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Abstract

Background: Grip strength is a crucial indicator of muscle deterioration, recovery, sarcopenia, and neurological disorders.
However, conventional measurement requires adedicated dynamometer, which limits accessibility and requires specific movements.

Objective: Thisstudy aimed to propose and validate amethod for estimating grip strength using standard smartphone operations,
thereby eliminating the need for specialized equipment.

Methods: Datawere collected from 21 young adultsin the main experiment, who performed standard smartphone tasks (tapping,
flicking, and dragging) after measuring their grip strength with a dynamometer. A predictive regression model was devel oped
using touch and inertial sensor data. The model was first evaluated using a random split of the entire dataset (random split
evaluation). To further assess practical feasibility and generalizability, we conducted | eave-one-user-out validation and afew-day
calibration validation; the latter simulated a calibration scenario by incorporating 1 to 4 days of user-specific datainto thetraining
set.

Results: The regression analysis using arandom split of the dataset demonstrated high accuracy, with a mean absolute error of
2.62 (SD 0.18) kg, a mean absol ute percentage error (MAPE) of 8.91% (SD 0.57%), and a coefficient of determination of 0.802
(SD 0.036). Inthe validation of practical scenarios, the leave-one-user-out validation resulted in aMAPE of 15.08% (SD 5.40%).
However, the personalized few-day calibration model showed significant improvements as calibration days increased, with the
MAPE decreasing to 13.96% (SD 5.57%) after 1 day and reaching 11.64% (SD 5.80%) after 4 days. Furthermore, the National
Aeronautics and Space Administration Task Load Index assessment indicated alow overall subjective workload (mean 3.04, SD
2.23 on ascale of 10), confirming the method's suitability for daily use without a significant burden on users.

Conclusions: The proposed method demonstrates that smartphones can serve as aviable, pervasive tool for daily grip strength
monitoring, offering a convenient alternative to traditional dynamometers.

(JMIR Hum Factors 2026;13:€90316) doi: 10.2196/90316
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is widely used in medical settings for treatment and
rehabilitation [5-7]. Additionally, grip strength has been linked

Muscle strength is known to decline with aging [1,2], and this to_chronic diseases, Wit_h sever_al st_udi% reporting a decline in
declineis used asadiagnostic indicator of sarcopeniaand frailty 9P Strength among patientswith diabetes [8-11]. Furthermore,
[3,4]. Among various muscle strength measures, grip strength reduced grip strength has been associated with an increased risk
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of falls and fractures, highlighting its relevance in assessing
overall musculoskeletal health [12]. Therefore, regularly
measuring grip strength and monitoring daily variations are
essential for health management and disease risk assessment.

However, grip dynamometers are not widely available to the
general public, and high-precision devices used in medical
settings are expensive, making them difficult to obtain for
personal use. Furthermore, electronic grip dynamometersrequire
maintenance and are not easily portable, making measurements
outside clinical settings challenging. These limitations hinder
thefeasibility of continuous and routine monitoring, potentially
posing a barrier to effective health management.

We propose amethod for estimating grip strength that leverages
the widespread availability of commodity smartphones (Figure
1). Specifically, it uses simple and quick touch input tasks to
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provide practical and accessible grip strength measurements.
For model construction, grip strength is first measured using a
Jamar-style dynamometer to obtain the ground truth, followed
by a smartphone task to collect the corresponding input data.
Thistask involves common smartphone input gestures, such as
tapping, flicking, and dragging, during which input coordinates,
time stamps, contact area, and sensor data—including
acceleration, angular velocity, and orientation—are recorded
as feature variables. A regression model is then constructed
using the measured grip strength as the target variable and the
extracted features as explanatory variables. In total, 21
participantstook part in the experiment, and the analysisresults
showed that the best-performing model had a mean absolute
error (MAE) of 2.62 (SD 0.18) kg, amean absolute percentage
error (MAPE) of 8.91% (SD 0.57%), and a coefficient of
determination of 0.802 (SD 0.036).

Figure 1. Overview of the proposed grip strength estimation method. Grip strength measurements and smartphone tasks were conducted, and the
resulting data were used to construct a machine learning model. Grip strength values were set as the ground truth, while input coordinates, time, and
sensor data were used as the input, enabling estimation through regression analysis.

Data collection

Grip strength measurement Smartphone tasks

Tap Flick Drag

! |

Ground truth Input data

This method enables grip strength estimation using a regular
smartphone without the need for specialized equipment, making
daily measurements more accessible, enabling use in
unsupervised environments, and requiring only a short amount
of time (approximately 30 seconds per set of smartphonetasks).
A brief overview of the study, including the experimental tasks
and key results, is provided in Multimedia Appendix 1.

Methods

Recruitment

Thisstudy included 21 participants (n=16, 76.2% male and n=5,
23.8% femal e participants), aged 20to 24 (mean 21.5, SD 1.00)
years, with no functional impairments in their hands. All
participants were right-handed. We provided participants with
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a prior explanation of the study and obtained their informed
consent before participation.

Procedure

Figure 2 shows an overview of the data collection experiment.
Each day, participants performed a set of grip strength
measurements and smartphone tasks (tap, flick, and drag tasks)
10 times. There were no breaks between the grip strength
measurements and tasks, ensuring continuous execution; this
design was deliberately implemented based on previousfindings
[13] that report a decrease in grip strength immediately after
using a handgrip dynamometer, thereby intentionally inducing
variability in grip strength over the 10 consecutive task sets.
The measurements were conducted over 5 separate days, with
at least a 2-day interval between each measurement day. The
experimental procedures were standardized across all
participants and measurement days.
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Figure 2. Overview of the data collection experiment. The experiment consisted of grip strength measurements and smartphone tasks (tap, flick, and

drag).
Grip measure 1

()

Grip measure 2 Tap task
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Grip Strength M easurement

We used a Jamar-style dynamometer with a standard procedure
to measure grip strength. Participants sat on a stable chair
without armrests in a relaxed state during the measurement.
During the measurement, they kept their upper limb on the

Flick task Drag task

b Task2 Taskd

1

® —

X 10 sets per day x 5 days

measurement side aligned with their body and maintained a
posture with the elbow joint flexed at 90° (Figure 3A). The
measurement was conducted only on the dominant hand. After
the first measurement, a second measurement was taken
following a 10-second interval.

Figure 3. Postures used for (A) grip strength measurement and (B) smartphone tasks.

(A)

(B)

Smartphone Task

A Google Pixel 7a(72.9 mm x 152.0 mm x 9.0 mm) was used
for the task, and a custom-developed app built with Unity
(version 2022.3.9f1; Unity Software Inc) was used. During the
task, data from the device's accelerometer, gyroscope, and
orientation sensor were recorded at 60 Hz. Participants sat on
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XSL-FO

RenderX

a stable chair without a backrest, held the smartphone in their
dominant hand, and operated it using their thumb. They were
instructed to keep their hand elevated, ensuring that they did
not touch the table or their lap (Figure 3B). Additionally, they
were asked to perform the following three tasks with careful
and deliberate movements: tap task, flick task, and drag task
(Figure 4).
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Figure 4. Screenshots of the experimental app used for data collection, illustrating (A) the tap task, (B) the flick task, and (C) the drag task.
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Tap Task

Participants tapped on a green target (14.6 mm diameter)
displayed on the screen. When the target was tapped, a new
target appeared at a different location. The task ended after 10
targets were tapped (Figure 4A).

Flick Task

Participants flicked a black circle (7.3 mm diameter) in a
specified direction to make it collide with a blue target (14.6
mm diameter). When a successful collision occurred, a new
target was generated. The task ended after 10 correct flicksin
the designated direction (Figure 4B).

Drag Task

Participants traced a spiral (4.4 mm width) displayed on the
screen from the center outward. When using the right hand, a
clockwise spiral was used, whereas a counterclockwise spiral
was used for theleft hand. Thetask ended after tracing the spiral
once (Figure 4C).

Features

We extracted specific behavioral features from each task—tap,
flick, and drag—to capture the kinematic characteristics
associated with grip strength. For the tap task, the extracted
features included the spatial accuracy, defined as the distance
between the input coordinates and the center of the target, as
well as temporal metrics, such as the time taken to eliminate
the target and the duration of the touch interaction. The finger
contact area during the tap was also recorded. In the flick task,
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we calculated the direction of the flick input (represented by x-
and y-components), the time taken to eliminate the target, the
finger contact area, and the duration of the touch interaction
from the start to the end of the flick. For the drag task, features
included tracing accuracy, measured as the average distance
between the input coordinates and the nearest point on the
reference spiral centerline. Additionally, we derived input
velocity and acceleration based on the coordinate movement,
along with the finger contact area and the total duration of the
drag interaction.

Common to al tasks, we used inertial sensor data, including
acceleration, angular velocity, and orientation. Linear
interpolation was applied to handle any missing values. To
capture the hand movement dynamics surrounding the
interaction, sensor datawere extracted from 3 specific temporal
windows: “preinput” (the 10 framesimmediately preceding the
input event), “during-input” (the average value recorded at the
time of input), and “postinput” (the 10 frames immediately
following the event) windows. Subsequently, we performed
statistical calculations on these extracted data streamsto derive
thefinal feature set. These calculationsincluded the differences
between consecutive frames to capture the rate of change, as
well as the maximum, minimum, range, and mean values to
summarizethesignal characteristics over the period of interest.

Data Processing

The target variable for our predictive models was the grip
strength value, derived by averaging the 2 measurements taken
within each set. We then constructed 4 distinct regression
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models by pairing this grip strength data with the extracted
behavioral features. First, we developed task-specific models,
which were trained exclusively on data from each interaction
type—namely, the tap, flick, and drag tasks. These models
allowed us to evaluate the predictive power of each gesture
independently. Second, we constructed a unified model trained
on a combined dataset incorporating features from all 3 tasks.
By integrating multimodal features across different interaction
styles, thisunified approach aimed to enhance overall prediction
accuracy and establish a comprehensive model capable of
estimating grip strength from a variety of daily smartphone
gestures.

In this study, we used al the extracted features (touch interaction
features, device motion features, and temporal metrics) for
model training without applying dimensionality reduction or
exclusion techniques. We relied on the inherent feature
importance evaluation capabilities of nonlinear models (eg,
random forest) to handle potential multicollinearity.

To remove high-frequency noise from the raw sensor data, we
applied a low-pass filter with a cutoff frequency of 20 Hz.
Before being used asinput for the machine learning models, all
extracted features were normalized using StandardScaler
(scikit-learn; version 1.2.2) to ensure that each feature
contributed equally to the model training. For each machine
learning model, we performed a grid search to identify the
optimal hyperparameters. This systematic search allowed usto
select the best-performing configuration for each algorithm,
ensuring the robustness of our grip strength estimation.

Mode Training and Validation Scenarios

To estimate grip strength, we implemented 4 regression models
using the scikit-learn library in Python. The random forest model
was configured with 200 estimators, a maximum depth of 20,
and the sguare root of features used for splitting, with the
random state fixed at 42 for reproducibility. For support vector
regression, we used the radia basis function kernel with a
regularization parameter C of 100 and a “scal€” kernel
coefficient. The gradient boosting (GB) model used 100
estimators, alearning rate of 0.1, and a maximum depth of 5.
Finally, the k-nearest neighbors (k-NN) model was set with 9
neighbors, using distance-based weighting and the Manhattan
distance metric. Model evaluation was performed using 5-fold
cross-validation, comparing performance based on the MAPE
and the coefficient of determination.

To evaluate the feasibility of a practical deployment scenario,
we assessed the model’s performance when trained on a
combination of datafrom other participants supplemented with
varying amounts of the target user’s specific data. Specifically,
we conducted evaluations using 2  approaches.
leave-one-user-out validation, in which 0 days of the target
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user'sdatawere included in the training set, and a personalized
calibration approach using 1 to 4 days of the target user's data
(few-day calibration). This experimental design simulates a
real-world scenario in which ageneric model is calibrated with
user-specific data collected during the initial period of use to
improve estimation accuracy.

Ethical Consider ations

The study protocol was approved by the Research Ethics
Committee of Keio University (2025-041). Prior to the
experiment, the detailed purpose and procedures of the study
were explained to al participants, and written informed consent
was obtained. Participants were informed that they could
withdraw from the study at any time without penalty. Regarding
the exclusion criteria, individuals with preexisting hand
impairments or pain were excluded from participation due to
safety considerations. As the data collection involved repeated
muscle exertion for maximum grip strength measurement, this
exclusion was strictly enforced to prevent any risk of injury or
symptom exacerbation. All participant data were anonymized
and stored on a secure server. Each participant received a cash
compensation of ¥2000 (approximately US $13) for their time
and participation in the study.

Results

Collected Data

In total, 1050 data points (10 repetitions x 5 days x 21
participants) were collected during the measurements for each
tap, flick, and drag task. We used grip strength measured before
each task as the ground truth, and we mapped this value onto
the data collected in each of the 10 executions of the task.
Therefore, each data point consisted of a ground-truth grip
strength value and data collected through 1 execution of the
task. The average time taken for each task was 6.11 (SD 1.37)
seconds for the tap task, 7.45 (SD 1.26) seconds for the flick
task, and 3.84 (SD 1.88) seconds for the drag task.

Random Split Cross-Validation Result

Table 1 shows the MAE, Table 2 shows the MAPE, and Table
3 showsthe coefficient of determination. In all tasks, the support
vector machine (SVM) achieved the best results in terms of
both MAPE and coefficient of determination. Additionaly, the
unified model, which combined features from different tasks,
showed alower MAPE than single-task models. It also achieved
the highest coefficient of determination. Figure 5 illustrates a
scatter plot of the true values (x-axis) and the estimated values
(y-axis) for the test data of the unified model. SVMs, GB, and
k-NNs had an average error of approximately 3 kg. For random
forest, there were many data pointswith prediction errors of =25
kg for both low and high true values.
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Table 1. Mean absolute error of grip strength estimation models across different smartphone tasks.

Task Random forest (kg), mean Support vector machine (kg), mean  Gradient boosting (kg), mean k-nearest neighbors (kg), mean
absolute error (SD) absolute error (SD) absolute error (SD) absolute error (SD)

Tap 3.62 (0.24) 3.17 (0.20) 3.27 (0.29) 3.48 (0.29)

Flick 3.99(0.23) 3.52(0.17) 3.57(0.20) 3.60 (0.34)

Drag 3.84(0.31) 3.46 (0.26) 3.54(0.31) 3.48 (0.24)

All 3.48(0.21) 2.62(0.18) 3.07 (0.28) 2.90(0.12)

Table 2. Mean absolute percentage error for the proposed estimation method by task type.

Task Random forest (%), mean ab-  Support vector machine (%), mean  Gradient boosting (%), meanab-  k-nearest neighbors (%), mean ab-
solute percentage error (SD)  absolute percentage error (SD) sol ute percentage error (SD) sol ute percentage error (SD)

Tap 12.03 (0.51) 10.74 (0.65) 10.91 (0.63) 11.64 (1.19))

Flick 13.24 (0.55) 11.75 (0.77) 11.94 (0.61) 12.01 (1.25)

Drag 13.02 (0.87) 11.55(0.71) 11.88(0.86)) 11.69 (0.77)

All 11.87(0.36) 8.91(0.57) 10.47 (0.84) 10.15 (1.25)

Table 3. Coefficient of determination (R2) for the performance evaluation of regression models.

Task Random forest, R? (SD) Support vector machine, R (SD) Gradient boosting, R (SDb) k-nearest neighbors, R (SD)

Tap 0.610 (0.024) 0.693 (0.039) 0.675 (0.031)) 0.650 (0.099)

Flick 0.567 (0.028) 0.644 (0.042) 0.634 (0.030) 0.625 (0.106)

Drag 0.570 (0.033) 0.659 (0.025) 0.648 (0.046) 0.634 (0.012)

All 0.638 (0.026) 0.802 (0.036) 0.731 (0.042) 0.706 (0.095)
https://humanfactors,mir.org/2026/1/e90316 JMIR Hum Factors 2026 | vol. 13| 90316 | p. 6
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Figure 5. Comparison of true and predicted values of grip strength (kg) in the unified model. GB: gradient boosting; k-NN: k-nearest neighbors, RF:

random forest; SVM: support vector machine.
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L eave-One-User-Out and Few-Day Calibration
Validation Results

For the leave-one-user-out and few-day calibration validations,
the SVM model was used and evaluated based on the MAE and
MAPE for each participant. As shown in Table 4 and Figure 6,

Table 4. Comparison of mean absolute error and mean absol ute percentage

20 25 30 35 40 45
True values

the estimation accuracy consistently improved as more days of
the target user’s data were incorporated into the training set. In
this evaluation, the case with O training days corresponds to
leave-one-user-out validation, while the cases with 1 to 4
training days represent the few-day calibration validation.

error by number of training days.

Variable Day O Day 1 Day 2 Day 3 Day 4
Mean absolute error (kg; SD) 5.03 (2.65) 4.39 (2.28) 3.96 (2.11) 3.80 (2.04) 3.56 (2.23)
Mean absol ute percentage error (%; SD) 15.08 (5.40) 13.96 (5.57) 12.60 (5.54) 12.23 (5.68) 11.64 (5.80)
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Figure 6. Distribution of estimation errors from the initial state to 4 days of calibration. The box plots illustrate the mean absol ute percentage error
(MAPE) of the support vector model asthe number of user-specific training daysincreasesfrom 0 to 4. The case with O days represents| eave-one-user-out
validation, while cases with 1 to 4 days represent few-day calibration validation. The horizontal line within each box represents the median error, and

the box edges represent the IQR.
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Subjective Workload Assessment

To evaluate the subjective workload of the measurement tasks
using our proposed method, we administered the National
Aeronautics and Space Administration Task Load Index
(NASA-TLX) questionnaire to 9 participants. Prior to the
assessment, participants were instructed on how to use the app
and performed the tap, flick, and drag tasks once. Subsequently,
they completed the questionnaire. Following theraw Task Load

Index method, participants rated 6 subscales on an 11-point
scale ranging from O (low) to 10 (high). The results are
summarized in Table 5. The overall workload score (mean of
all subscales) was 3.04 (SD 2.23), indicating a low level of
workload overall. Among the subscal es, mental demand (mean
1.89, SD 2.02), effort (mean 1.78, SD 2.10), and frustration
(mean 1.78, SD 2.10) were rated particularly low. In contrast,
temporal demand showed the highest mean value at 5.11 (SD
3.14).

Table 5. National Aeronautics and Space Administration Task Load Index scores.

Subscales Descriptions Mean (SD)
Mental demand How much mental and perceptual effort did the task require? 1.89 (2.02)
Physical demand How much physical activity was required? 4.22 (2.86)
Tempora demand How much time pressure did you experience while performing the task? 5.11(3.14)
Performance How successful were you in accomplishing the task? 3.44 (2.50)
Effort How hard did you have to work? 1.78 (2.10)
Frustration How irritated, stressed, and annoyed did you feel? 1.78 (2.10)
Overall workload Average of the 6 subscales 3.04 (2.23)
Discussion them to achieve high estimation performance despite the limited

Model Performance and Estimation Char acteristics

Inthe model comparison, SV Msachieved the highest accuracy,
followed by GB, k-NNs, and random forest. SVMs and GB
effectively captured nonlinear relationshipsin the data, enabling
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dataset. In contrast, k-NNs tend to suffer from decreased
accuracy in distance calculations when applied to
high-dimensional data, leading to lower overall precision.
Additionally, random forest does not focus on reducing errors
in the same way as boosting methods, which may result in
suboptimal feature selection.
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Furthermore, there was a tendency for grip strength to be
overestimated when the true value was low and underestimated
when the true value was high. This may be attributed to
distributional bias in the original data. Most of the data were
concentrated between 25 kg and 35 kg, while values >40 kg or
<20 kg were relatively scarce. Consequently, the model was
likely influenced toward the mean, reducing the estimation
accuracy for extreme values.

The observed reduction in estimation errors as the number of
calibration days increased suggests that user-specific data
significantly enhance the model’s ability to account for
individual variability. Compared to the leave-one-user-out
validation, which yielded the highest error rate, the introduction
of even asingle day of user dataled to a notable improvement.
The most substantial improvement occurred between theinitial
state and the first 2 days of calibration, after which the error
rate continued to decrease more gradually. This indicates that
while initial personaization is critical to overcoming the
limitations of apurely generic model, the system reaches astate
of relative stability with approximately 3 to 4 days of data.

The primary dataset involved university students aged 20 to 24
years. To assess the applicability of our framework to broader
demographics, we conducted a preliminary case study with a
53-year-old participant (middle-aged adult). Wetrained amodel

using the participants datafrom 1 day, combined with the entire
dataset from the younger group, and tested it on the participants

data from other days. The model achieved an estimation error
withan MAE of 1.87 kg (MAPE 11.19%), whichiscomparable
to the accuracy levels obtained from the younger participants.
Regarding participants with hand disabilities, we were unable
to include them in this study due to ethical considerations. As
the data collection tasks involve repeated muscle exertion and
impose acertain physical load on the hand, recruiting individuals
with existing hand impairments posed a potential risk of
exacerbating their conditions.

Practical Applicationsand Future Directions

In the future, we will implement the proposed model on a
smartphone and evaluate its practicality for daily grip strength
monitoring. Specifically, we plan to devel op asystem that inputs
data obtained after certain operations into the model and
provides feedback on the estimated results. The goal isto track
changesin grip strength and use the datafor health management
and exercise. To achieve this, maintaining accuracy on actual
devices and assessing usability will be crucia challenges.

For daily grip strength monitoring, we believe that ease of
measurement isone of the most crucial factors. When using the
unified model (ie, conducting all tasks), the required time is
approximately the same as that for completing one set of
smartphone tasksin the data coll ection experiment. The average
completion time for these tasks in our experiment was
approximately 30 seconds, which we consider short enough to
avoid burdening usersin everyday use.

Furthermore, numerous studies have reported on the rel ationship
between smartphone use and grip strength variations, revealing
that individuals who spend more time using smartphones daily
tend to havelower grip strength [14-16]. Excessive smartphone

https://humanfactors.jmir.org/2026/1/€90316
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use can affect hand function and may lead to conditions such
astenosynovitis[17,18]. By using thissystem, it may be possible
to detect grip strength decline during smartphone use, estimate
hand fatigue, encourage appropriate use, and reduce the risk of
orthopedic disorders.

Subjective Workload and Usability

To evaluate user fatigue and task burden during daily
monitoring, we conducted a subjective workload evaluation
using the NASA-TL X with 9 participants. The overall workload
score was low at 3.04 (SD 2.23) (on a scae of 0 to 10).
Specifically, the physical demand score averaged 4.22 (SD
2.86). Given that the task inherently involves physical muscle
exertion to estimate grip strength, a moderate level of physical
load is expected. However, this value indicates that the task
does not impose excessive fatigue compared with maximum
voluntary contraction tasks typicaly performed with a
conventional dynamometer.

Notably, the mean temporal demand score was relatively high
at 5.11 (SD 3.14), even though participants were explicitly
instructed to perform the tasks at their own self-selected pace.
This perception may be attributed to the app’s feedback design,
specifically the display of elapsed time upon task completion.
Although participants were instructed to prioritize their own
pace, the visualization of a time metric likely created an
awareness of being timed, inducing apsychological pressureto
perform quickly. Consequently, to mitigate this unintended
pressure, we plan to redesign the user interface by removing
the explicit display of elapsed timein future versions of the app.

Crucialy, however, the frustration score remained extremely
low at 1.78 (SD 2.10). The clear dissociation between high
temporal demand and low frustration implies that this time
pressure was not perceived as negative stress or panic but
potentially as a gamified element or a source of positive
engagement to complete the task efficiently. These results
confirm that our proposed method is suitable for continuous
daily use without causing significant user burden or stress.

Limitations

To evaluate the generalization of the proposed model across
different participants, leave-one-user-out validation was
performed. As reported in the Results section, this approach
yielded arelatively large estimation error, with an MAE of 5.03
(SD 2.65) kg and an MAPE of 15.08% (SD 5.40%) for the SV M.
These results, particularly when contrasted with the improved
accuracy observed after just 1to 4 daysof calibration, highlight
the significant impact of individual variability in grip strength
and smartphone interaction patterns. The high error rate in
leave-one-user-out validation suggests that a purely generic
model struggles to adequately capture the unique features of
each individual’s operations. Consequently, our findingsindicate
that whilethe model providesastrong foundation, an individual
calibration process is currently essential to bridge the gap
between a general estimation and the high precision required
for practical, personalized health care monitoring.

The accuracy of the proposed model may depend on the
smartphone model used. The extracted features, such as device
acceleration and angular velocity, could vary dueto differences
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in device size, weight, and screen dimensions. Consequently,
the model may not achieve the same level of accuracy when
applied to a different smartphone model. Additionally, the
participants in this study used different smartphone modelsin
their daily lives. Some participants struggled with input due to
differencesin size and shape compared with their usual devices.
Their unfamiliarity with the device may have affected task
performance. Therefore, it is necessary to explore methods to
mitigate the impact of device-related constraints on model
performance.

In our experiment, participants were required to hold the
smartphone with 1 hand and use their thumb for input. This
setup was chosen considering the ease of one-handed operation
and the need for consistency in analysis. Meanwhile, factors
such as finger length and hand size were not examined in this
study. However, because these elements are known to influence
touch input accuracy [19], factoring in such variations may
improve the accuracy of grip strength estimation across diverse
users.

Additionally, using 1 hand with the thumb was the primary
interaction style in our experiment. Consequently, the current
model is optimized exclusively for this specific posture. We
recognizethat users often use alternative styles, such asholding
the device with 1 hand and operating it with the index finger of
the other, which can significantly alter sensor data profiles. To
ensure data consistency in a practical deployment, we propose
implementing on-screen instructions or a brief tutorial to
explicitly guide users to adopt the required one-handed thumb
posture during the measurement tasks. Expanding the model to
accommodate diverse interaction styles remains an important
direction for future work.

In this study, data collection was conducted exclusively with
right-handed participants operating the smartphone with their
dominant (right) hand. To extend the applicability of our model
to left-handed users operating with their dominant hand, we
propose ageometric transformation approach. Asthe anatomical
structure of the handsis symmetrical, left-hand interaction data
can be mapped to the right-hand feature space by mirroring the
horizontal coordinates (x-axis) of touch points and reversing
the rotation direction of the spiral drag task (ie, treating
counterclockwiseinput as clockwise). This preprocessing allows
the model trained on right-dominant data to be directly applied
to left-dominant users.

However, the validity of estimating grip strength using the
nondominant hand (regardless of whether it is the left or right
hand) remains unverified, as differencesin dexterity and motor
control may significantly alter sensor patterns compared with
the dominant hand.

Consequently, to ensure valid estimation in a real-world
deployment, the app requires an input interface where the user
explicitly specifies two parameters before use: (1) which hand
iscurrently being used (left or right) and (2) whether it istheir
dominant or nondominant hand. On the basis of these inputs,
the system can determine whether to apply geometric
transformations (for left-dominant input) or to notify the user
that the current condition (nondominant input) is outside the
verified scope of the model.

https://humanfactors.jmir.org/2026/1/€90316

Taimaet d

We acknowledge that this study used asingle smartphone model
(Pixel 748). As inertial sensor data (acceleration and angular
velocity) are physically influenced by the device's weight and
dimensions, verifying reproducibility on different devices is
crucial. However, the Pixel 7a (weight 193.5 g; display 15.5
cm) represents astandard form factor in the current smartphone
market. Therefore, we anticipate that the fundamental physical
interactions between grip strength and device motion would
remain consistent, and the influence on estimation accuracy
would be limited for devices with similar specifications.

To strictly address the issue of varying sensor characteristics
(eg, bias or sensitivity) across different hardware in the future,
we propose 3 potential approaches. First, sensor calibration
could be introduced as a preprocessing step to identify and
correct for device-specific sensor characteristics, thereby
standardizing the input data across different models. Second,
we suggest focusing on robust feature extraction, which
prioritizesfeaturesthat areindependent of raw sensor hardware
variations, such as relative motion patterns, rather than relying
on absolute sensor values. Finaly, if alarge-scale dataset across
multiple devices becomes available, device-specific
features—such as model 1D, weight, or screen size—could be
explicitly incorporated as input variables to train a more
generalized and hardware-agnostic model.

Comparison With Prior Work

Several studies have explored methods for estimating grip
strength without using a grip dynamometer. Matsumoto et al
[20] proposed amethod for estimating grip strength by capturing
animage of ahand gripping asoft tennisball using amonocular
camera on a smartphone and analyzing changesin the angle of
finger joints. Yamamoto et al [21] proposed a grip strength
measurement method using capacitive touch sensors on
smartphones, which does not require any el ectronic components
on the measuring device itself. Although these methods offer
alternative approaches to measuring grip strength, they still
require external equipment beyond a smartphone, and the
measurement results may be influenced by the user’s posture.
In this study, our objective isto estimate the grip strength using
only the smartphone, with the aim of establishing an easy and
conveni ent measurement method without specialized equipment.

This study examines the estimation errors of the proposed grip
strength model. The Jamar dynamometer manufacturer
recommends a measurement error within 5% [22], whereasthe
error rate in this study slightly exceeds this threshold. We also
evaluated the clinical relevance of our estimation accuracy. The
minimal clinically important difference for grip strength is
reported to be between 5.0 kg and 6.5 kg [23]. Our model
achieved an MAE of 2.62 (SD 0.18) kg in the random split and
4.39 (SD 2.28) kg in the single-day case of the few-day
calibration, both falling within thisminimal clinically important
differencerange. Thisindicatesthat our method is effective for
detecting meaningful changes in muscle strength over time,
such asrecovery or decline. However, acritical limitation arises
when applying this method to disease screening based on
specific thresholds. For instance, the Asian Working Group for
Sarcopenia 2019 defines diagnostic cutoffs of <28 kg for male
and <18 kg for female individuals [24]. Given our estimation
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error of approximately 2.6 kg to 4.4 kg, there is a risk of
misclassification (false positives or false negatives) for
individua swhose grip strength lies near these borderline values.
Consequently, we position our method not as areplacement for
clinical-grade dynamometersfor definitive diagnosis but rather
as apervasive tool for daily longitudinal monitoring and initial
screening to identify at-risk individuals who should seek
professional assessment.

The accuracy of the proposed model iscompared with previous
grip strength estimation studies. Park et a [25] used national
survey datafrom >20,000 participants, where grip strength was
measured using a digital grip strength dynamometer. Their
analysis used age, sex, hand preference, height, weight, waist
circumference, and 5 physical activity levels (vigorous or
moderate work, vigorous or moderate recreation, and travel) as
input features, achieving a coefficient of determination of 0.717
with Extreme Gradient Boosting. Hwang et a [26] developed
a deep learning model trained on data from 164 participants,
incorporating various postures, demographic information, and
anthropometric data as input, achieving a coefficient of
determination of 0.88. This study, in contrast, focuses on

Taimaet d

estimating grip strength using everyday smartphone interactions,
making the input data fundamentally different from those used
in previous studies. However, the limited number of participants
and the small training dataset present challenges in terms of
reliability and accuracy. Additionally, further investigation into
user-independent modelsis necessary. Future work should aim
to expand the dataset and improve the model to enhance
estimation accuracy.

Conclusions

In this study, we proposed amodel for estimating grip strength
using smartphone input data. First, grip strength was measured,
followed by the execution of smartphone tasks, during which
sensor data from the device were collected. On the basis of the
obtained data, multiple machine learning models were
constructed and evaluated. The results showed that the model
using SVMs achieved the highest accuracy. Furthermore,
integrating features obtained from different tasks improved
estimation accuracy. In the future, we aim to implement the
model on a smartphone to enable real-time grip strength
estimation. To achievethis, further accuracy improvementsand
evaluations under various conditions will be necessary.

Data Availability

The source code for the smartphone app developed in this study and the dataanalysis scripts are availablein the GitHub repository
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