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ABSTRACT

BACKGROUND: Wearable sensor technology provides
a promising approach for objective monitoring of patients
during rehabilitation, enabling personalized care and
potentially improving rehabilitation outcomes.
OBJECTIVE: The aim of this study was to investigate the
effectiveness of wearable sensors in tracking the progress
of patients undergoing different types of rehabilitation.
METHODS: This prospective, observational study
involved 120 patients in post-operative orthopedic,
neurological, cardiac, and pulmonary rehabilitation.
Patients were provided with wearable sensors to monitor
daily step count and other related metrics, with data
transmitted to a secure server for real-time analysis. Pre-
and post-rehabilitation measures were compared for each

patient to assess the effectiveness of the rehabilitation
program.

RESULTS: All patient groups demonstrated a significant
increase in the average daily step count from pre- to post-
rehabilitation (p < 0.001). These results corroborated with
clinical assessments of functional status, suggesting that
wearable sensors provide an accurate reflection of patient
progress during rehabilitation.

CONCLUSION: The findings support the integration of
wearable sensor technology into rehabilitation programs,
which could potentially facilitate personalized, efficient
care, and improve patient outcomes.
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INTRODUCTION

Physical rehabilitation after severe injuries, surgeries, or
debilitating diseases is crucial for patients to regain their
normal functional abilities.(1, 2) Traditionally, the
progress of patients during rehabilitation has been
monitored through clinical assessments performed by
healthcare professionals(3, 4). However, these assessments
are usually infrequent and may not fully capture the true
functional abilities of patients outside the clinical setting.
Therefore, there is an increasing interest in the use of
wearable sensors to continuously monitor patients'

progress during rehabilitation.(5, 6) These wearable
sensors can potentially provide valuable information about
patients' functional status and recovery progression,
facilitating more effective and personalized rehabilitation
strategies.(7-9)

Wearable sensors have evolved significantly over the past
few years, allowing for the accurate collection of various
forms of physiological and movement data(10, 11). These
devices typically employ accelerometers, gyroscopes, and
sometimes magnetometers to measure human body
movement and orientation(12, 13). They have been used to
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monitor and assess physical activity, gait, balance, and
postural transitions in various populations, including
patients undergoing rehabilitation. (14, 15)

A recent systematic review evaluated the use of wearable
sensors in rehabilitation settings and found that these
sensors could reliably assess physical activity and
mobility(16-18). They provide valuable information about
patients' functional status and recovery progression,
leading to more effective and personalized rehabilitation
strategies.(19-21)

Furthermore, wearable sensors can offer real-time
feedback to both patients and clinicians, enhancing patient
engagement and compliance with  rehabilitation
programs(22, 23). This immediate feedback can help
patients understand and improve their performance, further
facilitating their recovery process.(24, 25)

Despite these potential benefits, some challenges remain.
These include ensuring user comfort and acceptance,
protecting patients' privacy, dealing with the large volumes
of data produced, and validating the accuracy and
reliability of the data. (26-28)

MATERIALS AND METHODS

STUDY DESIGN

This research is a prospective, observational study
conducted over a period of 12 months from July 2023 to
July 2024.

PARTICIPANTS

A total of 120 patients undergoing rehabilitation in two
tertiary care hospitals were included in the study. The
patients were further divided into four groups based on
their rehabilitation needs: post-operative orthopedic
rehabilitation, neurological rehabilitation, cardiac
rehabilitation, and pulmonary rehabilitation.(29)
INCLUSION AND EXCLUSION CRITERIA

The inclusion criteria were as follows: (1) age between 18
and 85 years, (2) undergoing rehabilitation in one of the
four identified categories, (3) able to provide informed
consent. Patients were excluded if they had a severe
cognitive impairment, were unable to wear sensors due to
skin condition or injury, or had a life expectancy of less
than six months.

DATA COLLECTION PROCEDURE

Each participant was provided with wearable sensors
which they were instructed to wear during all waking
hours, except during water-based activities. These sensors
were capable of monitoring various physiological
parameters including heart rate, step count, and sleep
guality, as well as movements related to balance, gait, and
postural transitions. Data from these sensors were
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transmitted wirelessly in real-time to a secure server for
further processing and analysis.

DATA ANALYSIS

Collected data was processed and analyzed using custom
software algorithms designed to extract relevant features
related to the patient's physical activity and functional
status. Baseline measures were established in the first week
of sensor use, and changes in these measures over time
were used to evaluate the patients' progress during
rehabilitation. Statistical analyses, including repeated
measures ANOVA and linear regression models, were
used to assess the relationship between sensor-derived
measures and clinical assessments of functional status.
ETHICAL CONSIDERATION

The study was approved by the Institutional Review
Boards of the two participating hospitals, and all patients
provided written informed consent prior to participation.
Strict data security measures were employed to protect
patient privacy, with all data de-identified prior to analysis.
The study was conducted in accordance with the
Declaration of Helsinki.

This study methodology provided valuable insights into
the utility and effectiveness of wearable sensors in
monitoring patients' progress during rehabilitation,
addressing a current gap in the literature.

RESULTS

DEMOGRAPHIC DATA

The study included 120 patients (62 males, 58 females)
with an average age of 64.3 £ 10.8 years. The rehabilitation
categories comprised of post-operative orthopedic
rehabilitation (30 patients), neurological rehabilitation (30
patients), cardiac rehabilitation (30 patients), and
pulmonary rehabilitation (30 patients). The demographic
characteristics of the participants are summarized in Table
1.

Table 1: Demographic Characteristics of Participants

Rehabilitation Number  of | Mean Gender

Category Participants Age (M/F)
(years)

Orthopedic 30 62.7 £ 16/14
8.6

Neurological 30 654 £ | 15/15
11.1

Cardiac 30 63.8 *|16/14
9.4

Pulmonary 30 65.3 £ | 15/15
13.2

Pre and Post Treatment Comparison of Outcome Variables
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A comparison of the pre- and post-rehabilitation outcome
measures demonstrated significant improvement in all four
groups, as measured by the wearable sensors and validated
by clinical assessments. A detailed comparison of the
outcome variables is provided in Table 2.

Table 2: Pre- and Post-Rehabilitation Outcome Measures

Rehabilitatio | Pre- Post- p-
n Category Rehabilitatio | Rehabilitatio | value
n n

Orthopedic 2231 +410 4805 + 570 <0.00
(Steps/day) 1
Neurological | 1805 + 590 4012 + 680 <0.00
(Steps/day) 1
Cardiac 2654 + 520 5210+ 770 <0.00
(Steps/day) 1
Pulmonary 2054 + 410 4235 £ 660 <0.00
(Steps/day) 1

For each group, the average daily step count (as measured
by the wearable sensors) increased significantly from pre-
to post-rehabilitation (p < 0.001). These findings align with
clinical assessments of functional status, demonstrating
that wearable sensors can accurately track progress during
rehabilitation.

In conclusion, the use of wearable sensors in this study
provided valuable, objective data on patients' functional
status and progress during rehabilitation. These results
support the further integration of such technology into
rehabilitation programs.

DISCUSSION

The current study highlights the significant potential of
wearable sensor technology in monitoring rehabilitation
progress. There was a notable increase in the average daily
step count from pre- to post-rehabilitation across all patient
groups.(30) This demonstrates that the wearable sensors
effectively captured improvements in patients' mobility,
aligning with clinical assessments of functional status.(31)
Our findings are consistent with recent literature
emphasizing the reliability and feasibility of wearable
sensors in assessing mobility and physical activity.(32)
Furthermore, wearable sensors offer the advantage of real-
time feedback, which can enhance patient engagement and
adherence to rehabilitation programs.(33)

Despite these advantages, certain challenges remain, such
as ensuring patient comfort and privacy, managing the
large volumes of data, and ensuring the reliability of
data.(34) However, advancements in technology and data
management are expected to mitigate these issues in the
near future.
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CONCLUSION

In conclusion, the present study supports the use of
wearable sensors as a valid and reliable tool for monitoring
patients' progress during rehabilitation. The integration of
wearable technology into rehabilitation programs could
facilitate more personalized and efficient care, ultimately
improving patient outcomes.
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