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Abstract— Patients after joint surgery require passive
movements that are carried out continuously. The movement is
given to the patient to reduce the stiffness that occurs in the
joints after joint surgery. Joint stiffness is characterized by pain
and limited motion of the joint, which is caused due to reduced
synovial fluid. Synovial fluid in the joints can be reduced if the
joint is not moved in a long time. This research will design a
wrist joint therapy machine that can be moved flexion,
extension, ulnar and radial. Besides that, the device to be
designed can be adjusted the angle of movement of the tool and
the speed of movement of the tool. The angles of movement that
can be reached are: (1) flexion movement: 80 ° movement angle,
(2) extension movement: 75 ° movement angle, (3) radial
movement: 25 ° movement angle, and (4) ulnar movement:
movement angle 39 °. Adjustable speeds include: 1 RPM, 2 RPM
and 3 RPM. In the result of testing device, we find the maximum
difference of movement in 2° and the speed of rotation we have
the difference in 0.5 second. Based on experiments that have
been done, the tool can be controlled in accordance with the
desired movement settings.

Keywords— CPM  Machine, Wrist, Joint Stiffuness,
Rehabilitation, Microcontroller
L INTRODUCTION (HEADING 1)

Continuous Passive Motion (CPM) Machine is a device
that used for help patients to move the joints [1][2][3][4][5].
Passive and continuous movements which generated by CPM
Machine can help out patient after joint surgery during doing
the rehabilitation to restore joint movement [5][6][7].

Patient post joint surgery or post joint trauma, require
long rest and make minor movement in the joint. Minor
movement in the joint can be helped by a device that can
moved passively and continuously. Thus, with passive and
continuous movement can restore joint limitations or joint
stiffness in patient post joint surgery [8][9][10][11].

Joint stiffness can be marked with pain in the joint and
limitation movement on the joint. Joint stiffness can be
caused by joint capsule adhesions with cartilage in the
surrounding joint. Joint adhesions caused by occurrence of
decline synovial fluids around the joint [12]. Synovial fluids
are the liquid which used to lubricant on the joint. Decreased
synovial fluids on the joint are caused by the joint didn’t be
move after joint surgery.

Joint stiffness in patient post joint surgery can be
prevented by providing movement exercise that can restore
limitation movement on the joint [13][14]. These exercise can
be done by providing passive and repetitive movements.
Passive movements are movements that do not require

muscle work. Movements exercise can be done using CPM
Machine. In accordance with its working principle, CPM
Machine can move the joints passively and continuously.
Besides that, movements exercise with CPM machine can
reduce bleeding that occurs and increase synovial fluid on
around the joint [15]. Using CPM machine has the following
benefits [16]:

1) Increases nutrition and metabolic activity on the
surface of cartilage.

2)  Stimulates mesenchymal cells into differentiation in
the surface of cartilage.

3) Increases recuperation of cartilage and periarticular
tissue, such as tendons and ligaments.

The scope of motion from the wrist joint are flexion,
extension, ulnar (adduction), radial (abduction) and circular
movements [17][18]. Weight of adult human hands can be
calculated 0.7% of the total weight of the human body [19].

In other research [13], has conducted research on the
CPM Machine which is used to perform therapy in the
shoulder joint. Where the tool is also used to support the arm
and help to move passively and continuously. The torque
requirement of the tool affects the performance of the tool.

In other research [20][21], has conducted research on
therapeutic tools that can be used to perform passive therapy
and active therapy on the hands. In this study, a therapy
device that is driven by a DC motor is designed.

In other research [22], has conducted research on
rehabilitation  equipment using pneumatic  parallel
manipulator. This tool is developed using pneumatic
technology, which utilizes compressed air and features a
parallel manipulator that is used for movement of the human
wrist joint.

In other research [23], this paper focuses on robots for
wrist rehabilitation designed to provide three degrees of
rotational freedom: abduction—adduction; flexion—extension;
pronation—supination.

There are many other studies that develop rehabilitation
equipment [24][25], of these tools are mostly used for
rehabilitation of the upper limb and have a large size.

In this study, we will discuss design of the CPM Machine
therapy that can be used for wrist therapy. Where the
movement of the tool will be controlled using a
microcontroller. The microcontroller in this tool will control
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the movement of the stepper motor which functions as a
source of movement for the wrist. The movements that will
be carried out in this design include [23][26][27][28]:

1)  Flexion movement with a maximum angle of motion
of 80 °,

2) Extensions movement with a maximum angle of
movement of 75 °,

3) Radial movement with a maximum angle of
movement of 25 °, and

4)  Ulnar movement with a maximum angle of motion
of 39 © at the wrist joint.

The limit of the person's body weight to be used as the
limit for calculating the torque from the hand is 80 kg and
length is 20 cm.

The results of designing the CPM Machine for the wrist
joint will be presented in four parts. First, the research will
present the needs and benefits of the CPM Machine therapy
device. Second, this research will describe the stages in the
design of the CPM Machine therapy device, such as the
calculation of the required torque and the calculation of the
conversion from the rotary encoder sensor to the angle of the
device. Third, this study will discuss and analyze the test
results from the design of the CPM Machine therapy device.
The test will be carried out 3 times, so that the accuracy of
the designed tools will be known. Fourth, this study will
provide a discussion and conclusions from the results of the
design of the CPM Machine therapy device that has been
carried out.

IL. METHODS

In this research using the ATmega328 Microcontroller as
controller of the system and use the Nema 23 stepper motor
as a drive for the wrist joint. In the device that designed using
the Nextion NX4024T032 LCD for the interface between
user and device, and also as an information viewer of the
device.

The use of the Nema 23 stepper motor on this research is
based on the torque requirements of the requirements used to
move the wrist. To control the Nema 23 stepper in this design
using micro stepping controllers. Micro stepping can be used
to increase the resolution of the stepper motor used [29]. The
torque from the hand can be calculated with the following
equation [30]:

r:ngxl/Zl (1)
where :
T = torque (Nm)
W = force (N)

1 =lenght (m)
m = mass (kg)
g = acceleration of gravity (m/s?)
So, that it can be seen the torque from the hand is as follows:

T=mXg X 1/2l

T =2%80 x 10 X ~x 0.2
100 2

7 =0.56 Nm

Based on the desired needs, then designed a device that
can meet for wrist therapy. Box from the device will be made
from acrylic with the design as in following figure 1:

Fig 1. Tool Box Design

TABLE 1. DESCRIPTION OF TOOL BOX PARTS

No. Part
1. | Box

Description

As a place for the main and supporting
components
LCD Touchscreen | As a tool interface

3. | Arm Support

Emergency

As a support arm during therapy

To stop the therapy process when there
is a disturbance
As a connector between the motor and
the wrist mount

5. | Motor Shaft

In a device equipped with a hand support that is used to
support the hand during therapy, the design of the hand
support is as shown in Figure 2.

,/\

(@

(b)

Fig 2(a). Flexion-Extension Movement Hand Support and 2(b). Ulnar-
Radial Movement Hand Support

The system designed on the tool will be controlled by a
microcontroller. The microcontroller will receive input from
the limit switch which is used to indicate the maximum
position, minimum position, and middle position of the tool
movement. Besides receiving input from the limit switch, the
microcontroller also receives input from the LCD in the form
of determining the type of movement, the angle of movement,
and the speed of the therapy movement. There is also a rotary
encoder sensor which is used to determine the angle of
movement of the tool. The output signal of microcontroller

Antonius Hendro Noviyanto, Design of a Continuous Passive Motion (CPM) Machine for Wrist Joint Therapy



Journal of Robotics and Control (JRC)

will used the motor driver to drive the stepper motor [31].
Block diagram of the tool as in Figure 3.

Limit T LcD
Switch = (Teuich Sereen)
Microcontroler
ATMega 328
Rotary > Driver Stepper
Encoder (Stepper Motor) Motor

Fig 3. Blog Diagram of System

The calculation of the conversion of the signal generated
by the rotary encoder sensor into the amount of rotation angle
can be done with the following equation 2:

angle =~ x 360° )
where:
x = The number of pulses required by the rotary encoder
for one turn
n = the number of pulses generated by the rotary encoder
The test method used in this research is to test 3 times and
make comparisons with existing measuring instruments. The
test is carried out at the angle of movement of the tool and at
the rotational speed of the tool. Testing the angle of
movement of the tool is done by comparing the results of the
angle reading by the microcontroller with the angle reading
from the protractor. Testing of the rotational speed of the tool
is done by comparing the length of play time of the tool being
tested using a timer by a stop watch

II1. RESULTS AND TESTING

In accordance with the design that has been carried out in
this study, it produces hardware tools as in Figure 4 below.

Fig 4. Generated Tool

Tests carried out on this tool are carried out on testing the
angle of movement of the tool and testing the movement
speed of the tool. The test is carried out according to the
method described in the second part of this study.

A. Testing Tool Movement Angle

Testing the angle of movement of the tool is carried out
three times, the results of the first test are recorded in table 2,
the second test results are recorded in table 3, and the third
test results are recorded in table 4.

TABLE 2. TEST RESULTS 1 ANGLE OF THE TOOL MOVEMENT

Experiment 1
Angle Specified Motor Pulse Motor Angle
(in degrees) . Readout
Calculation .

(in degrees)

0 0 0

5 44 5

10 89 9

ISSN: 2715-5072 313
15 133 14
20 178 18
25 222 24
30 267 30
35 311 35
40 356 39
45 400 45
B 50 444 50

In table 2, we test the hardware about angle of movement.
We measure the angle from 0° to 50°. From the result of
motor pulse, we can find the angle with equation (2). Based
on the results of the first test shown in table 2, there is a
difference of 2° when measuring 20 °.

TABLE 3. TEST RESULTS 2 ANGLE OF THE TOOL MOVEMENT

Experiment 2
Angle Specified Motor Pulse Motor Angle
(in degrees) . Readout
Calculation .
(in degrees)

0 0 0

5 44 4

10 89 9

15 133 15
20 178 19
25 222 25
30 267 29
35 311 34
40 356 40
45 400 45

50 444 49

In table 3, same with table 2, we test the hardware about
angle of movement. We measure the angle from 0° to 50°.
From the result of motor pulse, we can find the angle with
equation (2). Based on the results of the second test shown in
table 3, there is a difference in the angle of 1 °.

TABLE 4. TEST RESULTS 3 ANGLE OF THE TOOL MOVEMENT

Experiment 3
Angle Specified Motor Pulse Motor Angle
(in degrees) . Readout
Calculation .
(in degrees)
0 0 0
5 44 4
10 89 9
15 133 14
20 178 19
25 222 25
30 267 29
35 311 35
40 356 40
45 400 45
50 444 50

In table 4, same with table 2 and table 3, we test the
hardware about angle of movement. We measure the angle
from 0° to 50°. From the result of motor pulse, we can find
the angle with equation (2). Based on the results of the third
test shown in table 4, there is a difference in the angle of 1 °.
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Based on the data from the test results, the angle of
movement of the tool is obtained that corresponds to the angle
of movement needed for the tool. From table 2, the angle of
movement has a maximum difference of 2°.

B. Testing of Tool Movement Speed

The motion speed test of the tool is done by measuring
the length of time the tool moves. Time calculation is done
using a stop watch tool. Tests carried out three times data
collection. The test steps are carried out as follows:

1) The 1 RPM test is done by measuring the length of
time one full rotation of the instrument being tested.

2) The 2 RPM test is done by measuring the length of
time two full turns of the instrument being tested.

3) The 3 RPM test is done by measuring the length of
time three times the full rotation of the instrument
being tested.

Based on the tests that have been done, the results are as
in table 5.

TABLE 5. RESULTS OF THE TESTING SPEED OF THE ToOL

RPM | Experiment 1 Experiment 2 Experiment 3
1 59.50 59.56 59.58
2 59.58 59.56 59.57
3 59.80 59.50 59.30

Based on the results of the tests that have been carried out,
it can be seen that the results are close to the predetermined
needs. The need for 1 RPM in experiments I, II, and III, it
was found that the movement time in one rotation was 59.5
seconds. Needs of 2 RPM in experiments I, II, and II1, it was
found that the movement time in one rotation was 59.5
seconds. Needs of 3 RPM in experiments I, II, and III
obtained the duration of movement in three rotations is 59.5
seconds.

V. DISCUSSION AND CONCLUSION

Joint therapy is an activity used to increase the range of
motion of the joints after joint surgery. Patients after joint
surgery will feel pain in moving the joints, this results in
patients experiencing joint stiffness due to reduced synovial
fluid in the joints.

Joint stiffness can be reduced by performing passive,
continuous light motion exercises on the joints. This motion
exercise aims to increase the range of motion of the joints.
Motion exercises can be performed according to the range of
motion of the joints experiencing stiffness.

Passive and continuous light motion exercises can be
assisted by a Continuous Passive Motion Machine therapy
device. The CPM Machine tool in this study can be used with
the desired motion settings, such as: the desired range of
motion, the desired angle of motion, and the desired speed of
movement.

In general, the data generated from the tests that have
been carried out are in the conditions that are desired. The
tool can work according to the selection of the desired joint
range of motion, the desired angle of motion, and the desired
speed of movement.
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