,	determining	the	effects	of	rehabilitation,	and	preventing	injury	induced	by	physical	activity.	For	a	number	of	
clinical practices, a goniometer is commonly used to measure the joint angles. However, clinical angle measurements using 
the goniometer have lower reliability and validity1, 2). Radiograph measurements (RMs) are strongly recommended for reli-
able measurements of several joint angles to improve the accuracy3). However, RM also has disadvantages such as radiation 
exposure, higher medical costs, and a specialized medical implementation site. Therefore, a non-invasive, simple, and low 
cost	measurement	method	that	has	high	correlation	to	RM	would	be	beneficial	for	various	clinical	practices.

In recent years, angle measurements using smartphone applications (apps)4–6) or digital photographs7–10) have been clini-
cally researched as new angle measurement methods. These innovative methods have shown high reliability4–10). In addition, 
previous studies have demonstrated that these new measurement methods had high correlation with RM, which was used as 
a criterion for validity6, 8–11).
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In 2013, Ege et al.11) used smartphone application measurement (AM) methods to analyze the radiograph image. However, 
the RM images analyzed by the AM method were captured using the radiographic image from the computer display, not 
directly captured from the actual joint. Thus, regarding validation, the study of Ege et al.11)	does	not	have	sufficient	clarity	
to ensure consistency between RM and digital photographic measurement. In addition, previous studies showed correlation 
and	reliability	coefficients	within	the	measurements.	Thus,	the	measurement	error	was	not	sufficiently	demonstrated8, 9, 11).

Therefore,	the	present	study	aimed	to	demonstrate	the	following	three	research	aspects	using	the	measurement	of	definite	
angles provided from the digital protractor: (1) inter-rater reliability and validity in RM, (2) inter-rater reliability and validity 
in AM, and (3) measurement error in RM and AM.

SUBJECTS AND METHODS

The	sample	size	of	the	study	was	calculated	as	10	using	effect	size	of	0.9,	statistical	power	of	0.99,	and	significance	level	
of	1%	with	reference	to	the	results	(r=0.96)	of	Nix	et	al.9) G*Power 3.1.9.2 statistical software was used for calculating the 
sample size.

The subject angles were 30 angles between 0° and 180° that were selected randomly using a computer. Angles were 
selected	in	units	of	0.01°.	Imaging	subjects	were	assessed	using	a	digital	protractor	(protractor)	(DUP-360;	Niigata	seiki	
Co.,	Ltd.,	Japan).	The	protractor	(the	blade;	150mm)	was	set	at	the	defined	angle,	and	the	image	was	acquired	by	both	a	
smartphone	camera	(iPhone5,	Apple	Inc.,	USA)	and	radiography	(70	kV,	200	mA,	0.25	s;	Toshiba	Medical	Systems	Co.,	Ltd.,	
Japan).	After	measuring	the	30	angles,	four	angles	between	0°	and	15°	could	not	be	measured	because	they	did	not	fit	the	
measurement	axis	in	the	radiographic	image	editor	software	(Dyna	V500,	Medical	Standard	Co.,	Ltd.,	Japan).

One operation coordinator captured all the photographs. Three examiners measured the angles using the radiograph and 
app.	The	examiners	did	not	have	knowledge	of	the	subject	angles	measured	by	the	coordinator.	The	examiners	had	no	previ-
ous	experience	in	angle	measurement	using	the	radiograph	or	app.	Based	on	the	Declaration	of	Helsinki,	all	examiners	were	
explained	about	this	investigation	and	confirmed	the	consent	before	the	investigation.

The	 images	of	 the	protractor	were	 taken	at	 the	 same	 time	using	 the	 radiograph	and	 smartphone.	The	 radiograph	was	
obtained at a position 250 cm from the chest shooting cassette holder (holder). The smartphone photograph was obtained at 
positions 50, 100, 150, 200, and 250 cm from the holder (Fig	1). The projected center of the radiograph was aligned to the 
center	of	the	protractor.	The	smartphone	was	set	perpendicular	to	the	floor	and	protractor,	and	the	camera	lens	was	aligned	
to the center of the protractor.

The angle in the radiograph was measured so that the measurement axis was parallel to the blade of the protractor. The 
angle was measured in intervals of 0.1°. The RM and AM measurements were separated by a 1-month interval to prevent 
examiner bias.

The	angle	measurement	using	the	app	(Measurement	of	ROM	Angle	−use	4	markers,	Apple	Application	store)	and	devise	
(Apple	Inc.,	iPad	mini,	USA)	was	performed	using	five	condition	photographs	that	were	obtained	at	positions	50	cm	(AM50),	
100 cm (AM100), 150 cm (AM150), 200 cm (AM200), and 250 cm (AM250) from the holder (Fig.	1). Images were edited 
and standardized to the size of AM50. Measurements performed for each condition were separated by a 1-day interval and 
were performed once for each image. The measurement order was randomized using a computer system. The angle in the 
app was measured so that the measurement axis was parallel to the blade of the protractor, after the image was enlarged in 
the	app.	The	measurement	was	performed	using	a	touch	pen	for	smartphones	(Jot	Pro,	Adonit	Corp.,	USA).	The	angle	was	
measured in intervals of 0.01°.

Descriptive data were calculated for each measurement, including means and standard deviations (SD). Inter-rater reli-
ability	was	determined	using	intra-class	correlation	coefficients	(ICC2,1)	and	associated	95%	confidence	intervals	(95%	CIs).	
The	ICC	values	were	assessed	according	to	the	criteria	of	Landis	et	al.12): 0.00 to 0.20, slight; 0.21 to 0.40, fair; 0.41 to 0.60, 
moderate; 0.61 to 0.80, substantial; and 0.81 to 1.00, almost perfect. The inter-rater measurement error value was calculated 
using	the	standard	error	of	measurement	(SEM)	using	the	SD	of	the	differences	(SDdifference) between the two measurements13), 
95%	CI	of	the	minimal	detectable	change	(MDC)14).	The	validity	was	determined	using	Pearson’s	correlation	coefficient.	
Furthermore,	the	measurement	error	was	determined	using	the	95%	limits	of	agreement	(LOA)15)	and	the	absolute	difference	
(AD)9) to protractor. The measurement error was also determined for RM. Statistical analyses were performed with R 2.8.1 
and	Excel	for	Windows	2010	(Microsoft	Japan	Co.,	Ltd.),	p	values	less	than	0.05	were	considered	statistically	significant.

 LOA= x   ± 1.96 ×SD
 SEM=SDdifference	/	√2
	 MDC=SEM	×√2	×	1.96

RESULTS

In	all	conditions,	ICC2,1 showed 0.999 (0.999 to 1.00, almost perfect) (Table 1).	For	reliability,	SEM	and	MDC	showed	
≤0.36°	and	0.99°,	respectively	(Table 1).

The	 correlation	 coefficient	 was	 0.999	 (0.999	 to	 1.00)	 under	 all	 conditions,	 and	 significant	 correlation	 was	 observed	
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(Table 2).	The	mean	difference	(LOA)	to	the	protractor	and	mean	difference	(LOA)	to	RM	showed	≤0.22°	(−0.30°	to	0.74°)	
and	0.16°	 (−0.49°	 to	0.81°),	 respectively	 (Table 3).	Mean	AD	 (95%CI)	 to	 the	protractor	 and	mean	AD	 (95%CI)	 to	RM	
showed	≤0.28°	(0.20°	to	0.36°)	and	0.28°	(0.17°	to	0.39°),	respectively	(Table 3).

DISCUSSION

The AM method was developed to provide high inter-rater reliability and validity. Moreover, AM is performed using only 
simple digitizing and does not require complicated techniques. Many app measurements are performed by moving three 
markers,	but	our	measurements	were	performed	in	a	detailed	setting	by	moving	four	markers.	However,	the	basic	function	
of	measuring	 the	 image	 is	 similar	 to	other	applications,	and	 this	 study	 is	not	designed	 to	discuss	 the	difference	between	
applications.

The irradiation angle of X-rays is spread in cases with short distances between the X-ray generator and the subject. Then, 
the	magnification	is	changed	in	the	subject,	and	RM	may	cause	an	error	in	the	measured	angle.	Thus,	the	condition	of	RM	
was to place 250 cm long distances between the X-ray generator and the subject. In addition, the radiograph editing software 
could not measure angles close to 0°. Therefore, four angles were excluded, and the subject of this study included 26 angles. 
Celebić	et	al.	 reported	 to	 the	effect	of	camera-object	distance	on	accuracy	of	 the	dimension16). The photographs using a 
simple	digital	camera	should	be	taken	from	a	distance	from	70	cm	to	1	m	16). In addition, 35 cm was unacceptable16). Thus, 
the conditions of AM were to place 50 cm to 250 cm distances between the smartphone and the subject.

In	a	previous	study	of	inter-rater	reliability,	Ferriero	et	al.4, 5)	reported	a	high	ICC	value	for	the	app	at	the	elbow	(ICC=0.998;	
95%CI=0.996	 to	0.999)	and	knee	(ICC=0.994;	95%CI=0.989	 to	0.997).	Nix	et	al.9)	 reported	ICC,	SEM,	and	MDC90 for 
radiographs	 (ICC2,1=0.99;	 95%	CI=0.98	 to	 1.00;	 SEM=1°;	MDC90=2.4°)	 and	 photographs	 in	 hallux	 (ICC2,1=0.96; 95% 
CI=0.93	to	0.98;	SEM=2°;	MDC90=4.7°).	The	ICC2,1 value of the present study was 0.999 (0.999 to 1.00, almost perfect) 
in all conditions (Table 1), SEM for RM and AM250 showed 0.15° and 0.36° respectively (Table 1). The RM and AM 
showed high inter-rater reliability that was consistent with previous studies. The inter-rater reliability was also shown to have 
exceptional	results	within	1.00°.	Therefore,	RM	and	AM	were	defined	as	measurement	methods	with	high	precision.

In	previous	studies	of	validity,	Nix	et	al.9) reported very high correlations of 0.98 to 0.96 obtained by comparing RM and 
photographic measurement. Moreover, Ege et al.11) reported very high correlation of 0.99 by comparing RM and AM. The 
results	of	the	present	study	showed	that	the	significant	correlation	coefficient	represents	0.999	(0.999	to	1.00)	in	all	condi-
tions. Moreover, RM and AM were shown to have high correlation that was consistent with previous studies. Therefore, RM 
and	AM	were	defined	as	measurement	methods	with	high	accuracy.

The	measurement	error	was	examined	using	LOA	and	AD.	Naylor	et	al.8) reported the comparison of RM and photo-
graphic	measurement,	showing	that	the	mean	difference	was	within	1.6°	on	all	occasions	and	the	LOA	was	within	5°	to	10°	in	
flexion	of	knee.	Nix	et	al.9)	reported	that	the	measurement	error	showed	mean	AD	(1.9°),	mean	difference	(−0.7°),	and	LOA	

Fig. 1.  Setup and measurements
a;	Setup:	The	images	of	the	protractor	were	taken	at	the	same	time	using	the	radiograph	and	smartphone.	The	radiograph	was	ob-
tained at a position 250 cm from the chest shooting cassette holder (holder). The smartphone photograph was obtained at positions 
50, 100, 150, 200, and 250 cm from the holder. The projected center of the radiograph was aligned to the center of the protractor. 
The	smartphone	was	set	perpendicular	to	the	floor	and	protractor,	and	the	camera	lens	was	aligned	to	the	center	of	the	protractor.
b; Radiographic measurement (RM): The angle in the radiograph was measured so that the measurement axis was parallel to the 
blade of the protractor.
c; Smartphone application measurement (AM): Images were edited and standardized to the size of AM50. The angle in the app was 
measured so that the measurement axis was parallel to the blade of the protractor, after the image was enlarged in the app.
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Table 2.		Validity	for	angle	measurements	by	RM	and	AM

RM AM250 AM200 AM150 AM100 AM50

Protractor 0.999 * 
 (0.999 to 1.00) 

0.999 * 
 (0.999 to 1.00)

0.999 * 
 (0.999 to 1.00)

0.999 * 
 (0.999 to 1.00)

0.999 * 
 (0.999 to 1.00)

0.999 * 
 (0.999 to 1.00)

RM 0.999 * 
 (0.999 to 1.00)

0.999 * 
 (0.999 to 1.00)

0.999 * 
 (0.999 to 1.00)

0.999 * 
 (0.999 to 1.00)

0.999 * 
 (0.999 to 1.00)

AM250 0.999 * 
 (0.999 to 1.00)

0.999 * 
 (0.999 to 1.00)

0.999 * 
 (0.999 to 1.00)

0.999 * 
 (0.999 to 1.00)

AM200 0.999 * 
 (0.999 to 1.00)

0.999 * 
 (0.999 to 1.00)

0.999 * 
 (0.999 to 1.00)

AM150 0.999 * 
 (0.999 to 1.00)

0.999 * 
 (0.999 to 1.00)

AM100 0.999 * 
 (0.999 to 1.00)

Correlation	coefficient	and	p	values	for	Pearson’s	correlation	coefficient.
Mean	(95%	confidence	interval)
*p<0.001
RM: radiographic measurement; AM: smartphone application measurement

Table 3.  Measurement error for angle measurements by RM and AM

Difference AD SEM MDC
Mean ± 2SD (LOA)  Mean	(95%CI)

Protractor vs. RM 0.06	±	0.28	(−0.22	to	0.34) 0.12 (0.08 to 0.16) 0.10 0.28
Protractor vs. AM250 0.16	±	0.35	(−0.19	to	0.51) 0.19 (0.13 to 0.25) 0.13 0.35
Protractor vs. AM200 0.12	±	0.40	(−0.28	to	0.52) 0.20 (0.15 to 0.25) 0.14 0.40
Protractor vs. AM150 0.17	±	0.40	(−0.23	to	0.57) 0.21 (0.15 to 0.27) 0.14 0.40
Protractor vs. AM100 0.22	±	0.52	(−0.30	to	0.74) 0.28 (0.20 to 0.36) 0.19 0.52
Protractor vs. AM50 0.06	±	0.77	(−0.71	to	0.83) 0.27 (0.16 to 0.38) 0.28 0.77

RM vs. AM250 0.10	±	0.40	(−0.30	to	0.50) 0.17 (0.11 to 0.23) 0.14 0.40
RM vs. AM200 0.06	±	0.47	(−0.41	to	0.53) 0.21 (0.16 to 0.26) 0.17 0.47
RM vs. AM150 0.12	±	0.52	(−0.40	to	0.64) 0.21 (0.14 to 0.28) 0.19 0.52
RM vs. AM100 0.16	±	0.65	(−0.49	to	0.81) 0.27 (0.18 to 0.36) 0.23 0.65
RM vs. AM50 0.01	±	0.81	(−0.80	to	0.82) 0.28 (0.17 to 0.39) 0.29 0.81
Unit: degree (°)
RM: radiographic measurement; AM: smartphone application measurement; SD: standard deviation; AD: absolute 
difference;	CI:	 confidence	 interval;	 SEM:	 the	 standard	 error	 of	measurement;	MDC:	 95%	 confidence	 interval	 of	
minimal detectable change

Table 1.  Inter-rater reliability and error for angle measurements by RM and AM

Mean ± SD (°)
Difference	of	examiner

SEM (°) MDC	(°)
ICC2,1

Mean ± 2SD (LOA) (°) Mean	(95%CI)
Protractor 115.33 ± 42.83
RM 115.27 ± 42.92 0.03	±	0.41	(−0.38	to	0.44) 0.15 0.41 0.999 (0.999 to 1.00)
AM250 115.17 ± 42.19 0.07	±	0.72	(−0.65	to	0.79) 0.26 0.72 0.999 (0.999 to 1.00)
AM200 115.21 ± 42.92 0.09	±	0.99	(−0.90	to	1.08) 0.36 0.99 0.999 (0.999 to 1.00)
AM150 115.26 ± 42.81 0.09	±	0.93	(−0.84	to	1.02) 0.34 0.93 0.999 (0.999 to 1.00)
AM100 115.12 ± 42.87 0.10	±	0.75	(−0.65	to	0.85) 0.27 0.75 0.999 (0.999 to 1.00)
AM50 115.27 ± 42.87 0.09	±	0.76	(−0.67	to	0.85) 0.27 0.76 0.999 (0.999 to 1.00)
RM: radiographic measurement; AM: smartphone application measurement; SD: standard deviation; LOA: 95% limits of agree-
ment;	SEM:	the	standard	error	of	measurement;	MDC:	95%	confidence	interval	of	minimal	detectable	change;	ICC:	interclass	
correlation	coefficient;	CI:	confidence	interval
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(−4.9°	to	3.5°)	in	the	comparison	of	RM	and	photographic	measurement.	Ege	et	al.11) reported that the measurement error 
was 1.25° ± 1.02° when the RM and app measurements were compared. The results for RM and AM in the present study had 
a	0.10°	mean	difference	(LOA=	−0.30°	to	0.50°)	in	AM250,	which	was	a	small	error	compared	to	previous	reports.	In	the	
comparison	with	the	definite	angle,	RM	was	shown	to	have	a	0.06°	mean	difference	(LOA=	−0.22°	to	0.34°)	and	0.12°	mean	
AD	(95%	CI=0.08°	to	0.16°),	while	AM250	was	shown	to	have	a	0.16°	mean	difference	(LOA=	−0.2°	to	0.51°)	and	0.19°	
mean	AD	(95%	CI=0.13°	to	0.25°).	Both	RM	and	AM	showed	high	accuracy	and	small	error	similar	to	previous	studies.	The	
present study used identical images. Therefore, this result indicated the error of digitization.

Both	RM	and	AM	were	found	to	have	high	validity,	inter-rater	reliability,	and	small	error	in	the	present	study.	Therefore,	
angle	measurements	using	images	taken	in	a	vertical	position	and	a	certain	distance	from	the	subject	were	accurate	for	the	
definite	angle.	The	results	showed	what	angle	measurements	using	images	could	use	as	criterion	for	validity,	and	it	supported	
the legitimacy of high-quality previous studies that used RM as a criterion for validity. On the other hand, AM has high 
clinical	benefits,	such	as	being	a	simple,	non-invasive	technique	that	is	cost	effective.	Thus,	AM	can	provide	high-quality	
data in clinical studies and can be used as a criterion of validity. The AM is recommended placing approximately 2 m distance 
between the smartphone and the subject. This study found that, with appropriate and consistent shooting conditions, AM 
measurements can be performed with high reliability and validity.

This study uses a protractor as the subject. Therefore, future studies of angle measurement using the app are necessary 
to	evaluate	the	reliability	and	validity	of	human	body	measurements.	In	addition,	this	study	has	verified	the	reliability	and	
validity of smartphone-subject distances 50 to 250 cm, but less than 50 cm is still unclear.

In comparison with the protractor, RM, and AM, the results of the present study showed high inter-rater reliability, valid-
ity, and small error. The results indicated that RM and AM could be used as valid criteria in angle measurements. Moreover, 
AM	is	a	highly	beneficial	clinical	measurement	method.
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