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Objectives: Changes in the Range of Motion (ROM) are essential criteria in determining the 
severity of spinal disorders and could be effective in predicting pain progression. Instruments to 
measure the ROM are costly and unavailable in most therapy settings. While there is a tendency 
in therapists to use their smartphones instead, there is no report to measure the suitability of 
smartphones to be employed for this purpose. The current study aimed to compare the inter- 
and intra-rater reliability and concurrent validity of a Cervical Range of Motion (CROM) 
device (as a gold standard), a digital inclinometer, and smartphones in measuring the CROM 
in asymptomatic adults.

Methods: Twenty-four healthy subjects (11 women, 13 men) aged 22 to 45 years were 
recruited for this study. Neck movements were assessed per study subject using CROM device, 
dual digital inclinometer, as well as IOS (for iPhone), and Android applications. Despite the 
popularity of using smartphone applications, there was no study comparing such applications.

Results: The dual inclinometer and iPhone clinometer and compass applications presented 
acceptable absolute and relative reliability (ICC=0.662-0.913) and (ICC=0.753-0.887), 
respectively for neck movements in all planes. The reliability of the Android clinometer 
application in the sagittal and frontal planes was also acceptable (ICC=0.76-0.937); however, 
the Android compass application used in the horizontal plane indicated the least intraclass 
correlation coefficient (ICC: 0.202-0.433) in this area.

Discussion: All the tested tools differed from the gold standard depending on the direction 
of movement, confirmed i.e. approved by the Bland-Altman. The dual digital inclinometer 
presented moderate to high agreement to the CROM device for all motions, except for rotation. 
The iPhone applications had high to a very high agreement, and the Android application 
revealed poor to a moderate agreement. These discrepancies should be considered in 
employing smartphones for diagnosing a cervical disorder and determining a therapeutic plan. 
However, as phone applications indicated desirable reproducibility, these tools could be used 
for the follow-up and monitoring of changes in the CROM.
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Highlights 

● The dual inclinometer revealed acceptable reliability, compared to the gold standard instrument for measuring the 
cervical range of motion.

● The iPhone clinometer and compass applications could be used as reliable and available tools for assessing the 
cervical range of motion.

● The relative and absolute reliability of the Android clinometer application was acceptable for use in the sagittal and 
frontal planes.

● Android compass application illustrated poor reliability in the horizontal plane.

Plain Language Summary 

The reduction of the Cervical Range of Motion (CROM) is among the functional deficiencies induced by neck pain 
and could greatly affect a person’s ability to perform daily living activities. ROM is considered a useful diagnostic in-
dicator, determining the severity of cervical spine impairment and functional limitation. Based on this study, therapists 
should consider the accuracy and differences of the clinometer and the compass applications of smartphones when 
using them for assessing the CROM.

1. Introduction

easuring The Range of Motion (ROM) is 
an integral part of the physical and func-
tional evaluation of patients with mus-
culoskeletal disorders [1, 2]. Accurate 
ROM evaluations of the cervical spine 

are challenging due to multiple joint axes and movement 
coupling [3]. This likely explains why various tech-
niques, ranging from inclinometer to radiographic evalu-
ation and three-dimensional motion analyses, have been 
used to measure the Cervical Range of Motion (CROM) 
in clinical practice and scientific studies [4, 5]. Despite 
high accuracy, some of these techniques are difficult to 
be implemented in routine rehabilitation practice. This is 
because their use is associated with more expenses and 
time. Most studies suggest employing the CROM device, 
universal goniometer, and digital inclinometer; however, 
in practice, some clinicians prefer smartphones to either 
one of the mentioned expensive instruments or just due 
to being satisfied with visual estimation [6]. Smartphone 
applications have become increasingly popular in recent 
years for their convenience, user-friendly design, and 
cost-effectiveness. However, a systematic review failed 
to support smartphone use for evaluating the CROM due 
to limited studies on smartphone reliability and validity; 
accordingly, they noted the need for further studies [7]. 
Most therapists frequently use these applications; thus, it 
seems necessary to provide information on the extent to 
which differences would be expected with these instru-

ments, compared to clinical diagnostic tools. According-
ly, this study aimed to compare the reproducibility and 
concurrent validity of clinometer (accelerometer-based) 
and compass (magnetometer-based), as known applica-
tions on IOS (used for iPhone) and Android to those of 
the CROM device, as the gold standard for non-invasive 
evaluations [6].

We also investigated the validity and reliability of the 
dual digital inclinometer here. This is because despite it 
being the recommended method in the American Medi-
cal Association Guide [8], to our knowledge, no study 
has evaluated its inter- and intra-rater reliability.

2. Methods

A convenience sample of Iran University of Medical 
Sciences students was recruited for this cross-sectional 
study through advertisements and announcements. Us-
ing G-Power software for a minimal significant Intra-
class Correlation Coefficient (ICC) value of 0.70 (1-
β=0.80; α=0.05), with a 95% confidence interval of ±0.2, 
and an effect size of 0.63, a minimum of 23 subjects was 
required. The study participants aged 18-45 years and 
underwent clinical examinations. Those with a previous 
head or spinal injury, who underwent surgery for spinal 
or shoulder girdle disease or pain, or those who reported 
an intermittent headache within the last 6 months were 
excluded from the survey [9]. Each study subject provid-
ed an informed consent form to participate in the study. 

M
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The study was approved by the Ethics Committee of Iran 
University of Medical Sciences (no. 27284). 

Four non-invasive tools were assessed in the present re-
search, as follows: CROM device (Performance Attain-
ment Associates, Roseville, MN, USA), JTechDualer IQ 
Digital Inclinometer (JTech Medical, Salt Lake City, UT, 
USA), Android smartphone (Galaxy A5; Samsung Elec-
tronics, Vietnam), and iPhone (6S; Apple Inc, USA). 
The iPhone 6S was equipped with a 6-axis combina-
tion gyroscope-accelerometer (InvenSense) and 3-axis 
accelerometer (Bosch BsMA280). The accuracy and 
reproducibility of hand-operated tools may be directly 
influenced by the examiner’s expertise; therefore, two 
orthoses and prostheses doctoral candidates with several 
years of clinical experience conducted the assessments. 
An independent observer recorded the data. Before initi-
ating the data gathering process, to warm up and famil-
iarization, after providing instructions on the correct way 
of performing each cervical motion, the study subjects 
were allowed to practice the movements for 5 times.

For the CROM assessments in the sagittal and frontal 
planes, the research subjects sat upright on an 18-in chair 
with the knees at 90° of flexion, feet flat on the ground, 
arms relaxed at the sides, and head and neck in a neutral 
position [10-12]. The assessment tool selection process 
was randomized to reduce learning effects, fatigue, and 
flexibility alterations [13]. Each examiner measured each 
movement 3 times per tool. Besides, the mean scores of 
the measurement were used in the statistical analysis. To 
determine intra-rater reliability, the test-retest sessions 
were conducted 7 days apart [5] by the lead researcher 
(F. Gh). All test-retest conditions, including time, place, 
tools, and inter-trial rest interval were similar. Both ex-
aminers independently evaluated the study participants 
and recorded their data. Additionally, the examiners 
were blinded to each other’s measurements.

For the sagittal assessments, the examiner secured the 
CROM device to the study participant’s head (Figure 
1). To assess cervical movements in the sagittal plane, 
a digital inclinometer was employed. When measuring 
the smartphone’s clinometer application, the examiner 
snugly held the smartphone in both hands (Figure 2). 
The examiner stood beside the research subject, who 
was instructed to flex the neck to the point of tightness 
or discomfort; return it to a neutral position by staring at 
the spot on the wall; then extend it as much as possible. 

Frontal motion assessments by the CROM device were 
performed with the examiner in front of the study partici-
pant reading the values on the forehead. For the digital 

inclinometer, a primary sensor was attached to a head 
strap at the back of the head. Moreover, a secondary sen-
sor was similarly held by the examiner on the scapular 
spine (Figure 3). The smartphone was held at the back 
of the study participant’s head to measure the frontal 
plane motions using the clinometer application. After 
calibration, the research subject was instructed to start 
in a neutral position; laterally flex the neck to the right 
maximally; return to the neutral position, and laterally 
flex the neck to the maximum left.

The rotation arm of the CROM device was added to the 
tool. Next, the magnetic yoke was placed on the study 
subject’s shoulder for calibration. The examiner was 
standing directly behind and above the research sub-
ject and could see the subject’s top of head and tip of 
the nose. The examiner then stated: “when staring at an 
imaginary horizontal line on the wall, turn your head to 
the point of tightness or discomfort”. To avoid thoracic 
and shoulder girdle movements, the study subject was 
also instructed as follows: “do not move your shoulders 
or change the extent of pressure being applied to the 
backrest of your chair”.

Cervical ROM assessments were conducted according 
to the digital inclinometer’s catalog using only the pri-
mary sensor. The rotation was measured with the study 
subjects in the supine position on a bench; the examiner 
was also sitting on a chair holding the primary sensor 
on the research subject’s forehead. A 10-min rest was al-
lowed between conditions. For the horizontal motion as-
sessment using the smartphone compass application, the 
examiner stood behind the study participant. According-
ly, the examiner adjusted the neutral position and snugly 
secured the phone on the study subject’s vertex using 
the fingers and palms (Figure 4). After reading the initial 
degree, the examiner instructed the research subject to 
rotate to the right and pause for a second, when the as-
sistant read the appearing degree. The study participant 
then returned to the neutral position, the assistant read 
the degree, and the participant rotated to the left.

Data normality was investigated using the Shapiro-
Wilk test. ICC models 3, k, and 2, k were used for the in-
ter-and intra-rater analyses, respectively. Cicchetti’s [14] 
classification was used to interpret the relative reliability 
indices. Accordingly, reliability of ICC<0.40 was poor, 
0.40-0.59 was moderate, 0.60-0.74 was good, and 0.75-
1 was excellent. The Standard Error of Measurement 
(SEM=SD×√(1-ICC)) was calculated to evaluate abso-
lute reliability. This is an estimate of the error value as-
sociated with the measurement, i.e. used to calculate the 
Minimal Detectable Change (MDC=√2×1.96×SEM). 

Ghorbani F, et al. Inter- Intra Reliability of Four Instruments to Cervical Range of Motion Measurement. IRJ. 2020; 18(4):405-418.

http://irj.uswr.ac.ir/


408

I ranian R ehabilitation JournalDecember 2020, Volume 18, Number 4

This measure indicates a clinically-significant inter-
measurement difference. The Pearson correlation coeffi-
cient was calculated to verify the validity of the iPhone, 
Android smartphone, and dual digital inclinometer. The 
same test was applied to determine the correlations be-
tween their measured ROM and that of the CROM de-
vice. The correlation size with the rule of thumb suggest-

ed by Mukaka was interpreted as negligible (0.00-0.30), 
low (0.30-0.50), moderate (0.50-0.70), high (0.70-0.90), 
or very high (0.90-1). A Bland-Altman plot was drawn 
to determine the agreement in ROM measured with the 
iPhone, the Android smartphone, and the dual digital in-
clinometer to the ROM measured using the CROM de-
vice. The Bland-Altman plot was plotted per tool from 
the average mean measurements obtained by a tool and 
the gold standard versus their differences (Appendix A, 
B & C). The 95% limits of agreement were calculated 
using the equation Limits of Agreement (LOA) = 95% 
Mean Difference ± 1.96 SD, which specifies the limit 
of difference between the two tools for 95% of the time. 

Figure 2. Assessing the CROMs in sagittal plane by Android 
clinometer application 

The examiner placed the smartphone and asked the subject 
to flex and extend.Figure 1. The measurement of cervical rotation with CROM 

device, while the subject sat on the chair in a straight position

Figure 3. The CROM measurement in the fontal plane using 
a dual digital inclinometer 

Two sensors were utilized to assess lateral flexion range of 
motion in 3 trials as the subject was sitting on the chair.

Figure 4. Assessing the horizontal plane of cervical range of 
motion by smartphone compass application
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The main investigator (F.Gh) rated intra-rater reliability 
and criterion validity.

3. Results

Twenty-four volunteers (11 women, 13 men) with the 
Mean±SD age of 28.78±1.15 years (range: 22-40 years) 
participated in this study. Table 1 displays the study 
subjects’ demographic details. One research participant 
failed to attend the second evaluation session; therefore, 
the intra-rater results include 23 cases. The Mean±SD 
scores of the ROM measurements for all devices and di-
rections are provided in Table 2.

The CROM device and digital inclinometer presented 
excellent reliability for all planes (ICC=0.76-0.92 & 
0.76-0.91, respectively) and desirable inclinometer reli-
ability for flexion (ICC=0.62). The iPhone’s clinometer 
and compass applications indicated excellent intra-rater 
reliability for measuring cervical motion (ICC=0.75-
0.88). In cervical motion assessments, the intra-rater 
reliability of the Android’s smartphone clinometer and 
compass in the sagittal and frontal planes revealed ex-
cellent inter-rater reliability (ICC=0.76-0.93); whereas 
that of the compass application was moderate for the 
left rotation (ICC=0.43) and poor for the right rotation 
(ICC=0.20) (Table 3).

For the CROM device assessments, the inter-rater reli-
abilities in the sagittal, frontal, and horizontal planes were 
measured as excellent (ICC=0.84–0.96). The digital in-
clinometer demonstrated excellent reliability (ICC=0.75-
0.86), except for the right lateral flexion (ICC=0.74) and 
left rotation (ICC=0.72). The inter-rater reliability of the 
iPhone applications for measuring cervical motion in 
three planes was excellent (ICC=0.79-0.91) for all move-
ments, but flexion, i.e. moderate (ICC=0.5). The assess-
ments of sagittal and frontal motions using the Android 
clinometer application were excellent (ICC=0.88–0.89); 
however, the reliabilities of the compass application for 

measuring the right and left rotations were poor (ICC=-
0.01 & ICC=0.21, respectively) (Table 4).

The validity analysis of the dual digital inclinometer 
indicated a high correlation between extension and right 
lateral flexion; a moderate correlation between left lat-
eral flexion, flexion, and right rotation; as well as a low 
correlation for left rotation (Table 5). The iPhone pre-
sented a high or very high correlation for all movements, 
except flexion. The validation analysis of the Android 
smartphone measurements indicated a high correlation 
for extension and lateral flexion; moderate correlation 
for flexion; and low correlation for rotation. The Bland-
Altman plots revealed that the dual digital inclinometer 
suggested a higher ROM for rotation and lower for other 
movements, compared to the CROM device. The iPhone 
illustrated a lower ROM for flexion and extension and a 
higher ROM for other movements. The Android smart-
phone tended to reflect greater ROM for right lateral 
flexion than the CROM device and lower ROM for other 
motions than the CROM device.

4. Discussion

Recently, with the emergence of multiple goniometric 
applications, smartphones have become popular medical 
devices among healthcare professionals. Several studies 
have evaluated the reliability and validity of smartphones 
for measuring cervical ROM [6, 15-17]. However, no 
study has compared iPhone and Android smartphone 
measurements; nor has any study investigated the reli-
ability and validity of the new gyroscope-accelerometer 
technology of the iPhone 6. Furthermore, despite dual in-
clinometry being recommended by the American Medical 
Association [8], no study has verified its validity and reli-
ability. Therefore, the present study aimed to determine 
the accuracy and inter- and intra-rater reliabilities of the 
iPhone, Android smartphone, and digital inclinometer. 
We also intended to determine their correlations with the 
gold standard (i.e. the CROM device) [6].

Table 1. Demographic data of the study subjects

Max.Min.Mean±SDDemographic Variables

452228.78±1.15Age (y)

185156172.25±7.69Height (cm)

834967.66±8.66Weight (kg)

26.0317.1822.84±0.53BMI (kg/m2)
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Table 2. Mean ROM (degree) during the cervical movements

Degree (Mean±SD)

Movements AndroidiPhoneInclinometerCROM

Examiner 2Examiner 1Examiner 2Examiner 1Examiner 2Examiner 1Examiner 2Examiner 1

55.88±9.5554.01±9.3653.77±5.556.81±9.7347.5±6.548.15±8.9455.31±9.3757.15±7.43Flexion

64.41±10.2964.43±11.8164.18±10.1463.08±9.5353.45±12.458.73±11.0366.48±10.9769.5±11.32Extension

42.72±7.8843.45±8.3642.83±7.4844.19±8.3534.02±6.8538.41±7.5639.36±8.9840.45±8.08Right lateral 
flexion

40.61±6.7141.75±6.2940.26±6.0843.01±6.8636.87±7.838.18±9.3542.51±7.9842.62±6.93Left lateral 
flexion

70.08±11.7464.04±9.0276.01±7.2474.25±8.174.06±8.2374.16±8.1667.16±8.2568.01±10.44Right rotation

72.72±13.1265.41±8.7673.84±6.472.83±7.1674.41±9.9474.36±8.0365.66±8.5765.66±9.24Left rotation

Table 3. Intra-rater reliability, intraclass correlation coefficient, confidence interval (95% CI), standard error of measurement, and 
minimum detectable chang in the explored devices

Left RotationRight RotationLeft Lateral 
Flexion

Right Lateral 
FlexionExtensionFlexionMovements

0.8050.9210.8950.9230.8410.764ICC

CROM
0.54-0.9150.820-0.9680.535-0.9460.819-0.9670.628-0.9310.454-0.90495%CI

3.6822.8712.4132.2434.7593.972SEM

8.5666.6795.6145.21811.0719.240MDC

0.8250.7650.8120.850.9130.662ICC

Inclinometer
0.592-0.9250.457-0.9030.565-0.9210.452-0.9240.638-0.9570.118-0.84195%CI

2.1592.1242.3072.4663.0852.368SEM

5.0234.9415.3675.7377.1775.509MDC

0.7550.8680.8700.8870.8400.753ICC

iPhone
0.404-0.8890.695-0.9440.42-0.9330.705-0.9480.556-0.9240.425-0.89595%CI

3.3883.4352.2812.3983.9286.147SEM

7.8827.9915.3065.5799.13814.3MDC

0.4330.2020.8620.9060.9370.76ICC

Android
-0.296-0.748-0.782-0.6480.639-0.9360.773-0.9580.64-0.9680.444-0.995%CI

7.13410.8772.1632.8043.5793.053SEM

16.59625.3045.0326.5238.3267.103MDC

ICC: Intraclass Correlation Coefficient; CI: Confidence Interval; SEM: Standard Error of Measurement; MDC: Minimum Detect-
able Change. 
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The present study data demonstrated that the CROM 
device had excellent inter-day reliability for all cervical 
motion measurements. Moreover, this is not a new find-
ing and has been supported by numerous studies [4, 11, 
12, 18-22]. The dual digital inclinometer also presented 
excellent inter-day reliability for all cervical motion mea-
surements; the only exception was flexion, which revealed 
desirable inter-day reliability. Data on the reproducibility 
of the dual digital inclinometer are scarce. Therefore, it 
is impossible to compare our results with those of the 
previous studies. Prushansky et al. [23] investigated the 
intra-rater reliability of a single digital inclinometer and 
reported good to excellent reproducibility in all planes. 
We found excellent intra-rater reliability concerning all 
planes for the clinometer and compass applications of the 
iPhone. Tousignant-Laflamme et al. [6] reported moder-
ate to excellent intra-rater reliability for the clinometer 
application of the iPhone. These data concerned move-
ments in the frontal and sagittal planes. They also found 
poor to moderate intra-rater reliability for the compass 

application of the iPhone. Such discrepancy between our 
data and their results may be attributed to the difference 
in the number of trials. This is because the number of 
trials affects the ICC. Consistent with our study findings, 
Quek et al. [15] reported the intra-rater reliability of the 
Android smartphone clinometer application to be excel-
lent (ICC=0.82-0.9). The Android smartphone compass 
application indicated poor to moderate inter-day reliabil-
ity in rotation, whereas Quek et al. [15] reported poor 
intra-rater reliability in this regard (ICC=0.05-0.33).

Clinically, absolute reliability indices, such as SEM 
and MDC are more essential than the relative reliabil-
ity of measurements. This is because the ICC provides 
information about the ability to maintain position over 
repeated measurements [24]. It was unable to identify 
actual CROM changes that occur as a result of therapeu-
tic interventions. For this reason, SEM and MDC values 
were extracted from the test-retest paradigm. The pat-
terns of absolute reliability indices were slightly differ-

Ghorbani F, et al. Inter- Intra Reliability of Four Instruments to Cervical Range of Motion Measurement. IRJ. 2020; 18(4):405-418.

Table 4. Inter-rater reliability, Intraclass Correlation Coefficient, and Confidence Interval (95% CI) in the study tools

AndroidiPhoneInclinometerCROM
Movements

95%CIICC95%CIICC95%CIICC95%CIICC

0.696-0.9420.872-0.131-0.7710.50.532-0.9130.7930.515-0.9070.79Flexion

0.742-0.9520.8850.477-0.9280.860.477-0.9280.860.728-0.9540.905Extension

0.766-0.9560.8960.803-0.9630.9190.174-0.8650.7440.912-0.9840.965Right lateral flexion

0.739-0.950.8890.533-0.9410.8860.566-0.9180.810.79-0.9610.905Left lateral flexion

-0.966-0.525-0.0110.54-0.9110.8030.449-0.8990.7570.794-0.9610.909Right rotation

-0.577-0.6170.2180.535-0.9120.7960.383-0.8870.7290.639-0.9330.84Left rotation

Table 5. Pearson correlation coefficient data, compared to CROM device data

AndroidiPhoneInclinometer
Movements

P Pearson, rP Pearson, rPPearson, r

0.0020.6220.0030.5930.0020.605Flexion

<0.0010.73<0.0010.87<0.0010.72Extension

<0.0010.781<0.0010.909<0.0010.812Right lateral flexion

<0.0010.733<0.0010.9170.0020.616Left lateral flexion

0.030.453<0.0010.821<0.0010.675Right rotation

0.160.465<0.0010.8170.1430.313Left rotation
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ent from those of the relative reliability. Accordingly, the 
dual digital inclinometer revealed the highest absolute 
reliability, signifying the lowest SEM and MDC.

The MDC of the iPhone was 5.3 degrees for left lat-
eral flexion to 14.3 degrees for flexion. Concerning the 
Android smartphone, the lowest MDC was obtained for 
the left lateral flexion but equaled 16.5 degrees for the 
left rotation and 25 degrees for the right rotation. These 
results indicated that a real change in cervical flexion 
should be equal to >14.3 degrees for detection by the 
iPhone clinometer application. However, a real change 
in the right and left rotations should be as >25 degrees 
and >16.5 degrees, respectively, for detection by the 
Android compass application. Thus, as the minimum de-
tectable alternations presented high rates, the instrument 
could not detect the actual changes that occur in a course 
of treatment. Therefore, the Android smartphone seems 
to be unable to distinguish individual variations in the 
horizontal plane. It also fails to detect clinically-relevant 
changes in re-evaluations during the therapeutic course.

For the CROM device, the inter-rater reliability of the 
measurements of all motions was obtained as excellent. 
The inter-rater reliability of the inclinometer and iPhone 
applications was high, like the intra-rater reliability. Sub-
sequently, consistent results were obtained in measure-
ments repeated by an examiner as were those by a different 
examiner using the same evaluation procedures. Tousig-
nant-Laflamme et al. [6] reported moderate inter-rater reli-
ability for assessing flexion/extension and lateral/flexion 
by the iPhone clinometer. There exist possible explana-
tions for such difference between our results and those of 
Tousignant-Laflamme and associates [6]. In the present 
study, the tool selection order was randomized to reduce 
the variability caused by fatigue, learning effect, and flex-
ibility alteration; however, measurement tool use order 
was the same in the study of Tousignant -Laflamme et al. 
[6] and iPhone measurements were always performed be-
fore CROM device assessments. For rotation, the iPhone 
compass application revealed poor inter-rater reliability 
(ICC=0.07-0.09). Moreover, the Android clinometer re-
flected excellent inter-rater reliability values, whereas the 
Android compass application suggested poor reliability 
for assessing rotation. Quek et al. [15] performed no inter-
rater reliability evaluations of the Android smartphone.

The correlation coefficients of the inclinometer were 
calculated as moderate to high, compared to those of 
the CROM device; the only exception was left rotation, 
which revealed a low correlation. This is probably be-
cause the rotation measurement with the inclinometer 
was performed in the supine instead of the sitting posi-

tion. However, based on the 95% limit of agreement, the 
differences in the inclinometer and CROM device varied 
(2-27 degrees) by movement direction. The iPhone re-
vealed a high to very high correlation with the CROM 
device for movements, but flexion. However, the differ-
ences in the iPhone and CROM device measurements 
were 1.2-18.6 degrees. The differences between the An-
droid smartphone and CROM device measurements were 
obtained as 7.8-24.2 degrees. This degree of difference 
from the gold standard cannot be clinically-overlooked. 
This is because it affects cervical disorder diagnosis as 
well as the rating of cervical disorders and therapeutic 
strategy planning. Another possible justification for in-
terpreting the findings may relate to how we determined 
neutral head position in the present study. We visually 
controlled the neutral head position using self-balancing 
maneuvers. This may have resulted in inconsistent start-
ing positions of all trials and measurement errors with 
the Android smartphone, iPhone, and dual inclinometer. 
However, such errors did not occur with the CROM de-
vice, because we measured the total range (final minus 
initial position). In addition, the weaker correlation of the 
Android smartphone with the CROM device can be at-
tributed to the characteristics of this smartphone, i.e. the 
Android smartphone calibration likely has low accuracy 
[25]. Besides, the compass application used to measure 
horizontal plane motion is highly sensitive to mobile ori-
entation; it is a magnetometer-based application and may 
easily drift, leading to greater measurement errors.

We acknowledge that this study had a few limitations. 
The smartphones used in this study were only a few 
months old; thus, we cannot claim that the same results 
will be achieved using older smartphones.

5. Conclusion

The current research results indicated that the dual in-
clinometer, iPhone clinometer, and compass applications 
have acceptable absolute and relative reliability for mea-
suring neck movements in all planes. The reproducibility 
and accuracy of the Android clinometer application were 
also acceptable for use in the sagittal and frontal planes; 
however, its compass application in the horizontal plane 
revealed the lowest ICC and largest error. According to 
our results, the assessed tools differed from the gold stan-
dard depending on the movement direction; this should 
be considered when diagnosing cervical disorders and 
determining therapeutic plans.
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Appendix A. Bland–Altman Plot demonstrating mean differences and 95% limits of agreement between CROM device and 
digital inclinometer measurements of the CROM (degrees) 

Most values measured by digital inclinometer and CROM device (gold standard) were close to each other with fewer differ-
ences.
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Appendix B. iPhone apps measurements of the CROM (degrees) 

The visual assessment shown by Bland-Altman Plot, indicate close results for measuring cervical range of motion by CROM 
device and iPhone apps.
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Appendix C. Bland–Altman Plot showing mean differences and 95% limits of agreement between CROM device and Android 
apps measurements of the CROM (degrees)

 Based on plots, the cervical range of motion values measured by Android apps shows little difference compare to the CROM 
device as a gold standard tool.
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