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Background: Shoulder pain and mobility deficits impact functional capacity, necessitating the use of reliable tools to assess active
range of motion (AROM) for evaluation and monitoring outcomes. This study evaluated the psychometric properties of a smartphone
application (PhysioMaster) for measuring shoulder AROM in individuals with and without shoulder pain and mobility deficits.
Methods: This cross-sectional study included a cohort of 90 participants, comprising 45 individuals with and 45 without shoulder
pain and mobility deficits, recruited through convenience sampling from the Physiotherapy Outpatient Department at Integral
University, Lucknow. The participants were aged 20-50 years. Measurements of AROM, including flexion, extension, abduction,
external rotation, and internal rotation, were performed using the PhysioMaster application. The readings were compared using
a universal goniometer (gold standard). Reliability and criterion validity assessments were conducted by three physical therapists. We
calculated the intraclass correlation coefficients (ICC), standard error of measurement (SEM), and minimal detectable change (MDC),
and conducted a Bland—Altman analysis to evaluate the agreement between the measurements.

Results: The PhysioMaster application demonstrated excellent intra-rater reliability (ICC > 0.944) and good-to-excellent inter-rater
reliability (ICC > 0.742) for most movements, although the reliability was slightly reduced for abduction and external rotation in the
group without pain, with one isolated measurement showing poor reliability due to sample homogeneity. The criterion validity was
high (ICC > 0.944), except for abduction and external rotation in pain-free individuals, which ranged from 0.742 —0.886. Biases were
minimal (<1°), with 95% confidence intervals (CIs) including zero. The SEM and MDC ranged from 1.1 °to 2.6 °and 2.9° to 4.7°,
respectively.

Conclusion: The PhysioMaster smartphone application demonstrated robust psychometric properties for evaluating shoulder AROM
in young and middle-aged adults (aged 2050 years) with and without mild-to-moderate shoulder pain and mobility deficits. Within
this population, the application serves as a valid and reliable alternative the universal goniometer.

Keywords: psychometric properties, smartphone application, shoulder AROM, shoulder mobility deficits, universal goniometer

Introduction

Shoulder active range of motion (AROM) is important for diagnosing pain and mobility deficits, monitoring rehabilitation
progress, and evaluating treatment efficacy.' Traditional tools, such as handheld goniometers and inclinometers, are
frequently used in clinical practice owing to their popularity. Nevertheless, their measurement accuracy and reliability
may be limited by inter- and intra-rater variability, which can produce inconsistencies in the evaluation process.” The

limitations associated with these traditional tools have prompted the use of more objective approaches, including smartphone
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applications that employ built-in sensors.® These applications often utilize smartphone accelerometers and gyroscopes to
provide digital angle measurements, potentially reducing the subjective errors associated with manual goniometry.* The
integration of smartphone technology into clinical assessment tools offers significant advantages, including enhanced
objectivity, cost-effectiveness, and ease of access, making them increasingly viable for widespread adoption.”® However,
despite the growing popularity of these digital tools, it remains crucial to rigorously validate their psychometric properties
against established standards to ensure their accuracy and reliability in diverse clinical populations.” This rigorous validation
is essential to confirm their utility across various conditions and patient demographics, ensuring that the measurements are
consistent and clinically meaningful >® The assessment of shoulder joint mobility is also advantageous for identifying
structural impairment, understanding functional limitations, and guiding clinical decision-making across different patient
groups.” The precise quantification of shoulder AROM is essential because of its biomechanical complexity, which involves
the coordinated movement of the glenohumeral and scapulothoracic articulations. This complexity creates significant
challenges in accurately assessing using traditional tools.'” Conventional measurements, including goniometry, are fre-
quently used in the initial, dynamic, and final stages of assessment to document the data.'' Despite their widespread use, the
reliability of traditional goniometric measurements can be compromised by factors such as inconsistent anatomical landmark
identification, varied examiner experience, and subjective interpretation of endpoints.'* These limitations emphasize the need
to develop more objective and reliable methods for assessing the joint range of motion.> Consequently, smartphone
applications incorporating machine learning offer a promising solution for the automated and objective assessment of the
range of motion, addressing the limitations of traditional methods.'*'*

The literature review revealed a notable gap in the current research, as the psychometric properties of the
PhysioMaster smartphone application for assessing shoulder AROM in individuals with and without shoulder pain
and mobility deficits have not yet been reported in the literature. Although several studies have examined various
tools and applications, the psychometric properties of the PhysioMaster application remain to be established.'” "’
To address this gap, this study aimed to determine the psychometric properties of the PhysioMaster smartphone
application in individuals with and without shoulder pain and mobility deficits. We hypothesized that this
application would demonstrate robust psychometric properties for measuring shoulder AROM in both populations.
This investigation is particularly relevant given that an accurate AROM assessment is essential for effective
clinical decision-making, especially considering the complex biomechanics of the shoulder joint.'® Furthermore,
the validation of such smartphone applications is essential for advancing cost-effective, accessible, and efficient

clinical assessments, enabling tailored rehabilitation strategies, and accurately monitoring treatment outcomes.'®'?

Materials and Methods

Study Design

This study employed a cross-sectional design to assess the psychometric properties of the PhysioMaster application,
adhering to the Guidelines for Reporting Reliability and Agreement Studies and COnsensus-based Standards for the
Selection of Health Measurement INstruments (COSMIN) recommendations.*’

The shoulder joint was selected as the primary focus of this investigation due to its complex biomechanics and high
clinical relevance, which present unique challenges for accurate objective assessment. Shoulder pain and mobility deficits are
common musculoskeletal disorders. The multiplanar movement of the glenohumeral joint and scapulothoracic rhythm pose
challenges for measurement. AROM is preferred over PROM for several reasons. AROM reflects functional capacity,
including muscle strength, motor control, and pain tolerance, all of which are critical for rehabilitation. AROM assessment

can be conducted independently, thereby enhancing the use of smartphone applications in rehabilitation.

Study Setting

Participants with shoulder pain were recruited between January and July 2024 at the Department of Physiotherapy and
Orthopaedics at the Integral Hospital and Research Centre, part of the Integral University in Lucknow, Uttar Pradesh,
India. Participants without shoulder pain were recruited from the Integral University.
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Participants
The sample size was calculated using the following formula to estimate the minimum sample size required to detect
a significant Intraclass Correlation Coefficient (ICC) in psychometric property studies:

22y app + 21 )

n= +3 (1)

2
[In 2]

where p is the expected ICC (0.60), Z;_», is the z-score corresponding to the significance level (1.96 for a = 0.05),
and Z, 4 is the z-score for the desired power (0.84, 80% power). The calculation yielded a minimum sample size of 90
participants. Participants were recruited using convenience sampling methods.”'*** The total number of participants in
this study was 90, and who were split evenly into two groups: 45 participants with shoulder pain and mobility deficits
(Group A) and 45 healthy individuals without shoulder pain and mobility deficits (Group B).

Participants aged 20-50 years were included to represent young and middle-aged adults of both gender, who are the
most common demographic seeking intervention for shoulder pain and mobility deficits related to occupational,
recreational and daily activities. This age range was chosen to minimize the confounding effects of age-related
degenerative changes seen in older adults and to ensure the biomechanical stability of shoulder motion during
measurement.”’

They also needed to be able to walk independently and have normal or corrected-to-normal hearing and vision. Group
A included individuals with shoulder pain and mobility deficits for a minimum of one month. Eligibility was limited to
those with mild to moderate shoulder pain (VAS score 2—6/10) because participants with severe pain (VAS >7/10) show
protective behaviors that alter movement patterns and confound reliability; individuals with mild to moderate pain can
complete full ROM assessment; and this pain range represents common clinical presentation in outpatient department.
Capsular pattern restriction (external rotation > abduction >internal rotation) was assessed based on the difficulty in
performing daily activities (overhead activity, dressing, grooming, and reaching). ADL difficulty was evaluated through
patient interviews using activity assessments, self-reported limitation severities, and clinical observations during exam-
inations. Although we did not use a validated disability questionnaire as an inclusion criterion, functional limitations
were clinically verified in this study. The VAS was used for pain characterization and inclusion classification, with scores
excluded from psychometric analysis.

For Group B, the inclusion criteria were the absence of any history of shoulder pain or mobility deficit. The exclusion
criteria were shoulder surgery, upper extremity surgery or injury within the past 12 months, recent interventions,
cardiovascular or neurological disorders, cognitive impairment, vestibular or neuromuscular issues, and systemic arthritic

conditions.

Ethical Approval
This study was approved by the Institutional Ethics Committee of the Integral University, Lucknow, India (reference
number: IEC/IIMSR/2024/99). The study was conducted in accordance with the 1964 Declaration of Helsinki, and all

participants provided written informed consent before the study began.*

Procedure
Each participant underwent a comprehensive evaluation that included demographic information and assessment of
shoulder AROM. Pain intensity was measured using a visual analogue scale (VAS) for inclusion in Group A; however,
these scores were not included in the final analysis. AROM was assessed using the PhysioMaster smartphone application
and a universal goniometer to evaluate reliability and criterion validity across both groups.

Prior to testing, the participants were asked to remove watches, upper-body accessories, or tight clothing that could
interfere with shoulder movements or device placement. Five shoulder movements (flexion, extension, abduction,
external rotation, and internal rotation) were demonstrated to ensure familiarity with the procedure. A standardized

body position was used throughout the study to minimize variability.
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For flexion, extension, and abduction, the participants stood upright with their feet at shoulder width, arms relaxed at
their sides, and their gaze directed forward. The smartphone was secured to the distal humerus using an armband. For
external and internal rotation, the participants lay supine with the shoulder abducted at 90°, elbow flexed at 90°, and
forearm in a neutral position. In this setup, a smartphone was attached to the elbow using an armband.

Before the measurement, a warm-up consisting of five repetitions of each movement was performed to reduce fatigue
and enhance consistency. The participants were instructed to execute the movements in their usual, natural way. Each
AROM movement was measured three times, and the mean value was used for analysis. The testing followed a fixed
sequence, and the reliability was assessed within hours.?

The PhysioMaster application, developed by Trinus Laboratory, is a smartphone-based tool that utilizes integrated
magnetometer and accelerometer sensors to measure the joint range of motion.”® The device was placed on the distal
segment of the limb, and the motion trajectories were recorded.” Proprietary algorithms process raw data to accurately
calculate joint angles and offer portable and precise measurement methods.’

All measurements were conducted using identical smartphone devices (iPhone 13, iOS 17.7, integrated gyroscope,
and accelerometer sensors) to eliminate inter-device variability. Prior to each measurement session, all devices were
calibrated using the internal calibration protocol of the PhysioMaster application, with calibration verified by maintaining
the measurement tolerance within +1°. The use of a single smartphone model enhanced measurement consistency and
reproducibility.

The selection of the PhysioMaster application for this study was based on several practical and methodological
considerations of the app. Primarily, the application is freely accessible on both Android and iOS platforms, facilitating
clinical implementation. Additionally, unlike many proprietary devices, PhysioMaster does not require costly subscrip-
tions or specialized equipment beyond a standard smartphone and armband. Furthermore, its user interface is intuitive
and requires minimal training compared with more complex motion analysis systems. The authors declare no financial
relationships or conflicts of interest with regards to the application developers.

In contrast, the universal goniometer, a conventional mechanical tool, measures joint angles by aligning its arms with
the anatomical landmarks of the proximal and distal segments, thereby providing a visual reading of angular
displacement.?’*® Standardized positioning and landmark identification were used to ensure consistency in all the
goniometric measurements.>

The AROM was measured in the standing (for flexion, extension, and abduction) and supine (for internal and external
rotation) positions.”” Smartphone placement and measurement protocols were consistently applied to all the
participants.*®

Three physical therapy professionals underwent three hours of training to standardize goniometer and smartphone
application use. They practiced identifying anatomical landmarks and performed shoulder AROM measurements on each
other to ensure the technique’s consistency and accuracy. This rigorous training process aimed to minimize measurement
variability and enhance the internal validity of the collected data.” This meticulous training process is critical, as inter-
rater reliability is a common challenge in goniometry, with reported errors ranging from 5° to 10°, even among
experienced clinicians.’

Reliability and Validity Procedures
To assess inter- and intra-rater reliability, three examiners independently measured AROM using a smartphone applica-
tion in separate rooms, blinded to each other’s measurements. Each examiner was accompanied by a paired observer to
assist with data recording.

Each examiner recorded three repetitions per movement, rotating the rooms clockwise so that each participant was
evaluated by all examiners. For criterion validity, the same protocol was applied, using a universal goniometer. This
design facilitated a comprehensive comparison between the smartphone application and the gold-standard goniometer

while also evaluating measurement consistency among different raters and over time.
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Statistical Analysis

Descriptive statistics (mean + SD) were used to summarize the participant characteristics (age, gender, height, weight,
and body mass index (BMI)). The Kolmogorov—Smirnov test was used to assess the normality of the data. Independent
t-tests and chi-square tests were used to compare the characteristics of the groups. ICCs with 95% confidence intervals
(CIs) were used to evaluate interrater and intrarater reliability, classified as excellent (=0.90), good (0.75-0.89), fair
(0.50-0.74), or poor (<0.50). The standard Error of Measurement (SEM) was calculated as SEM = SD x (1 — ICC), and
the Minimal Detectable Change (MDC) was calculated as MDC = 1.96 x V2 x SEM. Criterion validity was assessed
using the Pearson’s correlation coefficients. All analyses were performed using SPSS 16.0 (SPSS, Chicago, IL, USA).

Results

Table 1 presents the demographic characteristics of the participants in Groups A and B. The mean age of participants in
Group A was significantly higher than that of Group B (31.96 + 8.61 vs. 26.07 £+ 3.24 years, p < 0.001). Similarly,
a statistically significant difference was observed in BMI, with Group A showing a higher mean BMI compared to Group
B (24.91 + 2.84 vs. 23.80 + 2.31 kg/m?, p = 0.04).

With respect to gender distribution, 45.2% of females were in Group A and 54.8% in Group B, whereas 54.2% of
males were in Group A and 45.8% in Group B. The difference in gender distribution between the two groups was not
statistically significant (p = 0.34).

Table 2 summarizes the inter-rater reliability of the smartphone application for AROM measurements by Raters 1, 2,
and 3 in Groups A and B. Group A exhibited, excellent interrater reliability was observed across all movements, with

Table | Demographic Characteristics of Study Participants

Characteristics Mean (SD) P-Value
Group A Group B

Age, yrs 31.96+8.60 (Range: 20-50) | 26.07+3.24 (Range: 20-38) 0.00

BMI, kg/m2 2491+2.84 23.80+2.31 0.04

Gender Total participants (n=90) 0.34

Female 19(45.2%) 23(54.8%)

Male 26(54.2%) 22(45.8%)

Table 2 Inter-Rater Reliability of Smartphone Application by
Rater I, Rater 2 and Rater 3 for Group A and Group B

Movement Group A Group B

ICC | SEM | MDC | ICC | SEM | MDC

Rater | versus Rater 2

Flexion 0.997 | 1.359 | 3.231 | 0.967 | 1.313 | 3.177
Extension 0988 | 1.134 | 2951 | 0.949 | 1.468 | 3.358
Abduction 0.992 | 2.578 | 4450 | 0.852 | 1.647 | 3.557

External rotation | 0.991 | 1.581 | 3.485 | 0.803 | 1.354 | 3.225

Internal rotation | 0.994 | 1.235 | 3.080 | 0.957 | 1.284 | 3.140

(Continued)
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Table 2 (Continued).

Movement Group A Group B

ICC | SEM | MDC | ICC | SEM | MDC

Rater | versus Rater 3

Flexion 0.995 | 1.346 | 3.219 | 0.958 | 1.325 | 3.152
Extension 0987 | 1.133 | 2.950 | 0.945 | 1.465 | 3.355
Abduction 0.990 | 2.575 | 4421 | 0.850 | 1.641 | 3.549

External rotation | 0.988 | 1.579 | 3.479 | 0.799 | 1.333 | 3.202

Internal rotation | 0.966 | 1.261 | 3.112 | 0.948 | 1.215 | 3.162

Rater 2 versus Rater 3

Flexion 0.998 | 1.361 | 3.241 | 0971 | 1.321 | 3.180
Extension 0990 | I.115 | 2948 | 095 | 1.457 | 3.342
Abduction 0.989 | 2.565 | 4.550 | 0.847 | 1.632 | 3.545

External rotation | 0.985 | [.575 | 3.464 | 0.842 | 1.346 | 3.213

Internal rotation | 0.991 | 1.228 | 3.100 | 0.941 | 1.265 | 3.112

intraclass correlation coefficients (ICCs) ranging from 0.966 to 0.998. The standard error of measurement (SEM) and
minimal detectable change (MDC) values remained low, indicating high measurement precision. In Group B, the ICCs
were slightly lower but still demonstrated good to excellent reliability (ranging from 0.799 to 0.971), with flexion and
extension showing the highest consistency among raters. Overall, the findings support a strong inter-rater agreement,
particularly in Group A, suggesting that the smartphone application provides reliable measurements across different
raters.

Table 3 demonstrates strong intra-rater reliability for each rater across the three measurement sets (Set 1, Set 2, and
Set 3), for smartphone-based AROM measurements, with predominantly excellent (>0.90) ICCs for raters and move-
ments in Group A, indicating high repeatability despite pain-related variability. In Group B, reliability was mostly good

Table 3 Intra-Rater Reliability of Smartphone Application by Rater
I, Rater 2, and Rater 3 for Groups A and B

Movement Group A Group B

ICC | SEM | MDC ICC | SEM | MDC

Rater |

Flexion 0.960 | 5.160 | 14.303 | 0.891 | 2.345 | 6.501
Extension 0.938 | 2.634 | 7.302 | 0.931 1.724 | 4.778
Abduction 0.992 | 2.550 | 7.069 | 0.940 | 1.044 | 2.895

External rotation | 0.986 | 2.015 | 5.585 | 0.349 | 2.698 | 7.478

Internal rotation | 0.971 | 2.676 | 7417 | 0.965 | I.131 | 3.135

(Continued)
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Table 3 (Continued).

Movement Group A Group B

ICC | SEM | MDC ICC | SEM | MDC

Rater 2

Flexion 0.964 | 4.657 | 12910 | 0.828 | 2.901 | 8.04I
Extension 0.989 | 1.091 | 3.023 | 0.779 | 2.986 | 8.276
Abduction 0.997 | 1.536 | 4.258 | 0.032* | 2.476 | 6.863

External rotation | 0.999 | 0.393 | 1.090 | 0.272 | 2.777 | 7.699

Internal rotation | 0.985 | 1.889 | 5236 0.989 | 0.623 | 1.728

Rater 3

Flexion 0.998 | 1.087 | 3.012 | 0939 | 1.676 | 4.646
Extension 0.939 | 2516 | 6975 | 0.688 | 1.950 | 5.403
Abduction 0.984 | 3.757 | 10413 | 0.609 | 2.476 | 6.863

External rotation | 0.993 | 1.409 | 3.906 0.882 | 1.263 | 3.500

Internal rotation | 0.988 | 1.711 | 4.742 0.850 | 2.269 | 6.290

Notes: * This low ICC value is attributable to the “restriction of range” phenomenon
due to the high homogeneity of abduction range in the healthy, pain-free cohort.

Table 4 Criterion Validity Measured by Rater |, Rater 2 and Rater
3 with Smartphone versus Goniometer for Group A and Group B

Movement Group A Group B

ICC | SEM | MDC | ICC | SEM | MDC

Rater | with smartphone versus goniometer

Flexion 0.999 | 1.360 | 3.248 | 0.958 | 1.345 | 3.185
Extension 0.989 | 1.156 | 2.975 | 0.928 | 1.472 | 3.362
Abduction 0.993 | 2.512 | 4.555 | 0.896 | 1.658 | 3.548
External rotation | 0.991 | 1.589 | 3463 | 0.811 | 1.381 | 3.118

Internal rotation | 0.984 | 1.278 | 3.321 | 0.985 | 1.266 | 3.214

Rater 2 with smartphone versus goniometer

Flexion 0.996 | 1.351 | 3.245 | 0.959 | 1.321 | 3.128
Extension 0.986 | 1.129 | 2.944 | 0951 | 1.461 | 3.349
Abduction 0.994 | 2.580 | 4.461 | 0.861 | 1.650 | 3.561
External rotation | 0.993 | 1.582 | 3.492 | 0811 | 1.361 | 3.232

Internal rotation | 0.995 | 1.241 | 3.090 | 0.961 | 1.293 | 3.160

(Continued)
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Table 4 (Continued).

Movement Group A Group B

ICC | SEM | MDC | ICC | SEM | MDC

Rater 3 with smartphone versus goniometer

Flexion 0.998 | 1.355 | 3.233 | 0.957 | 1.326 | 3.166
Extension 0.989 | 1.144 | 2962 | 0.95 1.469 | 3.362
Abduction 0.994 | 2.569 | 4.678 | 0.861 | 1.652 | 3.556

External rotation | 0.990 | 1.571 3460 | 0.798 | 1.382 | 3.264

Internal rotation | 0.991 1.246 | 3.151 0985 | 1.218 | 3.152

to excellent, although outliers, such as Rater 2 abduction (ICC=0.032), suggested minor inconsistencies, possibly due to
low variability in the norms. Low SEM/MDC values confirmed clinical precision, complementing the inter-rater
excellence in Table 3 and affirming the app’s overall reliability.

Table 4 presents the criterion validity of the smartphone application by comparing the AROM measurements from
raters 1, 2, and 3 with those obtained using a goniometer in groups A and B. In group A, excellent validity was observed
across all movements, with ICCs ranging from 0.984 to 0.999, and low SEM and MDC values indicating high agreement
and measurement precision. In Group B, the validity remained acceptable, with ICCs ranging from 0.798 to 0.985.

Flexion and internal rotation showed the strongest agreement with the goniometer values across all raters, whereas

Table 5 Bland-Altman Analysis: Smartphone versus Universal

Goniometer
Group A Group B
Rater |
Movement Bias 95% ClI Bias 95% Cl
Lower | Upper Lower | Upper
Flexion —0.67 | —4.11 | -2.77 | -0.78 | —3.96 | —2.40
Extension -0.27 | -2.85 | —2.31 | —-0.51 | =329 | —2.27
Abduction 0.69 | —2.89 | —427 | —0.18 | -3.76 | —3.40
External Rotation | 0.51 —297 | -3.99 | —0.67 | —3.45 | -2.11
Internal Rotation | —0.33 | —391 | —3.25 | —0.54 | —3.72 | —2.64
Rater 2
Flexion 0.11 —347 | —-3.69 | —0.65 | —3.83 | —2.53
Extension 0.61 -1.97 | =3.19 | —0.13 | —29I —2.65
Abduction 044 | -3.14 | —402 | 005 | -3.53 | —3.63
External Rotation | 049 | —2.99 | —397 | —0.05 | —2.83 | -2.73
Internal Rotation 082 | —2.76 44 | —029 | 347 | -2.89

(Continued)
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Table 5 (Continued).

Rater 3
Flexion 0.55 | -3.03 4.13 0 -3.18 | -3.18
Extension —0.16 | —2.74 242 | -049 | 327 | —2.29
Abduction 097 | —26l 455 | 022 | -3.80 | —3.36
External Rotation | 0.31 -3.17 379 | —0.11 | —2.89 | —2.67
Internal Rotation 024 | -3.34 3.82 0.17 | -3.01 -3.35

slightly lower ICCs were noted for external rotation and abduction in Group B. Overall, these findings support the
criterion validity of the smartphone application, particularly in Group A.

Table 5 presents the results of the Bland—Altman analysis comparing the AROM measurements obtained using the
smartphone application with those obtained using the universal goniometer in Group A and Group B across all raters. In
both groups, the mean bias values for all movements were small, ranging from approximately —0.67° to 0.97°, indicating
minimal systematic differences between the two measurement methods. The 95% confidence intervals (CIs) for the limits
of agreement were narrow across most movements, suggesting good agreement between smartphone and goniometer
measurements. Group A generally showed slightly tighter limits and less variability than Group B. Overall, the Bland—
Altman results support the clinical agreement and interchangeability of the smartphone application with the traditional
goniometer across all raters and shoulder movements (Figure 1).

Discussion
This study aimed to evaluate the psychometric properties, specifically inter- and intra-rater reliability, criterion validity,
and agreement of the smartphone application (PhysioMaster) for assessing shoulder AROM in individuals with and
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Figure | Bland-Altman Plot indicating mean difference and 95% limits of agreement between measurements from the smartphone application (PhysioMaster) and
goniometer for shoulder active range of motion (°) in Group A and B.
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without shoulder pain and mobility deficits. The findings indicate that the smartphone application (PhysioMaster)
consistently demonstrated good to excellent inter-and intra-rater reliability, as well as criterion validity, in individuals
with and without shoulder pain and mobility deficits, supporting its clinical applicability in shoulder AROM assessments.
Bland—Altman analysis further confirmed the agreement between the smartphone application (PhysioMaster) and the
universal goniometer, with small biases and narrow limits of agreement.

Consistent with this hypothesis, ICCs across both groups were in the good to excellent range, accompanied by low
standard errors of measurement (SEM) and minimal detectable change (MDC). These psychometric properties indicate
that the smartphone application (PhysioMaster) is sensitive to clinically meaningful differences in shoulder AROM
measurements. These results further underscore the accuracy of the PhysioMaster application in detecting subtle
variations in shoulder AROM, making it reliable for both clinical use and patient self-monitoring purposes. Previous
research supports the reliability and validity of smartphone-based goniometry for measuring the range of motion, with
studies reporting good agreement with traditional methods and high inter-rater reliability.”'**'-*>

Group comparisons revealed demographic differences that may have influenced the results. Specifically, Group
A participants were significantly older and had higher BMIs than Group B participants. Although gender distribution
did not differ significantly, previous research has shown that age and BMI may affect shoulder biomechanics and ROM
reliability due to variations in joint flexibility and muscle function.'®>* These variables may have contributed to the more
consistent measures observed in Group A. In contrast, the younger age and lower BMI in Group B might indicate
a cohort with potentially greater joint flexibility or different pain compensation strategies, which could affect the
consistency of AROM measurements.**

This study extends the existing literature by confirming the reliability and validity of smartphone-based and digital
inclinometers for assessing joint mobility.>> These tools offer practical advantages over traditional goniometry, which is
subject to examiner skill and interrater variability. By including both symptomatic and asymptomatic individuals and
implementing a standardized rater training protocol, this study enhanced internal validity and increased generalizability
beyond that of studies limited to healthy cohorts or single-rater designs. However, it is important to acknowledge that the
accuracy of smartphone goniometers can be influenced by the quality of the inertial sensors within the device, with older
smartphone models potentially yielding less reliable measurements than newer ones.>> Moreover, device-specific errors
in accelerometry and gyroscopes, even within modern smartphones, can introduce measurement inaccuracies that require
careful consideration and potential calibration to ensure data integrity.>

While the application generally demonstrated good reliability, a notable exception was observed in Group B for Rater
2’s abduction measurements (ICC = 0.032). This isolated lack of reliability likely results from the “restriction of range”
phenomenon, where the high homogeneity of abduction values in healthy, pain-free participants artificially depresses the
ICC calculation. Importantly, despite this statistical anomaly, the absolute measurement error (SEM) for this measure-
ment remained low (as shown in Table 3), confirming that the issue is primarily a statistical consequence of sample
homogeneity rather than an indication of poor clinical precision. Additionally, the large arc of motion during full
abduction in healthy individuals may have introduced soft tissue artifacts or minor sensor displacement which were not
present in the restricted movements of the symptomatic group. In contrast, symptom-related motion constraints in Group
A likely produced more predictable and consistent movement patterns, thereby enhancing the reproducibility of
measurements. These findings are consistent with those of previous studies indicating that restricted motion due to
pain or pathology may reduce within-subject variability, thereby improving reliability.> Minor inconsistencies in Group
B, particularly during abduction and external rotation, may also result from challenges in maintaining consistent device
placement or accurately identifying anatomical landmarks through soft tissue. Additional factors, such as reduced
scapular stabilization, disturbances in scapulohumeral rhythm, muscular imbalances, or lower examiner alertness during
pain-free assessments, could have contributed to these discrepancies.” >’

This study provides new insights into the clinical utility of smartphone-based tools in settings where access to
traditional instruments or experienced clinicians may be limited. The integration of such applications aligns with broader
trends in digital health, offering adaptable and user-friendly options for both clinicians and patients. In addition to
reducing the clinical workload, these tools enable patients to track their rehabilitation progress and contribute objective
data to support collaborative clinical decision-making.
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While previous research has shown that smartphone applications can consistently measure shoulder mobility, this
study emphasizes the need for tool-specific validation.*'? Performance variability across applications remains a concern,
underscoring the importance of psychometric analyses tailored to each tool.*®>** The PhysioMaster application addresses
the ongoing need for accessible, reliable, and cost-effective measurement solutions, particularly considering the limita-
tions associated with traditional goniometry.

However, this study had some limitations. The generalizability of these findings is constrained by the single-center
recruitment. In addition, this study assessed only AROM,; passive mobility and functional assessments were not included
in the study. Furthermore, intra-rater reliability was evaluated over a short-term interval, and all raters were professional
clinicians, which may not fully reflect their performance in real-world clinical settings. We used a single smartphone
model to ensure validity; however, validation may be required for other models with different sensors and systems.
Clinicians should exercise caution when applying these findings to other devices without prior validation. Future studies
should explore the impact of rater experience and extend the validation to a broader range of clinical populations and
settings. Longitudinal studies are also needed to assess the responsiveness of the PhysioMaster application over time,
particularly in term of monitoring rehabilitation outcomes. Further research could incorporate machine learning to
enhance landmark detection, reduce user-dependent variability and evaluate the performance of the tool across diverse
age groups and cultural contexts. Additionally, the establishment of standardized protocols for device positioning and
measurement procedures will be critical for improving the reliability and facilitating cross-study comparisons.

Conclusion

The findings of this study demonstrate that the PhysioMaster smartphone application is a valid and reliable tool for
measuring the active range of motion of the shoulder in young and middle-aged adults (20—50 years) with or without
mild- to- moderate shoulder pain and mobility deficits. The application showed excellent inter-rater reliability and strong
criterion validity compared with the universal goniometer, with minimal measurement error and strong agreement across
raters and measurement sets. These results support the clinical utility of this application as a practical, accessible, and
accurate alternative to traditional goniometry. Its portability and ease of use make it particularly valuable in outpatient
settings, remote assessments, and tele-rehabilitation programs. Future studies should explore its responsiveness to
changes over time, its application in broader clinical populations, and functional movement assessments.
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