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ARTICLE INFO Background: Shoulder range of motion (ROM) is one of the most important indicators of shoulder

disease severity, function, and physical assessment. A universal goniometer (UG) was used as a gold

Keywords: standard for ROM measurement. Recently, smartphone applications for ROM measurement have
Sho‘}lder range of motion attracted attention as alternatives to UG. This study aimed to investigate the validity and reliability of
Gonlom;ter active ROM measurements using a smartphone application goniometer that can be used by patients in a
lsrirtl:arctl[.)asgtzrrelation coefficient standing position.

- Methods: The dominant shoulders of 19 healthy participants were included in the study. The 2 ob-
Validity . . .. .
Reliability servers who were physical therapists used the UG, whereas the participants used a smartphone appli-

cation goniometer to measure the shoulder ROM. A recorder, who is a physical therapist independent of
the observer and participant, read and recorded the shoulder ROM measurements. The order of the
measurement movements and devices used was randomized.
Results: Agreement between the smartphone application goniometer and UG (percentage of partici-
pants for whom the difference between the UG and application measurements was within +20% of the
mean of the goniometer and application measurements) ranged between 42% and 100%. The intraclass
correlation coefficient values (3, 1) for the agreement between the smartphone application goniometer
and UG was between 0.72 and 0.97, showing significant and approximately perfect correlations.
Conclusion: High agreement with the UG showed excellent validity, indicating that the smartphone
application goniometer used by the participants in the standing position is an excellent method and
instrument. The results suggest a simpler, more reliable, practical, and inexpensive method for
measuring ROM required for telerehabilitation.

© 2022 The Authors. Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
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The shoulder is a complex of joints, including the glenohumeral
joint, subacromial articulation, acromioclavicular joint, sternocla-
vicular joint, and scapulothoracic articulation.” It is the joint with
the widest range of motion (ROM) in the human body.'® Many
shoulder diseases, such as the frozen shoulder and glenohumeral
osteoarthritis, often cause a decrease in ROM.? Therefore, ROM is an
important indicator for shoulder disease severity, function, and
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physical assessment.” The universal goniometer (UG) has been used
as a gold standard for ROM measurement, and its reliability has
been confirmed in many studies.®'>!'# However, there are some
limitations to its use. The UG requires 2 hands to operate, can be
difficult to accurately position, and requires visual estimation to
align and read the measurements.> With such limitations, smart-
phone applications for ROM measurement have recently been
attracting attention as an alternative method to UG. The smart-
phone is equipped with accelerometers and gyroscopic sensors that
detect the participant’s movements, which can measure the ROM.
The smartphone application goniometer can be operated with only
1 hand, and some are free of charge. Therefore, measuring ROM
with a smartphone application has the advantages of a low
installation cost and ease of use. Werner et al examined the
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reliability and validity of measuring shoulder ROM using a smart-
phone application and reported that the intraclass correlation co-
efficient (ICC) values for interobserver and intraobserver reliability
were 0.80 and 0.89, respectively, showing a significant correla-
tion.'® Additionally, Mejia-Hernandez et al reported an ICC value of
>0.84 as the interobserver reliability of measuring shoulder ROM
using a smartphone application.'”> However, there are problems
with these smartphone applications. The mobile device must be in
contact with the patient and secured to the forearm using an
armband. The armband needs to be disposable, as repeated use
may cause hygiene issues."” Additionally, the armband may loosen
during use, requiring vigilance from the measurer.'> Therefore, it
will be interesting to validate an evaluation method that does not
require an item other than a smartphone, such as an armband.
Additionally, the ROM measurements in previous studies were
mainly performed in the supine position, which required time and
space to lie down. To be faster and more suitable for daily life, it will
be helpful to measure the ROM for all movements in a standing
position. However, no studies have validated the accuracy of such
measurements.

In recent years, research on telerehabilitation interventions has
been increasing."” Interventions are important in rehabilitation,
and it is also important to evaluate physical functions before and
after interventions to understand the patient's problems and
measure the treatment effectiveness. Previous research on tele-
rehabilitation assumes that only the intervention is performed
remotely and that evaluation is conducted face to face at an actual
facility.'” However, an active ROM assessment method that will
allow patients to perform the entire process at home by themselves
will be helpful to realize telerehabilitation. Many studies have been
conducted to verify the accuracy of shoulder ROM measurements
using the smartphone application goniometer>%!2131618: however,
these are passive ROM measurements performed by observers, and
no studies have verified the accuracy of active ROM measurements
performed by participants themselves.

Therefore, this study aimed to evaluate the validity and reli-
ability of active ROM measurement using a smartphone application
goniometer that can be used by patients themselves in a standing
position. We hypothesized that active shoulder ROM measure-
ments using a smartphone application goniometer is as valid and
reliable as ROM measurement using a UG.

Materials and methods
Participants

The participants were students recruited from the Kyoto Uni-
versity. The inclusion criteria were as follows: (1) age >20 years, (2)
standing position during measurement, and (3) active movement of
at least 90° of shoulder joint flexion and abduction. The exclusion
criteria were as follows: (1) presence of pain in the glenohumeral,
acromioclavicular, or sternoclavicular joint during active shoulder
joint movement; and (ii) self-reported previous significant injury in
the glenohumeral, acromioclavicular, or sternoclavicular joint. The
dominant arm was used for writing, and the shoulder joint ROM of
the dominant arm was measured.

Observers

Two physical therapists (H.S. and T.S.) who served as observers
measured the shoulder ROM using a UG, and a recorder (C.K.), a
physiotherapist independent of them, read and recorded the
shoulder ROM to blind the results from the observers and partici-
pants. The week before the measurements were taken and on the
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day of the measurements, the 2 observers practiced the shoulder
ROM measurements adequately.

Instruments

Active shoulder ROM was measured using a UG and smartphone
application goniometer. The UG, Goniometer Todai-shiki 30 cm KO
(Tsutsumi, Chiba, Japan) is a high-resolution stainless-steel goni-
ometer that permits measurement of the axis of motion and joint
ROM. The smartphone application goniometer, yROM (Healthcare
Technologies LLC), is a smartphone application that sets the angle
to 0° once the user touches the screen of the smartphone. The angle
is measured when the user touches the screen again after moving.
The smartphone application can be used by the participants
themselves to measure the ROM.

Procedures

The following 8 active shoulder movements were measured:
forward flexion (FF), extension (EXT), abduction (ABD), external
rotation with the arm at the sides, external rotation at 90° ABD
(ER90ABD), internal rotation at 90° ABD (IR90ABD), external rota-
tion at 90° FF (ER90FF), and internal rotation at 90° FF (IR90FF). All
the movement measurements were taken in a standing position,
and the participants were instructed to place the back of their
heads, backs, buttocks, and heels against a wall to prevent their
trunk from moving. Each movement was measured 3 times by 2
observers on the goniometer and 3 times by the participant on the
smartphone application. To eliminate the effects of learning and
fatigue, the order of the measurement movements and equipment
used was randomized. To control for the effects of poor movement
and stretching, the participants practiced the movements thrice
before each movement was measured. The participants were
verbally instructed to hold their wrists in a neutral position to
reduce the effect of the wrist joint.

An IR90ABD was additionally measured under 2 conditions to
find improvements in the measurement method using the smart-
phone application goniometer: First, the wrist was immobilized in
an orthotic to verify the effect of wrist motion on measurement
accuracy (IR90ABD [orthotic]); and second, an observer performed
the application tapping motion required for the measurement on
behalf of the participants to verify the effect of hand motion during
tapping (IR90ABD [tap]).

Statistical analytics

Statistical analyses were performed using SPSS version 23
software (IBM Corp., Armonk, NY, USA). To validate the measure-
ment of ROM using the smartphone application, the measurements
obtained by the smartphone application were compared to those
obtained by the goniometer.

The smartphone application agreement relative to the goni-
ometer was performed using the Brand-Altman analysis. When the
number of participants for whom the difference between
the goniometer and application measurements was within +20% of
the mean of the goniometer and application measurements was
75% or more of all the participants, the goniometer and application
measurements can be considered to be in agreement.*

The validity of the smartphone application relative to the
goniometer was calculated using the ICC (3, 1). The ICC values were
calculated from the average of the 3 measurements of each
observer using a goniometer and the average of the 3 measure-
ments of each participant using the application. According to the
guidelines of Landis and Koch, the ICC values of 0.00-0.20 are
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Table III
Validity of smartphone applications goniometers for active shoulder ROM.

Table I

Characteristics of the study participants (n = 19).
Characteristics Mean (SD)
Age, yr 25.7 (44)
Body mass index, kg/m? 21.2(1.9)

Frequency (%)

Gender
Male 5(26.3)
Female 14 (73.7)
Sides evaluated (dominant upper limb)
Right 17(89.5)
Left 2 (10.5)

SD, standard deviation.

Table II
The agreement of the smartphone application relative to the goniometer: a Brand-
Altman analysis.

Movement Observer 1 (%) Observer 2 (%)
FF 100 100
EXT 79 100
ABD 100 100
ERS 100 95
ER90ABD 100 100
IR90ABD 53 42
ER9OFF 89 84
IR9OFF 100 100

FF, forward flexion; EXT, extension; ABD, abduction; ERS, external rotation with the
arm at the sides; ER90ABD, external rotation at 90° abduction; IR90ABD, internal
rotation at 90° abduction; ER9OFF, external rotation at 90° forward flexion; IR90FF,
internal rotation at 90° forward flexion.

considered to be sleight correlations, 0.21-0.40 fair correlations,
0.41-0.60 moderate correlations, 0.61-0.80 substantial correlations,
and 0.81-1.00 approximately perfect correlations.”

Fixed and proportional biases of the smartphone application
relative to the goniometer were evaluated using a Brand-Altman
plot. The fixed bias was calculated using the 95% confidence in-
terval (CI) of the difference between the UG and smartphone
application goniometer measurements. If the 95% CI was zero, there
was no fixed bias. If the 95% CI was <0, the smartphone application
goniometer indicated underestimation; if the 95% CI was >0, the
smartphone application goniometer indicated overestimation. The
proportional bias was determined by the correlation coefficient
calculated using the mean and difference between the smartphone
application goniometer and UG.

The ICC (1, 1) was used to check the within-day reliability of the
smartphone applications. The ICC values were calculated using 3
measurements for each participant.

To quantify the variability and measurement error, the standard
error of measurement (SEM) and minimal detectable change (MDC)
at the 95% CI were calculated. The SEM was calculated as SD/+/2,
and MDCgg was calculated as 1.96 x SD, where SD is the standard
deviation of the difference between the 3 measurements of the
application.® Statistical significance was set at P < .05.

Results

Table I presents the characteristics of the study participants. We
analyzed the data from 19 shoulders (17 right and 2 left) of the 19
participants. The participants included 5 men and 14 women aged
22-42 years.

The results of the Bland-Altman analysis, where the percentage
of participants for whom the difference between UG and applica-
tion measurements was within +20% of the mean of the
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Movement ICC (3, 1) (95% confidence interval)
Observer 1 Observer 2

FF 0.94 (0.84-0.97) 0.94 (0.84-0.96)
EXT 0.72 (0.40-0.89) 0.78 (0.51-0.91)
ABD 0.94 (0.86-0.98) 0.97 (0.92-0.99)
ERS 0.91 (0.78-0.96) 0.85 (0.66-0.94)
ER90ABD 0.91 (0.77-0.96) 0.94 (0.85-0.98)
IR90ABD 0.87 (0.70-0.95) 0.85 (0.65-0.94)
EROOFF 0.83 (0.61-0.93) 0.93 (0.84-0.97)
IROOFF 0.85 (0.64-0.94) 0.81 (0.56-0.92)

ROM, range of motion; ICC, intraclass correlation coefficient; FF, forward flexion;
EXT, extension; ABD, abduction; ERS, external rotation with the arm at the sides;
ER90ABD, external rotation at 90° abduction; IR90ABD, internal rotation at 90°
abduction; ER9OFF, external rotation at 90° forward flexion; IR90FF, internal rotation
at 90° forward flexion.

Table IV
The fixed biases of the smart phone application relative to the goniometer: a Brand-
Altman plot.

Movement 95% Confidence interval
Observer 1 Observer 2

FF —0.72 to 5.10 -1.36 to 4.13
EXT —3.11 to 1.36 —1.61to 1.85
ABD —7.33 to —-2.07 —5.68 to —1.65
ERS —1.59 to 2.22 —3.59 to 0.96
ER90ABD 0.31 to 5.84 —0.50 to 4.32
IR90ABD 2.56 to 7.58 3.52 to 8.98
ER9OFF —0.39 to 0.48 0.40 to 3.38
IR9OFF —0.65 to 4.52 —0.61 to 4.89

FF, forward flexion; EXT, extension; ABD, abduction; ERS, external rotation with the
arm at the sides; ER90ABD, external rotation at 90° abduction; IR90ABD, internal
rotation at 90° abduction; ER90FF, external rotation at 90° forward flexion; IR90FF,
internal rotation at 90° forward flexion.

goniometer and application measurements, are presented in
Table II. The agreement between the smartphone application
goniometer and UG ranged between 42% and 100%. The level of
agreement for all movements was >75%, except for IR90OABD.

The ICC (3, 1) values for the agreement between the smartphone
application goniometer and UG to verify the reliability of the
smartphone application goniometer are reported in Table IIl. The
ICC value for EXT was 0.72, indicating substantive correlations,
whereas those for other movements ranged between 0.81 and 0.97,
indicating approximately perfect correlations.

Table IV presents the 95% Cls for the differences between the UG
and smartphone application goniometer measurements. The 95% CI
for ABD was <0. Therefore, the smartphone application goniometer
underestimated the ROM for ABD. The 95% CIs of ER90ABD by
observer 1,IR90ABD by observers 1 and 2, and ER90FF by observer 2
were >0, and the smartphone application goniometer indicated
overestimation in these ROM measurements.

The correlation coefficients of the difference between the UG
and smartphone application goniometer measurements are pre-
sented in Table V. Significant correlations were found in EXT by
observer 2, ABD by observer 1, EROOFF by observer 1, and IR90FF by
observers 1 and 2 with correlation coefficients of 0.46-0.66, indi-
cating moderate correlation. Therefore, the smartphone application
goniometer indicated a proportional bias in the ROM
measurements.

The ICC (1, 1) values for the reliability of the 3 shoulder ROM
measurements using the smartphone application goniometer are
reported in Table VI. The ICC value for the EXT was 0.79, indicating
substantive correlations, whereas those for the other movements
were 0.89-0.95, indicating approximately perfect correlations.
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Table V
The proportional biases of the smart phone application relative to the goniometer: a
Brand-Altman plot.
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Table VII
Variability and measurement error of smartphone application goniometer for active
shoulder ROM measurement.

Movement Correlation coefficients (P value) Movement SEM MDCgo
Observer 1 Observer 2 FF 2.3 6.4
FF 0.13 (.59) 0.42 (.O7)< /E)l;TD ;i gg
EXT 0.04 (.88)< 0.56 (.01) ERS 2'] 5'9
ABD 0.53 (.02) 0.36 (.13) | ’
ER90ABD 2.7 7.5
ERS 0.13 (.60) 0.30 (.21) IR9OABD 21 58
ER90ABD 0.32 (.18) —0.07 (.78) EROOFF 22 62
IR90ABD 0.40 (.09) ‘ 0.37 (.12) IR9OFF ]'9 5'2
ER9OFF 0.46 (.046) 0.24 (.34) ' :
IR90FF 0.47 (.04)" 0.66 (.002)’ ROM, range of motion; SEM, standard error of measurement; MDC, minimally

FF, forward flexion; EXT, extension; ABD, abduction; ERS, external rotation with the
arm at the sides; ER90ABD, external rotation at 90° abduction; IR90ABD, internal
rotation at 90° abduction; ER9OFF, external rotation at 90° forward flexion; IR90FF,
internal rotation at 90° forward flexion.

“P value < .05.

Table VI
Within-day reliability of the smartphone application goniometer for active shoulder
ROM measurement.

detectable change; FF, forward flexion; EXT, extension; ABD, abduction; ERS,
external rotation with the arm at the sides; ER90ABD, external rotation at 90°
abduction; IR90ABD, internal rotation at 90° abduction; ER90FF, external rotation at
90° forward flexion; IR90FF, internal rotation at 90° forward flexion.

Table VIII
The agreement of the smartphone application goniometer relative to the goniom-
eter: a Brand-Altman analysis.

Movement ICC (1, 1) (95% CI)
FF 0.94 (0.88-0.98)
EXT 0.79 (0.62-0.91)
ABD 0.95 (0.91-0.98)
ERS 0.89 (0.79-0.95)
ER90ABD 0.93 (0.86-0.97)
IR90ABD 0.93 (0.86-0.97)
ER9OFF 0.90 (0.80-0.96)
IR9OFF 0.91 (0.82-0.96)

ROM, range of motion; ICC, intraclass correlation coefficient; CI, confidence interval;
FF, forward flexion; EXT, extension; ABD, abduction; ERS, external rotation with the
arm at the sides; ER90ABD, external rotation at 90° abduction; IR90ABD, internal
rotation at 90° abduction; ER9OFF, external rotation at 90° forward flexion; IR90FF,
internal rotation at 90° forward flexion.

The SEM for the 3 shoulder ROM measurements by the smart-
phone application goniometer ranged from 1.9 to 2.7, and the
MDCgg ranged from 5.2 to 7.5 (Table VII).

Table VIII shows the results of the Brand-Altman analysis of
additional measurements. The agreement of IR90ABD (orthotic)
with the UG measurements by observers 1 and 2 was 62.5%, below
the 75% level of agreement but above the IR90ABD agreement
levels of 53% and 42%, respectively. The agreement between the
IR90ABD (tap) measurement and goniometer measurements by
observer 1 was 75%. The agreement of IR90ABD (tap) with the
goniometer measurement by observer 2 was 62.5%, which was
lower than the 75% level of agreement but higher than the IRO0ABD
agreement level of 42%.

Discussion

This study assessed the validity and reliability of a smartphone
application goniometer, which participants themselves can use to
measure ROM in a standing position. The agreement between the
smartphone application goniometer and UG measurements in this
study exceeded the 75% level of agreement for all the movements,
except IR90ABD. The results indicate that FF, EXT, ABD, external
rotation with the arm at the sides, ER90ABD, ER90FF, and IR90FF are
validated measurements obtained using a smartphone application
goniometer. The ICC (3, 1) values for the smartphone application
goniometer compared with the UG ranged between 0.72 and 0.97.
They were classified in the range of substantial to approximately
perfect correlations. The ICC values ranged from 0.72 to 0.97, which
is comparable to ICC values of 0.79-0.99 in a previous study
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Movement Observer 1 (%) Observer 2 (%)
IR90ABD (orthotic) 62.5 62.5
IR90ABD (tap) 75.0 62.5

IR90ABD (orthotic), internal rotation at 90° abduction with wrist orthotics; IR90ABD
(tap), internal rotation at 90° abduction with the observers taking over the taps.

examining the accuracy of smartphone-based passive goniometry
in a supine position.> The SEM ranged between 1.9 and 2.7, and
MDCgp ranged between 5.2 and 7.5. The SEM and MDCgy showed
better values than those reported in previous studies. These results
suggest that the active shoulder ROM measurements using a
smartphone application goniometer in a standing position are as
reliable as passive measurements in a supine position, which is
currently the standard method. The ICC (1, 1) values for intraday
reliability were 0.79-0.95 and classified as substantive correlations
or approximately perfect correlations. These results indicate that
the smartphone application goniometer had superior
reproducibility.

This smartphone application goniometer has some excellent
features; however, there are some limitations to its use. The results
of the Brand-Altman plot showed that the smartphone application
goniometer may have a fixed bias, which may underestimate ABD
and overestimate ERO0ABD, IRO0ABD, and ER9OFF. The smartphone
application goniometer may have significant proportional biases in
EXT, ABD, ER9OFF, and IR90OFF. The measurement of these move-
ments may only be used in limited situations, such as pre-
intervention and postintervention evaluations.

Additional measurements were conducted on IR90ABD, which
fell below the 75% agreement as a result of the Brand-Altman
analysis. The agreement of IR90ABD (orthotic) with the UG mea-
surements by observers 1 and 2 was 62.5%, above the IR90ABD
agreement level of 53% and 42%, respectively. This result indicates
that compensatory movement by the wrist joints may have
occurred in the IR90ABD measurement, thereby reducing the
agreement between the smartphone application goniometer and
UG measurements. The agreement between the IR90ABD (tap) and
goniometer measurements by observer 1 was 75%. The agreement
of IRO0ABD (tap) with the goniometer measurement by observer 2
was 62.5%, which was higher than the IRO0ABD agreement level of
42%. The agreement was improved by having the observer perform
the tapping operation necessary for the measurement on behalf of
the observer, indicating that the tapping operation may have
caused measurement error. In the smartphone application goni-
ometer used in this study, the joint angle was measured by the
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participant tapping the screen; however, a measurement method
that automatically measures the joint angle by holding it for a
certain period of time without requiring tapping may be better.
Furthermore, this method of measurement may not necessarily be
a concern because the results of this study showed similar level of
reliability as those of the previous studies>'>'® although the
smartphone application goniometer was fixed to the participant’s
forearm while the examiner read the measurements in previous
studies; thus, there was no effect of the participant’s wrist joint
movement or tapping.

This study had several limitations. First, the participants were
healthy individuals. It is assumed that the actual users of the
application are symptomatic. Symptomatic patients may move
differently from healthy people,” and the accuracy of shoulder joint
measurements may vary. Previous studies'>'® have confirmed that
the accuracy of shoulder ROM measurement using smartphone
applications is excellent even in symptomatic patients. However,
the accuracy of standing and active shoulder ROM measurements
in symptomatic patients has not been confirmed, and it requires
further validation. This is because compensatory movements at the
elbow and scapulothoracic joints may impact this assessment in
injured shoulders. Therefore, the ROM measured in this study is
limited to the fact that it is not a true scapulohumeral joint ROM but
a functional ROM that includes the scapulothoracic joint. Second,
there was a bias in the characteristics of the study participants.
Most of the measurement sides were the right shoulder, and the
shoulder joint movement may vary, depending on whether it is on
the dominant or nondominant side.” These biases may have
affected the measurement accuracy. Additionally, most of the par-
ticipants were young and female. Patients with frozen shoulder
who are assumed to be users of smartphone application goniom-
eter are more likely to be female rather than male and are more
common in the 40-60 years age group.’ It may be difficult to
generalize the results for men and the elderly as most of the par-
ticipants in this study were women, but it is not necessarily a major
issue in frozen shoulder, which has a high incidence in female and
nonelderly patients. Third, the sample size of this study was small.
This study met the sample size required for ICC."" However, a larger
sample size allows for a more detailed analysis of the effects of the
dominant arm, sex, and age.

Conclusion

This study evaluated the validity and reliability of using a
smartphone application goniometer by the participants themselves
to measure active shoulder ROM in a standing position. The results
showed excellent validity, owing to high agreement with the UG
and excellent intraday reliability values. This indicates that the
smartphone application goniometer used by participants in a
standing position is an excellent method and instrument. The re-
sults suggest a simpler, more reliable, practical, and inexpensive
method for measuring ROM required for telerehabilitation.
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