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Goniometry Apps: Do They Measure Up?
Exploring the Accuracy of Mobile Device Apps
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Department of Physical Therapy, USA

Abstract

Purpose: Health care professionals use smartphones in the clinic with mobile device applications (apps)
to measure data such as joint ROM. The purpose of this study was to examine goniometer apps and to
compare their measurements to an electronic goniometer gold standard to identify the most precise apps.

Method: 7 different apps were identified for Apple and Android devices. Each of these apps provided
measurements concurrently with an electronic goniometer reference at 6 different predetermined
angles. Descriptive statistics, including mean, standard deviation (SD) from the gold standard electronic
goniometer, standard error of mean (SEM), mean absolute difference (MAD), and 95% confidence intervals
were calculated. An intraclass correlation coefficient (ICC) was calculated to observe for reliability. Bland-
Altman plots were configured to show directional preference of two measurement techniques. A Pearson
correlation coefficient (r) was used to determine validity to describe the strength and direction of the
relationship for Goniometer Pro (Apple) or 360 Protractor (Android) and the gold standard. Results: The
most accurate Apple app was Goniometer Pro and Android app was 360 Protractor. The ICCs for reliability
for both the Apple app and the Android app were 0.99 (95% CI 0.98, 1.00). The Pearson correlation
coefficient for validity was significant at r=1.00 (95% CI 0.99,1.00) Conclusion: Both Goniometer Pro on
the Apple device and 360 Protractor on the Android device were the most accurate with high reliability
and validity.

Introduction

Inrecent decades, technology has become an increasingly indispensable part of healthcare
services. The development and dramatic improvement of smartphones has given health care
professionals constant and portable access to a great wealth of technology at the tip of their
fingers. Surveys of physicians show 81 percent report utilizing a mobile device at work [1].
Applications (apps) for smartphones are now available for almost everything imaginable;
from reference materials and lab values to communication tools and measurement functions.
These applications can and should be used to improve patient care and enhance provider
efficiency in a variety of health care settings. Physical therapists regularly have a need for
accurately assessing range of motion of a given joint. Range of motion measurements are
used to assess functionality as well as document objective changes in patient limitations.
Universal goniometers are one of the most widely used measuring tools and can be found
in almost any physical therapy clinic. However, physical therapists work in a wide variety of
settings where clinical implements are not always readily available. Therapists practicing in
settings such as home health and acute care will only have access to tools and resources, they
are able to carry with them. Having the ability to use smartphone applications for functions
such as goniometric measurements can make practicing in less conventional settings more
convenient. Additionally, goniometer apps can offer a free or cheap alternative to traditional
measurement tools [2].

While there are many practical applications for smartphone use by healthcare providers,
the variable quality and lack of regulation also means there are possible risks. While studies
show a large percentage of healthcare workers utilizing this technology, only 23 percent
report doing any sort of risk assessment before using an application at work [1]. Goniometer
apps need to be validated as reliable clinical tools before being integrated into regular physical
therapy practice. Many different goniometer apps are currently available, however, only 5 apps
from a 2014 systematic review are still on the market [3]. With this technology constantly
changing and updating, it is important to continue to research the validity and reliability of
these applications and their use in clinical settings. Several previous studies of goniometer
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apps involved assessing only one or two app’s reliability as well as
measuring only a particular joint motion or body segment [2,4].
Earlier studies that involved mobile devices for joint measurements
had a lack of goniometer apps available and instead used only level
apps to quantify joint range of motion [3,5]. Recent research has
begun exploring measurements for a pathology of a specific joint
[6,7]. Additionally, several other studies have explored interrater
reliability when using goniometer applications rather than the
application’s reliability of measurement compared to standard
tools [8,9].

This study examines numerous goniometer applications across
both Apple and Android mobile devices. Measurements from
these apps were compared to measurements from an electronic
goniometer as a gold standard to assess their reliability. Electronic
goniometers allow for accurate measurements within one-tenth ofa
degree and have been found to be statistically equivalent to universal
goniometers, which are the most common tool utilized by clinicians
[9,10]. Additionally, the digitally displayed measurements from the
electronic goniometer reduce reading error from the examiner.
The results of the goniometer app measurements compared to the
electronic goniometer were analyzed for consistency and precision
in order to determine how well the apps perform. The aim of this
study was to determine the reliability and validity of multiple
goniometer apps on both Apple and Android devices compared
to electronic goniometer measurements and identify the best
performing apps to justify use of these apps in clinical settings
in place of traditional measurement tools. In addition, this study
assessed if there were any significant differences in performance
between devices for applications available on both operating
platforms to determine if the type of mobile device used affects the
performance of the goniometer apps.

Methods

In this study, two different mobile devices were utilized to
test the different apps and data collection. Both devices that were
selected provide access to the two commonly used services for app
downloads, which were iTunes store and Google Play store. There
were three exclusion criteria for this study. First, the study aimed to
use low cost or free applications, therefore any app over 15 dollars
was excluded from this study. The second criteria excluded all apps
whose primary function was through the camera system rather
than use of the device’s accelerometer to measure angles. The last
exclusion criteria were that any app without an English language
setting for rater understanding was not utilized. Inclusion criteria
allowed for leveler and protractor apps if capable to read angles
from 0 to 180 degrees while meeting the other criteria. These apps
were also considered due to other research articles utilizing these
apps rather than goniometer apps due to availability at that time.
Each app was individually tested and compared to the electronic
goniometer.

Research Design

This is a non-experimental descriptive study that examines the
2 mobile devices against an electronic goniometer, measuring at 6
different angles across 7 different apps.

Raters

Two Doctor of Physical Therapy students from Angelo State
University were the raters for this study. Rater training and repeated
experiences with electronic goniometer use were completed
prior to data collection with faculty guidance and following
company guidelines. Further training was completed when the
raters practiced with placement of the tools for consistency of
measurements. Rater one took all the app measurements. The
second rater managed all angles on the electronic goniometer
concurrently.

Instruments

The electronic goniometer utilized was from the Baseline
Evaluation Instruments production line See in Figure 1. The
electronic goniometer canread 0 to 185 degrees to the tenth decimal
with a digital screen. Prior to the study, the Baseline electronic
goniometer integrity was assessed by comparing it to a 90 degrees
carpenter’s arm. The electronic goniometer was measured three
times with an average reading of 90 degrees, +.1. The mobile devices
that the apps were downloaded through were an Apple iPod Touch
(Model A1574) and a Motorola Moto G4 mobile phone See in Figure
2. The integrity of the devices was checked preceding the study and
data collection (Figure 3).

B gl Abs

ABSCL T |-
s

Figure 1: Baseline Electronic Goniometer.

Figure 2: Left-Motorola Moto G4 Android mobile
phone; Right - Apple iPod Touch (Model A1574).
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Figure 3: Procedural setup of the electronic
goniometer and the mobile apps.

Procedure

Following the inclusion and exclusion criteria, 7 different apps
were selected, 2 of which were available on both mobile platforms.
Five of the apps were on iTunes while the other four were available
through Google Play. Data collection followed a procedure that was
like a study by Wellmon et al. [11]. This research had pre-selected
angles the app would measure. This study also had predetermined
angles but measured every 30 degrees from 0 to 180 degrees
between the distal (or mobile) and proximal (or stable) arm (Figure
4). Thus, a total of 6 different angles were measured for each app.
This was intended to show if there were any potential changes in
the apps’ accuracy throughout the range (Figure 5). Each mobile
device was placed on the backside, one at a time, on the distal arm
of the goniometer in order to register the movement and complete
the data collection of the different angles. These mobile devices
were fastened securely in the middle of the surface using double
sided tape. Each app was opened individually while the electronic
goniometer was set at its zero reading. Each app was zeroed
out in order to start with equal readings prior to beginning data
collection (Figure 6). Each app was moved with the distal arm to
each preset angle, and the angle was held for 3 seconds for the app
measurement to hold steady. The data was then gathered from the
app when the electronic goniometer reading showed the angle
desired. The distal arm was returned to the zero point, the app was
again reset to zero, and the process repeated to that same angle.
Each angle was measured a total of ten trials for each app, divided
between two data collection sessions (Figure 7).

Figure 4: Angle Pro: Apple device app.

Figure 5: Get My ROM: Apple device app.

Figure 6: Goniometer Pro: Top - Apple device
version, Bottom - Android device version.

Figure 7: Measure to Move Goniometer: Apple
device.

Statistical analysis

From the selected apps and data collection, the values of the
ten trials for each angle for every app were calculated using IBM
SPSS Statistics 21 to produce descriptive statistical data for mean,
standard deviation, standard error of measurement, and mean
absolute difference. The mean absolute differences were calculated
as the absolute value of the difference between the measured angle
and the reference angle (Figure 8). Using mean absolute difference,
the best apps were identified by the smallest variance from the
reference angle. One app from the Apple device was selected and one
app from the Android device was selected as the best performing
apps (Figure 9). The same two apps were then assessed for Intra-
rater reliability by calculating intraclass correlation coefficients
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(ICC) with 95% confidence intervals (CI). ICCs are considered
viable tests to assess for reliability [12]. The ICC was performed by
taking the worst measured angle out of the ten trials for each angle,
and then comparing them to the reference angle (Figure 10). These
values were compared to the electronic goniometer reference angle
to produce ICC values to determine further correlation of the apps
to the gold standard. According to Portney et al. [13], there are
defined ranges of ICC values [13]. The ranges are as follows: less
than 0.50 is poor, 0.50 to 0.75 is considered moderate, 0.75 to 0.9
is classified as good, and a value greater than 0.90 is rated excellent
[13,14].

Figure 8: Rate Fast Gonio: Left-Android version,
Right-Apple version.

Figure 9: 360 Protractor - Android version.

Figure 10: Bubble Level, Spirit Level - Android
device.

The measured angles of the ten trials at 30 degrees were
compared for the best apps to find directional preference and
level of agreement via the Bland-Altman plot, shown in Figure 11.
In the Bland-Altman plot, the differences between the scores (on

the y-axis) were plotted against the values of the app scores (on
the x-axis). The deviation of the difference from zero line, which
implies total agreement between the instruments, indicates the
degree of agreement for each score taken at the given degree
point [15]. A 95% limit of agreement (LOA) was defined as £1.96
standard deviations from the mean, thus providing a lower and
upper LOA. The scores were further assessed for agreement by
checking if the values were between the upper and lower LOA.
Concurrent validity was investigated with a Pearson’s r correlation
coefficient to describe the strengths and direction of correlation at
various degree points of the gold standard/electronic goniometer
(reference criterion) to the best apps, Apple’s Goniometer Pro and
Android’s 360 Protractor.
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Figure 11: Bland-Altman Plots. This graph shows
all 30-degree measurements taken for the best
performing apps on both the Apple and Android
devices fell within the upper and lower Limits of
Agreement (LOA).

Result

The measurements were found to be normally distributed via
plotting histograms and obtaining skewness and kurtosis values.
From the nine total apps that were downloaded between the two
mobile devices, information and background on the each were
collected and compiled in Table 1. This includes details about
prices, provider, number of downloads at the time of this study, and
most recent update. Tables 2a and Table 2b contain the strengths
and weaknesses concerning the interface of the app or usage that
was noted during data collection. Images of each app interface
can be found in Appendix C. Utilizing SPSS 21 to analyze the
measurements, data produced descriptive statistical data including
mean, standard deviation, standard error of measurement, and
mean absolute difference (see Table 3 for Apple apps data and see
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Table 4 for Android apps data). By comparison of the numbers from  to the reference angle, with the smallest standard deviations; one
the data, two apps were found to have mean values that were closest  app on the Android and one app on the Apple.

Table 1: Goniometer App Information.

. . Date of Re- Range of Downloads (Given Downloads
App Name [ s Cost Fonisliee! cent Version are from Google Play Only)
Angle Pro 5fufs 2.99 (Free trial Goniometer 15-May-16 10,000

available)

Interactive Medical . .
GetMyRom Production, LLC 2.99 Goniometer 25-Apr-16 Not Provided

12.99 (Free trial

Goniometer Pro 5fuf5 X Goniometer 8-May-16 50,000
available)
Measul.”e to move Alexey Brilev Free Goniometer 12-Feb-16 Not Provided
Goniometer
RateFastGonio RateFast 1.99 Goniometer 6-Nov-16 1,000-5,000
Android App Used:
RateFastGonio RateFast Free Goniometer 6-Nov-16 1,000-5,000

360 Protractor Kazeka Software Free Goniometer 20-Nov-16 500-1,000
Development Labs

Bubble Level

o NixGame Free Level 31-Oct-17 1 Mil-5 Mil
Spirit Level
Goniometer Pro 5fuf5 12.99 (Free trial Goniometer 8-May-16 50,000
available)
Table 2a: Goniometer app Strength and weaknesses.
App Name Strengths or Advantages Challenges or weaknesses
Apple Apps Used:

1.  Startand stop function for talking measure-
ments

Angle Pro 2. Can take measurements in two planes-verti- 1. Beep every time it passes a 90-degree axis
cal or horizontal to ground

3. Can measure within 0.1 degrees

1.  Show start, stop, and total ROM values
1.  Zero-degree axis is with phone in upright

2. Measurement log within app position and cannot be changed
GetMyROM can change direction between clockwise and
counterclockwise 2. Only takes measurement in one plane-ver-

tical to ground
3. Can measure within 0.1 degrees

1.  Can take measurements in two planes- verti-
cal and horizontal to ground

1. High cost

. 2. Can zero out starting axis at any angle

Goniometer Pro J yang

2. Can only store up to 12 measurements at

3. Can measure within 0.1 degrees atime

4. Can store measurements

1. Must hold phone study until app ready in

. . order to take a measurement
1.  Can take measurements in two planes-verti-

cal and horizontal to ground

Measure to Move Goniometer 2. Makes measurement automatically as

2. Includes helpful tutorial on how to use app soon as device stops moving

3. Only measures in whole degrees
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RateFastGonio

1. Cantake measurements in two planes-verti-
cal or horizontal to ground
2. Can change the direction between clockwise

or counterclockwise
Easy to use

Only measures in whole degrees

Phone must be completely within hori-
zontal or vertical plane in order to take
measurements

Table 2b: Goniometer app Strength and weaknesses.

App Name Strengths or Advantages Challenges or weaknesses
Android Apps Used:
) . . 1. Doesnotm re angl h imal pl
1.  Free and fixed axis alignment setting oes not measure angles to the decimal place
RateFastGonio 2. Camera function 2. Device must be in upright position to measure
. . 3. Frame rate drops during movement compared to
3.  Simple interface P & Mot P
Apple version
1. Calibration setting to zero out reading with refer-
ence angle .
& 1.  Manual subtract start and stop values to find end
360 otractor
. measurements
2. Clean interface
Pause button to read measurements
1. Can set any new zero at any angle and immediately
starts to calculate end value from that angle
Bubble Level 2. Calibration button 1. Depending on what plan the device is placed in will
. ’ change function from goniometer to level automat-
Spirit Level ¢
3. Accuracy button to change between whole degrees ically
or decimals
4. 14 language settings
1.  Can takes measurements in two palnes-vertical and
horizontal to ground 1.  Highcost
. 2. Canzero outstanding axis at any angle 2. Can only store upto 12 measurements at a time
Goniom Pro
3. Can measure within 0.1 degrees 3. Drops in frame rate for measured value during
movement compared to Apple version
4.  Can store measurements

Table 3: Descriptive statistics for refences and app measures.

Appll\;e_ggwce Reference Angle: 30 deg 60 deg 90 deg 120 deg 150 deg 180 deg
Mean 29.38 59.68 90.19 120.28 150.71 181.27
SD 0.12 0.19 0.22 0.16 0.26 0.17
Angle Pro
SEM 0.04 0.06 0.07 0.05 0.08 0.05
Mean Absolute Difference 0.62 0.22 0.25 0.28 0.71 1.09
Mean 29.37 59.62 90.13 120.37 150.74 181.35
GetMyRom SD 0.08 0.1 0.11 0.16 0.18 0.16
SEM 0.03 0.03 0.03 0.05 0.06 0.05
Mean Absolute Difference 0.63 0.16 0.13 0.37 0.74 1.14
Mean 29.46 59.55 90.19 120.4 150.68 181.38
SD 0.16 0.12 0.21 0.25 0.25 0.18
Gonio Pro
SEM 0.05 0.04 0.07 0.08 0.08 0.06
Mean Absolute Difference 0.54 0.13 0.21 0.4 0.68 1.23
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Mean 31.21 61.32 90.68 125.48 148.79 177.71
SD 1.65 2.59 1.02 2.1 6.55 2.3
Measure to move Goniometer
SEM 0.52 0.82 0.32 0.67 2.07 0.73
Mean Absolute Difference 0.89 0.57 0.36 0.25 0.53 1.11
Mean 28.9 59 89.9 120 150.7 181.3
SD 0.32 0 0.32 0 0.48 0.48
RateFastGonio
SEM 0.1 0 0.1 0 0.15 0.15
Mean Absolute Difference 1.1 1 0.1 0 0.7 11
Table 4: Descriptive statistics for refences and app measures.
AndroNliill())ewce Reference Angle: 30 deg 60 deg 90 deg 120 deg 150 deg 180 deg
Mean 29 59.1 89 118.8 148.5 177.9
SD 0 0.32 0 0.63 0.85 0.32
RateFastGonio
SEM 0 0.1 0 0.2 0.27 0.1
Mean Absolute Difference 1 0.9 1 1.2 1.5 1.7
Mean 30 60.2 90.4 119.9 150 180.1
SD 0.47 0.42 0.52 0.32 0.67 0.74
360 Protractor
SEM 0.15 0.13 0.16 0.1 0.21 0.23
Mean Absolute Difference 0.2 0.2 0.4 0.1 0.4 0.3
Mean 29.16 59.17 89.12 118.94 148.71 178.58
SD 0.14 0.3 0.4 0.16 0.17 0.15
Bubble Level, Spirit Level
SEM 0.04 0.09 0.13 0.05 0.05 0.05
Mean Absolute Difference 0.84 0.83 0.88 1.06 1.29 1.16
Mean 29.37 59.56 89.85 119.97 149.54 179.96
SD 0.26 0.17 0.21 0.45 0.47 0.72
Goniom Pro
SEM 0.08 0.05 0.07 0.14 0.15 0.23
Mean Absolute Difference 0.63 0.44 0.17 0.35 0.53 0.51

The best Apple app was found to be Goniometer Pro with mean
values of 29.46, 59.55, 90.19, 120.40, 150.68, and 181.38 degrees
and standard deviations at each reference angle respectively from
30 to 180 degrees of 0.16, 0.12, 0.21, 0.08, 0.08, and 0.06 degrees
difference. The best Android app was found to be 360 Protractor
with values for mean at each angle at 30.0, 60.20, 90.40, 119.90,
150, and 180.10 degrees and standard deviations measured at 0.15,
0.13,0.16, 0.10, 0.21, and 0.23 variance for the respective angles

Inter-rater reliability

The two apps, Goniometer Pro Apple version and 360
Protractor, were selected to calculate the ICC for reliability because
they had the smallest mean absolute difference values compared
to the other apps of the same device. Thus, clinicians will be most
interested in the results of the best apps that this study tested. Our
results show that both apps have an ICC of 0.999 (95% CI .988,
1.000). Based on these results both apps fall in the ICC category of
excellent correlation.

Concurrent validity

From these two bestapps, the Goniometer Pro Apple version and
360 Protractor, Bland-Altman Plots were created for comparison of

measured angles to the reference angle of 30 degrees (See Graphs 1
and 2). The Bland-Altman Plot graphically presents the discrepancy
between the Apple and the Android ROM apps at the 30-degree
measurement point. According to the Bland-Altman plot, the LOAs
were 0.23 to 0.85 degrees for Apple for a mean difference (95% CI)
of 0.54, which is equal to an expected between-measure variation of
0.62 (i.e. a range between 0.23 to 0.85 degrees) The Bland-Altman
Plots can be found in Appendix D. Thus, the LOA indicated small
differences between these two instruments for individual subjects.
Only five points are labeled on the graph as the remaining values
are imbedded under those five points as repeat values during data
collection. For the Android app, the 360 Protractor produced LOAs
of -0.72 to 1.12 for a mean difference of (95% CI) of 0.2 which is
also between the expected LOA. However, some measured values
were beyond the lower LOA. The majority of the values fell within
the LOA. Again, there are fewer points on the graph than trials
because multiple trials had the exact same values, similar to the
Apple app. The Pearson correlation coefficient for validity was
significant at r=1.00 (95% CI 0.99, 1.00), a very strong r value, with
p<.01. In terms of comparison of the apps that were available on
both mobile devices, the Goniometer Pro on the Apple device had

Gerontol & Geriatric stud

Copyright © Heather ] Braden



GGS.000610. 5(2).2019

499

a lower absolute mean difference of 0.54 compared to the Android
device with a 0.63. The Rate Fast Goni performed slightly better
on the Apple device compared to the Android device with a mean
absolute difference of 1.0 and 1.1 respectively.

Discussion

The results of this study provide evidence of excellent reliability
and validity of the smartphone goniometer apps to measure range
of motion angles, compared to the reference measures, making
it suitable for clinical use. The results of this study differ from
previous research conducted on goniometer applications in that it
examines the ability of the technology itself to accurately measure
angles and tests multiple apps across two different smartphone
platforms. As the results show, the best performing apps were the
Goniometer Pro and the 360 Protractor on the Apple and Android
devices respectively. However, all of the apps tested performed well
enough to be statistically significant substitutions for traditional
goniometer tools. The mean absolute difference at every angle
for even the worst performing app was still less than the minimal
detectable change in goniometric measurements using phone
applications [16]. These results align with previous studies that
have found the Goniometer Pro app on Apple devices to be valid
in measuring healthy shoulder and wrist range of motion as well
as pathological neck range of motion compared to traditional
goniometer tools [4,7]. Additional features of each app can be found
in Appendix A, including strengths and weaknesses of each app’s
user interface.

Additionally, two of the apps, Goniometer Pro and Rate Fast
Goni, were available on both the Apple and Android phones and
were able to be compared across the two operating systems. On
both devices, the Goniometer Pro offers a free trial version after
which the full version of the app costs $12.99. The Rate Fast Goni
is free on Android devices and costs $1.99 on Apple devices. The
Android version of both the Goniometer Pro and the Rate Fast
Goni app has a slower frame rate compared to the respective Apple
versions, resulting in non-fluid movements when using the app.
Furthermore, the Android version of the Rate Fast Goni can only
take measurements with the phone moving in its vertical plane
versus the Apple version of the same app which allows the phone
to be used in both the vertical and horizontal planes. From the
data, both apps on the Apple device had a lower absolute mean
difference than their Android counterpart. This indicates that the
Apple versions were more accurate than the Android versions of
the apps for the given measurements.

The clinical significance of these results is that goniometer
applications are found to be a reliable and valid substitution to
traditional range of motion measurement tools to be used by
clinicians for convenience and efficiency in practice. These results
are very beneficial to clinicians who do not have measurement tools
readily available to them as they can justifiably use a goniometer
phone application instead. Physical therapists working in a variety
of settings from home health to skilled nursing can utilize this
available technology to aid in appropriately evaluating patient range
of motion without having to carry around additional equipment. In

addition, these apps could potentially be made useful on missionary
trips in underdeveloped countries without adding to the burden of
additional physical supplies. As seen, some applications perform
better than others and offer different strengths and weaknesses in
usability, so the results of this study may be used to aid clinicians
in choosing which app is most appropriate for them. Throughout
data collection, several complications were encountered that had
to be resolved. Securing the mobile device to the distal arm of the
electronic goniometer provided a challenge. The devices needed to
be attached securely and consistently placed on the distal arm to
give accurate readings. Double sided adhesive was used to secure
each phone to the electronic goniometer and markings were used to
keep accurate placement. The MotoG4 Android device provided an
additional challenge due to the size of the camera on the backside
of the device. A thin piece of cardboard with a cutout for the camera
was secured to the back of the phone to make the backside flat
so the phone would fit flush on the electronic goniometer arm.
Another complication encountered was with the Measure to Move
app on the Apple iPhone. This application takes a measurement as
soon as the mobile device stops moving instead of pressing a button
to take the measurement. This makes it difficult to make small
adjustments before taking the measurement when trying to reach a
specific angle. This was solved by taking the measurement as close
as possible to the prescribed angle and recording both the angle on
the goniometer and on the app to be compared. This still allowed
the difference in measurements to be studied. However, this feature
may cause difficulties in clinical settings as the app may record a
measurement before the joint in question is at end range.

Reproducibility of goniometric measurements is an important
trait so that measurements over a period of time can be compared
to track patient progress. This study took ten measurements at
each angle on each application being tested in order to account
for any variability in the measurements. These ten measurements
were split between to two separate testing times to again ensure
the reproducibility of the measurements. Some limitations in this
study were noted. Firstly, this study did not utilize human subjects
and instead used a mechanical lever arm to produce the movements
measured. This study was focused on testing the reliability and
validity of the apps ability to measure angles so using a mechanical
lever arm reduced the number of variables that could have muddied
the measurements taken. However, when these results are applied
clinically to measure patients range of motion, factors like position
of the device and the clinician’s ability to use the app may change
the accuracy of the apps. Previous studies conducted have shown
good interrater reliability using the Goniometer Pro iPhone app in
clinical settings for measuring range of motion in patients suffering
non-specific neck pain [7,11]. Additionally, both Goniometer Pro
and Get My ROM iPhone apps demonstrated excellent interrater
reliability in measuring range both asymptomatic and symptomatic
shoulders [4,6].

Another limitation is that the researchers were not blinded
when taking measurements with the applications which could
have added bias to the results. Separate researchers read the
measurements from the electronic goniometer and phone
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applications to attempt to reduce this bias as much as possible. A
potential solution to this could be to randomize each measurement
taken so that the researcher operating the phone applications could
remain blinded. It would be beneficial for follow-up studies to be
conducted to test the best performing goniometer apps on human
subjects. Now that the apps have been found to be reliable and valid
in their measurements, the results should be reproduced on human
subjects to further confirm their clinical applicability. Future studies
may also examine phone applications in dynamic measurements as
there is limited research currently available [4,15]. In addition, the
apps tested could be studied across a wider range of mobile devices
to increase the availability to clinicians. Finally, it is recommended
that this study be updated in the future to investigate new mobile
device technology and smartphone applications as they become
available. In conclusion, this study has shown the technology
in these apps is a reliable and valid substitution for traditional
tools such as an electronic or universal goniometer in measuring
angles. Mobile device goniometer apps can provide an effective and
portable method for clinicians to assess joint range of motion and
should continue to be studied for application in clinical practice.

Disclaimer

The devices, apps, and statistical software were purchased
by Angelo State University’s Department of Physical Therapy for
research purposes only. The authors of this study did not receive
any financial incentive or other benefits from any commercial
entities related to the content of this article.
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