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Abstract

Background: The range of motion (ROM) in ankle dorsiflexion during weight-bearing activities has
important functional implications, including an elevated risk of injury when ROM is restricted. The
integration of advanced digital technologies, particularly those utilizing artificial intelligence (Al), is
becoming increasingly prevalent across professional domains. These tools have demonstrated
effectiveness in enhancing diagnostic accuracy and improving patient outcomes in physical rehabilitation.
This study aimed to assess the reliability of a portable 3D motion capture platform incorporating Al
(Kinotek) compared to a standard plastic goniometer in evaluating weight-bearing ankle dorsiflexion
ROM.

Methods: Twenty-four healthy participants (mean age: 29 + 12 years; height: 172.7 £ 10.2 cm; weight:
70.3 £ 15 kg) were recruited. Each participant completed two (test-retest) trials of weight-bearing ankle
dorsiflexion during a forward lunge. Intertrial reliability was evaluated using the ICC, ) with a 95% ClI,
comparing measurements obtained from the Kinotek system and the goniometer.

Results: The mean * standard deviation (standard error of the mean) ROM values were 18.8 + 6.67 (0.99)
degrees for Kinotek and 14.61 £+ 5.72 (0.86) degrees for the goniometer. The ICC (95% CI) values were
0.90 (0.82-0.94) for Kinotek and 0.79 (0.65-0.89) for the goniometer. The Pearson correlation coefficient
(r) was 0.55.

Conclusion: The findings indicate that the Kinotek system demonstrates good-to-excellent reliability,
whereas the goniometer exhibits moderate-to-good reliability in assessing weight-bearing ankle
dorsiflexion ROM. The strong association observed supports the potential utility of Al-driven motion
capture systems as reliable tools in both clinical and research contexts for evaluating weight-bearing ankle
dorsiflexion.
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Introduction

Ankle dorsiflexion (ADF) range of motion (ROM) is essential for numerous daily activities, including gait,
stair negotiation, and transitions between sitting and standing [1,2]. It also contributes to dynamic balance
and athletic tasks such as jumping, landing mechanics [3,4], and arm swing coordination [5]. Restricted
ADF ROM has been linked to various biomechanical alterations and clinical conditions, including an
increased risk of both overuse and acute injuries, such as ankle sprains, Achilles and patellar tendinopathy
[6-9], plantar fasciitis [10], patellofemoral pain syndrome [11,12], stress fractures [13-17], and anterior
cruciate ligament (ACL) tears [3]. Consequently, exercises targeting improvements in ADF are commonly
prescribed, necessitating accurate and reliable ROM assessments to guide and monitor intervention
outcomes.
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The anatomical design of the ankle enables it to withstand substantial compressive, shear, and
rotational forces while adapting to variable surfaces and contributing to propulsion during gait [1]. During
weight-bearing tasks, dorsiflexion positions the talocrural joint in a closed-packed configuration, promoting
lower limb stability and efficient energy transfer throughout the stance phase of gait [1,18]. Conversely,
restricted ADF ROM may alter the joint's axis of motion and lead to soft tissue adaptations, resulting in
dysfunctional movement patterns. Insufficient ADF ROM during the mid-stance and push-off phases
increases loading on the forefoot and midfoot, contributing to conditions such as metatarsalgia and
neuropathic ulceration [19]. When ADF ROM is less than 10°, individuals often demonstrate altered pelvic
and lower limb kinematics, including reduced step length, decreased hip and knee flexion during gait, and
increased ipsilateral pelvic rotation [20]. Furthermore, individuals with ADF asymmetry >6.5° are at greater
risk of musculoskeletal injuries, particularly those related to overuse [17].

Restrictions in ADF ROM also impact proximal joint mechanics and neuromuscular coordination
[21,22]. As a compensatory strategy, individuals often exhibit increased femoral internal rotation and
calcaneal eversion, which redistribute mechanical demands to surrounding musculature. These
compensations can alter muscle recruitment patterns, such as elevated hip abductor activity relative to
gluteal muscle engagement during single- and double-limb tasks [22-24]. These changes contribute to
atypical movement patterns, such as dynamic knee valgus, frequently observed during squatting and landing
tasks [4,25]. Limited sagittal plane motion may also prompt compensatory movements in the frontal and
transverse planes, including increased subtalar pronation and tibial internal rotation [12,25-28]. Three-
dimensional motion analysis has shown that restricted ADF is associated with reduced knee flexion,
increased hip adduction, and elevated knee external rotation during dynamic activities [27]. These kinematic
deviations are implicated in several lower extremity pathologies, including ACL rupture, patellar instability,
anterior knee pain, and iliotibial band syndrome [3,12,27,29-31]. When left unaddressed, these
biomechanical abnormalities can predispose individuals to cumulative stress and overuse injuries.

To better assess and address ADF limitations, recent technological advancements have led to the
development of innovative tools capable of capturing joint ROM during functional tasks. One such tool is
Kinotek, which utilizes a single tripod-mounted camera (weighing 0.44 kg; dimensions: 103 x 39 x 126
mm) to provide 3D motion analysis (Fig. 1). The system generates detailed kinematic analyses, including
digital avatars, time-series graphs of joint angles throughout movement, and comprehensive reports
highlighting side-to-side asymmetries (Figs. 2 and 3). Although artificial intelligence (Al)-driven
technologies such as Kinotek hold promise for enhancing diagnostic specificity, prognostic accuracy, and
assessment efficiency [32,33], further research is needed to establish their reliability and validity. The
purpose of this study was to evaluate the reliability and validity of Kinotek for measuring weight-bearing
ADF ROM during a forward lunge—a functional task relevant to identifying mobility impairments.
Goniometric assessment, a standard method widely used in clinical practice, served as the comparative
reference. Although non-weight-bearing exercises have demonstrated similar effectiveness [14], closed-
chain movements more accurately reflect the biomechanical demands of daily functional tasks and were
therefore emphasized in this analysis.

Ofra A. Pottorf, IJSRM Volume 13 Issue 06 June 2025 MP-2025-2228



Fig. 1: Kinotek 3D motion analysis camera mounted on a tripod.
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Fig. 2: Kinotek 3D motion tracking by A) time series and B) movement report.
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Fig. 3: Kinotek 3D motion analysis digital avatar.

Materials and Methods

Participants

Ethical approval for this study was granted by Hofstra University Institutional Review Board, and
informed consent was granted by each participant. Participants were eligible to participate in the
study if they were at least 18 years of age, had the ability to perform movements bilaterally and had
the ability to demonstrate the specified movements without loss of balance. Participants were
excluded from this study if they were taking any medications that impair balance or ability to think,
had any recent injuries that are still being treated by a healthcare provider to the lower extremities, if
they had active pain or tingling/numbness during the time of data collection, or were not able to
provide consent.

Instruments

The instruments utilized for data collection are presented in Fig. 4 and include the following: 1) a standard
180° 8-inch plastic goniometer and 2) Kinotek 3D motion capture system (Fig. 4). The Kinotek camera
employs Light Detection and Ranging (LiDAR) technology, which utilizes infrared light emitted from a
pulsed laser to measure distances. This advanced depth-sensing technology, driven by Al, produces
spatiotemporal representations of body movements. The platform incorporates Microsoft’s Kinect camera,
which processes 750 data points per visual analysis at a rate of 30 frames per second (fps). The camera is
mounted on a tripod and operates via a WiFi connection. The goniometer is a tool widely used by healthcare
providers to assess joint ROM and detect body asymmetries. Previous research has demonstrated that
goniometers possess sufficient intra-rater reliability for measuring ROM across various joints of the body.
[34-40] In this study, the goniometer was utilized as a reference standard to compare measurements obtained
from the Kinotek camera with traditional goniometric assessments.
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Fig 4.: Standard 180° 8-inch plastic goniometer and Kinotek camera.

Tester Selection and Procedure

For data collection, a single tester who is a physical therapist conducted all goniometric
measurements. The tester was blinded to the displayed readings while positioning the goniometer on
the participant and a second individual recorded the measurements. Weight-bearing ADF ROM at
the talocrural joint was assessed as participants performed a forward lunge on a three-inch step,
positioned seven feet away from the camera, as depicted in Fig. 5. The room setup included a floor
marking at seven feet from the camera’s center, with the camera oriented forward and tilted upward
at a 6° angle. The camera’s height was adjusted to align with the participants' mid-pelvic region at the
level of the umbilicus.

Fig 5.: Weight-bearing ankle dorsiflexion range of motion assessment.
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During the recording, participants placed their foot on the step and, upon receiving a standardized
verbal cue, initiated active ROM by lunging forward onto the step. Participants were instructed to stop at
their maximum available range of motion and hold the position while the tester recorded the goniometric
measurements for ADF. To ensure consistency, all participants received the same verbal instructions, were
shown a visual demonstration of the movement, and were briefed on potential compensatory body
movements. Each participant performed one practice trial, during which feedback was provided to address
any extraneous variables, such as compensations or variations in movement speed. Following the practice
trial, two additional trials (test-retest) were conducted for each lower extremity, which were used for data
analysis.

Data Analysis

Data were analyzed using SPSS Statistics v29 (Armonk, NY). The mean (M), standard deviation (SD), and
standard error of the mean (SEM) were calculated and reported. Intertrial reliability was assessed using the
Intraclass Correlation Coefficient (ICC,x) with a 95% Confidence Interval (Cl). Descriptive statistical
analysis was conducted to summarize the demographic characteristics of the participant sample. The of
reliability was rated poor for values less than 0.5, moderate for values between 0.5 and 0.75, good for values
between 0.75 and 0.9, and excellent when greater than 0.90. [41] For validity, the Pearson correlation
coefficient (r) was assessed. The strength of association was rated small for values between .10 and .30,
medium for values between .3 and .5, and large for values between .5 and 1.0. [42]

Results

The total sample size of participants meeting the inclusion criteria was 24, comprising 15 individuals who
identified as female and 9 who identified as male. The mean age of the participants was 29 + 12 years, with
an average height of 172.7 £ 10.2 cm and weight of 70.3 £ 15 kg. Of note, while the total sample consisted
of 24 participants, the data analysis was performed using an n=48, as each participant was assessed
bilaterally, contributing two independent data points (right and left). Of these 48 data points, four outliers
were excluded due to errors in the data processing of the Kinotek software.

Table 1 presents the mean (M) and standard deviation (SD) for weight-bearing DF measurements
recorded by both tools. The M + SD (SEM) for the goniometer was 14.61 + 5.72 (0.86), while the
corresponding values for Kinotek were 18.8 + 6.67 (0.99). The intertrial reliability and validity for weight-
bearing ADF during the forward step lunge, measured with the goniometer and Kinotek, are detailed in
Table 2 and illustrated in Fig. 6 as scatterplots. The ICC [95% CI)] was 0.90 (0.82-0.94) for Kinotek and
0.79 (0.65-0.89) for the goniometer, with a Pearson’s correlation coefficient (r) = .55 (p<0.001).

Table 1: Weight-bearing ankle dorsiflexion range of motion during a forward step lunge measured
with Kinotek and goniometer.

Instrument Mean (°) SD (°) SEM (°)
Goniometer 14.61 5.72 0.86
Kinotek 18.80 6.67 0.99

Notes. Mean (M); standard deviation (SD); standard error of measure (SEM).

Table 2: Intertrial Reliability and Validity for weight-bearing ankle dorsiflexion range of motion
during a forward step lunge for goniometer and Kinotek.

Instrument 1CC (95% CI) r
Goniometer  0.79 (0.65-0.89) 0.55 (p<0.001)
Kinotek 0.90 (0.82-0.94)  0.55 (p<0.001)

Notes. Intraclass correlation coefficient (ICC); confidence interval (Cl); Pearson correlation coefficient (r)
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Figure 6.: Intertrial reliability for weight-bearing ankle dorsiflexion range of motion measurement with A)
Kinotek and B) goniometer.

Discussion

This study found the intertrial reliability of Kinotek for measuring weight-bearing ADF ROM) to be good-
to-excellent, with ICC values ranging from 0.65 to 0.94. The goniometer demonstrated moderate-to-good
reliability, with ICC values ranging from 0.65 to 0.89. Pearson’s correlation coefficient was r = 0.55 (p <
0.001). Overall, both tools demonstrated good reliability, with Kinotek slightly outperforming the
goniometer, and a strong association observed between the two tools. These findings align with prior
research supporting the reliability of markerless motion capture systems in assessing joint ROM.
Specifically, studies investigating the concurrent validity of Microsoft’s Kinect sensor compared to Vicon
have reported good to excellent correlation [43]. Lempereur et al. [44] also emphasized the advantages of
3D motion analysis, particularly in capturing dynamic movements with high precision, which is consistent
with the reliability demonstrated by the Kinotek system in this study.
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Traditional tools for assessing ROM include inclinometers, goniometers, tape measures [2], and
mobile phone applications [36]. The results of this study are consistent with earlier research examining the
intrarater reliability of goniometric assessments. Konor et al. [45] investigated the reliability and validity of
goniometers, inclinometers, and tape measures for assessing weight-bearing ADF ROM using a similar
protocol and reported good reliability across all three tools. Conversely, Kim et al. [46] reported moderate to
poor ICC values for ADF measurement using a goniometer, which contrasts with the current findings.

The Kinotek system’s integration of Al and LiDAR technology offers several advantages over
traditional tools. It enables continuous motion tracking throughout the range of movement, generates time-
series data, and creates digital avatars for comprehensive kinematic analysis. These features allow clinicians
to assess movement quality from multiple planes, extending beyond static end-range measurements, as noted
by D’Antoni et al. [32] and Loria [33]. However, the software errors identified in this study emphasize the
need for continued refinement to ensure reliability across diverse clinical and research settings.

This study had several limitations. First, the relatively small sample size (n = 24) limits the
generalizability of the findings. Future studies should include larger, more diverse populations to improve
external validity. Second, the current investigation focused exclusively on ADF ROM in the sagittal plane.
Although a previous study examined the reliability and validity of Kinotek for shoulder mobility [47],
additional research is needed to comprehensively evaluate its performance across multiple joints and
movement planes. Despite these limitations, the capabilities of advanced algorithms, machine learning, and
Al-driven technologies remain promising for the advancement of clinical assessment methods.

Conclusions

The objective of this study was to evaluate the reliability and validity of the Kinotek motion capture system
for measuring weight-bearing ADF ROM, using goniometry as the reference standard. The results
demonstrated good-to-excellent reliability, supporting the Kinotek platform as a dependable tool for both
clinical and research applications in assessing weight-bearing ADF ROM. These findings are consistent with
previous research highlighting the potential of Al-driven motion analysis technologies to improve diagnostic
accuracy and functional assessment. Future studies should expand on these results by including larger and
more diverse populations, examining additional joints, and evaluating a broader array of functional
movement patterns.
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