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ABSTRACT

Carpal Tunnel Syndrome (CTS) is a common health issue that targets the median
nerve, causing severe damage that affects the health of the patient and the overall
performance of organizations. This paper aims to come up with an innovative smart
detective glove that would be able to reduce the effects of CTS. It is a customer-need-
driven product that has some important features, including measuring and detecting
bending angles of the hand, analyzing the hand postures, and warning the users. In
addition to that, it has to measure the amount of pressure applied to the carpal tunnel
area, specifically to the median nerve. It is cost-effective, light in weight, environmen-
tally friendly, adjustable, and an easy-to-use device. A double diamond approach was
used as the main methodology. PROSAFE design is introduced as an optimum solution
to reduce the harmful effects of CTS due to repetitive jobs.

Keywords: Carpal tunnel syndrome, Pathophysiology, Double diamond theory, Sensors,
Arduino

INTRODUCTION

The workplace environment usually encounters several types of problems,
particularly those associated with obstacles in performing work tasks that
lead to claims of Musculoskeletal Disorders (MSD) and Repetitive Strain
Injuries (RSI). International Labor Organization statistics in 2015 stated that
Work-Related MSDs are amongst the most common occupational disorders
that account for approximately 40% of the entire workers’ compensation
costs in the world (Castellucci, 2021). Repetitive motion is one of the key
risk factors connected with these conditions. It is defined as the diagnosis of
different kinds of injuries related to muscles, tendons, and nerves that require
appropriate management.These injuries are commonly caused by activities
that consist of repetitive movements, for instance, typing or clicking the
mouse periodically during the day. The greatest risk for RSI is clearly visi-
ble in service and manufacturing industries, as well as any job that requires
computer and keyboard use (Restuputri, 2019). Nowadays, the growing use
of computers keyboards, and mouse devices in the workplace for a long
time has led to many associated musculoskeletal complaints. Carpal Tunnel

© 2022. Published by AHFE Open Access. All rights reserved. 45

https://doi.org/10.54941/ahfe1002595


46 Alsereidi et al.

Syndrome (CTS) is one of the musculoskeletal disorders which is defined as
the occupational risk caused by augmented median nerve compression. It is
painful and incapacitates hand practice. In addition, it is frequently the main
source of considerable disability as it is linked with median nerve compres-
sion at the wrist (Rangeela, Mohanraj, and Rajendran, 2020). Symptoms
of the CTS usually include pain, sensation, tingling, and numbness that can
be initiated on the anterior surface of the index, middle and radial half of
the ring fingers. CTS is also connected with handgrip weakness and muscle
dysfunction, which are symptoms of hand pain. Another reason for CTS is
the postural stress caused by the poor ergonomics in the workstation, for
example, the unsuitable monitor location. The prevalence of CTS among the
overall population has been reported to range from 0.7% to 9.2% amongst
women and 0.4% to 2.1% amongst men in the year 2018. Statistical studies
have shown that CTS appears at a rate of 276 per 100,000 yearly 84 reports,
with higher incidence rates for women compared to men. Despite the fact that
CTS is common in all age groups, it is more prevalent in adults 86 aged 40
to 60 years (Tadjerbashi, Atroshi, Iand Åkesson, 2019). Most cases of CTS
incidences have been reported amongst those working with vibrating mach-
ines as well as amongst office workers, particularly data entry clerks and
typists (Thaslima Nandhini, Yuvaraj Babu, K. and Mohanraj, 2018). Trea-
tment for such conditions is frequently costly, with estimates ranging from
more than $2 billion per year in the United States. Evidence shows that CTS
treatment options are conservative, while surgical procedures may carry side
effects and complicated risks. Thus, prevention strategies and appropriate
management of hand and wrist movement are of great importance in order
to control the CTS in its early stages and to eliminate its risk in the workplace.
(Trillos-Chacón, 2021).

Previous research has devised a technique for measuring keyboard force
and wrist posture in people who operate computer terminals. However, their
technique is just for people who work at a computer workstation and not for
people who do other types of repetitive work. Our goal is to extend monito-
ring to a wider variety of activities, improve wearable capability over time,
and improve hand mobility. Other researchers have developed a system to
track thumb movements, but it is only capable of tracking a single finger and
does not address carpal tunnel disease. Furthermore, the created gloves are
not suited for long-term use or data collection, and they are inconvenient and
obtrusive when conducting regular tasks.

Currently, the CTS occupational disease is having a negative impact on
work capacity and causing a significant loss of workdays. A absence to CTS
pain has been reported with a high average of 58 days, which highlights the
need for effective management and early intervention.

The pathophysiology of CTS consists of a combination of mechanical
shock, amplified pressure, and ischemic harm to the median nerve within
the carpal tunnel. The normal pressure in the wrist is documented to fluctu-
ate between 2 mmHg to 10 mmHg. In the CTS case, the alteration in the
wrist position may lead to shifts in the fluid pressure. As a result, the pres-
sure increases 10 times more than at its initial level. On the other hand, wrist
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flexion causes an increase in carpal tunnel pressure [9]. The key to the appro-
priate treatment of CTS is the early detection of the syndrome. The earlier
the disorder is diagnosed, the faster patients can make a complete recovery
and avoid any complications. Carpal tunnel syndrome can be diagnosed by
doctors using a combination of the patient’s history, physical investigation,
and some tests called “electrodiagnostic tests” (EDX).

There are different HSE codes and standards that we have referred to in
our project. The first one was ISO 45001, which specifies the requirements
for an occupational health and safety management system and provides gui-
dance for its implementation. The other one is ISO 26000, which evaluates
a company’s commitment to sustainability and overall performance and spe-
cifies the standards for an environmental management system. (Alexandre,
2018)

METHODOLOGY

The main approach of this project is to do an intensive study of CTS and
propose a detective device that can notice any repetitive posture in the work-
place, especially in the repetitive movement activities of typing and computer
use. There are many aspects being focused on, including the time required
to complete a specific task, the exact right posture that the worker needs to
maintain in order to reduce CTS symptoms, and a study of the nerves around
the wrist area to identify the possible risk and make predictions of when the
injuries may occur. The Double Diamond Model was used to design PROS-
AFE. Where the main objectives were discovered, followed by defining the
core needed components, after that, a development of the conceptual design
with placing and arranging them and delivering the design sketch at the end.

PROSAFE Design Features and Components

PROSAFE is a wearable multi-purpose smart detective glove developed
in response to customer demand. It is low-cost, easy-to-use, adjustable,
environmentally friendly, lightweight, comfortable, and allows the user to
move freely. The key characteristics of PROSAFE are as follows. The first is
the ability to detect the wrist’s bending angle (Carpal Tunnel Area) as well
as hand movements. It also has an alerting mechanism that notifies the user
if the time limit has been exceeded or if the device has been used excessi-
vely. Furthermore, the device will incorporate a nerve detection system for
detecting and identifying the amount of pressure applied to the median nerve
area. The information gathered can be used to track the patient’s progress
over time and to assist caretakers in modifying scheduled activities or exerci-
ses as needed. It will also provide an update on the patient’s CTS status and
disease progression, and it can be accessed by anybody. As illustrated in, the
design consists mostly of six modules, which are the Sensing Unit, Arduino,
Bluetooth, Glove material, and source of power.

Sensing Unit

For the hand posture detection system, two special types of sensors, which
are the Flex sensor and IMUs sensors, were chosen to be placed in PROSAFE.
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They would be able to read, detect, and interpret hand movements and postu-
res and assist in identifying improper postures and activities and provide
real-time feedback to correct improper postures. The Flex sensor is a low-cost
sensor that functions as a variable resistor. It is constructed by consisting of
a conductive layer designed on top of a bendable plastic substrate, as shown
in Figure 1.

Figure 1: Flex sensor.

Because of the increased resistance, when the sensor is bent away from
the ink, the conductive particles move further apart, and when the hand is
straight and not bent, it returns to its normal state. Figure 2 shows the resi-
stance according to the bending angles. It is used in PROSAFE to measure the
bending angle of the wrist and hand and will be placed perpendicular to the
wrist area. It will have an operating voltage of 0-5V and a power rating of
0.5 Watts. It will operate at a temperature that varies from -45°C to +80°C.
The bend resistance will range from 45K� to 125K� depending on the bend
of the hand. (Agrawal, 2020)

IMUs is a 6-axis sensor that uses a combination of two sensors, which
are Accelerometer and Gyroscope. The accelerometer automatically mea-
sures the linear velocity and acceleration in the X, Y, and Z directions. In
addition, it detects and measures vibration, as well as measures acceleration
owing to the body (inclination). A gyroscope, on the other hand, is used to
detect and measure the rotational rate for the movements of roll (rotation
of the front-to-back axis), yaw (rotation of the side-to-side axis) and pitch
(rotation around the vertical axis). Figure 4 shows the movements detected
by the IMU using the Gyroscope sensor. Standard setups for these sensors in
the IMUs where both of the sensors will be placed to be able to do all the
needed measurements and detections. The data collected from these sensors
placed in 18 different locations as shown in Figure 3 will aid in determining
hand movement in various axes, allowing for the evaluation of the best hand
posture for performing repetitive work. (Filippeschi, 2017)

For pressure detection, A Force Sensing Resistor is a passive electrical
device with a changing resistance based on the applied force that is primarily
used to measure static and dynamic forces applied to a contact surface. The
core of the working mechanism of FSR devices is to produce a decline in the
electrical resistance when the applied physical force or pressure to them is
increasing. The FSR force sensitivity can range from 0.2 N to 40 N. Figure 5
shows the relationship between the force exerted and the resistance output of
the sensor, where it decreases whenever the pressure force increases. PROS-
AFE incorporates five FSRs, which are positioned on three fingertips (thumb,
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Figure 2: Bending angles of the flex sensor.

Figure 3: Hand movements detected by IMU sensors.

Figure 4: IMUs position in PROSAFE.

Figure 5: Output of FSR sensor.

index, and middle finger) as well as the base of the thumb on the palm of the
hand and the wrist area where the carpal tunnel is located to measure the
amount of force exerted, especially on these areas, and determine the effects
of developing CTS. (Mohd Bardiri, 2018)

When these sensors work together, they generate measurable signal data
that can be utilized to identify bending angles, hand movements, and gestu-
res, as well as the amount of compression force exerted. They’re supposed
to employ a light-emitting diode (LED) to alert the user if they’re using an
inappropriate hand posture while executing a repetitive task for an extended
period of time, which leads to CTS. The Threshold Limit Value (TLV) for
Hand Activity Level (HAL) for different activities is taken into consideration.
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Figure 6: PROSAFE main diagram.

Figure 7: Arduino nano.

Working Principle of PROSAFE

PROSAFE working principle, as indicated in Figure 6, will start with the sen-
sing units that will enable us to get all the readings regarding the desired
parameters. The output of these sensors will be processed and analyzed by
the Arduino Nano, which is a very common and widely used open-source
hardware and software platform that performs many tasks, including input,
output, processing, receiving, and sending information over the internet. The
Arduino Nano type was chosen for the design due to its small size and effe-
ctiveness. Figure 7 shows the Arduino Nano with its main components. The
Arduino is connected to a Bluetooth module, which basically receives and
transfers data wirelessly through a 2.4 GHz link. Bluetooth Low Energy
(BLE) was used in the design, which has a low power consumption rate
compared to the other modules. The source of power used in the design
is a rechargeable lithium-ion battery, which is considered to be one of the
most famous batteries that defeated the performance of other batteries. It has
many features, including cost-effectiveness, long-lasting, lightweight, quick,
and efficiency when used in different applications. The material of the glove
used is synthetic leather. It is considered to be a breathable material, low-cost,
and heat resistant material that can protect the users when using PROSAFE
in different environments. (Al Rakib, 2021)

Figure 8 shows the basic sketch and arrangement of the PROSAFE wea-
rable glove where sensors and other components are placed in special arran-
gements and specific locations that will ensure the functionality of each one
of them. All the sensors are glued using PVC glue, which is a special type
of chemical solvents that use a Cold-Welding process, a process where we
use no source of heat to do the welding procedure instead, we use pressure to
join the materials together (FAN, 2018). The design has also some interesting
features, it is provided with an adjustable belt that allows the user to adjust
it according to the wrist size, where it can suites wrist sizes varying from 5.5
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Figure 8: Sketch of PROSAFE.

to 7.87in. In addition to that, the glove is provided with access from one side
for maintenance.

The estimated cost of PROSAFE is about $315 per unit. The available com-
mercial Sense Gloves in the market usually cost between $700 and $2000.
Lower cost materials were used in our proposed design, but their quality is
guaranteed. Thus, we expect that the durability of our detective gloves pro-
duct can last for 10 years. Such a product would be highly useful in terms of
saving lives and preventing CTS injuries. It can detect at least 10,000 cases
in the general population per year. It is estimated to result in saving money
of approximately $3 million for the non-surgical treatment and physical the-
rapy. It can also prevent the need for doctor visits and surgical treatment
which leads to $12.4 million saving costs. Moreover, workers’ compensa-
tion claims and lost work time due to CTS which is approximately equal to
$221 million will be declined over the year which will save a total of $325.4
million [15].

CONCLUSION

Carpel Tunnel Syndrome is a health condition that arises when the median
nerve, gets compressed as a result of repetitive motion over a long period
of time. Many solutions have been proposed by researchers, however, they
are limited in terms of their scope and the accuracy of the data obtained.
PROSAFE is an innovative solution that provides many features, including
determining bending angles, detecting hand movements, and measuring the
pressure force applied to the median nerve in the carpal tunnel area with an
alarm to warn the user. The device aims to follow up, check the progression
of CTS, and find the right-hand posture for doing different repetitive tasks.
The designed system consists of three types of sensors, which are Flex, IMUs,
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and FSR sensors, with an Arduino to process the collected data and transfer
them via Bluetooth with specific arrangements. The cost analysis proved the
cost feasibility of the design, supported by the cost which will be saved if
the design idea is implemented and used in many industries. The device will
help in reducing the cost arising from CTS, increase productivity and the
company’s business. Further developments in the design can be implemented
in the future, and many features can also be added to the device to make it
more efficient. These features include adding a Stimulus Nerve System using
the principle of Transcutaneous Electrical Nerve Stimulation, by using low-
voltage electric currents to relieve pain. Another feature that can be added
is providing the device with an optional choice of hand posture adjustment
whenever the time of repetitive work exceeds the limit with the wrong posture
performed. Some other areas of enhancement include the development of the
algorithms used to train the models and the use of special types of machine
learning platform called Azure Machine Learning in order to increase the
reliability and accuracy of the collected data, In addition, the designed system
can also be manufactured in a separate chip placed in a smart band with an
adjustable size that can be placed at any other joint such as shoulders, elbows,
knees, and the neck by changing and altering some of its features to help to
prevent diseases such as tendonitis and bursitis by studying the right postures
and sending the data to a phone application that will inform the user about
his posture and the condition of the targeted area, as well as provide some
helpful tips and recommendations to the user.
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