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INTRODUCTION

Neck pain is one of the most common musculoskeletal
complaints in modern society, with >67% of adults
experiencing it at some point during their lifetime. Neck
pain, like low back pain, is also known as one of the main
reasons for referral to a doctor, disability, and work absen-
teeism. One of the functional deficiencies induced by neck
pain can be the reduction of the cervical range of motion
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Objective: The purpose of this study was to compare the reliabilities of the cervical range-of-motion (CROM) device
and a dual digital inclinometer (as accepted clinical tools) and iPhone or Android smartphone applications (clinometer
and compass; as new technologies) in measuring cervical range of motion in patients with neck pain.

Methods: Twenty participants (13 women, 7 men; age 19-33 years) with neck pain persisting for at least 4 weeks
were enrolled. Neck movements were measured in each participant using 4 noninvasive devices in random order.
Results: The CROM device showed excellent intra- and interrater reliabilities in assessing cervical range of motion
except in right rotation for which it showed moderate intrarater reliability. The dual digital inclinometer demonstrated
moderate to excellent intra- and interrater reliabilities. Cervical range of motion measurements using iPhone
applications showed good to excellent intra- and interrater reliabilities, whereas Android applications had poor to
excellent intra- and interrater reliabilities. Based on the validity results, all assessment tools differed from the CROM
device depending on the direction of movement, although the iPhone applications showed fewer differences than the

Conclusion: Generally, the CROM device showed the highest reproducibility, and iPhone applications showed more
acceptable intra- and interrater reliabilities than the digital inclinometer and Android applications. The clinometer
application of smartphones could be reliable in measuring frontal and sagittal cervical range of motion in patients with
neck pain and in a sitting position. However, the compass application of the iPhone showed acceptable results,
whereas that of the Android device could not be recommended for clinical use. (J Chiropr Med 2020;19;38-48)

Key Indexing Terms: Range of Motion; Articular; Smartphone; Reproducibility of Results; Outcome and Process

(ROM), which greatly affects a person’s ability to perform
daily activities."” Previous studies frequently reported the
association between ROM and the development of neck
pain and disability.” Cervical ROM is considered a useful
diagnostic indicator, determining the severity of cervical
spine impairment and functional limitation. Cervical ROM
measurement also aids in choosing the appropriate treatment
strategy, monitoring the patient’s progress in the course of
treatment, and quantifying the effectiveness of therapeutic
interventions.” There are highly meticulous techniques for
evaluating cervical ROM, such as radiography and the 3-
dimensional motion capture system; however, such techni-
ques are not feasible in routine clinical practice in which
patients need to undergo follow-up evaluations with short
intervals during the treatment course. Although the literature
strongly supports the accuracy and reproducibility of the cer-
vical range-of-motion (CROM) device,”” it is well known
that clinicians prefer to use this instrument to measure cervi-
cal movement only but not as a device for patient use.
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The recent emergence of goniometric applications that
can detect body position and can measure the ROM of vari-
ous body segments has made smartphones popular assess-
ment tools. Smartphones have many benefits owing to their
noninvasiveness, ease of use, portability, and cost-effec-
tiveness. Moreover, their use does not need training, and
they can record instant data and even export direct data to
the electronic medical records of patients. Although studies
have been conducted to determine the reproducibility,
validity, and accuracy of measurements obtained with these
applications,” " there is no convincing evidence to support
the utility of smartphones in evaluating cervical ROM.'”
One of the factors that most likely prevented a definitive
conclusion in this regard was the variety of smartphones
and the different applications used in previous studies,
which made no comparisons among them. Moreover,
because most of the studies evaluated healthy people, the
reported results cannot be generalized to the patient popula-
tion, because it is well known that the reliability of findings
is dependent on the study population'® and disease factors
such as pain or fear of movement or reinjury may affect
reliability estimates. Therefore, studies on the reproducibil-
ity of noninvasive assessment tools in the patient popula-
tion seem necessary.

The enthusiasm induced by smartphones in the medi-
cal and rehabilitation fields should not prevent research-
ers from examining other tools, such as the digital
inclinometer, because the accuracy of a tool in clinical
research is more important than the convenience of its
application. Additionally, the digital inclinometer is
portable and noninvasive, similar to a smartphone.
Moreover, unlike the CROM device, its use is not limited
to the cervical region alone, but it can also be used for
the assessment of spine postures or the ROM of various
body segments. Therefore, this study aimed to examine
the relative and absolute reliabilities of 4 noninvasive
assessment tools (dual digital inclinometer, CROM
device, and clinometer and compass applications in both
iPhone and Android smartphones) in patients with non-
specific chronic neck pain.

MATERIALS AND METHODS

Participants

Patients with neck pain from the Iran University of Med-
ical Sciences were invited via word of mouth. Participants
were included if they were 18 to 40 years of age. Consider-
ing a minimal significant intraclass correlation coefficient
(ICC) of 0.70 (1-8=0.80; a=0.05) and 95% confidence
interval of £0.2, a minimum of 17 participants were
needed. Participants were excluded if they had previous
surgery of the cervical spine or any neurological symptoms,
severe spinal pathology, fracture, or disc herniation. All
participants provided consent to participate.
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Ethics
The Ethics Committee of Iran University of Medical
Sciences approved the study under process number 27284.

Procedures

Cervical ROM evaluations were conducted using 4 non-
invasive tools: a CROM device (Performance Attainment
Associates, Roseville, Minnesota), a JTech Dualer IQ Digi-
tal Inclinometer (JTech Medical, Salt Lake City, Utah), an
Android smartphone (Galaxy AS; Samsung Electronics,
Thai Nguyen, Vietnam), and an iPhone 6S (Apple Inc,
Cupertino, California). The iPhone 6S was equipped with a
6-axis combination gyroscope-accelerometer (InvenSense,
San Jose, California) and a 3-axis accelerometer (Bosch
BMAZ280; Bosch Sensortec GmbH, Reutlingen, Germany).
The examiners were PhD candidates who were clinically
experienced with handling orthoses and prostheses. Both
examiners independently observed the participants and
recorded their data. Before beginning the main evaluations,
the examiners explained to each participant the guidelines
in performing cervical ROM measurements. For familiari-
zation and warm-up, each participant performed the
motions 5 times. A 10-minute rest period was allowed
between trials. The other examiner and the participants
were blinded to the results obtained in each condition.

While measuring cervical ROM in the sagittal and fron-
tal planes, the participant sat erect in a straight-back, 18-
inch chair with the sacrum against the back of the chair, the
thoracic spine away from the back of the chair, arms hang-
ing at sides, and feet flat on the floor. The participants were
instructed to stare at a spot marked on a wall in front of
them, positioned horizontally at eye level. To minimize
learning, fatigue, and flexibility alterations, the order of
selecting the assessment tools was completely randomized;
however, the sequence of movement assessments was the
same for all tools. For the statistical analysis, the mean of 3
measurements for each movement was used. Seven days
later, the lead researcher (F.G.) performed the evaluations
again to determine the intrarater reliability. The retest ses-
sions were conducted in the same conditions considering
the test time, location, instruments, and rest interval. To
control the blindness of the examiners, the assessment form
containing the recorded data was removed from the room
after each trial. Moreover, because the dual digital incli-
nometer could save data, the examiner did not look at
the numbers appearing on the device monitor during the
measurement.

Flexion and Extension

The CROM device was placed on the participant’s head,
and the strap was fastened by the examiner for sagittal
plane measurements. In evaluations with the digital
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Fig |. Cervical range of motions measurement in sagittal plane
using dual digital inclinometer. Two sensors were used to assess
flexion and extension range of motion in 3 trials as the subject
was sitting on the chair.

inclinometer, the primary sensor was attached to a head
strap on the top of the participant’s ear, and a secondary
sensor was held by the examiner on the participant’s scapu-
lar spine, aligned to the primary sensor (Fig 1). In measur-
ing the motions with the clinometer application, the
examiner held the phone snugly with both hands. For all
sagittal plane measurements, the examiner stood beside the
participant, who was instructed to flex the neck as much as
possible until limited by tightness or discomfort, then
return to neutral position by staring at the spot on the wall,
and finally extend the neck. The examiner read the degrees
of ROMs, and the assistant recorded the values in the
assessment forms.

Lateral Flexion

In the assessment of frontal cervical ROM with the
CROM device, the examiner stood in front of the partici-
pant and tracked the values on the CROM inclinometer.
When using the digital inclinometer, a primary sensor was
attached to a head strap at the back of the participant’s
head, and a secondary sensor was held by the examiner in
the same direction on the scapular spine. In the evaluation
using smartphones, the examiner held the instrument at the
back of the participant’s head (Fig 2). After calibration, the
participant was instructed to start at the neutral position,
then move the neck to right lateral flexion as much as possi-
ble, return to the neutral position, and then move the neck
to left lateral flexion as much as possible. Data were
recorded in the same manner.
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Fig 2. Assessing cervical range of motions in frontal plane by
Android clinometer application. The examiner placed the smart-
phone and asked the subject to lateral flex to right and left.

Rotation

Rotation evaluation with the CROM device was per-
formed as a rotation arm was added to the device, and a
magnetic yoke was placed on the participant’s shoulder.
The examiner stood behind and above the participant, such
that the examiner could see the top of the participant’s head
and tip of the nose, while the participant was facing straight
ahead (Fig 3). After the examiner manually calibrated the
clinometer’s pointer to 0, the participant was instructed to
rotate the head to the right and stare at an imaginary hori-
zontal line on the wall without moving the thoracic and
shoulder girdle. During the movement, the examiner stabi-
lized the participant’s shoulder contralateral to the side of
the rotation by placing a hand over the participant’s distal
clavicle and acromion region.

In cervical rotation assessments according to the inclin-
ometer’s catalogue, only the primary sensor was used.
Rotation was measured with the participant in the supine
position on a bench and the examiner sitting on a chair
while holding the primary sensor on the participant’s fore-
head (Fig 4). In the horizontal motion assessment using the
compass application of the smartphone, as in the CROM
device setting, the examiner stood behind the participant,
adjusted the participant in neutral position, and secured the
phone on the participant’s vertex snugly with the fingers
and palms (Fig 5). After the initial reading, the examiner
instructed the participant to perform right rotation and then
paused to read the measurement to the assistant. Thereafter,
the examiner moved back to the neutral position, read the
measurement, and rotated to the left.
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Fig 3. Measurement of cervical rotation with CROM device
while the rotation arm of CROM device was added to the devic,
and the magnetic yoke was placed on subject’s shoulder for cali-
bration. CROM, cervical range-of-motion.

Statistical Analysis

The Shapiro-Wilk test was used to investigate the nor-
mal distribution of data. For the intrarater and the interrater
analyses, the ICC models (3, k) and (2, k) were used,
respectively. Relative reliability indices were interpreted
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Fig 5. Assessing horizontal plane of cervical range of motion by
smartphone compass application.

using the classification proposed by Mukaka.'* Conse-
quently, ICC <0.40 was considered poor reliability, 0.40
to 0.59 moderate reliability, 0.60 to 0.74 good reliability,
and 0.75 to 1 excellent reliability. In estimating the stan-
dard error of measurement (SEM), the equation SEM = sta
ndard deviation (SD) x v/1—ICC was used to compute
the absolute reliability, and minimum detectable change
(MDC), indicating a clinical significant change, was calcu-
lated as MDC = /2 x 1.96 x SEM.

To verify the criterion validity of the iPhone and
Android applications and dual digital inclinometer and to
determine the correlation strength between the ROM
measured by these tools and that measured by the CROM

Fig 4. Measurement of cervical rotation to right and left were performed as the subject was supine according to inclinometer’s cata-

logue and using just the primary sensor.
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device, the Pearson correlation coefficient was calculated.
The correlation size based on the thumb rule suggested by
Pourahmadi et al'” 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).

To determine the agreement between the CROM device
values as gold standard and other instrument values in cer-
vical ROM assessments, a Bland-Altman plot was drawn
from the average of the measurements. Using the equation
95% limits of agreement (LOA) = mean difference £+ 1.96
standard deviation (SD), the 95% LOA values were calcu-
lated, which specify the limit of difference between 2 tools
95% of the time. In the intrarater reliability and criterion
validity evaluation, the main investigator (FG) was the rater
of interest.

RESULTS

The demographic details of the participants and their
visual analogue scale scores for neck pain are presented in
Table 1. Twenty volunteers (13 women, 7 men) with a
mean age of 25.9 £ 1.04 years (range, 19-33 years) partici-
pated in this study. Because 1 participant could not be pres-
ent at the second evaluation session, the intrarater results
were obtained using the data of 19 participants. Table 2
shows the mean and SDs for CROMs in 3 planes measured
using the 4 devices.

Intrarater Reliability

The reliability of the CROM device in measuring flex-
ion/extension, lateral flexion, and left rotation was excellent
(ICC =0.851-0.939), whereas the reliability for right rota-
tion was moderate (ICC =0.485). The digital inclinometer
obtained excellent intrarater reliability for flexion, left lat-
eral flexion, and right rotation (ICC=0.823-0.843). It
showed good reliability for extension and right lateral flex-
ion (ICC=0.678 and 0.746, respectively) and moderate
reliability for left rotation (ICC =0.533). The clinometer
application of the iPhone showed excellent reliability
(ICC =0.878-0.93) for measurements of sagittal and frontal
plane motions, and the compass application showed good
(ICC=0.656) and excellent (ICC =0.794) intrarater reli-
abilities for right and left rotation, respectively. In cervical
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applications of the Android smartphone in the sagittal and
frontal planes showed excellent interrater reliability
(ICC=0.846-0.903), whereas the compass application
showed moderate interrater reliability for left rotation
(ICC=0.517) and poor interrater reliability for right rota-
tion ICC =0.131) (Table 3).

Interrater Reliability

The interrater reliability of the CROM device in measur-
ing all planes was excellent (ICC =0.823-0.922). The digi-
tal inclinometer showed excellent reliability in measuring
flexion and extension, right lateral flexion, and right—Ileft
rotation (ICC=0.76-0.891), and good reliability for left
lateral flexion (ICC =0.734). The reliabilities of the iPhone
clinometer application in assessing sagittal and frontal
motions were excellent (ICC =0.803-0.914), and those of
the compass application in measuring right and left rotation
were good (ICC=0.746) and excellent (ICC=0.775),
respectively. The clinometer application of the Android
smartphone showed excellent values (ICC =0.902-0.92) in
measuring sagittal and frontal motions; however, the reli-
abilities of the compass application in measuring right and
left rotation were moderate (ICC=0.477) and poor
(ICC =0.174), respectively (Table 4).

Validity Analysis

The validity analysis of the dual digital inclinometer
indicated a high correlation for frontal and sagittal motions
and a moderate correlation for rotation. The iPhone showed
very high or high correlation for all movements except rota-
tion. The validation analysis of the Android smartphone
measurements indicated a very high or high correlation for
frontal and sagittal motions, although moderate and low
correlation were found for right and left rotation, respec-
tively (Table 5). Comparison of measurements from the
iPhone, Android smartphone, or dual digital inclinometer
and the ROM measurements from the CROM device, as
seen in the Bland-Altman plots, revealed that the dual digi-
tal inclinometer showed a lower ROM for flexion, exten-
sion, and lateral flexion and a higher ROM for rotation.
The iPhone showed higher ROM for right lateral flexion
and rotation, and lower ROM for other movements. The

motion assessments, the clinometer and compass Android smartphone tended to show greater ROM for right
Table 1. Demographic Data of the Subjects
Age (y) Height (cm) Weight (kg) BMI (kg/m?) VAS score
Women 26.69 £ 5.05 161.76 £4.91 57.69 £9.19 22.07 £3.7 3.84+£0.97
Men 24.42 £3.62 174.42 £3.25 72.71 £9.26 23.93+£3.32 4.14 £0.69
Total 259 +£1.04 166.2 £ 7.55 6295 £11.6 22.74+£0.8 3.95£0.88

BMLI, body mass index; VAS, visual analog scale.
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Table 2. Average ROM (in degrees) During the Cervical Movements: Mean + Standard Deviation

Android

iPhone

Inclinometer
Examiner 1

CROM

Examiner 1 Examiner 2 Examiner 1 Examiner 2

Examiner 2

Examiner 2

Examiner 1

Movements

59° 4+ 11.33° 51.85° £ 10.68° 47.51° £ 6.5° 56.81° £ 11.06° 57.61° £ 9.68° 58.81° £ 11.29° 58.28° £+ 10.92°

60.13° £ 11.31°

Flexion

68.53° £ 68.53° 58.65° £ 13.55° 57.45° £ 14.36° 63.51° £ 12.89° 63.76° £ 12.05° 64.95° £ 11.31° 62.31° £ 11.76°

69.9° £ 14.67°

Extension

43.46° £+ 10.14° 42.86° £ 8.86° 37.18° £ 7.12° 46.93° £ 8.96° 48.01° £09.11° 47.46° £+ 8.1° 48.41° £ 8.64°

43.73° £9.72°

Right lateral flexion

48.81° £9.01° 40.28° £ 8.12° 40.01° £ 8.32° 44.86° £+ 7.78° 44.56° £ 6.33° 47.26° £ 8.05° 44.08° £ 7.67°

47.25° £ 9.56°

Left lateral flexion

67.46° £5.97° 72.51°£9.2° 72.93° £ 9.44° 67.25° £ 12.58° 7341°£7.11° 71.36° £ 5.54° 66.91° £ 17.89°

68.33° £ 5.82°

Right rotation

67.25° £ 6.92° 70.8° + 6.86° 73.01° £ 8.99° 68.68° £ 12.32° 73.35° £ 8.11° 70.93° £+ 7.68° 62.71° £ 16.82°

65.58° £ 7.92°

Left rotation

ROM, range of motion.
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lateral flexion and left rotation, and lower ROM for other
movements than the CROM device.

DiscussioN

Based on the importance of using new technologies in
medical and rehabilitation services, various studies have
investigated the reliability and validity of different smart-
phone applications in assessing different joint ROMs.' =
However, a comparison between 2 different types of smart-
phones (iPhone and Android) and clinically acceptable
devices (CROM device and dual inclinometer) for cervical
ROM measurements in participants with neck pain has not
been done before. Thus, this study aimed to predict the
intra- and interrater reliabilities of cervical ROM evaluation
in patients with neck pain with the use of iPhone and
Android applications, to find precise and cost-effective
instruments that can be an alternative to the CROM device
and digital inclinometer.

Intrarater Reliability

For the CROM device, the intrarater reliability for mea-
surement of all motions was excellent, which was in agree-
ment with the studies of Fletcher and Bandy”' and
Williams et al’ in which an excellent intra-rater reliability
(ICC=0.88-0.96) for cervical ROM assessments in
patients with neck pain was obtained. Cervical ROM meas-
urements using the digital dual inclinometer showed excel-
lent between-day reliability for flexion, left lateral flexion,
and right rotation, and good to moderate reliability for right
lateral flexion and left rotation. In a study by Hoving
et al,”” the intra-rater reliability of cervical ROM in symp-
tomatic patients assessed using an EDI-320 inclinometer
was excellent (ICC =0.93-0.97), although there were some
differences in the measurement protocol of our study with
that of Hoving et al’® (eg, measurement of full-cycle
ROM). Based on our results, iPhone applications had
excellent intra-rater reliability for all movements except in
right rotation for which the compass application showed
good reliability. Pourahmadi et al” reported good to excel-
lent intrarater reliability (ICC=0.62-0.83) in measuring
cervical ROM with the Goniometer Pro application of the
iPhone. Although the application used in their study was
different from the applications we used, the intrarater reli-
ability results in the symptomatic population were close
between their study and our study. In contrast, Tousignant-
Laflamme et al,* who used the same applications as those
used in the current study, found moderate to excellent intra-
rater reliability for the clinometer application of the iPhone
for movements in the frontal and sagittal planes and poor
to moderate intrarater reliability for the compass applica-
tion of the iPhone. Tousignant-Laflamme et al® measured
cervical ROM in healthy participants, and based on a
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Table 3. Intrarater Reliability Intraclass Correlation Coefficient, Confidence Interval (95% CI), Standard Error of Measurement, And

Minimum Detectable Change

Movements Flexion Extension Right lateral flexion ~ Left lateral flexion ~ Right rotation Left rotation
CROM ICC 0.881 0.915 0.939 0.887 0.485 0.851
95% CI ~ 0.688-0.952  0.787-0.968 0.843-0.976 0.711-0.956 —0.285t00.789  0.067-0.921
SEM 3.994 3.96 2.101 2.598 3.739 2.651
MDC 11.07 10.973 5.821 7.199 10.36 7.345
Inclinometer  ICC 0.836 0.678 0.746 0.843 0.823 0.533
95% CI  0.587-0.939  —0.32t00.306  0.318-0.893 0.606-0.942 0.529-0.927 —0.189 t0 0.817
SEM 3.908 6.319 3.898 2.686 3.591 3.981
MDC 10.829 17.509 10.801 7.442 9.95 11.031
iPhone ICcC 0.906 0.91 0.93 0.878 0.656 0.794
95% CI ~ 0.763-0.964  0.763-0.964 0.825-0.974 0.673-0.95 0.113-0.873 0.449-0.915
SEM 3.263 3.297 1.908 2.415 3.52 2.937
MDC 9.041 9.135 5.287 6.691 9.753 8.138
Android ICcC 0.89 0.879 0.903 0.846 0.517 0.131
95% CI ~ 0.708-0.955  0.698-0.956 0.756-0.963 0.613-0.942 —0.27 t0 0.821 —1.423 t0 0.677
SEM 3.331 4.386 2.488 2.489 8.678 11.864
MDC 9.23 12.153 6.894 6.897 24.046 32.875

CROM, cervical range-of-motion; /CC, intraclass correlation coefficient; CI, confidence interval; SEM, standard error of measurement; MDC, minimum

detectable change.

previous study in which reliability was reduced when mea-
suring cervical ROM in symptomatic participants,” our
results do not support this finding as our reliability values
were higher than those of Tousignant-Laflamme et al.” The
Android clinometer showed excellent intrarater reliability
in measuring all movements except for rotation, for which

it showed moderate to good intrarater reliability. In a study
by Quek et al'’ in which cervical ROM was measured in
healthy participants, the intrarater reliability of the Android
clinometer application was excellent (ICC=0.82-0.9),
which is similar to our results. In our study, the Android
compass application showed poor to moderate between-

Table 4. Interrater Reliability Intraclass Correlation Coefficient, Confidence Interval (95% CI)

CROM Inclinometer iPhone Android
Movements ICC 95%CI ICC 95% C1 ICC 95% CI1 ICC 95% CI
Flexion 0.833 0.589-0.936 0.819 0.452-0.918 0.914 0.788-0.966 0.912 0.724-0.961
Extension 0.936 0.844-0.975 0.809 0.531-0.927 0.855 0.644-0.944 0.902 0.761-0.962
Right lateral flexion 0.962 0.907-0.985 0.805 0.05-0.896 0.89 0.731-0.958 0.919 0.79-0.966
Left lateral flexion 0.946 0.851-0.977 0.734 0.339-0.899 0.803 0.444-0.912 0.92 0.805-0.969
Right rotation 0.839 0.602-0.936 0.891 0.735-0.959 0.746 0.346-0.892 0.477 —0.345 t0 0.801
Left rotation 0.823 0.552-0.927 0.76 0.39-0.9 0.775 0.417-0.905 0.174 —0.984 to 0.663

CROM, cervical range-of-motion; /CC, intraclass correlation coefficient; CI, confidence interval.
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Table 5. Pearson Correlation Coefficient of ranges measurement by inclinometer, iPhone and Android compared to CROM device

Inclinometer iPhone Android
Movements Pearson r P value Pearson r P value Pearson r P value
Flexion 0.883 <.001 0.866 <.001 0.725 <.001
Extension 0.811 <.001 0.83 <.001 0.875 <.001
Right lateral flexion 0.842 <.001 0.942 < .001 0.915 <.001
Left lateral flexion 0.724 <.001 0.871 <.001 0.91 <.001
Right rotation 0.68 .001 0.694 .001 0.535 .015
Left rotation 0.526 .017 0.638 .002 0.458 .042

CROM, cervical range-of-motion

day reliability in rotation, whereas Quek et al'’

poor intrarater reliability (ICC = 0.05-0.33).

Because of the clinical importance of absolute reliabil-
ity, the SEM and MDC values were also extracted from the
test—retest paradigm. Our results on the patterns of abso-
lute reliability indices were in agreement with the relative
reliability. In our study, the iPhone applications showed the
lowest SEM and MDC, meaning the highest values of
absolute reliability. The high intrarater reliability and
simultaneously low SEM and MDC values suggested that
the iPhone applications can distinguish persons with neck
pain and also detect the actual ROM changes due to the
therapeutic interventions.

The CROM device obtained an MDC value ranging
from 5.82° to 11.7°, whereas the MDC of the iPhone varied
from 5.28° for right lateral flexion to 9.75° for right rota-
tion. For the Android smartphone, the lowest MDC was
obtained for left lateral flexion; however, the MDC was
6.97° for right—left lateral flexion and 32.87° for left rota-
tion. These results indicate that a real change due to thera-
peutic intervention in cervical flexion should be >5.28° to
be detected by the iPhone clinometer, whereas a real
change in right—left rotation should be >24.04° and
>32.87°, respectively, to be detected by the Android com-
pass application. Quek et al'’ reported that the MDC value
for right—left rotation were 48.7° and 46.9°, respectively,
for the Android compass application. Thus, it is clear that
the Android smartphone is unable to distinguish individual
variations in the horizontal plane and even detect clinically
relevant changes in re-evaluations between the therapeutic
sessions.

reported

Interrater Reliability

The results of this study showed excellent interrater reli-
abilities for the CROM device in measuring all cervical
ROMs of patients with neck pain, as those in studies of
Williams et al’ and Rheault et al.”* We found excellent
interrater reliability in measuring cervical ROM with the

dual digital inclinometer except for left lateral flexion,
which showed good reliability (0.6 < ICC < 0.74). Hoving
et al”” reported excellent inter-rater reliability for the EDI-
320 inclinometer (ICC=0.77-0.97) in measuring all
cervical movements. Cervical motion assessment with the
clinometer application of the iPhone and Android smart-
phones showed excellent interrater reliability for sagittal
and frontal movements. Pourahmadi et al’ reported good to
excellent interrater reliability (ICC =0.65-0.79) in measur-
ing cervical ROMs in patients with nonspecific neck pain.
In a study by Dvir et al” in which a new iPhone application
was used to measure cervical ROM in patients with non-
specific neck pain, they found excellent interrater reliability
(ICC =0.9-0.92) for all movements. Tousignant-Laflamme
et al® reported moderate interrater reliability for flexion or
extension and lateral flexion assessed using the iPhone cli-
nometer in healthy participants. However, in rotation evalu-
ation, the iPhone compass application showed poor
interrater reliability. This difference between our results
and those of Tousignant-Laflamme et al® may be related to
the random setting for tool selection that was used in the
present study. In our study, the Android clinometer showed
excellent interrater reliability, whereas the Android com-
pass application showed poor reliability in assessing rota-
tion. In the study by Quek et al,'’ no evaluations of
interrater reliability of the Android smartphone were per-
formed. The compass application of the iPhone showed
good to excellent interrater values in measuring rotation
that were higher than those obtained with the same applica-
tion in the Android smartphone, which showed poor to
moderate interrater reliability.

Validity

The correlation coefficients of the digital dual inclinom-
eter were higher than those of the CROM device, except
for rotation, which revealed a moderate correlation, proba-
bly because the rotation measurement with the inclinometer
was performed in the supine position. However, based on
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the 95% LOA, the difference in the inclinometer and
CROM device varied (0.87°-10.95°) depending on the
movement direction. The iPhone showed a high to very
high correlation with the CROM device for movements in
all planes except rotation; however, the difference in the
iPhone and CROM device measurements varied from
1.08° to 6.39°. The Android smartphone showed high to
very high correlation with the CROM device, and the com-
pass application showed low to moderate correlation for
rotation measurements. Moreover, the weaker correlation
between the Android smartphone and CROM device can
be attributed to the characteristics of this smartphone; that
is, it is likely that the Android smartphone calibration has
low accuracy. The reliability values obtained for the iPhone
were higher than those for the Android smartphone, which
may be related to the more advanced features of the gyro-
scope equipment. It should be mentioned that, as the com-
pass application is a magnetometer-based application, its
orientation sensitivity may lead to greater measurement
erTors.

In the current study, the neutral head position was con-
trolled visually and through self-balancing maneuvers.
This may have produced measurement errors in which the
starting positions were inconsistent across all trials. As
with the CROM device, the total range from the start point
to the final point was measured, and such errors did not
occur. As reported in previous studies,””® asymmetries in
ROM measurements of each plane between the right and
left sides were found when assessing cervical ROM in
symptomatic participants in the current study. In this study,
because the average age of the symptomatic population
was low, the mean cervical ROM in all planes did not
decrease compared with the cervical ROM of healthy peo-
ple reported in previous studies.”’*”-**

In this study, the retest assessments were done in the
usual manner performed in clinical settings after at least 1
week.” To our best knowledge, no reports have been pub-
lished about the reliability of Android smartphone applica-
tions in measuring cervical ROM in patients with neck
pain. To simulate the real clinical setting, all assessments in
this study were performed without making any limitation
for the participants, such as using helmets or fastening
straps. Thus, some differences between our results and
those of Guidetti et al'' may be related to this difference in
the evaluation setting. In this study, the assessments were
conducted in 3 trials (reciprocal motion and then a pause
between consecutive motions within each plane)*’ in which
the possibility of measurement errors diminished with each
trial. Furthermore, no previous study has evaluated the reli-
ability and validity of the clinometer and compass applica-
tions of the iPhone for cervical ROM assessments in
symptomatic patients, and as a previous study suggested,
continuous validity and reliability assessments of the clino-
metric properties of new smartphones are essential because
of new advancements.”
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In the present study, participants were instructed to
move their neck until they felt muscle tension; otherwise,
the test would be unrepeatable between different trials or
participants.

CONCLUSION

According to our results, the dual inclinometer and the
iPhone clinometer and compass applications showed
acceptable absolute and relative reliability in measuring
cervical ROMs in all planes. The Android clinometer appli-
cation showed acceptable reproducibility and accuracy for
the sagittal and frontal plane assessments; however, the
Android compass application had the lowest reliability and
largest error in measuring rotation. The validity results
showed that all assessed tools differed from the gold stan-
dard depending on the direction of movement, although the
iPhone applications showed fewer differences than the
other 2 devices.
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Practical Applications

e For measuring cervical range of motion in
patients with neck pain, the dual inclinometer
and iPhone applications showed acceptable
absolute and relative reliability in in all
planes.

e The Android compass application had the
lowest reliability and largest error in measur-
ing rotation, so it should be considered in the
diagnosis of a cervical disorder and determi-
nation of a therapeutic plan.

e Based on validity results, all assessed tools
differed from the gold standard depending on
the direction of movement.
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