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ABSTRACT 
 
With the increasing global prevalence of osteoarthritis and the expansion of the 
aging population, this research presents an innovative low-cost continuous passive 
motion (CPM) machine tailored to meet the specific rehabilitation needs of elderly 
individuals, particularly those grappling with osteoarthritis. The primary aim of this 
study was to address the increasing demand for effective knee rehabilitation tools 
in this population. The newly developed CPM machine offers a versatile range of 
features, allowing users to customize the treatment times, knee joint motion angles, 
and speed levels. Statistical analysis demonstrated the accuracy and reliability of 
the machine, which is designed for knee rehabilitation in elderly individuals. A one-
way ANOVA showed no significant difference between the machine’s performance 
and control units, both in terms of the angle replication and time measurements. 
The precision and consistency of the device were underscored by the close 
alignment of the CPM machine with goniometer measurements and the minimal 
error in time measurements, which did not exceed 2.66% and 0.13% during the first 
20 minutes of use. These statistical findings confirm the efficacy of the CPM 
machine in delivering reliable and accurate knee rehabilitation, with potential 
benefits for improving quality of life and mobility. 
 
Keywords: osteoarthritis; knee rehabilitation; continuous passive motion (CPM); elderly patients; 
healthcare technology 
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1. INTRODUCTION                                    
 
Osteoarthritis (OA) is a prevalent and debilitating 
degenerative joint disorder, and it particularly affects the 
aging population. Its impact is widespread, causing substantial 
pain, impaired mobility, and a diminished quality of life for 
those affected (Hunter et al., 2014). As the most common 
form of arthritis, osteoarthritis represents a significant 
public health challenge (Neogi, 2013). The knee joint often 
bears the brunt of OA, leading to considerable morbidity 
and imposing substantial economic burdens on healthcare 
systems worldwide. In the quest to alleviate the effects of 
this condition, continuous passive motion (CPM) therapy 
has emerged as a valuable rehabilitation modality, aiding 
in the restoration of knee joint mobility in individuals with 
osteoarthritis. However, effective, conventional CPM devices 
are often prohibitively expensive, limiting their accessibility 
for elderly individuals or those with financial constraints. 
       Designing a low-cost CPM machine for knee 
rehabilitation is crucial for addressing the challenges faced 
by the elderly, especially those with osteoarthritis. This 
design should prioritize affordability and precision in 
replicating knee joint motion. The versatile features of the 
machine, including customizable treatment times, motion 
angles, and speed levels, make it a promising solution 
(Cross et al., 2014; Lee et al., 2022). This approach aligns 
with the growing demand for accessible and efficient 
healthcare technologies, particularly in the context of an 
aging population (Brosseau et al., 2017). This study aims to 
tackle this issue by developing an economical CPM 
machine that is specifically tailored to the rehabilitation 
needs of elderly individuals battling osteoarthritis. The 
primary objective of this machine is to facilitate 
rehabilitation by providing a controlled and customizable 
range of motion suitable for osteoarthritis patients (Kim et 
al., 2023). By ensuring affordability and user-friendliness, 
this device is intended to enhance access to rehabilitative 
interventions, ultimately promoting improved knee joint 
mobility and reduced pain among the elderly population 
affected by osteoarthritis.  
       In this article, a comprehensive exploration of the 
design, development, and functionality of the low-cost CPM 
machine is presented. The device features adjustable 
speeds and a range of motions that allow rehabilitation 
sessions to be tailored to the unique needs of individuals 
with osteoarthritis, with a specific focus on optimizing user 
experience and adherence to prescribed rehabilitation 
protocols (Cherian et al., 2015). Central to its design is the 
integration of a touch-screen-based controller, providing a 
user-friendly interface for seamless interactions and the 
customization of rehabilitation sessions (Berry et al., 2002; 
Almusawi & Husi, 2021). By achieving cost-effectiveness 
without compromising functionality, this low-cost CPM 
machine shows promise in enhancing knee joint mobility 
and the overall quality of life for elderly individuals 
suffering from osteoarthritis. 
 
 
2. MATERIALS AND METHODS    
 
2.1 Block diagram for a continuous passive motion 
(CPM) machine 
The block diagram in Figure 1 outlines the core functioning 
of the CPM machine. User input is received via a 4.3-inch  

Arduino SPI I2C TFT Touchscreen 800x480 LCD Display, 
which is transmitted to the central microcontroller board 
(ER-TFTMC043-7). This microcontroller acts as the control 
hub, processing touch-screen commands and coordinating 
subsequent actions. It interacts with the power converter, 
which controls the DC motor’s rotation, while gear boxes 
regulate the motor revolutions according to preset 
parameters. This gearing system enhances motor torque, 
ensuring controlled knee joint movements in line with the 
chosen speed setting (Almusawi & Husi, 2021). For safety, 
limit switches restrict movement within the defined range. 
An encoder continuously monitors and confirms the 
mechanism’s adherence to parameters until the user’s set 
treatment duration is met.  
 
2.2 CPM Machine flowchart 
The process starts with a zero-degree calibration, the 
“Original Point,” which is typically achieved in manual 
mode. Then, treatment parameters (speed, time, and 
degree) are configured in the settings mode, spanning a 
0–123-degree range, with treatment durations from 0–24 
and speed levels from 1 to 100 (corresponding to 
approximately 0.1 to 10 meters per minute). Transitioning 
to auto run, the treatment data are displayed for accuracy, 
and activating “Start” initiates the CPM machine. The 
screen updates the treatment status until the preset 
duration is met, after which the CPM operation stops 
(Saputra & Iskandar, 2011). 
 

 

 
 
Figure 1. Block diagram of the CPM machine 
 
2.3 Design of CPM machine 
The CPM machine design consists of five key components: 
Part 1 for data input and display, Part 2 for data feedback, 
Part 3 as the motor driver, Part 4 for motor and gear 
reduction, and Part 5, the mechanical device components. 
These components collectively manage the data input, the 
feedback, the motor control, and the mechanical structure 
responsible for knee joint motion during the rehabilitation 
process. 

Data input and display 

Microcontroller with I/O interface 

Power converter 

sensor 
(encoder) 

Limit 
switches 

Gear boxes 

Load machine 
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       In the process of designing this CPM machine, the 
initiation begins with the development of the mechanical 
components, followed by the integration of the motor, 
motor drive unit, data feedback system, and data input and 
display subsystems. 
 
2.4 Load machine 
The mechanical design of the CPM machine uses the slider–
crank principle, which is chosen for its ability to closely 
imitate the knee joint’s natural movements, including 
extension and flexion. This mechanism allows for 
coordinated positional and rotational adjustments, 
replicating the essential actions of the knee joint, as shown 

in Figure 2a. The design and construction of the CPM 
machine rely on the slider–crank mechanism, as seen in 
Figure 2a. Umchid and Taraphongphan (2016), and Wu et 
al. (2021) provide crucial information about the average 
lengths of the femur (OA) and tibia (AB), as shown in 
Figure 2b, which is essential for determining the 
dimensions of the ball screw (OB). The ball screw is vital 
for converting rotational motion into linear movement. 
The resulting CPM machine offers a comprehensive range 
of standard settings, accommodating patients with heights 
ranging from 130 cm to 190 cm. The adjustability for femur 
and tibia lengths spans from approximately 32 cm to 47 
cm, ensuring adaptability to various patient heights. 

 

 
(a) 

 
(b) 

 
Figure 2. Slider–crank mechanism and anthropometric relationships 
Note: (a) setup of the slider–crank mechanism featuring a translational clearance joint; (b) relationship between femur 
length, tibia length, and patient height 
 
       In Figure 2a, the crank angle θ is located at the point of 
rotation of the crank and is measured in degree (°). The 
linear speed ν of the slider is measured in meters per 
minute (m/min). The angular velocity ω is measured in 
radians per second (rad/s), and the acceleration is given in 
meters per second squared (m/s²). The slider site is where 
the linear motion occurs, translating the rotational motion 
into linear movement. 
       The mechanism synthesis and analysis of the slider–
crank system involves fundamental equations that govern 
its behavior, including its position, velocity, and acceleration 
(Sun et al., 2023). The position of the slider (p) in relation 
to the crank angle (θ) and connecting rod length (L) can be 
determined using Equation 1: 

 
p = L ⋅ (1 - cos(θ))                                         (1) 

 
       Additionally, the linear velocity (v) of the slider can be 
expressed as Equation 2: 

v = -L ⋅ ω ⋅ sin(θ)                     (2) 
  

where ω represents the angular velocity of the crank. For 
acceleration analysis, Equation 3 is applied, with α denoting 
the angular acceleration of the crank: 
 

a = -L⋅α ⋅ cos(θ) - L ⋅ ω2 ⋅ sin(θ)                        (3) 
  
       These equations allow for a comprehensive 
understanding of the slider–crank mechanism’s performance, 
helping to ensure its suitability for knee rehabilitation 
applications. 
       Additionally, calculations for torque and force, which 
are required for the linear actuator, are conducted. Once 
the optimal dimensions for the femur section, tibia section, 
and ball screw are determined, the 3D mechanical 
structure of the CPM machine is created using SolidWorks 
software, as shown in Figure 3a. 
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(a) 

 

                              
(b) 

 
Figure 3. Design of the CPM Machine and the DC motor installation position in the CPM machine 
 
2.5 DC motor 
The chosen motor possessed the following specific 
attributes: a speed of 110 rpm, a voltage rating of 24 V, and 
an electrical power rating of 45 W. The speed of 110 rpm 
was selected to ensure an optimal balance between 
rotational speed and torque for the CPM machine’s 
requirements. This speed allows the machine to provide 
the smooth and controlled motion that is necessary for 
effective knee rehabilitation. Subsequently, the motor’s 
speed and torque characteristics were determined after it 
interacted with a gear set. The gear set reduces the motor’s 
rotational speed while increasing its torque output. These 
characteristics are fundamental to the motor’s performance 
and efficiency (Parra et al., 2022). They are closely related 
via the mechanical power, as shown in Equation 4: 
 

P = T⋅ω/1000                                                              (4) 
 
where P is the mechanical power (Watt, W), T   is the torque 
(Newton meter, Nm), and ω is the angular velocity or 
rotational speed (radian per second, rad/s). 
       The required power of the motor was calculated based 
on the estimated torque and speed requirements of the 
CPM machine. Although the exact force, torque, and angular 
velocity were initially unknown, they were approximated 
using the expected load that the CPM machine would handle 
during typical operation. The angular velocity (𝜔𝜔) was 
derived from the motor speed (110 rpm), which converts 
to approximately 11.52 rad/s (using the conversion factor 
2𝜋𝜋 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟
60 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

). The torque (𝑇𝑇) was then estimated based on the 
mechanical design considerations and the anticipated 
resistance during knee movements. 
       This selected motor will be placed on the CPM 
machine’s foundational base, as depicted in Figure 3b; it 
plays a foundational role in the design of the motor’s drive 
unit. The motor’s specifications ensure that it can provide 

the necessary power and control for effective knee joint 
rehabilitation in elderly patients. 
 
2.6 Power drive motor 
A planetary reduction brushless DC motor, 24V, 45W, 61mm 
driver board, identified as model B10-42BL24578B, was 
selected to control the motor operations. This control board 
is equipped with the capacity to provide voltage to a motor 
within the range of 12 to 24 VDC (Rahman et al., 2018). It can 
deliver a maximum current of 40 amps and offers speed 
control through a pulse width modulation (PWM) signal. 
 
2.7 Rotary encoder 
To verify and precisely measure the operational angle of 
the machine, a rotary encoder sensor, Model AS5600, was 
chosen. This rotary encoder sensor was selected to ensure 
the acquisition of accurate values across every degree of 
motion. The sensor’s output is configured to provide pulse 
signals, where each pulse corresponds to a single degree 
of movement. In other words, a 1-pulse output is 
synonymous with a 1-degree increment, ensuring the 
precision of the angle measurement. The relationship 
between the number of pulses (Npulses) and the angular 
movement (θ) can be described, as shown in Equation 5: 
 

Npulses= θ               (5) 
 
where Npulses represents the number of pulses generated by 
the encoder, and θ is the angular movement in degrees. 
This configuration allows for precise angle measurements. 
The encoder’s installation location on the CPM machine is 
shown in Figure 3b. 
 
2.8 Data input and display design  
The design features a touch screen interface for input and 
data protection, including settings for knee joint movement 
(0–123 degrees), the treatment duration (0–24), and speed 
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levels (0–100), which are displayed on an integrated LCD 
screen. The operation of the CPM machine is categorized into 
three modes: 1) a manual mode for configuring the default 
angle (0 degrees) with the flexibility for personalized 
adjustments (Figure 4a), 2) a setting mode for specifying 

treatment parameters (duration, knee range, and speed) 
(Figure 4b), and 3) an auto-run mode for confirming the 
treatment data obtained from the setting mode (Figure 4c). 
The CPM machine’s operations are initiated upon pressing 
“Start” and treatment progress is tracked.

 

   
                                            (a)                                                                       (b)                                                                           (c) 

 
Figure 4. Touch screen interface in different modes; (a) Manual mode, (b) setting mode, and (c) auto-run mode  
 
3. RESULTS 
 
The low-cost CPM machine allows for continuous and gradual 
knee joint movement within a 0–123 degree range, with speed 
adjustability from 30–150 degrees per second across 0–100 
speed levels. It offers customizable treatment durations that 
are suitable for various therapeutic protocols, accommodating 
sessions typically ranging from several minutes to up to 24. 
Leg length adjustments cater to users with heights of 
130–190 cm, and the inclusion of a touch screen and 
remote control enhances user-friendliness, simplifying the 
experience. For a visual representation (see Figure 5). 

3.1 Motion degree testing 
A comprehensive assessment was conducted to validate 
the low-cost CPM machine’s motion capabilities by 
comparing its range of motion angles with goniometer 
measurements (Umchid & Taraphongphan, 2016; Bible et 
al., 2009). The results, presented in Table 1, demonstrate 
that the margin of error for angular measurements, 
particularly within the 0–123 degree range, consistently 
fell below 2.66%. This finding highlights the machine’s 
remarkable precision, underscoring its reliability for 
clinical use. 

 

 
 
Figure 5. The final low-cost cpm machine  
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Table 1. Comparative analysis of angular measurements obtained from the encoder and goniometer devices 
 

Replication 
status 

Angle measured from 
goniometer (degree) 

Average angle 
(degree) 

Percentage 
error (%) 

No. 1 0 

0.00 0.00 
No. 2 0 
No. 3 0 
No. 4 0 
No. 5 0 
No. 1 14 

14.60 2.66 
No. 2 15 
No. 3 15 
No. 4 14 
No. 5 15 
No. 1 30 

29.83 0.56 
No. 2 30 
No. 3 30 
No. 4 29 
No. 5 30 
No. 1 45 

45.00 0.00 
No. 2 46 
No. 3 44 
No. 4 45 
No. 5 45 
No. 1 59 

59.80 0.33 
No. 2 59 
No. 3 61 
No. 4 60 
No. 5 60 
No. 1 75  

 
75.20 

 
 
0.26 

No. 2 76 
No. 3 76 
No. 4 75 
No. 5 74 
No. 1 91 

89.80 0.22 
No. 2 90 
No. 3 89 
No. 4 90 
No. 5 89 
No. 1 104 

104.80 0.19 
No. 2 104 
No. 3 105 
No. 4 105 
No. 5 106 
No. 1 119 

120.40 0.33 
No. 2 120 
No. 3 121 
No. 4 120 
No. 5 122 
No. 1 123 

123.00 0.00 
No. 2 124 
No. 3 122 
No. 4 124 
No. 5 122 

 
 



Pitjamit, S., et al.  

    
7 

       Each “No.” (e.g., No. 1 to No. 5) represents a separate 
measurement session or trial conducted to gather data on 
the angular measurements from both the encoder and 
goniometer devices. 
       The analysis of the machine’s angle measurement data 
involved a comparative examination of differences between 
the control unit and the machine. This was carried out using 
a one-way ANOVA to assess variance and investigate 
variations in the angles of the controlled variables. The 
primary hypothesis (H0) was formulated as H0: µ1 = µ2, with 
the secondary hypothesis (Hα) as Hα: µ1 ≠ µ2. The results of 
the experiment, presented in Table 2, revealed a p-value 
exceeding 0.05, equaling 0.998. This signifies that, at a 95% 
confidence level, there exists no statistically significant 
difference in the time measured during the actual test. 
Further support for this conclusion is derived from grouping 
the data, where both control and test groups are labeled as 

“A,” indicating that the testing times are not significantly 
different. This observation is reinforced with reference to 
Figure 6a, which displays the Tukey simultaneous 95% 
confidence interval (CI) value. It demonstrates that the 
angles in both the control and test groups are not distinct, as 
the CI overlaps with the zero line. 
       The evaluation of data quality was conducted using a 
residual plot graph, as depicted in Figure 6b. The 
examination of the normal probability plot within the graph 
confirmed the normal distribution of the data. Furthermore, 
the versus fits graph was instrumental in assessing the 
constant variance in the error values, demonstrating a 
consistent pattern across all groups. Additionally, the versus 
order graph, which examines data independence, displayed 
well-controlled, normally distributed data. These observations 
collectively underscore the reliability and robustness of 
the dataset. 

 
Table 2. Comparative analysis of angle differences between the control variables and the CPM machine 
 
Source Df Adj ss Adj ms F-value P-value 
Factor 1 0.0 0.02 0.00 0.998 
Error 18 34222.1 1901.23       
Total 19 34222.1          
Means      
Factor N Mean SD 95% CI  
Desired 10 66.3 43.6 (37.3, 95.3)  
Actual 10 66.2 43.7 (37.3, 95.2)  
Grouping information using the Tukey method and the 95% CI 
Factor N Mean Grouping   
Desired 10 66.3 A   
Actual 10 66.2 A   
Note: *pooled SD = 43.6030; means that do not share a letter are significantly different 
 

           
(a)                                                                                                                      (b) 

 
Figure 6. Variance test results for angle differences; (a) Tukey simultaneous analysis and, (b) residual plots of variance 
tests to compare the angle differences between the control variables and the machine 
 
3.2 Time testing 
The CPM machine’s functionality includes flexible 
treatment duration settings ranging from 0 to 24. To assess 
its performance, a thorough examination compared the CPM 
machine’s preset treatment durations with actual stopwatch 
measurements. The detailed results, presented in Table 2, 
underscore the machine’s temporal accuracy and reliability 
in adhering to predefined treatment durations, offering 

valuable insights into its temporal precision. An analysis of 
the data in Table 3 reveals consistently minimal variations 
between the time intervals recorded by the CPM machine 
and those from the stopwatch, particularly within the 
initial 20 min. These observations highlight the CPM 
machine’s precise temporal performance and its reliability 
in maintaining prescribed treatment durations.  

 
 
 

Actual - Desired

403020100-10-20-30-40-50

If an interval does not contain zero, the corresponding means are significantly different.

Tukey Simultaneous 95% CIs
Difference of Means for Desired, Actual
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Table 3. Comparison of time measurements between the CPM machine and a stopwatch 
 

Replication 
status 

Time measured by a 
stopwatch (min) 

Average angle 
(degree) 

Percentage 
error (%) 

No. 1 5.01 

5.00 0.13 
No. 2 5.00 
No. 3 5.00 
No. 4 5.02 
No. 5 4.99 
No. 1 10.01 

9.99 0.05 
No. 2 10.00 
No. 3 9.98 
No. 4 10.00 
No. 5 10.00 
No. 1 20.00  

 
20.00 

 
 
0.02 

No. 2 20.00 
No. 3 20.01 
No. 4 20.01 
No. 5 20.00 
No. 1 30.00 

30.00 0.02 
No. 2 30.01 
No. 3 30.01 
No. 4 30.01 
No. 5 30.00 

 
       The time measurements were analyzed to compare 
data variations between the CPM machine and the control 
unit using one-way ANOVA. The primary hypothesis (H0: µ1 
= µ2) and secondary hypothesis (Hα: µ1 ≠ µ2) were 
formulated. The results in Table 4 show a p-value greater 
than 0.05 (equal to 1), indicating no statistically significant 
difference in the time measurements at a 95% confidence 
level. This conclusion was further supported by the 
grouping analysis, where both the control and 
experimental groups were labeled as “A,” signifying no 
significant time differences. This observation was 

consistent with Figure 7a, illustrating the simultaneous 
Tukey 95 values, where the confidence intervals (CI) 
intersected the zero line. 
       The residual plot graph, shown in Figure 7b, confirms 
the normal distribution of data through the normal 
probability plot. The versus fits graph reveals consistent 
variance in error values across all groups, while the versus 
order graph demonstrates well-controlled and normally 
distributed data, affirming the dataset’s reliability and 
quality. 
 

 
Table 4. Comparative analysis of temporal differences between the control variables and the CPM machine 
 
Source Df Adj ss Adj ms F-value P-value 
Factor 1 0.000 0.000 0.00 1.000 

Error 6 737.720 122.953       

Total 7 737.720          

Means      

Factor N Mean SD 95% CI  

Control 4 16.25 11.09 (2.68, 29.82)  

Time 4 16.25 11.09 (2.69, 29.82)  

Grouping information using the Turkey method and 95% CI 

Factor N Mean Grouping   

Control 4 16.25 A   

Time 4 16.25 A   

Note: pooled SD = 11.0884; means that do not share a letter are significantly different
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(a)                                                                      (b) 

 
Figure 7. Analysis of variance for temporal differences between control variables and the CPM Machine; (a) simultaneous 
tukey and, (b) residual plots  
 
4. DISCUSSION 
 
Regarding angular precision and machine reliability, the 
in-depth analysis of the low-cost CPM machine’s angular 
precision underscores its remarkable reliability in 
delivering precise motion control, as evidenced by the 
consistent error margin of less than 2.66%. This precision 
aligns with the fundamental objective of osteoarthritis 
management (Hunter et al., 2014). It is essential to ensure 
that the machine effectively addresses the individual and 
socioeconomic impact of osteoarthritis (Cross et al., 2014). 
Given the economic burden of this condition, the machine’s 
reliability in providing accurate angular measurements is 
of significant value, promising improved outcomes for 
patients (Berry et al., 2002). 
       The temporal accuracy and treatment duration—an 
equally critical aspect of the CPM machine’s performance—
were also evaluated. Our findings reveal that the machine 
consistently recorded time intervals with discrepancies 
well below 0.13% during the initial 0–30 min of treatment. 
This level of temporal precision is pivotal in adhering to 
the recommended osteoarthritis management guidelines 
and is consistent with the clinical relevance of precise 
timing in treatments. The machine’s ability to effectively 
adhere to predefined treatment durations therefore holds 
substantial promise in the context of osteoarthritis 
rehabilitation (Johnston et al., 1990; Szabo et al., 2023). 
       The machine’s user-friendliness is an important facet of 
its performance, and the analysis suggests that the efficient 
touch screen interface makes it highly accessible for 
elderly patients suffering from osteoarthritis. This aspect 
of the CPM machine aligns with the user-centric approach 
recommended by experts in osteoarthritis management 
(Cherian et al., 2015). Furthermore, its adaptability is 
showcased by its ability to accommodate variations in 
patient height and limb length. The adjustable femur and 
tibia lengths, ranging from 32 cm to 47 cm, cater to a broad 
range of elderly individuals, ensuring that it aligns with 
their specific anatomical needs (Herbold et al., 2014). Such 
adaptability is essential for addressing the diverse 
requirements of osteoarthritis patients. The low-cost CPM 
machine has significant potential to revolutionize 
osteoarthritis management for the elderly. These machines 
offer multifaceted opportunities that can transform the 

way we approach the treatment of this debilitating 
condition. 
       As suggested by prior research (Mille et al., 2023; 
Brosseau et al., 2017), CPM machines provide 
multifaceted benefits for elderly osteoarthritis patients. 
They offer non-invasive pain relief and enhance joint 
functionality. In the context of postoperative care, CPM 
machines accelerate recovery, minimizing complications. 
Their adaptability and automated exercises ensure 
personalized, consistent, and long-term management. 
These advantages collectively enhance the quality of life 
for elderly osteoarthritis patients, representing a notable 
healthcare advancement. 
 
 
5. CONCLUSION 
 
In conclusion, the low-cost CPM machine tailored for 
elderly individuals, particularly those with osteoarthritis, 
demonstrates substantial promise. It offers user-friendly 
features, including customizable treatment parameters. 
Rigorous testing showcased its impressive accuracy in 
replicating knee joint angles and maintaining precise time 
measurements. Statistical analysis, conducted via one-way 
ANOVA, revealed no significant differences between the 
CPM machine and control units in terms of both the angle 
replication and the time measurements. The close 
alignment with goniometer measurements and minimal 
time measurement errors, which did not exceed 2.66% and 
0.13% within the initial 20 minutes of use, underscore the 
machine’s precision. This CPM machine has the potential to 
significantly enhance knee rehabilitation for the elderly, 
improving their mobility and overall wellbeing. As the 
global prevalence of osteoarthritis and aging populations 
continue to rise, this low-cost CPM machine offers a 
valuable contribution to effective knee joint recovery, 
presenting opportunities for advancements in rehabilitative 
technology to address diverse patient needs. 
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