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The growing prevalence of limb-related issues has increased the demand for
rehabilitation services. A key focus has been on restoring upper limb functionality and
controllability, which are essential for patients to reintegrate into society and improve their
quality of life. In this project, a prototype for an assisted physiotherapy device was designed
to rehabilitate frozen shoulders. The device supports both external and internal rotation of
the shoulder, allowing movement from 0 to 90 degrees. Its adjustable speed control lets
patients move their shoulders based on their personal needs and abilities. Additionally, the
device provides real-time feedback on the angle, speed, and force applied during
rehabilitation. Experimental results show that this prototype is both practical and effective in
rehabilitating shoulder rotation.
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Introduction:

Adhesive shoulder capsulitis, or frozen shoulder, is a condition where excessive scar
tissue or adhesions form across the glenohumeral joint, causing pain, stiffness, and limited
movement. It can develop either spontaneously (primary or idiopathic adhesive capsulitis) or
following shoulder surgery or trauma (secondary adhesive capsulitis) [1]. In a study [2], a
novel servomotor joint mobility device for treating frozen was compared to standard
therapy. Patients using the device showed significant improvement in shoulder range of
motion (ROM- flexion 36 %, abduction 51 %, internal rotation 81 %, and external rotation
88 %) and a 62% decrease pain (measured by VAS). These results outperformed the control
group where ROM improvements were more modest, indicating the device's potential as a
supplementary treatment for frozen shoulder.

Another study developed a game-based app to help increase patient engagement with
home exercises following medical treatment for frozen shoulder. The app, compatible with
mobile platforms aimed to improve joint mobility and function through rehabilitation
exercises, with prototype testing to ensure it was both user-friendly and motivating. This
allowed healthcare professionals to remotely monitor patient progress [3]. In a similar
approach, a mobile using Unity 3D was created to simulate frozen shoulder movements,
enabling tele-rehabilitation at home. Biofeedback data was sent to physiotherapists providing
valuable tool for remote patient management and personalized treatment [4].

Additionally, a wearable motion sensor device paired with a smartphone. App was
tested to monitor shoulder ROM. The device showed reliability (ICC range of 0.771 - 0.979)
when compared to doctor evaluations and patient using device showed greater shoulder
mobility, and functional recovery, than those in a home exercise group, over a three-month
period [4]. Another study, involved a three-month home-based program, where patients
divided into two groups: smartphone-assisted exercise (n = 42) and traditional self-exercise
(n = 42). Both showed significant improvements in ROM and range of motion and pain, but
those using smartphones were more satisfied with the technology, suggesting smartphone-
assisted were more satisfied with the suggesting smartphone assisted rehabilitation is just as
effective and more enjoyable for users [5].

In an interesting participatory study, patients, healthcare providers, game designers,
and academics collaborated to refine refined a Kinect-based game to help patients with
frozen shoulder move more freely and experience less pain. This iterative process aimed to
improve both therapeutic outcomes and the user experience [6]. Another study explored the
use of two degree of freedom rehabilitation device specifically patient needing intensive
rehabilitation for Adhesive capsulitis [7]. One more study focused on developing an
automated sliding CPM device filling a gap in current robotic devices, by offering wide ROM
coverage with precise monitoring and affordability for self-exercising patients [8]. Lastly, the
effectiveness of shoulder joint mobilization using an innovative servomotor joint
mobilization apparatus was examined for frozen shoulder patients [9]. Therefore, this study
aims to design and develop a cost-efficient, 1-DOF-assisted device for frozen shoulder
rehabilitation, using minimal resources. This device can be used independently by patients or
with the help of physiotherapists.

Aim of the study:

These therapeutic exercises are typically guided by a physiotherapist and involve both
active and passive movements, depending on the patient's condition. The main goal of
rehabilitation devices is to restore a patient’s sensory, physical, and psychological abilities,
which may have been lost due to injuries, illness, or disease. These devices also help patients
compensate for impairments that cannot be fully treated through medical care. Although
rehabilitation equipment and techniques are gradually improving, they remain expensive and
often come with complex Ranges of Motion (ROM) and high degrees of freedom (DOF).
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Many upper-arm exoskeletons rely on human-robot interaction, which can be difficult for
patients to operate manually and may lead to high repair and maintenance costs.

In response to these challenges, the authors of this study designed a simple
prototype with 1 DOF. This device is easy to use, cost-effective, and locally manufactured,
making it more accessible for patients. It helps reduce the cost of physiotherapy sessions
while ensuring effective exercise. The device can also be easily used at home. The authors
targeted the local community, particularly those who are unable to participate in social
activities due to disability or pain.

The ADFES device can perform 1 DOF movements, such as internal and external
shoulder rotations, with four different speed modes, making it simpler to use compared to
existing devices. A doctor recommends the appropriate speed, time, and duration for each
exercise, so patients only need to select the mode and begin their therapy session. The
ADFES is independent of age, gender, and weight, and it allows physiotherapists to provide
precise therapy without the need for manual exercise during multiple sessions. This device
promotes progress in rehabilitation by ensuring safety, reliability, and self-dependence for
patients.

Methodology:
Directions of AD Device:

This assisted device (AD) was designed to follow the instructions as shown in Figure
1. The AD operates with a 1 DOF movement, allowing for both external and internal
shoulder rotation, with shoulder angles ranging from 0" to 90",

80°

Qutward rotation
{external)

Y a°
Neutral

Inward rotation
ap® 90° {internal)

Figure 1. Directions followed by the designed AD
Model Design:

The complete mechanical design was created to support the arm and shoulder, with a
graphical user interface (GUI) for mode selection and parameter adjustments. As shown in
the block diagram (Figure 2), the assisted device was controlled by the microcontroller
through the GUI, allowing the subject to select modes and adjust parameters independently.
Sensory feedback was provided for situations where the subject might feel pain or
discomfort. In such cases, the subject could stop the device using the safety switch. The
device was adjustable to the subject’s left arm, while the safety switch was positioned in the
right hand for easy access. All operations were controlled by the subject with the
microcontroller programming managing mode selection and parameter adjustments.
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GUI (GRAPHICAL USER
INTERFACE)

W *  Microcontroller

- Parameter
Mode Selection Adjustment
Angle

Assistive Device Switch (ONIOFF)

Figure 2. Block diagram of AD
Prototype Design on Solid Edge
The prototype model was designed using Solid Edge software, which provided
detailed results to define its purpose. The following diagrams created in Solid Edge included
the correct dimensions. Figure 3 shows the dimensions of the prototype’s base, which serves
as the lower and fundamental part that supports the entire design. These dimensions were
selected based on the overall design of the device.

Sensory Feedback

—

Figure 3. Base of AD
Similarly, Figure 4 illustrates the dimensions of the stainless-Steel rods that support
the armrest. The affected arm rests on this part of the device, and the motors move the rods
to facilitate exercise of the affected arm.

25

Figure 4. Armrest of AD
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The dimensions of the joint that connects the stainless-steel rods are shown in Fig 5.

"4
These dimensions were selected to ensure the stability of the device and to make the assisted

device comfortable for the patients.
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Figure 5. Joint of AD
Figure 6 shows the dimensions of the bending plates, which are perpendicular to the
attached rods connecting the standing rods and armrests. Bolts are used to secure the

bending plates and rods.

|
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Figure 6. Bend plate of the ADFFS

Figure 7 shows the dimension of the aluminum alloy that adjusts the position of the
shoulder and elbow joints. Bent plates with rods were attached to them to the alloy allowing
the rods to move either towards or away from the body, thereby enabling movement of the

armrest and shoulder.
]

Figure 7. Adjustment of arm part
Page | 272
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Motor selection:

DC gear motors were chosen for their ability to provide adjustable speed operations.
These motors are ideal for applications that require high starting loads and consistent
horsepower, even when operating at 150 % above their base speed. A key advantage of DC
gear motors is their ability to generate full torque at low speeds which makes them suitable
for carrying the average arm weight (5.3% of total body weight). Given that our prototype
design needed to support the weight of the average human arm. The DC gear motor was the
optimal choice. Additionally, DC motors offer higher power density, have no field coil in the
stator, saving space and are compact. Their design makes them easy to maintain and control
with lower inertia making them highly reliable and efficient for our application. Table I
shows the specs of DC Gear motor.

Table 1. Motor Specs used in the design (24V DC Gear Motor)

Parameters DC Gear Motor
Model Type Model # DMEG60B6HF-224
Voltage (V) 24.0 VDC
Gear Ratio 1/ 150
Rotation Output (CW/ CCW) | 31.3 r/min
Output Speed 300 rpm

Gyroscope and Accelerometer [MPU-6050]:

Sensory devices are used to measure the position and orientation of the device’s
moving parts. A combination of gyroscope and accelerometer provides a comprehensive
array of information. The gyroscope uses the FEarth’s gravity to measure rotational
movement, while the accelerometer detects non-gravitational acceleration. The gyroscope
measures the rate of rotation and the accelerometer measures linear vibration. The MPU-
6050 sensor used in this study supports a sampling frequency of up to 1 kHz (1000 samples
per second). However, in the current setup, the data acquisition was performed at a sampling
rate of 100 Hz, which provides a reasonable balance between responsiveness and data
stability. A higher sampling rate can offer more precise data, particularly in higher-speed
modes where rapid changes in acceleration and angular velocity occur.

In future iterations, increasing the sampling frequency may help reduce data
fluctuations and improve the accuracy of recorded force and speed values at higher angles
and speeds. Table 2 and Table 3 show the specs of MPU-6050 that used in design.

Table 2. General specifications of mpu-6050

Part/Item MPU-6050

VDD 2.375V-3.46V

VLOGIC 1.71V to VDD

Serial Interfaces Supported | I°C

Pin 8 VLOGIC

Pin 9 ADO

Pin 23 SCL

Pin 24 SDA

Table 3. Gyro/MPU-6050 Operating Conditions Used in the Design
Parameters GYRO/MPU-6050

VDD 2.375-3.46V
VLOGIC 1.8V+5% or VDD
Ambient Temperature- Ty | 25°C

Choice of Microcontroller:
An Arduino microcontroller was used in this assisted device. The microcontroller
was programed to interface with the DC gear motor, enabling it to perform external and
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internal rotation of the frozen shoulder at various speeds, ranging from 0 to 90 degrees. The
Arduino’s PWM pins were connected to the 1.298n motor driver module, while the analog
pins were linked to the motor. The power (V), and ground (GND) connections were made
to the adaptor’s GND and power. These components work together to operate the
prototype and the physiotherapeutic device (Figure 8).

Figure 8. Arduino (mega 2560)
Power Supply and Calculation of Force:

The power supply for the device was connected to a drive circuit that provided 12
volts to the DC gear motor, as the motor operates on 12 volts. Two sensors, a gyroscope
and an accelerometer [MPU-6050], were used to measure acceleration, which was then used
to calculate the force generated by the device in moving the armrest. The following formula
was used for the calculation:

F =ma (D)

Where "a" is the acceleration, and "m" represents the mass of the arm. All necessary
coding was completed using the Arduino Mega microcontroller to control the motot’s
speed. Switch buttons were incorporated to turn the device ON/OFF and adjust the speed,
force, and angle based on the patient’s needs.

Implementation of prototype:

Metal fabrication was done to build some metal structures by cutting, bending, and
assembly processes. The base of the design was made of mild steel, size of 27X 17, 16
gauges. Caster wheels were attached to the lower side of the base for movement from one
place to another. Electric arc welding was used to prepare this mechanical design. For
circular joints ‘Lathe Machine” was used. The dimensions of the Stainless-steel rod were 18
gauges, 18mm. The bending plate used in joints was of mild steel with a diameter of 3.6mm.
Screws were made up of aluminum alloy, sizes of 4mm and 8mm. Joints were also made up
of aluminum. The vertical rod's diameter was 17, 16-gauges, the height of 4”. The finished
form of the device parts after fabrication is given below in Figure 9.
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Results:

The speed and force exerted by the assisted device in moving the armrest were
measured at angles of 15°, 30°, 45°, 60°, and 75°. The device was programmed to operate in
four modes. Mode 1 was the slowest, moving the armrest at a low speed with minimal force.
Modes 2, 3, and 4 gradually increased the speed and force, with Mode 2 offering moderate
speed and force, Mode 3 providing high speed and force, and Mode 4 delivering the highest
speed and force. The results for all four modes (1-4) at the angles of 15°, 30°, 45°, 60°, and
75° are summarized in Table IV.

Table 4. Observed speeds and forces at different angles and modes

Mode (Slow)
Angle (°) 15° | 30" | 45" | 60" | 75" 90"
Speed (deg/s) | 31.5| 450 | 532 | 77 89 110
Force (Fv) 47 56 102 69 134 157
Mode (Moderate)
Angle (°) 15° | 30" | 45" | 60" | 75" 90"
Speed (deg/s) | 42 | 59.0 | 73.2 | 89 111 179
Force (Fv) 57 | 68.1 | 74.8 | 88.7 | 1223 | 163
Mode (High)
Angle (°) 15° | 30" | 45" | 60" | 75" 90"
Speed (deg/s) | 55 | 45.0 | 86.2 | 99.1 | 131 185
Force (Fv) 625 ] 749 | 882 | 97.8 | 139 187
Mode (Very high)
Angle (°) 15° | 30" | 45" | 60" | 75" 90"
Speed (deg/s) | 64.5| 87.0 | 120 | 147.3 | 151 110
Force (Fv) 73 190.30 | 104.1 | 149.7 | 169.9 | 197.32

Acquired Data Representation:

The acquired data showed that force and speed increased at higher angles. As the angle
of the armrest increased from 15° to 90°, more force was needed to lift the arm. The angular
rotational speed was recorded in degrees per second (deg/s), showing the speed at each
respective angle. After the collection of data, a clear trend of increasing force at different
armrest angles was observed. The data was graphically presented for all four modes (1-4).
Overall, the trend indicated that at higher modes, more force was required to move the
armrest. However, a limitation of this device was that sometimes the same values for force
and speed were observed at the same armrest angles.

Explanation of Results:

Slow Mode

——Speed(deg/s) orce (Fv)

Figure 10. Slow mode of AD
Figure 10 shows the graph of force, angle, and speed at Slow Mode 1. This mode
worked as the baseline, as it operates at the lowest speed and force. It effectively
demonstrated the device's ability to gently mobilize the shoulder, which is crucial for early
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rehabilitation stages or patients with high pain sensitivity. The linear increase in force and
speed with angle suggests predictable mechanical behavior, indicating good calibration and
safe motion for initial therapy sessions. It demonstrates that as speed increased, force also
increased to reach higher angles. Although there were some fluctuations in the readings, the
overall graph indicated that these three parameters are directly related. As the angle increased
from 15° to 90°, the speed started at 31.5 deg/s, gradually increased to 77 deg/s at 60°, and
peaked at 110 deg/s at 90°. Meanwhile, the force began at 47 Fv, steadily increased to 134
Fv at 75° and reached 157 Fv at 90°. This shows that both speed and force increased
consistently with the angle, with speed rising slightly faster than force at higher angles.

Moderate Mode
200
180

160 / 163
2.3

140

Figure 11. Moderate mode of AD

Similarly, Figure 11 shows the graph for Moderate Mode 2, where the speed values
were higher as compared to the Slow Mode. Mode 2 exhibited a steeper increase in both
force and speed compared to Mode 1. This implies a significant jump in mechanical demand,
suitable for mid-stage therapy. The sharper slope in speed may suggest that the motor
reaches a higher torque efficiency in this mode. It also indicates that patients with moderate
mobility can be safely progressed to this mode, but with continuous monitoring to prevent
strain. When the speed is greater the applied force increases with it and so are the selected
angles. As a result, both force and speed were greater, but the increasing trend remained the
same as in Slow Mode. As the angle increased from 15° to 90°, the speed started at 42 deg/s,
gradually increased to 89 deg/s at 60°, and then peaked at 179 deg/s at 90°. Meanwhile, the
force began at 57 Fv, steadily increased to 122.3 Fv at 75°, and reached 163 Fv at 90°. This
demonstrated that both speed and force increased consistently with increased angle. We also
observed that the speed raised slightly faster than force at higher angles.

High Mode

= Speed(deg/s) Force (Fv)

Figure 12. High mode of AD

Figure 12 shows the graph of force, speed, and angles at High Mode. This mode
pushed the motor towards its upper performance threshold. The force and speed values
increased more aggressively, and small fluctuations began to appear in the data. These
fluctuations could indicate either sensor limitations at higher speeds or minor mechanical
inconsistencies. Clinically, this mode might be appropriate for strengthening or improving
endurance, but caution is advised due to potential fatigue or overstimulation. When High
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Mode 3 was selected, the device began moving at high speed with high force, reaching the
90-degree angle. As the angle increased from 15° to 90°, the speed started at 42 deg/s,
gradually increased to 111 deg/s at 75°, and peaked at 187 deg/s at 90°. Meanwhile, the
force started at 62.5 Fv, steadily increased to 139 Fv at 75°, and reached 187 Fv at 90°. This
demonstrated that both speed and force increased consistently with the increased angle,
however the speed rised somewhat faster than force at higher angles.

Very High Mode

- ~~
100 87 = 110

Figure 13. Very high mode of AD

Figure 13 shows the graph for Very High Mode 4. In this mode, the speed was very
high, and the armrest moved quickly. In this mode, the device operated at or near its
maximum output. Notably, the drop in speed at 90° despite rising force suggests either a
limitation in motor torque or a lag in sensor response. This anomaly highlights the
importance of evaluating both mechanical and sensor thresholds. From a therapeutic
standpoint, Mode 4 may be reserved for final-stage rehabilitation or athletic patients, and
should be used under supervision due to increased variability. As the angle increased from
15° to 90°, the speed started at 64.5 deg/s, peaked at 149.7 deg/s at 60°, and then decreased
to 110 deg/s. Meanwhile, the force steadily increased from 73 Fv at 15° to 197.32 Fv at 90°.
This suggests that while speed initially increased with the angle up to a point before
decreasing, force continued to increase consistently across the entire range of angles.
However, the last speed value appears to be incorrect, possibly due to human error, although
all other values followed the increasing trend of force with angle.

Discussion:

The results from this study followed a similar pattern to what has been seen in
previous research on 1-DOF rehabilitation devices for frozen shoulder. Like the studies by
Kim et al. (2018) and Zhang et al. (2019), it was found that as the assisted device moved the
arm at higher angles, both the force and speed required were increased. This supports the
idea that gradually increasing resistance and movement speed can help improve joint
mobility over time. One thing that sets this study apart is the detailed mechanical design and
data recording. While earlier research focused mostly on patient outcomes like pain relief or
range of motion, we looked closely at how the device actually performed at different angles
and settings. This gave a clearer picture of how force and speed changed in real time, which
could be useful when refining or adjusting device performance in the future.

That said, we did notice a few inconsistencies—especially at 90° in the Very High
Mode, where the speed unexpectedly dropped. This was likely due to a sensor glitch or
human error during data collection. It’s a reminder that even with a well-functioning device,
accurate measurement tools are just as important. In fact, the issue may also be linked to the
sampling frequency of the sensors. In faster modes, where the device moves more quickly, a
low sampling rate might miss sudden changes in speed or force, leading to incomplete or
inconsistent data. Using a higher sampling frequency could help capture more accurate
results and give a better understanding of how the device performs under different
conditions. It’s something worth improving in future versions of the setup.
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Conclusion:

In conclusion, the assisted device for frozen shoulder rehabilitation was designed to
facilitate therapeutic exercises for patients with limited upper limb mobility. It supports up to
5.3% of the total body weight and accommodates a wide range of ages. The user-friendly
design allows the device to be controlled with the patient's non-affected hand, ensuring
safety with an immediate stop mechanism in case of discomfort. The device offers one
degree of freedom for internal and external shoulder rotations across four speed levels,
which can be selected based on medical recommendations for optimal therapy. This enables
patients to manage their rehabilitation independently at home, regardless of age, gender, or
weight, while also assisting physiotherapists in delivering precise and consistent therapy
without physical intervention.
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