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With many injuries to the muscles, ligaments, and tendons described above, 

physical therapy is necessary for proper recovery of strength and a healthy 

range of motion, 60˚ to 180˚ of extension. Currently, continuous passive 

motion (CPM) machines are sometimes used in correlation with other  

practices of physical therapy to lessen healing time and increase maximum 

flexibility after such an injury, avoiding arthofibrosis. CPM machines are 

therapy tools that cycle a patient through the full range of motion about the 

knee . 

 

The device presented within this document is intended to offer treatment 

comparable to CPM machines with two uncommon advantages: First, the 

device will be powered by the patient’s arm, rather than by electric motor. 

Second, the device will be considerably cheaper than other products on the 

market. 

 

Many current CPM machines are powered by electric motor, which is often 

perceived as a convenience. However, problems are associated with such a 

design. The patient will not stop treatment until pain occurs, and at this 

point unnecessary discomfort coincides with the patient’s attempt to return 

the machine to a state that does not cause pain. An arm powered device  

addresses this problem by giving the patient total control of the pressure  

applied throughout the cycle, thereby avoiding unintended pain for the  

patient. 

 

In addition, CPM machines can cost as much as $3000 retail. The device 

described in this document costed $381.91 to be manufactured. Although 

this figure is over our intended $300 budget, repurposed materials from  

various Mercer University labs will lower this cost during the actual      

manufacturing. 

 

It is the goal of this project to design and build a lower limb  

rehabilitation device that will assist a patient in healing after certain  

injuries or surgeries to the knee. Specifically, the device is intended to 

help the patient to regain range of motion and proprioception through 

passive and active motion. Additionally, the design will be fully  

functional and adjustable for patients of different dimensions.  

This project goal was updated by Dr. Ha Van Vo through the design 

process. The final prototype is now intended to act as a fully functional 

testing model: It is a proof of concept of the device’s ability to cycle 

through the full range of motion, adjust resistance, adjust leg length, 

and fully function mechanically. 

 

Materials 

 

1. 6064-T6 Aluminum Frame and  

Structural Components 

2. Sprockets, Bearings, Chains from 

McMaster-Carr  

3. Pnuematic Air Cylinders from Bimba 

Methods  
 

The construction of the device after the many hours 

spent machining, required only the use of a Phillip’s 

head screwdriver, an M5 Allen wrench, and a set of    

pliers were all that were required to construct this         

device.  The final constructed prototype of the Lower 

Limb Rehabilitation Device for Passive and Active    

motion.  

 

The machining was mainly done on a horizontal band 

saw, to cut the pieces to length, and the radial drill press, 

to create holes for the bolts.  Two pieces, the two chain 

attachments, had to be machined using the vertical end 

mill.  The mill was used in combination with drill bits, 

mill bits, and taps to create one of the most important 

pieces in the design. Lastly, all of the axles, and other 

circular shafts were modified using the lathe.  This 

helped take off some of the rough finish from the axles 

allowing them to turn more smoothly in their bearings.  

In addition, a lathe was used to make the cylinder      

connectors. The cylinder connectors had to be turned 

down to fit through the rod end, threaded on one side 

with a ¼-20 die, and threaded on the opposite side with 

an 8-26 die.     

Testing Plan: 

 

1.Observation of Drive System in Use 

2.Knee Angle Test 

3.Patient Survey Results 

4.Adjustable Resistance Test 

5.Appropriate Weight Test 
 

 

8th Percentile Female  

Maximum Average Extension Maximum Average Flexion 

61.43˚ 169.241˚ 

11˚ above optimum 11˚ below optimum 

95th Percentile Male  

Maximum Average Extension Maximum Average Flexion 

63.42˚ 173.09˚ 

13˚ above optimum 7˚ below optimum 

1. The device passed preliminary tests of use. 
 

2. The device passed the test of full range of motion during   

operation.   

3. On average, the test subjects responded that the device 

was 7 out of 10 on a scale of comfort, so the device passed 

this portion of the test. However, in response to the        

description of discomfort due to a protruding bolt, the     

offending bolt was grinded down to a comfortable level on 

the device. The main source of discomfort was identified 

to be the thigh section in general and the medial thigh in 

particular, as indicated by all four subjects. 

 

5. The device passed the weight test.  

 

The device was measured at 22 pounds, 8 pounds below the 

target weight of 30 pounds. With this result, the device is 

light enough to be easily portable for the patient’s             

convenience. Additionally, it was observed that the device is 

easily carried by one person over long distances, especially 

when the leg is locked in the most extended position. 

As the test results show, the device performs exceedingly well in 

the criteria originally set out by this team:  

 It is stable and easy to control through the complete cycle of 

motion.  

 It is effective at guiding patients of any size through a nearly 

complete range of motion. 

 It is comfortable, secure, and intuitive to use, as reported by 

each subject. 

 Its system of adjustable resistance is effective. 

It is light enough to easily carry. 

Four key design changes would greatly improve the                

functionality and comfort of the device: 

 

 The geometry of the knee joint should be altered so that the 

tallest patients are not restricted from total flexion. 

 

 A waist strap should be added at the seat of the device, so that 

the patient’s hip is more secure throughout the use of the      

device and the motion of the patient’s leg is more regular. 

 

 The geometry of the device at the patient’s thigh should be 

widened, so as to comfortably accommodate patients of      

various proportions. 

 

 The position of the air cylinders should be slightly shifted, as 

the current location is too close to the medial thigh. 
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