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Abstract. [Purpose] Recently, a photo-based smartphone application for angle measurement—"“Grid line imag-

ing application Professional”’—was developed to evaluate joint disease treatments. The aim of this study was to
determine the accuracy and reliability of the application. [Participants and Methods] We measured the knee joint
of a mannequin using an application and a universal goniometer. Twelve examiners measured eight knee joints of
mannequins at different arbitrary angles using the application and a universal goniometer. Correlations between the
application and universal goniometer measurements were examined using scatter plots and correlation coefficients.
Systematic errors of the application were visually confirmed using the Bland-Altman method. Intra-class correla-
tion coefficients were used to evaluate the inter-examiner reliability of the application. [Results] The application and
universal goniometer measurements showed a good correlation (#=0.99) and no systematic error. The intra-class
correlation coefficient for inter-examiner reliability was 0.999. Furthermore, to evaluate intra-examiner reliability,
six examiners measured six different knee joints twice using the application on a 2-day interval. The intra-class
correlation coefficient for intra-examiner reliability was 0.982. [Conclusion] The accuracy of the application was
equivalent to that of a universal goniometer, and both the inter- and intra-examiner reliabilities of the application

were almost perfect.
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INTRODUCTION

Range of motion measurements are widely used in evaluating patients with bone, joint, muscle, and neurological disor-
ders. The Japanese Orthopaedic Association and the Japanese Society of Rehabilitation Medicine have established a method
for measuring range of motion using the angle between the basic axis and the axis of motion of the joint in one plane, using
the neutral starting position (0 degrees) as the basic position!. For the knee joint, the basic limb position is set at 0 degrees
of extension in the sagittal plane, the basic axis is the femur, and the axis of translation is the fibula. The range of motion
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is assessed in terms of maximum extension and maximum flexion angles. During treatment of musculoskeletal trauma as
well as neurological or joint diseases, joint angle of motion is frequently measured over time to assess the effectiveness of
the treatment. Range of motion is also used to formulate a diagnosis for insurance and welfare purposes. Thus, joint angle
measurement is an important routine procedure for physicians as well as physical and occupational therapists. Usually, a
universal goniometer (UG) is used to measure joint angles.

The use of a UG was evaluated for good reliability and validity in the 1980s%~). For instance, the 300-mm UG is used to
accurately capture the proximal and distal landmarks of the basic axis for angular measurements of joints with long basic
axes, such as the knee joint; however, it is inconvenient to carry around due to its size.

With the development of technology, more people use their smartphones to record measurements since they are easy to
carry around. In recent years, various smartphone applications for angular measurement have been developed. These include
accelerometers® 7, gyroscopes®, magnetometers”, and photography (photo-based type)!?) that measure joint angles and
they have all been examined for validity and reliability. In 2017, the Japanese-language smart phone application “Grid Line
Photography App Professional” (APP, Naradewa Inc) was developed for angular measurement. It is used to measure the
angle between two straight lines by taking a photo with a smart phone and determining the three arbitrary points on the photo.
It is easy to use due to its familiarity because the process of taking a photograph close to a joint and determining its three
points is similar to the widely used process of measuring joint angles using a UG. However, the measurements resulting from
the APP will only be accurate if the photograph is taken perpendicularly to the plane containing the axis of movement of the
joint!D, In addition, if the three required points for joint angle measurement are not accurately determined on the photograph,
the measurement will be inaccurate.

The validity and reliability of photo-based joint angle measurements have already been evaluated'® '), However, the
accuracy and reliability of the APP has not been established. Thus, the purpose of this study was to determine the accuracy
and reliability of the APP.

PARTICIPANTS AND METHODS

We measured the knee joint angle of a mannequin (MAN; Resusci Anne Simulator, model number 150-20049) used for
emergency resuscitation training using the APP and a UG (MMI universal goniometer Todai 300 mm, Muranaka Medical
Instruments, Co., Ltd., 18/8 stainless steel). The APP was used to measure the knee joint angle using a smartphone (iPhone
8, Apple, i10S13.1, Model: A1906, Size: 138.4 mm long, 67.3 mm wide, 7.3 mm thick); it was downloaded on a smartphone,
which was then used to take pictures of the mannequin‘s knee joint from the lateral side. The points assumed to be the center
of the knee joint (Fig. 1, point B) and the external fruit of the ankle joint (Fig. 1, point C) were specified. Meanwhile, the
knee joint angle was measured using the UG by placing its center at the center of the knee joint of the mannequin with one
axis of the UG placed on the line considered to be the femoral axis and the other placed on the line considered to be the lower
leg axis.

The eight knee joints of four mannequins were fixed at different arbitrary angles to prevent them from moving. The angles
were set to be unbiased, ranging from 0 degrees to the maximum flexion angle of the mannequin knee joint (100 degrees). All
eight knee joint angles were each measured by 12 examiners using the APP. The examiners included nine physical therapists,
two occupational therapists, and one physician. They routinely used a UG in their practice and had never used the APP; the
instructions regarding the use of the APP were given to all of them just before the commencement of measurements. Thereaf-
ter, a UG was used to measure the same eight knee joints, which were recorded at 15 minutes intervals. Each examiner could
not know the measurements of the other examiners.

Thus, the 12 examiners measured the eight knee joints using both the APP and a UG, resulting in 96 pairs of paired data.
Correlations between the APP and UG measurements were examined by obtaining scatterplots and correlation coefficients.
Accuracy was examined by visually confirming the systematic errors of the APP using the Bland-Altman method'?. We also
evaluated the inter-examiner reproducibility of the APP and the UG by calculating the intra-class correlation coefficients
(ICC).

Fig. 1. Measurement of knee joint angle using a smartphone application.
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Six knee joints of three mannequins were set at different arbitrary joint angles and firmly placed on a platform so that the
angles would not change. These joints were then measured and recorded by six examiners using the APP. A second measure-
ment was performed after three days by the same examiners. The examiners included four physiotherapists, one occupational
therapist, and one physician. All six examiners were included in the same list of examiners who assessed the correlation of
the APP and UG. Six pairs of data were obtained from each examiner.

Accuracy was judged based on the correlation coefficients between the APP and the UG measurements, standard deviation
of the Bland-Altman plot, and 95% confidence intervals (CIs). The inter- and intra-examiner reproducibility was examined
using ICC. The ICCs were classified as follows: almost perfect (0.81-1.0), substantial (0.61-0.80), moderate (0.41-0.60),
fair (0.21-0.40), and slight (0-0.20)'%). Statistical analyses were performed using IBM SPSS Statistics Version 24.0, IBM
software (Armonk, NY, USA: IBM Corp). The significance level was set at p-value <0.05.

RESULTS

The average and standard deviation of joint angle measurements of the eight knee joints, as measured by the 12 examiners
using the APP and UG, are shown in Tables 1 and 2. Meanwhile, the scatterplot of 96 pairs of data from the APP and UG
measurements, which are exhibited on the y- and x-axis, respectively, is shown in Fig. 2. The UG and APP measurements
showed a good correlation (correlation coefficient 7=0.99, 95% CI: 0.98-0.99, p-value<0.001).

When the systematic errors of the APP and UG were visualized using the Bland-Altman method, there was no bias
either above or below the standard line (Fig. 3). The good correlation between the APP and UG as well as the absence of
phylogenetic errors indicate a high accuracy of the APP.

We evaluated the inter-examiner reproducibility of the APP and UG by determining the ICCs (95% Cls), which were
as follows: for single measurements, APP=0.987 (0.976-0.998) and UG=0.986 (0.966—0.997) (Table 3); for the average
measurements, APP=0.999 (0.998-1.000) and UG=0.999 (0.997-1.000) (Table 4). The evaluations of the ICC were almost
perfect.

Table 1. The knee joint angle measurements of APP in inter-examiner reproducibility tests

MANI MAN2 MAN3 MAN4 MANS MANG6 MAN7 MANS
Average 2.8 24.5 36.1 46.4 54.3 58.3 70.5 94.0
SD 1.9 2.5 2.8 3.5 4.6 3.1 2.4 2.5

APP: smartphone application; MAN: knee joint angle of mannequin; SD: standard deviation.

Table 2. The knee joint angle measurements of UG in inter-examiner reproducibility tests

MANI1 MAN2 MAN3 MAN4 MANS MANG6 MAN7 MANS
Average 2.2 24.8 355 48.0 52.5 58.9 70.6 91.7
SD 1.6 24 4.7 2.2 2.4 33 37 3.6

UG: universal goniometer; MAN: knee joint angle of mannequin; SD: standard deviation.
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Fig. 2. Scatter plot of identical knee angle measurements by the APP and the UG.
APP: smartphone application; UG: universal goniometer.
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The measurements of the six knee joints, as measured by the six examiners using the APP, are shown in Table 5. The
intra-examiner reproducibility of the APP was assessed using the ICC (95% CI), which was 0.982 (0.965-0.991) for single
measurements and 0.991(0.982—-0.995) for the average measurement (Table 6). The evaluation of the ICC was almost perfect.

DISCUSSION

Several studies have evaluated smartphone applications that measure joint angles'¥. However, no evaluation of a photo-
based application in Japanese exists. Thus, this study compared the use of the APP with a UG and demonstrated the accuracy
of the APP, since they were well correlated and free from systematic errors. The reliability of the APP was also demonstrated

by an almost perfect ICC both its inter- and intra-rater reproducibility.
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Fig. 3. Bland-Altman plot of identical knee angle measurements
by the UG and the APP.
APP: smartphone application; UG: universal goniometer.

CI: confidence interval.

Table 5. The knee joint angle measurements of APP in intra-examiner reproducibility tests

Tester 1 Tester 2 Tester 3 Tester 4 Tester 5 Tester 6

Ist 2nd Ist 2nd Ist 2nd Ist 2nd Ist 2nd Ist 2nd
MANI1 13 13 10 9 13 17 14 20 15 10 10 10
MAN2 45 48 44 46 48 54 49 54 50 52 50 45
MAN3 64 62 60 58 68 65 65 67 65 60 60 60
MAN4 38 38 33 39 35 40 45 44 38 43 40 35
MANS 53 53 52 53 57 56 60 59 54 52 55 55
MANG6 18 15 19 17 17 24 22 18 14 12 14 20

APP: smartphone application; MAN: knee joint angle of mannequin.

Table 6. ICC of intra-examiner reliability of APP

ICC 95% CI p value
0.965 to 0.991 <0.001
0.982 to 0.995 <0.001

APP: smartphone application; ICC: intra-class correlation coefficients; CI:
confidence interval.

Single measure value 0.982
Average measured value 0.991

J. Phys. Ther. Sci. Vol. 33, No. 5, 2021

420



For the systematic errors of APP and UG, this study used the Bland-Altman method, as reported in several studies®- 8 10:15-18),
There are two types of errors: systematic and chance errors. Systematic errors have a certain bias toward the true value, while
chance errors occur randomly in either direction or magnitude in relation to the true value. Systematic errors become biased
even after repeated measurements, which may lead to misinterpretation of the results. Thus, to address the systematic errors,
the Bland-Altman plot was created; in the study, the existence and degree of systematic errors were visually confirmed, and
the distribution showed no bias in either direction, indicating no systematic error between the APP and the UG.

The inter-examiner reproducibility of the eight knee joints that were measured by the 12 examiners using the APP had a
high ICC of 0.999. Similarly, the intra-examiner reproducibility of the six knee joints measured twice by the six examiners
using the APP at 2-day intervals was also high with an ICC of 0.982. An ICC of 0.81 or higher is considered almost perfect,
indicating that the angular measurement taken with the APP were reliable for all examiners at one measurement.

In this study, we used the knee joint of a mannequins rather than a human participant to measure angles to avoid the ethical
issues of using human participant. In addition, the angle to be measured was fixed and did not change during the measure-
ments. The use of mannequins rather than humans prevented the knee joint angle from changing during the measurement by
multiple examiners at two-day intervals. We chose the knee specifically because it is a hinge joint, making it easy to measure
using both the APP and the UG. The hip, knee, and ankle joints of the mannequins used in this study could also be moved, and
the range of motion of the knee joint ranged from 0 to 100 degrees. Therefore, the angles were set at various angles ranging
from 0 to 100 degrees for both the inter-examiner (8 joints) and the intra-examiner (6 joints) reproducibility tests; however,
the deep flexion angle could not be set above 100 degrees. Hence, whether the APP could measure knee joint deep flexion
angle precisely was not shown. In addition, because the structure of the mannequin’s lower extremity did not have an axis
corresponding to either the femur or tibia, the basic axis and the axis of movement were measured based on appearance when
measuring the knee joint angle. The mannequins were not naked but were clothed with shorts, as in an actual measurement
of a patient’s knee joint angle (Fig. 1).

Previous studies examining the intra-examiner reliability of joint angle measurements have often used multiple measure-
ments by the same examiner on the same day® 7> 19). However, in our study, the second measurement was performed three
days later to prevent the examiner from remembering the first measurement angle, which could affect the second measure-
ment. The knee joint angle of the MAN was strictly secured so that it would not change before the second measurement, and
the room where it was placed was closed off between the first and second measurements. In all knee joint angle measure-
ments, the angles measured by the examiners were recorded by and for the examiners themselves, which were then collected
immediately after the measurement to prevent examiners from comparing their values. We believe that these considerations
reduced the information bias.

There are several reports on the validity and reliability of smartphone applications for joint angle measurement; 37 articles
were included in a systematic review by Keogh et al.'¥) Nine of these papers obtained knee joint angle measurements® !5 17-23)
using six applications that were used as accelerometers, which were all evaluated for validity and reliability. Of these ap-
plications, two were used on a Samsung Galaxy?!>?? device, while the other four were used on an Apple iPhone® 15 17-20,23),
However, unlike the accelerometer app, the photo-based app is intuitive and easy to use as it determines the angle of the
basic axis as well as the measurement using a UG. In addition, it can measure angles without having contact with the patient,
which is not only desirable in preventing infection but for remote diagnosis as well. It has been confirmed in the laboratory
that angles can be accurately measured using photographs taken with smartphones?¥. However, angular measurements of
a photo-based smartphone application might be inaccurate if the photo was taken in the wrong orientation'?). Nevertheless,
previous studies have shown that the reliability of photo-based type applications was high, with ICCs of 0.9 or higher both
between and within the examiners'?. In this study, we showed that the reliability of the APP is almost as good as that of a
UG; however, to improve its accuracy and reliability, we are currently working on developing a system that uses artificial
intelligence to automatically determine the three points of knee angle measurement and automate the angular measurement.

The limitation of this study is that we used a mannequin instead of a human participant for angular measurements. In the
future, it is necessary to examine whether it is possible to have the same accuracy and reliability when performing angular
measurements in humans. In addition, since this study was conducted only on knee joints, which are hinged joints, further
studies are needed to determine whether the APP can be used as well on ball joints, such as the shoulder and hip joints.

This study demonstrated that the APP is as accurate and reliable as a UG in knee joint angle measurements.
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